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MISSION
The International Wire and Cable Symposium provides a forum for the exchange of technical in-
formation amongst suppliers, manufacturers, and users on technological advancements in
materials, processes, and products used for voice, data and video signal transmission systems.

TECHNICAL SESSIONS

Tuesday, 17 November 1987
10:00 a.m. SESSION 1 Tutorial-Future Network Architecture

1:30 p.m. SESSION 2 Material & Processing
1:30 p.m. SESSION 3 Testing of Optical Fibers and Cables
1:30 p.m. SESSION 4 Fiber Optic Cable Design for Special Applications I
1:30 p.m. SESSION 5 Tutorial on Combustion Toxicology of Polymeric Materials Used in

Cables
3:30 p.m. SESSION 6 Poster Session

Wednesday, 18 November 1987
8:30 a.m. SESSION 7 Coatings for Optical Fiber
8:30 a.m. SESSION 8 Fire, Smoke & Toxicity Technology
8:30 a.m. SESSION 9 Fiber Optic Cable Design for Special Applications II
2:00 p.m. SESSION 10 Materials and Processing II
2:00 p.m. SESSION 11 Fiber Optic Cable Design 1
2:00 p.m. SESSION 12 Optical Splices and Connectors
4:00 p.m. SESSION 13 Superconductivity and the Telephone Network

Thursday, 19 November 1987

8:30 a.m. SESSION 14 Aerial Fiber Optic Cables
8:30 a.m. SESSION 15 Copper Cable Design I
8:30 a.m. SESSION 16 Fiber Optic Installation & Systems
8:30 a.m. SESSION 17 Topical Seminar Materials
1:30 p.m. SESSION 18 Characteristics of Optical Fiber
1:30 p.m. SESSION 19 Fiber Optic Cable Design II
1:30 p.m. SESSION 20 Closures and Encapsulates
1:30 p.m. SESSION 21 Copper Cable Design II

PAPERS

The papers in this volume were printed directly from unedited reproducible copies prepared by the
authors. Responsibility for contents rests upon the authors and not the symposium committee or its
members. After the syposium, all the publication rights of each paper are reserved by their authors, and re-
quests for republication of a paper should be addressed to the appropriate author. Abstracting is permit-
ted, and it would be appreciated if the symposium is credited when abstracts or papers are republished.
Requests for individual copies of papers should be addressed to the authors.
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Message from the Director

The s onsor, U.S. Army Communications-Electronics Command (CECOM),
Fort M.. auth, New Jersey and the symposium committee, welcomes each
contributor and attendee to the 36th International Wire and Cable
Symposium (IWCS). The symposium continues to attract a large segment
of the wire and cable community worldwide. Foreign participation in
the presentation of technical papers and overall attendance continues
to be outstanding.

The committee is extremely excited over this years technical
program. The tutorial on "Future Network Architecture" and the 106
additional excellent papers scheduled for presentation represent the
largest and most extensive program to date. The special sessions on
Superconductivity, Combustion Toxicology and Materials, in addition to
the Poster Session which represents a new innovation by the committee,
should provide the interest and enthusiasm for a successful symposium.
Furthermore, it is hoped that the excellent facilities and convenient
location of the Crystal Gateway Marriott Hotel will provide all
attendees with the comfort and conveniences essential for an enjoyable
meeting.

I wish to express my appreciation to all committee members for
their dedication and support in planning and organizing the activities
for the symposium, especially the technical program which is consid-
ered outstanding. On behalf of the committee, I take this opportunity
to express their appreciation to all members of the wire and cable
industry for their support and contributions. The future success of
the symposium and the mutually beneficial rewards derived there from,
depends on the continued support of the industrial companies and
governmental agencies that participates each yEar.

The 1988 symposium (37th) will return to the Bally's Grand Hotel
in Reno, Nevada and the 1989 symposium (38th) will be at the Hyatt
Regency in Atlanta, Georgia.

Fimer F. Godwin
Director, IWCS
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Highlights of the 35th
International Wire and Cable Symposium

November 18, 19, and 20, 1986
Bally's MGM Grand Hotel, Reno, Nevada

Committee Member Vieney Mascarenhas (right), Canada Wire
& Cable presenting the award for best technical presentation

Greetings by Mr. Theodore A. Pfeiffer, Technical Director, U.S. to Mr. Stephen Hornung, British Telephone Research
Army Communications-Electronics Command, Fort Mon- Laboratories.
mouth, New Jersey.

Luncheon Guest Speaker-Mr. R. I. Epifani, Director of
Marketing and External Affairs, Nevada Bell.

COL Merton Chun (left), Deputy Director of Center for Com-
mand, Control and Communication (C3) Systems, Fort Mon-
mouth, New Jersey presenting a Retirement Certificate to
Committee Member Kazuo Nomura, Sumitomo Electric, USA
Inc.

Panel Members-Tutorial Session: (left to right) Mr. Joseph F.
Urich, Bell Communications Research (Bellcore), Morristown,
New Jersey; Mr. Stephen P. Welsh, Contel Laboratories, Nor-
cross, Georgia; Mr. Thomas J. Herr, AT&T Network Systems,
Morristown, New Jersey; Mr. Dean C. Swanson, Standard
Telephone Company, Cornelia, Georgia.

Committee Member Vieney Mascarenhas (left), Canada Wire & Committee Member Frank Short (right), Consultant presenting
Cable presenting the award for outstanding technical paper to Retirement Certificate to Advisory Committee Member Joe
Mr. John W. Kincaid, Belden Technical Research Center. Neigh, AMP, Inc. With Joe is his wife, Dee.
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AWARDS

Outstanding Technical Paper Best Presentation
H. Lubars and J. A. Olszewski, General Cable Corp.- 1968 N. Dean, B.I.C.C.-"The Development of Fully Filled
"Analysis of Structural Return Loss in CATV Cables for Distribution Network"
Coaxial Cable"
J. P. McCann, R. Sabia and B. Wargotz, Bell Labo- 1969 J. D. Kirk, Alberta Government Telephones-
ratories-"Characterization of Filler and Insulation "Progress and Pitfalls of Rural Buried Cable"
in Waterproof Cable"

D. E. Selzer and A. S. Windeler, Bell Laboratories- 1970 Dr. 0. Leuchs, Kable and Metalwerke-"A New Self-
"A Low Capacitance Cable for the T2 Digital Trans- Extinguishing Hydrogen Chloride Binding PVC
mission Line" Jacketing Compound for Cables"
R. Lyenger, R. McClean and T. McManus, Bell 1971 S. Nordblad, Telefonaktiebolaget L. M. Ericsson-
Northern Research-"An Advanced Multi-Unit Co- "Multi-Paired Cable of Nonlayer Design for Low
axial Cable for Toll PCM Systems" Capacitance Unbalance Telecommunications Network

N. Kojima, Nippon Telegraph and Telephone-"New
Type Paired Cable for High Speed PCM Transmission"

J. B. Howard, Bell Laboratories- "Stabilization 1972 S. Kaufman, Bell Laboratories-"Reclamation of
Problems with Low Density Polyethylene Insulations" Water-Logged Buried PIC Telephone Cable"
Dr. H. Margin, Kabelmetal-"High Power Radio Fre- 1973 R. J. Oakley, Northern Electric Co., Ltd.-"A Study
quency Coaxial Cables, Their Design and Rating" Into Paired Cable Crosstalk"
D. Doty, AMP Inc.-"Mass Wire Insulation Displacing 1974 G. H. Webster, Bell Laboratories-"Material Savings
Termination of Flat Cable" by Design in Exchange and Trunk Telephone Cable"
T. S. Choo, Dow Chemical U.S.A.-"Corrosion Studies 1975 J. E. Wimsey. United States Air Force-The Bare
on Shielding Materials for Underground Telephone Base Electrical Systems"
Cables"
N. J. Cogelia, Bell Telephone Laboratories and G. K. 1976 Michael DeLucia, Naval Ship Research and Devel-
Lavoie and J. F. Glahn, US Department of Interior- opment- "Highly Fire-Retardant Navy Shipboard
"Rodent Biting Pressure and Chemical Action Cable"
and Their Effects on Wire and Cable Sheath"

Thomas K. McManus, Northern Telecom Canada Ltd. 1977 William L. Schmacher, AMP Inc.-Design Considera-
and R. Beveridge, Saskatchewan Telecommunications, tions for Single Fiber Connector"
Canada-"A New Generation of Filled Core Cable"
Fumio Suzuki, Shizuyoshi Sato, ,kinori Mori and 1978 Richard C. Mondello. Bell Labs.-"Design and
Yoichi Suzuki; Sumitomo Electric Industries, Ltd., Manufacture of an Experimental Lightguide Cable
Japan-"Microcoaxial Cables Insulated with Highly For Undersea Transmission Systems"
Expanded Polyethylene By Chemical Blowing Method"
S. Masaki, Y. Yamazaki and T. Ideguchi, Nippon 1979 1. Wadehra, IBM Corporation-"Performance of Poly-
Telegraph and Telephone Public Corporation, Japan- vinyl Chloride Communication Cables in Modified
"New Aluminum Sheath Cable Used for Electro- Steiner Tunnel Test"
magnetic Shielding"

P. Kish and Y. BeBorgne, Northern Telecom Canada 1980 J. J. Refi, Bell Laboratories-"Mean Power Sum Far-
Limited, Montreal, Canada-"General Crosstalk End Crosstalk of PIC Cables as a Function of Average
Model For Paired Communication Cables" Twist Helix Angle"

C. J. Arroyo, N. J. Cogelia, Bell Laboratories, and B. J. 1981 G. S. Anderson, Belden Corporation-"lnstallation
Darsey, Western Electric- "Thermal Behavior of of Fiber Optic Cable on 457 Meter Tower"
Experimental Plenum Cable Sheaths Determined in a Ra-
diant Heat Chamber"
R. H. Whiteley, Raychem Ltd.-"A Comprehensive 1982 A. Yoshizawa, The Furukawa Electric Co., Ltd.-
Small Scale Smoke Test" "Structure and Characteristics of Cables for Robots"
V. A. Fentress, Raychem Corp. and D. V. Nelson, Stan- 1983 J. R. Bury, Standard Telecommunication Laboratories,
ford University-"Fracture Mechanics Evaluation of Ltd., Hailow, England- "Development of Flame
the Static Fatigue Life of Optical Fibers in Bending" Retardant, Low Aggressivity Cables"
M. Fujise and Y. Iwamoto, KDD Research & 1984 William E. Dennis, Dow Corning Corporation, Midland,
Development Laboratories, 1-23 Nakameguro, 2-Chrome, Michigan-"Hydrogen Evolving Tendencies of Cable
Meguro-Ku, Tokyo, Japan-"Self-Core-Alignment Arc- Fillers and Optical Fiber Coatings"
Fusion Splicer Based on a Simple Local Monitoring
Method"
James A. Krabec and John W. Kincaid, Jr., Belden 1985 Stephen Hornung, British Telecom Research
Technical Research Center-"Advances in the Laboratories-"Manufacture and Performance of
Optimization of Multi-Layer Shield Design" Fibre Units for Installation by The Viscous Drag of Air"
Simon D. Dadakarides and Bruce B. Lusignam, 1986 Dave Fischer, Superior Cable Corp.-Progress
Stanford University-"Magnetically Loaded Cables" Towards the Development of Lightning Test forTelecom-

munication Cables"
John C. Chamberlain, Siecor Corp.-Zero Halogen Fire
Retardant Fiber Optic Shipboard Cable"
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CONTRIBUTORS

AEG KABEL Aktiengesellschaft Cary Chemicals, Inc.
Monchengladbach 2, Germany Farmingdale, NJ
AFA Industries Chase & Sons, Inc.
Garfield, NJ Randolph, MA
Alambres Y Cables Venezolanos C.A. "ALCAVE" Chengdu Cable Plant
Caracas, Venezuela Chengdu, P.R. China
Alcatel Cable Systems Defense Fiber Optics Group Ciba-Geigy Corporation
Roanoke, VA Hawthorne, NY
Alcatel NA CIL Inc.
Claremont, NC North York, Ontario, Canada
Allied Engineered Materials Condumex Telecommunications Division
Morristown, NJ San Juan Del Rio, Qro., Mexico
Allied-Signal Inc. Contel Corporation
Morristown, NJ Atlanta, GA
Allied-Signal, Inc., Engineered Plastics Copperthorne Industries 86 Ltd.
Morristown, NJ Vancouver, B.C., Canada
Amoco Chemicals Company Crellin, Inc.
Chicago, IL Chatham, NY
AMP Incorporated Davis-Standard
Harrisburg, PA Pawcatuck, CT
Ampacet Corporation Dow Chemical U.S.A.
Mount Vernon, NY Midland, MI
Arvey Corporation DuPont Canada Inc., Plastics Division
Cedar Grove, NJ Mississauga, Ontario, Canada
AT&T E.I. du Pont de Nemours & Company
New York, NY Wilmingtoit, DE
AT&T Bell Laboratories Dussek Campbell Limited
Norcross, GA Belleville, Ontario, Canada
Ausimont Dussek Campbell Ltd.
Morristown, NJ Crayford, Kent, England
Austral Standard Cables Ply. Limited EMS-CHEMIE AG
Clayton, Victoria, Australia Domat/EMS, Switzerland
Barcel Wire and Cable Corp. Essex Group, Inc.
Irvine, CA Decatur, IL
BASF Corporation Excelsior Wire Corporation
Parsippany, NJ Los Angeles, CA
Beacon Reel Co. Exxon Chemical Co.
New Milford, CT Baton Rouge, LA
Belden Technical Research Center FACILE Technologies
Geneva, IL Patterson, NJ
Bell Canada FIRET bv
Montreal, Quebec, Canada Veenendaal, Holland
Bell Communications Research, Inc. FITEL Corporation
Morristown, NJ Carrollton, GA
Berkshire Electric Cable Co. Fujikura Ltd.
Leeds, MA Tokyo, Japan
BICC Cables Limited The Furukawa Electric Co., Ltd.
Helsby, Warrington, England Tokyo, Japan
BP Performance Polymers Inc. Gavitt Wire & Cable Company
Hackettstown, NJ Brookfield, MA
Brand-Rex Cable Systems Division GEM Gravure Company, Inc.
Willimantic, CT Leeds, MA
Breen Color Concentrates, Inc. General Cable Company
Lambertville, NJ Woodbridge, NJ
Burgess Pigment Company Global Products Corporation
Sandersville, GA Leominster, MA
Cabot Corporation Goldstar Cable Co., Ltd.
Billerica, MA Seoul, Korea
Canada Wire and Cable Limited BF Goodrich-Geon Vinyl Division
Don Mills, Ontario, Canada Cleveland, OH
Carlew Inc. W.L. Gore & Associates, Inc.
Quebec, Canada Newark, DE
Carris Reel Inc. Great Lakes Chemical Corporation
Rutland, VT West Lafayette, IN
R.E. Carroll, Inc. Harbour Industries, Inc.
Trenton, NJ Shelburne, VT
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Hong Kong Telephone Co., Ltd. Pantasote, Inc.
Hong Kong Passaic, NJ
ICI Americas Inc. Pennwalt Corporation
Wilmington, DE Philadelphia, PA
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National Electric Cable Company Soc. Cavi Pirelli
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Nokia Machinery, Inc. Syarikat Telekom Malaysia Berhad
Atlanta, GA Kuala Lumpur, Malaysia
Northern Telecom Canada Limited Syncro Machine Company-Ceeco Group
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Northern Telecom Canada Ltd. Tamaqua Cable Products Corporation
Saskatoon, Canada Schuylkill Haven, PA
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Analysis Using Toxic Potency and Other Comparison of Single-Mode Splice Loss
Material Property Data-R. W. Bukowski, Na- Measurement Methods-A. F. Judy, G. F.
tional Bureau of Standards, Gaithersburg, MD 143 DeVeau and K. M. Yasinski, AT&T Bell
Principal Test Methods for the Evaluation of the Laboratories, Norcross, GA 202
Combustion Toxicity of Materials and Pro- Accelerated Cable Shield Corrosion
ducts-H. W. Stacy, Southwest Research In- Testing-C. Kinder, R. O'Brien and J. D.
stitute, San Antonio, TX ... . . 144 Lawler, General Cable Company, Edison, NJ 205

Question period and summation, Steven C. Compartmentalized Splice Case-A. L. Gittle
Packham, NFACT and J. D. Lawler, General Cable Company,

Edison, NJ 209
Improvements in Efficiency of UV Curing
Systems for Optical Fiber Buffer Coatings and

TUESDAY, NOVEMBER 17, 1987-3:30 PM-5:30 PM Fiber Coloring--R. W. Stowe, Fusion UV Cur-
Arlington Ballroom, Salons V and VI ing Systems, r-iockville, MD 212

SESSION VI: POSTER PAPERS

Chairperson: Reiner J. Gerdes, Contel Laboratories

Development of a Compound Flow Test
Method for Predicting Drip Performance of Fill-ing ompund in inihedCabls-G ,,WEDNESDAY, NOVEMBER 18, 1987-8:30 AM-11:30 AMing Compounds in Finished Cables-G. J.

Hughes, United Technologies/Essex, Decatur, Grand Ballroom, Salons F, G, H and J

IL 148 SESSION VII: COATINGS FOR OPTICAL FIBERS'

Performance Analysis of Optical Fiber Chairperson: Raymond E. Jaeger, SpecTran
Cleavers-W. W. Wood, Bell Communications Study on Transmission Characteristics of UV
Research, Morristown, NJ 155 Curable Resin-Coated Optical Fibers at Low

A Method of Determining the Percent Expan- Temperatures-H. Kuzushita, T. Zushi, T.
sion of Cellular Insulations-N. J. Baer, United Watanabe, K. Imamura and H, Tanaka, Mit-
Technologies/Essex Group Inc., Decatur, IL 160 subishi Cable Industries, Ltd., Hyogo, Japan 217
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Tight Buffering for Optical Fibres Using Multi- Arlington Ballroom, Salons V and Vi

pie Coatings-S. R. Barnes, A. T. Summers, SESSION IX: FIBER OPTIC CABLE DESIGN FOR
STC Telecommunications; B. A. Eales, M. M. SPECIAL APPLICATIONS II '
Ramsey and M. K. R. Vyas, STC Technology, Chairperson. C. Ronald Simpkins, E. I. Du Pont de
Cable Products Division, South Wales, United Nemours & Company
Kingdom.... .... .... 223 Optical Fiber Cable with Submersion Sensor

An Improved Composite Coating for Tight But- Fiber-H. Sawano, M. Akiyama, 0. Kolima, T.
fer Cable Design-G. Kar, C. K. Chien, R. Kan-nabln L.GAmo ad . .ECietn, Ran- Tsujita, H. Suzuki, Y. Sugawara and N. Misono,
nabiran L. G. Amos and D. J. Eccleston, Corn- Fujikura Ltd., Telecommunication Department,
ing Glass Works, Corning, NY.......... . 228 R&D Division, Chiba-Ken, Japan ...... 284

LCP Coated Fiber with Zero Thermal Coeffi- Optical Fibre Cable for Mobile Application in
cient of Transmission Delay Time-T. Kakuta Brown Coal Mining Area-H. G. Haag, G. Hog
and S. Tanaka, Sumitomo Electric Industries, and P. E. Zamzow, AEG KABEL AG, Mon-
Ltd., Yokohama, Japan. 234 chengladbach, Federal Repubic of Germany 291
Hermetically Coated Optical Fibers-K. E. Lu, Intra-Aircraft Fiber Optic Communication
G. S. Glaesemann, and G. Kar, Corning Glass System-C. E. Polczynski, Lockheed California
Works, Corning, NY ........ ......... 241 Co., Burbank, CA...............297

Applications of all Plastic Optical Fiber Cord for
Consumer Electronics Equipment-T. Yano, K.
Sugawara and H. Saen, Sumitomo Electric In-
dustries, Ltd., Tochigi-ken, Japan 306
Field Performance of Fiber-Optic Elevator
Traveling Cable-R. Laney, F. Davidson and
W. McCallum, Siecor Corporation, Hickory, NC 311

Development of Composite Fiber-Optic Travel-
Grand Ballroom, Salons B, C, D and E ing Cable for Elevator-A. Hasemi, T.

,SESSION VIII: FIRE, SMOKE & TOXICITY Akagawa, H. Hawsegawa, Riken Electric Wire
TECHNOLOGY- Co., Ltd.; Tokyo, Japan and S. Hiraiwa, The

Chairperson: Michael A. DeLucia, David W. Taylor Furukawa Electric Co., Ltd., Tokyo, Japan 316

Naval Ship Research & Development
Center

A New High Efficient Flame Retardant
Plasticizer for PVC Wire and Cable Arlington Ballroom, Salons 1, 11, 111 and IV
Coatings-T. P. Fidelle, Great Lakes Chemical AWARD LUNCHEON
Corp., West Lafayette, IN .. 245 11:30 AM-2:00 PM
Fire Parameters and Combustion Properties of Guest Speaker: Dr. C. Kumar N. Patel, Executive
Cable Pulling Compound Residues-J. M. Fee
and D. J. Quist, American Polywater Corpora- Director, Research, Materials

tion, Stillwater, MN, . .. 248 Science, Engineering and Academic
Recent Advances in Thermoplastic, Zero Affairs Division, AT&T Laboratories,

Halogen, Low Smoke, Fire Retardant Cable Murray Hill, NJ 3

Compound Technology-S. Artingstall, J.
Taylor and A. J. Pyle, Lindsay & Williams
Limited, Manchester, England. 254
Fiber Optic Intrabuilding Cables-H. R. WEDNESDAY, NOVEMBER 18, 1987-2:00 PM-3:45 PM
McDowell and M. A. Sigmon, Siecor Corpora- Arlington Ballroom, Salons V and VI
tion, Hickory, NC ... .... 265 SESSION X: MATERIALS AND PROCESSING II

Evolution of a Small Scale Test Device Which Chairperson: Robert Streich, AT&T Network
Simulates the UL 910 Flammability Test-N. I. Syste
Patel, Siecor Corporation, Hickory, NC 272 Systems

Experimental Design for Full-Scale Evaluation A Comparative Stability Study Related to the

of the Toxicity of the Products of Combustion Performance of PE/PJ and ETPR Filling Coin-

from Cables-F. B. Clarke and H. J. van Kuiik, pounds-A. W. Stratton, T. J. Roessing and J.

Benjamin/Clarke Assoc., Inc.; J. E. Bonesteel, D. Burkhard, Witco, Petrolia, PA . . 322

J. G. DiPinto and R. Valentine, E. I. du Pont de Cable Sheathing Systems Design and Perfor-

Nemours and Co., Inc.; M. Janssens and P. mance Criteria-C. V. Maguire and R. Rossi,
Vandevelde, State Univ. of Ghent, Belgium 276 General Cable Company, Woodbridge, NJ 327
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Performance- of High Density Polyethylene In- WEDNESDAY, NOVEMBER 18, 1987-4:00 PM-6:00 PM

sulation Antioxidants in Filled Telephone Cable Arlington Ballroom, Salon III and IV

Applications-G. D. Brown, Union Carbide Cor- SESSION XIII; SUPERCONDUCTIVITY AND THE

poration, Somerset, NJ 337 TELEPHONE NETWORK

Chairperson: Leo Chattier, DCM Industries, Inc.

What is Superconductivity? Fundamentals and
State of the Art-P. H. Hor, University of
Houston, Department of Physics, Houston, TX 399

Grand Ballroom, Salons B, C, 0, and E Processing of Superconductive Materials and

SESSION XI FIBER OPTIC CABLE DESIGN I High Frequency-J. L. Smith, Los Alamos

Chairperson: Irving Kolodny, Consultant, Laboratories, Los Alamos, NM 402

Telecommunications High-T, Superconducting Wire Fabrication and

A High Performance Nonmetallic Sheath for Testing-D. W. Capone II, J. T. Dusek and K. C.

Lightguide Cables-C. J, Arroyo, A. C. Jenkins Goretta, Argonne National Laboratory,

and P D. Patel, AT&T Bell Laboratories, Nor- Argonne, IL .404

cross, GA 344 Transmission Parameters on Superconductive

Dry Type Water-Blocking Optical Fiber-Tape Communication Cables-P. Kish, Northern

Cable With Slotted Rod-M. Fukuma, N. Telecom Canada Limited, Montreal, Canada 410

Akasaka and S. Suzuki, Sumitomo Electric In-
dustries, Ltd.. Yokohama, Japan 350
A New Nonmetallic and Waterproof Optical
Fiber Cable with Absorbent Polymer Rib-
bon-S. Kukita. T. Nakai, A. Hayashi and H.
Koga. NTT Electrical Communications THURSDAY, NOVEMBER 19,1987-8:30 AM-12:00 Noon

Laboratories, lbaraki-ken, Japan 357 Arlington Ballroom, Salon III

SESSION XIV: AERIAL FIBER OPTIC CABLES

Chairperson: Frank Short, Consultant
Figure-8 Fiber Optic Cable-P. S. Keith, E. L.
Buckland and S. K. Hovis, Sumitomo Electric

Grand Ballroom. Salons F, G. H and J Fiber Optics Corporation, Research Triangle
SESSIONXII OPTICAL SPLICES AND Park, NC 419

CONNECTORS "Practical Experience with the Metal-Free Self-

Chairperson Keiji Tachikawa. Nippon Telegraph Supporting Aerial Optical Fibre Cable in High

and Telephone Corp Voltage Networks-A. T. M. Grooten, E. J.

A Study of Multi Channel Optical Rotary Joint Bresser and A. G. W. M. Berkers, NKF Kabel B.

with Ring-Shaped Photo Diode-K Nemoto V, Telecommunication Cable Systems, AB

and M Inoue, Ocean Cable Company, Ltd . Waddinxveen, The Netherlands 426
Research & Development Division, Yokohama, Pre-Stranded Self-Supporting Aerial Cable
Japan 372 Design-D. Wong and S. Lyons, Siecor Cor-

Design and Performance of the New Single- poration, Hickory, NC 438
Mode Fiber Connector with MP Ferrule in the Withstanding High-Voltage Characteristics of
Subscriber Network-K Kashihara, T Kakii, S Non-Metallic Self-Supporting Optical
Suzuki and M Fukuma, Sumitomo Electric In- Cable-H. 7akehara, Y. Ishihata and K. Saito,
dustries, Lid , Yokohama, Japan 379 Tohoku Electric Power Co., Inc., Sendai, Japan,
Single-Mode Optical Fiber Ribbon Splicer-Y. K. Niikura and H. Horima, Sumitomo Electric

Kato and A. Ishikura, NTT Electrical Coin- Industries, Ltd., Yokohama, Japan. A.
munications Laboratories, Ibaraki-ken. Japan. Kurosawa, T. Takeda and T. Ohmori, Kitanihon

T Sano and S. Takashima, Engineering Dept, Electric Wire Co., Ltd., Sendai, Japan 441
Nippon Telegraph and Telephone Corporation. The Development of a Metal-Free, Self-
Tokyo. Japan 386 Supporting Optical Cable for Use on Long

Study on Arc-Fusion Splicing Ge-Doped Silica Span, High Voltage Overhead Power Lines-S.
Single-Mode Fibers Manufactured by Outside Rowland, STC Technology, Essex, England; 0.
and Inside Vapor Deposition Processes-M. Delme Jones, I. Houghton and K. Craddock,
Hopiavuori and J. E. Matthews III, Corning STC Telecommunications, Newport. Gwent,

Glass Works. Corning, NY; A. DeVito, BellSouth South Wales; and C. N. Carter, Central Elec-

Services, Birmingham, AL 392 tricity Research Laboratories, Surrey, England 449
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Development of Optical Ground Wire for 1.55 Fiber Optic Subscripter Networks Using 85/125
pm Wavelength-B. Lin, Y. Kitayama and Y. Fibers-J. P. Boinet and M. de Vecchis, Les
Masuda, Sumitomo Electric Industries, Ltd., Cables DeLyon, Clichy Cedex, France; J. P.
Yokohama, Japan 457 Bonicel, Les Cables DeLyon, Lyon Cedex

Optical Fiber Ground Wire-G. Bianchi and D. France; and J. P. Bregeon, Direction Generale

Rota, Societa Cavi Pirelli, Milan, Italy and M. Des Telecommunications, Montpellier, France 534

Rohman, Pirelli Cable Corp., Lexington, SC 464 Provision of Wideband Optical Fibre Cable Net-
works for Central Business Districts-L.
deValle, W. I. Harry and M. McKiterick,
Telecom Australia, Melbourne, Australia ... 540

Production and Installation of Single-Mode Op-
tical Cable on a 39 Km Route Without

Grand Ballroom, Salons F, G, H and J Repeaters Under EMI Conditions at Mexico Ci-

SESSION XV: COPPER CABLE DESIGN I ty Area-G. Chivez Diaz, J. C. Salazar Cerda

Chairperson: Robert Streich, AT&T Network and E. Goddard Moore, Condumex, San Juan

Systems Del Rio, Oro., Mexico . .. 546
A Global Test Method for Long Term Stability of Procedure for the Experimental Determination
Aol Test Modm forn ILaon TErm Stai, oof Friction Coefficient Between a Cable and
Solid and Foam Skin Insulation-L. E. Davis, Dc-.M ep TTBl aoaois

Superior Cable Corporation, Atlanta, GA 475 Wh N . 557

High Speed Coaxial Cables for Electronic Com- Deelpnt of t p e

puters-K. Sakamoto, S. Yamamoto, T. Kato, Development of the Pipe Camera for

K. Negishi and K. Akimoto, The Furukawa Elec- Telephone Cable Installation and Piping

tric Co., Ltd., Chiba, Japan 483 Maintenance-M. Nakano, Y. Kajio and H.
Hino, Nippon Telegraph and Telephone Cor-

ACompact Cable for within Building 1.544 Mb/s poration, Ibaraki, Japan; T. Shimizu and M.
Digital Transmission-M. L. Fuller, AT&T Bell Wakagi, The Furukawa Electric Co., Ltd.,
Laboratories, Norcross, GA 492 Tokyo, Japan 564

High Speed Miniature Coaxial Ribbon Cable Fiber/Metallic Distribution Plant Concept-F. J.

(Rectangular Jacket Type)-K. Kadoya, K. Mul/in, W. C. Reed and C. Scholly AT&T Bell

Tanaka, A. Mori, T. Komura and T. Abe, ll in , C. 567

Sumitomo Electric Industries, Ltd., Tochigi-ken, Laboratories, Norcross, GA 567

Japan 499

Error Correction of Characteristic Impedance
Measurement of Twisted Pair Cables-R. Hoff-
man and E. Stremme, Philips Kommunikations
Industrie AG, Koln, West Germany 504

Ultrafine Coaxial Cable for High-Speed
Transmission-K. Yokoi, S. Satoh and A. Mori,
Sumitomo Electric Industries, Ltd., Tochigi-ken,
Japan . . 509

Crosstalk and Shield Performance Specifica- Grand Ballroom, Salons B, C, D and E

tions for Aluminum Foil Shielded Twisted Pair SESSION XVII: TOPICAL SEMINAR-MATERIALS
Cable (MIL-C-49285)-J. A. Krabec, Belden Chairperson: Thomas Jones, Wyrough & Loser, Inc.
Wire & Cable, Technical Research Center. Methods of Differentiating Among PTFE Fine
Geneva, IL . 517 Powder Resins--J. J. Bednarczyk and P. M.

Mehta, E. I. Du Pont Company, Wilmington, DE 575

Characterization of Polyolefin Materials Used
as Telecommunication Cable Jackets Based on
Their Toughness Related Properties-V. B.

Mascarenhas and W. H. Englehart, Insulated
Arlington Ballroom, Salon IV Cable Engineers Association, South Yarmouth,

SESSION XVI: FIBER OPTIC INSTALLATIONS AND MA 581
SYSTEMS " Reduced Emissions Plenum Cable Telephone

Chairperson: Reiner J. Gerdes, Contel Laboratories Jacket Compounds-M. J. Keogh, Union Car-

Operating History of Lightwave Systems in the bide Corp., Somerset, NJ 592

REA Telephone Program-W. 0. Grant, TB, Reduction of Fire Hazards Due to the Cables
TSD, REA, US Department of Agriculture, Fitted to Warships-J. A. Pownall, Ministry of
Washington, D.C... 526 Defence, United Kingdom 598
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THURSDAY, NOVEMBER 19, 1987-1:30 PM-4:30 PM Performance Characteristics of Enhanced Buf-
Arlington Ballroom, Salon III fer Tube Cable-R. J. Williams and J. Rowe,

SESSION XVIII: CHARACTERISTICS OF OPTICAL Northern Telecom, Saskatchewan, Canada; M.
FIBER * Plouffe, Bell Canada, Montreal, Canada and B.

Chairperson: Peter R. Bark, Siecor Corporation Hurtig, Bell Canada, Toronto, Canada ......... 667

Optical Fibers Irradiated with 3800 Rads X- or
Gamma-Rays Show Large Attenuation Dif- Grand Ballroom, Salons F, G, H and J
ferences-B. H. W. S. de Jong, Corning Glass SESSION XX: CLOSURES AND ENCAPSULATES:
Works, Corning, NY ...................... 604 Chairperson: Edward A. Gur-ney, GTE Service
Radiation Resistant Optical GI Cables-A. lino, Corporation
M. Niijima, H. Hayashi, S. Sentsui and H. A Novel Non-Polyurethane Re-enterable En-
Yoshino, The Furukawa Electric Co., Ltd., capsulant Compatible with Both Filled Cable
Chiba Research Laboratory, Chiba-ken, Japan 611 and Polycarbonate Connectors-T. S. Croft, H.
Evaluation of Hydrogen Generation From Op- A. Haugen, S. P. Hays, T. I. Chen and G. J.
tical Fiber Cable-I. M. Plitz and P. C. Warren, Swampillai, TelComm Products Division
Bell Communications Research, Red Bank, NJ 616 Laboratory/3M, Austin, Texas ............ 676
Modal Noise Due to Second Mode Interference A Novel Adhesive Closure System for Heat
in Singlemode Fiber Systems-M. J. Brand- Recoverable Sleeves-L. P. Beltz, T. J. Bonk,
tner, D. W. Schicketanz and C. K. Eoll, Siecor T. I. Chen, P. M. Olson, J. I. Zeller-Pendrey and
Corporation, Hickory, NC ... 622 D. E. Weiss, TelComm Products Division
Loss Spread in Single-Mode Fibers Due to Oh- Laboratory/3M, Austin, Texas ... 685
Ion Concentration and Transmitter-Wavelength The Highly Reliable Mechanical Splice
Fluctuations-R. Diaz de la Iglesia, D. J. Lao Closure-S. Ota, S. Tachigami, H. Miyazawa
Soriano, E. Tobias Azpitarte and J. Rueda and E. Tanabe, The Furukawa Electric Co.,
Garcia, Telefonica-P. T. (Sistemas), Madrid, Ltd., Chiba-ken, Japan 693
Spain 629 New Universal Splice Closure System-D.
A Novel Evaluation Technique and Refractive Kunze, E. Bachel and J. Rost, Siemens AG,
Index Profile Control in the VAD Method-S. West Germany: L. Mendat, AMP Netcon, Valley
Okubo, S. Asari, and W. Nakagawa, Tatsuta Force, PA; G. Boscher, RXS Schrumpftechnik-
Electric Wire & Cable Co., Ltd., Osaka, Japan 640 Garnituren GmbH, West Germany 699

Grand Ballroom, Salons B, C, 0 and E

SESSION XXI: COPPER CABLE DESIGN II --

Chairperson. Leo Chattier, DCM Industries, Inc.
Voltage Gradient Considerations in Com-

Arlington Ballroom, Salon IV munication Cables-J. W. Levengood, AT&T
SESSION XIX: FIBER OPTIC CABLE DESIGN II Technologies, Inc., Norcross, GA 705

Chairperson: Irving Kolodny, Consultant- Comparison of One Second and Three Second
Telecommunications Dielectric Withstand Test-J. A. Isley, AT&T

Fiber/Metallic Service and Distribution Technologie.;, Inc., Omaha, Nebraska 712
Media-E. R. Campbell, W. C. Reed and F. J. Digital Trar.smission on Customer Premises
Mullin, AT&T Bell Laboratories, Norcross, GA 645 Wiring-S. B. Pierce, Contel Laboratories, Nor-
A Study on the Design of Composite Cable Con- cross, GA 716
taining Optical Fiber and Multi Pairs-S. Geometric Calculation of Longitudinal Wrap-
Hisano, S. Shimada, Y. Tokumaru and Y. ping Tooling Used in Telecommunication Cable
Amano, Sumitomo Electric Industries, Ltd., Manufacture- Yuan Zhang, Chengdu Cable
Yokohama, Japan 651 Plant, Sichuan, People's Republic of China 723
Designing Compression Resistance in Loose Evaluation of Materials for Improved Life Ex-
Tube Cables-P. E. Neveux, Jr. and W. H. Hat- pectancy of Foam Skin Insulation-G. D.
ton, Sumitomo Electric Fiber Optic Corpora- Brown, Union Carbide Corporation, Bound
tion, Research Triangle Park, NC 656 Brook, NJ; L. E. Davis, Superior Cable Corp.,
An Analysis of Loose Tube Cable Design Atlanta, GA 734
Theory, Compatible with Physical Measure- Active Transceiver Cable for Local Area Net-
ment-I. Houghton, A. Summers and S. R. works-H. Yokosuka, Y. Kobayashi, K. Arai, 0.
Barnes, STC Telecommunications, Newport, Watanabe and K. Karai, Fujikura Ltd., Telecom-
Gwent, United Kingdom 662 munication Cable R&D Dept., Chiba-ken, Japan 744
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TUTORIAL PANEL
Future Network Architecture

PANELISTS

MICHAEL L. BANDLER CLARK W. BARLOW

Mr. Clark W. Barlow was named Vice
Mr. Michael L. Bandler is Vice President-Operations Support for the GTE

President-Network Engineering & Planning Telephone Operating Group in March 1987.
for Pacific Bell. Mr. Barlow was formerly Vice President-

Customer Service for General Telephone

Mr. Bandler began his Bell System Company of the Southwest in San Angelo,
career with the New York Telephone Company Texas.
in 1961, as an Engineering Assistant. In
1971 he became a District Traffic Super- In his new position, Mr. Barlow is
visor and in 1973 a Division Network responsible for the existing network and
Manager. Two years later he was appointed service groups along with evaluation and
Chief Engineer for New York City. The support functions within telephone opera-
next year he was named Assistant Vice tions.
President in Marketing. Tn 1981, he
transferred to AT&T, Basking Ridge, as a He began his career with General
Director in Marketing and then assumed his Telephone Company of Florida in 1956.
present position with Pacific Bell in After serving in various management func-
1982. tions, he was named Director-Toll Opera-

tions in 1975, General Manager-Switching

Mr. Bandler received a B.E.E. degree Services in 1977 and Vice President-
from Cornell University in 1960 and his Service in 1978. In June 1984, he was
MBA from New York University in 1968. He named to his most recent position with the
is past President of the Cornell Society Southwest company.
of Engineers and is currently President of
the California Engineering Foundation.

A partial listing of his other
present affiliations include: Cornell
Council, Cornell Engineering Council,
Board and Executive Committee of the
exchange Carriers Standards Association,
President's Council of Cal Poly, Engin-
eering Board of Visitors U.C. Davis and
President of the Board of Directors San
Francisco Bay Area Science Fair. In addi-
tion to being a tournament bridge player,
he is an avid runner, with many Boston and
New York marathons in his background.
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GARY J. HANDLER WILLIAM J. NOLL

Mr. Gary J. Handler is Vice President Mr. William J. Noll of Ottawa is
of Network Planning at Bell Communications Vice-President, Networks Technology Divi-
Research, Livingston, NJ. He is responsi- sion, BNR. Mr. Noll assumed his present
ble for conceiving, defining, developing position on June 8, 1987. Prior to this
and implementing technical plans for prof- position, Mr. Noll was Assistant Vice-
itable Network of the 90's for the Bell President, Engineering and Networks Tech-
Operating Companies. His responsibilities nology, Bell Canada.
range from developing an infrastructure of
research, analyses, planning guidelines, Mr. Noll joined Bell Canada on May
and standards for Bellcore clients to 10, 1965 upon obtaining an Electrical
build and deploy leading edge technology Technology diploma from Ryerson Polytech-
in a cost effective manner, to providing nical Institute in that same year.
vertically integrated support to Bellcore
clients from initial design to implementa- In his early career, Mr. Noll worked
tion of new profitable network architec- with the engineering family at Bell Canada
tures and services, and has held several positions in that

family in Toronto, Montreal and Ottawa.
Mr. Handler started with Bell He was also on loan to Newfoundland

Telephone Laboratories in 1965 in Local Telephone for approximately two years.
Switching Systems Engineering. In 1970 he
was promoted to Technical Supervisor and In the late seventies, Mr. Noll was
worked on a variety of traffic, inventory transferred to the Marketing Department
and economic modeling problems. In 1978 and has held several positions within the
he assumed responsibility for the first Marketing family in Toronto and Ottawa.
implementation planning of new PBX/CO
based private network offerings. In 1980 Mr. Noll is a member of the Associa-
he transferred to AT&T as Division Manager tion of Professional Engineers of Ontario
responsible for managing voice and data and a member of the IEEE.
services implementation projects. In 1983
he became Assistant Vice President of the
New Services Planning and Implementation
Center at Bell Communications Research.
He assumed his current position in 1985.

Mr. Handler has a BS in Electrical
Engineering from Columbia University, an
MS in Electrical Engineering from the
Massachusetts Institute of Technology, and
a Ph.D. in Operations Research from New
York University. His publications have
appeared in various Operations Research
magazines, IEEE conference proceedings,
and the ICCC. He is a member of the ICCC
Board of Governors and of the University
of Illinois, College of Engineering
Advisory Board. He is the Deputy Chairman
of the Exchange Telephone Group Committee
of the Exchange Carrier Standards Associa-
tion. He is also a senior member of the
IEEE.
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AWARD LUNCHEON

Guest Speaker
Dr. C. Kumar N. Patel

AT&T Laboratories
Murray Hill, NJ

In 1466, Dr. Patel carried out to,
f Ir-;t inf rired nonlinear optics experi-
ments ty discovering the second harmonic
generition in tellurium. These pioneering
stidies created new field of infrared non-
linear optics. In 1967, Dr. Patel and his
crlleiguos discovered an entirely new
m.-chanisn for nonlinear interactions - the

C. KUMAR N. PATrEL tliirl o)rder nonlinearities of free elec-
rrons. In 1969, he invented the spin-flip
Raman lasers which are a class of tunahle

Dr. C. Kumar N. Patel is Executive infrirod lasers. This was the first
Director, Research, Materials Science, tunable Raman laser in any wavelength
Engineering and Academic Affairs Division region. ;Ising the tunable spin-flip Raman
at AT&T Bell Laboratories, Murray Hill, lasers Dr. Patel carried out very high
New Jersey. He joined Bell Laboratorien resolution spectroscopy of both ground as
in 1961 where he began his career by well as vibrationally excited states of
carrying out research in the field of ;as molecular gases. A direct outgrowth of
lasers. He has made numerous seminal these studies is his unique contribution
contributions in several fields, including to the problem of pollution detection. In
gas lasers, nonlinear optics, molecular 1970, he developed a tunable laser opto-
spectroscopy, pollution detection, and acoustic measurement technique for detec-
laser surgery. tion of extremely small concentrations (I

part in trillion at atmospheric pressure)
In 1963 he discovered the laser of pollutant gases. The opto-acoustic

action on the vibrational-rotational tran- detecti)n technique, also some times
sitions of carbon dioxide. This discovery called the photo-acoustic technique, is
and his invention of efficient vibrational now . standard method frr measuring very
energy transfer between molecules, in small absorptions in jase3. In 1973, he
1964, led to his series of experiments carried out the first measurements of the
which demonstrated that the carbon dioxide temporal variation of concentration of
laser was capable of very high cw and nitric oxide in the stratosphere. These
pulsed power output at very high conver- measurements provided crucial data which
sion efficiencies. The carbon dioxide bear on the problem of ozone depletion by
lasers have now become work horses in at inan-maje nitrogen oxide emissiosn from
least f:)ur major fields of appl icat ions of sources such as the SST. Starting in
lasers. These are: (1) Industrial appli- 1975, Dr. Patel and his colleagues have
cations which include cutting, drilling, c3rried out elegant laser-based measure-
and welding; (2) Scientific applications rnents of Laib Shift in heavy hydrogenic
which include spectroscopy, nonlinear atoms; these measurements provide some of
optics, and optical pumping to create the most stringent tests of QED calcajla-
newer lasers such as far infrared lasers tions.
and x-ray lasers; (3) Medical applications
which include laser surgery in the aroas In the last few years, Dr. Patel has
of o to laryngology, gynecology, tumor invented and perfected an opto-acoustic
removal, and general surgery; and (4) Re- detection technique which has now been
mote probing applications which, among shown to be capable )f measuring very
others, include pollution detection, small optical absorpt ions in liquids,
ranging" and Doppler raddr, as well as a solids, thin films, and powders. Of
multitude of military uses. No other special interest is the application of
laser has made a greater impact on the this technique to measirements of submono-
society than the carbon dioxide laser, layers of adsorbed molecules on techno-
His discovery of laser action on vibra- logically important materials such as
tional-rotational transitions of molecules silicon. In 1980, he started opto-
has directly led to many other infrared acnistic spectroscopy studius of cryogenic
high p)wer laser systems. liquids and solids. These studies ire
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providing crucial data of scientific high power carbon dioxide lasers, for his
interest of understanding these materials nonlinear optical studies leading to the
and for practical applications to the invention of the spin-flip Raman lasers
spectroscopic studies of the atmospheres and for molecular spectroscopy and pollu-
of outer giant planets. These studies tion detection studies, Dr. Patel has
have now culminated in the first observa- received numerous honors. These include
tions of high vibrational overtone the Optical Society of America's Adolph
absorption of molecular hydrogen in solid Lomb Medal (1966); the Franklin Insti-
hydrogen. tute's Stuart Ballantine Medal (1968);

Coblentz Society's (of the American
Dr. Patel's current research inter- Chemical Society) Coblentz Prize (i974);

ests include spectroscopy of highly trans- the Association of Indians in America's
parent liquids and solids, and surgical Honor Award (1975); the Institute of
and medical applications of carbon dioxide Electrical and Electronic Engineer's Lamme
lasers. Medal (1976); National Academy of Engin-

eering's Zworykin Award (1976); Texas
Son of a Civil Engineer in India, Dr. Instrument Foundation's Founders Prize

Patel received his 8.E. in Telecommunica- (1978); the Optical Society of America's
tions from the College of Engineering in Townes Medal (1982); the Society of
Poona, India. He received his M.S. and Applied Spectroscopy's N.Y. Section Award
Ph.D. in Electrical Engineering from (1982); the Schawlow Award of the Laser
Stanford University in 1951 and 1961, Institute of America (1984); and the New
respectively. Jersey Governor's Thomas Alva Edison

Science Award (1987).
At Bell Laboratories in 1967 he

became head of the Infrared Physics and Dr. Patel is a member of the National
Electronics Research Department and in Academy of Sciences and the National
1970 he assumed the position of the Academy of Engineering. He is a Foreign
Director of the Electronics Research Fellow of the Indian National Science
Laboratory. In 1976 he became Director of Academy and The Institution of Electronics
the Physical Research Laboratory. In 1981 and Telecommunication Engineers (INDIA).
he became Executive Director, Research, He is an Associate Fellow of the Third
Physics and Academic Affairs Division. He World Academy of Sciences. He is a fellow
assumed his present position in 1987. of the Institute of Electrical and Elec-
Since his election in 1979, he has served tronic Engineers, the American Physical
as a member of the Board of Trustees of Society, the Optical Society of America,
the Aerospace Corporation, El Segundo, the American Academy of Arts and Sciences,
California. In January 1986, he was and the Association for Advancement of
elected to the Board of Directors of the Arts and Sciences. In 1980 Dr. Patel was
Newport Corporation, Fountain Valley, elected an Honorary Member of the Gyneco-
California. logic Laser Surgery Society, and in 1985

he was elected an Honorary Menber of the
For his discovery of the laser action American Society for Laser Medicine and

on the vibrational-rotational transitions Surgery.
of molecules, for his invention of the
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EMBRITTLENIENT OF CROSSLINKED POLY(VINYL CHLORIDE) INSULATION

T. N. Bowmer and P. C. Warren

Bell Communications Research, Inc.
Red Bank, NJ 07701-7020

ABSTRACT distributing frame application. 6

Crosslinked pol%(\in\l chloride). XPVC. has been used
since the 1970's as an abrasion resistant, solder heat In the mid-1980s, isolated reports were recei\ed of
stable, lire retardant wire insulation on main distributing cracked XPVC insulation in central offices around the
frames in telephone central ollices. Recently. field reports country, but particularly from Calilornia. Texas and New
were receised of XPVC insulations that cracked after onlv York. Ihe failed insulation showed no apparent silns of
a f 'w cars in sersice. Laboratory exposures of the dimage, but when even slightly
material to heat and or medium wa\elength IV light d moved or jostled would
(300 nm) resulted in the usual discoloration, crosslinking crack axially around tile wire. Although embrittled wire
and or pl:isticizer loss. but no cracking. When irradiated was found at all positions on the frame, it seemed to be
with ordinar "cool white" fluorescent tubes, howe cxr, the concentrated several inches from the terminations, on
field embrittlement was reproduced exactly. Ordittary horizontal runs and along the higher racks. Failed
plasticized poly(vinyl chloride), PVC. insulation did not
flail in this manner. It is proposed that when the XPVC insulations neser actually fell off' the wire, but the many
material was originally crosslinked by electron beam connections in close proximity caused some shorts to
irradiation at the factors . reaction of oxygen with stable ground or neighboring lines, resulting in complaints of
free radicals produced peroxides and or hsdroperoxides service disruption. In a related instance, the insulation on
that subsequently photooxidized to gise weak, low seiciJ unused 300 ft spools of distributing frame wire
molecular material on the surface. An accelerated test
was desised to screen out those insulations that \would that had been stored on a repair %an for an unknown
not stand fluorescent illuminated environments for at length of time were also flound to be embrittled, but onl\
least ten sears, on the outside, exposed portions: the interior XPVC

insulation displayed no signs of damage.
INTRODUCTION

Our concern was to determine if the failure was the result

An indi\idual subscriber of a local telephone company is of a simple batch error in manufacturing, either in the
connected to the central ollice switch through the main material formulation or in the subsequent electron beam
distributing frame. The copper wire connections between irradiation step, or whether there was a fundamental
points on the frame are insulated with crosslinked defect in the XPVC technology. The latter problem was
pol.lvinvl chloride). XPVC, an innovation developed in far more serious since tens of billions of conductor feet of

XPVC insulated wire were in service in ten thousand or
the mid-1970's to replace an archac, expensive so central offices around the countrv: conceivably, this
PVC textile lacquer composite constructior,. The XPVC f "
material consists of poly(\invl chloride), PVC, a multi- failure mode could eventually invole a significant
functional methacrylate monomer and a dialkyl phthalate fraction of this installed plant.
plasticizer, along with small quantities of additional
additi\es to pro.ide thermal stability, lubrication and EXPERIMENTAL
pigmc'ntation. 1 b Irradiation with an electron beam after
extrsion crosslinks the PVC through the methtcrylate Failed XPVC insulated, 24 AWG distributing frame wire
linkages into a plasticized, three-dimensional network, samples were removed from frames in New York andThe result is a material that can be processed on California. Brand new product was obtained from three

conentional wire equipment yet gives extraordinary different manufacturers, the insulations consisting of (i)
resistance to crushing, abrasion, heat from soldering XPVC, (ii) two additional versions of XPVC (XPVC-I
irons, fire and friction, all highly desirable for the and XPVC-2), and (iii) conventional plasticized PVC.
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undamaged material, i.e., there was no discoloration of' The surfaces of both the cracked exterior and undamaged
the white or fading of colors. Further, there was no interior portions of XPVC insulated wire from the
obvious color dependence: cracked areas more often than unused spools (that were stored on a van) were carefully
not inolved both wires of a twisted pair. The tensile scraped and these scrapings were then extracted with
elongation-to-break numbers were 150-200"o for new or THF. Figure 2 compares the gel permeation
unaffected insulations, but only 0-10% for the failed chromatograms (GPC) of the soluble fraction (MN  -

ones. Values of 1001o were often found for material only 80.000), revealing a small but definite (25-300o) reduction
inches from a crack site. in molecular weight of the embrittled sample.

Unfortunately, a similar experiment was not possible for
Initial attempts to identify differences in the bulkproptiatepts f brndn y adfflednc insulatios the intractable portion of surface material. Oxidation.

initiated by heat and or radi tion. is the most prevalent
were largely unsuccessful. Densities of 1.30-1.35 were

measredfo rallsamles.Thelinar epanion mechanism fior the gradual deterioration and ultimatemeasured tor all samples. The linear expansion

coefficients were determined to be 3 ± IXI 4 for the failure of plastics materials.9 Inside the central office. heat

insulations and blends. Differential scanning calorimetric is generated switching equipment and mild ultras olei
(UV) radiation is produced by oserhead flIuorecent

measurements indicated no changes in glass transition tubes, typically banks of 40 watt "cool white' luorescent
temperatures of 50 ± 5'C or in stress relaxation peaks at tubes without dilfuser. In order to try to duplicate the
50-60-C. Reflectance infrared spectra obtained from the field failure that occurred over secral years time in a
surface and inside of cracked and uncracked insulations central oflice. seseral accelerated aging experiment,, were
re\caled the same characteristic resonances of the caiT .d out, including (I) thermal aine experiments in
plasticized PVC-methacrvlate system assigned to C-Cl. torced air ovens. 12) exposures to medium wasclength
C -0. C-C and arl moieties. 1"3 There was only a tIV light (270-3310 nni) and (3) exposures to long
minor ( - 5"1 increase in the relatike magnitude of the was elength UV light (320-3S0 nm).
1720 cm "1 peak for the embrittled material, which was
interpieted as evidence of oxidation products on the Thermal Experiments
surface. Extraction with cold ether showed that
plasticizer iade up about 15". of thec compoutids. and I1herial degradation studies of XPVC insulations were
an additional 25'. of material (chielly unincorporated carried out between 125 and 215 C in lb rced air o\ens.
PVC) could be wvithdrawn Usillg hot tctrah.drofuran The XPVC discolored to a deep brown and e entuall%
III F). Ihe rest of the PVC and all of tile methactrlate black after lone a1ii1 limes, ind or high temperatures.

monomer se\re left behind as an insoluble. crosslinked The discoloration is indicatike of poklene formation lh:it
residue, a fact which hampered complete analysis. All tile rCsults from1 dehydtichlorination of the PVC component.
field samples. both cracked and uncracked, as \well as which fbr tile sirgin polyier is i-cported to ha\e an
brand news XPVC insulated poduct, showed the same activation energy of 100 and 120-1 1i K.I-mole " 1 in air antd
composition within t 3",. Clearly any simple onetime \acUtim. respectisclv. 10-12

'"orniulation or curiing errors would not explain the Iield
emlbritiled .XPVC insulations. Tensile elongation-to-break measurements sscre carried

out on aged XPVC sanples and ate graphied in Iigure 3
as a function of lime. -1 he initial increase in elongations
is probably Lue to thermal relaxation of stresses
introduced tt ing the extrusion or later election beam

lFig.2 ,SULRI'ACE .'URAIINGS~v - GiPC profiles. inadition: lh letigthi of tile plateau region is elated to

Bulk the solatili\ of the plasticizer and te concentration and
Plasticizer acti\it\ of thennal stabili/ers. Using the tines to the

Surface catasrophic urop in elongation at seseral tetmperatures,.
PVC an Arthenius aclis;itioin energy was determined to be It06

C
coinmposite oif' plsthicier loss, stab i ier activity and the

U inherent thern;l stuibilitv of the crosslinked network, this

;icti\ation .'nergv c;inlht be conripaled directl\ with the

107  106 10 104 103 literlatute ,siIUC, quoted ahoc. Neserltheles.
- Molecular Weight -
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Fig.3 PERCENT ELONGATION VS. TIME. weLre initiated using UV sources that simulated sunlight

-C rather than the weaker indoor light. Various XPVC
240- 67-Cinsulated wircs werc irradiated in a Rayonct Rector as

14S*C well as in a QUV Weathering Tester, using RPR-30(X)

12S*C 203*Cand UVB-313 lamps, respectix.ely. A relatively rapid

010 18* deterioration of the insulation was noted under these
167-C UPCconditions, but never did it result in embrittlcmenit.

15Cntcdthsamples showed the usual PVC outdoor
weaterig bha~ornamly.gross discoloration and loss

go- in elongation. These observations, along with the lack of
embrittlement. again ruled out this explanation for the

central office Ibailure.

0 L.0 .1 01 1 1 ong Wavelength IV Experiments
T im(Days)

An ad-hoc apparatus was constructed lby bolting together
four 4 foot. double "cool white" fluorescent fixtures ito
ior a vertical, cir-cular, chamber, intended ito accelerate
the experiment by intensifying weak UV ligzht rather than
bM shortening its waxelengtb. A small fan was attached

exit apolIat ion oft thle ltme to 0- 10"o elongation at roo In to the bottom wvhich main tatined the ins ide temperature
tem peratu ic rexi eal ha the insulated w ire should not at abotut 3t0 C. White. new production X1PVC insulated
crack fir marty Near,,, entirely inconsistent with the f1IeLd wires,. as well as similar undamaged ones recoxered from

embrittlemuent failure. In addition, aldl of the laborator} thle tield, were hung xrtically inside the chamber and
aqcd sam pies, were hi Il d Sd ,lo red at lo xVcogai ns periodically checked fo r embrittlement. After
finaflx. since! cracking, nas( independent of' The t.%[e of ppoimtl 210(X) hour, the insulations cracked under
term nal~tion. oxerheating during soildering was eliminated slieht mechanical stress Net showed nio signs of
is a Cointributioin to deterioratiotn. I le oxerxiheliog discoloration. The embrittlement phenomienai had been

icO IuiV,ioti is, that a therm al decrad atioin mch an isml reproduced in the I abo rato r using the ident ical light
could not piisiblx describe the obserw d fauilu re. source ;rs that found in the central ollice.

Miedium Wavelength (A' Experiments

C irc u mstan tiail cx decnce indicated that thle em boittled
N PVC wa, at least in pairt. elated to indiiiiIi lit. The H'g.4 32t)-38Ontn DEC RADAI ION OF
fltiontal ontentation anld tipper frame inxiilxement of, SPOOL. S.P.
fatiled wire, as xxell as non-insolxemient of shaded areas.
seentoed to indicate that ii x head fl uo rescen ts (Oir sunIii l _________________________________________

through a nearby xvindiixx m ight haxw caaied

oxidation oif the material. I hie cracks thcmselxes seemed
toi initiate froim univ. one side of the insulation. In the 20

Niahopac offlice. for instance. a particularl\ brightly lit
aisle made this mode of action highiy suspect. A.t the tiip q
oif the frame, about 1.5 feet fronm thle llUiircsCent tubes. 0-J-

41) JAV cm12 werec measured xvith a light mecter sensiti',e in I O TESTER AO T

the 30M-411 nrn range. Lowecr por-tion uof' the frame c

showixed x alues in the range oif 10l-25 1I\V cm 2. Lxen the U
a

cardboiard cores, of the reels stored in the van shoxwed

ex idence of bleaching where sunlight apparently streamed

inl tl iugh a xwindoiwx. [L

0400 Boo 1200

In in attempt to colmpress time, iliboratonrc experimlents uv -EXPOSuRE (HRS)
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Long wa~elenglh UJV sources IRR-35(X) and U.VA-3S I monitored with time and all increased during the tirt
lamps) Were then substituted int the respecti~e Ra~onct minute oif processing at 170) and 210 C. Subsequent
photochemical reactor and QI'V weathering tester and irdainwt I ih 2) m ecldta
entirely different results were rioted relatime to the phtooxidatitin now occurred rapidl\ comtpared to thre
medium waselength U.V expchtints. For intne unprocessed material. Set t t proposed a mechanism
Hi-ure .4 shows the e,,longation xers\us time (or based on two altemnatie reactions asailable to tree
undan, aged. interior wire from the spool stored on a \an: radicals produced during processing, namel\. Hll reaction
Figure 5 is the result of an identical expeimient for brand with oxygen it) gis e ilk\ I peroxv radicals, and u Itintatel\
new X PVC insulated wire. I n both cases, a c tast n ph ic hi dro peroxides. oir 121 initiation of' deh~ dic hloiin nat itin
reduction in elongation with no discoloration was b\ loss of a chlorine atom, resulting in a conjughated
obserxed: crackinge conelated Mvth elongations that were polyene. The photoactisation effect apparently depended

-- 3)~.The tiliences in times it, fatilure (it' the two oltepsnc if pcesfo hthcompetitise
sami ples are explained bs\ their re Iat ie t hermal h isti rics. react iins.
he fii rm er ha si nP been in stiac-e for Iie c sars or- so. I hie

dilkrcence in failure times, in the two test chaimbers is We postulate that the enibrittlement of X PVC iiccu rs in a
e\plaitted b-) the relaise seserit\ of' coinditions. th le faIshiiin :inali'gius it) t hat proposed 11w Scott ~
Raiviinet Reactor hid a meaisured intensit\ (it' 301) sit itt in:it i/d ini 111e SChent ic in I icure 6.
It\\ cnt while that of the QI..V apparatus was 30"
,icater. In addition, the latter tin it Oiperate,- at ai
tentperature ;ibiitt 201 C I ither.

Fig.6 REAC I ION SCI I FM F.

PVC
Fig. 320IS~ni DGRAATIO OFI Mechanical Stress

13RIAN D N L\V X I"VC. I Thermal Energy

*Sunlight

Cl ci100 1aCH,=CH-CH-CH - -(0/RH)- CH,=CH-CH-.ClH

-E TE 11 tc

CH2=CH-CHCH-. CI1Z=CHC...CH -

300 nmnLih 350 ltm Light

0 4CC E3CC .C

__SC_q (_s Crosslinlclng Scisuion

Mechanism

The ioniling radiatiion used to crosslink the XPVC
Scott 1.3 has reported enhanced phimtootsidamion rates of, coating produces, not only grafted crosslinked products
PVC after the polymer was mechanically processed at but also stable tree radicals. For instance, an electron
high shear rates. After mechanically working the poly mer paramagnetic resonance (1:1R) study of radiation-cured
in a small laboratoix- mixer at 170 and 210'C, the olein, XPVC resealed that methacrylate radicals persisted tip it)
peroxide andi carbonyl contents iif the base resin were two months after exposure to the electron beant. It is
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proposed that the oxxgenated intermediates are flotmed [hle importance of' these intermediates is that thcv are
on the ,ufface that u It imatch% cause scisio n aIntl initiat ion labile cliro moph orcs .w hich act as initiation and cat alytic

orac k ini_. Ihe iclds fromt such reactions are small as sie o erdto ylweeg adiation that

canl he seen in aI comparison of' the infrared spectra of emianates from "cool white" fluorescents oser seseral
photolszed and unphotolvzed samples (if gamma war tim~e.
Irradiated PVC and N PVC laboratory preparations in
Fic-ure 7. pVC exposed to 320-38(0 nm UIV light showed Figures 8 and 1) compare the reductions in elongation of
no oxidation product peak at I T20ctn. Gamma- coietioinal plastici/ed PVC and plasticized XPVC
it'radiated PVC and N FWC showed growth in the when irradiated with the indoor IV13-351 lights. The
I 720cml' peak upon photolysis with U V light, rate,, of elongation loss were clearl\ enhanced when the\
contirrming the ,\nergistic effiect oft pre-iri-adiation on UV were exposed ito ioni/ing radiation prior to photolvsis.

deterioration. and indeed the original dose of ionizing
radiation may determine the sensitis itN (if the insulation
to later ultrasiolet irradiation. Normall\. doses of 3-6
Mid a re Used to achiese 90, cure fior XPVC
mnatenials. Our laborator\ samples deca~ed more

Fi -. 7 R 1:1 l:(TANCE I NI R.\RIA ) SPEQ flA. rapidl\ than field materials because the\ did not contain
thle sihili/CtN Isualls found in commercial materials.

Difference Spectrum

XPVC+ Fig.8
500 hre 320-80 nm UV DLGz RAD)A [ ION OF PVC I'll [IAL.-I1L BLLND

II NI1) FR 320-380nm L116I1I1. Sam ples were
pre-irraidiated with y-ravs for (f(). 4(01 & 10(M E Nirad.

z

UU
* z

00

U

4 -

PVC (4Mrad()S

It is nowv obs ious that the photolv-tic degradation of

PVC 4 MXPVC insulation is wavelength dependent. Mecdium

P 'n wavelength IV light is chiefly absorbed by unsaturated

chromophores in the pol\ mer, resulting in classical
2000 1680 1360 1040 720 400 outdjoor weathering of the material, as cvidenced by

Wavenumber (cm-i) dehydrochlorination. substantial discoloration and gel4 ~ 10 International Wire & Cable Symposium Proceedings 1987



Fig.9 difrerent samples tested undcr these conditions,; only three

D)EGRADATION OF PVC-NlHI1*IACRYIA"FF- of tile five passed the 1000) hour mark.

-Pill IIHALALE B3LENDU NDER 320-380nmn

LIGHT1. Samples were pre-irradiated with Stabilization froml weak indoor UV light-catalxzed

y-ra~s for 0() ()& \lt)Mad. oxidation is flot nortfall\ a concemn with inside wire
insulations, hut electron e amn-cured XPV insulation is
now, known to lie an except i n. W hile we did not

undertake the task of incorporating different types, and

L) 2CO concentrations oit UV staibilizet'i into the N PV(
formulation, we assume that this would be a1 x able

LI solution to tile aboxe problem. For current installed,

4M*JpresumabY \ ulnerable plant, the fluorescent bulbs

cc C MRA themselx es might be equipped with ditfusers or filter,, to

L0 MiAn 

r e pect i el s c a t t e r o r r e o w t h e I p o r t io n o f' t h e
visible spctrumT: N11ChI afterma rket fixes are ax ai li le aIndl

7 it remains an economic decision to dlecide w hether such
action is w\irrninted or nlot.

table 2. Screening les-t in 0t 1Iester.

insulation (*1 %Iloiigation after I hr.%
FI 0 t1 4M 1 I IMIi

oit I li A -s.ppartl\ 11. Lcrosslinking, is thle doinailnt t nusved undamagedl 011 111 <3

surftace pioccN% because there is nil tcndkcnc\ [or thle sptol \l'V(

material to crack Uinder theseL conlditions. An% (irand-new Xl'V( ISO4 441 .1

ciinribuiiin h\ thle oxidation paithw\ay is oxerwhelmed h\ (ii) \ PVC- I 2h1 2NMI INi

thle dexdohlitait ote. Lotig xx axeleigth LAV 60i X\ -2 24M' l'MI 74

lih.on thle other hand, is, not rid~kil\ ibsiirbed b\ thle 1Ilaiied'( 2M2N 4

ulnaturated portion of the Ipitt iner aid these printleco.
photooxidat ionl described 11w Scott M.wile relatielx sliio%%sprmnalsein
aind ittelicient. becomes thle major degradlauike Pithw\a\x
I heC surfa'.ce reACtiiirs TIow C\hlibiltrio discoloraition and

leaid predoinant l\ ito scission produLcts.

.Accelerat ed Tlst " SU MMARY'

A tmajor goal of this work wasI, to delo~lp aI meaNUIienietlt I hie photodeg -adation behax ior of electron-beatt cured

tha:t would predict whether or not a gix en NpC \pvc~ %% PVxire i isa lation has been sto\% it to lie ex\terneix

insulated Product wo0uld endure tile fluorescertl w\ixlcngthl -xnsitie. Fxposure ito heat or mediumn

illuminated ens rotntent Ijor some minimum peniod oIf w\aselength I. light O(Mlntn gi cies thle Usual

little. To thiiat end, the QLI.V Weathei ritic Tester %\s dbx oaNi itiin o x t br to. ic 0rtor

equipped with II VB-35 'I latips resulting in an intensitx and" loss of" longitioti associated with P)VC deteioration.

that was approximately 2(00 times the maximum foun11d in bu noevbttetet.Bcuecosntgracttons

the measured .\ahopac central ioffice. A sarnple XPVCi predotninate. the rtllienal remains totigh and useful for

that was known to fail in the field in about t~ixe %cars was long periods of time. Lxposure tot LIV licht oft lowr

found ito crack in this laboratn test in about -4M1 hout\. energy (350tuti I howNever, will initiate a \er\ sl10W loss in

If a Irpical itnstalled lifetimle field] were 10-15 sears. then a elongation and eentuIal embrittlement. In this eaise.

V0XM) hour surx sal time itt tfte abose apparatus tmight be oxidatixe scission reactions occur on thle surface. fottniug

a reisotnable miinintuIm. [able 2 lists the results, of tise %xeaik material that tirttnatelx leads ft ctacks. I hle ltt
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path%%av is apparently associated with the failure of 12. G.Tailamnini & G.Pezuin; Alakrol.AIsl.Chem. .39, 26
XPVC disttibutin2 frame wire near fluorescent lighting in (19(-)).

telphoe cntal offices. An IMOX hour accelerated test
was des ised that will screen out those X PVC insulations 1. Sct:.daee inCeitr Seex 69 3)
that will not endure iluorescent lighting lor at least ten I 1978) and ref. 9. pages 87-1I IX (1 985)

Cars. 14. %V.H.Starnes.Jr.: .-ICS Sjymposium Series No. 151,

pJ9 7 ( 19K1I) and references cited therein.
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I hie awthors w\ish to thank INI. Plitz for Gel Permeation (19751.

ChrotttatogtaphN e\petimlents. C.C. Chang fo r 16. B.A. K halIifa. S. F. Mo rsi. W. M. K h al ifa, &

in icboscop\ result,,. R.. [Decker fir supplk mg samples of S.Baroun rit. PolVin. J., 11, 13 11979).

N PVC inlate)Id wvire and RIJ. Mi ner for mechanical 17. V. P1i upta & 1.. .St.Plierre: J. Po/in. Sc.. Pediln.
testing. MNesers I. Rogers, F. [chre. B. Gesner and I% Ch/em. Ed.: 17,9'31 (1979).
S/ipsk\ all pros ided timely ads ice and or satmples fronm
the hield. [ inall\, thanks are due to B. Gesner for I X. -l.A.Sko5tionski . I.F.Rabhek & B3.anlw\: AV vin.

m~ikin the in ta suggestion that Ilight p1 aw d aI I)qgrcI. tab. 8, 37 1197)).
sIlclit role inl \PVC dec-radation.
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EXTUSION

Stuart K. Randa, Carl R. Fyrwald and David P. Reifschneidei

L.I. do Pent de Ne!eours & Co. (Inc.)

Abst akt specific properties in the most
cost-effective constructions. Cables made

Continuous gas foaming of "Tefzel" of foam "Tefzel" could be used for
ETFE fluoropolymer resin, as presented in telecommunication and computer
this paper, is a practical process for applications, as well as control cables
producing foam primaries. Thin-wall foam for utilities. Two twisted pair ETFE foam
and foam-skin constructions, with void cables are shown below.
contents as high as 70 percent, have been
made at high speed using this technique.
Foam prirazies are generally used in Figure I
twisted pair, computer network cables. FOAMED ETFE CABLE OF SHIELDED PAIRS

I. Introduction

With the continued growth of computer
networks, the use of twisted pair and
co)axial cables has increased
significantly. These cables provide the
low capacitance required for high-speed
data transmission. Twisted pair primaries
insulated with foamed ETFE resin, a co-
p)olymrne of tetrafluoroethylene and
ethylene marketed under the trademark
"Tefzel" ETFE fluoropolymer by Du Pont,
provide the enhanced properties necessary
for today's demanding data transmission
requirements.

FTFE cables are physically tough,
highly resistant to chemicals and able to
withstand high temperatures. What's more,
through foaming, the excellent electrical Figure2
properties of ETFE cables are greatly FOAMED ETFE CABLE OF UNSHIELDED PAIRS
enhanced.

ETFE foamed cables can be designed to
meet the flame and smoke requirements of
the National Electrical Code for plenum
cable applications. Cables meeting these
requirements can be installed in the air
plenums above suspended ceilings without
the use of metal conduit - saving both
time and money.

Foamed "Tefzel" is a very versatile
insulating material. It has been used to
make thin insulations for small diameter
wires in twisted pair cable construction~s
and for heavier industrial cables.
Foam/skin extrusions permit the
combination of many materials to achieve
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The foaming process requires The critical shear rate of this resin
injection of a gas into an extruder. The (the point prior to that rate where
ETFE resin used in this process contains a rough-surfaced extru ates are
nucleant that has been compounded into the encountered), at 305 C and 340°C, is
resin. The nucleant provides sites for listed in Table I.
foam cell growth. Final cell size is 1 to
3 mils in diameter. Void contents as high
as 70 percent have been demonstrated.

These foams can be either a single Tablet
uniform layer or a single layer surrounded ETFE RESIN RHEOLOGY
by a thin, solid skin. The skin provides MA)IMUMCRmCALSHEARRATE
added dielectric strength and an easy way TEPIMTR (RITCAL SERnds)
to color the insulation. TE:MPRATURE (RiprolSeconds)

305'C (581 'F) 100,000
Foaming is an excellent way to 340'C(645-F) 500,000

achieve low mutual capacitance in twisted
pair cables. In comparison to solid
insulation, foam can be made much thinner,
while still providing the desired The shear rate formula for pressure
impedance. In addition, foam insulation extrusion is shown in reference 1. This
offers a weight savings and can allow the formula can be used to estimate possible
use of a larger conductor to achieve even production speeds for specific foamed wire
lower cable attenuation, constructions.

"Tefzel" resins for foaming have an
apprgximate melting point of 270 C

II. PROCESS (518 F); a room temperature specific
gravity of0 l.7; a8 d a specific gravity of1.3 at 300 C (572 F).

A. Resin Characteristics

The relatively low dielectric
"Tefzel" ETFE fluoropolymer resin has constant and dissipation factor make ETFE

the general polymeric repeat structure resin an attractive electrical insulating
shown below. material, even as a solid. Table II shows

these values at various frequencies.

Figure 3
ETFE MOLECULAR STRUCTURE

Table II

F _ _ H_ HIELECTRICAL PROPERTIES OF ETFE 220 RESIN

SC -C - FREQUENCY DIELECTRIC CONSTANT DISSIPATION FACTOR

1 I KHz 2.58 0.001
1 MHz 2.56 0.006
10O0 MHz 2.45 0.020

"Tefzel" ETFE possesses some of the

toughness of nylon, almost the same
inertness as "Teflon" and much of the
radiation resistance of polyethylene. Foaming educes the dielectric

The base resin used for foaming is cunstant frort 2.6 for a solid material
"Tefzel" 220. Three grades are supplied toward the 1.0 value of air. Lower
in cube form: 220 for solid skin, 220F dissipation factors, necessary to achieve
for foaming and 220CC color concentrates. low cable attenuation, also accompanyfoaming. For example, an ETFE foam having

The ETFE resin used in foaming is one 70 percent voids wo:'ld possess a
of the most fluid ETFE resins available, dielectric constant ind a dissipation
The standard melt flow of this resin is factor nearly half that of solid material.
grea er than 20 grams/10 minutes at 298 

0 C The relationship between dielectric
(568 F). This resin has been specially constant and foam level is shown in
designed to meet the melt flow require- figure 4.
ments of high-speed processing through
dies having small orifices, while still
retaining adequate mechanical properties
for use as thin-wall foam.
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Rgure4 Details of the design of a 1.25-in.

ETFE DIELECTRIC CONSTANT VS. VOID CONTENT diameter ETFE foam extruder screw are
shown in Table III. This design differs
from that used for the foaming process of

260 , I FEP resin (2). The main difference is

250 that the channel depths are shallower.

240 Table III

230 EXTRUDER SCREW DETAILS (1.25 ILn.131.75 mm diameter)

220 SQUARE PITCHED SCREW

2,10 -CHANNEL DEPTH
200 EXTRUDER SCREW ZONES NUMBER OF FLIGHTS (in./mm)

Feed 8.0 0.160/4.06
0 Transition 3.0

8 1 Metering 4.0 0.035/0.89C. 1.80
1 i0 Transition 0.5 0

.t5- 170 -,,F-22 Injection 3.5 0.200/5.08
5 10 -- Transition 0.5

Pumping 6.8 0.054/1.37
Mixing Head and Tip 3.7 0.155/3.26

140 Total T

1.30
Screw diameters range from 1.25 to

120 2.35 inches. Standard length to diameter

110 (L/D) ratios range from 28 to 35:1.

100 I I 3 4 5 6 7 0 To obtain precision control of melt
temperature, PID temperature controllers

VOID CONTENT. % should be used. Motor control for wire
conveying and screw melt delivery must
also be precise (i.e., 0.1 to 0.5 percent

B. Equipment for Extrusion D.C. control). Such equipment should
result in acceptable capacitance and

1. Extruder diameter control.

A special extruder screw is used.
Five zones comprise the design of this 2. Gas Injection System
screw: feed, meter, gas injection,
pumping and mixing, as shown in figure 5. The gas in3ection system, shown in
The partially filled zone is where the gas figure 6, is comprised of a gas cylinder
is injected and dissolves into the molten (1), a gas regulator (2), manual valves
resin. (3, 4 and 5), a pressure relief valve (6)

and a gas injection probe (7).

Figure 5

SCHEMATIC DRAWING OF Figure 6
A MELT-FILLED EXTRUSION FOAMING GAS INJECTION SYSTEM

SCREW FOR ETFE RESIN

Pumping 4Mixing Zone Gas ) Metering 1 Feed
Zone Zone : Zone I Zone

Melt Dark Areas I
SFlow Represent Molten Resin

Resin Cubes

20% 10Poil Fill 000d
100% Fill Filled Extruder
Filled I
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Gas pressure is adjusted with the Figure 8
regulator. The gas flows into the
extruder barrel through the injection MAILLEFER4/6FWIRECOATING CROSSHEAD
probe. For a given screw speed, void FOAM-SKIN EXTRUSION
content is adjusted by varying the gas
pressure. This type of gas injection is a Main
simple process setup because no pumps or Meft
automatic control valves are required. In Stream
addition, the process allows the use of
either nitrogen or "Freon" 22 as the Wfoaming gas. The latter is preferred.

3. Crosshead

The 4/6F fixed center crosshead used
in our ETFE foam development studies was
made by the Maillefer Corporation of South
Hadley, Massachusetts. Use of different
center cartridges within the Maillefer Ux la
crosshead allows simple foam extrusion or Met
a foam-skin duplex extrusion. Cross- Stream
sectional views of this crosshead during
both types of extrusion are shown in
figures 7 and 8. The information in these Figure9
figures is presented courtesy of the DUAL EXTRUSIONFORFOAM-SKINPRODUCTION
Maillefer Company.

Main ExtruderFRgure 7 :

MAILLEFER 4/6F WIRE COATING CROSSHEAD
SINGLE EXTRUSION

Melt
Stream

Wire

Auxiliary Dual
Extruder tor Coated
Outer Skin Wire

men ETFE resin extrusion foaming normally
Draw requires a pressure extrusion. With

insulation thicknesses greater than 20
mils, a low melt draw extrusion (less than

In the foam-skin extrusion set-up, a 5:1) may be used. However, in each type of
smaller auxiliary extruder with a extrusion, a slight melt draw is applied
conventional type screw provides the prior to ioaming.
molten ETFE resin for the outer skin
coating of solid ETFE resin. The two Pressure extrusion is preferred for
extruders should be positioned head to foaming ETFE resin because this technique
head, as shown in figure 9, to best minimizes the occurrence of elongated foam
accomplish the foam-skin extrusion, cells.

Each of these extrusion techniques is
shown schematically in the following
figures.

International Wire & Cable Symposium Proceedings 1987 17



Figure 10 Table VI
PRESSURE EXTRUSION FOAMING PROPERTIES OF THE FOAMED PRIMARY WIRE CONSTRUCTION

Die Construction Diameter 33 mil (0.84 mm)
Foam Thickness 6 mil (0.15 mm)

Tip Skin Thickness 1 mil (0.C 5 mm)
Capacitance 56 pf/ft
Dielectric Constant 1.79

Foaming Resin Weight/ 1,000 ft 0.2 lb (0.09 kg/304 m)

slight Wife
Melt At a shear rate of 100,000 reciprocal
Draw seconds, extrusion rates of 1,000 ft/min

(304 m/min) have been demonstrated with a
7.5-mi (0.19-mm) foam coating on AWG 24

Figure11 wire. The pressure die used had a
MELT DRAW EXTRUSION FOAMING 0.033-in. (0.84-mm)oorifics. The melt

temperature was 315 C (600 F) and the melt

Die draw was 1.6:1.

Tip III. WIRE PROPERTIES

A. Foam Structure

Foaming Figures 12 and 13 show the foam
struc:ure of this insulation magnified at

Slight Wire 30X and 75X. Figure 12 shows a cutaway
Melt view from the side of the construction.
Draw Figure 13 shows an end view of the

insulation. The presence of the black
C. Extrusion Conditions exterior skin can be seen in each photo-

Extrusion conditions for production graph. Note the excellent uniformity of
of a 6-mil foam on solid AWG 24 wire, the insulation wall in figure 13. This
whihoincldes a -mil foa sol sn 2w re concentricity is a direct result of usingwhich includes a l-mil colored skin, are the fixed centered crosshead.

reviewed here. The production speed of

the wire coating was 1,000 ft/min. Table
IV lists the details of the extrusion
equipment used; Table V lists the Figure 12
operational settings for this equipment; FOAM-SKIN ETFEINSULATION, TOPVIEW@ 30X
and Table VI shows the properties of the
foamed primary wire.

Table IV
EQUIPMENT FOR FOAM-SKIN EXTRUSION

* 2-in. Diameter Foam Extruder
" I -in. Diameter Extruder (Skin Coating)
" Dual Coating Maillefer Crosshead
" Die. 0.033-in. (0.88-mm) orifice
" Electronic Wire Preheater

Table V
OPERATIONAL SETTINGS AT 1,000 FT/MIN WIRE SPEED

2-in. EXTRUDER 1-in. EXTRUDER

Extruder 315 C(600°F) 315F (600".,
Crossheod and Die 332 C (630-F)
Screw RPM 25 7
Mel Pressure (psi) 700 1,000
F-22 Gas (psi) 60 none
Meff Temperature 323°C (615F)
Shear Rate 107,000 sec-
Wire Speed 1,000 ft/min (304 m/min)
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Figure 13 C. Electrical Properties

FOAM-SKIN ETFE INSULATION, END VIEW @ 75X

The electrical properties of extruded
wire coatings can be predicted using
standard formulas. These formulas are
also applicable to foamed ETFE.

Coaxial capacitance, the capacitance
measured in-line with the extrusion
process, decreases with either increasing
wall thickness or increasing void content.

For foam/skin combinations (layers of
materials of differing dielectric
constants) the coaxial capacitance is
obtained by the following formula.

. ', .. C =7.354
0=

log [( /lD2 
K 2

To obtain a foam without an outer
skin, use the same approximate extrusion
conditions with the crosshead in its where: C is in picofarods perfoot
single coating mode and without the D2 is the diameter over the outer layer
auxiliary extruder. D1 is the diameter over the inner layer

K2 is the dielectric constant of the outer layer
K, is the dielectric constant of the inner layer

B. Mechanical Properties d is the conductor diameipr

Ns foam-skin constructions, the ETFE Refe- to the schematic diara below.
resin could have a8 upper service
temperature of 150 C (302 F). This
temperature was established by Du Pont as
a result of a study where the primaries
were tested according to the Mil-22759
procedure, modified to a 1,000 volt break-
down.

Table VII shows a comparison of the D,
mechanical properties of ETFE resin as
solid and as foam.

Table VII

ETFE RESIN MECHANICAL PROPERTIES: SOLID VERSUS FOAM K2  K
MEASURED AT 23 C (73 F) (2-in./min)

FOAMED
PROPERTY UNFOAMED 45% voids* For an ETFE skin/foam construction,

K would be 2.6 and K would be the
YieldStrength 4,450psi dielectric constant oi the foam. If no

(30.7xiO6 pascal) skin is used, K would be 1.0, D would
equal D and thi formula would bi the sarceTensile Strength 6,060 psi 1,200 psi as for A single layet of insulation.

(41.8 x 106 pascal) (8.3 x 106 pascal)

Elongation at Break 300% 125% Figure 14 is a graph of the coaxial
capacitance of an AWG 24 wire where theFlexuralModlulus 170,000 psi 35.000 psi insulation has an outer 1-mil skin of

GTE Crush Test. -1,000 lb passes -900 lb passes solid "Tefze]."
5-mil Insulation
(600 lb minimum)

'Five Mil thick looms. with or without the solid exterior Skin
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Figure 14 In scouting tests, foamed ETFE passed

COAXIALCAPACITANCE the flame and smoke requirements of the
Underwriters' Laboratories 910 test. The

AWG 24 WIREEFZELFOAM,IMILSKIN cables tested were 4 and 12 1/2 pairs with

140 A L 1I jackets of "Teflon" FEP. The AWG 24
primaries had 5-mil coatings each

130 containing 50 percent voids.

In telephone cables, the mutual
120 capacitance can be determined using

traditional formulas with a value for the

110 dielectric constant of the composite
insulation(3). Figure 15 shows mutual

0capacitance as a function of insulation
wall thickness.

z
E 90 Figure 15

MUTUAL CAPACITANCE
80-

AWG 24 WIRE, TEFZEL FOAM, 1 MIL SKIN
23 - 23

60

2.1 52
1.7 Iz4

40 15 19-

30111
a-
- 18

4 5 6 7 8 9 10
z

INSULATION THICKNESS, MILS, INCL SKIN z 17

S16
The dielectric strength of a foam is 1 26

typically lower than that of solid < 15 -
insulation, and ETFE foam is no exception.
FETFE with 45 percent voids in a 5-mil wall 14
would have a dielectric breakdown voltage 2.1
of 1,000 volts. Adding a thin outer skin 13-
coating and/or increasing the foam 19 z
thickness improves this beakdown voltage. 12
A 10-mil foam having a 2-oil outer solid 17

skin has a breakdown voltage of more than 1I
3,000 volts. 15

10
Some telephone cable specifications 4 5 6 7 8 9 10

require that the insulation withstand INSULATION THICKNESS, MILS, INCLSKIN
2,500 volts D.C. for three seconds between
paired conductors. Foams typically will As previously discussed, an outer
not meet this specification. However, a skin provides several important benefits.
6-mil ETFE foam has withstood voltages of It can enable color coding without
1,500 to 2,000 volts D.C., and foam/skin blending color into the foam concentrate
constructions have far exceeded the 2,500 and it gives greater electrical and
volts D.C. test. mechanical durability to the wire coating.

It may also contribute to easier stripping
and termination.

IV. able Products and Applications Foamed ETFE for telephone cables has
been made in a 5.5-mil coating on AWG 24

Typical cables that can be fabricated wire. The insulation was made up of a
using primary wires insulated with foamed 4.5-mil foam of 55 percent voids and a
"Tefzel" include: inside telephone cables 1-mil colored skin. The insulation weight
for plenum use; computer interconnection was 0.16 lb/l,000 ft of primary wire. The
cables, such as PS-232 types; and other mutual capacitance was less than 15 pf/ft,
instrumentation and control cables for which is a significant improvement when
Class 2 and 3 power-limited applications. compared to the 22 pf/ft industry norm.
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The current trend in office Coax cables are not likely candidates
automation is more cabling from a central for the use of foamed "Tefzel." That's
wiring hub to individual offices. These because coax cables require low attenua-
computer cables must meet stringent tion values and the use of materials with
controlled impedance requirements. One low dissipation factors, such as "Teflon"
such requirement for telephone-type wiring FEP or polyethylene. "Tefzel" has dissi-
is 100 ohms at 1 MHz; a requirement that pation factor values an order of magnitude
can easily be met using foamed "Tefzel." higher than FEP or polyethylene. Thus,

cable attenuation would be significantly
The foam extrusion process lends higher.

itself to meeting controlled impedance
requirements because the foam level can be If the higher attenuation can be
matched to wall thickness combinations, tolerated, or shorter cable lengths used,
The specific combination of wall thickness a possible application area for ETFE coax
and dielectric constant, as determined by cable might be in the nuclear power
foam level, can be chosen by design; industry in radiation areas.
however, it should be verified by actual
cable tests since variations in Cables of foamed "Tefzel" are
manufacturing and shielding can currently being evaluated for use in
significantly change the impedance. aerospace, military electronics, transit,

automotive and industrial applications.During our study, we fabricated three

cable constructions with the goal of
having each cable exhibit 100 ohm
impedance. Although this impedance level
was not precisely achieved, each cable References
possessed a balanced combination of
excellent properties. 1. "Equipment and Design Changes in the

Extrusion of Foamed Fluoropolymer
The cables we fabricated were a Resins," 32nd Wire and Cable

4-pair individually shielded, a 4-pair Symposium 11/20/83, E-85784.
overall shielded and a 4-pair unshielded.
Construction details, as well as measured 2. "Extrusion Foaming of Coaxial Cables
data, are listed in Table VIII. of Melt Fabricable Fluorocarbon

Resins," 30th Wire and Cable
Symposium 11/18/81, E-90839.

Table VIII 3. "Lee's abc of the Telephone", Riley &
FOUR PAIR CABLE DATA Acuna, Volume 7.

INDIVIDUALLY SHIELDED

24 AWG conductor, II -mil wall, foamed 50%
Inline coaxial capacitance 37.2 pf/ft Acknowledgements

Resin weight, --.40b1,00ft of conductor Daniel Kennifick, E.I. du Pont de Nemours

Frequency 256k IM 1OM 20M & Co. (Inc.): Assistance with MIL-22759
Attenuation db/lO10l .48 1.3 3.8 5.6 tests for temperature rating.
Impedance, ohms 102 87 77 76

OVERALL SHIELD

24 AWG conductor, 7-mil wall, foamed 60%
Inline coaxial capacitance 49 pt/ft
Resin weight, -. 20 lb/1,000 ft of conductor
Frequency 256k 1M 1OM 20M
Attenuation db/ 100 ft .41 .87 2.7 3.9
Impedance, ohms 93 88 83 83

UNSHIELDED

24 AWG conductor, 7-mil wall, foamed 60%
Inline coaxial capacitance 49 pt/ft
Resin weight, -. 20 lb/1,000 ft of conductor

Frequency 256k 1M 10M 20M
Attenuation db/100 ft .29 .59 2.1 3.2
Impedance, ohms 116 109 106 105
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PROCESSING OF THIN WALL FLAME RETARDANT NON HAIDGXNATED INSULATION
FOR INDOOR TELEPHONE EXCHANGE WIRING

E. Buczma, H. A. Mayer, A. C. Day

Olex Cables a Division of Pacific Dunlop Limited
Melbourne, Victoria, Australia.

ABSTRACT destroy delicate equipment. With the
above material and dimensional constraints

A cable for indoor exchange wiring it is also a requirement that the
requires the use of a very thin insul- insulated conductors have good electrical
ation 0.1mm (3-4 mils). For such thin and mechanical properties and adequate
wall higher strength materials are ageing properties. The insulation
required. Other material properties material must also have the ability
such as electrical, flame retardance to be processed on standard processing
and absence of halogens limit the equipment at economical line speeds
possible materials. A modified poly- and be of low to moderate cost.
phenylene oxide compound has been used

for this application. The processing
parameters have been outlined and
results presented which show that good
insulation properties can be achieved.
The cable sheath materials are to be
flame retardant and halogen free.
Two such materials are evaluated for
their behaviour in a fire. In a cable
the use of these materials restricts
the smoke generation of the modified
PPO material in a fire thus improving
the overall cable performance.

INTRODUCTION

A particular telecommunications

cable is used in Australia and in Sweden Figure 1 - 16 and 32 Wire Cables for
for the indoor wiring of telephone Indoor Exchange Wiring
exchanges. The cable core consists
of insulated conductors in a unit twin The low insulation thickness is

construction made up of 0.4mm diameter required to allow the necessary number

plain copper conductor with a very of insulated wires to enter the particular

thin radial thickness of insulation connector housing used. Figure 2 shows

in the range 0.07-0.10mm (3-4 mnils). a connector used in exchanges tor this
application and an insulation stiip ing

The overall diameter of the insulated tool.
conductor is required to be nominally
0.60mm but not greater than 0.64mm. INSULATION REQUIREMENTS
One common type of this cable is made
up of a 32 wire core with an outer The insulant material for the applic-

sheath of PVC but this is to be changed ation is required to be non halogenated,

to a highly flame retardant non halogen- flame retardant and has to achieve

ated type sheath, all the test requirements of the insul-
ated conductor such as mechanical and

Figure 1 shows a 16 wire and 32 electrical properties. These latter
wire cable of this type of construction, properties are required to be at least

The cable specification
1  

requires as good as those of PVC.
the insulation material to be flame The insulation also has to meet the
retardant and non halogenated. tests as set out in Table 1.

These properties are required to
prevent in case of a fire the propagation The modified polyphenylene ...ide

of the flame front and the formation
of highly corrosive gases which can
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prior to the ageing test if conditions
of the specification cannot be met
with samples with no conductor elongation.

Volume Resistivity

To measure the volume resistivity
a lOm length of insulated conductor

was immersed in water at 23±1°C for
approximately 20 hours. The measurement
was then repeated at 60°C.

Volume resistivity was determined
from the relationship.

Volume resistivity = 2.73RL (GA m)
logl 0 D

d

R - insulation resistance of the sample
(G iL)

Figure 2 - Telephone Exchange Connector L - length of sample (m)
Housing D - diameter over the insulation (mm)

d - diameter of copper wire (nmm).
material discussed later meets the Table 2 - Modified Polyphenylene Oxide
requirements of Table 1. Insulation Requirements

INSULATION PROPERTIES
F2r o Pe r t- Vaue

The latest Telecom Australia spec-
ification requirements for the modified Unaged Froperties

polyphenylene oxide insulation material Tensile stress at breakrmin 35.0 MPa
are listed in Table 2. Elongation at break,min 130t

Some short notes on the more criticaA
tests related to the modified poly- (100'C for 120 hours)
phenylene oxide insulation material '% Retention of Elongation 60
are as follows. Stripping Force 2-12 N
Tensile Properties Volume Resistivity4

Test specimens of 150mm length were At 23'C, min lxlO G4xm
used. The insulation was removed from 3

the conductor by elongating the conductor At 60'C, min .x102 G.rm.

10 on a tensile machine. The cross- Volati le loss, riax log/M
2

head speed used for the test was 50mm/min I

and the initial jaw separation distance Shrinkback, % max 2

50mm. lCold bend test

For the ageing test the insulated INo cracking at -15°C

conductor samples were placed in an
oven at 100'C for 120 hours. A recent The dielectric strength test was
amendment

2  
to the specification has carried out at 2.8kV DC for 1 mn

allowed a 10- conductor elongation after immersion of the sample in water

for 20 hours at 23±1C. Voltage break-
Tabie I - Insulation Type Approval Tests down was determined on the same sample

by uniforml increasing the voltage
tReireent to failure.

iTyen i nsulaled cnduct or Stripping Force
,-a-rles not to burn fir Samples of 100mm length were prepared
a 'istc.2Ce re t : by removing 50mm of insulation from

and to cease t1--rn-ng li0 one end and 25mm from the other end.
sec. after treoval 1f The longer end of the bare wire was
,urntion source when threaded through a hole in a metal
ases in the tube coiain fixture the hole diameter being app-

n[;t less than 30# oxygen. roximately 10% greater than the diameter

'er'perature Critical teop. index to of the wire. The fixture and the

index be 300'C %her tested to threaded end of the conductor were
NES 715. clamped in the tensile testing machine

used and the maximum force at a cross-
Corrosivity Measured to DIN 57472 head speed of 250-350mm/min recorded.

Part 813.
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COMPARISON OF SOME INSULATION MATERIALS
Table 3 - Insulat ion Propert ies (,,f s e

Table 3 presents typical properties Materials Processed as
obtained for 0.1mm (4 mil) radial 0.1/0.4mm Wires
thickness insulation on 0.4mm diameter- - - -- -------------------.
copper wire for some insulation materials. strsai i sr. d-i" .. -' 1

The abrasion resistance was determined P,,, 'tty ' .

using the apparatus shown in figure 3. ........... . - - - -

The number of completed up and down "'"±J N

movements of the wire before a circuit [ t -Ad
occurred between the wire under test . t
and the abrading insert was recorded. ,,, KMi' Ii. . - -.

. . i I ],.'n~~ ~~st -vte ijth ml' l 1bt. i :, ;, !,-- _______- , Jatl 1 at Ill-lk 1.1?l y 1".

st- ppo, For--. N 2.2

1 81k

1 1,- UO C 12 32. 2! '- t PL

,,1 - t t eaSOl i-t
2. k.' 1 1 22

i It b akd, a] V lta, m - .4' k' 'K.

mor rapid than t,,at oft the nylon

I ]ti~ .15 ''5 l t a IB 44
same air h n PV w

W IL11 6 ~ ~ ~ 21 3 and adfiues4an . h

~Fh e ' lc't on .t SInl

.- tt_ iEC 332-2 bral I 'd ,, Ial |'I l

ta ;l .'! 4.1 .- , 4.2

5/" ', - - '4 u*tL. t L'.: i "130 Il 22

more rapid than that of the nylon
WSW. 5-3 Hyhand the modified PPO compound. The

_. .r,-same polyethylene and PVC was used
Table 3il ra..u,,rates, h hntgh for the results obtained in Tables- _ w , 3 and 4 and figures 4 and 5. The

performance of the PVC may be improved
m rby changing the formulation but the

Figure 3 - Wire Abrasion Testing Table 4 - Typical Properties of PVC and
Apparatus 2 Polyethylene at 0.18 and

Table 3 illustrates the higher strength 0.22am RailThcn

of the engineering plastic type of _ _ _ _ _ _

material aike the Nyl esn 12 t and d ht i o PVC P0.0
modified polyphenylene oxide (PPO) Tt Material ethlen
compound compared to the tradt ional Prer ty
materials like the PVC and polyethylene. Radial thickness

This becomes particularly apparent of insulation 0.18mam 0.22m
at the low insulation thickness of Unaged

0.1mm (4 mil) where the tensile properties Tensile Strss at
are lower than the values obtained Yield MPa 15.5 10.0

when these materials are processed Tensile Stress at
at their usual radial dimensions of Break M~a 22.7 17. 0
0.l8ram for PVC and 0.22irnifor polyethylene. Elongation, at Break - 180 412

TFable 4 shows the properties (of Agd20hsa10C
PVC and polyethylene processed at their Agd10hsa 0C

Tensile Strength MPa 25.6 14.9
more common radial thicknesses. Elongatioi at Break 140 3b5

The ageing performance for the insul- Volume Resistivity GXLm 6
ation materials at the radial wall 23°C 1x10

4  
8x106

thickness of 0.1mm is shown in Figure 4. 60'C 37 ix10
6

The results are for insulated conductor Dielectric strength
samples aged at 100°C in an air oven 2,8 kV 1 min Pass Pass
to the specification

1 
with the conductor Breakdown Voltage >10kV >l0kV

not being pre-stretched prior to ageing.

The ageing of polyethylene and PVC
at a radial wall thickness of 0.1mm is
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lets of molten burning material which

400 on falling can initiate secondary ignit-
ion points. The nylon insulation material

NYLON 12 used is not flame retardant.

Thus the modified PPO insulation

300 material offers some promise for this
application because at the insulation

Lradial thickness of 0.1mm it has good
+ strength characteristics, good electrical

200 0 properties, is flame retardant and does
o MODIFIED PPO not contain halogens.

z o

O T POLYETHYLENE

POLYETHYLENE 0z 100 4. I-

MODIFIED

PVC 0

2 3 4 5 6 7 8
AGEING TIME WEEKS AT 100'C

Figure 4 - Ageing Performance of the Pvc
Insulation at 100'C

PVC material has other drawbacks in NYLON 12

the requirements for this product
as outlined in an earlier section. (0

Over the duration of the ageing
tests presented in Figure 4 the modified
PPO compound insulation could be WA,.E TEM'EPATU'E
stripped from the conductor using Figure 5 - Volume Resistivity as a
the method described earlier. Function of Temperature

Table 3 shows that generally the THF MODIFIED PPO MATERIAL
stripping force is higher for the
modified PPO compound insulation com- A moditied polyphenylene oxide comp-
pared to that of the other materials. ound for wire and cable applications

was introduced by H. de Munck et al
Polyethylene insulation at 0.1rmm at the 1980 IWCS1 . The material was

radial thickness has very good elect- proposed as having a high degree of
rical properties but very poor abrasion flame retardance, low evolution of
properties, aggressive fumes on burning, good mech-

Nylon 12 has excellent abrasion anical and electrical properties over
resistance but inferioi electrical a broad temperature range and the ability
properties compared to polyethylene to be processed into thin wall insulation
and PVC. The PVC insulation at 0.1mm on high speed insulation lines.
radial thickness has a low breakdown H. A. Maler et al 4 discussed the
voltage. For the modified PPO insul- use of non halogenated flame retardant
ation the electrical properties are materials in cable designs and the use
good and only slightly inferior to of a modified PPO compound as an insul-
polyethylene. ation material for telecommunication

5
Both the PVC and Nylon 12 insulat- cables

ions undergo a large drop in volume
resistivity when measured at 23'C In 1983 a new grade based on the

and 60C. This is illustrated in above material was introduced for which

Table 3 and Figure 5. a better ageing performance was claimed.
The material properties for this new

Comparing the flammability charac- grade of modified PPO material named
teristics, the PVC compound on 'gnition Noryl PX1766 are listed in Table 5.
produces copious amounts of black Typical processing data for the
smoke and releases corrosive gases modified PPO material has been described
even if it can be flame retarded suff- 3,6,7 These also present data on
iciently to reduce flame propagation, insulated conductor, of the mechanical,
Polyethylene burns very freely with electrical and ageing properties.
low smoke evolution and produces drop
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Table 5 - Material Properties of 7  Extruder Temperature Profile

_ Modified PPO Material The extruder temperature profiles

Property ret Met hod PX1 7t, used have been in the range from 200'C
spzz~o v 3y ASIM 1L9 104 to 275'C with melt temperatures in the

ASi'M[28t3 32 range 250°C to 275*C.1. rn~it ig~ Oxygen in~dex, t ANST, ,28, 320
Teinperature index, 'C FES 715 310 received have indicated that
Smoke generdt fln
-Plainng mode D omax, 4 min. ASTM E662 490 extruder barrel temperatures in the
-S-3ulderinq IT-de D max, lo Vin. F 120 range 220°C (back zones) to 280°C
Comibustion (;as Coirosion (extruder head) with melt temperatures
(i-nit 20,), ITE C20453 1.5 in the range 284°C-294°C have been used
Conibust ion Gas Corrosion
-ph valje F I1mt>4.0) )VDE 0472 4 .1 for the extrusion of the modified PPO
-Conductivity (11illit001 ,), lPART 813 12 material at a 0.1mm radial thickness.
Dissipation roctor. 1 Mtz 0.104,
Reldt ive p!;: ., t 1vIiy : i z )ASrM D150 2.7 The following results show that

iAiz 1 2.6 processing at a higher extruder temper-
ature profile may lead to higher insul-

However all the above discuss the ation elongation but also could result
in a higher insulation stripping force.

use of the modified PPO material at
larger wdll thicknesses of 0.2-0.3mm Melt Rdial Insulation Stripping
and above. When the material is processed Tenperature Thickness Elongation Force (N)
down to the very low radial wall thick-
nesses covered in this paper the applic-

at ion becomes more crit ical and several 265'C 0.10 172 6.2
other parameters have to be taken into 273°C 0.10 206 8.9
account for successful processing. Conductor Preheat Temperature

The modified PPO compound Is a complex For the extrusion of the modified
polymer alloy or blend consisting of PPO material at the low radial wall
a number of components. These components thicknesses discussed in this paper
include the polyphenylene oxide, elast- the conductor preheat temperature used
omer ic deformation modifier, flame is important in obtaining good insul-
retardant, processing aids and stabiliser. ation mechanical properties.
The components of the material are dealt
with in 3 where the use of deformation The wire preheat temperature affects
modifiers is discussed, the adhesion of the melt to the copper

wire thus influencing the stripping
Examples of the use of thermoplastic force and the elongation obtained.

rubbers based on styrene of the S-EB-
S type for modification of engineering For the extrusion of the modified
plastics of the PPO type are covered PPO material at 0.1mm radial wall thick-
in 8,9 ness conductor preheat temperatures

in the range 50-90'C have been used
PROCESSING OF THE MODIFIED for the results obtained in this paper.

PPO MATERIAL AT 0.1mm RADIA.
WALL THICKNESS The following results show the effect

Extrusion Equipment of conductor preheat temperature on
the elongation (unaged) and stripping

The extruder used for the processing force of the insulation, processed
of the modified PPO material at 0.1mm at the same 1 ine sreed and insulation
radial wall thickness onto 0.4mm conductor cooling conditi ons.
was a standard 60mm 20:1 I/D machine
of common use in the wire and cable (onductor Preheat Insulat in Stripping
industry. The extrusion l ine was suit- Temiperatai -C Elonat ion - Force (N)
ably equipped with standard equipment 30 1(,2 7.4
for high speed insulating. 50 220 5.7

Heating/cool ing system:s on the extruder 70 240 4'.5
barrel and die need to be accurateI y
(i rn I led for t fi is type of product . With an in ease in the wire preheat
Control of insulat ion diameter is also temperature the elongation increases
a prerequisite at the high line speeds but the stripping force appears to pass
used. A suitable wire preheater of through a min imum value.
adequate capacity at high line speeds In achieving the strIppIng force
is an essenti al requirement of t h Is values no treatment if the conductor
line, to gether with some means of alter- with any release agents was used. The
Ing the temperature of the first stage use of a part icular conductor preheat
of the cooling trough, temperature may a I so not be opt imum

in terms of the insulat ion elonqat ion
retention value after ageing.
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This may in part be due to the ageing with some change in the above parameters
process and in part to the very thin were evaluated for the surface appearance
coating on the hot wire undergoing of the insulation on extrusion. The
orientation, shrinkage and cooling results obtained were:
effects immediately after exit from
the die. Die Insulation surface appearance

Line Speed A Slightly rough at the higher line
speeds.

Line speeds used for processing have B Good - smooth
ranged from 500-1500m/min. C Good - smooth

An increase in line speed generally D Rough at all line speeds.

leads to a slight increase in insulation Both dies B and C produced insulations
elongation at a particular preheat with smooth surfaces.
temperature. The die design used also has an effect
Line Speed Elongation (Unaged) on the stripping force of the insulation.

The following results were obtained
000 m/m 227 from various trials on 0.1mm radial1000 m,/min 227

thickness insulation at the same conductor
Line speed can also increase the preheat temperature.

insulation stripping force. Trial Die Stripping

Line Speed Conductor Stripping No. Type Force (N)
r-1 :7 1 n Preheat Force (N)

Temp. 'C 1 B 6.1
C 5.7

1000 50 5.7
1300 50 7.4 2 B 18.0

(high line C 8.0
Insulation Cooling Conditions speed)

The insulation cooling conditions
can be modified by the temperature of
the water in the first cooling trough With die design B the stripping force
and by altering the distance of the required to remove the insulation from
die to the quench point. For the part- the conductor tends to be higher. Both
icular die design used these factors dies B and C produced insulation of
can affect the insulation stripping high elongation.
force obtained. However, the use of a particular

The effect of the water temperature die may affect the ability to remove
on the stripping force is shown by the the insulation from the conductor after
following result. ageing the insulated conductor at 100°C

Water Temperature Stripping for 5 days. Thus with die B in some
cases the insulation could not be removed

of First Cooling Force (N) from the conductor after ageing. Of
Zone 'C

course if the conductor is prestretched
60 8.3 I0V prior to ageing the insulation can
80 7.4 be removed easily. This procedure may

Bringing the first cooling trough not be required if the appropriate die

closer to the die increases the stripping is used.

force. Screw Type

Position of Stripping Two different barrier type screws
First Cooling Force (N) have been trialled with the extruder
Trough described abive, the essential difference

between the two screws being the channel
Im to Die 6.8 depth. Both the screws produced insul-

ation with good properties at similar

Die Design processing conditions.

For the thin wall insulation of the Screen Packs
modified PPO compound, pressure type For the successful processing of
extrusion dies have been used. In a thin radial wall thickness of 0.1mm
pressure die designs the design criteria the modified PPO material requires
include: a screen pack to give a minimal spark
1. the die internal angles test fault result. The product is
2. land length of the die usually run under 2kV DC spark fault
I. size of die opening, test conditions. For the processing

conditions used the screen pack selected
Four pressure extrusion dies each gives relatively fault free results.
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The screen pack arrangement normally Table 6 - Effect of Contamination on
used has the finest screen size larger Electrical Properties
than 200 mesh.

The use of very fine screen packs Line Speed Volume Resistivity Dielectric
myaffect the properties of the insul- G l', m Strength,

my23*C 60'C 23'C I
at ion.

6 5
Screen Pack Insulation Stripping 50 n/mm Ixi r.1 Pase
Arrangement Elongation Force M 50mmi 61 4 3X04 2.8ked at.i

Ungdt3 3 2kV i
1180 7.8 1000 rn/min IX10 7x10 Failed at

2 160 10.3 2 k'

Screen pack 2 is a finer mesh than
screen pack 1. For these results tho
other extrusion parameters were kept Tal 7-Reut atDfrntLn

consant.Speeds (standard batch)

M'asterbatches

For identification in the cable the
individual insulated conductors need -- L ie
to be coloured. For colouring the proert 1000.- r-. 'LU&, '
:-ed f ed PPC) compound col Iour mast e r -
batches were used at a level up to 3- jnaged Valuos
wt 'wt . The type of masterbatches used .ensile Stress
can have an effect (;n the insulat; on ~ IBreak M!Pa 53.8 53.7
properties as the to0li1ow'. no4 results Ilongat ion at Break li 22721
show: ged Values (Aged 120
Masterbat :-, 

1 nsulation E lonnato * ,hrs.at 100*C)

'.ngd Aed5Dy longation at Break 175 172
'ante 100'C, Raystention 77 81

at 00CVtipping Force N 5.2 3.9

Polyclefin Nvolrrt Resistivity5
Type 200 130 At 23*C Grt 7x10 ?X10 

5

Polyst yrene At 60*C G.,Lim 7x1 4  lxlo 5

Tv'i - ~2 kV for 1 ron Pass Pass

yatt~i:1ap p LBreakdown Voltage 5 kV2 5.5 kV

": t ;it~ t ', i ~> 1~: 1 ! h, 1 e liqi s ,I 0-2 IuI

li1 a i ' ' li l I ti, I I Poo W's i i e 1 2iiS- p, 'Si' f heat
tT .,,Tipi pe t 'o : v Ail ,t1 il. I* I'duct ti pup t he i 0, ,r

s Alil', i i fp t Tj IT ',(!I 0 l I~p S. 1:i Wt w'i (l'pI t s c ' p e
ti1% -atIl. .,f I el e t), ., I 'l r"' pe

'Tab Iv # sh' w"; t he t tl.'-t )f 1in I Io; Tit r
spoed ''n %...lume r si's t iv: t ,, iri,! (ieh- ,a ]
;t ren' th[ when. it -)nt atiInat ,~ ri .i pi, ,l llt-Fh\\'l P 'N~lt-P? V~ ''IlF'
in a tiatib it The raw ''at tri 'l As pp,'tit 'ieil Ill I i:' Iit I 0u( i t i1;n

'The pr Pieril' o If fire ln m t eit r;' hl " -s' Yp' , I ra I es a 11 1 111 , ly ame
causes a d rop In vitl e tr (s Ist ivi I e (t a tijati' t hp rw' q ,It l ' i, '-ttp te

values as I m e speed is itpiteasedi a-ill miaterial is tV replace 1':'as the liti

pioor dielectr Ii- st renqIth I iqure'. ma t er Ia(I

'['he use pItI t hese f lam~e T et at ilaitREhSU1,TS OTibA INED rtin ha I' ''pnat ed mater i aIs hias ho0,11

O~pt irtis inq allI the pa r atieteors dI piq- escrihedl 4, 1 and over theI( last ftew
i'ussert in thIe pTrey (Pus sect 1)11l 'FatllIe yeajrs ttoirp it thlese type -'I mat e i i Il
'I present s t ypicat resuIts that (,,in have appcateil. 'Iwp ,f t he se T'pat e: Is
he ac~h ieved in prioiess I ill the 0 . (pIrl, we I useid to, she at hi 32 witoe aidtll
radiTal t h ickness tiod If led ill)i iomnpouind l'ires oft th 0. I 1pp ad IlI t Iti ci'kies

tin 0.
4
'ptt Pepper wire. piITIo I i ed PPO hi'lt('I ialI isilait i'n I
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Table 8 - Results Achieved on a Cable Production Run

PROPERTY SPECIFICAT-11O MODIFIED PPO INSiLATIO_

AEZLU" ORANGE BLUE WHITE1 BLACK BRF34. G= i AVERAGE OF

Unaced

Tensile Stress at Break 1.a 35.0'.M0a nun 44.3 43.8 45.0 44.9 42.1 43.7 42.0 41.4 43.4
Elonation at Break % 130% mnn 240 238 230 235 215 210 208 210 223

Aoed 100"C for 120 Hrs.
Elonmation at Break % M1 n. 225 191 220 250 219 191 172 206 209
% Retention 60t of Unamed 94 80 96 106 102 91 83 98 94

Stripping Force , N 2 - 12 N 9.0 C.5 6.0 6.5 17.0 4.0 6.0 8.5 6.7

Volutx m Resistivity 5 4
At 23"C GA=10 Min. lxlO 17 17 10 6 5 2 7 15 10

4 -,ALm 3At 60"C ,%.=I 0 MHn. Ixi0 17 4 5 12 15 3 17 5 10
Gtm 3 1

Averaqe Radial Thicxness Trlm 0.091 0.090 0.096 0.101 0.091 0.096 0.091 0.101 0.095

Kinnlum Radial Thickness rrm 0.08 10.07 0.08 0.07 0.08 0.07 0.08 0.08 0.08

Spark Fault Level at 2.0kv D
1 Fault / - In 8 6 8 6 6 22 8 15 8 (LencthlI

(Fault s

Conductor Size = 0.400 mm
Insulated Conductor 0D = 0.58 rmn
Total Run of Insulated Conductor 2000 )an

ELECTRICAL PROPERTIES OF CCMPLETED CABLE

PROPERTY SPECIFICATION RESULT
VALUE

Mutual Capacitance nF/kn 60-80 nF/kn mean 72-73
3

Insulation Resistance Min. ixl0 Lowest ValLe
MAn. kn MiLkrn at 20 C 1.4x10

4

Capacitance Unbalance Corrected to
pair to pair pF 500m length mean 7-17

Max. 150 pF Max 121 pF
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a wall thickness of min. 0.6mm and a

cable OD of 6.5mm.
The properties of the two materials Ln ....... 0 305 ..3.....

have been detailed 10,11 while Table
9 shows the on cable results obtained. ~C'
comparison is made with a PVC sheath
of the same dimensions used for this
application, Sass. .oeed

Table 9 - Comparison of Sheath Materials

i Sheath Sheath

Material I Material 2 PVC
- Proprt M-1 SM-2

7cnsile Properties
't'naaed Sh'"

%ensl.e Stress at S dal pn,

Ereak MPa 9.3 16.7 18.3Sp ,.Eiongation at So-
Break %330 165 245 mob.,. tsole

/

Aoed 120 hrs 10C4t 10E1ingation at

Break i 220 140 260

Co.Dbustio. te Figure 6 - Apparatus for AS1530.3
28% Oxygen Pass Pass Pass Fire Test
Oxygen :ndex 48 40 30

_ : rrosivty The radiant panel is 300mm square
BS o

7
24 Draft in size and is calibrated to give an

A I lH - 4.0 4.1 2.0 intensity of radiant heat of 2.4kW/m 2

*t 3 as measured by the radiometer at a
i 4 distance of 850mm in front of the panel.

; The test procedure for the above The test is terminated after 20
tests are outlined in 1 mins. if no ignition occurs, 120 secsZ after ignition if during this period

' To evaluate the behaviour of the the radiometer records a rise of 1.4kW/m 2

insulations and sheathing materials or any time up to 203 secs max after
in a fire situation the insulated con- ignition when a rise of 1.4kW/i 2 occurs.
ductors and completed cables were sub-

jected to fire tests. Table 10 - Samples Tested

The fire test in Australian Standard
AS1530.3 "Test for Early Fire Hazard Saw3e carpos tion
Properties of Materials" was developed Core coSucto Radia Onuiatix Sheath cle

for the assessment of building materials Diante Thick.

but in this instance was adapted to
assess cable behaviour in a fire. 1 32 Wire 0.4M 0.LTm P 6.5 m

2 32 W Lre 0. 4=n 0.]m P193 94-2 6 rThe test classifies the samples under 3 32 Wire 0.4 m 0.lm P19 SR-1 6.Sm,
test in terms of index numbers for 4 32 Wire 0.4m 0.1Mm PC - -j5 32 Wire 0.4m 0. ism PPO i
ignitability, spread of flame, heat 6 32W 0..Ar m 0. IT= PE -

p- evolved and smoke developed. _ --

In the test, cable samples covering
an area 600 x 450mm in a panel form The indices in Table 11 are defined
were held in a vertical plane parallel as follows:
to a radiant heater and moved towards ignitability index = 20 - TIME for
the heater in steps, from an initial ignition (miis), from 0-20.
distance of 850mm, over a 20 min. period spread of flame index = 1.33 x TIME
or until ignition induced by a pilot from ignition point for 1.4kW/m2 to
flame occurred. be reached (secs), from 0-10.

heat evolved index = heat evolved integral
For the cable size used 50 lengths for 2 mins ofter ignition KJ/m 2 from 0-10.

were required to cover the surface of smoke developed index = max. smoke dev-the sample panel. When insulations eloped (optical density/metre)in 1 min.
were tested, again 50 lengths of 32 period during the test, from 0-10.
wire cores of insulation were used.
The apparatus is shown in Figure 6. Table 11 gives the indices and the

Table 10 shows the samples tested while actual values obtained. The relationships
Table 11 gives the results obtained.
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between the two can be found in AS1530.3. The results in Table 12 show that
the modified PPO insulatiun material

The modified PPO compound insulation whe subjeced to a flam un with

didwhen subjected to a flame burns with

of the test but it had a higher smoke high smoke evolution but this can be
overcome in a cable construction bylevel than the polyethylene insulation using a sheath of the type SM-I, SM1-2.

which even as a 0.1/0.4 construction The low smoke level of these sheath

burnt very fiercely evolving the most Terls s again apr t

heat much more than the cable con-

structions and had the fastest rate To test the fire behaviour of the
of flame spread. During the test the samples in bunched cable arrangements
polyethylene insulation formed a burning IEEE 383 was used. A flame temperature
pool at the base of the test chamber, of approximately 800-850°C was used

Table 11 - A51530.3 Results and 6x8 ft. lengths of samples 1-5 in
Table 10 were tested. One half of

sar'le Ignitabitity Spread Heat Sroke Test the cable diameter was the spacing
f Flarei Evolved Developed Durat. distance between the individual lengths.

I Tim, I Tire I Ko/r
2 I % OS Mns All samples passed the test.

X , Secs
To increase the volume of combustible

1 15 5.2 0 >270 0 23 8 54 8.2 materials 5 layers of 11 cables each
2 13 6.6, 0 )270 2 69 5 12 10.5 layer were tied to the ladder. Cable
3 13 t.8 0 >270 2 54 4 7 10.3 samples 1, 2 and 3 of Table 10 were
4 12 7.9 0 )270 1 34 50 11.4
5 0 Did not 0 - 0 0 5 15 20 tested. This number of cables make

Ignite up 1.5 litres/metre of combustible mat-
6 t0 9.4 8 48 7 180 5 12 11.4 erial which is the volume specified

S- bs = vbsoratonni, I = Index, in IEC 332 Pt. 3 Category C. On testing
with this volume all the cables passed

If the test simulates a fire front the IEEE 383 test.

approaching a bank of cables it can
be seen that the PVC cables will ignite CONCLUSION
first developing the highest smoke
density, although the heat evolved For thin wall extrusion 0.1mm
is lower than for the flame retardant a3-4 mili higher strength materialshalgen fre shating matriasare reguired. The material reguirementshalogen free sheathing materials. of mechanical, electrical, flame ret-
iHowever, in the latter case the smoke

is: ow and no corrosive ardance and non halogen severely limits
the number of possible materials for

races ce peseU .this application. The modified PPO

ieterpin t fw cooke level prod- which although more difficult to process
i, el when t he sample is burnt hiv a possesses many of the desired properties.
t lorte as dlist rct trtmo a radiant panet Processing parameters required for

' p e -es ,t each sample in Table successful extrusion have been outlined.
P 1201,rl ]tnt wer, burnt in a chamber Together with a halogen free highly
0.V 'cl oIt - dteu bed in NElS 713 2. flame retardant sheath a suitable cable
'lih' samples were burnt with a bunsen for indoor telephone exchange wiring

u r n'r f itte' l t ih a tan otiaped cone can be produced.
t,, spread the f lame.
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ANALYSIS OF AND COUNTERMEASURES TO PECULIAR PHENOMENA OF
HALOGEN-FREE FLAME-RETARDANT CABLES IN CABLE TUNNELS:

GROWTH OF MOLD AND DEPOSITION OF METAL CARBONATE

Kazuhiko Tanaka, Fumio Takaesu and Fuminori Kozono

NTT Network Systems Developmert Center
Nippon Telegraph and Telephone Corporation

Chiyoda-ku, Tokyo, JAPAN

REPORT AND ANALYSIS OF PHENOMENA
INTRODUCTION

In early autumn of 1986, about one year
NTT has developed halogen-free flame- after the first installation of halogen-free

retardant telecommunication cables, which flame-retardant cable, reports appeared of
use metal hydroxide-filled sheath material, a peculiar phenomenon, the turning white
These were installed in cable tunnels in a of cable sheath, occurring with halogen-free
commercial test. flame-retardant cable in deep cable tunnels

This test revealed a peculiar phenomenon, in central Tokyo. After this report, careful
the turning white of cable sheath in deep inspection of the cable sheath was made
cable tunnel. After careful inspection it in Tokyo and other big cities, Sapporo, Nagoya
was discovered that there were two phenomena and Osaka, and surface samples were collected
involved, the growth of mold and the deposition from the sheath.
of metal carbonate. Biological and chemical analyses were

Tests showed the mold to be a kind of carried out to ascertain the mechanism of this
trichoderma. It was found that certain agents phenomenon, and the temperature and humidity
have a tendency to grow mold, and that the were measured continuously to gauge the
deposition was a result of reaction with carbon conditions in the cable tunnel. As a result,
dioxide and water in the air. we found that the humidity in the cable tunnel

These phenomena are suppressed by is very high, and discovered that two phenomena
elimination of susceptible agents and by are actually involved: the growth of mold and
careful selection of the base polymer and the deposition of metal carbonate (Figure 1).
extruding agens. , . .

BACKGROUND

NTT has developed halogen-free flame-
retardant telecommunication cables, and has
been installing them in cable tunnels since
August 1985. They now extend over 2,400 km. growth

The occasion for this development was
a serlous cable fire in front of a Tokyo
:elepnone office in November 16, 1984. The
f:re damaged the whole subscriber loop of
the teiepnone office, damaging more than
89,000 lines. Restoration of services required
up to ten days. The social effects of this
fire were so serious that NTT has changed
the cable 3oint method from lead-tube to
mechanical closures. Moreover, the halogen-
free flame-retardant cables are now being (b) deposition
installed in cable tunnels rather than
non-flame-retardant cables as formerly.

Figure 1 Appearance of mold and
deposition phenomena
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CONDITION OF CABLE TUNNEL

Temperature and humidity in the cable
tunnel were measured so that the phenomena
could be reproduced in the laboratory (Figure
2). The temperature is almost constant, about
19'C, but the humidity is very high and shows an
up-and-down curve. This change of humidity is
caused by the air ventilation. The ventilation
system is activated when a cable installation Figure 3 Mold incubation test
crew enters the tunnel or by timer operation,
and the humidity is decreased. Sometimes water
accumulates on the cable surface because of the Incubation tests in the laboratory,
condensation of water in the air, and sometimes L.sing several sample sheets of halogen-free
this water is dried by the flow of air. flame-retardant compound having different

combinations of materials, showed that a
certain extruding agent is closely related
with the growth of mold on the surface of
the sheet (Table 1; Figure 4). Next, two
sample cable pieces, one containing a suspect

20'C d extruding agent and the other containing
- no such agent, were installed in deep cable

C tunnels. Observations were taken after 13 days,
145 days and 280 days. Observation after 13 days

100% showed light mold growth. After 45 days and
16c 280 days mold growth was evident on the first

.90%-sample cable piece, but none on the second

- 8piece (Figure 5).
8%' These experiments indicate that it is

S70%+ possible to eliminate agents tending to
grow mold by testing sample sheets in the

60% laboratory, without the need to perform
tests in cable tunnel.~T

00:00 12:00 00:00 12:00 00:00 Table 1 Incubation test using different

one day combination of agents

Figure 2 Temperature/Humidity
in cable tunnel Test 1 Test 2

-- -:,_ - -

* o o '

, ,, ,, U Add

B C 'None IAdd

MOLD GROWTH

ket.rd~nt 8 CDTwo analyses were conducted regarding -),
mold. First, the kinds of mold were examined
to determine the effects of the mold on cable C.rbo- C c C c CO Cc
sheath and on the human body. Second, research
was undertaken to find the material in the Antoxidant O O, O IC) !
sheath compound responsible for mold growth.

Separation and incubation tests snowed E.trudi,, A
the mold to be a kind of trichoderma, a common .gent B I iG
fungus normally found in soil. There are
no reports about the harm to cable sheath or Result
to human health (Figure 3)._ + -2_ + + + + -

-':no rooth -- -:Crosth )
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DEPOSITION OF METAL CARBONATE

Deposition samples were analyzed by
infrared spectrophotometry, X-ray diffraction
and lumination analysis. These showed the
samples to be a deposition of basic metal
carbonate. Such deposition was found in high-

, humidity locations in cable tunnels. Thus
temperature/humidity cycle tests of sample
sheets under carbon dioxide conditions were
conducted in an attempt to duplicate this
deposition in the laboratory (Figure 6). After
four test cycles, over a period of 24 hours,
the sample sheets turned white (Figure 7).
The deposition material was determined to be
the same as that noted on cables in cable
tunnels. This test shows that the deposition

(a) compound A (b) compound B is a result of the reaction with carbonic
acid gas and water in the air (Figure 8).

Several sample sheets were tested under
Figure 4 Mold growth in incubation test high-humidity and carbon dioxide conditions

using different combination of agents to evaluate the deposition tendency. The amount
of deposition was determined by measuring the
mass of the sheets, since the deposition
increase the mass of sheets by reaction.
Importantly, some sheets had less deposition
than others, depending on the selection of
the base polymer and extruding agents (Figure
9). The difference was confirmed visually in
the temperature/humidity cycle test (Figure 10).

(a) 13 days

_ /

(b) 45 days , (!r)
2 2 5 7

Figure 6 Temperature/Humidity cycle test

(c) 280 days

Figure 5 Mold growth observation
in cable tunnel

Figure 7 Reproduced deposition
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FURTHER STUDY

The halogen-free flame-retardant sheath
material is a recent development. We are

11 0 + C 0 4 , C 0 (1) therefore continuing with the following
studies:

2'M (01) n + B'HC0 04 M, (C03) n +2n-1I0 ..(2) (1) estimation of long-term reliability,
(2) increasing mechanical strength and
(3) application to aerial cables.

Figure 8 Reaction with carbon dioxide
and water

Halogen-free flame-retardant compounds
which have certain extruding agents are easily
susceptible to mold growth under the high-

:gr.~: , humidity conditions found in cable tunnels.
A Laboratory tests confirmed that it is possible

to eliminate these agents by testing sample
sheets.

b ,In addition, metal hydroxide in halogen-
free compounds can cause the deposition of

e. - : basic metal carbonate as a result of the
reaction with carbon dioxide and water in

- the air. This deposition appears as a bright
white deposit on the black cable sheath.
This deposition can be suppressed by careful
selection of the base polymer and extruding
agents.

Figure 9 Deposition vs material
combination selection
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TEMPERATURE RATING OF NICKEL PLATED COPPER AS
A FUNCTION OF PLATE THICKNESS

Thomas Eng
Tsutomu Inagaki

Hudson Wire Company

62 Water Street, Ossining NY 10562

ABSTRACT

1. The generation of quantitative ele-

Elevated temperature (400-600-C) vated temperature performance data
life-time performance data of nickel for nickel coated copper conductors
plated copper conductors were obtained from which the end user can base
under the conditions of (1) continuous product design;
elevated temperature (Thermal Aging) and
(2) cycled heating and cooling, current 2. Substantial cost saving to the end
load and vibration (HCV). Under Thermal user if lower coating thicknesses
Aging conditions, conductor life as a can be shown to satisfy design
function of temperature was inversely requirements; and
proportional to plating thickness up to a
transition range of 500-600 -C, and at 3. The potential for greater avail-
higher temperatures became directly pro- ability of nickel coated conductors
portional. This behavior is believed to for high temperature applications.
be the combined effects of diffusion and
oxidation each being predominant at dif-
ferent temperatures. Under HCV condi- 2.0 EXPERIMENTAL PROCEDURE
tions, conductor life as a function of
temperature was directly proportional to 2.1 Material
plating thickness.

Conductors of 22 AWG (19/34) CDA 107
with nickel plates of 6%, 11%, 15%, 20%,

1.0 INTRODUCTION and 24% by weight (2.54, 4.44, 6.35,
8.25, and 10.16 um thicknesses, respec-

Historically, nickel plated copper tively) were used for all testing in this
conductors, due to their inherent physi- investigation. Silver bearing copper CDA
cal stability, have been widely used in 107 was chosen for its thermal stability.
elevated temperature applications. De- Prior tests involving oxygen free copper
spite such long term industrial usage, CDA 102 have revealed adverse thermal ef-
relatively little data has been accumu- fects due to annealing above 250 -C Ell.
lated relating nickel plate thickness to All conductors were insulated with a ce-
conductor performance at elevated temper- ramic braid rated at 10001C.
atures. This lack of information has led
the end user, in many instances to spec- 2.2 Experimental Procedure
ify a 27X by weight nickel coating on
copper conductors for utilization at Samples of each nickel plating
temperatures above 260 -C. As a result, thickness were monitored for resistivity
they may be sacrificing substantial cost changes at elevated temperatures under
savings as well as other properties such test conditions of (1) continuous el-
as conductivity in applications where the evated temperature exposure (Thermal Ag-
use of a conductor with a lower nickel ing) and (2) simultaneously imposed ambi-
coating thickness could have satisfied ent heating, current load and vibrational
their performance criteria. Further, the stress in a repeated on/off cycle (HCV
difficulty in producing a clad or elec- Simulation).
troplated 27% nickel coated copper has The comparison between the conduc-
traditionally led to procurement prob- tors' performance in these test condi-
lems. tions were used as an indication of the

The purpose of this investigation is additional effects of applied stress and
to generate data which can relate ele- current loading in conjunction with ele-
vated temperature performance to nickel vated temperatures on the conductors'
plate thickness on copper conductors. The life span.

benefits of the investigation are three-
fold:
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2.2.1. Thermal Aging glass braid insulated, chromal-alumel
thermocouple bonded to the surface of the

In the Thermal Aging test, the sam- conductor with an electrically insulating
ples were exposed to a continuous temper- thermally conductive epoxy.
ature of 475 =C, 575 C, and 650 =C The voltage drop across each sample
through ambient heating. A minimal cur- was continuously recorded until a mechan-
rent of 0.2 amps was continuously applied ical failure or a 100% increase in volt-
to obtain voltage drop readings on the age drop (100% increase in resistance)
samples without current heating. was observed.

The experimental set up consisted of
a furnace, DC power supply, and sample
support (Fig. la). Three 15" long speci- 2.3 Sample Analysis
mens of each plate thickness were placed
in the tube furnace in a series circuit. Wire samples were stripped of their
The terminals of each wire and the ring insulation, then mounted and polished us-
tongue crimp contacts were outside the ing standard metallographic techniques
furnace. Thus only the insulated conduc- for evaluation of transverse cross sec-
tor was exposed to the Thermal Aging tions.
test. The voltage drop of each specimen Samples were also macroscopically
was continuously recorded on a 30 channel observed to note the general condition of
hybrid data logger, the specimens after conditioning.

Tests were run until the samples ex-
hibited a 100% increase in voltage drop
at which point the specimen was consid- 3.0 EXPERIMENTAL RESULTS
ered to have failed.

All experimental data were statisti-
2.2.2. HCV Simulation cally analyzed using linear and non-lin-

ear regression techniques.
In HCV Simulation, the nickel plated Arrhenius expected life equations as

samples were tested under conditions of a function of time and temperature were
elevated temperature, current load, and developed for each plate thickness. These
mechanical vibrational stress. These fac- equations were used to extrapolate ex-
tors were simultaneously imposed and con- pected life up to 50,000 hours. This data
tinuously cycled on a repeated ten hour was then used to determine the tempera-
"on" period followed by a two hour "off" ture rating of the conductors as a func-
period. Test temperatures of 400 -C, 525 tion of plate thickness based on the end
"C and 650 -C were employed in the inves- of life criteria of mechanical failure or
tigation. The temperatures were a result an increase in voltage drop of 100%.
of ambient heating and Joule heating due
to a direct current load of 4.5 amps. A
55 Hz vibration was applied to the sample 3.1 Thermal Aging
support to supply the vibrational stress.

Specimens 08" long) with pure nickel The percentage voltage drop in-
crimp-type ring tongue terminals (rated crease of the samples with respect to
at 650 1C) attached at each end were time for each plate thickness at the
mounted on a stainless steel tube speci- three test temperatures (475 -C, 575 -C
men chamber. The external end supports of and 650 -C) are shown in Figures 2a-c.
the tube were mounted on grommet-type vi- The points graphed are averages of the
bration isolators and the specimen area values extr&cted from the raw data for
was placed inside a tube furnace (Fig. the three samples. Samples aged at 475
lb). The entire connector assembly (wires IC did not fail after 4800 hours and
and crimp contacts) was exposed to HCV therefore i-ere extrapolated using best-
Simulation conditions. To facilitate fit regression analysis. Table la summa-
cooling, air was circulated inside the rizes the times to failure at each test
steel tube during the "off" cycle. An temperature.
electromagnetic vibrator was mounted to The values in Table la were used to
the specimen support to provide the me- extrapolate the expected life for each
chanical stress. of the plating thicknesses. Regression

Three specimens of each sample type analysis suggested an Arrhenius type
were employed. They were connected in se- behavior, with correlation coefficients
ries and energized with a constant cur- of 0.986 to 0.998 as shown in Figure 3a.
rent. The voltage drop was measured Data from the Arrhenius expected
across each specimen and continuously life curves were also used to develop
recorded on a 30 channel hybrid data log- the extrapolated temperature rating
ger. The conductor test temperature was curves up to 50,000 hours shown in Fig-
monitored utilizing a 0.005" diameter, ure 4a.
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The results of the Thermal Aging thickness tested at 400 -C and 525 -C re-
experiment indicate three types of be- vealed a diffusion layer with no free
havior depending on the temperature nickel as shown in Figures 7a and 7b. The
range. At low temperatures, time to conductors with 10.16 um nickel plating
failure is inversely proportional to thickness, exposed at the same tempera-
plate thickness, at higher temperatures tures, revealed an intermediate diffusion
the relationship is directly propor- layer with free nickel as shown in Fig-
tional, and at intermediate temperatures ures 7c and 7d.
the relationship depends upon the plat-
ing thickness.

Microscopic examination of thermally 3.3 Comparative Test Results
aged samples at 475 -C as seen in Figures
5a and 5b revealed diffusion layers at Examination of the data reveals that
the copper-nickel interface, all the samples subjected to HCV Simula-

Oxide layers were also observed on tion failed sooner than samples subjected
all conductors tested at 575 -C and 650 only to Thermal Aging. The rate at which
-C. Samples with lower nickel coating the voltage drop changed in the samples
thicknesses, showed relatively thicker Thermally Aged decreased in the later
oxide layers as shown in Figures 6a thru stages of life. This is radically dif-
6d. ferent for the HCV samples which exhib-

ited a rapid rise in the rate of voltage
drop increase just prior to sample fail-

3.2 HCV Simulation ure.

The percentage voltage drop ir.crease
with respect to time for each of the 4.0 DISCUSSION
plate thicknesses at the three test tem-
peratures (400 mC, 525 -C and 650 -C) are Figures 2a thru 2f indicates that an
shown in Figures 2d-f. The points graphed increase in test temperature results in a
are the averages of the values from the decrease of the time to failure at all
three samples. In HCV Simulation, expo- nickel plating thickness for both the
sure to high temperatures caused me- Thermal Aging and HCV Simulation tests.
chanical failures to occur with more in- Voltage drop increases under these
stances at lower plate thicknesses. At experimental conditions can be attributed
the 400 -C temperature, the highest plate to diffusion or alloying of the nickel
(10.16um) samples did not fail. These re- coating with the copper base metal as
sults were extrapolated to end of life well as oxidation of the nickel coating.
using regression analysis. As seen in Figures 4 and 6, all sam-

The test data appears to initially ples exhibit a diffusion layer after ex-
follow a logarithmic behavior which then posure to elevated temperatures. The
changes to exponential with increased thickness of the diffusion layer was di-
time. Table lb contains the times to rectly proportional to the test tempera-
failure at each test temperature. ture and thickness of the nickel plating.

Assuming sn Arrhenius expected life Oxidation is also a contributing
behavior, the extrapolations of expected factor with more intense oxidation caus-
life are graphed in Figure 3b with corre- ing a higher resistivity increase and
lation coefficients of 0.867 to 0.997. lower time to failure. Oxidation was ob-
Figure 4b indicates the extrapolated tem- served to be more intense with less
perature rating of the conductors up to nickel plating thickness and at higher
50,000 hours as a function of plate temperatu-es.
thickness and temperature.

The results have a common trend that
times to failure are directly propor- 4.1 Thermal Aging
tional to plate thickness at any tempera-
ture. Fig'ires 2a thru 2c show the results

Visual examination of the conductors of the percent voltage drop increase with
revealed that higher nickel plating respect to time for each of the plating
yielded relatively less oxidation at each thicknesses. At the 475 -C test tempera-
test temperature. On the surface of the ture, the lowest nickel plating thickness
samples having 8.25 and 10.16 um plating samples exhibited the longest time to
thicknesses, yellow-red regions were ob- failure. At the 650 -C temperature, the
served. Thick oxide layers were observed highest nickel plated samples had the
on all conductor surfaces tested at 650 longest time to failure. At the 575 -C
_C. temperature, the longest time to failure

Metallogr. phical examination of the was exhibited by the samples with inter-
copper conductors with 2.54 um plating mediate nickel platings. Both the lowest
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(2.54um) and highest (l0.16um) nickel the nickel-copper surface eventually be-
plated samples had shorter times to fail- comes the only mechanism of degradation.
ure at this temperature. Higher plating percentages would there-

The expected life and temperature fore be degraded more rapidly by diffu-
rating curves in Figures 3a and 4a illus- sion than the lower percentages assuming
trate that expected life of nickel plated the oxidation rate of the surface is not
conductors is very dependent upon plate significant at low temperatures.
thickness and temperature. This is shown These hypotheses could also explain
by the intersection of the curves in Fig- the behavior observed at the 575 -C tem-
ure 3a, and the change in slope of the perature. At this higher temperature, ox-
curves in Figure 4a, which shows the re- idation rates increase as well as diffu-
versal from the direct relationship of sion rates. A possible explanation for
plate thickness and expected life at high the results showing shorter times to
temperatures to an inverse relationship failure in the thinner (2.54um) and
at lower temperatures, thicker (10.16) platings with the longest

These results lead to the hypothesis times by the intermediate plating could
that there are two mechanisms affecting be the result of another mechanism in ef-
the nickel plated samples at elevated fect. The oxidation of the nickel de-
temperatures. One failure mode operates pleted surface could now be affecting the
predominantly at the lower temperatures, thinner plated conductors.
and the second mode becomes predominant The nickel oxidation rate is still
at higher temperatures. At intermediate not predominant over the diffusion rate,
temperatures, both mechanisms operate si- therefore for the higher platings, time
multaneously with neither being very pre- to failure is inversely proportional to
dominant over the other, plating thickness. However, at the lower

Observing the photomicrographs in plate thicknesses, the nickel depleted
Figures 5 and 6 which are from the sam- surface may become subject to oxidation
ples Thermally Aged at 475 -C and 650 -C at a failure rate greater than the
respectively, and from the visual obser- nickel-copper diffusion reaction. Lower
vations, the samples tested at 650 -C ex- plate thickness samples now fail sooner
hibit large amounts of oxide on the sur- due to consumption of nickel from the
face of the conductor. The samples aged surface and time to failure becomes di-
at 475 -C have much less oxide on the rectly proportional to plate thickness
surface. It can be concluded that oxida- (similar to the reactions observed at 650
tion is predominant at 650 IC and has C).
less of an effect at 475 -C. Diffusion There appears to be a transition
occurs at both temperatures and is much temperature in the 500 "C and 600 -C
more rapid at higher temperatures. Since range in which the three possible failure
there is less oxidation at 475 -C and the mechanisms become predominant. Nickel-
samples with more nickel plating failed copper diffusion is probably predominant
sooner, diffusion is probably more pre- below this range and nickel oxidation
dominant at this temperature and is the becomes predominant above this range. A
main cause of failure, combination of diffusion, nickel-copper

These hypotheses could explain the oxidation and nickel oxidation seems to
reaction and the results. At high tem- control the reaction within the range.
peratures, nickel oxidation is the over-
riding mechanism to failure. When oxida-
tion occurs, the degradation rate is much 4.2 HCV Simulation
higher than the diffusion related failure
mechanism. Therefore times to failure are Figures 2ri thru 2e show the results
directly related to plating thickness due of the percent voltage drop increase with
to nickel's resistance to oxidation. At respect to time for each of the plating
low temperatures, when the nickel oxida- thicknesses. The results indicate that
tion rate is very low, diffusion is the time to failure was a direct function of
predominant failure mechanism. The diffu- the plating thiickness. The curves follow
sion rate is dependent upon the concen- a logarithmic behavior then in later life
tration gradient of the two constituents the trend appears exponential.
which is dependent on the availability of The direct relationship of life to
the constituents (i.e. when the nickel plating thickness correlates to the be-
plating is completely diffused into the havior observed in Thermal Aging at 650
copper, the reaction approaches equilib- -C which is predominantly an oxidation
rium and the diffusion rate decreases) mechanism of failure. But the direct re-
The maximum effect of diffusion causing lationship exists for all the test tem-
the resistivity increase is limited by peratures. Visual examination revealed
the maximum concentration of the plating that similar conductors tested at 525 -C
on the conductor. The oxidation rate of in HCV had less oxidation than the con-
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ductors Thermally Aged at a lower temper- crimps resulting in an increase in con-
ature (475 -C). The HCV samples failed tact resistance.

at an earlier time, allowing less time These two investigations basically
for oxidation to occur, which means that result in similar conclusions that the

another failure mechanism is in effect, mechanism to thermal failures is the same

This behavior may suggest that not only for Thermal Aging alone as well as with
the conductor, but the entire connector mechanical stress. Mechanical stress will
assembly including the crimp termina- greatly accelerate failure, but the mech-

tions, also exposed to HCV conditions, anism for both conditions is mass diffu-
must be considered. Weddle Marchese and sion and oxidation controlled. The depen-
Inagaki (22 also observed the importance dency is not only on temperature but it

of ring tongue c-imp connections under is equally as important to consider the

similar experimental conditions. As oxi- plate thickness of the conductor when ex-
dation proceeds with a vibrational tended life times are required.

stress, the brittle oxide layer breaks,
forming voids which separate the conduc-
tor strands from the terminal barrels. 5.0 CONCLUSIONS

Such voids expose unoxidized material
S, causing the conductor to be more suscep- I. Under Thermal Aging conditions

tible to further oxidation. Therefore, conductor life changed from an inverse
crimping defects due to oxidation appear relationship with plate thickness at
to have significantly increased the con- lower temperatures to a direct relation-
tact resistance resulting in premature ship at higher temperatures. This behav-
failure. The net effect is accelerated ior may be due to diffusion as the pre-
oxidation and conceivably results in the dominant failure mechanism at low temper-

- observed exponential failure rate. atures and oxidation at higher tempera-
The expected life and temperature tures.

rating curves in Figures 3b and 4b illus-
trate that expected life is dependent 2. Under HCV conditions conductor
upon plate thickness and temperature. life was directly proportional to plate
This is shown by the intersection of the thickness. This behavior appears to be
expected life curves in Figure 3b. The the result of oxidation as the control-
resultant curve also suggests that the ling mechanism at the wire and crimp con-
direct relationship of plate thickness tact interface.

and time to failure will also become in-
versely related, but at lower tempera- 3. Conductor life under HCV condi-

tures (approx. 300 -C) than was tested in tions were consistently less than under
this investigation. The extrapolated tem- Thermal Aging conditions over similar

" perature rating curves (Figure 4b) indi- temperature ranges. This behavior appears
cate this by the change in slopes of the to be a function of the accelerating af-

different life curves. fects of current loadiing and vibrational
stress.

- 4.3 Comparati'e Test Performance 4. The extended life extrapolations

indicate that the mechanism to failure
The results indicated in all cases under Thermal Aging and HCV conditions

that times to failure of samples sub- are similar. Due to the acceleration of
jected to HCV were always shorter than failure by the mechanical stress, the
those subjected to Thermal Aging at transition from a diffusion controlled
"similar" temperatures. This is probably failure to an oxidation controlled fail-
attributable to the additional effects of ure in HCV occurs at a temperature lower
the supplementary applied current load than tested in this investigation.
and vibrational stress. The applied

stress contributes to the increase of the
. conductors' resistivity by creating new

defects, even if the temperature is high
enough to constantly anneal the material.
Current heating at 4.5 amps can also in-

crease the temperature in localized
higher resistance areas where small de-
fects exist or form by the applied

Stress, accelerating the reaction. In
addition to this and more importantly,

the entire conductor assembly was exposed
to HCV Simulation conditions. The vi-
brational stress caused defects in the
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TABLE IA TABLE IB

TIMES TO FAILURE (hours) - THERMAL AGING TIMES TO FAILURE (hours) - HCV

TEMPERATURE (aC) TEMPERATURE (1C)
475 575 650 400 525 650

P T 2.54 um 26,038 1,168 390 P T 2.54 um 2056 495 127
LH LH
A I 4.44 um 19,167 1,800 541 A I 4.44 um 2334 1676 353
T C T C
E V, 6.35 um 13,067 1,808 632 E V, 6.35 um 2690 2049 440

N N
E 8.25 um 12,180 1,489 846 E 8.25 um 2869 2312 640
S S
S 10.16 um 9,992 1,350 862 S 10.16 um 3753 2530 829
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CABLING DEPENDENCE OF OPTICAL FIBER CUTOFF WAVELENGTHS

J. P. Kilmer, '. 1. Anderson. R. M. Kanen. and C. M. Connor Davenport t

Bell Communications Research
435 South Street. Morristown, NJ 07960-1961

1. Ahstruct FIA FOTP 80 [41 which is consistent with the method prescribed in
From a user's perspective. the specification of cabled fiber's cutoff CCITT Recommendation G.652. In FOTP 80. the cutoff wavelengthof an uncabled fiber, X,1. is measured on a 2 meter fiber sample with
aelength, X,., measured front a cabled fiber sample .whose i single 28 cm diameter loop (see Figure I) to improve

deployment conditions simulate sorst-case field conditions, provides a ais never deploed in this fashion in the
more functional value for cutoff wavelength than the uncabled fiber reproducibility. Since fiber

ield, this procedure gives a value for cutoff wavelength which is notcutff aveengh. ,,.of tier amle epl..,d i a ashon , hch directly applicable to the user. Consequently. users must interpret
is never found in the field. Samples of a varlet' of fiber designs in diectly a ale t the m se o Consequenl ust ineretdiffren cabe cnstrctins ~cremeauredIo eterinethe these ,k,. values and map them into functional cutoff wavelength
different cable constructions were measured to determine the values which are more likely to be found in field applications. A more
relationship, or mapping function. between X_ and X\, It wAis found direct method for measuring functional cutoff wavelength values is
a simple two coefficient linear mapping function can be used to described in FIA FOTP 170 [5L In FOTP 170. a cabled fber's cutoff
confidently predict ,\,,fs from measured , 's. iowever. the wavelength. A_ is measured on a cabled fiber sample whose
coefficients of the linear mapping function differ for different fiber deployment conditions are specified by the user or manufacturer in a
types in different cable designs. Cabled tiber cutoff wavelengths detle cpe itions sig F the user an derelo a
provide a more fundamental basis for optical cable cutoff wavelength more generic cutoff waielength specification. However, routine
specifications since a maximum cabled fiber cutoff wavelcngth testing of X is gener vnaln impractical for fiber suppliers.
specification directl) reflects the user's requirements. Cei s a in genr itv. a supplierConsequentl,.. a:, an alternative, a supplier mays establish a mapping

function which translates a X, specification into an internal cutoff. sasclength specification for use in process control. Establishment of

In the short distance intra-LATA trunk and loop networks, the future mapping functions bs suppliers for each fiber and cable combination.
use of multiple high bit-rate 'DM systems around 1 100i nm may with periodic reverification of the mapping, will ensure a single-mode
make the neglected 1250 to 1300 nm region more attractive than the fiber optic system is free from the problems associated with operation
1550 nm region where there is greater chromatic dispcrsion. The in the fiber's multimode regime. These mapping functions for various
primar, limitation on the lower edge of the 1300 nm window is cutoff fiber and cable designs were investigated and are reported.
wavelength to prevent single-mode ssstem operation in the fiber's
multimode region. The highest cutoff ,asvlengths art found on the 3. Esperimental Details
shortest sections of cabled fiber deplo ,ed in the s~stem. To addresshotst ctionsn calend d t r iiber'deploydinthe tm Toadressctf Seven 25 meter samples of optical cable were obtained. The mix of
this concern, a second definition for in opatial fiber's cutof liber types and cable constructions is listed in the following table
wavelength, the cabled fiber cutoff "avelength was aidopted fi> the
Electronic Industries Association (FIAf in 1984. The second Fiber Tjpe and ('able Construction
definition gives i value for cutoff waselength closer to what a user Cable Fiber Cable Construction
mas expect in installed cables In addition, cabled fiber cutoff Type Process
wavelength measurements give a value for cutoff wavelength which . _____r___rapp - __________-

A. [)C1 1\D Mslar wrapped 12 tiber arra\can be directly used in system design to help ensure a single-mode B DCI IVD loose tube -- continuous helix
optical link is free from the problems associated with operation in the C MCI 0VD I oosc tube continuous helix
fiber's multimode region [1-31. Some fibe- manufacturers have raised I) DCI IVD loose tube continuous helix
cutoff wavelengths to reduce bend sensitivity and allow more 1: M( I W1) Loose tube reversing hefix
predictable performance in the 1550 nm wavelength range, This I NI IVD Slotted core
results in a reduction in usable 1300 nm window width in return for ( tDF 15D Slotted core
improved 1550 nm performance. In the short distance intra-lATA ,' MCI lVD oose tube continuous helix
trunk and loop networks, where deployment of conventional dispersion M I VA Loose tube reversing helix
unshifted single-mode fiber prevails, the 1550 nm window with its EMCI OVD Loose tube's i

lower attenuation rna> not be as important as a broad window at 1300 L-1 OyD _ose tube -- reversing helix

nm DCI and MC. refer to depressed and matched cladding fiber types

Cutoff wavelength exhibits a length, bend, and consequent cabling respectively, while IVD and OVD refer to inside outside vapor
dependence which makes it very difficult to specify generically. Until deposition processes. VAD refers to vapor axial deposition process
standards groups adopted this second definition of cutoff wavelength. EMCF refers to (as described by the supplier) an "enhanced" matched
the only standard method for cutoff wavelength measurement was clad fiber which has larger specified cutoff wavelength than the MCF

fiber. The three common outside plant cable constructions: ribbon.
loose tube, and slotted core. are represented. Front each 25 meter

t A Bell Communications Research rellowship summer cmployee cable section, a two meter cable section w, as cut and the fibers were

removed for X,, measurements. Each fiber sample was measured
under strict adherence to FOTP 80 (Method B). In FOTP 80. either
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a single-mode fiber with a single loop of small radius (Method %) ir a both IDCI" and MC F fibers. Evidently, a consistent singlc-valued
multimode fiber (Method B) may. be used is a reference (areful mapping of FOTP 80 into FOTP 170. generic for all fiber and cable
record of fiber color and butter tube or slot location has kept such combinations, does not exist. However, the two extreme fiber designs.
that a direct comparison could be made between \., anc N. on i the DC I and the MCF, do behave predictably. Cables A and B show
fiber b\ fiber basis a consistent cutoff reduction of 75 nm regardless of cable design.
For the cabled fiber cutoff atelength measurement,. the h This is explained by evidence that the depressed cladding fiber designsample's sheaths tiere cut to a 20 meter ((,5 6 ft ) length m n wth ,ne exhibits a cutoff wavelength that is length dependence-dominated 17].

meter of exposed fiber at each cable end One 'ti (A in I lop The following equation can be used to determine cutoff wavelength

was inserted in each end of the one meter of exposed fiber it simtulate reduction due to increase in fiber length alone.

a splice organizer as shown in Figure 2 Since the highest cable
cutoff wavelengths will be found on the shortest cable sections, , IA. -X, - 4 log
should be measured on the shortest cable length, ikels to be deplosed 2,,, ,

in the field. tspicallh repair section, or stub, A twenty meter repair
length is considered a worst-case minimum repair length for a short with -I - 65 nm per decade of length for Cable A and B fiber designs
patch restoration. [7). 65 nm of the cutoff wavelength reduction is expected from the L

- 20 meters of cable length. The 3 in. loops must account for the
In a field environment, fiber splice.; are always placed in splice small residual reduction. Conversely, for matched cladding fibers
organizer tra.s housed in splice cases or tiber distribution frames (such as those in cabl-s C and E), A is closer to 18 nm per decade of
These trays provide space to coil slack fiber tptcalls into 3 in loops length and account, for only approximately 2017 of the cutoff
Each fiber deployed in the field will typically have one or more 3 in wavelength reductior Here the 3 in. loops dominate and account for
loops at each end of the short cable section Matched cladding fibers the other 807, of the cutoff wavelength reduction as was verified in
exhibit the strongest cutoff wavelength bend dependence [6]. The Figure 3.
effect of multiple 3 in. loops on A,, for a matched cladding fiber is
shown in Figure 3. As can be discerned from the figure. the first loop 5. Mapping Funclions and Confidence Levels
dominates the reduction of cutoff wavelength.

To further investigate the mapping functions, the N,, *s were plotted as
For cable samples greater than 10 meters. the bend reference a function of A,, 's. A typical plot is shown in Figure 7. A linear least
technique cannot be used for measuring cutoff wavelength. For long squares fit to the data, X(,, ( )-ni,f +h, is plotted as the solid
cable sections the cutoff wavelength is often shorter than the diagonal line in Figure 7. The dashed parallel lines drawn on either
wavelength region where the small diameter loop acts as an effective side of solid line shows the standard error of the estimate (SEE) of
mode filter [7). Consequentl. in FOTP 170. only, the multimode the linear fit [Is. p.297]. and provides a convenient measure of the
reference method can be used. Typical data from the A,. and ,. probable error of the mapping The results of the linear fitting to all
measurements are shown in Figures 4 and 5. the measured data for each cable is tabulated below

4. Results Linear Fitting Statistics

For each cable the histograms of the distributions of measured A,, "', Cable N I n b SEE
A 's. and fiber by fiber differences between N,, and A,, were plotted. __ _ mean sigma mean sigma

A typical group of histograms for one manufacturer's cable is shown A 16 0.973 0.121 -41.6 153.2 16
in Figure 6. N is the number of measured fibers in each cable B I5 0.882 0.037 73.8 46.9 7
Pertinent data from these distributions is tabulated belo,. C 23 ().718 0.063 243.1 75.8 7

D.... . -. nh rn n' 18I 0.723 0.122 230.7 147.0 16
,ber and Cable CiioT N WayengtlsC omprinos tim smi3.

F 14 0.908 0.068 0.9 81.7 9
iable ' FOTP O FOTPI"O ' F 19 0.946 0.112 -1.7 133.6 21

- mean sigma mean sigma mean signa min na" I G 8 0.988 0.074 54.9 W2 12
.i's~ 1- - - - -3 18 19 16' 88.2 4 -qt

B I s 125t, 48 i1 a '41 a 9 - 91 H 18 0.735 0.053 237.4 67.5 20
2 1206 24 1it9 is )t, 10 iO 114 I 14 0.850 0.064 54.4 77.5 5

) is 12o 1 2 1 20 2 _ 11. 1 2 7 34 J 6 0.676 0.192 292.6 2767 7
1 14 I"44 3s in 11 i 19 4 97 12S
S 10 1195 43 1 i 29 41 b 20 39 132 where ot is the dimensionless slope and h is the A,, axis intercept (in

* IS 1140 39 II2 40 69 12 4 9X nm). For statistical analysis of a small cluster of points distant from
1t i 12e12 _ 1 IN5 1,7 127 ii 11t iAS the origin, such as the case here, the SEE provides a more meaningful
I a4 12i4 21 1152 iS 122 ii I 0 [v

- 6 1230 15 I 11 1 1 7 I it, measure of the quality of the fit, than monitoring the standarddeviations (sigmas) of the slope and A,., axis intercept. In general. the
The wide distribution of X,t's is indicative of the manufacturer's mapping of A,., into A,, is sublinear (i.e. nt < I0 This implies that a
process control. The narrow distribution of the differences is wide specification toleiance for A, will map into a narrower
indicative of how well A,, and A,.,. track on a 6iber by fiber basis, specification tolerance fr X,,. Such sublinearity has the advantage of
While the actual cutoff wavelengths show larg-- variations, the ensuring the user's tight functional requirements (i.e.. tolerances on
differences show small variations such that the mean difference ,, ) can be met with tore relaxed process control requirements (i.e.
constitute the bias between FOTP 80 and FOTP 170 for a specific tolerances on A,, ) for the manufacturer.
cable product. Consequently, the mapping functions are simply For the purposes of system design, to ensure a single-mode system will
systematic negative biases with magnitudes that vary according tocable design and fiber type. not operate in the fiber's multimode regime, considering the possible

range of laser operating wavelengths, the quantity of interest to be
There is considerable variability among the mean differences between provided by the cable supplier is (A,, m_ [9). In order for a supplier
A,, and X,, which range from 66 to 109 nm. The three loose tube to guarantee a customer that a cable will meet a specified (,..-,,.
design cables (excluding Cable B) closely group around an average the supplier can use the mapping function to establish a confidence
reduction of 103 nm while the other four cables closely group around interval and avoid measuring A,, directl on a routine basis. By using
an average reduction of 71 nm. This is curious as both groups contain the mapping function and establishing a confidence interval the
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supplier can guarantee (to whatever percent the confidence interval is [21 R. W. Tarwater. M. J. Maslaney, D. L. Philen. F. T. Stone
established) a , will be met by monitoring A,. values. As an and D. G. Duff. "Bandwidth and Cutoff Wavelength of Single-
example, lets look at the statistical probability or certainty that an mode Lightguide System Considerations," IWC Symposium
arbitrary (X,f),., - 1330 nm will map into a , - 1250 nm Proceedings. pp. 261-265. Reno, Nevada, (1984).
requirement [10]. This is shown on Figure 7 by the horizontal and [31 N. K. Cheung and P. Kaiser, "Cutoff Wavelength and Modal
vertical dashed lines. Determining the certainty or confidence of an Noise in Single-Mode Fiber Systems." NBS Special
extrapolated value of X,. corresponding to value of X,f outside the Publication 683. pp.1 5-18

, (1984).
range of observation, is statistically handled by considering a certain [41 EIA-455-80. "Cutoff Wavelength of Uncabled Single-Mode
percentage confidence interval. The uncertainty of an extrapolated Fiber by Transmitted Power," Electronic Industries
X,, value will be denoted by a_, where x-95 or 99% corresponding to Association, Engineering Dept.. 2001 Eye St., N.W.,
a 95 or 99% confidence interval. Extrapolated X,,. values Washington, D.C.
corresponding to a X,,. - 1215 nm.. A,.,. (1330), and the associated a, 's (51 EIA-455-170. "Cutoff Wavelength of Single-Mode Fiber Cable
have been calculated [8, p. 3011 for the cables we measured and the by Transmitted Power." Electronic Industries Association.
results are tabulated below. Engineering Dept., 2001 Eye St.. N.W., Washington. D.C.
Extraolated sd1 [61 V. Shah, "Effective Cutoff Wavelength for Single-Mode

Extra X,and confidenceint ls Fibers," Symposium on Optical Fiber Measurements, NBS
Cable N - ,. (1330) ]~ ; fq ]Special Publication 683, pp. 7-9. (1984).

A 16 1 1252 39 J 54 [71 W. T. Anderson and T. A. Lenahan. "Length Dependence of
B 15 1247 17 23 the Effective Cutoff Wavelength in Single-Mode Fibers." IEEE
C 23 1198 22 I 30 Journal of Lightwave Technology, Vol. LT-3 No. 3. pp. 238-
D 18 1192 47 65 242, (1984).
E 14 1208 29 40 [8) 1. Miller and J. E. Freund. Probability and Statistics for
F 19 1257 5, 5 76 Engineers, Prentice Hall, 1977.
G 18 1259 35 48 [9] "Single-Mode Fiber Optic System Transmission Design." FIA
H 18 1215 44 60 Special Bulletin Electronic Industries Association, Engineering
1 14 1185 20 . 28 Dept., 2001 Eye St., N.W., Washington. D.C.
J 6 1192 57 95 [101 Bellcore TR-TSY-000020 "Generic Requirements for Optical

Fiber and Optical Fiber Cable," Issue 3, December, 1987.To determine if a cable can meet a (A,), " 1~250 nm the following

inequality is employed.

A,. (13301 + a, < 125Onm

From the data of the above table it can be seen cables C. E. and I can
meet a (X,, ), - 1250 nm specification with a 99%k confidence.
Cable D can meet a 95Q, confidence but not a 99. Cable J is close
to meeting a 95' confidence but the fes data points makes an
extrapolation very difficult. Cables A, B. F. G. and H will not be able
to meet the requirements as defined in this example with such a
limited data base. A general trend is a reduction in a, as N is
increased and as more data near the extrapolation point is included

6. Conclusions

User requirements are reflected in a X,., specification. The data shows
a generic single-valued mapping function of X,, into X,, does not
exist. For generic cable requirements, the A,.f is less appropriate as its
specified value must vary from manufacturer to manufacturer to meet
a specific user requirement. However, when X, is used as a basis for
specification a singular value can be specified which is generic to all
cable products. Using a mapping function of A,. values into \,,
values and establishing a confidence level was shown to be a viable
means of ensuring user's A,., requirements are met without routine
testing of cables for X,.. However, if specifications based on A, are
to be used, specified Xf's should be more conservative as these values
should map into the A,., requirement considering worst-case length
scaling and bend sensitivity, The fundamental basis for cutoff
wavelength specification is ultimately the cable cutoff wavelength as
this reflects actual cutoff wavelengths observed in cabled fibers
deployed in typical field situations.

References
[11 F. T Stone, "Modal Noise in Single-Mode Fiber

Communication Systems." SPIE Proceedings 500-04, San
Diego, (1984).
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Figure 2. Cabled Fiber Cutoff Wavelength (FOTP 170) Deployment Condition
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A PROBABILITY MODEL FOR OBTAINING THE SPLICE LOSS IN
SM OPTICAL FIBERS FROM ONE-WAY OTDR MEASUREMENTS

L. Bjerkan

EB Cables
P.O. Box 419. N-1371 Asker

NORWAY

maximum value determined by systemSUMMARY considera t ions For installations

involving match clad SM fibers tvpical
A statistical analysis has been carried values of the mean loss can be (.1

out on some hundred bidirectinnallv dB/splice
measured splices between match clad SM Since the one way measred rITDR
optical fibers using OTDR at 03rAi nm. The discontinuity cannot yield the accurate
variations in the measured discontinuities splice loss dire

r t
IV, the questin wf

at a splice and actual splice losses are extracting a satisfactorv estimatio',n of
described using a bivariate probabil ity t he splice loss from the measured
distribution function. From this discontinuitv arises. In oher word- o.n

distribution one can obtain the probabilitv can ask for the probabi i1ty ot f findinq
of keepinq the splie loss below a ,ertain the splice loss below a certain maximum
maximum value qiven a one way measured COTFIR value based ,n the one-way OTDFR readinq
discont inuitV. Sat s tactory agreement. ITnstal at ions on S:M fiber sv,,tems are
between the theoret ical model and the now common pract ire ard a lot ',f measi, -j
experimental data is obtained In the : i- data n splices exist s. We have c, Il,-td
where the splice in quest ioi does not roa-h data from some hundred srli 1es Tma sitred
the desired probablitv a moidl ton bidirectionallv from recen, tier
enhancing this probabilltV by repeat.d installatinns and 'ar red oqt a
spl I I Ii t i final Iv Trsen 1,l stat st Ital anralsi s Bas ed ,In , the

empirical d atA a probabilit mt-oe: wI:'
I NTP [C hTI N be des r ibed fr m wh ic 'he spli re .

may he ast imat Pd
tIpt i- al t line I.mair, ret ', ;m v

rOTPR ) is now commnlv used in the '?TATITIAL ANALY!-YS
character izati on of at t eatr a to . tail's
and spl ices i n optic al ftbet- both in In nTDP mIeasurement , ' .' -

manfiacturi in procasses and field between cpt ical f ibe rs t ire, ,iant it I-
installat inns Fr the latt, pitt prce it are involved; 'he observoe I- ':,r

0 
inlt tv

is very c--invanient since ctrr ent (TITR 1.; the ac7ttia I s I ic*e lIss I -nt lie
ar I I t weIgIht , p, rtaf lb and mqt ft the scatter ing q f a r raio , r 'he dl?
needed infcrmation can be obIained by 'c-ale t hev are relatedt tv
meastir inq t rnm one end Howevet . it is
well known that ,ne-wav measurerments c f - L ,

spl IICes between opt ica fI hers by t he
OTDR tes hnir ije 'i ves r i se to dlIi tti l ties whet 1 q:l Kt, . ' ,' th' .1, l'eith t Ie

in the interpretat in of splice loss rle scat te t, ta'-t s tI t he w', t Ibar, in
t o st a' i st I, a I va r iat iens ItN tile rtesti rn- T

t  
WoatIt v S is det etiMI .eJ

maqni' tide of bacisat, t s ered light amoq by stat ist Ia I vai lat ions among ta-i,
fiber, ' -" Thi -ont i 'Averov cat , t ibor pa amet, n I geoltt r V  atld ' lp r i
rolved by masuring f rom beth ends and conrent rat ont .2: as def ined ahvo maV

def i nci the sp Ice losq as t he be pnosit Ive IT olat Ive aind s ine,, the
bidirer tionalI v measured average In s"c:esq% ion of two, sp I c ed I ibers I s
pract i a I f l l'i instal l ati t n,, howver , a equal Iv probahl , it 1 a svmmet ri
twn-wav measroment may bcome very stat Ist ia I di ct rb it t I',h w Ith 7er, ' i, at,
inrcorveniort

t  
itn addlIt Ion t, t h. L[_ -IcrntaIns t'W, ,-Alt r t I rh , u i r'it'

gienera i 't addlit inal labour ald , qt splIce loss i "cIT agaIn a r. at t rift'oead
while carryingq tt a 'Are-wav measuremert to basic fiber var iat ions and xt r I n,,l

is tstia i y a reastlab, Ic task. Air op, t Innss cont r ibtt Ionrs which matirlv or iiriat e

1.' usua I l rnncerned abut keoping the in geofme riral mimatches, rionperte I
sum of the npli- lo;son belP rw a 'Pertain cleave ends atd prof i I '',,it,,t tn I

fusion splices' The "u- ptut i, i .
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L and S wi I I not be independent vieldina

statistical variables.
A bivariate probability density k=(I~erf(O))

function f(G.L) will describe the

simultaneous variations of the quantities where erf is the error function and

G and L. From this function marginal Or=u,

probability densities for the actual The marginal probability densities

splice loss and OTDR reading fr(L) and f,(L) and f((G) are obtained as:

f.CG) respectively may be obtained

straightforwardly by inteqrating out the f,(L)=/'7W/m, (l~erf(O))"expW- 5X
2
)

other variable. When these functions are

defined one can calculate the probability /

of obtaininq the splice loss below a

certain maximum L, when the observed OTER (l-erf((u, /,, ?y(/1---- lb

readinq is in the reoion GC(G, .,) by the

conditional probability: Since S is defined to have zero mean one
can easily show from (1) that 13 and L

p(LL, I (7E .G- have the same means L:O3. This quantity
together with the standard deviations s.
and s.. are obtained straightforwardlv

" f .LidldL /f f r;c; ,from the measured data. However, sinCe
G, n3 i;the dist ribtition defined in (2) is

truncated for LcO the parameters u and c

In a practical situation the 6 scale may are not direct estimates of the means and

be divided in i'.i
1
, ,r 1I. I dP steps i .e. standard deviat ions of f- and L. However.

r-, -[5, , . or 1). I dBi whle tvpical they can be calculated stralqhtforwardlv

valules for L, may be (,. I or , . 1 dB. from the marainal distrihbtitrns defined

As a model for f(I.L) the well in, (5) and (6) as:

described bivarlate normal distrib
t
it in

Is suroested. In this list r ibJt i ,r
i  
both CD

variables take on values In tt reto' n 1 j .A . d. u1 *o', P -

(D. OD I Spllce losses cTan on IV take on

posit ive vaities so the dist rib,t , n mu t

b - rincat eP A or L,1I For "lmpll 1 1V i
t

is assumed that the 3TLP 1i ,Ot, t lr,*fV • . f L ldL -

ex.endls to, irif nit v in both dlire 
t 
ions

while the splri e l ls Is defIned in l
h
-7 R

reion i(rm ze r o to inf In tv PV dfinrrln,1 .I-(o. /0l.2i
'he rela' rye qian' it (CS

:

Similarly:

where . a.. . , and, U are pa-alrc-t-rs .Rt

the tiva ia t h it Ilo we -an wlt" i', a/I- 
2

iu l0" p p2) fli

where = 41Trexp -92 Il+ er f 1r ' and

(Yau /7a The parameters u and a are

exv( -x' 2Yxvtv
2 
- - (4, obtained numerical Iv from (71 and (9)

when r and s, are obtained xperimental IV

where 9 1 1 and is a meas,:re ,I th- from a Qiven s-t of data From '9
I 

and

cr relat ion between the var iables L and (10 u. an,, d in dre obtained as functi tis

whi h are not stat ist icallv lndepe dll rt c f the rorreat ion coetfic iert This

The normalIlat ion . is ,btained by parameter is finally ohtained by fittinq
the experimental dat.a to (4i by a l-as'
sjuates method. Hence all parameters of

rdl J-, Iv the bivaria
t
e distribution are obtained

-a lThe condit ional probabilities can then he
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determined by performing numerical observations are high the match betw?n

inteqrations of (2). theory and experiments is Qood.

EXPERIMENTAL DATA PRACT I CAL. CONSIE[ERATI ONS

We have collected data from 482 Fiberoptic links are designed wilt- a

splices between SM fibers measured certain loss budoet where the sun, of the

bidirectionallV by OTDR. All splices were splice losses or the averaoe loss ner

made using an Ericsson FSU 850 automatic splice is to be maintained below a oiver,

fusion splicer without any local value L .. As lona as the sum of the
monitorinq. The fibers were cleaved with splice losses only matters the actual

a simple commerclal handheld cleaver. Ail loss in each splice becomes less

data are obtained from splices between important. Therefore the method outlined

similar fibers ( match clad step index SM here may be advantageously emploved in

fibers from the same manufacturer ) usinn predictina the splice losses below L..

commercial SM reflectometers at 1 i0 nm. with a chosen probabilitv determined from
A handful of trained operators were one-way OTDP measurements. As an example

involved in the splicirn process The we may choose L.... =02 dB/splice and

estimated measurement accuracv is n.(),2 accept the splice if the probabilit.y is

dB. All data are taken from recent
. 
field greater than 7r% that the splice less is

installations, less than 0.2 dB. From fig. 3 this is
obtained from OTDR discontinuitv readings
<0.25 dB. If the observed discontinuitv

REStILTS readino exceeds 0.7 dB. the highest value
encountered, the splice must be ro ected.

Figure I shows the dlsqtribution of the In between there Is an uncertaintv

three quantities 3. L and S as obtained ranoe. However. by resplicinq one car

from all 4H2 soIices at 1300 nm. The enhance the probabilitv of havino

fitted maroinal densit les defined bV (T ) obtained an acceptable splice. This can

and (6) are included in fios la and lb be vis;ualized as follows: Suppose the

respectively. Fiqure 2 shows the OTDR reading for the first attempt yields

correspondino two-dlmensional a probabilitv p, of an acceptable splice

distribution in G and L. Table t tists ( event A, ) and similarlv p- for the

values of minimum and maximum values. repeated splice ( event B ). From basic

means and standard deviations rcf the probabilitV theory the union of these two

three quantIties G. L and S for the 482 events is p(A U E)=pA -p(B)-p(A II .
splices. Table II lists the fit+ted Since these two events can be consider-d

parameters of the bivariate distribution. independent the resultino probability oan

The conditional probabilities are be written

calculated from (2) us no numerrical
integration by a qaussian method" FIqire p. , p - pp
3 shows results of this calcrulalion where
'he smooth curves irdicate the By usino this principle it can further he

probabilitV of obtaininq splice losses shown that for n repet itions one obtains:
0. 1 and I.2 , Ids respect ivelv as a

funct ion of the measured OTDR reading. p.. 1 TT i -p I
Calculat ions from the correspondinq .t

measured data are also indicated. For the where K) is the probabl itv for each

integration over (G in (2) intervals ,of repetition. If for example the first
7 -- , ( ) '5 dB were chosen When the readina vielr, s a r0% probahil itv of an

inteoration interval becomes acceptable splice, and the repeated

infinitesimallV small a perfectly smooth splice alsc yields 50% then (l1)

curve appears At the low and hiah end of predicts i. 75% probability for the

the 3 scale there are few observations acceptance of the repeated splice. In

and the unr-rtainty in the measured data practice one or two repetitions will be
becomes larqe while around the en

t
er f sufficient in assurinq the qualitv of the

the (3 distribution where the number if splice.
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Table I

Minimum.maximum. mean and standard deviation encountered from
bidirectionallv measured OTDR data (G). splice loss (L) and
scatterino factor ratios (S) from 482 splices at 1300 nm.

Quantity Minimum (dB) Maximun (dB) Mean (dB) Standard dev. (dB)]

G - .3 3 0. 70 0.113 0 174

L 0. 4q 0. 113 0.081

S ). 90 0.303
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CONTINUOUS MONITORING OF THE LOSS OF LARGE NUMBERS OF FIBER OPTIC SPLICES

R. Raman

Contel Laboratories
Norcross, GA 30092

A cutback technique shown in Figure 2 isABSTRACT used when dissimilar fibers are involved. In

A new experimental procedure developed to this method, the near end of fiber A is first
connected to the source and the far end to the

reduce uncertainties due to mating and unmating detectr thisorepent the reference
of fiber ends at test points is described. It detector. This represents the reference
combines a cutback step and substitution and measurementn Pd Next the far end is removed
offers a number of advantages, and connecttd to fiber B using the test splice.

The method consists of first determining a The splice loss is the difference between a
reference loss value of a launch fiber, second reading (PI) and the initial power value.
introducing a splice with a precisely known loss,
and finally substituting the test sample between
this splice and the detector. Prior to the test,
the errors resulting from mating and unmating of
the fiber ends of the sample are accurately
determined. Data show that the error can be - ,.
reduced to as little as 0.003 dB. LAI

The technique permits measurement in both
directions, loss when dissimilar fibers are
spliced, or when the test fiber is short.
Environmental testing of splices is demonstrated,

INTRODUCTION

General

In order to establish the performance of a Continuous monitoring of the splice loss or
fiber optic splice or a connector, it is vital to c ntin o itri tan ce ossior
determine not only its absolute loss value but change in optical transmittance is possible,
also its stability in various environmental provided the launch and receive conditions remain
exposures. When a single sample is considered, undisturbed. This implies that the optimized
the procedure -, straightforward and simple. The fiber alignment at the sample connectorization

method is illustrated in Figure 1. The power points is constant. However, when several

transmitted in a reference fiber section is first samples are being tested, the measurements become

r ucomplicated due to the need to uncouple the end
meter under appropriate light launch and receive connections for each sample. The removal of the
conditions. The fiber is cut, the splice terminations will introduce uncertainties and
inserted, and the change in power level is errors. Testing one sample at a time is
measured. laborious and time-consuming.

The development of a new experimental
procedure is described in this paper. In this
method the errors and uncertainties are

- --......----------- reduced. It also enables continuous measurements
. - -- I on a large number of samples. Although the

method is applicable to both multimode and single
mode splices, the emphasis in the discussion will
be single mode splices.
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>lultiple Splice Tests A third alternative is to prepare a chain
sample consisting of a series of several splices

In the industry, there are a number of and connectors, and join them to a single source
methods suggested to avoid the errors of mating and detector. This certainly can provide an
and unmating the sample fiber ends at the test enhanced signal-to-noise ratio. In addition, the
points. In one case, an array of sources and link will simulate a span in the field. However,
detectors is proposed

I
. This can be very it is difficult to pinpoint defective splices if

expensive, especially if lasers are used. A failure occurs.
schematic of a measurement system is shown in
Figure 3. One difficulty with this is that the
sample fiber ends should be preterminated with Experimental Conditions - Background
connectors. Otherwise, samples must be prepared
using pigtails rather than fibers. If it is Before the absolute loss value of a splice
desired to test 200 samples, the cost of the can be established, it is first necessary to
sample preparation itself can be prohibitive, avoid experimental conditions that adversely

affect the results. In this regard there has
been considerable debate and confusion in the
industry; techniques designed for multimode
fibers are often applied to single mode

________systems. A case in point is the concept of
equilibrium mode power distribution. Splice
measurements under equilibrium (steady state)
conditions are expected to yield results that are
definitive and representative of transmission
line environments.

For multimode fibers the splice loss depends

on the mode distribution. Equilibrium is
achieved either by using a very long fiber

1CURI 3. MULTIPLE SOURC[/DETECTUR section, by means of a mandrel wrap of a short
MEAJREMENT ARRANGEMENT section, or by controlling the spot size and

numerical aperture of the beam. In contrast,
In a second method, a single source/detector most single mode fibers do not require a long

combination is used in conjunction with splitters length or a mandrel wrap because only one mode is
and couplers as indicated in Figure 4. This also present. This approach is well-recognized now
entails some problems. First, the signal level and contained in the Fiber Optic Test Procedure
is ittenuated considerably. Second, the (FOTP) 171 recently drafted by the EIA.
splitting and coupling ratios may vary froT
sample to sample. In the particular example The factors that affect insertion loss
cited, the experiment is performed using a short are: nature of the source, light launch
wavelength source (632 nm), which makes alignment conditions, nonequilibrium modal state, presence
easy. When long wavelength sources are employed, of cladding modes, fiber type, and the test fiber
the air-gaps at the launch and receive stations interface at both ends. Detailed analysis of
will be undesirably large, many of these parameters, specifically relating

to multimod Pibers, have appeared in several
publications - . It is appropriate to review

. -this with reference to single mode fibers.

Source: Selection of a light source depends
on the output and the range of values desired.
Traditionally, an LED is preferred. Because it

/ 1 provides a wide beam angle, it is easy to

/ overfill the fiber core. Also, it is unaffected

by temperature fluctuations and back-scattered
light. However, its spectrum is somewhat wide.

A laser has a narrow spectrum, but it is
, sensitive to t2mperature. Back-scattered light

is also a feature. Although white light can be

,_,, used, it would need an optical filter to control
wavelength and a chopper with associated
electronics for signal processing. One

difficulty with white light is that its output is
comparatively low.

FIGUF E 4. INSERTION LOSS MEASUREMENT

SLPLIT TERIC-UPLER METHOD

(REF. IwcS 1980)

64 International Wire & Cable Symposium Proceedings 1987



Most experimentalists tend to build their angles also appear to be less critical because of
own source and detector assemblies. This has the use of index matching gel. Therefore, the
resulted in much discussion about the specifics real concerns are the errors due to mating and
involved. One problem with coherent laser light unmating at the interconnection points.
is the generation of modal noise at misaligned
connections.

Mating/Unmating Errors

Launch: Far multimode fibers, the numerical
aperture is important. On the other hand, for Tables I and II show the variability of
single mode fibers, the correct alignment and reference power levels due to mating and unmating
air-gap at the source are the factors that should the test fiber ends inherent in the method

be considered, illustrated in Figure 1.

As stated earlier, there is no need for a
mandrel wrap when single mode fiber is
involved. If the fiber coating has an index VARIABILITY OF REFERENCE POWER LEVEL,

lower than that of the cladding, cladding mode ID-FOOT MATCHED CLADDING FIBER

strippers (CMS) must be placed both after the Instrument - Siecor MI/MA? Ootical Test ',.t

source and ahead of the detector. However, the Outpit Stability - 0.15 I.
present-day coatings are well standardized, the Multinide Pigtails at Both Ends

CMS may not be required.

For single mode, the source must be chosen MEASUREMENT
so that the spectral output is above the cutoff E 2 T 3 7 4 5 A 1I71
wavelength of the test fiber. Otherwise, I -. "

undesirable secondary modes will be generated. i.3116 9. 9. 9. 9.1 9.3 9.5 9.Q 1.0

:0.0 I0.? 10.3) 9.R 9.5 11.5 8.9 9.? 1 9 Oi
One point of importance is the length of the 1. 10. 6 0n.6 0 . R 9. 11.6 9.3 9.2 9.9 1.0

launch fiber. This is not a problem with matched 4 7 77 6 07 9. 8. 9.
cladding fibers which are insensitive to
length. When depressed cladding fibers are used, A 0.7 9.q 9.4 10.0 9.4 10.1 10.5 9.o 9.9 0.4

the length is considered to be critical. 6 10.n 10.4 4.4 9. ? 10.1 10.6 8.6 8.S 9.6 n.R

r - 9.7 9.4 10.? 9.1 9.3 9.4 9.5 0.4

Interconnection Points 0.? 110.2 to.2 10.2 9.6 6.0 8.6 8.2 9.4 0.R

9 10.0 Oc 10.1 9.2 9.5 9.1 0. 9.6 0.0

To conduct splice testing, the fiber ends 1 10.11 10. 10.9 R.A 10.1 9.4 11.n 11 .3 1 .9
must be connected to the equipment by appropriate
means, and the alignment should be optimized if
necessary. Care must be exercised to eliminate
errors that may arise at these points. The same
power losses that can occur at the test splice TAB I1

are also possible at the two interconnection iARIAB;LITY !F RERLN'LE POWER LEVEL',

points. -FUOT R1TCHEB CLADDING FIRER

Olput Stati 1ity . 0.? dB

The variables consist of both fiber Sionl Motde Plritn, s at bt, i,

intrinsic parameters as well as extrinsic
mechanical parameters. The fiber intrinsic
parameters are mode field radius (spot size), hER MEASUREMENT'S MEAN I

core ellipticity, fiber diameter, and core- 1 . 1 1s s l
cladding eccentricity. The extrinsic parameters I I.36 9.68 9.94 10.40 0.95 10.65 10.43 10.71 10.00 0.55

consist of transverse offset, end separation, 1.94 10 . q. 04 21.21 9.44 .); n.02 9.0? 11 A?

tilt angle, and fiber end angle. _ . 11,7 h.?1 10.16 1,1. / 10.R4 I(n.79 '11 .3? 11.01 9.6A I I.og in.69 n.

Industry experience shows that fiber 4 A.8f .01 .1 0.06 Q.62 9.R7 R 90 6.74 0.00 0.44

diameter variations and core-cladding offset are 5 9.11 8.R8 . n 9.70 9.91 q.39 6.7? 9. 9. n n.

negligible with lightguides that represent I .7A .90 6.95 B.57 6.67 9.26 9.16 B.01 8.90 0. 3

current technology. According to the 776 -

literature
5
, changes in spot size in combination 1 .3 2.6 .5 6.58 6.65 .26 .20 2.1

with a 5-percent core ellipticity will result in 1 9.71 RA .61 A. 74 6.91 8.75 A.12 8.76 9. 6 O.n

only a maximum loss of 0.015 dB. At Contel Labs, R S,96 9.20 9.11 9.01 .2 , 96 9.15 9.03 9.10 0.11

losses less than 0.01 dB have been achieved using 9 S6A 6.51 .4 A I0.7 R. 48 9 40 R. 0. O0 11

a simple V-groove splice. This confirms that the
intrinsic parameters of currently manufactured
fibers have no effect on the real splice loss. Nooi, 1: 0U, ob a diff-rin st of Pigtais.

Furthermore, extrinsic mechanical alignment
factors are usually well controlled. Fiber end
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Table I represents experiments conducted No. 1 between and M2 . The fiber end on the
using multimode pigtails to obtain maximum power detector side is removed, and the test splice
transfer at the connection points. To ensure dectrseis emvan th tst pletranferat te cnnecionpoins. o enure contained in fiber No. 2 is measured by coupling

that the variabilities remained within acceptable it with Mi and M3 .
limits, the V-groove splices were disassembled, i

cleaned, and refilled with index matching gel at The loss of M and its variability can be
the completion of each set of measurements. 3t e ls o nd ts variabilit n be

Becuseof heabsnceofa catigcare had to determined. Knowing this, B, representing theBecause of the absence of a coating, crhato deviation due to mating and unmating at the

be taken to ensure that the bare fiber ends splice points M3  and M2 , is calculated. An

originating from the pigtails were held rigidly assumption implied in ths procedure is that the

at the interconnection points. Sometimes some coupling at m iand in are precise.

movement is unavoidable.

The standard deviation ranges from 0.4 dB to
1.0 dB.. This reflects a standard error
(Sigma/n

2
) of 0.14 to 0.35 dB, ,ihich is... .. .

substantial. The high standard error is
attributable to random insertions of the fiber
ends at the splice points as well as the 7
limitation of the meter resolution (0.1 dB).

Smaller standard deviations are observed
when single mode pigtails are used in conjunction
with a power meter of better resolution
(0.01 dB). As indicated in Table I, the
standard deviation varies from 0.09 dB to ru. ,,r,, 'o,..s

0.82 dB. The corresponding standard error varies M-1i.04-N 01 LOSS

from 0.04 dB to 0.29 dB, depending on the pigtail
used. An error of 0.29 dB is still high. The loss is composed of three components:

Bare Fiber Adaptors (BFA) Loss = LT + L3 + B

One quick way to avoid the mating/unmating where

error is to use bare fiber adaptors at both the LT = Loss of test splice
source and detector recepticles. However, it
will be very difficult to reproduce the original L3  = Loss of M3 splice
launch and receive conditions due to the B = Error
variations in the fiber end quality.

During the experiment, splice MI  is not

LID disturbed so that the light launch conditions are
constant. However, the splices at M3 and M2 are

(LID) disturbed each time the test splice fiber endsThe Local Injection and Detection LD) are inserted or removed. Therefore, it is

system is another method to circumvent the essential that the alignment is restored to its

connection problems relating to the test fiber original ti ate a s best as po s
ends.original optimized state as best as possible.

ends. This means that the devices used at these two

This method is based on the fact that points are required to be precisely controlled.

bending a fiber creates "leaky modes" which can Several commercially available mechanical
transfer power from a fiber core into the splices were investigated to select a splice
cladding and coating. Conversely, light can be suitable for use as the interconnection point.
injected at a bend. Attention was focused on the elastomeric splice

A lens focuses light into the core on one (GTE) and a V-goove splice (Mekconlite).

side of the splice. The radiation ejected from The elastomeric splice consists of two
the core on the other side of the splice is half-hexagonal pieces, one with a V-groove. The
detected by means of a photodetector. The trialar ies, one with a te two
alignment is optimized by measuring the output at iangular interstitial space formed by the two
the second bend. This technique is ideal to enables equal distortion of all three sides so

optimize fiber alignment at the splice point, but that the fibers are concentric to one another.
provides only an estimate of the splice loss. To minimize the losses due to variations in the

fiber end quality, an index matching gel is

PROPOSED PROCEDURE contained in the core.

The method is illustrated in Figure 5. An The second splice features an anodized

initial loss reading is taken by connecting fiber aluminum barrel with a V-groove and a flat alumi-
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num leaf on top. The groove is filled with an In order to improve the correlation factor,
index matching fluid. The fibers are placed in a method to protect the fiber ends was devised.
the end caps so that the ends make contact at the This is shown in Figure 7.

midsection of the barrel. The leaf is squeezed
to press the fibers into the groove prior to
locking it in place. To optimize, the leaf is
unlocked and one fiber rotated. The fiber
rotation and the compression of the leaf are
performed alternately until maximum power
transfer is achieved.

Repeated insertions of the fibers in the
elastic core tended to break the fibers. In
contrast, the V-groove splice was less cumbersome
and more reproducible when repeated insertion and
removal of the fibers were considered. For this
reason, the latter device was selected for use in
the experiments.

SAMPLES

The initial measurements were conducted The measurements were repeated with
using fibers manufactured by different vendors additional samples. The error term was
and fused with a variety of fusion splicers determined based on seven control splices. The
including the Siecor M67 and the Fujikura term was 0.01 dB, which represents considerable
FSM-20. The fiber ends were cleaved using either improvement. It shows the importance of the end
a GTE or Thomas & Betts tool. The end angles protection step.
were checked using a Newport Corporation Model
F-IMI micro-interferometer. A total of

23 splices, 8 of which represented chain samples,
were prepared. The fiber section utilized was
10 to 15 feet in length.

Tests to check the correlation between the
true value and the measured value involved both
mechanical splices as well as fusion splices
prepared using a Northern Telecom splicer. The
following number of splices were prepared:

Optasplice (TRW) 9
Elastomeric (GTE) 7
Rotary Mechanical

Splice (AT&T) 2
Fusion 17

The results summarized in Figures 8 and 9

The true loss values were determined using demonstrate that very good correlation is
either the method shown in Figure I (uncut fiber) achieved. The R factor ranges from 0.954 to
or a profile alignment system (cut fiber). 0.998. The data are reproducible even when the

measurements wEre repeated after storing the
The splice loss values were adjusted to samples at roorr temperature for two months. As

include the entire range from 0.01 to 2 dB. indicated in Table Il1, the error is reduced to
as little as 0.003 dB, which is below the
accuracy of the measuring instrument.

RESULTS

Table III demonstrates the experimental

Figure 6 illustrates the correlation between capability for bidirectional measurements as well
measured and actual splice loss values for as the determination of losses for splices formed
several splices consisting of both mechanical and using dissimilar fibers. With two exceptions,
fusion splices, including a few chain samples, good agreement and repeatability are observed in
The error (0.15 dB) was determined using only one most of the measurements. In the case of the
control splice. Not only is the term B high, but V-groove splice, for some unknown reason, the
the points are scattered. The R factor of 0.881 delta is considerably high (0.11 dB). Splices
is low and is not quite satisfactory. The fiber identified as 47 and 41 also evidence a slightly
ends were handled carefully, but the ends were larger difference "-n nominal 0.01 to 0.02 dB.
left exposed to air. This is probably due L. the fact that the true

loss values were estimated.
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Additional tests were performed to determine
whether or not the length of the launch fiber
section adversely affected the accuracy of the
measurements. The loss value of selected splices
were remeasured after introducing a minor
modification of the experimental arrangement.

In the first two tests, the 2-km test fiber
was replaced with 1-meter fiber sections

• - representing both matched cladding and depressed

cladding types. In the final two tests, the 2
-----.. . ..--...... meters of the fiber were connected directly to

... ... the source by means of a bare fiber adaptor
(BFA). This eliminated both the MI splice and

the 2-km fiber contained in the experimental

L 2) . T L arrangement.
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2 ............. , -...01 1 1I0The results are contained in Table IV. The
data confirm that the test is insensitive to the
length of the launch fiber section irrespective

-, - "^_"____." - - -of the cladding type used. Therefore, single
,, l. , .. ^,, )14. 01i,1 ,,10 ^mode fibers can be tested using launch fibers as

I .nl ol n .0(4 .n10 *001 short as 2 meters. There was also no variability
444.0" 0.... . 1l, -- E. 0.4 ,1.02 when the length of the fiber section containing

' .11 " .4 m ,l . I0 the test splicf, was reduced to 3 feet.

.. ,E I, Having established the technique, the next
_____ ...... ,- -.n __t _.n_ . step was to verify its application. A large

41 -11. 111 o number of samples was prepared and the loss
_ _ changes due to environmental exposures were

, .0.05 0.05 oo 0.05oo 0 .2O.2 monitored. The samples represented a variety of
F" IMO 41 0.4 0.01 0.0) 0.01 ar.o .o , mechanical splices and several fusion splices.

r - - - - The results shown in Tables V and VI confirm that
the method is very satisfactory.

68 Itner fWire & C,rle S ou m o eg.

Prol Fe Al10,44.4t Sy4Aem (Fu)I,04f).
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TABLE CONCLUSIONS

LIIS T', IE [ PLCIS - TLMPLRATURE CYCLINGI
An experimental method that permits

continuous monitoring of single mode splice loss
has been developed. The procedure is a modified

T,:0I LUSS C,080 :h 14 version of the traditional transmission
.. ,[ I :l,,E t 's "1., o measurement which includes a cutback and

G no -o. 0 .117 .0o-o substitution steps.
I a .0, .o :2 .0 .

The errors introduced when the fiber ends of
a test splice are removed and reinserted at the

, r q -oe -o~ .nn~iinterconnection points are calculated based on
S the known values of control splices. It is shown
6 V 2 0 0 00 14 -0.0 that the correction term for these errors can be

021 .0.18 ,0 6 oo .r. determined precisely. By protecting the fiber
S-C0 .0.07 .0-1 -0. ends during handling, it is possible to -educe

the error to as littlp as 0.003 dB, which is
__ _ -tn ._ _ . below the accuracy of the measuring equipment.

- I - . .7 .0,.70 A comparison of the measured loss values and
.0 7 1 0. " l .0.71 the true values shows that a correlation factor R

10 "I" .0 j -___ *.E . - of 0.954 to 0.998 is achieved. It is also
,' .B 0 . ,% -,, -demonstrated that bidirectional tests, as well as

-____the determination of losses of splices formed
11 77 , . ." .7.20 ~ .. 00 using dissimilar fibers, can be made. Another
:, 7,1 . . .7 . advantage of the method is that measurements can

: - i " be performed using fiber sections as short as

S o -, .7 .0,,1 2 meters.
;g ,4 ,-,' 'll .0.27 .0%0

ACKNOWLEDGMENTS

The author wishes to thank Dr. R. Gerdes for
71 - -, -" l -04" helpful suggestions, Dr. 0. Szentesi (Siecor) for

valuable discussions, J. Boyles and G. Dockery
1- -:, I to l : ,,!% for performing numerous measurements, and Corning

and AT&T for furnishing the fiber.

REFERENCES
TABLE V

L; o73&::E SPLICES - EN :RONMN'AL TFTING 1. J.O. Fridman, F. Gomes, L. Jon, and
G.W. Styskal, "Instrumentation for

SPLICE Multichannel Hermaphroditic Connector
SPL CE SPL;E T Evaluation", SPIE, Fiber Optic Technology

0OSS, d -17
7
f .140'F VIBRATION' WATER SOAK

0  82, 326, 66-73 (1982

0.10 -7.03 I 0.12 -0.16 -0.20
2 0.02 jo.:0 -0.09 -a.? -0.30 2. J.G. Woods, M.H. Hodge, and J.F. Ryley, Jr.,

"A Military Six-Fiber Hermaphroditic

3 0.10 .0-5 -0.34 .1.35 .0.04 Connector", Proceedings of the 29th IWCS,
4 0.71 0 0 -0.10 +0.10 (1930), pp. 229-235.

5 .0 .3 i9 *o.38 +0.43 -0.02 3. F.L. Thiel and R.M. Hawk, "Optical Waveguide
6 o.02 .0.1 .0.o8 +o.s 0 Cable Connection", Applied Optics, 15, 2785-

0 0.22 .011 -0.0 -0.0 0 o.2 2791 (Nov. 1976).

a 0.01 0 -0.01 0 +0.03 4. R. Cooper, "Fiber Optic Connector Splice Loss

9 0.31 -0.11 -0.31 .0.04 .o.oo Measurpments: The Laboratory Versus the Real
10 oio -0.01 -0. .11 0.04 -.M7 World", FOC '81, San Francisco, CA,

Sept. 1-3, 1981.
II 0.12 .0.02 -0.20 -0.09 -0.1

10 o 0 -o.r2 -0.01 -0.00 .0.03 5. T.C. Cannon and T.L. Williford, "High
Technology at the Submicron Level",
Telephony, pp. 72-79, Nov. 18, 1985.

Notes: i1 l '0i to 45 Hz with a displacement of 0.04 inch
and a cyclinq time of 2 minutes; duration
31 mon tes in each direction.

2. At room t,-perature, i days.

International Wire & Cable Symposium Proceedings 1987 69



R. Raman
Contel Laboratories

270 Scientific Drive, Suite 10
Technology Park/Atlanta

Norcross, GA 30092

R. Raman joined Contel Laboratories in 1978. He
is currently Senior Materials Evaluation
Engineer.

He holds two Ph.D. degrees, one from the Indian
Institute of Science, Bangalore, India, and the
second from the University of Nottingham,
England, specializing in dielectric materials,
photoconductivity, and polymer applications. He
is engaged in the evaluation of cables and cable
components, lightguide splices and connectors,
fiber optic closures, organizers, and terminals.

70 International Wire & Cable Symposium Proceedings 1987



HIGH RESOLUTION OTDR-MEASUREMENT FOR THE QUALITY CONTROL OF LOjG I110 OPTC A

R. Klar and H. Schoenfeld

Kabelmetal Electro GmbH, 3000 Hannover, W;est Germany

Summary. that the OTDR measurement is not a true
attenution measurement when compared to

This paper will show that routine the traditional transmission attenu-
quality testing of optical fiber cables ation method like the cut-back
is, in our opinion, best done through procedure. The experience gained during
the well known OTDR technique. A com- the past years, however, has confirmed
puter-assisted system has been developed the reliability of OTDR-based attenu-
for this purpose. It has been in use ation values.
since 1983 and it represents an
essential part of cable testing during A third and very important property
and after production. During that time, is that the OTDR measurement needs to be
several improvements have been imple- performed from one end of the fiber
mented to match the massive technical only. Everybody involved with fiber
progress in the fiber optic cable field, optic cables knows how time-consuming it
Improved production methods now enable can be to prepare the end of a cable for
fiber manufacturers to supply fibers measurement and to align the fibers for
with lengths up to 12 km or more on a connecijon to the test equipment. In
regular basis. To take full advantage of fact, this point is of fundamental
this development, it is not only neces- importance to the cable testing depart-
sary to process these fibers as one unit ment when it comes to savings of cost
but also to measure them as one single and time.
cable production length in such manner
that, after dividing into individual State-of-the-Art.
sections, these do not need further
measurement . In the field of OTDR measurement,

today's market offers the so-called
third generation of equipment. A variety
of OTDRs with different properties for

Advantages of the OTDR M4easurement. virtually all imaginable applications
are now available. Sophisticated signal

Although they are well known, it may conditioning and evaluation, a choice of
be useful to sumarize the prominent ad- two selectable wavelengths (1,300 and
vantages offered by this technique which 1,550 nm), computer interface and a very
is specific to optical fibers. No other convenient selection of pulse widths,
comparable measurement technique yields attenuation, distance and resolution
so many simultaneous data as does the ranges can be considered standard.
OTDR.

Significant improvements have been
First of all, it provides infor- achieved witn regard to distance range,

mation on the spatial distribut ion of measurement time, signal conditioning
defects and imperfections along the and reproducibility.1  It is no longer
fiber in a manner very similar to the surprising to observe a variation of
TDR measurements performed on copper less than 0.01 dB/km in a group of
cables. Furthermore, we also obtain a consecutive measurements carried out on
picture of the distribution of the the same siigle mode fiber in either the
attenuation along the fiber and this is second or third window.
perhaps the most exciting property of
this technique. However, this applies As far as the fiber properties are
strictly speaking only if some boundary concerned, we can record nowadays a high
conditions are considered. For example, degree of uniformity and homogeneity.
we have to take into account the The problems encountered in the early
po-sibility of inhomogeneities and days of fiber technology are, as a rule,
directional dependence of the measure- no longer of any concern.
ment. One therefore has to recognize
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Cable Testing.

The iLa Ij t cnn -r c i ber op i c
c:ablIes i n ou r c ompa r, wa s b a se.6 fr o,
, he bog inn ing , en 07'R ,o, ; r~lenn 4
Thi s in s he ora mas r-_en tca rr ied. ou!
on a 100% ha si s a f Ie r acl; production Fig. 2. PC and printer for data analy-
s t ep , 'a ar-tir n~ %,it '00% i nsr ec i on o f siS of OTDR measurements.
eac h a rr ivi ng f ibe"r F.h ipment.. The The sofItwa re gu idc!e s t he o pe rator
adorned0 4:recedure- have beer described during thie tes- so as '() avoid erroneous
cearl ier.- 1 -should b e p o in ted c,,;t., fiber select ion. The datai analysis is,
however, tiha!n the final testing of the again, done wi Ii the help of a- Personal
cable alIso consists of an OTDR Computer, a ssec i an ed wta iot-manrix
,reasurement, usually perfornedl only from p-rinter, as shown in Fig. 2.
erie end of the cable. Th-'is could, of
cou rse, have been coc-pl eimntled b y the SOB* ID8 i'Se Div .

i esurerrent f ron 'hre othIer end3, before
jacKet inn The tests arc made a!: both AD.Di AD 85
ivavel encrt hs o)f i n te res t, i n the sam~e '

operation, if necessary. The results are
recorded by a Personal Computer (PC) Fiber 1 8.34 Al/k FiberZ 2 033 di/i

associated ith each OTDR and stored on
a isee.The(se results compriso non 58 /Div N/i
only a colpleoe dig ito I record of the-1.

C~P sc reen race w ith1 all relaned A/Div II/ -
pa r ame t ers, bUt also tire c al1cLIanIed -.

attenuation coefficient. The corres-

pending diskette file contains the Fiber 3 0.33 d/6 Fib,,i 4 .34 AM.
complete records of all fibers in the
cable, the applicable cable identi- 508/Div 500 ./Div
fication data and also the measurement 81 .

parameters, such as pulse width and A/i lI.
wavelength. The configuration of t he
test sets and their associated software 0-1li
hav.e been developed in our l aboratvory. A fiber 58.34 4l/)a file, & e.34 fla/,
view of such a test set is illustrated
in Fig. 1. e /.i

wDDi,.............DB/Div

Fiber 7 0.3, DWFbr .3 Db

588 ./Div . . SOB ./Div

Ad/Div . . . dl/Div

Fib-, 9 8.33 Wk/. Fiber 18 8.32 dl/,.

Order flo. :3Z/28387 Cabe tI. 111568/ /
iliveie Dii :1310 Wr.nn in

DTDA-MD EUEIIENT 'aemta lCtra

F ig.. OTDR test equipment with PC. Fig. 3. OTDR test printout.
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Ten OTDR screen pictures, making up Basic Considerations.
one page, are printed out together with
the corresponding attenuation values and Until now, the common delivery length
all relevant data pertaining to the was about 2 km or less. Therefore, the
order, as shown in Fig. 3. If the screen measurements were carried out with a 2.5
pictures are not needed, it is possible km OTDR window. The digital resolution
to print out only the attenuation of the x-axis is 500 points, which
values. This system has proven itself to corresponds to 5 m increments. The pulse
be very reliable during the last five width has to be selected depending on
years. It had to be adapted, of course, the needs of the measurements and the
to newer equipment generations and it. capabilities of the OTDR. A commonly
was improved along with the increased used value for factory measurements is
requirements of the test department. 100 ns. This provides adequate digital

resolution.
New Requirements.

If one has to make a measurement on
As already mentioned, present de- a 12-km cable with a 20-km window for

liverable optical fiber manufacturing example, this leads to a 40 m digital
lengths are on the order of 12 km. This resolution. This resolution seems to be
value is expected to be exceeded in the unacceptably low because the quality of
near future. To take full advantage of the backscattering pictures would be
this impending development it is neces- degraded by a factor of eight. To solve
,ary to prepare a process, during cable this problem, a different approach was
manufacture, that can acconcodate the adopted, whereby the long cable is
long, uncut cable. On the other hand, measured in 2.5-km sections by shifting
cables of shorter length (i.e.: 2 kin) the OTDR window in successive incre-
will continue to be delivered, depending mental steps. The individual records are
on installation requirements. In these then linked together and stored as a
cases it becomes necessary to cut the single data file. This method ensures
long production leng-1h into individual that the required resolution is
delivery lengths, maintained.

Tie great number of expensive and Another important factor is the data
t iice-consu oing tes- to ensure quality analysis after the long cable is cut.
represents a substantial portion in the One has to carefully read the metering
overall cost of cable manufacture. One -arks at both ends of the delivery

must therefore keep in mind the length. Both of these values determine
advantages arising from longer the limits for the required portion of
production lengths without sacrificing backscattering trace and only this part

el i ab il ty. will be printed. It should be mentioned
tha

t 
a part of the responsibility is now

Measurement of Long Cables. shifted from the test team to the
supervi sor.

This Irobem is solved by a measure-
Trent perforred on the long production Carrying out the Measurement.
cable, using adequately high resolution.
After cutting the long cable into The outer end (on the reel) of the
individual sections, the corresponding long production cable length is prepared
portion of the recorded backscatter ing for the measurement and then connected,
trace is identified and pr inted out fiber by fiber, to the OTDR as usual.
separately for each section. This Preparation of the inner end (on the
procedure relies on the assufption that reel) is l imited to permit testing the
cutt ing does not affect the cable end ref lection, so as to ensure the
propert ies. This process obviates the continuity of the fibers. At the same
need for measurinq each individual cable time, the metered readings from both
before shipm(ent Pegardless of tie ends are delivered to the input of the
length of the individual sections, we Personal Computer.
are now able to supply a rel iable
backscattering record - at least for the In the operational mode which allows
majority of the cables - without the the viewing of the whole cable length,
uncertainties associated with saturation the fiber is tuned to maximum signal

'of the detector at the beginning of the response and the trace is checked fol
cable. Obviously, the main advantage imperfections. At the same time, an
offered is the substantial reduction of overall attenuation coefficient is
measuring tiee and result ing increase in obtained and stored and the approximate
throughpu' which reduces the need for length of the fiber is set manually with
additional measuring capacity. A diagram a [marker. Once this step is accom.-
of the adopted sol.ht ion is i lustratred p I jshed, the 2.5 km OTD2 w i rdow
in Fig. 4. containing the end of the fibei is ,;et
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-i a ke as a i n set to the end of adv i sab C to use a i-e1 sona I Co: FU te
1".e computer with higher ;Deed , nd a laser pi nt .

cc' ov ,n' en For labotat.or y use, h0ey.evr , :sinplr
." de. equ iprert May be sats i Saetc y. 'Ie

software developed fo! this purpose is

, v ., 
,  

ces to he compat ible for both types of pr-ocessing.

"et , O c(" t " O1 idu e] U "
L ,e:uencc Future Developments.

1,*" -,: J ica l I Y. In o der to

L:ue e he test uea suing tire for The described system has been
'euie s ignal quality, the installed in our test department and has

s~o a h-.,i as ben opt imized to stop the shown itself to be a great improvement.
L ee p!ope' time, For good vendor-customer relations i is

J in c %-, i-ud, important now to establish that this

system is state-of-the-art by proving
e 'easu'e~en: is its reliability day after day. Based on

a 's'e 'C, each our encouraging experience, we are
.C (n C 5c 1 s cpye_ again confident that this will be possible in

t L"-0 On .C ' it* Sa' II the near future.
177' C-, I , t icos Can beC s-e ,i- '_is t1ime,.
Another oin of in teest is 'hat -he Several future developments are now
ae e' ing aign Il has to be recorded being investigated. Among these is the

on i- a-soILu7 scole to get a continuous integration of this system into the
tIace ac oss all windows. Once the general factory computerization and the
process is compled, ie 0 'DR is replacement of the Personal Computer and
swi ack in 2. km window diskette attached to the OTDR by a
incte0nts a nc the p!ocedue i s direct link to a central computer.

acally repeaed until he fi'sn. Another interesting development will be
section is compie c6, an automatic fiber feeding and connect-

ing device suitable for speeding up the
Al I measurec:--ns of a tibet at one rmeasurement and simplifying the work of

wavelength ae -stoed as a single record the operators. A remaining task is the
on, tre disktte anJ al records of the adaptation to newer equipment emer ging
same cable constitute a single file. It with technical progress.
is our practice to treat the
measuements of he same cable at conclusion.
different wavelengths as -easurements of
differcnt cables. Once the measurements The reasons for selecting -.

are com eted, the disKette is sent to measurement as the principal mc,-, .s
te office for analysis. technique during and after oi- i,1,i

cable production have been c:.::
Data Analysis. system based on co-7 C" I

measurement of long Cai ('
Once -he ds kette is copied into the lengths for final

files of the data analysis computer, it presented. '"hi st
is stored in the office as a document, need for the r "
The first part of the data analysis is lengths cut f or.

the certification of compliance of the of the proceri ,
measured attenuation with the customer's some of ' .-
specifications. At this point acceptance cons1,;
of the cable by the customer should take
place. Depending on the cu.tomer's
order, the cable may later be (ut into
individual sections. If this occurs, t."
analysis continues and the reair' :r
backscattoeng records are !(, intei '-.
F0e this purpose ',ch par , ,

pr intou is first asserilod . - .

display on 'he cmput er *-<,r- '

then i, jly ined. .

usinq standa , ,"
nif iCon I s i rT i if : ,
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Abstract Nowadays the "second window" of silica fibers

at 1300 nm is widely used for long haul

By means of heterodyne detection the ccmmunication. This has been a challenge for

sensitivity of OTDRs can be increased OTDRs, because - compared to the "first

considerably. Probleas concerning source window" at 850 nm -

bandwidth, optical systen attenuation andbandidt, oticl sstemattnuaionand- Payleigh backscatter level decreases by the
long-period fading effects could be solved. forth po~er,
The newly developed field-portable OTDR

opens ultra long mreasurenent range. - detector sensitivity is inferior by at

least 10 dB,

- semiconductor laser power is lower by at

least 20 dB,

Introduction
- coupling to single-mode fibers mostly

used at long wavelengths causes additional

The first Optical Time Domain Reflectometer losses.

was demonstrated just in 19761) and the

first ccmmercial OTDR was available only ten Technological progress, especially computer-

years ago 2 ). Nevertheless this fiberoptic based fast averaging, has helped compensa-

instrument has proved to be extremely valu- ting for these physical difficulties in part.

able for simple and quick measurements of However, with the general introduction of the

optical cable transmission characteristics "third window" at 1550 nm, the sensitivity

(e.g. attenuation, splice Loss, fault requirement for OTDRs will be increased

location). further.

Its basic idea is to launch a short light

pulse into one end of the fiber under test. Heterodyne Detection

The fiber response, composed of reflections

and backscatter, is measured, time-resolved, In a previous paper 3 ) we demonstrated that

and then analysed until the signal is buried the best way to overcore the noise limitation

in noise. OCTDR measurement range, that means of current instruments is coherent detection.

optical one-way dynamic range, is usually

specified for SNR=l. Up to now OTDR detectors res,-LL'] radio
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receivers from the early days of radio
I + I

engineering: the first stage of technical ? D - 2 LO 2 * SIG

development was based on direct detection.

+ / "  
cos(-

Thereafter the so-called superhet receiver LO

improved radio sensitivity considerably.

The essence of all coherent detection schemes with P: Power of LO and signal wave,

is to mix the weak received signal wave with respectively,

a higher power locally generated wave from

the local oscillator (LO). Applying a w, : frequency and phase of the beat

nonlinear detector causes a cross-product or intermediate frequency term.

term in the detector output which contains

the phase and the amplitude of the signal.
This IF-signal carries the complete

most attempts to create a coherent OTDR were backscatter information.

made by using the heterodyne technique4 ' 5 , 6 ).

A general block diagram of a Heterodyne OTDR The main advantages of the heterodyne

(HOrDR) is shown in fig. 1. principle can be concluded straight from the

formula:

Recever - The backscatter signal is amplified by the

Lo.

to - The backscatter signal is proportional to

the square root of optical power only, so

Power ModulatorSIG that the electrical dynamic range is aon-

Fber under les pressed to the half.
Transrmtt,Receive
coupler

On the other hand some complications arise

which are typical for coherent detection

schsemes:

- The optical waves must have sufficient

coherence properties in order to get

Fig. i. Schematic of Heterodyne OTDR a stable IF signal with narrow band-

width. Therefore the HOTDR source nust

have an e:.tremely narrow spectrum during

The probing wave and the Le wave are derived measurements.

from the same continuous wave laser.A probing - Heterodyn detection is polarization and

pulse can be sent into the fiber by light phase-sensitive. In worst case the beat

gating with the help of an acoustooptical signal even vanishes.

modulator (AOM). Thereby the excitation wave - The optical system configuration is

is additionally frequency shiftel. When carparatively conIplicated. Moreover bulk

mixing the backscatter signal with the LO a optical couponents are inevitable. The

cross-product term corresponding to the nodu- additional loss must be minimized in order

lators acoustical frequency (e.g. LOU Mtiz) not to ccmpensate the heterodyne

will be produced by the photAniode 3): sensitivity advantage.
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EiOTTR 2Etical System 2. Light switch

our solutions concerning these principal For pumping the detector and excitating the

J{YrDR difficulties are scheatically test fiber with the same light source a fast

summaerized in Fig. 2 and will be discussed in switch is necessary. This waes realized by

detail hereafter. m eans of an acoustociptical modulator (ACt1).

Light radiated upon the ACM. and mleeting the

bragg condition is deviated from straight

passing when the acoustic wave is activated.

Simultaneously light frequency is shifted

azmunting to the acoustic frequency due to

the dzo'pler effect.

........ ~ In this mranner probing pulses in the

Lightmicrosecond-range Can be produced anid sent
source into the fiber under test (see fig. 2). Whten

................-.. the Act4 is deactivated the laser light passes

.. . to the detector. Fig. 4 shows a schematic of
...... the newly developed light switch.

Lih

L OIG M Hz 3oo nm F B Laser

to 4 100

FbrPINFET- 1- -4 mA
underDetector

test i

electronics

Fig. 2. HY1'R optical system 1- 45mA -

0 11

1 . Source 0-t-0m

To meet the essential HYIDR reirsie

(bandqidth <1 M41z) a line-narramd laser iiis

devetpled based on a seiconxductor DFB-LD- O1

For that purpose an external resonator was -60 -50 -40 -11 "1 -20

built inclu~ding a fiber oupler and a short refection factor --

length of fiber with an integrated mirror.

variations of the mirror reflectivity and the

coupling ratio yielded minimasl linewidth Fig. 3. Laser linewidth as a function of

ranges as sho in fig. 3. reflection factor
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The construction of such a device designed A typical heterodyne backscatter trace from

for single mde fibers is rather sophisti- one single measurement is shown in fig. 5.

cated because: The onherent backscatter signal behaves

like an irilmoxneous noise signal 8), each

pulse response having such a speckle-liKe

Thus signal averaging is essential for the

Fbe Lens AOM HOTDR. To achieve reasonable measuring tines

in spite of long-period oherent fading 7)

active scrambling of phase and polarization

Fig. 4. Schematic of the light switch is necessary.

- coupling of the bulk ACtM crystal to the Statistical phase variations between signal

fibers must be done by lenses although and LO wave are achieved by small and slow

typical bragg angles amount to only I chirps of the laser frequency. These must

degree. This complicates beam separation carefully be tuned to preserve short-term

in a compact instrument ccpPnent. coherence, but, on the other hand, to attain
smooth bckscatter traces after short average

- In production and adjustment sub-micrometer time.

precision is required. Coupling loss has to

remain minimal even under field conditiorts.
Polarization scrambling is done by means of

a mechanical fiber squeezing device.

- Both internal reflections and strong Theoretical studies and experimental investi-

optical signals out of the test fiber may gations proved r-ly two linear polarization

disturb the source spectral purity. There- retarders being az to regulate any state of

fore special precautions including an polarization (S(,,). Accurate timing with

optical isolator are taken. averaging periods results in nearly omplete
elimination of polarization fading. Insertion

In spite of these complications the entire loss of such an device is only 0.05 dB.

attenuation of the light switch - including

coupling and insertion losses, AOM diffrac-

tion efficiency etc. - is only about 5 dB.

3. Phase- and Polarization Scramblers

The scattered light returning fran the fiber

under test contains all states of phase and

polarization. Moreover, certain fiber

sections, e.g. in buried cables, may be

frozen in" concerning phase and

polarization. This results in bad or even Fig. 5. Typical HYTDR backscatter signal

missing beat signals. without averaging
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Heterodyne Signal Processing With an HOI1R measurement range can be
extented further, if necessary, through ultra

Signal processing in an HOTDR comprises first long pulses. Optical gating allows optional

and second detection of the heterodyne beat puls width, limited only by distance

signal, fast averaging and data preparation resolution decrease.

for waveform evaluation.

0

First detection, that means beat signal d8

optical to electrical conversion, is done by -5

a PINFET receiver adapted to the I.F

bandwidth. After fil-'-ing, the IF signal is -10

demodulated at second detector. The¢

squared demodulator output is processed in -1s

conventional manner. -20

To gain full advantage from heterodyne

detection it is necessary to fit the data 25
0 4 8 12 '6 20 24 28 32 36rn, 40

processing unit to the ultra long range , , *

feasibilities. Therefore a real-time averager

wws developed capable of accunulating Fig. 7. Typical averaged HOTDR backscatter

unlimited numbers of backscatter traces, trace measured with 1 us pulswidth

------ ------ .. In fig. 7 a preliminary result of an HOTI)R
'AOM PINFET'S let Detector measurement is demonstrated. Though pulse

width was only I ps corresponding to a

distance resolution of 10X m, mtore than 30 km

of single-mode fiber could be analysed

without limiting noise.IFft

2 and
HF driver 2nd Detector

Gain-Loss Ansis

The principal HOTDR advantage can be

calculated from the heterodyne receiver
CRT Comouter ADCO e)tm

Ceag-tme sensitivity compared to direct detecting
averager

receivers, but must be contrasted )gainst

Fig. 6. HOTDR signal processing unit additional losses due to the more complicatei
optical syst em.

In fig. 6 the system configuration is Conventional detectors sensitivity at long

schematically show. Distance ranges Up to wavelengths is limited by shot noise owinq

400 km can be processed in 409% parallel to photodiode dark current. Therefore the

dannels with cycles up to gem MHz. minimal directly dJetectable power Pmin

Extension of optical one-my dynamic is given by:

range through improvement of SNR amounts to

2,5 log (m) dB with m: Measurement repetition T, ... I, / r

number.
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With e: atomic charge FDR HDR

ID: detector dark current (I... 10 nA)

B: receiver bandwidth (typ. 1 MHz)

r: detector conversion factor (typ. 0.7 C1  : launching loss - 4 dB - 9 dB

A/W) R : backscatt. coeff. - 55 dB - 55 dB

Cd 2 detection loss - 4 dB - 7 dB

Prin theoretically amounts to -71 ... -76 Pmin: detection limit - 73 dB - 97 dB

dBm, depending on dark current. Best

experimental result for an uncooled receiver I
was -73 dkn 9). L : one-way range - (P + 10) 1 (P + 26)

2 2
However, for a coherent receiver pumped with

sufficient LO power all internal noise Table 1: Comarison of conventional and

sources are insignificant. This leads to a heterodyne OTDR one-way dynamic

performance only limited by the signal noise ranges

itself. Thus Pmin is given ty 10):

-in v/ Nevertheless, assuming equal laser power,

pulswidth and SNR inprovement, the heterodyne

With h: Plancs constant net gain for our system leads to an 8 dB

v: optical frequency better one-way measurerent range.
%:quantum efficiency (typ. 0.7)

At present investigations are in progress

For 1300 rm the minimum detectable powr of concerning the optical system. When using the

hetercdyne signals is -97 dam, leading to a light switch as a four-fiber coupler, another

gain of 24 dB. 2 or 3 dB advantage seems to be within reach.

The one-way dynamic range L of an OTDR can be

estimated by summation of all limiting Conclusion

quantities, resulting in SNR = I or 0 dB 8).

These are: Laser power P, backscatter Though research on heterodyne detection in

coefficient R 11), receiver sensitivity OTDR started as early as 1982, fundamental

Pmin, instrument internal attenuation C and problems concerning source bandwidth, system

SUR-inprovement by averaging SNRI: attenuation and backscatter trace smoothing

remained up to now.
I

L - (P + C + R - Pmin + SNRI)
2 Our solutiors presented in this paper are

completely integratable into a ruggedized
and field-gortable inst ruient. The net

The internal losses are coffposed of launching

losses Cl and detection losses Cd. Table advantage of heterodyne detection amounts to
16 dB.

1 shows a comparison of OYTDR and .- TDR one-

way ranges.
The better HODR dynamic range can be even

The HOrDR suffers from extra launching losses more increased by specially adapted real-time

due to the light switch. As a detection loss, averaging. Furthermore pulswidth is princi-

a mixing penalty of 3 dM appears due to the pally unlimited. Thus measurement ranges

random polarized backscatter signal. better then 30 dB are possible.
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OTDR AUTOMATION - METHODOLOGY AND RESULTS

Lindwood Bird Stuart Saikkonen
Wesley Miller

Corning Glass Works Corning Glass Works
Wilmington, North Carolina Corning, New York

Equipment
Abstract The automation results presented in

Computer automation of an optical this paper were from an OTDR having a
Time Domain Reflectometer (OTDR) for the pulse width of 2500 nanoseconds (250
detection and quantification of point meters), an approximate data spacing of
defects and for optical length 50 meters and a recommended minimum end
measurements has been done and is being reflection height of 3 dB. With minor
used in a fiber manufacturing software changes, another OTDR was
environment. Experiments were done tu successfully tested that had a pulse
ensure that the measurement results from width of 50 meters, a data spacing of
the computer automated methods were at 12.5 meters and no recommended end
least comparable to those using reflection height. Both OTDR's
pre-existing manual methods, communicated by an IEEE-488 interface

bus to the computer.
This paper details the results and

benefits of this automation and the Measurement Methods
general measurement logic and algorithms
that were used. This automation was The following measurement methods
designed to meet the exact needs of a were used in this experiment to quantify
fiber manufacturing facility using the magnitude of point defects:
specific equipment, but similar benefits
could be realized if implemented on
different equipment and for cabling or Delta Method (manual): This is a
field applications, manual method of measuring attenuation

across a point defect and requires that
an operator position the cursors at the

Background two "break" points (A and B in Figure 1)
of the defect. Because the OTDR will
show a point defect on the trace

For an accurate and precise as having a length at least equal to the
measurement of point defects, the OTDR pulse width, a loss measurement
techniques that must be used for using this technique will include the
standard OTDR measurements require that intrinsic fiber loss between the two
the operator do many specific operations cursors. This will exaggerate the
and make judgments. These include apparent loss measured for a point
peaking of the OTDR fiber trace, defect. For example, a 250 meter
inspection of the fiber on the OTDR pulse width would add 0.1 dB on a
appropriate scale and placing of 0.4 dB/kr fiber.
cursors. Additionally, they include
pulse width selection, end cut
preparation, connecting the correct end
of the fiber to the OTDR, ensuringNOPERATOR CHOOSES
correct end reflection height and so on.

Because this measurement is POINT DEFECT LOSS
critical to fiber inspection, it was
decided to computer automate this - - -_-
measurement to make it more
user-friendly with operator prompts and
self-checking to ensure proper OTDR
setup. The automation was also done to
remove operator judgment and simplify
repetitive operator procedures when
using an OTDR. F IGURE I DELTA METHOD
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Auto-Splice Method (manual): This automated algorithm was able to detect
method is internal to the specific OTDR and quantify the point defects.
used. The operator positions the
cursor in the approximate middle of the All three point defect loss

point defect. The internal OTDR software measurement muthods are capable of

then determines the "break" points of reliably discerning large point defects
the defect and fits straight line (equal to or greater than 0.4 dB);

segments to the trace segments both however, the detection of small point
before and after the point defect. The defects is of the greatest interest to a
OTDR uses the vertical drop between fiber manufacturing facility. Because
these two line segments to determine the inclusion of the large defects in

point defect or splice loss. This the analysis tended to hide meaningful
method is shown in Figure 2. This results as applied to the smaller point

method does not include the fiber's defects, the following comparison

intrinsic loss, and is a more accurate analysis between measurement methods was

representation of the loss due to a only done for small point defects.

point defect than the Delta Method. (Small point defects being arbitrarily
defined as less than 0.4 dB.) Table 1
details the results of this comparison
for point defects of less than 0.4 dB.

EXTENDED TRACE' . / SEGMENTTal1
Table I

6N-281

POINT DEFECT LOSS Method 
66Lss Loss

EXTENDEDETRACE iErd-to-end) [dB (Manua-Automated) [dB]i

S Average Sigma Average Sigma I

OPERATOR CHOOSES Delta 0.037 0.036 0.087 0.044

POINT C Auto-Splice 0.016 0.015 -0.014 0. 24

Automated 0.022 0.018 N.A. N.A.

FIGURE 2. AUTO-SPLICE METHOD The first two columns of Table 1

represent the absolute differences
between the point defect loss values as

Automated Method: This method is measured from one, then the opposite
similar to the Auto-Splice Method fiber end. There was no significant
except that the point defect loss statistical difference end-to-end
measurement algorithm is stored in an between the Auto-Splice and Automated
external computer and point defects are Method. The Delta Method of measurement
located and measured automatically. showed the greatest end-to-end

This computer algorithm will be detailed difference and sigma. This was

later. attributed to operator judgment in the
positioning of the two cursors as

Experiment Design and Results required for this method.

An experiment was run to compare The third and fourth columns in

all three methods of point defect loss Table 1 show the differences of the

measurement. Also, length measurements point defect loss values between the

were compared between operator and Delta and Auto-Splice (manual) Methods
computer controlled methods. All manual versus the Automated Method. The
measurement methods were performed by difference between the Delta Method and

one technician to reduce operator the Automated Method is explained by the

dependence for these measurement intrinsic loss of the fiber. Most

techniques. Fifty fibers were selected defects appeared to be about 250 meters

so that all possible fiber lengths and long because of the OTDR pulse width,

point defect sizes and locations were and the average fiber attenuation was

represented. All measurements were done about 0.35 dB/km giving an average

bi-directionally. Twenty of the fibers calculated intrinsic loss of 0.085 dB

were measured for point defects an between the two cursors using the Delta

additional two times to determine Method. Although the Automated Method

measurement repeatability, appears to measure point defects
slightly larger than the Auto-Splice

Fifty fibers were used to compare Method, this difference was not

measurement methods and to ensure that considered statistically significant.
the Automated Method of point defect
detection and quantification was
equivalent or better than the manual
measurement methods. In all cases, the
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The measurement repeatabiliLy of considered to be no practical
measuring point defects was checked by differences between the operator and
measuring 20 fibers three times each. computer controlled methods of measuring
Each individual measurement was bi- fibers for optical length.
directionally averaged. The Delta
Method was used for comparison because
it was considered to be the most
operator dependent and potentially the Automation
least repeatable. Table 2 shows that
the measurement repeatability of the
Automated Method is almost twice as good General

as that of the Delta Method. The better The OTDR was made user-friendly by
measurement repeatability is attributed The pTDs wasomaed by
to the automatic checks that are done adding operator prompts, automated setupchecks and defect and length
for each fiber setup to ensure proper determination automatically performed by
fiber peaking and to the consistency of the computer. The general outline of
cursor placement that occurs when the
point defect measurement was automated.

I. The computer prompts for operator

Table 2 inputs of:

__ 20 I N-12 I A. Identification of fiber.

Method Sig.a [do] s 'gm 'dl

All f ber) ,Frbe-s wit B. Effective Index of Refraction
1 ~defects <- .4dB

Delta 0.052 0.019 C. Mechanically metered fiber

Automated 0.025 0.011 length.

D. Type of Measurement (Standard
Both, the operator controlled and bi-directional or single-ended)

computer controlled method of optical
length measurement, were performed using
the OTDR manufacture's recommendations II. The computer prompts the operator
for cursor placement and end reflection to load the proper fiber end and to
height. The results using these two power peak the fiber trace.
methods are shown in Table 3.

III. The operator:

Table 3 A. Cuts fiber ends.

B. Connects the proper fiber end
IN-S_ I to the OTDR

Method I length ml I 2ength t e
End-to-end IOT -mechanical C. Optimizes the fiber connection

Average sigma Average sigma for the highest noise-free
Ioperator 1 2.76 3.33 -1.50 9.g2

ao~r, .-. 0(Defined as peaking the fiber).

Controled . II D. Confirms that the far endCn lreflection is greater than a
minimum value.

The first two columns in Table 3 E. Lets the computer know when the
show the absolute difference in meters previous four steps are
(m) of fiber length as measured in each completed.
direction. This shows that the
repeatability for the computer IV. The computer:
controlled length measurements is better
than for operator controlled length A. Automatically measures the
measurements. The last two columns show fiber for length and point

the difference in length measurement fer sizes and oint

between the two OTDR measurement methods (This will be detailed later.)
and a mechanically metered length as
obtained by a winding machine. As the B. Notifies the operator on the
average fiber length was 8 km for this CRT if a point defect is found
experiment, the average OTDR versus
mechanically measured length difference or the optically measured
represents a total measurement error, length does not agree with the

for either OTDR method, of about 0.03 mechanically measured length.

percent. Therefore, there were
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C. Prompts the operator to request
a plot if a point defect is rFA E RFLECTI

found.
SEARCH DIRCTIO

D. Prompts for measurement of the F, E-----

other end of the fiber when
requi red.

The following details the steps " N 7T ECTIO'

that the computer follows in making a
automated check of a fiber for length
and point defects. NOS FOOR

I. Premeasurement check

This check is done by the computer SEA REGI F

to confirm that the optical connection LOCAL

is sufficiently optimized by checking
that the fiber trace is properly power
peaked. The power trace is checked at a FIGURE 3. LOCATION OF FIBER ENO
position about 2000 meters from the
measurement end of the fiber to see that
the power level is greater than a
predetermined minimum value. This An OTDR trace can have a "ghost"
distance is past the non-linear region reflection if the end reflection pulse
of the OTDR trace that is caused by is echoed from the measurement end of
connector reflection and detector the fiber. This "ghost" reflection is
saturation. This check shows that the found at twice the fiber length. The
fiber connection to the OTDR is local maximum is checked to see that it
correctly optimized and the fiber end is not a "ghost" end reflection by
cut is good. dividing the distance to the local

maximum by two and searching for another
II. Data Collection local maximum in an analogous manner to

the technique stated above.
Because all calculations for length

and point defects are done external to A predetermined position on the
the OTDR, the data array must be OTDR trace, relative to the local
transferred to the computer. This array maximum, is used to calculate fiber
is a two dimensional (X,Y) array length. This position is usually
describing the OTDR trace. The X recommended by the particular OTDR
coordinate contains the distance along manufacturer.
the fiber corrected for the fiber's
effective index of refraction and the Y
coordinate contains the OTDR measured IV. Determination of the fiber
power expressed in dB. inspection region for point defects

The OTDR trace is inspected for
I e. Location of the fiber end and point defects in a search region bounded

determination of optical length by a search start and a search end

position as shown in Figure 4. This
The fiber is checked for an end search region excludes the end

reflection by testing successive 250 reflection and the beginning non-linear
meter sections of the trace from right region of the trace. The beginning
to left, starting in the noise floor of non-linear region of the OTDR trace is
the OTDR trace beyond the fiber end excluded fron the search region because
position. This is shown in Figure 3. the detecto. saturation obscures point
When the average power of two adjacent defects in this section of the trace.
250 meter sections differs by more than Even if a point defect can be seen in
7 dB, a search area of +/- 500 meters this region, the detector saturation
around the last section checked is precludes accurate measurement of that
defined. Each individual data point in defect. It is for this reason that
this search interval is then checked and fibers are normally measured for point
the data point having maximum power is defects in both directions in a fiber
chosen to be the local maximum, manufacturing environment.
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Ir

MAX I MU The filtered error array is thenused to calculate slopes along a 250
meter line segment, each segment
separated by 50 meters. Consecutive

NON-LINEAR slopes are compared and when threeREG ON consecutive slopes are found that met a
minimum criteria, the location is then
checked for inflection points. If

FAR ENO starting and ending inflection points
REFLECTION are found, then that location is markedSEARCH as having a point defect and the defectSTART Sstart and end positions are defined.

BEGIINNIG NON-LINEAR REGION

FIGURE 4. DETERMINATION OF FIBER INITIAL
INSPECTION REGION 

TTPOINT

The trace search end position is 50 M-J I-
determined by searching a 500 meter I
section to the left of the local maximum sl L
for the minimum power point. At this ""
time the computer checks for a proper SOPES OF IS[...S51
fiber endcut. The difference between .ETC. ARE CALCULATED
the power at the local maximum and the
power at the trace search end position
must be a specified minimum value. If ISI - SIII2,5)1 K IMPLIES
it is less than that required value, the A VALID SEARCH START POSITION

operator is prompted to re-cut the fiber
far end and restart the fiber FIGURE 5. SEARCH START POSITIONmeasurement. DETERMINATION

The trace search start position for
point defect detection is chosen by
comparison of the slopes of five
consecutive trace segments, as shown in VI. Quantification of point defects
Figure 5. The initial starting point to
test for linearity is chosen at 1200 Each point defect that has been
meters. Each trace segment is 250 detected has a start of defect and end
meters lonci and is separated by 50 of defect location defined. This
meters. Comparing the slope of the information plus the trace search start
first line segment to the other four and end locations is used to determine
slopes and stepwise testing either the point defect size as shown in Figure
backwards or forward in 50 meter 6. Between the search start or the
increments, the first linear starting previous defect end and the defect
point is determined that ensures the start, a least squares fit line is
maximum amount of fiber is inspected for calculated. A similar least squares fit
each measurement, line is calculated between the defect

end and i.he next defect start or theV. Calculation of the error array and search end position. The point defect
location of point defects size is determined by the vertical

distance as measured between these twoA normalized error is defined as: extended lines. All calculations aredone on the (X,Y) data array without
E(I)-Y(I)-YN(I) data smoothing.

Where Y(I) is the measured power and
YN(1) is the normalized power along the
OTDR trace at the I'th data point. In
addition, a three-point smoothing is
done on the error array before defect
location, to reduce the OTDR trace
noise.
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SEARCH START OR
- LAST DEFECT END

START LEAST SOUARES'k. /IT L INE UF

POINT DEFECT LOSS

LEAST SQUARES --
FIT LINESE

No.
NEXT DEFECT START Wesley Miller is a Quality

Statistical Technician at Corning Glass
Works' optical fiber manufacturing
facility in Wilmington, North Carolina.

FIGURE 6. AUTOMATED METHOD His current responsibilities include
data analysis, experimentation, and
quality enhancement projects. Since
joining Corning in 1980, his

Summary responsibilities have included
troubleshooting and maintenance of

The user-friendly OTDR automation optical fiber measurement equipment.
has proven itself in a fiber Mr. Miller received a A.A.S. degree in
manufacturing environment with nine Specialized Electronics Technology BMET
months of operation. Because each from United Electronics Institute in
measurement is computer prompted and Louisville, Kentucky, in 1980.
checked for proper fiber setup, the OTDR
is a more controlled measurement
station. Measurement repeatability is
a factor of two better with OTDR
automation. Measurement accuracy and
precision is no longer operator
dependent for scaling, cursor
positioning and fiber setup.
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INTERFEROMETRIC MEASUREMENT OF CABLE
THERMAL EXPANSION

M.S. O'Sullivan

R.S. Lowe
C. Saravanos

Northern Telecom Optical Cable Division
Saskatoon, Saskatchewan

ABSTRACT EXPERIMENTAL APPARATUS

In order to optimize the design of a fiber Elongation measurements on short cable
optic cable, knowledge of its thermal expansion lengths can be determined accurately with the use

characteristics is essential. In the past, of interferometric metrology. The cable

these were predicted from the thermal expansion elongation as a function of temperature is

of the individual cable components, rather measured using a Fabry-Perot interferometer. and

than the finished product, either at room from it its thermal expansion coefficient isthanthefinshe prduct eiherat oomJetermined. The experimental apparatus is showy

temperature or over a wide temperature range. , n Fi. T an pcn ist nfa c asin i sh

Since the thermal characteristic of these in Fig. I and consists of a casing with an ittes

components can be affected by processing, such window and a translation stage on its one end.

a prediction is prone to error. In this paper, A 30 cm long cable sample is mounted to the ca,;nc

we present a direct measurement of the thermal on one end and to the translation stage on the
other. The translation stage allows freedom

expansion characteristics of composite optical otion aln thalais. a re e o

cable b using a Fabry-Perot interferometer. motion along the cable axis. A c,arner cube, l o
1 ih tis echiqe, th caleelogaton anfixed to the translation stage, can be illuminalt-iWith this technique, the cable elongation can

be measured to within + 0.0057 for a 30 cm long through the access window and serves as part of

cable sample. Results-will be presented which the Fabry-Perot interferometer. Thermocouples
show that the thermal expansion coefficient can are placed inside and outside the cable sample to
be as much as 2.5 times larger at low monitor its temperature. A 307 reflecting mirror.
bem uc than at room temperature. fixed to the bench just outside the access window,
temperature completes the interferometer. Hence laser light,

directed through the mirror and normal to its

plane, is retroreflected by the corner cube and

returns to a silicon photodetector after

INTRODUCTION reflecting from the mirror. Thus, the mirror

serves as both an entrance and exit port to the

The attenuation characteristics of optical interferometer whose length varies with changes

fibers can be strongly influenced by the in the corner cube position.

contraction or expansion of the fiber optic

cable materials that surround them. These In order to determine the thermal expairion

effects can degrade the optical characteristics properties of the cable, the sample and its

of the fibers, if the length change of the cable casing are placed in an environmental chamber and

due to temperature variations is larger than the taken to a low or high temperature (either -6O

allowable strain window. To a certain extent, degrees Celsius or +70 degrees Celsius). The unit

consideration of these thermal expansion effects is then removed from the chamber and fixed to an

can be incorporated during the design stage, both optical bench at the location of the cable's fixed

through appropriate material selection and by end. lhe output of the photodiode and the

choosing a cable structure with geometrical thermocouple are monitored by a computer. For a

characteristics that permit the fiber to remain given temperature variation, changes in the cable

relatively unaffected by either expansion or length alter the Fabry-Perot length and hence,

contraction of the cable. However, to fully the condition of interference sensed by the

characterize the completed product, it Is photodiode. Since each fringe corresponds to a

important to develop an accurate and simple variation of 0.14 or 0.15 um in cable length,

technique to measure the thermal expansion elongatioi.s as small as 0.000057 can be measured

characteristics of the optical cable itself that for 30 cm cable sample.

does not rely on indirect measurements of the

individual components whose temperature
performance may be quite sensitive to the

conditions under which the cable was

manufactured.
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MATHEMATICALLY MODELE) FULLY FIIZ STRANDLESS OPICAL CABLE DESIGNS

S.T. SPEDDING * J.E. TAYLOR **

* BICC OPTICAL CABLES, WHISTON MERSEYSIDE, ENGLAND

** BICC RESEARCH AND ENGINEERING, LONDON, ENGLAND

BASIC DESIGN PRINCIPLES

SUMMARY Eight optical fibres, each colour coded on line,

A,,,. ill linear manufactuz il- process was devised are encapsulated into a ribbon element with

to produce a nvel cable design base] -n ribbon. acrytate resin. In the second operation, one
or more of these ribbons is incorporated into

Sre limitations associated with heavy a cavity within an essentially rectangularrotatinq plant are thus avoided. Long ]ength extrusion.
manuractr and tandemrnnnbcmroi . ets o copper wires abondedwu sthe walls of the section. The free snace within
T..e novel cable strwte trucres 5: coia, the cavit is filled with a tube filling compound.

lina t itnu es, a was ~s ct t 1 In the final operation, a strong, high modulus
mathematical modeiina at the design stP sheath i, formed by embedding bundles of glass

po[re~dict its 'eff r-ece ono uore re 0ii... *d t i n n, yarn into the wall of a polyethylene tube. Thesneath is heat bonded to precoated aluminium

tape formed a:nd sealed into a tube. A hollow,
moisture Lirruer sheath with integral longitudinal
strenjth results. One or more ruggedised ribbon
units is fed into the bore of the sheath, after
being formed in.to a semi- circular wave. Arrange-
ments are made t- fill all free space with a
low density wattr blcokinci filling compound.
A cross sect--nal drawing of a 16 fibre version
of the desig;n shown In fiqure 1.

The extension of the- ilass yarn zeinforced sheath
under load is roter than would be expected
in designs with a con ral strenaith member. This
arises from a low modulus "i re, extensiotn" region
before all yarns in the sheath wall take load.

Used in Inlunot on w.th mvlti-: ibre 1. e ers, Working to the boundary condition that fibres
rinbono 'le o" fe' user advantages in econoy shall not strain (other than bendin strain) tinder
of'o:.'ltinx. he p cablet makn alsodby ei q a] 1 conditions, necessitates the incorporation
advanta es i production speed by 'questioning of significant excess fibre lenoth, by means
the tradlt vnal approaches to cable design, of the corrugation of the ruggedised rbbm units.
Md by teliminat innr all rotating operations However, too much excess lenoth within a cert iin
from thle pro,_duction cycle, bore size will nead too smail! a radius _f

curvature. Decisions have t , be made- is t, the
we set ot to deviser a lrnduc ron cle.... for bore, radios of curvature and st:" z ~~z eguiredbr,,rdu.f 'rau ndtll:
loo,'t .ast Id ca]bles, based on linear operations margin. Once tlis is done, forming te;hn'in;es

rnIv. It. tart icul ir, stranding, which is have to be devised to achieve ,e I
a iw, ossubersome process, had to be eliminate d. F clparamet ers. Final ]I', i1 ].wa:,ns must be madeThe, resuitin iroess is spee~d Ilimited byracomdtth fu1sptum biLen

t.iccommodate the fuil I -Iecctr ar f! flbr b,,%d
r, ce-s fctrs only, and not by the mechanic at

s ife workinj sped limits )F ro.tating machines.i e
It is ther(,freo much eas!., x to, achieve higher
speeds<, mad the present three operations ire
matched in speed ind type for tandem running.
7 t lenith oabl matiuffa tur, is greatly
94miij I W f& ed .
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THEORY By using an expansion for sir: x1 X,: Appr x-

Bending Radii imate forMUla results: X

Existing bending loss theory was modified to take-
into account the skewing effect on refractive
index pro.ile under bending :onditions. The e A/6R
predicted losses under different bending radii--------------------------
are shown in figure 2, for a fibre with a -ut
off wavelength of 1130 nim. Although much of This approximation is useful in providinj a~

the theory had previously been developed, it simple insight int- the interplay of radius
was expressed in terms of the variables which of curvature and strain margiln. It shews with
were of least usefulness to us, such a5 delta, devastating simplicity the inescapable
We recast them in terms of cut off wavelength conclusion that for a givenr bar.- sizp, strain
and mode field radius. We corrugated rugotdised margin will be increased at thet expense .,f
ribbon units and proved our theory to our bending radius and vice versa.
sat isfact ion.

From figure 6,
Representing the same equations at a fixed bendincir-
radius of 569 mm, for different cut off wavelenqthcs, Db =4(A + i,-I)T)' + (W - T)' T........... 3
results in figure 3. W - kpl I in mind allI through On -number of stacked flat wzits
the subseluent mathematical modelling phase that
it would be necessary !o find the windo)w of Considering the same flat element it the. act sa:
acce:ptance, for the most L-nd stenbitive fibre, point of corrugation,* see filuie 7, w:.eiv -
inJ inder the least ivantiie,,uisobna is apparent that the ; at h length 1. ~r Wa.*i.- at:.

, rocess %ar iati,,ns. is laid down. This is y, and unlike 11, it remair-
o:-nstant dur ito: the soos.eqiu-.t it last-it i n

WC 0. t attenuatj-n fnrev b F.iE , -0 -i int .eatio:. and on in -rlp r it o! .!
ibove n trinsic fibre - , it 1 599 nMt As th, the sia'h ore.
MAIx muo. acetible uInit wotrst , As, c: ndlt Ions".
A sum:,,i doouL' in . *ben ii i ) -i 'r

-nnt, this weuld result ir.'. 5 JB, It in :roase,
at iue

9
'm

-  
Fivure 3 sho.ws that t' Whe in'r'" Int 11:o

radios t 5u Mitt, ill itoeif i . Piros

wil : suffer less t? att J!. in i~fiti ,--. p

due t- macrobending at I n) 5rm
as the desijn minimum radio urvtur7 F1 tr. ths Ii ist n thL fi 'wi II

CoruatD,* ........-

Fi-nues cuId to represent thi, smi - i.r-oularlIy
co rracirated rugge-dist-d r ibbu)n e e-ment as it wo-uld Fr- sr e-uat i ns ir -u.d 11i u,~ A, 11
appear within the confines of the, sheath. i:,d I- wt ewrkid-J a t f I N st ut Va.
Figjure 9,, i side vie-w itd fiur is in, 'end fo r W, T, DL itid Dc.

c . ross sectio n. p is the it' :9lrn;th f.And

Qis the path length for o-ne wavelevnt. f the PRACTICE
element. Then:

71., tbevce the .ry suf'P. sea thit an, inf in it-ly
P 4R I-A(O-''R ) ......... l )variable selectio)n ( i st. f' r - 1 ir ;1 it idl i

______________ urvatre 1t,d fr, 7is s yair, iu roed
Q-4R sin II l A/R) s heath bo~re si zes. 1In rea ItIy , our o"r Iuq't It:

I rl machine is si-api y a number . f rc und f rmer,

sin I -A/ carried on. a piri -f drive c1.iitosI These nas
QP have only tw , pitcl. posiLilitis ,f -. 5 mm

1 0/ A/Rt atnd 12. 7 mm, and fo:rme~rs cat: ibe fastened otl
an initegral numtber -f links apart. Alse,, we

and 12,'P I + v where e - excess fibre lenqth had available t, 'as a number -f tool in: stts
(strain margin) for the glass yar n reinforceod sheath, and otherz

sets are Costly.

So sn 11 0-A2). .... (2) We had chosen 55mm as our minimum bending radi-i'
+ e 7 in finished cable, and we hail chosen cur -outside

H A/2R)2dimensions for the ruggedised ribbon units~as

5.5 rmm by 2.6 mm. Figure 4 shows the strain
margins theoretically achieved with these
dimensions, for three different radii of

curvature. Plotted on the same graph, the
lines A through D1 represent possible
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Novel Aspects of the Process

The choice of polymer from which to form To probe the width of the third window, we have
the ruggedised ribbon units had to be based looked at spectral analyses of the cables and
on all the usual criteria, plus one more; found a wide operating region, which remains
corrugation behaviour.The flat ruggedised ribbon open even at high and low operating temperatures.
units contain two copper wires, whose sole We submitted the measured attenuation values
purpose is to retain the corrugation form at 1650 nm in addition to those at 1300 amd
against the tendency of the polymer to relax. 1550 nm as indication of the width of the third
A thermnoplastic elastomer based on an SEBS block window. The performance of the cable at -10'
copolymer was chosen after rigorous testing. Celsius was especially encouraging, as the tube-
The internal filling compound is a hot melt filling compound is not intended for use at this
devised by ourselves for our loose tube work, level. We believe that the facts are explainedl

by the resistance of the ribbon to bucklinj is

compared to indivtidual fibres.
At the sheathing stage, two versions of this
cable type are offered. One is left dry, and Typical Atternuation Measurements - Ambiett
one is fully filled. The cavity is larqe, and Temperature
so precautions have to be taken to reduce weight
penalties for fully filled cables. For this Attenuation at (nm)--- 1302j 157,0

reason, a microsphere loaded fillinq compound
was chosen. This has a thixetropic: base, wit!. Fibre Number 1 . 10 .11
the addition of PVDC microseheres to: reduce .3- .2
density to loIss than 0.5 n/cc. There was a ,-ed .37 2
to work ver-; closely with ' illin.; c-ompouLnd -~. 357 .21
manufacturers to r.ake successiv.e alteratlic71 5 .35 .0
to the compound formulat ion until the ccrrcct . 34 .2

emi>and water 0 .ockinq propertiec were tounO. 7 .3-.

Since tlie cable has no stranded cozre over.3 .2
which to apply the fillinq compound, an i71tcr,i''- :2.1
approach is needed. It is nec:essary tol -nsure 5

- F.: -n,7 coMpOund de' iver.', rate IS M 50r-
1  

*,4 1,
Ma tc Z' ire speed,1:

- Fcl11n: -oompund Lo ferm-d int- a croa
-r--s s--tis;, of the- cane iI-t1etL-r

tna danterr3 16t~ it t ' i::t I It. MAN UFACU I Nk EXi-isRI NICE.

-~~~~e: be2  1~nn~r .1 ilteti:s,,'-so;i
f11l'i must 1no- :'ace b,-f~se th.s Mt~trt.,t.l' n't

l tab'-. tttrLL L- 1- , !II t t Iu !
is e wit: I 't - T n I:

s- fed t 11In J a:ip 1 Ii 1 1i it - -r .I

its f,, ir t 1n -1i. '. Th t o , hi w 1

- beilled, Itub' thee Thre Wtsttb

ari Lclt~ its w1i1. The ordulitin: 111r,
tntpisi~

3  
cr3. hinnermoyst tad- id t 1, j-,,..4

j- mn und ;sn-t'r Ant ot- hi-rte tuli"~~P' ~
inl w, trJ-r u r3. 1h- :t fill

it w.i ir v-1 -t rii it A Li- 1 C'' , I

1r'e i~f 11oit je1 fix, I it th* ir

tr it ; o t ris t h- - , t ; t
iit i rl-. T us thi- t-11 i-W-. tI

at r- Ind romp- 'and -l~- an~d the -ve.-q, iap .-

-J.

FXamj -fs frl l !-' 111-1 in it, i- 1, t). -
t rmal hav's b-i f-all; ic'-I Th, r, i- -
prr''1 rk-A, r-e 3d-ri i, i. ihi- M-ailim II-i

Ire.,. Wf17 wjthir t h" Ir r in', i-- o ,I"
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A NEW CONCEPT FOR FIBER OPTIC LAN CABLES

P. Rohner and G. Ziemek

Kabelmetal Electro GmbH, 3000 Hannover, West Germany

Summary. transferring the stress to the embejded
fiber. This paper describes the design of

A new concept for fiber optic LAN cables a LAN cable based on this new concept.
which shows promising results in
manufacture as well as in on-site splicing Manufacture of the Sub-Unit.
has been developed. The basic building
block of this new cable consists of a The availability of optical fibers and
ribbon-type sub-unit which contains ten glass-reinforced tapes called for the
optical fibers sandwiched between two design of a line capable of processing
fiberglass-reinforced tapes. These tapes measurable leigths of sub-units . Special
are bonded to each other and to the care had to be taken to preserve the fiber
fibers, thus providing perfect fiber properties during the bonding operation.
alignment . A stack of ten ribbons is fed
into a metallic corrugated tube fabricated A schematic representation of the line,
on a UNIWEMAS machine. The UNIWEMA® is which is 20 m long, is shown in Fig. 1.
designed to process a metallic strip into The fibers are fed into the line from
a longitudinally welded and corrugated individual payoffs. Two coils of
tube. The stack of ten sub-units is fiberglass-reinforced tape are paid off
twisted with a reverse lay (lay length: from top and from bottom with the bonding
500 mm) prior to being fed into the metai side adjacent to the fibers. A special
sheath. The tube can be made watertight by drive was developed to ensure that the
filling jelly in the space between the tapes are dispensed to the bonding station
core and the sheath or by introducing a without sticking or slippage. Special
hygroscopic powder. The corrugated tube is attention had to be given to ensure that
covered with a corrosion protection and a the strips are handled with great care to
polyethylene jacket, avoid spoiling the bonding surface.

7- Tape pay-off I Fiberglass-reinforced tape
General Considerations. Takeup

Optical fibers for long distance signal
transmission are known to be sensitive to C
increases in attenuation resulting from
mechanical stresses in the fiber. These Fiberpay-offs
stresses can be caused by mechanical Optical fibers
forces or by temperature gradients.
Consequently, a considerable amount of
time and effort has been devoted in the
design of a hollow tube construction which \ Bonding station
will prevent stresses in the fiber.

Out new concept represents a different - Tape pay-off -Fiberglass-reinforced tape

approach to the design of a stress-free
optical fiber cable. Instead of leaving Fig. 1. Production line of the sub-unit.
the fibers to move freely whenever outside
forces are applied, a member which absorbs Fig. 2 illustrates the fibers and
all stresses is bonded to them. This is tapes entering the bonding station.
accomplished by means of a pair of Single-mode 9/125 pm optical fibers were
fiberglass-reinforced plastic tapes which used throughout. The positioning of the
have the same coefficient of thermal fibers between the tapes is assured by a
expansion as the fibers. These tapes can guide which permits perfect alignment.
absorb a considerable amount of mechanical This feature is especially helpful in on-
stress before they elongate and start site splicing.
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5O.

Fig. 2. Guidance of sub-units Fig. 4. Typical sub-units.

The actual bonding is illustrated in Tension test. The purpose of the second
Fig. 3. Again, everything is done to test was to determine the tension forces
ensure that the fibers are handled with that could be applied to the sub-units
care and that the least amount of pressure without an increase in attenuation. The

is applied to the sandwich by two soft length of the samples for this test was
plastic rolls. The sandwich sub-unit is 600 m.
then taken up on a reel, ready for r ....... --- -. . .- -

testing. Tension a
(N) 1 (dB) (0/00)
200--.--0.. --. 0. -05 -------. ---

300 0 2.5

20 i 0 50

300 ! 0 7.5

400 0.02 10.0

500 0.02 13.8

Table 1

Table 1 illustrates the dependency of
strain and attenuation on the applied
forces. As can be seen, while there is an
increase in strain, there is no increase

Fig. 3. Bonding station in attenuation up to 300 N of applied
tensile force. Assuming that the pulling

As can be seen, the line allows for force on the sub-unit will be less than
any number of fibers to be sandwiched. The 100 N during its life time, this leaves a
manufactujing speed can reach up to perfectly safe margin for handling the
30 m min The fiberglass tapes are 6 r" sub-unit during testing, further pro-
wide, which is adequate to accommodate ten cessing and, above all, during on-site
fibers in a sub-unit. Several sub-units splicing.
which have been manufactured and tested
are shown in Fig.4. Tempe.:ature cycling. In order to

investigate the effect of temperature

Fiber Properties in the Sub-Unit. variations, the sub-units were measured
between --201C (-4'F) and +601C (1401F).

Testing. The tests were conducted at the 1,300 nm
wavelength. The test consisted of two

Sandwiching. As a first step we had to consecutive temperature cycles. Table 2
investigate any possible impact by the shows the results of the temperature
manufacturing of the sub-unit on the cycling tests: there is almost no

fiber properties. All tests on the deviation in the attenuation within the
individual fibers before and after given temperature range at this
sandwiching revealed,in the worst cas , wavelength. Tests conducted at the 1,550
an attenuation increase of 0.1 dB km . nm wavelength showed a considerable
Most fibers in the same sub-unit did not increase in attenuation at -200 C(-4 0 F).
exhibit any relative difference.
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This condition will have to be improved
in the event that this wavelength should
be used in the local area network. F core tuae torslho TIC .6101.9

f Attenuation at 1,300 nm

0 -20 +60 0 -20 +60 +20 (*C)

0 -4 +140 32 -4 +1i0 +52 ('F)

0.39 0.39 0.37 0.36 0.38 0.35 0.33 dB

Table 2

Twisting. For the bending properties of
a complete cable having a stack of sub-
units as a core, it was interesting to Fig. 5. UNIWEMA® System
determine whether the sub-unit could be
twisted and, if so, how often over a given The corrugation process shortens the
length without having an impact on the smooth tube between 10% and 20%.
attenuation. Therefore, the stack speed is slower than

the speed of the smooth tube. Their
The tests revealed that a 10-fiber sub- relative speed can be adjusted depending

unit could be twisted five times on its on the desired restraint one wishes to
axis over a one-meter unit length without apply to the stack within the tube.
a noticeable increase in attenuation. It
was therefore decided to twist the stack Fig. 6 shows the stack entering the
two to three times per meter during UNIWEMA® machine. The reverse lay is
manufacture. imparted to the stack by means of a me-

chanical device driven by a reversing
Manufacture of a Cable with Ribbon Sub- electrical motor.

Units.

The ribbon type design of the flat sub-
unit was meant to be a part of a LAN cable
where a multitude of closely packed
optical fibers is required, along with
protection against outside mechanical
damage.

As a first step, a cable with ten sub-
units, each containing ten fibers, was
produced. This made for a total of 100
fibers which are carefully protected by a
strong corrugated steel sheath.

The UNIWEMA® system is illustrated in
Fig. 5. It shows that the metal strip is
cleaned, trimmed along both edges and
formed into a smooth tube, longitudinally Fig. 6. Manufacture of a LAN cable

welded and, finally, corrugated. The stack
of ten sub-units is fed into the formed During strip forming, a hygroscopic

smooth tube prior to welding. Feeding the powder is introduced to provide a

stack into the tube in a straight line humidity-absorbing substance. Petrojelly

would, in all likelihood, affect the can be substituted for the powder, if

bending properties of the final cable preferred (Fig.7).

along its two perpendicular axes. This is
the reason for applying a reverse lay to Fig. 8 illustrates the argon-arc

the stack prior to feeding it into the welding head in the process of seam-

tube, ensuring identical bending behavior welding the strip. A split-clamp

in all directions. The fact that the sub- caterpillar pulls the strip through the

units are free to move with respect to forming and welding stations and pushes

each other, enables them to absorb outside the tube through the corrugator (Fig. 9).

bending forces without affecting the
optical fibers.
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Fig. 7. Feeding the hygroscopic powder Fig. 10. LAN cable
into the tube

Splicing.

In the eyes of a cable manufacturer,
an adequate splicing technique is one of
the foremost imperatives. Therefore,
considerable effort was placed on
developing a splicing technique. One of

-the conditions was the ability to splice a
10-fiber sub-unit in the shortest possible
time, with the smallest increase in
attenuation and with the highest
probability for successful splicing at all
times. Numerous techniques were tested. It
was concluded that welding the fibers
would yield the best results. As is usual

-, for successful welding, strict cleanliness
and proper preparation of the edges are

- pie-conditions.

Fig. 8. Welding the sheath
Fig. 11 illustlates how tie two

fiberglass-reinforced strips can be peeled
off. The coating is temoved from the
fibers, ten fibers at a time, using the
conventional methylene chloride process.
The fibers are now clean and ready for
Cutting.

Fig. 9. Split-clamp caterpillar and
corrugator

Fig. 10 shows the corrugated tube with
the open stack. Corrosion protection is
appi jed over the corrugated sheath and,
finally, a polyethylene jacket is extruded
over the cable. Fig. 11. Peeling off the fibeiglass

re i nfo' cements
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A special cuttei was developed for the
correct cutting of all ten fibers. Studies
were made on high-speed film to ensure
that the cuts are properly made, even in
the event that the ten fibers are not of
exactly the same diameter. A special tool,
consisting of a spring-loaded diamond
blade jumping from fiber to fiber while
all fibers are under tension, was
developed for this purpose (Fig. 12).

Fig. 13. semi-automatic splicing of ten
fibers

Conclusion.

The newly developed multi-fiber cable
offers new possibilities for LAN cables
due to its simple design and easy handling
properties of its sub-units. These sub-
units can be fabricated with one to twenty
optical fibers which are easily
identifiable by numbering or color-coding.
By defining the direction of counting
within a sub-unit, any individual fiber
can be traced within seconds in a stack of
100 or more fibers. For safety reasons and
with the enormous amount of information
flowing through such a stack of fibers, a

Fig. 12. Spring-loaded diamond cutter for strong corrugated steel sheath should be
the simultaneous processing of applied to protect this valiable core.
ten fibers

The splicing was performed on a Acknowledgments.
modified, commercially available welding
unit. This device (Fig. 13) is micro- The authors wibh to express their
processor-controlled, with an electric thanks to Mr. G. Verdenhalven for
arc having a voltage range between 3 kV providing the extensive test data and to
and 10 kV and a current range between 7 mA M1r. H. Hofheimer of Cable Consultants
and 30 mA. Prior to welding, the fibers Corporation, Larchmont NY for his valuable
are positioned automatically with respect assistance in preparing this paper.
to each other by a light alignment and
measuring system. The modified fusion
splicer enabled us to position all ten
fibers at orce and to weld each fiber
following an automatic adjustment. The
alignment of each individual fiber to the
arc is made by the operator. After
splicing is completed, the joint is
covered with fiberglass-reinforced tape,
which renders it as sturdy as the test of
the sub-unit.
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SINGLE-!:ODE TACTICAL FIBER OPTIC CABLE ASSEIBLIES

B. V. Darden and K. Kathiresan

V. E. Kalomiris

:T&T Bell Laboratories, Norcross, Georgia 30071

U.S. Army Communications - Electronics Command, Ft.
Yonmouth, New Jersey 00703-5202

Abstract Cable Assembly Design

The design and development of a A completed cable assembly consists of
51ngle-mode ricer Optic tactical cable a 1-km cable terminated with hermaphrodi-

assembly for use in the bingle-Mode Fiber tic connectors at both ends as illustratej
,ptic Commuications System i5lAFo:SJ nave in Figure 1. A cross-sectional view of

been )ompletec. evelcpnent effort was tne cable and an illustration of tine con-
g-ted Uy tne detailec desagn crteria as nector are given in Figures 2 and 3,
reqaured by the "crtracting organization, respectively.
tIe J. 5. Army >-?".. A complete cable
a.ssettly consasts of ' -win cable ca)nt ain-
log t ~c tight 4-buf:fered si.rigle-m~de

.ptical fiber's terminated with dailex,
nermanrodibc connect or's. Fiber at i11Ze
im toe cable assembly is a stnJard Attt
single-'node ficer . Cne L'ale design .
based on the ear ier mlt imode Tactical
iber *tptic Cable Assemb! ly ('F r A , de ,gr,.

Toe connector design is also al a laptation
f tne mitinoue r CA design I oever,

0 1e to tie smAiler core d Imeter of tr.e
3-ngie-moce fiber further aesagr i mprove-
ments ,oere incor trated to atta ti.e

lont, Jdu ct i on

AT&t eli ".roratIrea A3 cmpleted
tne dve 7mr-nt of th1e .siingie-m.dn e tacet -
ca ab i asie7 ly for Ine ,Sngl,-Taide

-iber Upt i(''amunicat ions System Igur'. I M CaDe Assembly
,IMFJ S -program. Tnis development
r-ogrim was funJrd by tne 1.S. Army

mm n Iati~ns -lectroic:s -rmmari The single-mode fiber used in the
£: 14)J.' The cable assembly was des ign cable assembly is the standard AT&T

to m'et stringent specifimat inns imposelea
ty tne contracting agency. Tine esigt n s . esed clada.ng design which has been

snowrn to, h.ve xcepti ,rna microbending and
ica.lty a single-mode adaptation of tne macrobending ;errormance. For this appli-

Tat icalI F ibe r Optic Cable 455eflb ly cation, the f hers were prooftested to 11
T FUCA) whicn u.'es 5/125 micron maltimode Ma 1 h si ). These fioers can operatencar' and was).developederbycnAT&Tefor
ier, inI wa de veo,:pe d by AT &T fo- at botn n 1 1 n m and 1550 nm wavelengths.;JO.' Live its.' multimode .ounterpart

However, tests were conducted and the
tingle-mle unit is ruggediced for, se ,results are presented only at 1310 nm wave-in tactical enviroenments and it of°fersin ac ic l e v rloim-its ard i -o fer Ie n gt h. The fi ber is coated with dual

additl' nal advantages of longer unrepeated legh Tefiriscadwthulacryl ate coat ings which are mechanically
transmission distanc;es, higher bandwidtr, strippable. These fibers are then tight-
.nd the pot ent ial for I urt her, performance buffered to 1 mm (.039 inch) diameter with
improvements. This paper describes theIesign and development of this cable a polyester, elastomer. The buffering
aiemy ad enumeats oformcble test material is also mechanically strippable
re sumbly and enumerat e s performnc test in order to facilitate termination and

,omsuonnts . repair in the field. The buffering
material was chosen to minimize microbend-
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ing losses induced by exposure of the One of tote two fib er s In% t i crrL,:t-r

cabl e to t em per at ur e e X t remes f -4 " t 0 t e r T, I l rt e S 4 1 t n a p g i d tnt I r w I t t

7 1 C as r e q u i r e d by the desigp criter i . a1 ni ,,n s1 e e v e . A se i , ed I, c tor -

insert sibassemoly cont1i, the zi,.cr.nic

The core of tie cable contains two omponents. Special features prevent
Ouffer'ed fiber's wnlich at'c colfo .- i 1, fr water ingress airid allow toe pIg., j in

ijent ificat ion purposes. Ar if I yrns, sleeve to float rad ii Iy mld axisIhy t,

wnc are the main tensile ltIad-carryig properly align woen tw oil,Ot,'s art

member s, are stranded around tone tuffered mated. Ie front portio of! the s -

fibers in two opposing layers. Tne sheath 3 em ly, c >:t d tone ile',je ret.intr,
over, the arami I yarrs is a cormposite of ri.joises trie sleev,_e aol pr.',vides tri
*flame-retardant pnnyuretnan'- aid fo r Zonn' etor'5 herapir,d tic prui Ic.

epoxy -glass rei oforceme nt rods. Toe jte r

I*amieter of the oanle is .J m r 'j.os4 A dii -cast i ilminiu m nhi n et t1e
inch). The cable desigr is the same is coonrnector insert aol retainis tc h a lt -

the TFOCA canle design' except for t!e termioation nar ware. It 1-60 pr v le.

ft cr, storage space fr soc< finer. A tnreaded-
a rn. i or a jt 2,c uples tw, -,. ''r ,ct rs r,

connector di I.Oi~nad ecept , Ie. The

snI' 1 ldspi ig n it are dIs i gre to

/ J/ 2,'t* i C*s' N J t 1 S C '

tensi1 r; I a ra s 3 0t!i roi .

0 z5 Al p wit :zer ea itot , n to h

gne .. o1'--.*-Oec nnetor art gi - :J, t~p a qe .i4 u i c dr 'y *r,.,tm'-ri
ti rio t e ;e .: :. l x 2,:;.c.,,o.,..e "¢ lu ,a ;I - 'it ro {S or 0 tic I t .' cr[- i -

nv u r.,! 1 t c Ii en,. Y it- i
Tripcf tn~e ,t -f, 1 .a ly :i1 gi m i -Ati r, t7 fro , I T.

'lost e ' :lre3s a 3t 5i r 1 t

'1 * - g i '5 . t Ie ' ' e t' t ', t. )t r ,

ttr' _' ', j i s t i oemfIorr. o w r.ytie 1 r A dr-

/i r3 i, g

7 , me 1th . Je IT 1',e 1! 1 h 'T.r dt 1, :. r'ts

geigos j nid r K g I ,. A )'.I

LAnoi i " ,t he cr h v - ru s L a i Y, r

-' Iw F 'I , s r _ - ' n r e , -', .,
n/s1temir an -r- ut 1 d tia ' , .1 I i ' I[r!, .. 'L 4it .: -, t

*i oterfs c Oar Awt'

gnc reed s Sre lis -,r o ts ic/~ 2e,.

t 50, p m e r e fur, i t y rc '
1- , ati . of the c o ; i tLs.

( An ot nr ca ri j o1ut scQ- r wnt i 1t.e r
d- di fieen b e'wir Sr dt''a 5

cr ess e d phr'e Lisi :in o tnr nc o

5,en5 r'o'qii re u tr tone arg.- t-

i ;) p Iica t no) i

Performdance

The who> .caS3o ,taoe ijIy arid

el tr i vi i . cI i ponents fine" , uf'fer-'
fior, I _,a Ard conn ector) w:e or -
ect'il t ) t he r'''jii r, pt cA , env i er -

N tal, and reohanical peai r'orrioc'-' : tests.
The Iesults fo'' in iv ,du- i O!lpontrt;5 it,I
the assem' ly ire en kiri,,'ated In t ie foi ow-

1 ing p;iragraos.

Figure 3. .1MFJ 0 Connector
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Fiber Performance

opt ic and imensional reqJirements

befo-re being used in the cable. These
tests in,. u1e attenuation. atte nuation 02

uniformity, cut-off wavelength, mode-field I
ra us, c I i and cnating diameters, anre
eccentricity, etc. Tnough not required
inder trie levelopment program, tne fibers ,
wr e tested for response to environmentaI

temperiture cycLIng. The temperature
cycle used w4s:

t ~ ~ ~ ~ ~ ~ ~ ~~~~. aseIintIne s.mea3urementsCY"CI Icy=2i CYLE 2 TC 4 Y6*baseline the l'ss measurementsi -- - - i
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"
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days. TnIs tselr-tesm;perat re rel iinsl Ir
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i n: r on ent 3 be subjected to tnree i lel. Toe excellent ic elratd -giie
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fibers for the temperat are cycles is sow the ex.cellent performance f toe
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excellent performance with I maximum added
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Figure 5. SIMFOCS Buffered Fiber Tempera-
ture Cycling Test Results

110 International Wire & Cable Symposium Proceedings 1987



The cables pass t e r u eM nt f
O~~ria • Km max Lmim ildle 1 1 -ss f,.,r t~, te!nr _rA-

SMEAN MANure cyriles between -aU °% an 1 7 . Tr, e
:atle also passes the reqiirement for five

temperature cycles between -5;% an 5

aco)rnt ing For tn, oouay f the mne sjne-
sent system of I .% dhim. The miaximur
of mean alled los3 was at -nn)0 an1 was

0.0 1 1* - less than :0.15 aBlm . As a csmparlon,
the multimode T FDA ca le naI an adl eS
mean loss of less than J.4 diP/km as
opposed to the reqsirement of 0.D Oi/KT
between -551 and %52. This estanlishes

wee ---- 2 s 9 le, that the basic cable design is applicaie
. for both multimode and single-mode fiers.

TINP~fu C
The results of accelerated agirig test-

O - if e T - . ing of three J.5 em lengths are preaentel
.OFDAYS in Figure 8. Tnis figure, again, shows

excellent performance of the catle not
r e r. e ibCr A,-"- 7ny for the accelerated aging test, Out

e r t. A g ,,g ' ,Cit e s l s o f o r t h e u n r e q i r e d t e m p e r a tu r e c y l-

'ig netween -75°,_ anl !JO°C, Toe t mnnr -
atle errmnarc- ture cyclirig between -75o0 an3 1 110 wui3

idled to tnis aging test just to study r-e
Toev ::-'x " '.o, ,s ,neot f perfornmance beyon tone cable's design

*-e issef'., .ere s .jeote t a tatary limits. During the temperature cycling,
' ovk'o r1 a. , aol oetnanS 2a. at - - one riber an na a ad e I loS Of

t.3 n..n Oean t2 i s w 1 .- a ou t 1.C I Him, whereas the rema ni g
t ,ere w-s five fi ers were far tel tne rq ir -

" 1 t 1, 1n O. 9r'f er ent.
g. % " t iln , r.:.' ~ ,r 't, es e t I 1 .

w. 1-3 -eilg, t f ! It~eratdre # WORSTCASE

re* d a n C neav ia *~ 1o

i -,P =ef" ]re 'r, res ts temenrat ire 2
y g t t ree An s fr . "erig* s h.3

are -r', se n t Fesg r e . e s t ar s 0.5 0. 3

. r -r ' .ir ,"t 3a -nts inOCS REUEMENT
w ni re;r .ert ne it six t .st fibers.

wa' g3- o-'..s 1o 0 0.04

.. •. :F 0 0 0 0o0 o cam

TEWIRATu E, oc

a , 9." ••"I ' 0- P~ V' S S0 • *. • 0 eA VS1' 11
I  

1t Il
4

f k
$ e  

$ NO. OF DAYS

SI g Fgure b. 3IMFOCS Cable Accelerated Aging

Test Results

-o02
The cables were also subjected to a

C L IC CYCLE 3 Y CCU 4 _4CYCLE long list of mechanical tests. The
results of these tests are summarized In

tabular form. Table I presents these

rtuft"$"E. *tests, test procedures, test requirements,
and the SIMFOCS cable's performance.

Figure 7. SIMFUCS Cable Temperature Figures 7 and 8 and Table I clearly show
Cycling Test Results the SIMFOCS cables meet and surpass allthe optical, environmental and mechanical

requirements.

International Wire & Cable Symposium Proceedings 1987 111



TABLE 1.

SIMFOCS CABLES MECHANICAL REQUIREMENTS AND PERFORMANCE

TEST PROCEDURE AND SIMFOCS CABLE
NO. DESCRIPTION REQUIREMENTS PERFORMANCE

OPERATINA-45-FOTP-33 300N (Belbf), 6 MINS
30014 (Sibt), S MINS

TENSILE LOAD A !S 0. 1 doADDED LOSB.AS 0.2 do

EIA-456-FOTP-33 I 750W (4001biS.
TENSILE 178O N (400IbiS). E O ATON =

2 ELONGATION = 0.ST7%

STRENGTH ELONGATION < 2.0% A S 0.1
A -NOT SPECIFIED

DOD-STD- 16?6. 2020

COLD MANDREL DIA. = 30mm

SEND -46
0

C. 10 kq. I TURN

A S 0.2

DOD-STD- 1575. 2030DOD-TO-178. 0302.0kg. 15 cm. 200 CYCLES

IMACT 1.5 kg. 15 cm. 100 CYCLES 0.1
A 5 0.2

AT&T BELL LABORATORIES

5 KNOT DIAMETER = 30 mm A < 0.2

A S 0.2

DOD-STO-1678. 2040 6460N (i1900ibi),

S COMPRESSION 10.1 cm DIA.. 2110N (4751bf). S 0.

SA 0.2

EIA-455-FOTP- 104

CYCLIC MANDREL DIA = 30mM 10 kg. 4000 CYCLES

FLEXING 4 kg. 2000 CYCLES A _ 0.1
A 5 0.2

000-STD- 1678,4050

FREEZING ATER - 10C. 0 HOURS 0.1

IMMERSION -2
0

C, 1 HOUR

A 5 0.2dm

DOO-STO- ltS. 2000

TWIST MANDREL DIA = 10mm
SEND NOT RUQUIRED 10 k. 4000 CYCLES

A 0.1

AT&T BELL LABORATORIES
10 CORNER NOT REQUIRED 1 mm RADIUS. SOON (200I6f)

BEND
AS0.2

DOO-STD-1S7. 6010

11 FLAMMABILITY SO ANGLE TEST, S S SEC

EXTINGUISH S 30 SEC
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Connector Perfo rmance
AVG ;EV Go 238

The pr: J y design objectives of the , TD o

duplex connector are low coupling loss and *

field ruggedness. The unit is required to

remain optically and mechanically func-

tional under environmental and mechanical

exposures typical of tactical field appli-,-T
cations. Tests were conducted to evaluate 0I0

performance with respect to the require-

ments listed in Table II. Some of the i

tests are reviewed and the results
summarized in the following paragraphs.

TABLE 2 ~~IIi
CONNECTOR REQUIREMENTS 0.0 0.2 04 0.0 OS 1.0 1.2 14

__________________________________________________LOSS (dO)

INSERTION LOSS : 0.8dB MAXIMUM AVERAGELOS(8
* ISETIN OS .. 8d MX~4J AERGEFigure 9, SIMFOCS Connector Coupling Los:a

* MATING DURABILITY 1000 COMPLETE CYCLES

COUPLING TORQUE 0.75INCH-POUND MAXIMUM Mating Durability: Tnis test was
conducted to determine the mechanical

* SHOCK DROP ioFT. DROP6TIMES durability of the connector assemblies ai3
a result of 1000 coupling cycles. The

SSHOCK:40GSATOOTHPULSE,11msDRATION failure criteria includes visible physical

* VIBRATION:5-5OO-SHz. 15 MINUTE SWEEP. 4.2g damage as well as optical malfunction.

Loss readings were made at increments of

* CABLE RETENTION : 178ON (400L8.) 5D matings. At the conclusion of the
test, the loss in each channel was within

CYCLESAT C 551C 0.09 dB of the initial baseline realings.
Tne maximum loss increase observed during

* TWIST LIFE: 1000 CYCLES AT-200 C the test was 0.24 dB. The connectors were
cleaned once after 750 matings.

5 HIGH TEMPERATURE : MIL-STD-8D. METHOD
501.1 (71 0 C) Mud Immersion: The connector was

" LOW TEMPERATURE:MIL-STD-801D, METHOD designed to allow quick access to the
502.1 (-57 0C) biconic components so they can be easily

cleaned after mud immersion. This aspect
* WATER IMMERSION:2-METERDEPTH, 24HOURS of tne design was evaluated by subjecting

" HUMIDITY :MIL-STD-810D. METHOD 507.1 a connector pair to 10 cycles of thle
following sequence:

" SALT FOG : ML-STD-810D. METHOD 509.1

a. decouple and immerse each end in a

* DUST : MIL-STD-810D, METHOD 510.1 mud bath for 5 minutes;

b. water rinse, wipe clean, anI air
dry;

Coupling Loss: Coupling loss measure-

ments were made by concatenating pairs of
plug-terminated 1-km cables randomly

selected from a group of 16. The coupling The maximum observed 10a 3 change was .13

loss was derived by subtracting the dB.
cabled-fiber attenuation from that of the

measured assembly. For 60 couplings (120 Cable Asseribly Performance
channels) the mean loss and standard devia-
tion were 0.67 and 0.24 dB, respectively, The 1-,m long cable assemblies, includ-
as shown in Figure 9. ing connectors, are required to be sub-

Connector-loss measurements were also jected to a battery of environmental and
mae using the cut-and-insert metod mechanical tests to insure reliable perfor-

mae uinr OtiTes ut- edr mNO per mance in the tactical field environment.
CIA Filer Optic Test Procedure No. 34 on Table II1 lists the tests. Sme of the

four 12-m long cables. Average loss was

0.55 dB with standard deviation of 0.11

d8.
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TABLE 3. - o ;, 5

BATTERY OF CABLE ASSEMBLY TESTS N " '"

S25

ATTENUATION
20

STORAGE/TRANSIT TEMPERATURE

HUMIDITY
SALT FOG r

IMMERSION 0 00 36 10
TEMPERATURE CYCLING 00 02 04 0o as ,o . .1 is I o

LOSS (10)

VIBRATION

SHOCK Figure 10. SIMFOCS Cable Assembly Loss

Attenuation: Attenuation measurements Acknowledgements

were made by concatenating pairs of plug- This development and testing was

terminated 1-km cables randomly selected

from a group of 16. For 64 couplings (128 supported by a number of people from AT&Tchannels) the mean loss and standard devia- Bell Laboratories and AT&T Network Systems.
1.08nels)themeanloss and d r t vy The authors gratefully acknowledge theirtinn were 1.08 and 0.23 dB, respectively, o t i u i -s110nwerecontributio s.

as shown in Figure 10.

Storage and Transit Temperature: The References

cable assembly was exposed to temperature 1. U. S. Army CECOM Contract No:

extremes from -551C to 85C to determine DAA807-85-C-K565.

whether adverse effects would result from

storage and transit environments. Maximum
los icraseoberedwas0.9 B.2. U. S. Army CECOM Contract No:

loss increase observed was 1.09 dB. DAABO7-84-C-K551.

Immersion: The cable assembly wasimmersin Th cabwihe asemb wa r 3. A. C. Jenkins, C. R. Lovelace, M. R.
immersed in s tank with one meter of water Reynolds and V. E. Kalomiris, 'A

covering the unit for two hours. No Tactical Fiber Optic Cable,

evidence of leakage was observed. Tcia ie pi al"
International Wire and Cable Symposium

Conclusions Proceedings, 1985, pp. 82-87.

4. J. M. Anderson, B. V. Darden, B. G.
Tnesiglemoe dplx tctcalcaleLeFevre, V. K. Kalomiris, "A Two-Fiber

assembly described herein meets 
the

requirements prescribed by the project Tactical Fiber-Optic Connector,"
reirehes U.eS.rmedy he prohet aver-International Wire and Cable Symposiumsponsor, tne U. S. Army CECOM. The aver-

age cable-assembly loss of 1.08 dB is well roceedings, 1985, pp. 286-292.

within the system transmission loss target

of T.4 dB for cables. Low-loss fiber,

cable, and connector designs have been

integrated successfully into the assembly.

By adapting the basic TFUCA design and

AT&T's single-mode fiber technology, con-

siderable development effort, time, and

expense was conserved.
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FIELD DEPLOYABLE FIBER OPTIC CABLES

Thaddeus R. llijasz and Ronald L. Ohlhaber

Belden Wire ard Cable - Cooper Industries
Technical Research Center, Geneva Illinois

as a central core. This produced a cable that
Summary provided stable transmission over the temper-

ature range, however, other difficulties

Fiber optic field deployable cables have been occurred in actual field applications. These

used for many years in a wide variety of field problems can be grouped in three

applications not necessarily associated with the categories.

military tactical environment. These include

transmission of video signals for electronic ]) Method of deployment and take-up. Although

news gathering, at major sports events, and most cables are paid-out and recovered by

as data busses for signals from transducers in using a reel without too much difficulty,

geophysical testing. For these applications, alternate methods can result in major

the survival requirements or a cable can be more problems. Some of these other methods are

demanding than in a military environment, the following:

Experience with early field deployable cables a) The cable is recovered by a mech-

containing two to six optical fibers in a tight anically powered take-up. Such

buffer design indicated the potential for equipment can often generate huge

improvements in their mechanical properties, elongation forces when the cable is

Some cables exhibited major changes in trans- restrained by a snag. A monitoring

mission between on-reel and service conditions, device and slip clutch are needed on

the take-up to limit tension on the

cable. Another alternative is the use
Experimental data will be presented on various of safety shear pins which fracture

secondary buffer coatings and the trade-offs when an overload is applied.

possible with this component. Consideration

will also be given to strength members such as b) The cable is pulled over the reel end

aramid fiber and how options such as the braid or from a storage barrel. This method

helical lay can affect tensile elongation, causes a 3600 longitudinal twist in

the cable for each turn removed. The
introduction result is a cable that probably won't

lay flat. It will also tend to get

Field deployable cables must meet two contra- knotted, kinked and snagged. Replac-

dictory sets of requirements. First, they must ing the cable in its storage container

be rugged enough to withstand rigors of an can increase the twists and result in

unprotected outdoor environment which contains worse problems during the next

temperature extremes and various forms of deployment.

physical abuse. Second, they must be light

weight and very flexible. In addition, the

cable test requirements must be commensurate c) ThE cable is paid-out and recovered

with the intended application. For example, ono loop at a time while being carried

-. rly military cable impact test requirements on the shoulder. This method places

were excessively severe while a knot test was low force on the cable. However,

n(ot required. rcpeated deployment and recovery using

the same direction winding will again

Field Experience place longitudinal twists in the

cable. This again causes problems

Initial field cable designs were driven by the identical to the prior case.

need for excellent optical performance over a

wide temperature range such as -55 to +85°c. It should be noted that all these methods are

This was due in part to the system optical power successful with non-fiber optic cables.

budget required for 85( nm electro-optic devices Additionally, the prior methods can leave

available at that time. Consequently, many of residual strains in the cable when stored.

the first generation cable designs contained a This may lead to a failure after one deployment.

rather large 1.1 mm fiberglass epoxy (FOE) rod Figure i shows a cable that passed its required
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Figure 1. Fiber Optic Cable in Storage Drum. Figure 2. Cables After a Rodent Attack.

attenuation performance while on the shipping The one method of handling cable breaks in the
reel, however, it later failed in the drum field is to have additional cables available for
container. This can be attributed to fiber substitution. However, the economics of cable
microbending losses at the cable kinks and repair make eventual splicing very attractive
bends, for the damaged cable. Figure 3 shows a cable

that has been repaired for various reasons at
2) Animal attack. Many accounts of animal six locations over a 600 m length. To date,

attack have been reported. Some were some field cable applications have seen three
anticipated, but the severity of this generations of improvement in cable repair
problem in some parts of the world was not techniques.
expected. For example, in Egypt it was
reported, "The rats here are as large as
cats and eat absolutely anything." In
Sumatra, "Can you deliver a cable with a
much thicker jacket? The rodents here chew
anything they can get their mouths over."
And in the Western U.S.A., "The cable
cannot always withstand the action of
cattle hoofs." The weight applied by a
cattle hoof doesn't seem to be the problem.
Instead, it appears that the wiping action
of the hoof movement causes internal

damage,

There have been many attempts to make a
rodent-proof cable. However, the most
effective cables have passed Rural
Electrification Association (REA) testing
with the use of a metallic armoring system.
The result of an attack on a double-
jacketed cable with a stainless steel braid
by a pocket gopher is shown in Figure 2.
This cable passed the test, but the armor
added considerable weight to the h
construction.

Figure 3. Repairs on a Fiber Optic Cable.
3) Other field problems. This category Based on these experiences, fiber optic field

contains human errors which probably are
the major cause of cable failures. Such deployable cable must be considered expendable
things as accidental machete slash, in that it cannot withstand every environmental
vehicle attachments, crushing in dcors and hazard and can only be repaired a limited number
numerous other unforeseen events lead to of times. Also, customer and manufacturerthe damage or disruption of deployed coordination on methods of cable handling can
cables. alleviate potential problems.
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The preceding experiences indicated that many
properties of cable design could be examined for
improvement. The following areas were selected AIN
to improve physical performance: ANVIL-"A NVIL

1) Impact resistance and the fiber
secondary coating.

2) Microbend resistance for reduced
localized loss.

3) Flexibility via suitable strength
members.

Fiber Secondary Coating Figure 5. Cable Configuration During Impact

An early cable design employed a soft, .7onformal Testing.

secondary buffer coating with a Young's modulus
of only 800 PSI. This cushioned the fiber in a Other tests such as twist bend and flex were
construction, however, it did not offer much aid performed. However, these tests revealed no
in physically protecting the fiber. A tougher, distinct advantage to any of the four con-
harder material with a modulus of 30,000 PSI was structions. All constructions passed these
also investigated. A comparison was made by tests.
performing impact testing on both types of fiber
coatings in a cable construction. Microbend Resistance

These fiber coatings were tested in two styles In addition to improved impact resistance, it is
of fiber cable, see Figure 4. The first had a also possible to improve the microbend resis-
single thick 1.75 mm wall jacket and the other a tance. This makes the cable less sensitive to

dual jacket with a 0.5 mm wall inner jacket and the bending losses.
1.0 mm wall outer jacket. All four cables had a
6.0 mm O.D. It is extremely difficult to account for all the

forces creating increased attenuation in a cable
construction on a theoretical basis. One goal

is to have a fiber buffer coating with a high
modulus that offers maximum lateral protection
while causing minimum microbending. This topic

has been the subject of an intense industry-wide

investigation (Ref. 1 to 9).

- Many different fiber coating schemes were
examined including one which had five coating

layers (9). Again, a single overcoat of a
harder material was selected on the basis of
simplicity and the belief that the fiber would

still achieve acceptable temperature

performance.

Microbend testing of various secondary coating
materials was performed by pressing the fiber
between plates containing sand paper surfaces as

described in the current draft of EIA FOTP-68.

The results are shown in Figure 6.

Figure 4. Single - and Dual-Jacketed Two Fiber

Field Cables. Strength Member

In order to improve cable elongation properties,

The results of impact tests on the four cables a careful evaluation of strength member config-

revealed that the higher modulus fiber secondary uration is necessary. Both braids and serves
buffer coating produced significantly better can be considered with particular attention to
protection. Also, the double jacketed cables the braid helical lay. The popular method of
produced a higher level of impact resistance, describing a braid is in picks per inch (PFI)

with a "pick" referring to each crossover in the
During impact testing, initial data seemed braid.
inconsistent until it was determined that the
exact point of impact was very important. If When comparing a braid to a served strength
the lay of the fibers in the cable were over member, there are significant differences. A
each other at the impact point, as shown in braid is a balanced construction while a serve
Figure 5, they broke much sooner than if they is not. Axial loading a served cable results in
were side by side. the core tending to wrap around the serve. On
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3- Cable Compressive Pressure vs. Braid Helical Lay And Radius

Z
25- -Bare Fiber

Z = Pressure
2- X = Lay 11 to 4 inches)

. Y = Radius '2 to 0 inChesi

1 5

Soft Coating

5-/
Hard Coating

0- I I I I

0 50 75 100 125 150 175 200
Load glmm Figure 7. Cable Compressive Pressure Versus

Braid Lay Length and Center Radius.
Figure 6. Fiber Microbend Resistance Tests.

However, if the PPI is too low, there is a riskthe other hand, a braid tends to compress the of unacceptable braid movement during a
core when under strain. This can be signifi- twist-bend test. This can result in movement of
cantly reduced by selecting the proper PPI or the core through the braid as shown in Figure 8.
braid helical lay for a given core size. The Here, the core element has been exposed due to
pressure exerted on the cable core can be friction between the outer jacket and the braid.
modeled by: This results in eventual increased fiber

P = As (27r)
2  

attenuation and possible damage. A served
strength member also has this potential problem.

WL [(2Wa)
2 

+ L211
Central Stabilizing Memberwhere P pressure

A = tension along cable axis For cables with more than two fibers, a central
a radius of helix member made of fiberglass epoxy (FGE) can be
W width of strength elements employed to improve temperature stability. The
L lay length, thickness of this rod determines cable rigidity.

It can be rather small to make the cable moreTo calculate the pressure, the effective "W" flexible and allow it to pass a knot test. The
must be determined. It depends on the following trade-off for doing this is a larger net thermal
factors: coefficient of expansion for the cable. A

1) The width of each strength member end
wrapped on the cable.

2) The number of strength member ends.
3) Voids, coverage and crossover area of

the braid.

As an example, let's assume the area of double
coverage at crossover equals the area of voids.
Then the prior equation becomes:

P = A (2 7r)
L 1(27ra)

2 
+ 1.2]

Figure 7 is a graph of this expression which
shows that the pressure on the cable core for a
large radius braid is greatly influenced by a
lay length of less than two inches. The lay
length and core radius also determine the
helical lay angle or the PPI. A low PPI or
helical lay angle applies the major contribution Figure 8. Braid Movement Resulting From
of the strength member toward elongation Instead Cal Flein.
of core compression. Cable Flexing.
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simple comparison of the net thermal coefficient
of expansion for a 1.1 mm vs. 0.5 mm FGE rod was 3. G. S. Brockway and M. R. Santan, "Analysis

made using a b.4 mm O.D. cable construction. of Thermally Induced loss in Fiber-Optic

The calculated result was a 33 percent increase Ribbons." The Bell System Technical

in the net expansion coefficient. Journal, April 1983.

Overall Cable Structure 4. Yutaka Katsuyama, et al, "Transmission Loss
of Coated Single-Mode Fiber at Low Tempera-

Combining the prior components leads to cables tures." Applied Optics/Vol. 19, No. 24/ 15

which have a higher modulus buffer coated fiber, Dec. 1980.

the proper braid or serve and an appropriate
central core. The resulting cables provide 5. Fumio Yamamoto, et al, "High-Modulus

performance properties listed in Table 1. Here, Low-Linear-Expansion Coefficient
an early cable is compared with a current Loose-Jacket Optical Fibers." Journal of
design. The result is conformance to all the Lightwave Technology, Vol. LT-2, No. 2,

desired test requirements. April 1984.

Conclusions 6. Tetsuro Yabuta, et al. "Excess Loss of
Single-Mode Jacketed Optical Fiber at Low

Based on information from tield experience, Temperature." Applied Optics/Vol. 22, No.
cable structures were redesigned to optimize 15/1 August 1983.
their performance. It was found that harder

secondary bufter coatings on the fiber, smaller 7. K. Masuno, et al. "Optimum Design of
stabilizing elements, double jackets and an Coated Optical Fiber Considering Excess
improved strength member configuration could Loss at Low Temperatures." Journal of
substantially improve performance. Optical Communications, 1982.
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lable 1 Mechanical lesting of Six Fiber Cables.

Mechanical Maximum Test
Parameter and Change in Methods Early Current

Requirements dB/km DOD Std. 1678 Cable Cable

Impact, 200 Impacts 0.5 203i Fail Pass
at 4.4 N-m

Tensile Load, 1.0 3010 Pass Pass
600 lbs.

Cycle Flex, 0.5 2010 Pass Pass
2000 Cycles

Cold Bend 0.5 2020 Pass Pass

Temperature Cycling, 1.0) 4010 Pass Pass
(-55 to +85°C)

Compressive Strength, 0.5 2040 Fall Pass
600 lb. Load, 4 inch
Plates

Ice Crush 0.5 4050 Pass Pass

Twist Bend 0.5 2060 Pass Pass
2000 Cycles

Knot Test 0.5 - Fall Pass
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FIBRE OPTICS IN DYNAMIC STRAIN CABLES

DR. TREVOR R. SMITH - STC DEFENCE SYSTEMS (UK)
MR. DENNIS R. CARTER - MINISTRY OF DEFENCE A.R.E.(S) (UK)

requirement, but this was not considered
SUMMARY relevant to dynamically strained cables

in the context discussed in this paper.
The paper examines the development of a
load carrying electro-optic cable assembly Perceiving the obvious advantages of the
typically used for naval towed applications. properties of optical fibres, STC Defence
As a full scale research and development Systems and the Ministry of Defence,
exercise, different arrangements and posi- Admiralty Research EstablishmentSoulhwell,
tions of fibre optics were incorporated Portland, jointly set out to develop the
into the design to allow the evaluation of technology for introducing fibre optics in
manufacturing parameters to be undertaken dynamically strained cables. A tow cable
in order to determine suitability for long design was selected as a suitable study.
term operational use. This paper describes the background to the

design and evaluation of such a cable. InCoupled with the design and manufacturing many cases we have had to relearn the
programme was an extensive series of land obvious. Hindsight is always helpful whenbased and sea trials, which have proven you have a track record, but is no use
that an adequately ruggedised fibre optic without knowledge of the full limitations.
element, if correctly positioned within Foresight when extending the boundaries of
the structure, is capable of withstanding knowledge, without the base data, may lead
all the rigour s of operational service. you into uneconomic or too conservat ire

des i gns.

Strain Cable Design

A dvnamicallv strained cable consists of
FI1B1RE OPTICS IN DYNAMIC STRAIN CABLES a series of cores helically laid up in a

manner to give long term performance, all
Int roduct ion contained within a plastic sheath. Two or

more layers of contrahelically wound highCopper cored cables have been extensively strength -alvanised steel wire is wrapped
used for many applications in Naval and around this sheath to take the dynamically
offshore appl ications, in which the cable imposed operating loads and provide torque
is continuously ,xposed to stressing both balance. The optical fibre units had to
static and dynamic. Over the past 30 years be designed to withstand not only the pro-
considerable- expertise has been built up jected operating loads, but also the handling
in the design and application of the cable and manufactuiing loads, since these are
technology. Specialist techniques have far more demanding than for convent icnal
evolved to give high performance and high loose tube tl -ecommunication cable design-;.
rliabil it v. A cable was tiesigned which satisfied the

need to investigate different positionsOver the past decade considerable develop- for opt i cal fibre cores in an elect re-optic
ment has taken place in the development of centre. It contained both reinforced singleopt ical fibres, methods of buffering, rein- fibre units :and a reinforced quad. Whilst
forcement and nuclear hardening, but most of the former was a well tested design, a sub
this technology has been directed towards programme of mechanical tests was necessary
mainly static systems land telecommunications, to prove the suitability of the quad unit
pylon mounted data links, fixed installations, in the dynamic mode prior to its inclusionetc. However, there was little data or in the cable. Also contained within the
experience of fibre optic cable systems in development tow cable were electrical power
dynamically strained environments. The conductors necessary to energise wet end
onlv experience available applied to bundles instrumentation in future sea trials.
of optical fibres being included in umbili-
cals for ROV where bandwidth was the major
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Two lengths of electro-opt ic cable were pro- intention of evaluating the strain changes
duced with particular attention paid to the in the reinforced optical units during
performance of the optical fibres during cabling. For reasons described above these
cabling. For each production stage, process units became redundant although they were
dev'elopment was undertaken to provide the cabled as intended to preserve symmetry.
fibres maximum chance of survival and ensure
minimal deterioration of optical transmission Power Cores
properties. Three 19 strand copper conductors functioned
In parallel with the development of the tow as the power link to energise wet end elec-
n atronics. The diameter over the high densitycable, STC and A.1t.E.(S) organised the design polyethylene insulation was identical to

and construction of an optical transmitter/ the optical quad unit (3.62 em) to obtain

receiver pod for use in the planned sea

trial. This contained a loss monitoring a regular formation.

system for the requisite number of fibre Cable Lay Up
channels and ut il ised one channel for trans-
mission of depth information. As shown in Figure 1, the three power cores

and the optical quad were laid around a
Upon completion of the cable development, reinforced single fibre. The remaining two
one cable length was submitted for land reinforced single fibres plus the two rein-
Simulat ion tests whilsl the other was forced constantan wires were laid into the
prepared w\ith mechanical, electrical and outer interstices formed by the major units.
opt ical terminat ions in readiness for the
towing trials. The whole formation provided a means to

invest igate the effects of cabling fibres
TOW CABLE DESIGN with no helix (centre), a single helix

(outer interstitials) and a double helix
Fibr, Optic Units (quad).

The basic fibre used was 50/125 micron
graded index type, designed for mult imode
transmission at 850 nm. Each fibre had a A solid extrusion of low density polyethy-
thermoplastic secondary coat of polyether- lene functioned as external protection and
ester elastomer, and had been subjected to an overall water barrier for the electro-
a proof strain test of 1; elongat ion, optic centre. This material is widely used

in conventional electrical towed array
Two types of unit were included in the tow cables for its flexibility and resiliance
cable design; a reinforced single fibre and to marine degradation and can be easily
a reinforced quad. The former was an exist- moulded to form pressure tight terminations.
ing design which had been developed by STI,
Hlarlow for use in single fibre dispenser Armour
applications. It included Kevlar reinforce-ment over the fibre and an outer jacket Particular attention was paid to the designof polyether-ester to 1.5 mm diameter. and processing of tile double layered external

of plyehereste to1.5mm dameerstrain member to avoid excessive twisting of
Three such units were produced for each sri ebrt vi xesv wsigoThree sucgh uitan wereprodud fo eathe cable at any stage. Its helix lay angles
cable" length with an over-extrfusion of

and wire sizes were chosen to give torsionallyethylene bedding compound applied to the balance between the inner and outer layers.fibre forming the( cable centre, aac.ewe h ne n ue aesIn addition, special techniques were employed

The quad unit was purpose designed for the during application of the high tensile steel

i 20.3re mm arinitisterettical minimum benrekntos cable. It was originally intended that wires to minimise rotation of the centre.

two fibres should be combined with two
insulated constantan wires although the The diameter of the completed tow cable was

design was later changed in favour of four 90.3 mm and its theoretical minimum breaking
fibres. This was because it was found that load was 20 tonnes.
the constantan cores could not be used for
strain evaluation during cabling due to
the process length losses. The four cores

were twisted together at an appropriate Cable Development

helix lay angle and with Kevlar reinforce- The cable de-cribed above was produced inment members laid in the outer interstitial two lengths 368 and 573 m, the former being
spaces. The reinforced quad was then over- for land testing and the latter for extensive
sheathed with a solid extrusion of high sea trialling. The difference between the
density polyethylene giving the finished two cables existed only in the design of the
unit a diameter of 3.62 mm. optical quad unit. This contained two fibres

plus two constantan wires in the land testConstantan Units lengths whilst the quad for the sea trials

Two Kevlar reinforced, insulated constantan contained four fibres.
wires were included in the design with the
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and opt ical signals back to the shipboard uis monitoring of optical loss es within The-
receiver. The opt ical power levels sensed tow cable. Thu syst em al so included circuit iv
a t the receiver were converted into voltage to t ransmit and decode info~rmat ion on thoe
oiutputs which were fed to a laborat ory via depth of the( cable t erminat ion.
a multicore deck cable. In this waN t he
losses introduced by the o pt ical cores The wet end t ransmitI ter, powered vIa ill- I WA

within the tow cable could be monitored Cabe IC(on ta 1ined tjive LED Is produc 1ig amip] itude.-
during towing. Diagrams of this arrangement modul ated light at 850 nm wavel.-ngt h.Tb
are shown in Figure V, and 7. modul at ion freqluency was fixed for the four

channels involvet-d by simple poiwer mon itoting
The Fibre Opt ic Cabl e and cont rolled by t he pressur, i ransducor

A 573 metre length of armou red tow cable, outpiu t in Thbe fif thi charnel

as- described above, was used for Tb.- receiver, moun ted tIn the( sh i pboard Ainmb
he sea trial. It c-ontaine-d three opera- contained t iv,c PIN diodf.-s which sensed opt ical
Itonal fibres within the qulad unit plus; one ,ga upt rmtt prtoa ir

I i r d isplIa ,vi ng h igh at teInuatI ion (>10 db3 / ina Ou r . tpeopuS rmthe foplet, dtralc. A ir,
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I. I.- I, I ta I-i I t t%,i Ii Inf b4tl -li at f f II~ %l(i d "1T

-~~~~~~~~~~ III *a I t* - t i . i d l, , ti. ;o . it I I t i% cab) It.

ii1 1 :7_.IAI Il 1':(11hirl sIi:ti I- aid stead\ paossage- of the, pod and dr-91-gue
Ia a-' ' aVI 1 1* Ittn XkII I' Ia-c ightI kh IIlt twing, IipproxtImatr-Il\- 1001 mTreo I s ofI

h ;irg and ti- pn r,% nt I t ii, t ig I-, tip.fj-- 'ail %aas at tat-hod To the, towing rI,- ot
-0' 1 11 nt. I - l, o and thlreade-d througt h e l(-ritrc ef

Iii dtigii,. Tihis not otit l imtti rved silahillt%
ft 1st l ti ng, but a 1st, i-,at d a smialI

I ii,.do 'h. alit-t ight i mpart mrn AT-It1. lak-tI ,.-n ion on Ilht- sys, t priior t o itt t-
-I aP Ii. qt i cal at1-' 21 -i liit.Ti ISs t he ttnt:itt.r p . Ths i.Ip

r--titIr-oul t biut T iit ,nn-c rs ailich -, p ll t r dan i alt I- ind T i. dii Itt
a~~~~k tt . , an ta I, t n Ic Ia itd du rlt- I- 'l.wid-g ve

ia.- -t I t Mlii , - ip ii : I no' t h, It - I d

lii. tow i-ab ,lea is -otiatInel on tbh,- slioot
II nt atI rid A1 a tb lit t i,. p-.1 ll th ai. i -In rg ak i tie dtum occ up i ng ap pr4x iiat I v on.- anid

-t thr d, pt I i t trn (itur-rt %b iii was ,- rti.-c Ii , a1 ha I f I a'.r s ll n -I lii I Iyl rei-ov,-nid . Its
'Ii- tillist I tt I- i- % a T ;I rlii~t I I roi:la p ,Il ug inr-t- I,itdf as p 1as sedI th I-oIu gh a n et -x i In I Itio-

andt s-, kr-I . Tb. - a rn ,du- it -"- , ,Ii fI wa d iuIn I' s 1i lat Ig e ;,tI d I-Iam1111,-d IitIi-) a uIint it t- n I
Ii,-% (Ian (I I sraeI-( tt- tIhe nec, atI tI i,- ta pmsi - 11111111,nI Ii c,-in nr-I-tI til ii, t o t ii)

Inig I r-.Iil if th, poid andi oa-- expo.sed ti 4r 1I.-I, I iiur.o t
i.% t -1 prt- I ,ut-ro- t 11roigb A Inin ,- dr- I .-II Iof ini

'hr- nis,,- c 5. I on. It t Ihr - i ,u I-a id pliscilgo I Ii i, cali I trim
Iih, itttm, Tb. ihl, IhIIt-st, routd( -d t he gu id'-

Ftan sm itII tr R,-.- .It%-r Pait- l] I.1 1-v to % II I, r- at r i II I I, ani-h. Tb.-, fotxI-

TIr- t t-ansm II t IrtI, a n(I rr-(, -- it --t- paI t- we .- II) T1--1 IL IC, w . e ., y pr - -,I ai

i1l ,stgn-I atel boi t I D r I I,- I vI rig I ral ilttI I , t", at tat-li-i ii i s I Irattir-work . Tis
IbriIr ptrI mai-. I it oIion Aas I. .- taihl toI ni I Iin- Ii1 l (d :L it, niits If, motlttot-It , ig -,-I)I i,-tsI on

;it a n% t i m. ii i ing l, it i , i ing or,
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i'ver\tens ions and ship manoeuvres.

'Ihi' cablo Aas then deployed from an elevated Straight Line Towing
guid.' pill ley which wkas sulpported by an A

r'arm. at the stern ,f the t rials vessel lirel iminarv Trial
1'ig e10 ). Th s co IO~d be pilkoted seaward lBefore immersion of the t ransmi t ter o~r move-

tofacil it ate sale immersion of the towked mn ftecbe h ytr a ciae
, I rom. the frumior byo an arrngeened on deck. Th is confirmed sat isfactory ope-r-
from th go a 1. pioted s- anarameen ohi f at ion of the three act ive optical channels,,ri~goall% pvotol sb-famts wichand a very low output from the defectiveallowed free movement lin all plane~s. A fhv(h ano h eevrapii

eo tr-,'igtpo)sitioned above this faire (hedgain mafithed recivr api iiin-1
a iang-meirensured that tht. pu I iv'scaio hdbenmxmscdfrtscanl

weight would not dictat e the cable posit ion. 'rh deck cable was then disconnected i-

I is trumeniaio allow approximatecly 200 met res of cabli- to
be deployed. Us inrg this short tocw mode ,

Thi' r-eecnal o)utputs from the uinch-mounted the operaition oif all monitoring syst.-fls
opt ical receiver weore carriedl to theo. trials was cho'cked. It was noted that after

lahrarrvvia a molt io'dick .'abl,-. cigising the' system a stabil isat ion pe riod
Ti- .rf- mon itorc'd using cali ibrat i-c chart %%as net'c'SSarvN. This was believeid to be, a

recrdes... ' ideil iv% A.li.l'.tS). res-ull of change in ambient ti'mpc'ratui'i of
he t ransm it t er from t hi deick s towagt,

Itn a s Imil 1a r wvax%, ou tpu t. f rom t he ship') s po)sit i n to) The towing mode.
,. itch arid a t, %%('d log all owed i'abl e tnsion
atl slPpic to bet r,-i'orcb'd alOngsl te pod( Thin-, fl I owked an i ncr.'ase lin shiip spo,,d

,.-pthI and ,It ical lse.frorm -1 to) t3 knojts, under gen tc-' 1.-rat io)n
and thin a r-eturn to -1 knots. This was

<nci- all utifat red cables, strum when t oAwd i'epea, '-c to I ctAI uaI fy t i out put fro)m t hi'
dlu- T i' t x shiddJig, thei( ampl i t uoe and t owe d ],g and To- icompare itIs value w it Iih

r,'ili'ri' i-(is , M(asircd by* W'11 a---ret) k'r' the dfisplIay of sh ips spe(ed obt a 1 ntd t r'otn
ache, 1,d T ,to 11c' cable - in t hi x, y and ., ax is,. pro)pel lIar, rota t i on and p)itI c'h. 'The i'cquip-

Tb i, inf)rmai i n was ri'....rdc'd on mnagne tic tic-nt was shown to be funct ioning reI al:
a:pi To all'w subst-qucnt oti)potat to)nalI

anal v sis. IDuring t iis 5 squ enci' of spc'i'd changes , it

was ft rst noto ti Ihat inst artaneous changi's
lii. Trials Plrog ramme, in pltic(a I potici' outpitt accomlian icid the

>; i n, , no) pc.v'ssa Trial had been und-r- chartgo- in cable titisio)n. This ii'curred onl

akin by% The Rval Navy titsing a dy~nar ic all channe'ls. Also a feature of this, first
fIi'-e 'P? I s train cab Ilf-, the- priposi'd towing run was the( intermit ti-nt output le-v,-I
I',,.ing pr',,gramn. rti-le-id t hi- ned to ga I n changi's from tli' defect ive fibre, suggest Ing

*~~~~~~~~~~ I~ma -dt vraid-rneoaflawk )t- disi-ont ittuit y in the( opt teal path.
, Idi T 'Iris. IT ;cas agri,-d be-tween A.l{.EI. ) Upon r( -c)very of thi- cable.- pod and drogul-,

and STt hlot It i- Syst i-m rs t hiart tiIalI I i ng t hi' sv.sti'm was ri-act Iva,,teod to check t he
-linild consistl I a s.' ru's of c'onfideni'i- lbt'i-re ou t pu ts. Thi-ste returned as before,
wk tn ing i-Nt.rc i -s aply 1' ig sli ghtI IY mrer bitt wire agamn subjec't t o a si abi 1 tsar iuin

>1ring-or co(ndiT irs -ach I tim. pr1o

!-ir ithi" r.-o, initial w-crk consist .ed of Opi-rat ion '.'ri ficat0 ion Exi'rc is.'s
st raight I in.' towiAng under relat tvelv low,
-ads. .pceds a.' ri' gradual I vIncreased '' forthi'rt i-st thle pe-r formance' capabi it it-s

li-r' afer i miriitiir thi' effecits of highi'r if th.- tow-ec, systeim, Tt above' priici'duor' was
It -iirns tn Tt, ile. This was cont iricii'd ritiat I d wat .h thi' max imum t owing l engthIt.
up to Ilti. ,)I -bl's max imum wo rk irg lo(ad. Thi I'iicor i'soindi',d to, appi'ox ima tkIy -131 0mit ri-

,it sulim'rg-cI ,al i- , approx imat ely\ 40 mi't ri-s
Al f r (,ins , Idat mzirg t he ' cabI 's lii- rfuormarii'i t h rouLgh t h ' i'ablIe- Iancdl ig syst e'm and 100t
a' h igh s -ads and ofitIs ri - ov'rv ro i n re t u rn mt res nina i n I rig un t lie w inch aa St an d tig

t, ir s ii-.ds, shi ,T u rns w(-ri- a t t'mptt.'d. turns ( this nutmbe-r was, re-ducetd fir sorsi'-
'Ihi-- win'- disign4A to, t-st hi'' alii I i t% of qull'it t ow% ig run.s to ihang.- Ie It( Ia-otff

hi' icatle. to he, d.'ta'nsrons,'d and ret i'nsion,'d lois It oI )
-,%,r a relat rv.'lv short t in,:. Fir r's 900
c-ours- ehangrs wore impl iment i'd at various -Spea-ds wecri' c'hange'd over the rangi' 2.8 To,
speeds, Thin thi' more sivir- 1800 turns win'- 8.0 knits with part icular int inst paid
unili'i raken . ti' ri' ri'c'ovi-ry of o)pt ical poiwir out pots

upon rit Turn to thi' lower spiads . Th e
As a c,'oin si-q u tn ci if the c a bles a bilt1 1 it changi's wi'ri' again shown to bei coiecident al
s'urvive this treatment, the provisional w&ith t ins ron change and appi.ari'd toi havi' nil
Toiii-rng 'rrtra ls Plan was, exceede'd in c~b le nit degradat iona I effects on f ibr, e 10 r i-
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cause, the c'able i ens ion to rccove l*. Opt. i u(a I appa Pent that ant in iterase in at t enuat io()f
power outputs woul d then return to the ir was occurring w thin thle I ibroe link and
stead'. state values, was distribut-ed over the( whol'- of ti-(

towedl lengt h. The. at tenuat ion t-,'.tttat es

Thet rel1ax at ion of cable tension through thle obt ained are( l is ted for fte varIious speelis
turn alsto caused the( tow% cable to sink in in 'Table 2. This also shows thec values, ol
thle wkater. Since the depth gauge was attenuat inn estimat-ed with the- cable,
located at the ext reme end of the cable recovered onto the winch. Care tmus t be-
the depthi changes recorded by the recc ete taken in comparing this in format ion with
a 1 ways lagged the changes inl tension and the earl ier v.alu tes si nce the cbi et ns ion
opt ical at tenuat ion, wa.s subject to variat ion doting rt'e -r'.

Tb is was a consequencc (of' the sitill p totion
The cumtutlat ive effect oif a series- of 90' it trough sea.
tttrns to port and( st arboard with upl to 200
of heli It., reeot'ded fin F igore 135. It shtotulId Coniclos ions
to- ote that Fiiii'e No. 2 has been (cioseni Tlhe sea ttrial demonstratd that optLical fb.

ice it represetid the( mnost, extremeu easu
Al ot, t ilit lttlse ax is, hi-i-itl used I)rp(- comipotients can be include-d in stee l ariourco

t~ilt t ie o'dit ,,~-h tas ~ ttInut imote tlvnantilk St ratn cables atnd func tiotn
-111 th- -- du III ft tlie, tutrns %to-uIclmade, i( r.i y n I (io ( v r nantd net) 71hw dti tatitl of kw e l n \I Me nst ifatoi. a'lyiii the t ahg mode- envtrll

Imipor-taitl Iftatur i to tot,. inl I-igu ic 13 is ml Fi-a t.0 t-loeoitSi'
gi Ii ~ xn Iolmttoi h

Il p ak to-i.-01 iontee. rd(L ddur'ing IlIghi load ev lin and feigtlls ti h

'I' IStug ft 3.7 t otneos takited r~pr - Iteas. Ures taken during eahl Itng too ttrot'ide

a it--t khbl" st rittn In exesof U.3 ~ adequjLate' Pr1otect 101 and to minit.Jlse tlo

a-, pre dicted tiIri tit- Lantd lest Ingipt st r'ain.,~ indueel. h% il-litrt-s

I ~ itS S~tij. li InsB% Ilonit ring tt.-, levels ()i opt eat tts-
nIt pIMt frott tte t owed cabl c, i t wasI, los ille

1- oin a1% s19 it IItill at proeedir'( to tll.- 1h,.-, t de-teet- ciiange.-, if iibr. statLt(t''-s n
ll Itt.% d syst( -a l. ssibeted to 180' dlit], %tillI di ffeiettt towking cotidit ot .- T1

ttnoll itdl-l'it a ang.- of stt.dsatnd tat t-s tt.-aSuied Intetease Ii at tenuat ion lotlosekd
I uitL. Pro.d i l ab I, thelone turnts direct 1% increases . Ii cable ti-n.-.ioni atd atv.

tot, t a .-.-. t'tat 11 1 (d I)'. pler(a i (-( chan Lets Iiiigt LIg to h)e , au sed by Llthe add i t iolia I
tahttl lc,-tsoit, I iliti lo)ssis and podl t-pt I tttttttt'.si..t of iii-, attmour' ott the ottitt-(t-ltt Ilt
al thotigit opt teal joo-i' ut PUit of all ce(n t i-. U1pon reClease'(I 111f the t giI'Vt-t
Ii' it o b catitei I s I,t ttui'itt-d t I. tlIV sI il li bi c atto a k It a t I-ft'.-nLie le el it' ts ,as fund that

'.atiIe- kii)tit V4t'eiit tt, ti, tI-(a d stat.- th f14 itt' r, outIpits g eeralI 1'. t' ~ve -rud t ()
tettI( r rc c id it1 iotiis .thtei r oi ginal o at ues, i nferr'i ng i ilita I

let. i-tetiturat ionl. As te ctoit'.rt-- of Till,
T'IIlit rate ti elt . , 1 ao i i-yetur- ittnd itI iut, it w as dtst-tt'.e.I ia ht t ti

ittIl t atI kit..) s atnd %,It i t 13' I , t it I In ) th Ilkr-due t ionl ii cattleI) t c-its i oit du r Itng silt 11 t tI11

I k n I il 1* ha% tw -itlo I )lI o Cltrtt it I ye , fitatN hit( of\ tile tIa i it h-ot tue
l.IlItt . 'et I v - .- I t i ~ip ii tn I l nIp ~i )~W1 1is el ltIe I-as .. It(Illit C'by to-d 1at1 kscait

iS ttiioI \tii,-t.,it titli. I i t, .ifictoi-able troid d ntey areilt

Hit o, ill_ 'ill I I- 'd a1) k rugkg1-it is it l I a) it util 'rl o iw ai r ( i nt ' t .
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with good bedding), in design of hull outfit domes, directing

provd tht th suiable gears, etc., for various ship and submarine
The land trials prvdta h utbe sonars. With the advent of Admiralty Under-
optic fibre elements in the cable should water Weapons Establishment in 1965 ho started
be able to withstand all the rigours of work on the Joint U.S.!L'.i. IS liatapan Sonar
sea deployment and operation, and this Project, until culminating in the early trials
was confirmed bv the extensive sea trials,. n17.Fo 93to17 eldadsg
The success of the trials reported have team working oin various Sonar Projects from
encouraged further demanding sea trials Butec Range Work, Sonar Buoys, Shock Effects,
to be carried out during Summer 1987 with etc. From 1979 to present, he is responsible
the existing cable and a programme of fur strain cable research and cable handling
work to design and manufacture a more systems involving design test and sea trials.
advanced cable has been commenced.
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CHARACTERISTICS AND LONG-TERM STABILITY OF

MASS PRODUCD OPTICAL FIBER SUBMARINE CABLES

Haruc Abe Yoshihiko Yamazaki Hitoshi Yamamoto Yasuhiko Niiro

KOKUSAI DENSHIN DENWA CO. ,LTD. (KDD)
2-3-2 Nishi-shinjuku, Shinjuku-ku, Tokyo 163, JAPAN

Smary stability of the cable, the following measure-
ments and tests were performed;

Long-haul optical fiber submarine cable
systems are expected to perform a major role as 1. Optical characteristic measurements of each
large-capacity international digital transmission cable at each manufacturing process from the
lines. Tb realize these systems, it is essential beginning of the manufacturing.
and has to be verified that the cables have high 2. Temperature variation and mechanical str :s

reliability and long-term loss stability of more tests.
than 25 years. 3. One-year optical transmission loss change

In this paper, the high reliability and tests
long-term loss stability of mass produced optical (1) High-temperature test; cable was put in
fiber sulmarine cables were confirmed through high-temperature (80°C) bath.
temperature variation and mechanical stress (2) Loss stability test; cable was set in an
tests, transmission loss measurements during and environment of temperature of 3°C and water
after the manufacturing process, and one-year pressure of 800 kg/cm-.
hich-teaperature loss change test and loss 4. Optical transmission loss measurements after
stability test. Measurements after a trial lay of the trial lay of the OS-280M system of about
a short haul cable system on the sea floor of 300 len in total cable length. The trial lay
8,200 m depth was also performed. The .-aximum included lay at the Japan Trench of 8,200 m in
transmission loss increase of the cables after 25 depth.
*ears was estimated to be less than 0.5 dB per
repeater spacing of 53 kin.

2 Structure

1 introduction The following ten pieces of optical subma-

rine cables were manufactured for the commercial-
KDD has developed OS-280M optical fiber ization test of the OS-280M system; 4 pieces of

siubarin, cable system using 1.3 pm wavelength. 53km cable, 2 pieces of 40km cable, 3 pieces of
1, 2 This OS-280M cable system is scheduled to 15k cable and one 13km cable. All the cables

be used as part of the Third Transpacific Subra- were manufactured in single cable lengths without
rine Cable (TPC-3) which is to be ready for 1988. jointing box. Table 1 shows the principal design
Prior to the installation of TPC-3, KDD performed parameters of the OS cable.
a commercialization test of the system of about
300 km in total system length with 6 repeaters in 2.1 Optical Fiber
order to verify mass producibility, characteris-
tics, high reliability of the cables, repeaters Tne optical fiber is a high-strength mono-
and other plants, and overall system performance. mode MCF manufactured by the VAD process. The
In 1986, the system was laid in the Pacific Ocean fiber haf. a mode field diameter of approximately
including the Japan Trench of 8,200 m depth and 10 um anJ a specific refractive index difference
was landed at Chikura Cable Landing Station. It of approximately 0.3. To protect the optical
was the first time in the world that optical fiber a;d to suppress the generation of micro-
fiber submarine cable was laid in sea depth of bending due to temperature variations and
8,200 m. The performance of the system and trans- mechanical distortions, the fiber is coated with
mission losses of the cables have been measured ultraviolet (tV) cured and nylon resins. The
and good results have been obtained, outside diameter of the coated optical fiber is

This paper verifies the high reliability and approximately 0.6 am.
long-term stability, as well as mass produci- Taken into consideration the mechanical
bility and characteristics, of manufactured strength reliability over 25 years, the optical
optical submarine cables about 350 km in total fibers had 2% elongation screening. Optical fiber
lenath. splicing was performed by high-strerjth arc-

To verify the high reliability and long-term fusion splicing. For the splicing point, 2.5%
elongation screening was performed.
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Table 1 Deep Water Cable Parameters 2.3 Cable

L -Mas..ee S P11ph d )Orr The cable has the filber unit in its center;
Orareer .... the fiber unit is surrounded bv a 3-divided steel

Wpr e, anti-pressure pipe, over which tensile strength
L n,, Wa 5lO5/,, I wires are stranded in fixed pitches. Th1e struc-

Cable Tnso MSr ea ea 1-n , ture is tightened by a copper tube layer around
s~,orj,,,'wegh ,,, waler - ,Ira.,n Zer -- it and covered with a low-density polyethylene

Se rra insulation layer and high-density jalyethylene
Waler .... r... aenarn sea I jacket layer. The outside diameter is 22 rm. TheK ,ceh . r L e 1 5n, 1 2 W eks. 5 0 c arros i t e m e t a l s t r u c t u r e c o n s i s t i n g o f t h e 3 -

ess .an, o2 m/2 wees, t .000w dixvided pipe, tensile strength wires, and copper
,C- tube layer functions as an anti-water prescre

structure, as a tensile strength structure, and

u,____- - - . I as a power feed concuctor line to the repeaters.
eA anti-water comgound is filled interittently in

Nb ar r r FI Mar,,nb tie longitudinal direction of the cable tc
o,1ra Fbee Less Less ar 04$ Uk,1 a t 1o0 ,1 prevent water from ingress in the gap inside the

Ze', D,e ..erre wa....r.. 1 31 cable in case of a cable break, and it fixes the
Op...en ±21,rW..r at131100..... fiber unit to the 3-divided steel pipe.

2.4 Sinale Fiber Lengths and Splicing Losses

The rnoxim single fiber length after 2%
2.2 Fiber Unit screening was appro::imately 27 I,; single fiber

lengths averaged 10.5 3cr and standard deviation
Fic. shows the t

iler unit cross section a-nd was 5.0 los.
the cable crcss section. The fiber unit hs a The rraximxm and average splicing losses were
center tensile strength mter in its center; it 0.29 dB and 0.14 dli, and the standard deviation
is stranded with six coated optical fitexrs around was 0.08 OiB.
it in fixed pitches. This structure is filled and
covered with It- resin. The ceper plateC] center
tensile strength marcber was covered with a tV 3 C

t
h- :cteristics

resin. Thus, the coated fibers do not contact the
surface oi the center tensile streneth memier 1 @lical loss
directly in order to inhibit the generation of
fiber rdcro-bendina. The outside diameter of the Fig. ls.' the ditrrbution cf the octical
fiber unit is slightly less tha-n 3 rm. r Cn sse; at 1.30 and 1.55 um. The

ran,"r,:1i;rznn loss values at 1.3 pnr were
0.4!1 and 0.348 d/k=, and the man loss value
was >. 73 dB/ko. The maximuzn and minimim- loss

Steel Wire (Matal-ply) values at 1.55 pmi were 0.246 and 0.201 d(inks, and
Optc--(h " the mean less value was 0.233 dF/lon. The 53an

-. ,r ',>r/. Oplral rler ~ca)les had an average of five splices per optical
r\, 'j w- V' fiber, and the otical transmission loss values

, "" t UV. ced Score ~include the splicin losses at these splices.

U V, Coe Rer 3.2 Dispersion

The disixrsions were within -1.75 1.50
F ber Unt ps/blrnm in the wavelength region of 1.3 - 1.32

p im. The dispersion values' variation of 40
optical fibe.rs at each wavelengthi was within

Water Blocking COmpoUnd approximately +/-0.7 ps/lon/r. The mian value crf

the zero-dispersion wavelengths was 1.313 pm, and

Feer unit the standard deviation was 0.004 pm. Thus the
3-dretded Steel Prpe dispiersions' deviation was very small; this

- Steel Strands indicates tiiat manufacturing deviation of the
l Copper Tube diminsions and refractive indexes of the optical

Insulation fibers was very msl l.

3.3 Optical Loss Variations in Manufacturing" _ Processes

Cable
Fig.3 shows optical transmission loss change

in thie manufacturing process. The average optical
Fig.I Optical Fiber Submarine Cable loss increased approximrately 0.003 and 0.007

dB/br at 1.3 anid 1.55 pm after the insulation
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i i i l- . . . . . .

layer process, respectively. This loss increase 3.4 Temperature Characteristic
can be attributed to micro-bending generated in
the fibers due to heat applied during the Fig.4 shcws the temperature-optical loss
insulation layer process, and to pressure caused characteristics between -20 and 50-C. The loss
by the heat. :masuremont was made by looping the four optical

Except for this loss increase, optical loss fibers of each 500m sample cable to form a loss
change in the manufacturing process was hardly rscasurement length of 2 km. Although temperature
recognizeable. characteristics would differ depending on indi-

vidual cables, losses varied within +/-0.007
dB/km at -20°C and +/-0.004 dB/km at 50°C from
the loss values at the reference temperature of
15*C. The optical losses returned to the original
levels when the tertperature was returned to the

itu reference tecperature. On the average, the
optical loss decreased 0.002 dB/km at -20°C and

... increased 0.002 dB/km at 50'C.

SU,0L,........ { __C!

+Loss increase N=10

E -Loss decrease A =1.30.:m

CO 1002

4001

0 0,

00

200
2: .-- 20 -10 0 15 30 40 50

Temperature (C)

Fig.4 Temperature-Loss Characteristic

Number of fibcrS

Fig,2 Transmission Loss Distributions

3.5 Tensile Strength Characteristic

Fig.5 shcws tension-optical less character-
- . . .stics to the tension of 7 etric tons. From sea

+ Loss ,ncreLse N=40 trials, the tension of 7 metric tons was assurxd
-Loss decrease ( at 1 30. m to be the maxinrm tention applied during laying

0 at 155: m and recovery from 8,000 m depth with enouch
margin. The losses were measured by looping four
optical fibers in each 200m sample cable to
obtain a loss measurennt length of 800 m.

i .-. , '---------------- Although the tension-optical loss characteristics
oruld differ depending on individual cables, the

U losses varied within +/-0.004 dB/km when 7 metric
tons we: aplied. The loss values returned to
thie originel level when the tension was reduced
to zero. The loss increased an average of 0.002
d1,/lcn when 7 metric tons were applied.

S...The elongation distortion was an average of
Fbor , ' ' Couphrg '0.65% when 7 metric tons was applied. The

uCo. residual elongation distortion when the tensicn
Cocor J ceO Lad., was returned to zero was less thaun 0.1%.
Tth to DCpo! The breaking tensile strength was more than

Cabe M.r cr t 10.2 metric tons (100 kN), averaging 10.5 metric

Fig. 3 Average Loss Characteristics tons, indicating that a sufficient under-water

during Cable Manufacturing cable strength/cable weight ratio (P.-iore than 20
ki) could be obtained.
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where "A" is a proportional constant at each
Iwater pressure and "a" is 0.3 - 0.4. The water

+002 +Loss increase N=10 ingress distances under each water pressures in
m +0oe- -Loss decrease A =.3 0

A'm two weeks were estimated using the test results
Vand experimental formula. The average water

ingress distances two weeks late5 under water0~ ~
pressures of 100, 550, 750 kg/cm calculated

- based on the test results were approximately 80,FJ -0.01
360, and 530 m, respectively. These valaes fully
rreet the design objective with enough margin.

,J -002-

2 3 4 6 7 3.8 Summary of Characteristics

Tension (tons) In addition to the above mentioned tests,

Fig. 5 Tension-Loss Characteristic bending, bending tension, repetitive tension,
jerks and squeezes, and lateral stress tests were
performed. All the tests were made with presump-
tions of tenperature variations, external

3.6 Water Pressure Characteristics mechanical stress and others which would be
applied to the cable in submarine environments

Fig.6 shows the water pressure-optical 2 during and after laying and during recovery with
transmission loss characteristics to 850kg/cm at considerable margins. Deviation of optical and
1.5°C. The loss was measured by looping four mechanical characteristics of each manufactured
optical fibers of each cable sample to obtain a cable was very smal and prrinent optical
loss measurment length of 800 m. The deviation transmission loss changes or cable mechanical
of the measured values was within the measurement deterioration could not be found.
accuracy of +/-0.001 dB/lkn in all cases; the It was confirmed that the mass produced
optical losses did not change the pressure to 850 optical fiber submarine cables have sufficient
kg/ cm -. strength and that optical transmission losses

The cahbles were found to be free of mechan- were also quite stable. These results show the
ical deterioration, such as deformation, after high zeliabilitv of the OS-280M optical fiber
the tests, cable.

4 Long-Term Transmission Loss Variation
00, +Loss increase N=IO (Long-Term Loss Stability)

L -Loss decrease A =-1.30J m

+001 Temperature 1.5'C The following are considered to be the main
factors for long-term aging changes (loss in-
crease) of the transmission loss of the optical

0' 0 -iber submarine cable.

=o 1) Loss increase by hydrogen generated inside
001 the cable. 4,5

(1) Hydrogen generation from non-metallic

-0.02 materials of the cable such as optical
fiber unit and anti-water compound.

200 400 600 S00 (2) Hydrogen generation by electric-chemicalreaction on the surface of metallic

Water Presure (kg/cm') materials of the cable, which may involve
moisture in the cable.

2) Loss increase by optical fiber's micro-
Fig. 6 Water Pressure-Loss Characteristic bending caused by aging and deterioration of

optical fioer coating materials.

The cable structure was designed and mate-
3.7 Anti-water Ingress Characteristics rials were selected during the cable design so

(Time-Water Ingress Distance Characteristics) that the opti- al transmission loss increase in 25
years would present absolutely no problems in theThe anti-water ingress characteristics tests above mentioned itens in addition to the reliabi-

were performed by measuring the water ingress lity of mechanical characteristics. Verification
time through 200m sample cables under water tests on each material including optical fiber
pressure of 100, 550, and 750 kg/cn at a test were performed. In addition to the obove tests,
tcmperature of 3'C. The following is an experi- long-term loss stability tests wore made to
mental formula between the water ingress dista ce verify overall long-term stability of the cable
"L", and water pressure application tirne "t". for more than 25 years.

L = A ta (1)
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4.1 Hydrocen CArneration from the optical fiber
tint E 100"C

Measurement on temperature dependency of the 0 80,C
hydrogen gas generated from the optical fiber Z 60C- - -

unit was made. Fig.7 shows the amount ot hydrogen - -

gas generated from the fiber unit at 60"C, 80°C --- - - - "
and 100'C. The length of each fiber unit used in
the measurement was 20 m. - --

Assuming the hydrogen was generated through : 10 -- -_

the thermal activation process, and using - - o 0-

Arrhenius formula, the amount of generated 2 - 0
hydrogen gas "V" is expressed as follows;

V = A ex-p(-E/R1T) t k  
(2) 1Ya,

where "A" is a proportional constant, "R" is the 10 100 1000 10000
molar gas constant, "T" is an absolute tempera-
ture, "t" is time (hours), and k = 0.36 from Time (Hour)
Fig.7. According to the Arrh~nius plot of the
test result, E/R-k = 9.14x10 was obtained. Using Fg? Temperature Dependency of Hf gas from
R = 1.987 cal/mol.K, the activation energy of the Optical Fiber Unit
hydrogen generation process becomes E = 6.53
Kcal/mol. Then the amount of generated hydrogen
gas is e%-pressed as follows;

V (p1/n) = 1.9x104 eop(-3.3xl0 3/T) t 0 . 3 6  
(3)

Fig.8 shows the estimated amount of hydrogen gas o L
generation at 3°C. The measured values at each
temperature in Fig. 7 were converted to the values
at 3°C using Eq. (3) and plotted on Fig.S.

From Fig.8, the amount of hydrogen gas
*0

generation from the fiber unit at 3°C in 25 year,-s

is estimated to be about 10 p / m. This corre-
sponds to hydrogen gas pressure of 1.4 x 10- ' ai (0
inside the cable.

The transmission loss increase of optical
fiber at 1.30 (L(1.3)) and 1.55 pm (L(l.55)) due 0,

to hydrogen gas is appro:imately given by the t11o 0 10 o
following formulae ( the optical fibers were
measured to have an C-H absorption peak at 1.39 Time (hour)
urn.); 5

L(1.3) = 0.033 L(l.24) + 0.6 L(1.39) dB/km (4) Fig.8 Estimated H2 gas Amount at 3*C

L(1.55) = 0.083 L(l.24) + 0.5 L(1.39) dB/)kn (5)

3 The amount of hydrogen gas generated from
L(1.24) = 0.56 PH2 exp(l.55x10 /RT) dB/km (6) anti-waer compound was measured to be less than

7 x 10 pl/g at 100°C for one hour. When
L(1.39) = 4'PH2 ( log(t) - N) dB/km (7) converted to ihe value per 1 m cable length, it

5 3 corresponds to much less than 1/10 of hydrogen
M = 1.90x10 exp(-9.61xl0 /RT) (8) generation frcm the fiber unit.

N = 8.88xi04 exp(-8.32x10 3/R (9) 4.2 Long-Term Loss Change at 80'C

To observe transmission loss change of the
where "L(1.24)" is loss increase at 1.24 pm due cable at a iigh temperature, the following test
to H, absorption and "1(1.39)" is loss increase was performed. A 500m sample cable was put into
at 1.39 pm due to O-H absorption, "P,,," is the high temperature bath of 80°C and loss change was
hydrogen gas pressure (atm) , "R" is the molar gas measured through wavelength-loss measurement. Six
constant, "T" is an absolute temperature and "t" fibers were looped to form a measurement length
is time (hours). of 3 km. To observe effects of power feed current

Then loss increase at 1.3 pm and 1.55 pn due such as electrical corrosion, an electric current
to hydrogen generation from the fiber unit at 3"C of 10 A was feeded through the composite metal
in 25 years ii estimated to be 4.3 x 10 dB/km structure and center tensile strength member of
and I. 1 x 10 dB/kn, respectively, the fiber unit.
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jin' pr Time (OaYS)
Fig.1O Long-term Loss Change under

S. water Pressure of 800kg/cm2

wet%

4.4 L-Oss Changes of the moanufacured cables
during storage

Fig -I! shows the loss changes of th e ten.
man Ofactured cables during storage. No prcrabnent
ios increases at 1.3 and 1.55 Pas were observ'ed.

t 124,7'. V..velengt]b-loss characteristics of l5leo aind 131loo,
cables were measured and loss increases at 1.2-4

A pm nd lon -r wavelength region such as 1. 6 an -
L.7Ou were no,,t observed. It is considered: that

rcs~.gas generation and optica 1fiberi
oaro-ondn 3 is also negigbl1 i thi4s case.

-,be r

o ~ Cc- ,nsease N 10 c,,5,e

Fi. 9 TeMpae-ItUre Accelerated Los-, Ohaegos 0------

1 10130 16006
4.3 Iicng-Term Loss Chcln-e at a tetqx2ratiprL 25

3'C and water pressEurv ot 800 kcjo-.f- Tine (dty'

To oboecrvo less t.o of the2 cable in Figi1 1 Transmission Loss Changes
''!lvirrOiunt of 8,000 m sea depth, t-he felloovinq during Storage
teC;' 8015 performcd. Four 2O(in EaqAl tCAlO5 wore
.jut into the ocean simulator. Fiberis %wore lcegp 't
toj form a measurment length of 3.2 )qn. The Loss chances in 1,g.1'.W Lte
tcff1p2raturc and water pressure in the oegn t..cO to 5eoninta-curacy of sort, I 's

oilater was cast to L*- 3'C and 800 kg/rm-, cable's becA7use2 ebt!!Lmt~ 10FE do'- tO'O~. 10
resuvxctively, and the less change was rmtaiard lvdliegon at- '3 'C fcr '(,E tic c CC'
for one yeair. ta/aiat Lbeth 1., and_5 5 pr,. I>v it n

Fig. 10 shows the test result. The loss caritie w- ,,,I 1: at~
c-hangjes for one year was within +/-0.002dB/)un and A roj 0rt ien, to 0h)ol' 1
nno loss inere~se tendency was observed. It in F,(1. 10, the.k lea', !et.',4 i'it 1.3 pmiazc

insiderted that there would be little goneration tOS-,x rature aftez 25 1 .ar is etm'dto he,
tfrticro-bending of the optical fibers duie to 1()W '"S'S thn; ().() dl3/kr" 111S V 3 tI z--rnI -

Itl-x'rature and high water pressure. loss increasLe of, les han 0.5 dB ss 1t' ipcattei
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sp.Lcing u: 53 1cr. According to the tendenmcy of of 1986. TIhu systen has been fed a current 1.6

lossie cresse at 800 in .an at 3' Luider A. Fc.2shows long-term loss changes c-f e
waerorsur - 80kg/at( i Fig.10, it would 53kr, cable laid on the Japan Trench of F,200 Tr

be the worst case to assume that loss increase os sea depth. Loss changes of the other ildcas
prosarrional to lng(t) . have also been quite stable. This resul, v.-rierc

that trcuiission losses of the cables ae(-r

4.5 siyu h og-enSaiiyztable even in the actual sea bottcxn of up to
Suciiry0: he ongTer Stbilty8,200m depth,, and supports the aboave nentiooe

It ws etimtedtha hydoge geera~unconclusbons; hich reliability and long-term;

frcm. the fiber unit mainly attributes the lo1 tbiiyo the S20 otclsb-inea_!.

term loss Increase of the cable and hydroger:
gjeneration :irother materials such as anti-
water coxpund and metallic materials' suriaces i: Measu~ring Accur.,cy

(corrosion etc.) can be- neglIigible. The loss 20~ ~
increase at 1.30 and 1.55 pM due to hydrogen 191 --------

gleneration inside the cable at 3*C in 25 years i s 8 i
estimrated to be less than 0.001 d13/lo and 0.002 V) 20) _____ _
dF3/}o, respectively. r-

No obvious micro-bending generation of - s
optical fibers has been observed at SQ*C and at 0 20- f~ Y

3*C under water pressure of 800 kq/cmn for one 's---

Exrtlnei-term loss chang e toot including 2.

the lng-trn lss mevasurements of all the 0~~

rcanu:U cturued cablles showxd th,-at the OS-I'SO cab~le , .ie-
!-ad cratte sta.!l e long-tern" optical tranionlssion- _ ___

cLSS Charict-risties, and maximumi transmi.ss~un a, 20 40 60 60 100 iii 0 100 160 21-c

oa.s increase alter 25 years was estliiated to- reTV (AS

less :ho0.01 dB/kcn even if the worst data wereFg1 rnmsin osCagso al

used. Laid on Japan Trench (8.200m sea decpth,
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Combustion Toxicoloqy: Principles, Hazard Analysis Using Toxic Potency
Methods and Regulations and Other Material Property Data

by Steven C. Packham, Ph.D. by Richard W. Bukowski, P.E., Head
Hazard Analysis Center for

Fire Research
National Bureau of Standards

The science of combustion toxicology Gaithersburg, Maryland
will be discussed from three perspectives:

(1) basic principles of toxicology,
Abstract: Over the past few years,

(2) methods which have been used to the Center for Fire Research (CFR) has
test the toxicity of smoke from burning been developing a method for predicting
materials, and the hazard to building occupants from

fires. This method, based on numerical
(3) the future of combustion toxi- fire modeling technology, is soon to be

cology in materials regulations. released as a software package called
HAZARD I which is intended for use on

The fundamental principles of com- personal computers. It includes programs
bustion toxicology will be discussed and procedures for predicting the time-
including the definition and quantifica- dependent environment (e.g., temperature,
tion of dose in smoke inhalation testing smoke density, and concentration of a
and research. In addition, rationals for number of gas species) in multiple rooms
selection of specific animal models will on multiple floors of any building of
be presented including the usefulness of interest. Also, the evacuation progress
different kinds of endpoints, e.g., of a user-specified group of occupants is
lethality, blood chemistry, etc. traced through the building as influenced

by the smoke encountered along the way,
There are five different test proce- and by "normal" behavior under such

dures currently being reviewed by the circumstances. Finally, the predicted
International Standardization Organization impact of exposure of these occupants to
(ISO), one from Japan, one from West the fire-induced environment is determined
Germany and three from the United States. and fatalities along with the time,
The author will compare and contrast these location, and cause of death are assigned.
methods on the basis of the type of
furnaces they use to burn test specimens. The capabilities and limitations of
Also, a new test method being developed these programs will be presented in the
through the National Institute of Building context of their use in evaluating the
Sciences will be discussed. potential hazards associated with wire and

cable products. A previously published
Finally, the author will speculate analysis (using a "pencil and paper"

about the possible significance of com- calculation) of plenum cables will be
bustion toxicity testing in current and reviewed. Finally, the use of these
future regulations. A plan for encour- techniques for the calculation of product
aging international uniformity in com- risk for the case of wire and cable in
bustion toxicity testing specifications concealed spaces of office occupancies
will be presented. will be outlined.
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PRINCIPAL TEST METHODS FOR THE EVALUATION OF THE COMBUSTION
TOXICITY OF MATERIALS AND PRODUCTS*

Howard W. Stacy

Southwest Research Institute, 6220 Culebra Road
San Antonio, Texas 78284

ABSTRACT REQUIREMENTS FOR COMBUSTION TOXICITY TESTS

Several test methods have been developed over the last For the purpose of evaluating materials, economic
several years for the evaluation of the acute inhalation factors dictate the use of small-scale tests. Control of
toxicity of the combustion products released from mate- exposure temperature (or heat flux) and the precise
rials and products during thermal decomposition. Princi- measure of the sample size and quality also make labora-
pal test methods in this country include the University of tory experiments desirable.
Pittsburgh (UPitt) test, the National Bureau of Standards
(NBS) protocol (Cup Furnace method) and the Radiant Laboratory experiments in combustion toxicology gener-
Furnace test method ("Packham" method). Two other ally comprise the following:
test methods worthy of mention are the German DIN
Method (based on DIN 53 436) and the Japanese Govern- 1) a combustion device for controlled com-
ment Building Regulation (JGBR) test. This paper pro- bustion (either temperature or heat flux) of
vides a general review of the following: 1) the basic a single material;
components of the principal test protocols, including
descriptions of the combustion apparatus and the opera- 2) an exposure chamber for exposure of test
tional procedures for generation of combustion atmo- animals to the smoke;
spheres, the animal exposure system and the mode of
operation (static or dynamic), the toxicological measure- 3) a method for measurement of toxicity;
ments (primary endpoint) and the chemical analyses of
combustion atmospheres; and 2) the respective advan- 4) chemical analysis of the combustion atmo-
tages and disadvantages of the test procedures. sphere.

Combustion Devices
INTRODUCTION

In order to develop practical and repruducible laboratory
The mour'.ig concern over the contribution of materials combustion toxicology experiments, certain choices must
to the life hazard of smoke has resulted in an accelerated be made. One must consider radiant vs. conductive
development of the field of combustion toxicology over heating, smoldering (nonfliaming) vs. flaming combustion,
the past ten years. During this time, several test and the physical configuration of material that represents
methods have been developed for the evaluation of smoke its actual use. The rate at which samples decompose is
toxicity, each with its own combustion device (fire also an important consideration, since the release of
model), exposure chamber and method of exposing toxicants is proportional to the burning rate of the mate-
animals. The primary purpose of this discussion is to rial. It is important to recognize that the chemical
review the major test methods either in use or under composition, and therefore the toxicity, of the combus-
consideration today, and at the same time outline the tion or pyrolysis products of a given material can be
general principles of combustion toxicity testing, highly dependent on the decomposition conditions.

Tnere arc at least five major test methods for assessing Tlie more common combustion devices which have been
the performance of materials with regard to toxicity of used in the itudies of comoustion toxicology can be
smoke produced during combustion. Several additional characterized by the following parameters:
methods have also been used to some extent. The test
procedures referred to as the National Bureau of Stan- 1) the use of radiant vs. conductive heating;
dards (NBS), Radiant (Packham), University of Pittsburgh
(UPitt), DIN (German) and JGBR (Japanese) have re- 2) the available air supply and freedom of
ceived a significant level of attention either as proposed convective flow of air around the test
standards (ASTM, ISO) or as regulatory tools. specimen;

3) the capabilities for accommodating various
* Text abstracted in part from Kaplan, H. L., A. F. samole configurations.

Grand, and G. E. Hartzell, Combustion Toxicology:
Principles and Test Methods, Technomic Publishing The common combustion devices in use include the cup
Company, Incorporated, Lancaster, Pennsylvania (Potts) furnace of the NBS test, the quartz radiant fur-
(1983). nace of the "Packham" test, the UPitt muffle furnace,
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the combustion tube (radiant) furnace of the DIN appar- analyses is to provide an indication of the reproducibility
atus and a radiant furnace used by the Japanese Ministry and validity of the combustion of the material. Mea-
of Buildings test. surements of CO and CO 2 generation can provide evi-

dence of an improper combustion condition and the
With regard to the laboratory fire model, it has been necessity to repeat an experiment. Analyses are also
recognized that no laboratory apparatus is perfectly needed to insure that excessive oxygen depletion does not
adequate fo reproducing the changing conditions of a occur during the exposure of animals. Other analyses
real fire. I This is an important limitation of all fire that may be useful in support of the toxicity experiment
test methods. For e:.ample, ASTM tests E119 and E84 include those for the following species:
make no attempt to duplicate the wide variety of condi-
tions that are found in real fires. These tests only en- 1) Hydrogen cyanide;
deavor to assess material performance under standard-
ized laboratory fire conditions. 2) Halogen acid gases;

Eqposre Condition 3) Acrolein, formaldehyde or other specific
chemical species.

The chambers that have been used for exposure of
animals to smoke are as diverse as the devices used for REVIEW OF PRINCIPAL TEST METHODS
generating the smoke. Both dynamic chambers, which
are continuously supplied with smoke diluted with fresh National Bureau of Standards (NBS) Protocol
air, and static chambers have been used in laboratory
combustion toxicity tests. The proponents of each type This test method, under development since about 1976 at
can identify similarities of the dynamic or static chamber the U.S. National Bureau of Standards, has been described
to certain real fire scenarios or to some phases of real in detail in a Bureau report entitled "Further Develop-
fires. Exposure chambers also differ in size, configura- ment of a Test Method for the Assessment f the Acute
tion and construction materials. Inhalation Toxicity of Combustion Products." According

to the NBS report, the test method "... provides a means
Toxicity Measurements of assessing the acute inhalation toxicity of the com-

bustion products of materials under specified laboratory
The traditional toxicity index in laboratory combustion conditions and is primarily intended for research and
tests has been the LC 5 0 which, in general toxicological preliminary screening purposes."
usage, is defined as the concentration of a gas or vapor
that results in death of 50 percent of the test animals. The basic components of the NBS test method consist of
Because the smoke produced by materials is a mixture of the following:
particulates and several gases, this index of toxicity must
be related to the material or to the smoke mixture. The I) A combustion device, commonly referred to
LC 5 0 value is determined by measuring the response of as the Potts furnace, consisting of a 9-in.
the animals to different concentrations of the smoke. cubical stainless steel box containing an
This may be accomplished by conducting a series of insulated stainless steel cylindrical cup
experiments in which the quantity of material combusted surrounded by a ceramic sleeve and resting
is varied in order to produce different concentrations of on a ceramic disk. Nichrome wire wound
smoke. Obviously, the number of animals showing a about the sleeve and below the disk consti-
response (death) will increase as the exposure concentra- tutes the heating element. A 1,000-mL
tion is increased. When the percent of arlmal responding quartz beaker, to which the material for
within a specified time is graphed as a function of the evaluation will be added, is placed into the
logarithm of the concentration, a straight line may be stainless steel cup. The combustion furnace
approximated. Statistical methods are then employed for is interfaced with the floor of the exposure
the calculation of the LC 5 0 . It must be emphasized that chamber. For flaming combustion, an
differences in data among materials must be evaluated electrically heated wire or other electrical
both for statistical significance and practicality before ignition source is used to ignite the prod-
concluding that one material differs from another in the ucts as they exit from the furnace.
toxicity of the smoke produced. This is due to the inher-
ent variability in biological response of animals and by 2) A rominal 200-L animal exposure chamber
the difficulty in generating reproducible combustion with interior dimensions of 122 x 36 x 46
atmospheres. cm and constructed of clear polymethyl-

methaerylate or polycarbonate. Animal
Time-to-effect (incapacitation and lethality) has also potts constructed of polymethylmethacry-
been considered an important concept in combustion late tubing permit exposure of six rats in
toxicity testing fng has been used as an endpoint in some the head-only mode to the smoke generated
test procedures. L

'- within the chamber. Exposure is conducted
in the static mode.

Chemical Analye
3) Toxicological measurements of lethality as

Chemical analyses serve a number of important purposes the primary end point, exposure and post-
in laboratory combustion toxicity tests. The first and exposure observations of toxic signs and
most important purpose of these measurements is to animal body weight determinations during
enable the determination of whether observed toxic the 14-day postexposure period.
effects are produced by carbon monoxide or by other
toxic decomposition products. Another function of these
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4) Chemical analyses consisting of continuous DIN Method
or frequent measurements of 02, CO and
CO in the chamber atmosphere during The DIN 53 436 method is at this time only a combustion
exposure and of blood determinations of apparatus and operating procedure, with an anima
COHb in two of the six animals immediate- response model not yet actually designated a standard.
ly after termination of the 30-minute The method is characterized by the use of a moving
exposure. annular tube furnace operated at a constant temperature,

with smoke being diluted with air before rats are ex-
The test protocol evaluates a material under flaming posed. Smoke is generated dynamically. Dose-response
combustion (at 250C above the autoignition temperature) relationships are normally obtained, with dose being
and nonflaming combustion (at 25*C below the autoigni- varied by dilution of the smoke.
tion temperature).

JaaeeGovembent Buaing Regulation
Radiant Furnace Toxicity Test ("Packhem Protocol") (JGBR) Toxicity Test

This test method, which utilizes radiant heat energy in The JGBR toxicity test includes a radiant heat furnace
the combustion device, has recently been proposid for (modified UK BS 476 Part 6 - Fire Propagation Test) and
evaluating the toxicity of smoke by S.C. Packham. The exposes mice in a whole body configuration to smoke
method utilizes the same 200-L animal exposure chamber which is generated dynamically.7 Eight mice are placed
as the National Bureau of Standards procedure. However, in rotary cages and incapacitation times are assessed.
both the combustion furnace and the experimental proto- Incapacitation times are compared with those of a refer-
col are considerably different. The combustion chamber ence material.
has an elongated trapezoidal shape with quartz windows
forming the nonparallel sides. The radiant heat source LIMITATIONS OF LABORATORY SMOKE
consists of tubular quartz, tungsten-filament lamps TOXICITY TETS
housed in parabolic reflectors and positioned on each side
of the combustion chamber. Using lamps with a 2,000- The ultimate objective of laboratory combustion toxicity
Watt power Eating (i.e. 200 W/linear in.), heat fluxes up tests may be stated as the assessment of the potential of
to 7.5 W/cm can be obtained. A sample holding tray is smoke to impair escape and to cause lethality in order to
suspended from a load cell into the combustion zone of provide input data for an overall hazard assessment of
the furnace. The furnace configuration allows testing materials in real fires. This objective is difficult to
based on exposed surface area for many materials such as attain because of two major limitations: 1) the inability
composites, laminates, tiles, fabrics and coatings. The to reproduce, in the laboratory, the changing conditions
procedure is intended to determine if the toxic potency found in fire environments; and 2) the relevancy and
of smoke from the test material exceeds prespecified validity of presently used animal models and toxicological
values based on the performance of natural polymers endpoints.
(wool and Douglas fir).

It is unrealistic to expect a single laboratory test to be
UniversitZ of Pittsburgh (UPitt) Method relevant to all stages of all fires because of the rapidly

changing conditions in a real fire involving the dynamics
This test method, developed by Dr. Yves Alarie and co- of fuel, heat and air interactions. However, all the tests
workers at the University of Pittsburgh, exposes mice tg would be expected to be relatable to at least some staieg
smoke produced from the ramped heating of materials. of actual fires. This has been shown in certain cases. I
Weighed samples are heated, starting from room temper- Most laboratory combustion devices also present certain
ature, at the rate of 20*C/min. in a box furnace, and an physical limitations with regard to specimen size, shape,
airflow is maintained through the furnace for the entire assembly or material thermal decomposition char-
heating period. Thermal decomposition products are acteristics. The NBS cup furnace is, for example, admiti
conducted to the animal exposure chamber via a 60-cm ted to be inappropriate for composites, laminates, etc.
quartz tube. The furnace effluent is cooled and diluted The UPitt box furnace has some difficulty with materials
with cold dried air, resulting in a total airflow of which decompose rapidly and generate smoke faster than
20 L/min through the animal exposure chamber'. Progres- the test system is able to clear it from the combustion
sive sample weight change is recorded fron a weight chamber (personal observation).
sensor, allowing thermogravimetric analysis (TGA) for
each exposure. The four male Swiss-Webster mice are With regard to Fnimal models and toxicological endpoints,
contained in holders and are exposed in the head-only all of toxicolcgy is plagued with the question of the
mode to the smoke produced by materials. For all exper- relevance of test animals to exposure of humans. In the
iments, the animal exposure is initiated at the tempera- case of asphyxiant gases such as carbon monoxide and
ture at which 1.0-percent weight loss is recorded and hydrogen cyanide, mice and rats are considered reason-
continues for 30 minutes. A 10-minute recovery period able models, with animal responses fairly predictive of
follows each exposure. The LC50, defined as the sample toxicological effects in humans. With other toxicants
weight which causes death of half of the exposed animals commonly found in smoke such as irritant gases, use of
within the exposure period is the lethality end point. Any the rodent as a model is highly questionable. Until fur-
animal which dies during the exposure or the recovery ther definitive studies are made, caution must be exer-
period is counted in the LC5Q calculation. The New York cised in extrapolation of laboratory data obtained with
State Uniform Fire Prevention and Building Code cur- rodents to predict effects in humans exposed to irritants.
rently requires that certain types of materials are to be
tested by this method and placed on file before being Because of their obvious limitations, laboratory tests
used in regulated buildings under its jurisdiction, should not be used to compare and rank materials solely

on the basis of toxicity. Such toxicity comparisons and
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rankings are influenced by test methodology and experi-
mental conditions and may vary considerably when these
parameters are changed in a test. Other parameters of
the material, including flame spread, ignitability, heat
release, smoke obscuration and decomposition temper-
ature, may contribute more or less than toxicity to the
hazard of material and must be included in evaluating the
potential hazard of a material in a fire. Any one labora-
tory scale toxicity test method is going to ignore several
important aspects of a fire exposure. Toxicity test
information, when placed in perspective along with
essential combustibility properties of a material, can be
of value to a producer for purposes of research informa-
tion and guidance relative to produce development.
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DEVE.OPKENT OF A C(iMPOUND Fl-OW TEST METHOr FOR PREDTCTlNG

DRIP PERFORMANCE OF FTII-IC COMPOUNDS IN FINISD CABLES

GREGORY J. HUGHES

ESSEX GROUP, INC., 800 EAST GARFIELD AVENUE, DECATUR, ILLINOIS 62525

ABSTRACT is the compound flow or slump test. This test

consists of pouring melted compound !nto aluminum

Since the introduction of the filled cable design, containers, allowing the compou.nd to cool. aud

many effurts have been made to improve performance placing the containers vertically in an air

ef the filling compound. One characteristic of circulating at an elevated temperature. The

the compound which brs received considerable compound Is then observed for movenent in the form

attertion is high temperature flow. This charac- of flow or "slumping". This test is an attempt to

teristic is currently evaluated in terms of oven predict oven drip performances of the iinished

drip performance in the finished cable. Oven drip cable. The oven drip test relates directly to

performance can be affected not only by the resistance to flow at elevated temperatures.

chemical composition of the compound but also by

procnssing conditions encountered during filling. The compound L_:w test, however, does not

Current raw materipl testing of compounds does not correlate to oven drip performanc. This is

adequately relate these processing conditions to because it does not simulate actual processing

oven drip performance of the cable. Vithout this ronditions encountered during the filling opera-

relationship, complete evaluations of newly tions. During these operations, the filling

developed filling compounds can not be made compound is subjected to mechanical shearing

without actual cable production. This step can which can in some cases cause actual separation

cause disruption In production schedules and slow of the compound components. Since most compounds

the evaluation process. To ellmirnte this con- contain some amounth of low melting point

straint, a test method has been developed which materials (i.e. oils), oven drip performance

can relate raw material performance in the could he affected. Most of these materials also

laboratory to oven drip performance in finished develop some degree of crystallinity. Depending

cable. on time, temperature, and conditions during
filling, the degree of crystallinitv and hence

stability can he greatly affected. Additionally.

tic geometry of the test specimen used for

INTRODUCTION compound flow is signiiicantlv different than
that used for oven drip testing. For these

In development of filling compounds for filled reasons, resistance to flow in the finisbed cable

cable systems, there are several key charac- could be lower even though raw material results

teriatics which muyt be considered. These cbarac- would Indicate resistance should be high.

teristics include: Because of this possible discrepancy, a develop-
ment program was Initiated to identify e test

1. Dielectric constant and dissipation method which would simulate process conditions

factor. and therefore relate raw material performance to

2. Compatibility with insulating materials, oven drip performance.

3. Stability over service life of cable.

4. Flexibility at installation tempera- DEVELOPMENT OF MFTHOD

tures.

5. Resistance to flow at elevated tempera- The initial i.Ivestigation focused on established

tures, industry; test methods. A review of the ASTM

procedures revealed a test metbd which could be

There exists for all these characteristics, raw modified for use. This test method was D-1742,

material test methods which attempt to predict OIL SLP.ATION FROM LUBRICAIINC GREASE DURING

performance in finished cable. For those charac- TORAGE. The procedure outlines a method of

teristics which are not sensitive to processing applying pressure, at room temperature, to a

conditions, these test methods are adequate, container holding a sieve strainer full of

However, for those which are sensitive to pro- compound. A small beaker under the container

cessing conditions, these methods are not collects any oil which flows from the sieve

sufficient. One characteristic, which has been strainer. The beaker is weighed before and after

identified as being process sensitive, is resis- testing to determine the amount of oil separated.

tance to flov at elevated temperatures. The raw

material test method used to screen this parameter Since this procedure was not specifically written
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for cable filling compounds, modifications to the cables. Initial layers of compound have solid-
procedure were necessary. These modifications ified prior to final filling.
were based on an evaluation of the major contri-
buting factors which were considered influencial Due to the large number of factors, the analysis
on the rate and amount of compound that could be was conducted using a concept known as "Design of
separated. These factors were selected on the Eyperiments (DOE)". DOE is a statistical method
basis of simulating process conditions as well as for setting up and executing experiments. It is
variations in the current test method and sample based on a method developed by Dr. Genichi
preparation. Ten factors were identified which Taguchi and Professor Yu-ln Wu. The main benefit
could affect the rate and amount of compound that of this method is that a number of variables can
could be separated. These factors and a descrip- be evaluated at the same time using a limited
tion of each are as follows: number of tests. The statistical analysis of the

results allows determication of those variables
1. Test Temperature - The test had to be (factors) which have the most influence on the

conducted at an elevated temperature due to evaluation.
the viscosity difference between filling
compound and lubricating grease at room With the factors established, it was necessary to
temperature, determine the number of levels within each

factor. Two levels for each factor were

2. Test Pressure - The test pressure would be assigned. These levels, in most cases, reflected
similar to that specified in D-1742 due to a more is better or less is better condition.
the limitations of the test fixture. The factors with assigned levels are shown in

lable 1. Tn addition to the assignment of
3. Type of Compound - Two different types of levels, possible interactions between factors

compounds were evaluated. These represent were identified. These interactions are outlined
compounds comonly used In the telephone as follows:
cable industry today.

1. Test temperature and pressure (A & B).
4. Type of Insulation Mixed with Compound - Two 2. Mixing temperature and amount of agitation (F

different types of insulating materials were & G).
mixed with the corpound prior to placement in 3. Mixing temperature and rate of cool down (F &
the sieve strainer. This factor was included F).
in an attenpt to simulatp the actual cable 4. Mixing temperature and amount of working (F &
core environmert. I).

5. Amount of Insulation Material Mixed with After the factors and interactions were estab-
Compound - Thib relates to previous factor. lished, the selection of a test fit orthoginal
The amount was based on a percentage of the table and corresponding linear graph was done.
compound weight. Since there were ten (10) factors at two

levels and four (4) interactions, an L (2

F. Temperature of Compound During Mixing of orthoginal table was chosen. The orWognal
Insulation Material - ne temperature at table with the factors assigned to each column is
which the Insulating material was added to located in Table 2. The corresponding linear
the compound was controlled. This relates to graph used to assign columns to each factor and

application temperature ot the compound in a interaction in the orthoginal table is shown in
cable core. Figure I. The interaction columns shown in the

linear graph between 5 and 14. 5 and 6, and 6 and

'. Amount of Agitation of Compound During Mixing 4 were not used. Because of this, the results
of Insulation Material - The amount of mixing assigned to factors C (type of compound), D
was controlled ty means of mechanical (addition of hot compound), and e (error term)
stirring or han-' stirring. his relates to may be influenced by those interactions if they
possible shearing of the compound immediately are strong. From the orthoginal table, sixteen
after filling. (16) experiments were established.

8. Pate of Cool Down of Compound/Insulation TABLE 
Mixture - This factor relates to cooling rate
of the cable core. FACTORS AND LEVELS

9. Amount of Working (mechanical shearing) of A. Test 'emperature
Cooled Compound/InsulatIon Mixture - The 1. 65 'C

compound/insulation mixture was physically 2. 80 *C
worked prior to placement in the sieve
strainer. This relates to the additional B. Test Pressure

mechanical shearing which may occur in 1. 0.44 psi

winding of a cable on a reel. 2. 0.88 psi

10. Addition of Hot Compound to Cooled C. Type of Compound (Petrolatum-based)
Compound/lnsulatlon Mixture Prior to Test - I. Compound A
T!s factor relates to subsequent filling 2. Compound B
operaticns which mav occur in multi-unit
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D. Addition of Hot Compound to Cooled FIGURE I
Compound/Insulat ion Mixture
1. No addition LINEAR GRAPH
2. Addition at 225*F (85% solid, 152

liquid, by weight)

E. Percentage by Weight, of Pellets Added to
Compound 0 ,E

2. 50Z 2 .. .14

F. Temperature of Compound During Mixing of A

Insulation
1. 190*F
2. 225°F

G. Amount of Agitation of Compound During Mixing
of Pellets
1. Light (hand stirring - 6 minutes)
2. Heavy (mechanical stirring - 15 minutes)

H. Rate of Cool Down of Compound/Insulation
Mixture
1. Slow (room temp. 72*F constant) Samples were prepared and conditioned as required
2. Fast (methanol bath - 20*C constant) per the orthoginal table. Sample quantities were

220 grams. This allowed two identical experi-
I. Working of Cooled Compound/Insulation Mixture ments to be conducted per preparation and condi-

1. No working tion sequence. The compound/insulation mixture
2. Working (hand kneading - 10 minutes) was then placed in the sieve strainer. The sieve

strainer was placed in the base of the oil
J. Type of Insulation (Pellets) separator apparatus and weighed. This weight was

1. High density polyethylene subtracted from the weight of the empty sieve
2. Polypropylene strainer and base. This was to insure uniformity

in compound/insulation mixture weights between
experiments. The entire oil separator apparatus

TABLE 2 was then assembled. A complete break down of the
oil separator apparatus is found in Figure 2.

ORTHOGINAL TABLE This oil separator apparatus was then placed in
an air circulation oven maintained at thc
specified temperature (t2CC). Pressure through
the apparatus was generated by an air compressor
and regulated by the use of a mercury U-tube

... t. oil " " - Ilis ... manometer. Pressure was regulated to t 0.C5 psi.
C. D 2 F I M6 -- 3 6 --- 2 6 . FL ! 6------- -----. . . . . . ..... ... Figure 3 provides s complete description of the

I 1 2 27 2 21 2 2 2 test set-up. The experiments were conducted over
' 2 22 2 a time interval of seven hours. The catch pan

was removed each hour and any compound found was
S2 2 2 2 l weighed. After the seven hour test period, total

2 21 compound accumulation was recorded.

22 2 F 2 2 2 2 I 2 2 2 2 2 2 F 2 FIGURE 2

24 221 2222 21 2 2 l 2 OIL SEPARATOR APPATJ'US

.. ...... ... ........... ..... .. . . . .... .. ..T P_ _

~cEVE (200 ME',H SCkaEl
- - _B A E - 2 ---

-7 -. CATCH PAN _

BOTIQTO-L
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FIGURE 3

" FST SET-UP

MANOMETER

OIL SEPARATOR

BRASS RUBBER (SEE INSET)
TEE HOSE //

eEAKER F AIRBEAKERCOMPRESSOR
:If / DRYER

HOSE TBN

CLAMP S___________
REGULATOR

SPUT-OFF
VALVE

RFSLLTS OF CONPOUNKD SEPARATION TESTING The next significant factor is the test tempera-

ture (Factor A) which contributed 20% to the

The total compound accumulation tor both rurs of
each experiment wis determined and is summarized
in Table 3. The statistical analysis as outlined
in the Taguchi Method was then performed. The
main part of this aralysis is to construct an TABLE 3
ANOVA (analysis of variance) table. The key parts
of the ANOVA table are the variance due to each
function (V), the variance ratio due to each COMPOUND SEPARATION RESULTS
function (F) and the degree of contribution of
each function (9). The variance (V) gives an
indication of what factors influence variation in
results. The greater the number the more varlabi- Experi..ot Run Il Run #2
lItty its factor has on the results. The variance Nuabet Total Acc() Total AcouR(g)

ratio (F) provides a test to determine the signifi- 1 2.0877 2.5885
cance of the factor's variation in comparison to 2 1.3232 0.5669

3 2.4568 1.4958
the correction factor and error variance. This 0194] 0.4618
test is sometimes referred to as the F-test and 5 0.3127 0.3932
uses a table developed by R.A. Fisher to show 6 1.5150 0.9393

7 0.7031 0.7513corresponding numbers at 5% and 1% significances. 8 0.5485 0.6941
By comraring the calculated variance ratio numbers 9 2.9151 3.0241
to values located In the table, the degree of 10 0.7290 0.7193

11 2.7333 2.8065significance of each factor can be determined. 12 1.0095 0.6633
The degree of contribution (() allows the expert- 13 2.3299 1.8976
menter to express the significant factors in order 14 2.0980 1.29F2

15 1.1663 0.8139
by assigning a percentage of contribution to the 16 2.4383 1.9025
total variation. Table 4 represents a summary of
the compiled ANOVA for these experiments.

From the ANOVA table it is clear that the most
significant factor is the rate of cool down on
the compound after mixing in the insulation
material (Factor H). Its contribution accounts
for 35% of the total variation in the results.
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TABLE 4 FIGURE 4

ll -i( A! fl] A( lf.j,

ii I * t 4.

Pr

total variation. These are followed b' ti's factor
ol' working the compound (I' and the type of
compound (C). Each of these four significant
factors was then analyzed as to which level causee
the greatest amount of compound accumulation.
-his was done by finding the average compound.-
accumulation where column A-1 experiments and
comparing that to the average compoure ULi

accumulation where column A=2. A graph of this
factor for each level was then constructed. This
procedure was repeated for the other three
factors, These graphs can be found in Figure 4.
In the case of test temperature, the higher the
temperature, the greater the amouut of compound &IGNIFIC ANT FACTOR~S
separation. For rate of cooling, the slower the
-ate the greater the amount of compound -

separation. Of surprise, was the factor that no
working of the compound actually created more
compound separation then working did. Practical
experience bee proven that shearing forces en-
countered during the manufacturing procesr: can
Indeed cause compound separation. The shearing t
forces generated during this evaluation were not
of the iagnitude or duration necessary to cause
this situation to occur. In regard to type of .

compound, compound B was found to have less.
accumulation of residue than compound A.
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strainer. The mixture was then allowed to slowly
cool back to room temperature. Testing was

SIGNIPR-ANT FACTOR, conducted as described previously. Results
obtained this time were much more consistent with
similar variations as observed with the petro-

,s latum - based compounds.

CORRELATION TO OVEN DRIP

*' With the test procedure established for both
petrolatum-based and gel-type compounds, correla-

tion of these results to actual oven drip per-
formance in finished cables waq conducted. A
total of five different filling compounds were
evaluated. These included three petrolatum-baaed
compounds and two gel-type compounds. The first

two petrolatum-based compounds (Compound A and
Compound B) were those used in the original DOE
testing. Several experimental cable runs were
then made with each of the five compounds. These
cables were tested 3for oven drip performance at
80"C per ASTh 04565 . Table 5 and table 6 repre-
sent a summarization of the oven drip performance
with corresponding compound flow data. The data
shows that compounds which exhibit high amounts
of compound flow also have poor oven drip
performance. In addition, those compounds which
show little or no compound separation, exhibit
good over drip performance.

ESTABLISHYENT OF TEST PROCEDURE
TABLE 5

Based on the results obtained during this evalun-
tion of compound separation, the following sample OVEN DRIP PERFORMANCE
preparat ion and testing environrent was PETROLATUM-BASRD COMPOUNDS
ebtablished:

L OMPOUND A COMPOUND FLOW - 2.16 g/ 7 hrs.
1. Test temperature - FO°C.
2. Test pressure - 0.44 pal. 100/26 toam skin polyethylene 5/6 failures
3. Tpe of insulation mixed with compound - high 400/24 foam skin polyethylene 6/6 failures

density polyethylene. 1900/24 solid polypropylene 3/6 failures
. Anmount of insowlation material mixed' with 25/2 solid polypropylene 6/6 failures

comround-25% by weight.
5. Temperature of compound during mfxin - COMPOUND B COMP1'UN[ FLOW - 0.73 g/ 7 hrs.

225'F.
h. Amount of Agitation - hand mixing. S0/72 foam skin polyethylene 1/6 failures
7. Rate of cool down - slow. 400/26 foam skin polyethylene 1/6 failures
P. Working-none. 25/22 solid polypropylene I/6 failures
9. Addition of hot compound - none.

COMPOUND C COMPOUNE fLOW - 0.02 g/ 7 hrs.
To this point, all testing had focused exclusively
oi petrolatun-hased compounds. Gel-type compounds 400/74 loam skin polyethylene 0/b failures
were then includcd in the evaluation. Poring this 200/22 foam skin polyeth.lene 0/b failures
screening proces. it was dlscnvered that the 100/24 sclid polypropylene 0/6 failures
procedure established above yielded resu'ts which
were very incresistent. -his inconsistency was TAI.F 6
traced bac to the filling of the sieve strainer. CYFN DRIP PERFORMANCE
Filling of the sieve strainer was onducted alt.ur CEl-TYPE COMPOUNDS
the compounG sal cooled to room temperature. Due
to the consistency of the petrolutum component at (OKPo(ND A COMP(oVND FLO( - 3.56 g/ 7 hrs.
ror, temperature, this filling could be accom-
plished with no difficultv. However, with 100/24 foam skin polyethylene 6,/6 failures
gel-type compounds, the rtubber component of these 600/26 foam skin polyethylene 6/6 failures
formuilations cause' the materi.1 to flake or 200/22 foam skin polyethylene b/6 failures
crumble at room temperature. This made flllinp
the sieve strainer at room temperature extremely COMPOUND B COMPOUND FLOW - 0.02 g/ I hrs.
difficult. Therefore, a mdlification based on
compound type was necessarv. For gel type co- 10011/2 foam skin polyethylene 0/6 failures

pounds, followuig additici of the polyethylene 100/24 foar, skin polyethylene 0/6 failures
pellets, the mixture was poured into the sieve 100/24 foam skin polyethylene 0/6 failures
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CONCLUSIONS

Both petrolatum-based and gel-type filling
compounds can be evaluated in terms of compound
flow performance using a modified version of ASTM
D-1742. Additional modification in sample
preparation is necessary in testing gel-type
compounds versus petrolatum-based compounds.
This compound flow performance can be directly
related to oven drip performance in the finished
cable. Those compounds which exhibit low
resistance to compound separation, demonstrate
poor oven drip performance in finished cable.
Those compounds which exhibit high resistance to
compound separation, demonstrate good oven drip
performance in finished cable.

Additionally, some correlation between compound
flow of the raw material and resistance to oil
separation in the finished cable ay be possible.
This would be of significant importance regarding
the evaluation of ETPR (Extended Thermoplastic
Rubber) compounds which contain high amounts of
oil. Further evaluation is necessary, however.
before this correlation can be substantiated.
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PITRIORMANCI: ANAl YSIS OF OPIC IIBFR CIIAVRS

W. W. Wood

Bell Communications Research
Momstown, N J.

ABS tRACT PRO(iRAM I OR ANAI YZING OP'CA[ I IBER

Man\ of the optical fiber splices that are being used for splicing I
telephone cables require cleaved fiber ends. the perfornance of A I echnical Reference (IR) which outlines the cntena for
these splices greatly depends on the quality of the cleaves that are clcavers in a telephone company environment has been
used in the splices I he performance of cleaving tools that are developed by Bell Communications Research * Included in this
tin the market vanes, and even the best tools do not always I R is a program for testing the compatibility of the individual
produce excellent results cleaver tool with the critena. I'lus program has three phases

A program for and)vting cleaving tools has been developd bs which arc conducted in the following order

aLd is being used bN. Bell Communications Research In this I Initial Performance Anal.sis
program the tools are subjected to tests that simulate usage by
telephonc conmpan, pcrsoniel. axtd the qualitm of the cleave% Simulation of Iield I sage of the Cleaver

produced bN, the tool is classified An analsis program for a 3 I inal Performance Anal)sts
elcaser requires the classification of 2001 cleaves In the Initial Performance Analysis. five operators who have had

I he ta Jissittiioii Is based on observation of cleaved fiber cods no previous experience itth the tool that is being analved are
urder an ititcroritnctnc niicro,,xope I lie angle of the clcasc is selected it produce the cleaves for the analsis 'ach operator is
measured. defects are identifitd and measured, and a classification instructed in the use of the tool and is then asked to make 20
i, assigned It each cleave clcasc, with the tool for the Initial Perfirincn e Analsis. I ibers

from four different vendors arc used Itach of the five operators
makes lisc clcascs with each of the four t Npes of fiber, and the
quali\ of each of the resulting 100 cleaves is then measured
I)unng the Simulation of Field (:sage, the tool is exposed to a

\lot of the splicing procedures for optical fibers require that tfe senes of tests that simulate use of cleaving tools in a telephone
ends oif the tibers be cleased Ihe power loss in splices that use company environment the tool is exposed to vibration,
t:cat.d tib.rs depends facgcls tin the qualt, of the cleaves that mechanical shock, thermal shock, and temperature and humidity
Are used in the splice the cleaving tool is therefore an titling. and is used to produce 900 additional cleaves
Impoanir t factor in splicing optical fibers Pior cleaves result in i the I-anal Performance Anal.sis. the onganal five operators
a low sicld of splL'cs that have acceptable loss Splices with produce a second set of l0f cleases, and the qualiy of thes
unattcptable loss must be removed and the splice remade Ihe cleaves is measured

time required for relabnrcting splices is lost to production

I urihermre. %,hen a splice crew is faced with a senes of splices Ihis paper presents the procedures used in this program for
with high loss. they will tend to accept splices with higher loss classifying the quality of cleaves produced by the cleaving tools
than would otherwise have been acceptable

I ibet ends that are to be spliced must be flat. smooth. and (I1 AVI ) St RIACI' ANGI
perpendicular to the axis of the fiber ('leaving is a quick and Ihe single feature most frequently used to characterize the
simple method lo prepanng fiber ends loe splicing Glass is a quality of a el:ave is the end angle of the fiber This is the angle
bnttle material, and under controlled conditions glass fibers can that the cleased surface makes with a plane perpcndicul,,r to the
be made Its fracture in uch a way that the end surfaces are axis of the tber The angle is measured with an miterferometnc
suitable for use in splices there are two steps in cleaving a fiber Microscope Iringe pattes observed in the microscope serve as
wcore it. then stress it ('leaving tools for optical fibers perform contour line that graphically illustrate the topology of the
both steps 'he quality of the cleave depends on the score that cleaved surface the cleave angle as well as other information
the tool makes on the fiber and on the stress distribution that the needed to analyze a cleave is contained in this fnnge pattern.
tool establishes in the fiber at the instant that the fracture occurs Ihis information can be easily observed, and the fringe pattern

I he ideal cleaver wilt, even in the hands of an mexpencrinced can be recorded for future reference
operator, produce nearly perfect cleaves every time it is operated

I he performance (if the tools currently on the market vanes, and I R I sY 00264. Oiptia Fiber Cleaving Tools. tie i.
" eni the best tools do not produce excellent cleaves all the time iieOmer ; IOlell C'ommuncaions R ei arch
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table I. (leave Classification Ssstem

Cleave Quality Rating
William W. Wood

IDfct Iype frBell Comnunications Research
Defect tDistance in Microns (fiber edge to core) 435 South Street

Score K 12 12-2(0 > 20 Morristown New Jerse 07960
ip 0 ) > 0

Rolloff 0 < 15 > 15
Chip 0 < 20 > 20
Spiral I) < 15 > 15
Step 0 < 21) > 20 Mr. Wood is a Member of the Technical Staff at Bell
Ilackle Mist < I) 10-20 > 20 Communications Research, Morristown N. J. tis current
Shattered (Note 1) responsibilities Include the analysis of fiber optic splices. Mr.
I-nd lide I' - 21 > 2

o  Weod received a Bachelor of Science degree in Mechanical
- -- - .ngincering from Newark College of lEngincering in 1955, and a

Notc 1 [he quality rating for all shattered ends is C. Master of Science Degree in gminecring Mechanics from
Columbia University in 1960. ie joined Bell Telephone
Laboratories in 1957 where he worked on the development of
tools and equipment for use in the telephone system. lie joined

[bc eighting to be to given to each of the defects was based on Bell Communications Research in 19S4.
the Cl0ct thc wmould hate on producing a low-loss splice. For
example, a lip is a rather senous defect in that it separates the
liber ends, whereas vith a chip the core and most of the fiber
cnd can be in contact. Consequently. a cleave with a lip of any
size is classfied as C. whereas a cleave with a chip of 19 microns
may be classified as B3.

RFSII IS

[he data in Bellcore product analysis reports are proprietary and
are released only to the former Bell Operating Companies
sponsoring the analysis and to the manufacturer of the particular
tool. I loNever, a few general conclusions can be presented from
the tests that have been conducted so far.

light tools have been tested. The results of these tests showed
large variations between tools. The best tools had only 60% of
their cleaves in the A or B classification. The poorest cleavers
had no cleaves in the A classification and 50% of their cleaves in
the C classification.

Most of the tools showed no signilicant change in performance
as a result of the simulated field usage. Some tools however
show a smnificant vanation in performance with different
operators. Ihis is important since it indicates that the
performance of these tools is sensitive to the technique used by
the operator. It may indicate a need for additional procedures
for training in the use of these tools and/or redesign to reduce
operator sensitivity.
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A NETHOD OF DETERMINING THE PERCENT EYANSION OF CELLULAR INSULATIONS

N. JEAN BAER

ESSEX GROUP, INC., 800 EAST GARFIELD AVENUE, DECATUR, ILLINOIS 62525

ABSTRACT Cellular insulation as it was first introduced in
the United States in 1973 was in the form of foam

The percent expansion of cellular insulations, insulation. This design distributes small
defined as the ratio of the volume of gaseous gaseous cells uniformly throughout the cross-
cells or voids in the insulation to the total section of the Insulation and lends itself more
volume of the insulation, is of prime interest to easily to exact measurement of the percent of
the cable design engineer. It allows the material expansion.
usage required for a particular insulation design
to be calculated. Today, however, foam insulated conductors have

been augmented in the cable industry with foam/-
A detailed analytical method for measuring the skin insulation, a design which still incor-
percent expansion of cellular insulations based on porates the concept of foam insulation, but
the determination of the insulation density using which was further refined by the addition of a
a liquid displacement technique is presented. thin layer of solid material over the foamed
Direct measurement of the percent expansion of portion. Determining the actual percent expan-
foam insulation and of the apparent percent slon, and thereby knowing the exact amount of
expansion of foam/skln insulation is possible with material usage, is more difficult with this
this technique. No assumptions or reasurements of combination of solid material and foamed material
cimensions are required for these determinations, on the same insulated conductor.

A mathematic calculation, based on the dimensions The term percent expansion is used here to mean
of the copper diameter, insulation diameter, and the amount of gas present in the Insulation and
skin thickness, allow. The percent expansion of can be calculated as the ratio of the volume of
the foamed portion of the foam/skin insulation to air present in the insulation to the total volume
be determined, of the insulation expressed as a percent. While

theoretically it is possible to approach 100%
expansion, physically it is not practical.
Evaluation of physical properties of the result-
ing insulation as a function of percent expansion

INTRODUCTION have shown that these physical properties de-
crease gradually with increased percent expan-

Percent expansion, the ratio of the volume of sion. As the volume of the gas approaches and
gaseous cells or voids in cellular insulation to exceeds the volume of solid material, the ceils
the total insulation volume, is a necessary design tend to become interconnecting, severely reducing
parameter. It is necessary for calculating the the mechanical and dielectric strength of the
material usage in a cable construction and is a insulation
consideration in cable design since the parameter
may influence the electrical and/or physical In order to p.oduce the smallest and therefore
properties of the insulation. The dielectric the least cottly cellular product, the cable
strength of the insulation and hence its ability design engineer must know what is the maximum
to meet the conductor to conductor High Voltage percent of expansion that can be utilized without
Tests of various cable specifications, and the sacrificing physical or electrical properties.
tensile strength and compression strength of the
insulation are all properties which are directly By manufacturing cables with different percent-
affected by the percent expansion of the insula- ages of expansion ard measuring the expansion of
tion. In addition, while Insulation diameter and cables that have known values of various physical
coaxial capacitance are used as process parameters and electrical characteristics, the designer can
to control the cellular extrusion process, measure- achieve an optimum design.
ment of percent expansion provides a relative
quality control check of the cellular insulation, It was for that reason that the following test
independent of process conditions, temperature, or method was established.
line speed.
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TEST METHOD 3.5 Suspend the coiled specimen on the

freely hanging support wire, immersing

Determination of percent expansion is based on the coil into water. Make sure the
first measuring the density of the Insulation. coil is completely immersed, that it is
Density is measured using Archimedes' Principle not touching the side or bottom of the
which consists of weighing the material in air and beaker and there are no air bubbles
in water. However, because the density of the adhering to the support wire or test
cellular insulation is less than that of water, it specimen. Gentle shaking of the
will float in the water. For this reason, the support wire should usually remove any
measurements are made using an insulated conductor bubbles.
and the effects of the conductor subtracted from
the results to obtain the appropriate weights of 3.6 Determine the weight of the support
only the insulation. Once the density of the wire plus the totally immersed coiled
insulation is determined, the percent expansion is specimen in water to the nearest 0.0001
obtained by dividing the measured density by the g. Record this weight as W2.
density of the solid material and subtracting this
value from 1. 3.7 Carefully uncoil the specimen and strip

the insulation from the entire length
Detailed test methodology and formulae for cal- of conductor. Recoil the wire and
culating density and percent expansion are as weigh the bare conductor in air to the
follows. nearest 0.0001 g. Record this weight

1. SCOPE as W3 -

3.8 Suspend the bare conductor from the
This method describes the procedure for support wire in water as previously
determining the degree of expansion of described in Step 3.5. Weight to the
cellular polyolefin insulations based on nearest 0.0001 g and record as W4.
their density, using a water displacement
technique. 3.9 Measure the temperature of the water in

the beaker to the nearest l*F.
2. FQUIPMENT

3.10 Following the calculations in Section
2.1 Analytical Balance capable of measuring 4, determine the percent expansion for

to 0.1 mg. each cellular polyolefin insulation
specimen.

2.2 Beaker: 250 ml
4, CALCLATIONS

2.3 Beaker Support: A stationary platform

to support the beaker above the balance 4.1 Calculate the specific gravity of the
weighing pan. cellular insulation as follows:

2.4 Sample Support Wire: 22-26 AWG wire, S.G. - (WI-W 3)
approximately 4 inches long for sus-
pending the test specimen from the (W I-W ) + (W4-W2)
specific gravity hook of the balance
into the beaker. Where: S.C. = Specific gravity of

test specimen
2.5 Thermometer: Craduated in increments of W1  Weight of Insulated

I*F. conductor in air
(grams)

3. PROCEDURE W2  - Weight of insulated
conductor and support

3.1 Cut two (2) cellular insulated condti.ctor wire in water (grams)
specimens approximately 10 inches long. W3  = Weight of hare con-
Und each into an individual coil having ductor in sir (grams)
a diameter of I to 1.5 inches. Test W4  - Weight of bare con-
each specimen individually. ductor and support

wire in water (grams)

3.2 Weigh the coiled sample in air on the 4.2 Calculate density of the cellular
analytical balance to the nearest 0.0001 ins ilation as follows:
g. Record this weight as W1 . Dc - (S.C.) (Dw)

3.3 Fill the beaker with water. Position Where: D - Density of cellular
the support and filled beaker over the c insulation (grams/cm

3
)

balance pan. D - Density of water at test
temperature (grams/cm')

3.4 Attach the support wire to the specific Dw - 1.00 g/cm
s 

at 70*F;
gravity hook, positioning directly above consult handbook for Dw at
thr filled beaker, other temperatures.
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4.3 Calculate the degree of expansion of the E f Ds - Df
cellular insulation to 2 significant x a0f
figures as follows: D X xO0

a

E-(Ds - D) x 100
E The reproducibility of the above test has been

D shown through extensive laboratory testing to be
within ± 2-3% for foam insulation and within 5%

Where E - Percent expansion, % for foam/skin insulation.
D Density of solid material

s corresponding to the CONCLUSION
insulation (gramslcm9)
0.905 g/cm

3 
for polypropy- This paper outlines a method for determining the

lene actual percent expansion of foam insulation and
0.948 g/cm

3 
for high the apparent percent expansion of foam/skin

density polyethylene insulation. This methodology has been extended,
through mathematical calculations, to determine

If the Insulation is foam, the percent expansion the actual percent expansion of the foamed
calculated in 4.3 is the actual percent expansion portion of foam/skin Insulation.
of the insulation. Tf the insulation is foam/-
skin, 4.3 only gives the apparent percent expan- REFERENCES
sion, that is as if the cells were uniformly
distributed over the entire cross-section rather 1. The Universal Cable Design For The Outside
than being concentrated in the inner foam portion Plant, 1980, Dr. James S. Tyler.
with solid material as the skin.

To determine the actual percent expansion of the
foam portion of foam/skin insulation, the follow-
ing information must be obtained from actual or
design measurements of the sample being tested:

DOD - Overall diameter of insulated conductor,
inches

t - Skin thickness, inches

DOF - Diameter over the foamed portion of the
insulated conductor - DOD - 2t, inches

d - Conductor diameter, Inches N. Jean Baer
800 East Garfield Avenue

Then, the density of the composite cellular Decatur, Illinois 62525
insulatlon, D , measured above can be related to
the density of the foamed portion only, Df, by the N. Jean Baer attended Lake Land College. She
equation: Joined Essex Group, Telecommunication Products

Dc = V D6 + VfDf Division in 1981 in the Quality Assurance
Department. She currently holds the position of

V Manager of Product Engineering.

Where: V - Volume of skin, inches
V
s 

- Volume of foamed portion, inches
f
V . Volume of overall insulation, inches

or Dc - (DOD
2 

- D12 ) D s + (DOF
2 

- d
2
) Df

(DOD
2 

- d
2
)

Rearranging and solving for Df yields.

Df - (DOD
7 
- d

2
) D - (DOD

2 
- DOp

2
) b

(DOF
2 

- d2
)

Since D Is a known for a given material, D is
kncwn from the previous measurement. and DOD. $OF,
and d are known from design parameters or actual
measurements on the specimen being tested, Df can
be calculated.

Percent Expansion, Ef. of the foamed portion only
can then be calculated from:
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A TEST FOR OPTICAL FIBER COATING STRIPPABILITY

James Moses and Mark Sigmon

Siecor Corporation
Hickory, North Carolina

ABSTRACT possible by locking out the peak hold. Alsohoused in the contirl panel is the ,ripping speed

In the practical use of optical fibers it adjustment with digital readout. A chart recorder

is necessary to mechanically strip the graphs the qtripping fozre profile versus time.

protective coating off the fiber in order to
splice or connectorize it. It is desirable to Capabilities of this test equipment include a
strip the required length of coating in one force range of 0 to 45 Newtons. Stripping speed

step. Therefore the stripping force cannot be may he vatied from 0 to 9 cm/min. In addition, a

too high. At the same time some adhesion of wide range of stripping toois may be used by
the coating to the glass is required for simply changing holders for the desired stripper

environmental reasons. Until recently this and mounting it on the translating stage.

force has not been quantified. In this paper

a test for strippability of optical fiber TESTING PARAMETERS

coatings is described. The testing apparatus
and procedure are presented, and the results It is important to choose the correct testing

of this strippability test are discussed. A parameters to provide comparable measurements

correlation is made between the strippability among a wide range of coating systems. Coatings

profile and the environmental stability of the with high levels of adhesion should not be tested

coating system. by stripping a long length of coating from the
glass. When this strip length is too long, the

coating does not slide away from the glass.

THE STRIPPABILITY TESTER Rather it exhibits a buckling, twisting effect,
making the results difficult to analyze. The pure

A device for accurately measuring the sliding mechanism of sttippability testing i5

mechanical force required for stripping the easier to analyze.

coating from a fiber is now in use. The test

apparatus consists of five main components, and is From experience, the best testing parameters
sketched in Figure 1. are as follows:

1. Load cell Strip length: I cm from fiber end

2. Translating stage Stripping speed: 1.5 cm/min (0.6 in./min.)
3. Fiber optic strippers

4. Control panel This allows a wide range of coatings to be tested

5. Chart recorder under the same conditions.

The heart of the strippability tester is the The Saiko stripping tool was chosen for this

load cell. Physical stripping force is measured test. The Seiko tool is effective for coated
electronically by the load cell. One end of the fibers it the 500 micron and 900 micron
fiber is secured to the load cell by wrapping it geometrie.. The Seiko tool with the .3 mm blades
around the cylindrical holder. The other end of cuts down to 300 microns. When a pulling force is
the fiber is threaded through the fiber optic applied, the remaining coating is stretched and
strippers and clamped. The strippers are mounted torn away from the 125 micron glass. Then this

on a translating stage. By setting the stage in coating sleeve slides away from the glass. For
motion the coating is automatically removed from 250 micron fiber, a different tool must he used.
the fiber. The stripping end of the fiber is fed since this fiber size would simply slide through

into a tube that keeps the coated fiber in the 300 micron blades. Please note that this

position as the stripping occurs. The depth of paper will present data tor 900-micron coated
the tube can be used to control the strip length. iberl only.

Stripping force Is digitally displayed on the
force transducer indicator located in the control

panel. The transducer indicator features a peak

hold mode displaying maximum force measured during
the strip. A continuous force readout is also
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STRIPPABILITY RESULTS AND ANALYSIS ENVIRONMENTAL STABILITY: "FIBER PISTONING"

Table 1 lists the peak stripping force for a While it is desirable to keep the peak
variety of coating systems. The coatings have stripping force low in order to make the
been identified by ranking them in order of strippability process craft-friendly, some level
decreasing peak strip force. Each of these of adhesion is required for reasons of
coatings is a dual-acrylate buffered out to 900 environmental stability. Since there is a
microns with a thermoplastic tight buffer. mismatch of the ihermal expansion coefficients of

the glass and the coating materials, it is
possible that the coating system will shrink away

TABLE 1 from the glass fiber. This problem has been
referred to as "fiber pistoning," since the glass
moves independently of the coating. This presents

COATING AVERAGE PEAK STANDARD DEVIATION a problem with connectorization, in some cases
FORCE (Newtons) OF THE SAMPLE (n=lO) leading to fiber breaks.

1. 28.1 1.0 The susceptibility of a coating system to
2. 14.0 0.6 fiber pistoning can now L predicted by analyzing
3. 12.5 0.5 its strippability profile. Coating I has the
4. 12.2 0.4 highest stripping force, and the friction
5. 10.2 0.9 coefficient is so high that there is no apparent
6. 7.2 0.6 second region. No fiber pistoning is expected,
7. 6.6 0.7 due to the large adhesion value. On the other

hand, Coating 7 is a likely candidate for fiber

Figure 2 shows a representative strippability 
p g

profile for a 900 micron coated fiber. This A check for fiber pistoning has been devised.
behavior is analogous to that shown in a previous Coated fibers are cut into 1-meter lengths and
study of the adhesion between coated fibers and exposed to 65 degrees C and 70% relative humidity
slabs of elastomeric material. (*) The ordinate for a period of 3 days. The results can be seen
is force in Newtons. The abscissa, reading right in Table 2:
to left, is time. Since a constant speed of 1.5
cm/min is maintained, the abscissa can also be TABLE 2
converted to distance. The strippability profile
is divided into two regions. Region I is that
part of the stripping process where the stripping COATING OBSERVED PISTONING
tool is tearing the remaining coating from the
glass. The peak stripping force is encountered 1. none
here. This force is dependent on the ultimate 2. none
tensile strength of the coating material and the 3. almost imperceptible, < 1 mm
force that it takes to overcome the static 4. none
coefficient of friction between the glass and 5. none
coating. Region iI is that part of the stripping 6. 6 mm glass exposed each end
process where the coating is sliding along the 7. 6 mm glass exposed each end
glass at the 125 micron Interface. The force
taken to accomplish this stripping is solely a
function of the (dynamic) friction coefficient As expected, the well-adhered Coating 1
between glass and primary coating. The slope of showed absolutely no pistoning effects. Coatings
the Region 1I portion of the strippability profile 6 and 7 pistoned greatly. This low adhesion was
gives an indication of the magnitude of the predicted by their strippability profiles, Figures
adhesion between coating and glass. 6 and 7. The only other coating to exhibit any

pistoning was Coating 3. It is surprising that
Figures 3a through 3g illustrate the Coating 3 would piston and Coating 4 would not,

strippability profiles characteristic of coatings since their strippability profiles are virtually
1 through 7, respectively. Coating I has the the same. It must be recognized that the level of
highest stripping force, and the adhesion is so pistoning in Coating 3 is so slight that there may
high that there is no apparent second region, not be any meaningful difference between the
This Is an example of the tested strip length of pistoning performance of Coating 3 and those
1 cm being too long for this well-adhered coating. coatings that exhibited no pistoning at all.
The dual force peaks seen in Figure 2a are
characteristic of the buckling or twisting Although the coatings with the lowest peak
mechanism of stripping. At the other extreme, strip force from Table 1 also were the most
Coating 7 has almost no measurable adhesion susceptible to pistoning, the peak force value
between glass and coating once the initial break alone is not enough to predict the environmental
is made. Note that Coatings 3 and 4 have very stability of the coating system. This is because
similar strip profiles and peak force values. In the peak strip force includes the force required
fact, it Is known that these two coatings are to completely break the coating after the
composed of the same materials, stripping tool clamps down. It is felt that the
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complete strippability profiles seen in Figures
2a-g are a better indication of the glass/coating
adhesion. The Region II portion of the profile is
a direct measure of the force required to slide
the coating from the glass, and hence is a good
indicator of pistoning performance. Mark A. Sigmon

489 Siecor Park
CONCLUSION Hickory, NC 28603

The use of this optical fiber coating
strippability tester now allows one to accurately
measure the mechanical force required to strip the

coating from a fiber. The critical test
parameters are the strip length and the stripping
speed, with recommended values of 1 cm and 1.5 Mark A. Sigmon was born in Newton, North Carolina
cm/min. respectively. The strippability tester in 1962. He received his Bachelor's Degree in
produces chart records of stripping force profile Mechanical Engineering from North Carolina State
versus time. These strippability profiles University in 1985. Since then, he has worked as
indicate the peak stripping force that will be a Process Engineer for Siecor Corporation -

required by craftspeople in the field, and also Research, Development and Engineering Department,
provide a prediction of the environmental and is currently Supervisor of the Process Lab.
stability of a coating system by measuring its
adhesion to the glass.
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(*) L.L. Blyer, Jr., C.Gieniewski, X. Quan, and

H. Ghoneim, "Buckling of Optical Fibers
Within Elastomers Used in an Embedded-Core
Cable Structure," Proceedings of the 32nd
International Wire and Cable Symposium
(CORADCOM, Fort Monmouth, NJ), Cherry Hill
NJ, November 15-17, 1983, p.146.
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1963. He received his Bachelor's degree in
Mechanical Engineering from Vanderbilt University
in 1985. He is currently employed as a Process
Specialist in the Research, Development and
Engineering division of Siecor Corporation. FIG. I
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Figure 2

Representative Strippability Profile
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Figure 3

- __ Strippability Profiles for Seven
Fiber Coatings
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DISTRIBUTION OF FIBER OPTIC FACILITIES IN COMMERCIAL BUILDINGS

John P. Varachi and Charles H. HIasz

Bell Comunications Research

435 South Street

Morristown, New Jersey 07960

ABSTRACT telephone closets on each floor and floor
distribution raceways as shown in Figure 1.

As new wideband services become available, their Basement areas may be poorly lighted, damp or

first applications will undoubtedly be in the subject to flooding, common to other building

business community. The need for packet data, facilities, unsecured, and poorly ventilated.

low and high speed video will require, in many Small distributing frames, crossconnect panels,

cases, a fiber network overlay to the copper splice cases, and multiplexing/demultiplexing

risers and distribution cables in existing electronics, PBXs, power supplies and batteries

commercial buildings. The need to overlay this can all be found there. Riser space will be

copper plant with fiber presents a challenge partially if not fully occupied by the existing

to telco engineers and installers and to the copper network. Telephone closets, located in

manufacturers of the cables and apparatus they building core areas, are usually very small (4'

will use. This paper will review the experience x 6' in some cases) providing only enough floor

and insight gained from the design and installation area for entry and exit. Virtually all telephone

of an experimental fiber optic network at Bell apparatus is wall mounted including crossconnects,

Communications Research in Morristown, NJ. Special cable racking, riser tie points and occasionally

emphasis will be placed on the significant effect telephone equipment serving lines in the

cable and apparatus design have on efficiency, surrounding space. Any unoccupied wall space

ease of installation and reliability of the may have limited usefulness due to its height

installed network. Design requirements for off the floor or inaccessibility because of the

manufacturers' products, increasingly, must volume of existing cable being routed and dressed

emphasize the customers' ability to install, within the closet.

maintain and repair them because this cost can

far outweigh the original purchase price. DISTRIBOTIO

CLOSETS

Introduction

Unlike the residential market, where the cost

of deploying "the last mile" of a fiber optic

network must compare with existing technology

costs for basic service with incremental increases

for services generally entertainment or convenience

in nature, the business community will take DISTRIBUTION

advantage of new broadband services to generate CABLES

new revenues or reduce the cost of generating CROSCONNCT

the current revenue stream. Dollars to pay for R
these broadband services and the network to deliver

them will therefore be more readily available

and fiber optic overlays of existing copper

facilities will be common in downtown commercial
centers. This presents a unique and early 77'7'--T..
challenge to the telco engineer, the installer, / -'" j,. ROOM 

, 
/i

and the equipment vendor to engineer, develop ROOM

and install fiber optic facilities in spaces

that , in general, are already overcrowded by BU LDG

copper facilities and equipment. / I -E INRANCE•~~~ ~~ Stl ¢S UIPMENT

Commercial Building Environment

Traditionally, telephone facilities in commercial

buildings have been located in space provided

by the landlord. It is generally a combination FIGURE 1. COMMERCIAL BUILDING DISTRIBUTION
of a room located in the basement, riser shafts,
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Distribution cables, terminated in each closet, the fiber opt ic ne twork t11.it w,. wouild ow likc

are run to the te lephone equipment on the floot to int rodice.

in one of several o avs. (See Figure 2). Some

buildings are designed with an under-floor Experimental Network

distribution system, ducts that are set within

the concrete slab of the building. This is a The Bel lcore Fibernet is in interlocat ion fiber

reasonable solution except that these ducts nar optic network em;'lovinkc both single mode and

already be crowded in critical crossing areas. multimode technology to provide a research test

Raised floors and suspended ceilings provide bed for fiber network deployment, optical

usable space, but are shared with computer or transmission and systems and services experiments.

other equipment or building service cables and Sixteen single mode fibers connect two corporate

conduits and place additional requirements on locations, a distance of about 20 kilometers,

cable sheath materials because these spaces are and some 500 fiber drops have been deplored in

generally used as return air plenums for the offices and laboratories.

building ventilation system.
A major benefit has been the experience gained

on the deployment of fiber optic networks in

commercial buildings including installation

// / /7/;/C' /methods, available apparatus, and the training

CABE of craft personnel in the handling and termination
of optical fibers.

I RI PL[%.JM The design and implementation strategy for this

Anetwork differs in several ways from other early
A I fiber network deployments. Typical installations

have been based on available apparatus and cable

assembled in the most cost effective way to meet

'-' a service availability deadline. Although this

makes good business sense right now, it does

not address the most cost effective way to deploy

fiber networks long term given the existence

of all the necessary technology, apparatus and

-'A. -, expertise. By taking this approach, attention

could be brought to the missing elements and,

p Ihope ful lv stimulate their development before

they are needed by the operating telephone

. -Y -companies.

As an example, most if not all, current fiber

deployments use either factory pre-terminated

cables or factory connectorized pigtails spliced

to cable ends in the field. Clearly, this is

-~ - .' -not optimum from a network provider's point of

-~ i.. vew. Factory gre-terminated cables cause extra
.... pre-engineering of run lengths and inevitably

.......... . .. result in the storage of coils of excess cable

J, . at termination points (Figure 3) creating

significant housekeeping problems and are less

- .. . " -. ." rugged and difficult to pull into building raceways

because of the bundled terminations at each end.

Factory connectorized pigtails carry the combined

cost of connectorization and splicing on a

FIGURE 2. CABLE DISTRIBUTION METHODS per-fiber basis and require extra splice

organizers. The long range view is to deploy

building fiber cable at the site from large reels,

Final lv, record keeping is done by labeling the cut to length as installed and apply a low cost,

terminals or marking the backboards at each quick splice, connector or connecting block as

successive fan-out point in the building and required, similar to the way copper cables are

is therefore dependent on the craftsperson for handled today.

accuracy.
The experimental intra-buiilding network is a

In summary, the extensive copper telephone plant composite of botih single mode and multimode

that exists in commercial buildings today heavily technology to meet the needs of the user community.

taxes the allocated real estate, exists in places Several different vendors' cables and connectors

that may not be well suited for apparatus and were used to obtain experience with as large

equipment that may be environmentally sensitive, a cross-section of hardware as possible. Apparatus

locally powered and requires ventilation and choices were severely limited or nonexistent

protection from local hazards. And, of course, particularly for large and small crossconnect

it has been deployed vithout consideration for panels and user interfaces. Some wall mounted
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uc 'I rk access ports were fabricated in house In this experimental network, oft ices and

1 i ure 4'). In tact , in the early p [nning laboratories are connected by either s inee or

teen plenum rated tiber cables were not available duplex fiber cables to telephone (fiber) closets

althouch there are sever,ll sources now. on each floor. These cables are crossconnected
to riser cables as shown in figure 5 that connect
all closets to a main distribution frame in the

basement. Cables from the outside world also

appear on this frame and cross connections can

be made in anv combination. Maximum flexibility
was provided in this network due to its

experimental nature by the use of connectorized

jumpers in both the closet and the basement

although it is anticipated that splices will
be used to create "home run" fibers from the

user interface to the location of the multiplexing

electronics. Although re-arrangability is

important this close to the customer end, it

is expected that one higher loss crossconnect
facility per building is sufficient. User access

r to the network is through a wall mounted outlet
where an optical equipment cord can be connected.

- I
•A K

L

FICURE 3. Excess Cable Storage Rerults d

From The Use of Pre-Terminated

Cable

FIGURE 5. Optical Fiber Interconnection
Hardware

Experimental fiber based equipment in axe%.... ,

or laboratory can be connected to an,

location within or outside the huIld I

appropriate placement of fiber uMrpe- - .

clstand/or basement mntcrconnerlt;1'
Examples of inteloffice, Iot I'l

itrocation network coniurat '-

at this time.

Installation Considerations

Fibevr network t . ,,; , 7,

bv fiber c ih I,
{ ' r~~Iacela V's, r) ;

connector i -. t

The m4.i or,- andFIE;URE 4. Fiber Network User Access Ionr and :,'r
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Installation of fiber from the users' receptacle connectors we used were more easily applied at
to the fiber closet was done via the return air a lab bench. All of the connectors required
plenum using single and duplex fiber cables. some skill and a lot of practice to install as
Fiber drop-off points at offices and labs occurred concluded after training and observing fourteen
at 10 or 20 foot intervals in the long corridors experienced craftsmen who had no previous fiber

making large count cables impractical. Therefore, optics training. Special care was taken to follow
many small diameter, light and flexible cables each vendor's instructions precisely when applying
were bundled and pulled into 2 " square electrical their connector.
wireways with removable covers and knockouts
available at drop-off points. This assembly
met air plenum requirements although the fiber
cables alone did not. Flexible conduit was used CRMCERL
from the wireway to the user receptacle. This
conduit not only continued the integrity of the
air plenum design, but also protected the fiber FIBER-b.
in ceiling and wall areas, and provided control
of bending radii along the run. Wireway sweeps
were also necessary to control bend radii,
particularly where they emerge in the closets. EPOXY
A total of 25 miles of building distribution
fiber was deployed.

A major problem was encountered in pulling some
of the cable designs through the wireway. The
cable jacketing material must be selected to FIGURE 6 CROSS-SECIION OF TYPICAL FIBER OPTIC CONNECTOR
meet a number of requirements set by the cable
vendor regarding fiber protection, strength and
durability, fire and toxicity, cost and ease There are five basic steps in applying any of
of manufacture. But the deployed cost of the these connectors:
cable, a telco concern, is also affected by other
properties. The two most notable properties i. Strip the cable jacket and coating from the
among the cables used were cable memory and surface fiber.
friction.

2. Position the fiber within the connector.
Cable memory affects the installer's ability
to dress many cables into manageable bundles 3. Secure the fiber within the connector body.
without their springing back when released.
This is important since damage and snagging can 4. Strain relieve the cable.
occur if the cables do not lay along the intended
route, for example, in a rack above a suspended 5. Polish the fiber end.
ceiling. Cable jacket friction against a wireway
or rack can make it impossible to pull cables Several of these steps may lead to problems.
into place without copious amounts of lubricant Stripping the cable jacket mechanically may cause
and extra personnel. Some cables, in runs of nicks or scratches on the surface of the glass
25 to 200 feet, not only required large amounts fiber which may result in subsequent failure
of lubricant (undesirable in buildings), but due to stress free aging or static fatigue and
also required extra personnel, one at each end securing the fiber within the connector body
and one at each bend to coax it through. This using highly exothermic epoxies and heat guns
makes installation very costly and time consuming may produce significant thermal stresses. More
and is an excellent example of the need for vendors on these two later. Polishing the fiber end
to design cables with ease of installation in mind. requires practice and seemed to require a "touch"
Also, wireways and conduits are very costly. that some craftsmen never developed during their
A more suitable building distribution cable might training. Positioning the fiber within the
provide built-in durability and bend control connector body is not a problem assuming reasonable
so chat no additional precaution is necessary. dexterity and eyesight and strain relieving the

cable generally requires nothing more than the
Connectorization and Testing use of a properly set crimping tool.

Again, an assortment of available hardware was A significant number of badly applied connectors
used to gain the broadest experience. Five were discovered using a white light source at
different designs of single and multimode the far end to back light the fiber and examining
connectors from seven different vendors were the polished connector end with a 400X scope.
used for a total of more than 1000 fibers Even though initial measured losses were within
terminated. All connectors were of the the manufacturer's specs, this back light technique
epoxy/polish construction (see figure 6) to revealed cracks in the glass fibers within the
minimize losses in this connector Intensive region of the precision ferrule. This could
network. As previously mentioned, field be disastrous in a telco installation where
installable connectors are envisioned as the connectors test good on installation, but fail
method of choice long term although all of the sometime later due to crack propagation. The
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accompanying diagram (Figure 7) shows how a sample term failure can occur. Also, the temperature
lot of 48 connectors degraded over time. Also, to which a connector is heated using a heat gun
some connectors remained dark when back lit. is heavily dependent on the distance it is held
Micro-sectioning revealed large cracks in the from the nozzle. A quick lab measurement showed
glass in the region of accumulated epoxy at the a range from 180C to 125C corresponded to a
back end of the precision ferrule, distance of 4" to 6". Better control of cure

temperature was achieved using an oven. The
Two conditions may have caused or contributed use of a slow curing room temperature epoxy greatly
to these fiber cracks. First, as previously improved connector yield giving good support
mentioned, mechanical stripping tools use precisely to this theory but would clearly be less convenient
aligned and sharp blades to separate a length for field installations.
of coating and slide it off the fiber. Normal
wear or misuse of the tool may have caused one On average, field connectorization takes 20 minutes
or both blades to contact the glass causing a per fiber assuming a work station is set up and
surface flaw. Second, the selection of a highly many connectors are to be done for both single
exothermic epoxy and/or the use of a hand held and multimode regardless of vendor. The combined
heat gun may have caused significant thermal cost of these connectors and labor seems too
stress during cure and residual "locked-in" stress high for widespread use even with a very low
post cure. The magnitude of these stresses are reject rate. New connector designs are needed
affected by thermal expansion coefficient, epoxy that are low cost, low loss, easily applied and
curing temperature, shear modules and thickness not dependent on a high degree of skill.
between the fiber and ferrule, and analysis has
shown that stresses high enough to cause short Testing of the fiber cables was accomplished

13 GOOD 11 NO CHANE 11 NO CHANCE

L I NEW17 NO CHANICE

27 VISUAL 16 NO CHANGE2 NOCAE

10 DEGRADED 8 DEIADED

8 OPAQUE 2 NE 10 NO CHANGE

8 *0 CHANGE

TIME ZERO AFTER 7 WEEKS AFTER 18 WEEKS

FIG. 7 DEGRADATION OVER TIME FOR A SAMPLE OF 48

CONNECTORS BY VISUAL INSPECTION
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relatively easily using hand held test sets. Conclusions

The loss attributed to the fiber was insignificant
due to the short distances involved and only Cable and apparatus design will have a

the more significant losses of multiple connectors significant effect on the efficiency, ease

or splices were measured. Some variability of installation and reliability of the installed
was noted during testing and appeared to be fiber optic network. A major benefit of the
due to an inability to reproduce the loss implementation of the Bellcore Fibernet has
associated with connections to the test sets. been the experience gained in its deployment
A simple continuity check may prove to be most at a time when the attention of the vendor
cost effective and sufficient once confidence community could be called to recognize the
is gained in field connectorization. importance of the installer's and user's ability

to get the most from product designs.

Apparatus
Demand for new services and the network to

The most important point regarding apparatus support them will surely be dependent on the

is that it is virtually nonexistent. Significant cost/value ratio to the communications customer.
work is needed on interconnection hardware for Efficiency of installation and reliability
the building entrance, riser/distribution are key ingredients in that cost and cable,
interface and network terminal outlets. Less and apparatus designed to optimize them will
obvious, but just as important are the piece greatly help to improve that ratio.
parts necessary to anchor route and dress fiber
cables. Much of what was used in the experimental Acknowledgements
network was homemade.
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A DEVICE FOR MEASURING EXCESS FIBER LENGTH IN BUFFER TUBES

Jeff S. Barker

Siecor Corporation
Hickory, North Carolina

ABSTRACT DEVICE DESCRIPTION

The amount of excess fiber length (EFL) in This device uses a simple mechanical approach to

buffer tubes is a critical parameter in directly measure excess fiber length for a 10

ensuring the proper operation of loose tube meter sample of buffer tube. The fundamental

fiber optic cables. For this reason, a device principle of the device is that a buffer tube

to accurately measure EFL during cable sample is cut to a repeatable standard length and

manufacturing was designed and fabricated, the lengths of the fibers within the tube are then

This device uses a basic mechanical approach measured relative to the tube length. Key to

where a tube sample is placed in a precision the success of this device is the high precision

V-groove and cut to a length of 10 meters. achieved both in cutting of the tube and fiber

Permanently mounted pneumatic cutters allow measurement.

for repeatable sample lengths. After the tube
sample is cut, the fibers are removed and As shown in Figure 2, the device consists of a

placed one at a time into a second precision table which is 10 meters in length, 0.1 meters

V-groove. At each end of the device is a wide with a height of 1.1 meters. Permanently

digital micrometer, the summation of which mounted to each end of the table is a pneumatic

measures the EFL relative to the tube length. cutter and a digital micrometer head. The

The error associated with this measurement micrometer head is located such that the zero

technique was determined to be less than +1 reading position is adjacent to the blade of the

mm. Given the standard sample length, this cutters. Two parallel V-grooves run the length of

corresponds to a measurement error of less the table surface for placement of the tube and

than 0.01% EFL. fiber, respectively. The micrometers are aligned
with the small groove for fiber measurement while

the cutters are aligned with the large groove for
INTRODUCTION cutting of the tube samples. At the bottom of the

fiber groove is a small slit to allow vacuum to

The amount of EFL present in buffer tubes has long secure the fiber. Spring clips located every 10 cm

been recognized as a critical parameter when along the large groove secure the tube for

producing loose tube fiber optic cables. As cutting. A solenoid switch located at the
illustrated in Figure 1, EFL is the condition midpoint of the device enables the pneumatic
where the length of fiber within a buffer tube is cutters to be actuated simultaneously.

greater than the buffer tube length itself. In

many instances, accurate EFL data has been

obtainable only through long length tensile

testing after the buffer tubes are cabled. In EXCESS FIBER LENGTH
such testing, EFL is determined through making
time-of-flight measurements on the fiber for IN
increasing levels of cable strain. BUFFER TUBES

The capability to accurately measure EFL in a _ _ _ _ _ _

buffer tube prior to cabling was needed to

expedite product development efforts focusing on FIBER

buffer tube processing. The costs and time

involved made it impractical to cable buffer tubes

in order to determine if the buffer tube process

yielded EFL values in the proper range. To

address this need, a device was designed to

measure EFL directly after the buffer tube BUFFER TUBE
process. In addition to expediting product

development efforts, this device also offered an

additional quality control measure for plant FIGURE 1
production.
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MEASUREMENT PROCEDURE CONCLUSION

Operation of the device is as follews: A 30 meter A device has been developed which will accurately

sample of buffer tube Is placed such that 10 measure excess fiber length in loose buffer tubes.

meters of tube lies in the larger of the two Though simple in design, this device offers an
V-grooves and 10 meters extends through each effective means for evaluating buffer tubes
cutter to eliminate end effects. Once the tube without having to manufacture a cable.
sample is placed into the groove, the pneumatic
cutters are actuated, cutting the sample length to References
10.0 meters. The tube is then removed frm the
groove and slit with a fiber access tool such Patent Pending.
that the fibers may be obtained. The fibers are
cleaned and placed one at a time into the fiber
V-groove to be measured. At each end of the
device, the micrometer is adjusted until contact
is made with the end of the fiber. Using the
summation of the micrometer readings, the EFL
expressed as a percentage of tube length is
calculated from the equation:

aw Jeff S. Barker

% EFL = (Fiber length - Tube length) * 1OO% 489 Siecor Park
Tube Length Hickory, NC 28603

= (Sum of micrometer readings,mm) * 100%

O10000 mm

Shown in Figure 3 are EFL data generated from this Jeff S. Barker was born in Statesville, North
device for a typical 6 fiber maxi-tube with an Carolina in 1961. He received his Bachelor's
inner diameter of 3.1 mm and an outer diameter Degree in Mechanical Engineering from North
of 4.5 mm. Also shown on the graph is a EPL Carolina State University in 1984. Upon

measurement for fiber number 6 which was obtained graduation, he was employed as a Process Engineer
from a long length tensile test. Note, the EFL in the Research, Development and Engineering
values are comparable for both measurement division of Siecor Corporation and is currently

techniques, ranging from 0.63% EFL to 0.69% EFL, the Supervisor of the R,D&E Mechanical Lab.

respectively.

DEVICE MEASUREMENT ERROR

Small buffer tubes containing no fiber were used
to quantify the measurement error of the device.
Two sets of twenty samples of tube were cut,
placed in the fiber groove and measured. From
this data, the total measurement error at three
standard deviations was determined to be 0.82 mm
for the device. Given the 10 meter sample length,
this corresponds to a total measurement error of
0.008% EFL. The significance of this error
obviously decreases as the amount of EFL
Increases.

The measurement error components were identified
as the error associated with cutting the sample
tube length and the error associated with
measuring the fiber length. To determine the
error associated with measuring the fiber, 22
samples of fiber were measured three times each.
From this data, it was determined that the error
associated vith measurement of the fiber (at three
standard deviations) was 0.47 mm. Subtracting the
fiber measurement error from the total measurement
error (each expressed as variances), the resulting
tube cutting error at three standard deviations
was 0.67 mm.
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ITEM DESCRIPTION

A LEFT CUTTER
B RIGHT CUTTER
C FIBERACCESS TOOL
D VACUUM PUMP
E CUTTER SOLENOID SWITCH
F GUARD
G MICROMETER
H SPRING CLIPS
I FIBER GROOVE
J BUFFER TUBE GROOVE

FIGURE 2. EXCESS LENGTH MEASUREMENT DEVICE
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FIGURE 3. EFL DATA FOR A SIX FIBER MAXI-TUBE

TUBE DIMENSIONS - 3.1 mm Inner diameter
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EFFECTIVE HANDLING OF ARAMID REDUCES CABLE COST

W. H. Allfather and A. V. Youngblood

E. I. du Pont de Nemours & Company, Incorporated
Wilmington, Delaware 19898

Abstract Aramid Products for Fiber Optics

Cable designers and manufacturers can In response to the unique needs of fiber
continue to offer competitively priced optic c~ble designers and manufacturers, new
para-aramid reinforced cables without versions of p-aramid yarn are available, the
compromising or sacrificing cable quality and yarn size range has been expanded, and tailored
mechanical properties. Using p-aramid yarn length packages have been developed. The
effectively requires proper handling and addition of the new yarn versions gives designers
processing techniques as well as selection of the added flexibility in the selection of yarn
proper yarn product and size. The p-aramid stress-strain properties. The addition of new
products now available to meet the unique needs yarn deniers provides an even progression in yarn
of fiber optic cable designers are described, size so that cable designers can meet cable
Suggested design, manufacturing and storage stress-strain design requirements using the least
procedures are discussed. Many cable amount of yarn. Table III shows typical
manufacturers can increase the value of their properties for a range of version 49 p-aramid
products or reduce cable costs by taking yarns.
advantages of the knowledge available in these
areas. Tailored length yarn can be obtained in

lengths which closely match available optical
waveguide lengths. The use of tailored length
yarn significantly reduces yarn waste caused by
large amounts of random length, leftover yarn on
used bobbins. Packages with tailored length yarn
may contain a short section of spliced yarn.

Introduction These splices are extremely small and are hard to
spot in the yarn unless one knows where to look.

Para-aramid yarn, such as Kevlar* aramid, can The stress-strain curves for spliced and
provide cost-effective fiber optic cable continuous yarn are very similar (Figure 1) and
reinforcement if properly used in cable design spliced yarn has been shown not to adversely
and manufacturing. P-aramid yarn provides very affect cable performance.
high modulus per unit cross-sect-undl area while
at the samue time being flexible, nonconductive, Design Considerations
thermally stable, and creep resistant
Representative properties are shown in Taole Most cable designers calculate the amount of
Although many cable de signers and manufacturers p-aramid yarn required in a particular cable
believe that p-armid reilnforement is expensive design using the maximum cable force expected and
to use. It typically represents less than (I of the quoted yarn modulus. Initial modulus figures
the total cost of an all-dielr%.tri, flber uptic are obtained on yarn twisted to 1.1 twist
cable (Table I). To allow Lable lesigners and multiplier and are determined at elongations
manufacturers to redu.e further tie .ust of .svng gredter than 0.54 using a tangent modulus method.
p-aramid yarn as a cable reintfur emnt. several Since the stress-strain area of interest for
product changes have ueen Made it, l vast year fiber optic cable is between U and 0.5%
By taking advantage of these produ. ndnges and elongatior., it is suggested that modulus values
by following the design, sana, irnj. and used in cable design calculations be recalculated
storage suggestions dls uwsed be m. f able at the elongation where the fiber optic waveguide
designers and manufacturers a'n red.t waste, is expected to demonstrate reduced performance
improve the translation of y.r, yarn using data obtained from zero-twist yarns
properties into cable properties. and SAAimile (Reference 1).
the effectiveness f P.arairll able
reinforcement. Kevlav' p-aramid yarn comes in four different

versions as denoted by the product number (e.g.,
kevlar" 29, 49, 68 and 149). Each version has

*Du Pont registered trademark unique stress-strain, moisture regain, and
tensile creep properties.
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TABLE I

PROPERTY COMPARISON FOR FIBER OPTIC CABLE REINFORCEMENT

P-Aramid E-Glass Steel Wire2
-

Tenacity, gpd, 11 23 4.8 2.9
,10' psi 425 160 285
.MPa 2.930 1.103 1.965

Modulus. gpd 890 318 200
1 I0,' psi 16.5 10.5 29

*MPa 113,768 72,398 199.955

Elongation to Break. % 2.5 2.1 2.0

Densiy, gm/cc 1.44 2.5 7.86

Coefficient of Thermal Expansion
per oC - 5 ppm + 2.8 ppm + 6.6 ppm

Conductive No No Yes

Flexibility Yes Yes No

(I) gpd = grams per denier. Denier is the weight in grams of 9.000 meters of yam.
gpd is a unit for specific strength or specific modulus.

(2) Improved plow steel.

FIGUR[:

SPLICED 1420 DENIER KEVLAR' 49 ARAMID

TABLE U 11
FIBER OPTIC CABLE RAW MATERIAL COSTS

of Total

Waveguide (18 guides) 83 5 wo
Buffer Tubes (6 tubes) 2 1/ ,, o0 ,
Pultruded Glass Core 41 7,
Jacketing ('/" diameter cable) 3
p-aramid (22 ends. 2160 denier, version 68) 67,

00.0
0 0 6 0, 2 '4 2

*ELOOTO.

TABLE Ill

ARAMID PRODUCTS FOR FIBER OPTICS

Yarn Yield
Yarn Yarn Cross-Sect. Number Filament Per

Denier"t) Twist Diam.-'' Area2' of Filaments Diam. Pound

(10-1 in) (10- 4 sq in) (10- 4 in) (meter/lb)
380 0 8.6 0.6 267 4.7 10,784

1,420 0 16.5 2.1 1.000 4.7 2,875
2,160 0 20.4 3.3 1,000 5.7 1,891
2.840 0 23.3 4.3 1,333 5.7 1,437

4,320 Roving 28.8 6.5 2.000 5.7 945
5.680 Roving 32.9 8.5 2.666 5.7 718

7.100 Roving 37.1 10.8 5,0(X) 4.7 576
(I) Denier is the weight in grams of 9,000 meters of yarn
(2) Assumed 80% packing factor
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Yarn twisting should be avoided when cabling ""JaE2

p-aramid yarn into a cable since twist levels KEVLAR. 49ARAMIDSTRESS-STRNCURVES
above 0.5 twist multiplier negatively impact the
load-carrying capacity of the yarn at an
elongation of 0.5%. P-aramid yarn lays flat and
assumes a ribbon-like shape when applied to a
cable because the yarn is flexible and pliable.

Nonroved yarns are more cost-effective to use
as cable reinforcement than roved ones. The
roving process plies together several ends of
yarn which increases the cost, adds twist, causes
yarn catenary, and lowers the yarn modulus. In
addition, roved yarn properties translate less
efficiently into cable properties. o

Manufacturing Considerations % Eoar

To assure maximum translation efficiency of
all the yarns served in a cable, uniform and
accurate tension control is required for each end FIUR i

of yarn being cabled. A tension of 0.05 grams EFFECT OF TWIST ON KEVLAR 49 ARAMID
per denier is recommended. Spring loaded p

tensioners, ball and cone tensioners, or
electromagnetic brake rolls are most often used.
Yarn rewinding should be avoided since rewinding
can add additional yarn catenary (especially if
the yarn being rewound is a roved yarn) and since
the extra handling step can reduce the mechanical ,
quality of the yarn.

Frictional drag should be eliminated as much .

as possible by using rolling takeoffs, rolling ,2
guides, and as few contact surfaces as possible.
Where contact surfaces are absolutely necessary,
clean, nick-free, matte-finished chrome oxide or '2 ....
"Alsimag"* guide surfaces are suggested since
they give the lowest coefficient of friction with
p-aramid yarn (Table IV). Polished chrome,
steel, brass, and glass surfaces cause problems.
If deposits build up on guides or on contact
surfaces, they should be cleaned frequently.
Sharp yarn angles should be avoided. Storage and Handling Considerations
Conditioning the yarn at 75°F and 60-68% R.H. for
28 to 48 hours before processing helps to reduce The handling of yarn tubes should be
static. Static eliminators can also solve static minimized to reduce the risk of degrading the
problems. For safety reasons, never touch yarn mechanical quality and yarn properties.
running yarn or measure yarn tension with fingers Cartons should be stored in areas of relatively
or hands. constant temperature and humidity. The plastic

wrapping on each bobbin which inhibits yarn
moisture change should be removed just prior to
use. Any partial bobbins should be tightly
rewrapped with the plastic wrap upon storage.
Yarn should be used in the order received and

TABLE IV merge numbers should not be mixed.

COEFFICIENT OF FRICTION OF ARAMID Conclusions
WITH VARIOUS CONTACT SURFACES

Surface Coefficient of Friction Used properly, p-aramid yarn is a
cost-effective fiber optic cable reinforcement.

Yarn'Yarn 0.33 The proper selection of yarn denier and tailored
MatteChmme 0.18 length along with thoughtful cable design and
Alsimag**Ceramic 0.37 careful cable manufacturing can reduce p-aramid
PolishedChrome 0.45 reinforcement costs significantly. By reducing

reinforcement costs, cable designers and
• 3M reg~iStefld irademlark

*3M registered trademark.
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manufacturers can continue to offer competitively
priced cables without compromising or sacrificing
the cable quality and mechanical properties
provided by p-aramid rpinforcement.
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UNDERSTANDING THE STRESS-STRAIN PROPERTIES OF ARAMID FIBER

A. V. Youngblood

E. I. du Pont de Nemours & Company, Incorporated
Wilmington, Delaware 19898

Abstract p-aramid yarn. Understanding the position and
magnitude of this nonlinearity can prevent

Property data for p-aramid yarn fiber optic serious design errors, reduce cable raw materials
cable reinforcement is often misunderstood and costs, and shorten proveout time.
misused by cable designers and manufacturers.
The stress of p-aramid yarn at a particular Most cable designs use a reinforcement, such
elongation is dependent on yarn twist, yarn as p-aramid yarn to avoid treating the sensitive
denier and yarn type. Since the stress-strain optical fibers as the principal cable
curve of p-aramid yarn is nonlinear, the use of load-bearing member. Under these design
modulus values rather than stress values can be conditions, the amount of p-aramid which should
misleading, can reduce design accuracy, and can be used in the cable is often calculated by
increase raw materials costs. This paper dividing the final cable load by the final cable
discusses the proper measurement of p-aramid yarn elongation and the initial modulus of the
stress-strain properties and the use of such reinforcing material (Reference 1). While this
properties in the design and manufacture of fiber method seems straightforward enough, yarn initial
optic cables, modulus is a calculated value, defined at a

certain place on the yarn stress-strain curve.
Since p-aramid stress-strain curves are
nonlinear, the initial modulus quoted by a
manufacturer may not be suitable for a particular
fiber optic cable design, particularly if the
cable is being designed to operate at elongations
different from that used to determine the initial

Introduction modulus quoted in p-aramid literature. Table I
shows how the p-aramid yarn modulus can change as

Para-aramid continuous-length fiber such as a function of the elongation where the modulus is
Kevlar* is now widely used as a tensile defined.
reinforcement or load-bearing member in all types
of fiber optic cables. However, much confusion
still exists among fiber optic cable designers
and manufacturers concerning interpretation of TABLE I
modulus and stress-strain data for p-aramid
fiber. Even though p-aramid fibers are highly EFFECT OF ELONGATION ON ARAMID YARN MODULUS
oriented, crystalline, organic polymers with very
high specific modulus, the yarn made from these (2160 denier. Kevlar* 49 aramid. zero-twist yarn)
fibers still exhibits a+nonlinear stress-strain
curve. The yarn version , yarn denier, and yarn Elongation ModulusValueCalculated
twist all affect the nonlinearity of the Range (Millionpsi) (MPa)
stress-strain curve, particularly at low
elongations where fiber optic cables are designed 0.0% -0.1% 5.9 40.680
to be used. Many cable manufacturers and 0.1%-0.2% 9.8 67.571
designers are unaware of this nonlinearity
or do not account for it when designing with 0.2%-0.3% 11.4 78.603

0.3% -0.4% 14.1 97.220
0.4%-0.5% 16.5 113,768

*Du Pont registered trademark 0.5%-0.6% 16.5 113.768
0.6% -0.7% 16.1 111,010

+Kevlat p-aramid yarn comes in four different 0.7%-0.8% 16.1 111,010
versions as denoted by the product number (e.g., 0.8%-0.9% 1/.2 118.594
Kevlar,') 29, 49, 68 and 149). Each version has
unique stress-strain, moisture regain, and Initial Modulus 15.5 106.872

tensile creep pronerties.
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Determining Modulus

Modulus is determined by picking two points
on the stress-strain curve, drawing a secant line
between the points, obtaining the slope of the STRESS-STRAIN CURVES

secant line, and dividing by the yarn
cross-sectional area. The yarn cross-sectional
area is calculated by multiplying the number of
filaments in the yarn by the filament area.

To generate a stress-strain curve for
p-aramid yarn, dry yarns are tested in a tensile 1 _

tester equipped with air-actuated 4C yarn clamps. m
The test method itself is an adaptation of ASTM
D885, "Method of Test for Tire Cords, Tire Cord
Fabrics, and Industrial Filaments, made from
Man-Made Organic-Base Fibers". Test samples are
conditioned for a minimum of 16 hours at 55%
relative humidity and 75°F. One out of every o . .
five specimens is monitored for denier (weight in 0 0o, 0, 00

grams of 9000 meters) by accurately weighing a
90 cm length. Every specimen is twisted to 1.1
twist multiplier where

Twist Multiplier = Turns/inch x Idenier
73

The load-carrying capacity of 68 yarn at any

Tests are conducted on specimens of 10-inch given elongation is approximately 10% lower than
gage length at a 10% per minute strain rate. for 49 yarn. Although 68 yarn has a lower
Calculations for strength and modulus are made on modulus than 49 yarn, it is also priced to
a grams per denier basis which can be converted reflect this difference for fiber optic end uses.
to psi by multiplying by 18,540 or to MPa by Version 68 yarn is therefore recommended for
multiplying by 127.8. fiber optic reinforcement applications where an

increase in cable diameter is of little design
The denier is measured after drying the yarn concern. The nonlinearity in the stress-strain

for a minimum of 3 hours at 105C (220°F). The curve for 68 yarn is about the same as for 49
denier must be obtained promptly after removing yarn.
the yarn from the oven because p-aramid has a
rapid moisture regain. The value reported for The load-carrying capacity of 29 yarn is
denier is an average of two specimens. much lower than for 49 yarn at any given

elongation. The use of 29 as a fiber optic cable
Once the yarn stress-strain curve has been reinforcement is cost effective only when

generated and the operating elongation area for strength, rather than modulus, is of primary
the cable has been identified, an appropriate importance in the cable design.
value for the modulus can then be easily
calculated. Effect of Yarn Denier

Selection of Aramid Yarn Version P-aramid yarn can be obtained in different
yarn sizes. lhe yarn sizes are denoted by denier

Figure 1 compares the stress-strain curves of (the weight i. grams of 9000 meters of yarn). As
various zero-twist p-aramid yarns. There are Figure 2 shcws, p-aramid yarn can change as a
currently four versions of Kevlars p-aramid yarn function of denier with lower denier yarns
available. The version 68 and version 149 yarns exhibiting higher modulus. For 49 yarn, the
are new additions recently made commercially modulus is highest when determined in the
available to give designers added flexibility in 0.2%-0.3% elongation range and drops off by
the selection of yarn stress-strain properties. roughly 20% when determined for the 0.6%-0.7%

elongation range. One exception to this behavior
The stress-strain curve of 149 yarn is more pattern is the 2160 denier 49 yarn which has a

nonlinear than that of 49 yarn. Although 149 higher modulus when calculated at 0.4%-0.5%
yarn has a higher modulus when calculated at 1.0% elongation than when calculated at either of the
elongation, at elongation ranges of 0.2%-0.5%, other two elongation ranges. It can be important
the load-carrying capacity of 149 yarn equals when planning the reinforcement of a fiber optic
that of 49 yarn. Since 149 yarn is more cable to consider the effect on cable
expensive than 49 yarn, 149 yarn is not construction of the tradeoff between the larger
recommended for general use as a fiber optic number of ends required with smaller denier yarns
cable reinforcement, versus the higher modulus of these yarns.
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FIGURE 2 FIGURE 4
EFFECT OF DENIER ON MODULUS INFLUENCE OF TWIST ON LOAD

nEVR 4 *P.A v h KVUA" 4 ARAO *4 2t00 mm
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Effect of Yarn Twist~FIGU RE

The yarn twist significantly influences the INFLUENCEOFTWISTONLOAD
determined modulus of p-aramid yarn. Figures 3,
4. 5 and 6 show the effects of twist multiplier
(defined above) on the load-carrying capacity of
various versions of p-aramid yarn. For all yarn
versions, adding twist up to 0.5 twist multiplier
irreases the yarn load-carrying capacity. The
addition of more twist, particularly at levels
beyond 1.5 twist multiplier decreases the yarn
load-carrying capacity, especially at elongations
of u.5t or more.

rMST 40C WR

INFLUENCE OF TWIST ON LOAD

Modulus values for p-aramid yarns are
generally quoted in the literature for yarn
twisted to 1.1 '.wist multiplier. For fiber optic
applications hgher modulus can be realized at
lower yarn twist level and should be accounted
for when designing with p-aramid yarn for fiber
optic cable reinforcement.
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Conclusions

FIGURE 6
INFLUENCE OF TWIST ON LOAD Oetermintng modulus values for p-aramid yarn

__._____________at the elongation range and the twist level for
the desired fiber optic cable application can
make a large difference in the amount of p-aramid
needed to meet performance criteria. Table II
shows a comparison for 2160 denier yarn for
version 49 p-aramid. Using modulus values
determined for zero-twist, 2160 denier yarn at
the elongation range of 0.4%-0.5% can make as
much as 20% difference in the amount of yarn, and
therefore the raw materials costs, required to
reinforce a typical cable rated for 600 lbs. at

50.5% elongation.

0 0 •By understanding the stress-strain behavior
of p-aramid cable reinforcement, better cable
designs which use the minimum raw materials
necessary can be realized. In addition,
unnecessary proveout time will be reduced and
higher product confidence will be achieved.

TABLE 11

EFFECT OF ARAMID MODULUS VALUE IN CABLE DESIGN

ASSUMPTIONS:

* 600 lbs rated
S@ 0.5% elongation

* 2160 denier, Kevlar* 49 yarn

CALCULATIONS:

Modulus
Modulus Caic. Conditions

Value Elongation Number Yarn
(Million psi) (MPa) Range Twist Ends Needed

16.5 2,109 0.4%-0.5% Zero-twist 22
15.5 2,982 Initial modulus I. ITM 24
14.0 1,790 0.4%-0.5% 1. ITM 27

CONCLUSIONS:

As much as 20% lower yarn needed for design when proper modulus selected.

* Du Pont registered trademark
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TECHNOLOGY OF INSTALLATION AND REPAIR OF SUBMARINE CABLE

F. Y. TSAI G. T. TZENG S. F. LIN H. K. PENG

Telecomunication Laboratories, Directorate General of Telecomunication

P. 0. Box 71. Chung-Li, Taiwan Republic of China

ABSTRACT
The paper describes detail technology of

repairing submarine cable and some installation

approaches which includes (!)Setting up equipments cable damaged
for repairing ship such as hauling machine, winch

and cable tank etc., (2) Submarine cable recovery, I

which includes processes of searching, graprell1 " fault test omunication operation
and picking up, (3) Ihe splice of coaxLil cable, T' Jwork
(4) The sweeping assignment and invstigation of
installation: By using searching equlpmen.t for ecide the repair metho
removing obstacles of submarine cable route and
sediment sampling as fcr bnryinq reter.ce, (5) rearrange Ihe repair
Submarine cable installation process, which covers r ship
the cautionary detail temn and oxplartion o f
bury hi the damaged

[ area

1. Introduction I

Th(, TM ubmarine coial cable syste ms a ble operation
dacagei when the anchors are hooking and trawling,
because the fault area is full of fishing activi-

ties. This paper describes the methods and pro- t buoy

Cesses of repairing and burying subma ie, s-al .. [
The cable was buried at a lepth d 1 cr th... recOvery cable and

I m faor about 55 km of the w ie route, but thu, repeater
re.prater is buried at a depth of about 60 cm u(ep I
by the diver.s ,assistance. The processes of whole set buov
speration is shown a- flow chart. (see tiquire I.)

2. Cable ship for repairing work arrangement and splice

The cubit ship is equipped with facilit ies for

the i .sta I lat ion and ma inten.ance of submar ine abl o recovery buoy

and is designed to provide safety, large, working
spa(e and ease of operation to withstand the severe

enviroment, so the ship in unnecessary a large body, first splice
only the fish boat, tugboat, lirge is remade as

following condition.

(1) Gross tonnage ranging from 100 to 200 tons, laying
main engine horselower about 100 hp. 1

12) The central partiot oit ship can a-comodite nal splice
spare cable, recovery cable and materiails for

repairing.

(3) With suitable place to set the instrumental b
equipment and machine on the deck. F

14) Have adequate space to splice the cable on the [

deck. final test
15) The level dilference between the front and

back deck is small.

(6) Locate ship position is accurate. end
(7) It is easy to operation for the ship.

Fj I . Flow chart of repairing submarino cable
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3. Equipment of cable ship for repairing work. listed as tollows.

(1) decides the direction, location and range at
The layout of equipment is shown as in figure grabbing cable, then marks on the sea chart.

2 & 3 from the fish boat and platform ship were (2) linking the Grapnel, Grapnel chain, Grapnel

remade. The cable ship's equipment included (1) rope in sequence, and set the Grapnel under

Bow sheave and shooter (2) stern sheave (3) crane the bow, Grapnel rope encicles on the winch.

(4) tension meter (5) Bow cable engine (6) hold (3) laying the Grapnel into the sea bttom slowly

back gear (7) cable tank (8) cable through (9) from the Bow sheave, and utilize winch to con-
taut wire gear (10) hauling machine (11) radar trol the laying speed.

(12) satellite navigation system (13) cable drum (4) Grapnel's location must be controlled far from

engine (14) winch (15) echosounder (16) current the fault point about 200 to 500 m, and the
meter (17) buoy set (18) bottom sampler (19) Grapnel rope's length 's about twice of the
burying machine etc. water depth of fault point.

control center (5) During the grabbing cable is processing, onldi-
tions of the wind, tide, current and water

winch depth etc, need to be considered.

(6) Operational direction of grabbing cable mustM-cbl al be perpendicular to cable, and go torward ini• zig zagc.
strge 1 -cbe(7) The velocity of grabbing cable is about two

8knots.
Bow sheav'P (8) When the grapnel rope's tension goes up gradually,

crane it means that the cable have been gr ri:' 1.

4.2 Picking up th, cable
crane winch After finishing the operation of grabbing

cable, then picking up the cable on board fin ly

cutting down the cable and testing, the whole
'cable t , (Uov processes are described as follow.

toaea location (l Alter the Grapnel grabbing the cable, untrliz-

irrg the winch to pull up the Grapnel rope, it

Fig 2. The layout of repair ing ship (from li rh boat) the moment, the tension of Grapnel rope, --cd

operation disk I: c.-ontro led and rainitained with a suitable
t fnsio,, value.

generator oil ioahnte .r.,ll bot t whn the submarine cable is pulled near the

00 0 o00 - Anchor Bow shooter, the Grapnel chain on the look is

"\--r set then fixed. By utilizing another steel wire
bed- "stern to lock t.re cable and loose the Grapnel, then
ron -ave the cable is received by winch.I ED (1) Utilizing crane to life the Grapnel, then cutt-

high - [-In± / gf-uheh'vr ng it down and testing the cable. The cable

ladder lock without fault is attache to a buoy and is cast

00 00 I 00 00 T  into water. The other cable end with fault is
I rep., i red.

tying pillar
4.3 Splicing operation

First, cleaning the surface o1 recovery cable,

highcable engine etting the working frame and necessarily eruipmerit,
taking out the spaie cable, then starting the working

\ cable hell cable of cable splicing, the pr.cesses shown as flow
bed-rom e abotii chart in t iaure 4.

OU I / hauling machine
sten sheave 4.4 Cble laying

It is important to lay cable with the proper

cable tank amount of slack in a route. Excess or shortage
of this slack cuses kinks or suspensions which

Fig 3. The layout o1 repairing ship (from platform will cause damage, theofore adjusting the slack
ship) accurately is the main working in laying cable.

On the other hand, and the other important ,-Tu

4. Cable repair in laying cable is how to locate ship poition and
ship velocity accurately, now the processes of

When a submarine cable s damaged, th(, farult laying cable are described as follow.

point can be found by the t-t i n ,t ire i rig (]) to control the ship velocity and laying velisity,
station. After the t ilt point is lInited, , cable the ship velocity about 3 knots (one knot erpial

ship goes to the fault area and then is reily for to 1.85 km/hr) at this operation.

repairing the cable. The processes ot cable r(,pilr (2) to control the slack which can be inspected
inicludeld the following discruptions. by the cable horizontal angle into the sea.

4.1 Grabbing cable This working must be finished by the experi-

For casting a grapnel on the seabed from th, enced technician, to control and to arijust it

ow-sheave for grabbing a cable, Its processes ire at any time.
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(3) during the cable laying, when the repeater is Because the TM submarine cable is the existing

laid, it will be very careful, because the system, recovery cable from seabed, then repairing,

repeater is very large and heavy, it can't be laying and burying, so) the method of buril lftir

laid the same as that of the cable, utilizing laying is adopted.

the crane to lift the repeater through into Early Burial after laying systems are baised

the cable bell mouth carefully, then adjust on jetting techniques (water). They are generally

the width of hauling machine and utilize the high-flow medium-pressure systems and range from

cable engine to pull the cable, let the repea- jetting tools directed by divers through to purpose
ter through the hauling machine into the sea, built jetting structures that straddle the pipe or

(4) laying near the buoy of another end, at the cable and extend into the seabed to the required

moment, the laying speed must reduce slowly depth of burial, water jets break up the seabed and

for stopping then reovering the buoy set andl the water lifts the soil out of the trench allowing

caule, loosing the buoy set, irringing the cablo the cable to sink to the bottom. Motive elfot

and commencing the final splice of cable, when along the route is provided by surface tow. Gener-

the splice is finished, i crkinq ot lIyiing bible ally, it -s limited to shallowt water biii-u, 1f
is finished too. the fluid resistance of hoses used for delivery if

,air and water from pumps, which are located on the

lenhe, surface of cable surface barge or suppcrt ship. They arealIso
limited b)y current speed and water depth. Therelfre

it is necessary to have dlivers in i In-i>

set triangle Working fra irnc siipervi se the operatimu.

5. St3,tyio ra-chine

handle the two ends of cable (1) Out I ti

This witertjet-type burying machine fit, -1.5
tons, 4.1 r 1-I, 1.ut m -dr 'Ind 2.6 Miiti rtot

splice of core Icopper)7: 01 a 'i itry , r, ski,,- tel support. ng frame, and is

p -,-ted with -t il )!Ic depth sensor and -inol Ic cnsor

Vtf si~l e lVi, I. The buryc r noves up ann dowr. wi th C
splice of insulatoir (PE) nni the dr-niT1 it--Is itt' isis, whe-n setting a bolt at

point A on the itsd itoir, the cable burying !,opth

i' Me it ix t, when ttlnst~illirntti b olt it poiIt

-plice -- ou -condluctoir (Aluminum) ii'. tiii 1i:e i "beb t -i- -n to I Y, ?-. F-?

tnst tnct- wlie sitttignas m-xit buirying 'depth 3 t 2,

ipera in f hea shrnkabl sheve Ior tti ,ilo, the biirycr cin move bet-ten 0I -JF -1-all".2 ofha hikbe7,,c- , so teILI depth le o raliaril the chic
be no,i tore-I i hi It- bitryinqi tile T-11 it- bury,-

-- prvl with 12 u-tt 't tiozzles, whichitt

s _plice of alrp fill t %ll ir77er-z n1 h t 11 '

F~~~~~~~~ 1,, -um 4. hi r .-t ., f-t -~ 1 sl, -tI -1

5. Cable burial u n -, i.f r - , 7, ) h I h q

I. Stit " :s-i

tInlI cont i rrat if-of th !- rtile ,ithr- t hr-,r Ibi-

was to Ie lurid -Il; mitt1 w it , t In- t-i 5s1- til-ti -t' 1 i.- d I i-!.-p I, I it- t,
ttigboat te, chik hiln, f St, -1 vt dl lit "ii tiltT e -wI'- t

The, depth -c i-or noi, 7iil-J Ism lr ,1,- 7 - r iu m lh' h I irY ni Ii i

c'urr-it m-islriin Intl in ir-o, lo-lu; - r- pritt--
lit- r, r e ,ii , I ,,ri r -I-i T ... 1 u t t hatit 1~i i - t a inly cl--i

St-pbeor th ibi-- u-is', liur't- it-I, In i t 'I I: I f ti- biuryt r. ltiiit-

swyp potto barlnel.- ,-i i--hl n-- 1,s sl 1- iii-t1-

.2Methodis oh cah,t l,al F *0

spi it broaIly into) f ., gr-,ps. .11 1i it -tl.1

t1t bitr itli a s la idl! ti mutIlt-..ituIy) '.-

the n,ithoid -ippl i-I t-- -w Syst,,tiimr i -,nniiI- I I- hg ut- I, rW, , Ii

trijct Ion -inil it -0115i~tn ofi t ht-, litlItavntil. 1"1 1 -1t sk,-om 1!

Thbe m et hI I n-,v r vos th h-it r ut tabl h 1, i t -lr It it-nt. -li, I ! Oj h , l .I , i I :, I I.t.tit

uasual ly ~chlo la t-i n -i h t *m~I- ti - I- -h, rI- -i-it-i1 . II , I

syste ms, but. ci il;l, I-i, I cr btiryIui it- "II -l -t-Ii u Iv I
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to side of the waterjet type 2 m burying machine 6. Conclusion

is sensed by an angle sensor, thereby enabling
monitor ng it aboard the ship. Submarine cable transmission systems have

played an important role in the telecommunication
5.4 methods and processes of cable burial network, the inevitable expansion of global commun-
(I) first inspecting the burying machine's equip- ications will increase the demand for submarine

ment, hose, wire and buoy is set or not, and cable systems in the future. In order to ensure
starting the crane, pump (tran-port water that the best protection is provided against envir-
pressure display 7-8 kg/cm

2
) before burial. onmental hazad from the increase in size of fish-

(2) after the burying machine lauched the water, ing boats, dreadgers and other ships. At present,
two wire, one is towing wire and the other is a burying submarine cable in the seabed is still an
control cable, are used to tow the cable burier, effective method to ensure the reliabilty of
The main tensile power is supported by the submarrine cable systems.
towing wire which is connected with the cable It is a trend and necessity for the cable burial
burier, ufuipment and technique need to be developed and

(3) Burying cable speed is about 0.5-1.5 knots, be suitable for any different enviornment, in the
according to the sea bottom's hardness, future.

(4) A towing angle about 10c-30' is suitable for
the vertical anqle, outside this range, the References
cable butier becomes unstable and either of
the length of the towing wire, or the speed of I. E. E. EATAC, "Dynamics and Kinematics of the
ship need to be adlusted. Laying and Recovery of Submarine Cable", B.S. T.

(5) This operation describes the method of burino J, 36, Sept, 1957. ppl129-120
7
.

after laying, when the burying machine 2. R. W. GRETTCY, "Cable payout System", B. S. T. J,
proceed near the repeater (about distance ot July, 1964, pp1395-1433.
600 to 800 m), because the repeater can't 3. Toshio Sekine, "Submarine Cable Activities in
through the Burying machine's cable quide, so NTT", J. T. R. April 1979, pp

9
O-97.

the main tugboat must stop towing, then proceed 4. Hldeo Uematsu, Norio Abe, ichiro Ono and Mitsuo
slowly and is chanoed to arge towing anchors. Iida, "Asean Submarine Cable system (Malaysia-
When the roller touch the repeiter, the tension Singapor-Thailand)", FUjitsu Sci, Tech, J. 19,
v-lue of tensionmeter will be enlarged, !t 'hO 2, June, 1983, pp199-238.
someot, the operatin ust stI p ani the divers 5. Yasuli Murakami, "Seabed Surveying and Cable
loose the lock between cci!e -- dide ind cable Burying Equipment (SEAR) for the new Cable ship
into the sea, then take the cible to hang on Koyo Mart", J. T. B. Octor. 1984, pp258-263.
the roller, Burier continue going toward. At
last, loosing the roller, It,! the r-rneat.r b-

through the Burier and then finish the oper-
ation of cable burial.

(6) Burial of the repeater by the divers who hold

the water-jet into the seibed, and let water

into the soft mud, the repetr was merged
slowly, the depth of burial is about 0.6 m.

(7) the layout of Burying operation is shown ,s

fiqure 5.

T n"inlet hose-:
epth platform vessel main
sensor cable tugboat

buoy Burier wire
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Pig 5. Burying operation
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INTERFEROMETRIC CHARACTERIZATION OF A BICONIC
FIBER OPTIC CONNECTOR SLEEVE

M. J. Saunders and B. V. Darden

AT&T Bell Laboratories
Norcross, Georgia

Abstract The method described here uses another approach to determine

An interferometric method is described for measuring the g2. shown in Figure 2. An untruncated ball of diameter d is inserted

absolute value of the biconic sleeve end separation of the master under a force F in the upper cone of the biconic sleeve and the

sleeve used to determine the suitability of plastic product sleeves, location of the upper pole of the ball is determined. The ball is then

The end separation, g2. is defined as the outermost distance between removed from the upper cone and inserted in the lower cone under a

two truncated balls of a particular diameter inserted with a particular force F. Again, the location of the upper pole of the ball is

force into both openings of a biconic connector sleeve. Previously, determined. The difference between these locations is g1. A
the absolute value of end separation was not measured so that one measurement of the diameter, d. of the ball then gives 92 = 1 + d,

never knew whether or not wear of the master sleeve contributed to the biconic sleeve end separation.
the product sleeves being out of tolerance. Sources of error are
discussed and the result of ten measurements of the master sleeve end
separation is g 2 = (7.5659 ± 0.0008) mm.

F
Introduction

In a biconic connector assembly, the precise alignment of the
fiber plugs within the connector is greatly affected by the mechanical
precision of the biconic components. In particular, the biconic sleeve
end separation, g2, (see Figure 1) is a quantity of paramount
importance. Currently, 92 is measured by inserting with a particular

force, F, a truncated precision steel ball into each end of the plastic
product sleeve and comparing the separation between the gage balls 92'
with the separation when they are inserted into a precision reference I

steel sleeve. Thus, the measurement is relative and only the
deviation with respect to the reference steel sleeve is measured. \ /
Consequently, any undetected wear of the reference sleeve will result
in a shortening of the product sleeve end separation, leading to
instability of fiber connections and. in the worst case, broken fibers.
In this paper we describe an interferometric method for determining
the end separation of the master sleeve. This method could also be
used to measure plastic product sleeves. F

Figure 2. Biconic Sleeve End Separation Using One Sphere.

300gm -- 300gms.

BICONIC SLEEVE
END SEPARATION

Figure 1. Biconic Sleeve End Separation Using Two
Truncated Spheres.
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Figure 3. Schematic of Experimental Apparatus.

Experimental

The interferometric method of determining 92 can be The interferometer, G. is a commercially available Michelson
understood by means of Figure 3. A precision ball (the diameter to interferometer attached to body tube, K, of a microscope that has a
be determined) is placed in the upper cone of biconic sleeve, A. The precision fine foe's control with a least count of I pm. This
ball is loaded to 300 grams against the upper cone by means of microscope is firmly attached to a vertically-acting cross-slide that
hollow tube, C, connected to cross-slide, E, through fixtures D, D serves as a fast-acting coarse focus control. The beamsplitter cube,
and load cell. F. Slide E is attached to two orthogonal, horizontally- H, in combination with other optical elements, is a IOX microscope
acting cross-slides. E1. objective. Therefore, when the microscope is focussed on an object,

the interferometer can be adjusted so that the object is crossed with
interference fringes.
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A ,hite light source, I, is used to illuminate the interferometer means that the fringe spacing is infinite so that one fringe covers the
and, by means of the coarse and fine focus controls of the entire optical flat. The equal distance condition is manifested by amiroby m e nawhite field, the central fringe. The field is colored (one color over
nmicroscope, the interferometer is adjusted until the distance between the entire flat) when the equal distance condition is upset. The fringe
the center of the beam splitter, H, and the uppermost point on the
surfae of the ball is equal to the distance between the center of H counter is reset to zero and the ball to be measured is placed on theand 1, the reference mirror of the intrferometer (equal distance optical flat and held there by two magnetic strips glued to the flat.
condition). When this condifon obtains, circular concentric, high The microscope and interferometer are raised until the equal distance
contrast interferene fringes appear around the uppermost point on the condition is satisfied with respect to the uppermost point of the ball.

The diameter of the ball is given by the fringe counter reading.
ball. The fringe contrast decreases as the interferometer is moved so Since g and d have been measured, the biconic sleeve end
as to upset the equal distance condition. For the interference fringes s in g now n
to disappear, the interferomet r must be moved on the order of the separation is known.

Xz
coherence length of the source. -3,. where ), is the mean wavelength Error Considerations
and AX is the wavelength range. For the white light source, 3, X and There are a number of possible error sources that must be
AX are approximately 0.6 pm and 0.4 pm, respectively, so that considered if the biconic sleeve end separation is to be accurately

0.9 pm so that, if the interferometer is moved about 0.9 pn determined. These sources can be reduced to negligible values by
AX. properly aligning the apparatus and by working in a clean

from the equal distance condition, the fringes disappear. However, environment.
the contrast of the fringes varies from a maximum value at the equal

d
2  

The central ray of the beam reflected toward the ball by thedistance condition to a value of zero at X and if the equal distance beamsplitter, H, must be directed along a diameter of the ball. If the
condition is upset by 0.3 p.r, the contrast decrease is discernible by central ray of the downward directed beam is displaced from
the human eye. Therefore, the location of the uppermost surface of coincidence with a diameter of the ball by the amount, 5, the ball
the ball when loaded into the upper cone can he determined with an diameter, d, will be in error by d-d' =5

2
/d, where d' is the

uncertainty of about ± 0.3 Im. apparent ball diameter. Since, for 8 0. the measured diameter, d',

Bracket L, attached to the microscope body tube, supports a is too small, the quantity g2 will be too small. When the central rayr Btroreector M, that is the movable miror of another ichelson is parallel and colinear with a diameter of the ball, the interference
interferometer contained within the dashed circle on Figure 3. In this fringes are concentric circles, the luminance of a fringe being
intrterometer, N and M' are fixed mirrors, 0 is a helium-neon laser constant along the fringe. However, if the central ray is parallel to a

and detector and P is a bidirectional fringe counter that is used to diameter of the ball, but is displaced by an amount, 6, the fringes are
determine the motion of M, the same motion as that of the ellipses, the ellipticity increasing with ,, and the luminance of a
intcrferometer. G. The interferometer within the dashed circle is a fringe is dependent upon position along the fringe. The minimum
tlcwlett Packard 5501A Laser Transducer System, the least count of value of 8 for which a change in the luminance along one of the
wshich is X/4 z 0.16 ppi. white light fringes can be visually detected is about 0.051 mm for a

steel ball of diameter about 4.8 mm, so that the uncertainty in
After the equal distance condition has been obtained with the diameter is d-d z 0.5 lim.

ball in the upper cone of the biconic sleeve, the counter, P, is zeroed, Another important consideration is the presence of foreign
the load is removed from the ball and the tube, C, and fixture, D, are a nothe ballt consdeand the ptice f usein
removed from D1 . The ball is removed from the upper cone and matter on the ball, the biconic sleeve and the optical flat used in the
transferred to the tubular top of D 1. Cross-slide, E, is then advanced ball diameter measurements. Foreign matter on the optical flat causes
until the ball is seated in the lower cone under a load of 300 grams. a shift in the interference fringes as the fringes cross the foreign

The loading of the ball in the lower cone is shown on the right of matter, or when a fringe is spread over the entire flat, by a color
Figure 3. A tube connected to a vacuum line is used for transferring change at the location of the foreign matter. Foreign matter of
the all. diameter 0.5 pm can be detected in this manner.

Interferometer, G, is then driven down by means of the coarse Foreign matter between the ball and the biconic sleeve would
foc~us cross-slide and the line focus control until the equal distance cause the value of g I to be too large. A group of particles of meancondition is restored. diameter, p, between the ball and the cone will cause the ball to

move away from the apex of the cone by an amount Ah =-
As the interferometer is moved from the equal distance sinO'

condition for the ball in the top cone, the bidirectional counter, P, where e is the half-angle of the cone. For 8 = 9.75', Ah = 6p. If
counts the passage of monochromatic interference fringes, and when these particles are present along the line of contact for both cones, g I
the equal distance condition is reached with the ball in the lower will be increased by 2Ah = 12p. If, however, only one particle is
cone, the distance between these two equal distance conditions (g, in between the ball and t'e cone, Ah = 3p, and if this obtains for both

Figure 2) is known. However, the biconic sleeve end separation is cones, gI will be increased by Ah = 6p. We think that a single
the sum of g and of the ball diameter, particle between the fall and cone, for both cones, is the more

realistic case. We dctermined g, ten times with er = 2.0 pm.
To determine the ball diameter, we proceed as follows: The Equating this to Ah = 6p, we obtain p = 0.3 pm, a reasonable value

biconic sleeve is moved, by means of the horizontally-acting cross- for the size of a particle of foreign matter. This discussion shows the
slides, El, so that an optical flat, Q, placed on a levelling plate, is importance of cleanliness in these measurements.
intersected by the optical axis of the microscope. The microscope
and interferometer are positioned so that the equal distance condition
is obtained, with respect to the optical flat, whereupon a few straight
line. colored interference fringes will be seen superimposed on the
flat. The levelling plate is then adjusted so that the optical axis of
the microscope is perpendicular to the optical flat. This condition
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Another source of error is the motion of thc biconic sleeve The last error to be discussed is the so-called "cosine error.,
when the ball is subjected to the loading force of 300 grams due to that arises when the motion of the retrorefleetor. M. Figure 3, is not
bending and displacement of components S. T, U, V and W, Figure parallel to the direction of the laser beam. A lateral displacement of
4, that support and connect the biconic sleeve to the vertically-acting the laser beam at M is observed if M moves at an angle to the laser
cross-slide, E. This motion, in the direction of the applied load, beam. This lateral displacement can be effectively reduced to zero by
causes the distance g, to be too small. To investigate thts motion, a adjusting the tilt of the plane mirror, M', Figure 3, below the
steel ball was placed on top of S, and the motion of the ball was retroreilector.
measured interferometerically as the loading force on a ball placed
first in the upper, and then in the lower cone, was varied. If, due to Results
loading, the biconic sleeve moves down by y I and up by Y 2 when the
ball is in the upper and lower cones, respectively, then The ball used to obtain g is a master grade tungsten carbide

Q I) g ) + (y I + y2). For F = 300 grams, ball manufactured by Industrial Tectonics, Inc. of Ann Arbor,

Y+ Y2 0.5 pm, while for F < 200 grams, y, + y2 is negligible. Michigan. The manufacturer reports an average diameter of 4.7625
mm and, for 10 measurements, the sphericity, the difference between
the maximum and minimum diameters, of 0.025 pLm. Using the
procedure described irs this paper, d = 4.7622 mmn for 12
measurements, with a standard deviation c; = 0.8 pin. The standard
dev~ation of the average is ard = 0.2 pm. Consequently, there is no
significant difference between the two diameter determinations. The

7' value of sphericity obtained by the manufacturer implies a standard
deviation less than 0.025 pm. or about 30 times less than the value

C - ~obtained using the procedure of this paper. We attribute the

ILI difference primarily to the presence of foreign matter, since the
interferometric apparatus is not located in a clean room and since we

D- have estimated from the standard deviation of the g I measurements
S that the mean diameter of a foreign particle is about 0.3 pm.

The quantity g Iwas measured ten times, using the tungsten
carbide ball, and g~ 2.8032 mm, with ar 2.0 pm and

a1 0.6 pmn. Since we have indicated that, for F = 300 gramns.

DI VV Y I+ Y2 = 0.5 p.m, the true value is g, = (2.8032 + 0.0005) mm, or
gI= 2.8037 mmn. Consequently, adding to g I the average diameter

E of the ball, d, we obtain, for the biconic sleeve end separation, 92
7.5659 mmn.

I ~The standard deviation Of g9 is d, a , and
I a4 = [(0.2)2 + (0.5)2)11 = 0.54 pm, where the 0.5 pm is due to the

V uncertainty in knowing whether or not the central ray of the beam is
coincident with a diameter of the ball. Using ad4 0.54 pm and

F (1=0.6 pm, a, 2 =0.8 pm so that, g2 (7.5659 ±0.0008) mmn.

-V

Figure 4. Diagram 4f Ball Loading Apparatus
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AN EFFICIENT METHOD OF JOINTING FOAM SKIN STP AND PAPER
INSULATED STP CABLES

Po Lung Yu, Rex Chou, Si Chong Chen, Lei Mean Shiea, Yiang I

Telecommunication Laboratories, DGT, MOC.
P.O. Box 71, Chung-Li, Taiwan, ROC 32617

ABSTRACT via a PIC cable, the relative humidity of
the air will build up to a point where it

In this paper, a new procedure for can degrade the electric properties of the
jointing air-core foam-skin STP and paper pulp cable. They also suggested that the
insulated STP cables was developed and PlC-pulp cable junction should be plugged
field tested. Instead of a previous by- and another air source should be used for
pass set up, silica gel powder was packed the pulp cable, in order to avoid the
in a chain envelope of non-woven fiber and moisture problem.
wrapped around splices core. The detailed
procedure and practical evaluation of In this study, a method of
different desiccants is discussed. This eliminating moisture from the foam skin
method has been proved efficient and can pulp cable junction was proposed anJ
be applied to either mechanical closure or field tested in experimental route. Th -
lead sleeve. method was able to remove the moistur,

blow out of the plastic cable, and keep
the paper STP cable under a very low

Introduction relative humidity for a long time.

It was decided in 1985 to phase out
the paper STP cables previously used in Problem specification:
Taiwan, and to replace it with the new
foam-skin STP cables. However, the number The FS STP cable used locally has a
of paper STP cables installed in Taiwan core thickness of 0.11mm, with about
was so large in quantity that it would 0.0275 mm of skin(2,3). The radius of0 th2
take several years before a complete pores in the foamed part was under 50A as
conversion is possible. At the same time, determined by mercury penetrationi4).
connection between these two types of Although the purchasing specification
cable would be unavoidable. Previous required that the dew point of the filling
experiences on the connection of PEF and gas in the cable be below -4

0
C, the

paper STP cable indicated that the relative small pores of the foam skin
transfer of moisture from the plastic could adsorb a large amount of water.
insulated cable to the paper insulated Moreover, the core wires were so tightly
cable would cause problems in the latter packed in the cable that it became a
case. Therefore a method to prevent the difficult process to purge the moisture
transfer of moisture in such junctions was out of the cable. For example, when a one
needed. meter cut of a fresh cable was purged with

0.5 I/min of dry nitrogen, the dew point
Foam-skin cable, or plastic took seven lays to drop from ,] c, to -20'C

insulated cable in general, has a higher There was an amount of 580 mg of water
resistance to the moisture than the paper collected at the exit for this one meter
insulated cable. Moisture usually has cable.
limited influence on the insulating
resistance of the plastic insulated cables It his been set that the compressed
unless the cable is filled with condensed
water. On the other hand, the insulating air used as air core for the paper ST
resistance of the paper insulated cables cable must meet a dew point specification
decreases, while its conductance and of below -20'C. Therefore, even without

capacitance increase exponentially with foreign water from outside the cable, 580

the moisture content in the cable. Friesen mg of moisture must be removed per each

and Windeler (I) studied the effect of meter p? foam skin cable ahead of the

moisture on paper cable and plastic junction before the compressed air can be

insulated cable (PIC). They found that passed into the paper insulated cable.

when air core pulp cable is pressurized Purging the FS cable with dry air

198 International Wire & Cable Symposium Proceedings 1987



before connection would be impossible as sorption capacity of silica gel and the
it was found that it took almost a week amount of moisture in the FS cable, it was
just to dry ten meters of FS cable. Using determined that four of this 50 envelope
another air source for the paper insulated chain were needed for drying each
cable as suggested by Friesen and Windeler kilometer of FS cable.
was also impractical since extra air
source would not be conveniently available These chain of desiccant packages
at the junction site. We were therefore were used to wrapped around the core body
forced to consider a direct way of of the cable junction after the copper
removing the moisture at the junction. wires were cornected. Other than this

step, all the 3ther procedures of making
A desiccant unit was first proposed a cable junction were the same as usual.

and subjected to field test at some The desiccant packages were regenerated at
experimental junctions. The junction was the hot air blowing step, which was
plugged at the center, and air nozzles commonly used to dry the core body in the
were made at both side of the plug. Air convensional procedure. Only in this case,
was bypassed through a drier before a longer purge time of one and half hours
entering the paper cable side. Dew point was needed.
measurement on the paper cable side
indicated that the moisture was The envelopes chain of desiccant was
effectively removed. However, there were showed in photo 1. They were about 5 cm in
other problems associated with this width, and could be mananged easily. A
practice found in the field test. For half assembled junction was showed in
example, local manhole are typically photo 2.3. The desiccant packages did not
crowded with cables and junctions. They increase the junction size by too much.
are mostly filled with water or at best Since there was very little change made to
very humid. A desiccant unit occupied too the conventional junction method, this
much space in the manhole. Making gas proposed procedure need practically no
nozzles on junction was a difficult work training at all.
in such a environment. The bypass tubing
as well as the desiccant unit corroded
quickly in the wet condition of the

manhole, which cause additional problems.

The proposed solution

The desiccant unit was finially
replaced with a direct approach of ' "
encapsulation of the moisture adsorbent
in the junction body itself. The new
approach occupied less space and was
easier to work with. No gas nozzle was
needed which means less corrosion problem.
It can be used with any existing cable
junction structure without much trouble.

There were two possible choice of
desiccant(5) materials, molecular sieve Photo 1 The envelopes chain of silica gel
and silica gel. Molecular sieve has a
strong affinity toward moisture, and
saturated at a very low humidity in a I,
short time. It require a very high
temperature to regenerate, which is
impossible to attend on site. Silica gel,
on the other hand, has a lower
regeneration temperature. It change color
on the adsorption of moisture. This would
be a very indicative sign of the residual
desiccant ability.

It was found that small silica gel
packages were commercially used in many
food and drag container. These packages
were made of about 5 grams of silica gel
in a non-woven fibber envelope. It could
be purchased as a chain of 50 continuous Photo 2 A half assembled lead sleeve
envelopes. This form of packaging is very
suitable for our purpose. Based on the closure with desiccant envelopes
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0
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lJMPAii:3JN JF- S;IN6LE-Mul;E OPLICE LUSJ Mr.ASjREMENT METHODS

A. F. Judy, j. F. DeJeau, K. M. Yasinski

AT ~T s3ell Laoratories

%o cOr'doss, eur gi 1 3007 1

2 Point Cut-back

____________Tn', 2PC11 method measures all the power
in tne fiber immediately after and immedi-
ately before the splice. In each case the

Abstract fiber is brok<en and the power measured
with an In~aAs detector and lock- ,n a mplIi -
fier. Thie 2P0B repeatability is deter-

ILaboratory anid field mnea su r em enit o n
singe-mle plies erif tht te min-ed by sequentially rebreaking thefir

singe-mde plies eriy tht t~ ~ andremisuingthe power.
the Local 3plice Al'ignment and Y.easune-.ent an eturg
methodl and1 the two-poi nt transmiss ion
measurement ire in good agreement. The
acilitj to construct low oss5 ,ecnanic.

splice.s in telai field is veriflid.

ROTARY MANDRELFIBER SPLICE WRAP INPUT

LA SER

LOCK-00

are: (1) local letection' ani I~ >t al
T ime Dom a in Ref 1ectometLry tIR . U. 2 4kM

are 'secondary' measurements that diet-ectLAE

scattered power and infer spice, loss. ALO-I

'primary' splice measurement meth'), is the A
two-peint, cat-bacK (2?Cb) transmnission 2PC8
lo ss measurement. However,' it is a des-
truc tive test and cannot be performed on
installed splices. This paper presents 2 4km
experimental data that Verify that the LA

secondary methods agree with the primaryLAE
one when a variety of single-mode fibers
are randomly spliced. The approach will, 1be to establish the repeatability of each ~ **** 24mSA

method and then to make comparisons LSAM
between them.U

Measurement Methods 24. 2.4k.

The three measurement methods to be U R

compared are s hown schema tically in Figure I24k. 2.011.
1 . They are described below along with OTOR
the procedures used to determine the re- OTOR( peatability of each method.

FIOIAE 1. SCHEMATIC OF TEST METHODS
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Local Spiice._Alignment and Measurement Comparison Between Methods - Lab hesults
Method (LSAM)

To compare the three test ;n-tnhds we
The model 935A LSAM is designed no issembled 15 splices be'w-en dO inmatcnrel

Ioc lly tune or optimize the Rotary 2.4-m single-mhde fibers (5.5/125's pm,
Mechanical Splice.

2  
The LSAM letects a AT&T's standard depressed cladllng design).

portion of the light that is scattered or Some of the rotary splices were purposely
lost sue to core misalignment. Since the defuned to yield a variety of splice
A Un t of scattered light is proportional lsses. Each splice was measured with an
to the amount of mialignment, the OSAM is SAM Iu'ing ;sszembly, then bi-
,,1sily calibrated to measure splice loss. directinnilly with two )TDh , and 'hen by

the 2*PC method. All measurements were
In, *SA M 's 'epeat bility is estinated made at 1.3 Wm. Table ) summarizes the

"'w ;ifferent way3: (I) by ne sur ing the Isults.
a ,spl ice :, different times on the sam,

and ,2) by meisuring 2J different
I I 7es an two different LSAMs.

T2

TABr E 2. :OCPMPIn O% SF THREE TEST METO0DS

ir~ a". repeatab i i ty i deter'mi ne I
Test 5.thoj NO. 7 tII o CI

a L~1g ife t s6 1 >5. .. o;,. .p.i d5) ) () aas)
fer nr i tsu ' it 0 A c ,s . I

cTR -Ti 2 .iC7 .00 .011 (..006,-.005)

Ta'" S S' I in botn dir,Ct I '3 tTD) -0Ptn r .13,.007 .012(..006.-.005)
i" u uni-direct iona a . 'l '- .TCj2-2P:5 15 .305i01 .018(*.012,-.007)

0555 -2pc B 5 ;3a2t.034 .062(-.030.-.020)
-di-oeti0nal ns. PCB -SA"s,.15 48, '0 .305t.009 .0l3(.O09,-.005)

T~tl-L &M ¢ 058 , 1; .0 i. 1 .015(*.01 ,-,006)
2TO2-LSAM ,.c 10 13 .007t.012 .016 -.010.-.006)
TDA3- SAM5FI.0) W, .0is.012 .034t-.OO-.O0)

T5 . REPEATA5L1- Of TEST METHOOS 2T7R2 32 ,o.ibs.oa .033t..OaO.-.008)

Test "1. i EiIatl -, n
-er.3 a.i ; d: B), , 1S4 ) dB a9S Procsd-r*

v.raj conclusions Are apparent.
, C . as .53"30,- C. ~al 4oi. ..

,3a an;,, t, '21 agra-i very well for
4. . i.- ..- 2.2 2 coats Toiairsa .. 1oes.9TLI avragd a-ut .. 1 B

5. . - aw .5- ".-. .;; 5.icn:.d 5.55. m; gn r trl..r: n.~k <-nr the 0JO*. Tre L§IAM,

,,.. . . .k.. -an I Th ail agreed to better tian

-1t - pr

• . . . . . . .I.,., :0 fo- r s;l gosss Oi S ew .1.V dC.
t.. .. - 2Norm 1l ] ie, '";A is t rie: well te low

Ti 2 .. 'z.. .. o:C ,.a aaoUis :Oipra tl o , a J .rn-V-i~ r get loses associateI

4 tu v, ry T. 1si i n .3 u~i.e (F r' ,

e a t at I i it eS

F ) 'sa~mmrlceo tna ' re'a ut~bilty.. 1 t. n Ii ne in tr e ta, ito tre- .3 OTDR & LSRM COMPARISON I.3um
0onl t t of the fi ve roced Ir'e s .-  ;+. .Im .- . em

0-.1344 @-.1 U UU
i2:.-'-I ,itov,!. Toe principle metri, Of I.Iu l We.,S.

r epoa -,tbiaity is the standard deviatn .r , n
) . it is shown with its Db confisenca' . .

I riter v-i as determined by the
,;n I mIr~iterval Cni-square test. The 0 "

repeat1bility of a single measurement Is

,iproxioately d.58o. 0.

When two test sets are compared, Table
I lists thoe Mean difference (7) between
the two. Its Cl is calculated from a

it ud en t 's t " te s t. The a7 shown is th-at0
<-,f a single measurement, i.e., the a or I
the difference divided by '2.

. .5 . .5
All three methods exhibited acceptably OTDR2 Splice Lose [dB]

low a's indicating good repeatability.
Since the bi-directional OTDR is the aver- Figure 2. LSRM ve D1-directional OTDIR
age of two uni-directional readings, its a
snould be the uni-directlonal a divided by
,2. This is clnsp to the ratio obtained.
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"ield hesults

The last two1 IInes in Taible -' showS
the results of nieasuring 32 Splices in trie
field w ith an LSAM an d bij-directi,)nally
with a third jTDR. These Splices were
assembled by AT&T Communications' splicers
using normal craft procedures. Tne
results verif ied thep good agreement seen
in the lat). Note the low mean loss otaiin-
a ble i n t he F ielIdI.

Ar t hur F . J udJy i s a ois t i n6i i i-
Splices with large Jifferences between !me'of Techrnical .)tdff in tnl

uTDR readings taken in opposite dirpctions l-igntguile Systems and Applications
tended to result in lairger LUSAY values u-ingrerg Group. in nis years5 ,t

Figure 3). Tnis nas tw usaes. Tne Ar1T j ell Labratories he naswo3 e on
principal Doe is that the Jr-h differenceo the theory, modeling arid measurement of
are primarily caused1 "y spot siz e Tmz3m-tCn vrostaaiso bi dIln
between the fibers. This mismatch causes,. varios, multsni-3air ndmi iangidle* anl

larger intrinsic splice losses. ro r coix111,mu ru in:F an 1 gn1 geg' I .ro he2a

example, the curve in Figure 3 shows the Universities )f Aaya. r'd Michig6an.
splice loss resulting6 from J. U d of
extrinsic loss and thie theoretical intrin-
sic loss iue to spot size Iismatch. ' A
secondary reason is that spot size mis-
match causes more power to be launched
into symmetrical nigher order modes than
does a transverse offset. rhese, modes
will scatter out more quickly, thereby
increasing the -SAM rejli_,. n somewhat.4

.12 FIELD SPLICE RESULTS

1 r . Lelea.u is aI Membter o f F ec n ni alI
*.tff ,t A 1 ' Id :,a t)rat o'ieas, Nlorcro~s ,

6eor g~ i . A fter, jo In ing S ell. La bor at'r ies
"1 1on 1,, - wa1 in volved wito T, ltipair

Oa 0.l oini I!vl et Since 1 46

00 00a 71as o7 ,, ge in tine Jeop
t.m i 3i;er 1pi ai Ing o3ys t ,13

C40
Jo

OTDR Difference 1d83

Figure 3. Effect of Spot Size Mismatch
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A CCELER ATE),) CA BLF SHI fEt)D COR RCS I ON TEST IV;

l a us K inrder. C ohn Lawler. Ra~mond O'Brien

CGerrc,'ra I Ca b I v lomparr n N ofi son , New Jersey

SC'MM.A R 7) Electrolvt ical Ilv Chrome Coated Steel M1Its
- A 6 m i I chrome coat ed st eel (See No. 2)

The purpose of this st udv was to detcrminc the but with an 'T' scratched through the coat ing
corrosion rate tor coated and uni oat ed metallIic to simulate mechanical damage-.
apes using four dlitferent f lood ing compounds.

Tvpicalv It. Iield test in wl s it rqui red for this 8) C'LuSed lol vetlhylene Aluminum C EPA) - An 8
viue of ana lcsis. This metho)d was t ime con- mi I aluminum coated on hot h sides (s;ee No,.

sumi ng and cost lv. therefore, in accelierated 5) hut wit h an 'T' scratched through t hr
aigi ng process which simu at es typical environ- (0oat intg to simulate me( hatrical ulamige.
mental condCit ions was developed to determine
the ,orrios ion behavior of tapes in at Calorat orv FC)CI PMENI [SF1)
envi 1ronmen t .Thie proc edure i nvol%-d the ( coat myi
ol tapes, with f lord ing (ompound ind t hen 1)I Regulated Power Supply
immers;ing them in an electrolvt ic solut ion 2) D~igital Multimeter
with in applied A( coltaige for Sevent v hours.
Ilr, result, of the C lool inrg ompounds tested CHEMICAL SOLITIONS
cev\ia lid t lhit t hr PF P I I vpi' I and I I bie
( impiiurtis shoede t he best ov ra I I pint ect ioti, Tor reptresent typical f ield environments, the.
tol lowed thi pol cutine anid amorphous pril %- fol lowing f0. IN chemical solut ions were use)
irpv I tin, . is electrol vtes:

I . Sul phur ic Ac id, lI 5t), of ph 1. 16 (Indust ii ii

2. Ammon iurn Ilvirox ide, Nil 4 )H of Ii II .I Siand

i. Ac ct ic Ac id, (:11,C001II of pl 2. 5 (Clay)

4. Soiu m ('Cr) or i il, NaPi o f plC 5.0 (Loam)
1;A M Pl. I S

pime n-, iri i n i rig oft 2 " x 6i' ,t r i I),is asOIGCI0*D
d-ri i) i) blow wer e prepare) I or evaI I ciat ion. I. P /PJ 1 vpe( I

2. pFP1:I Type 11 with inc reased po I vet y lnt,
Si Elec(t rrivt icr)lv Chrome Cirited) Steecl (ECCS) percenutage

- A 6 mi I chrome c oait ril St ceI proCt ec:ti'd 3. Amorphous 'cl ,'prurpvlene
oin hoth ISides Witt)i in cttiby) eri acrvi it Ic ii) 4. Fri Icut enc
copoIvmtirrACGOCI

2) Elect rol yr ical 1', Chirime (Croted Steel I ECCS)
- A () mi I chriome coated steel priotected The c otrosioi cif a subsurface meital l ie component
cn in, side with an ethvlei icrvl it ac idl willI occuri i f thet fri lciwing focir crinii Ctons
c opolIyine'r. are )irrsent a, the same t ime. Thiese it,

C) li n plated steel - 6 milIs thick. - inooii St ate metalI
- tat hod it State metal

4) Blac k Carbon Steel - 6 mi Is Chick. - elect tic-rI bonid between anodi' anC cathode
- c ommirn ilecct roIvte i' nci ronment

3)Fused l'nlvethvlene, Aluminum (FPA) - An 8
milI aluminum coatil tin bot h sides with air Currenrt will flow ii ai comple cte cr',I] from ft(i
et hvlene acrylic acid I opovi ymr anodic me-tal throughr the' electrml it, to tih-

cithboici mreCalI. Thre current retCurns frtom thie

6) Aluiminrum - An 8 mil Iunrcoatedr alumincim. cat ilt' to t(, anuoide Cit wit of a me'tal lit connec(-
tion coimple-ting ar r irsuit through the' till.
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The study provides a comparison of coated and In all cases when the FPA tape was used, regard-
uncoated metallic tapes using four different less of which flooding (ompound was applied,
flooding compounds. The rate of corrosion is protection was outstanding. The bare aluminum
based on their resistance to current flow. had excellent protection as well with the

flooding compounds. Actual test results were
A seventY hour test was performed and its results determined bv the degree of corrosion when
indicate the PE/PJ I and PE/PI I show the best measured along the edges.
overall resistance to corrosion followed by
polvbutene and finally amorphous polvpropvlene. the tin coated steel resisted co)rrosion attack

more than the black carbon steel. When the
TEST ENVIRONMENT flooding compounds were applied under these

same conditions, the polybutene performed better
All the samples were placed in an air hood at than the PE/PI I and PE/Pl 1I in the acidic
room temperature for 70 hours. The electrolyte solut ions.
in all cases was 750 milliliters under a current
of 1.5 volts. Additional testing was performed FCCS with both sides polymer coated and coated
at elevated temperatures of 60'C, 70'C and 80"C with amorphous polypropylene is clearly superior
using Black Carbon Steel. These samples were to PE/PJ I. PE/PJ II and finally polvbutene
set up similarly using air ovens for a period in that order.
of 24 hours.

The single sided polvmer coating of the F'CS
SAMPLE PREPARATION material showed us that PFiPI I had the best

protection followed by amorphous polvpropyvlene.
The above specimens were arranged as shown in PFI'I II and the polvybutene showed simiiar
Figure 1. A spacer made of polvpropylene was results, just slightly less protection.
used to prevent electrical contact and to keep
the electrodes equidistant and equally immersed Tin plated steel indicat-,1 the polvbutene had
in the solutions throughout the experiment, the best resistance to cv ,vsion followed closely
Each beaker contained two anodes (positive by the amorphous povprov,,ne, P )/PJ 11 and
elertrode) and two cathodes (negative electrode). PF'/PJ I respectiw c lv.
Four samples of each cat eorv were prepared
for testing and evaluation. The accelerated aging at W), 70 and 8( I showed

that the polvbutene (r,at,'d the best protect ion
PFP I I and PE/PJl I compounds were applied while amorphous polvpropi lene had a igngificint
at 121Y (250°F). Samples were immersed in amount of discoIorat ion. hel' PFIP'I II and
hot flooding compound and immediately allowed PE,'lP I lost about 31) pr, ,nt of the t ipe on
to cool at room temperature while being held the (+) electrde at N_( while at the lower
upright . temperatures the (orro'sion was not is intense.

The polvbutene compound was applied at 13H0C The ti mil FC(S samples with b)thI sides- polymr.,,,
(21o'F) similarly and the amorphous polypropvlene coated had the best oif the Steel prntet t iiri
was applied at l8o(" (37

0
"F). fol lowed bv the F('(S single-sided polcmii ,,iti'd,

the 0 mi I tin plate steel, anti, final lv, thi
Uncoated tapes were used as a control in each black carbon steel
case.

CONCI.'S I ONS:
rhe flooding compounds were also applied to
Black Carbon Steel for test ing at the elevated I. The applicat ion of polObutene, amorphous
temperatures of 60(, 70'U and SO'C in 0. IN polvpropyIene, P/PJ I and PF!PJ I I on bla( k
Sulphuric Acid electrolyte. Black Carbon Steel carbon or tin plated steel tapes mit gities
was chosen because of its accelerated aging the corrosion attack and is most (Ili( t 1i,
characteristics with the highest degree of cor- under acid'ic condit ions.
rosion in sulphuric acid. The samples were
put in air ovens and examined after 24 hours. 2. The applitat ion of the subject flooding (om-

pounds o'i black carboin steel shows the worst
DISCUSSION scenerio using the four electrolytes with

P1/PI I and PF/PJ II having the best prri-
The test results indicate that the application tection.
of flooding compounds does mitigate corrosion
attach on the metal tape substrates. The best 3. Bare aluminum had a very good lrt(' t ton
illustrated individual protection was achieved using all four flooding compounds.
on the black carbon steel using PE/PJ I and
PE/PJ II as hot coated flooding compounds. 4. When floding compiounds are used for cotrosion
This was followed by polybutene and then the ptotect ion, their effe(t icen(,ss is dependfnt
amorphous polypropylene. The Black Cerbon Steel on two factors:
was used as an example because the differences
can be seen most significantly, especially when I - type ei metal
Sulphuric Acid was being used as the electrolyte. 2 - type of environment (electrolvtil
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i' nter in id is n. Nvew Jersey. Iohe has
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and out i d I, plant cihlIs. Iohn hIIlds
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COMPARTMENTALIZED SPLICE CASE

Alan L. Gittle, John D. Lawler

General Cable Company, Edison, New Jersey

'f this translates into high installation
and maintenance costs. Figure 2 depicts
the proposed method for joining incom-

SUMMARY patible cable designs utilizing only
one splice case.

A splice case is featured which permits DESCRIPTION
the joining of dissimilar copper cables
(e.g. paper insulated pressurized The novelty is the development of a
to plast it insulated filled) within "pass-through'module which mounts into
a single closure. Complete separation ass-thougmodle which ts ioof thy' dissimilar cables is achieved a rigid membrane, dividing the closure

into two individual compartments. Each
by means of a dividing panel, estab- module has a 100 air tail extendin
lishing two individual compartments. go s s i r ta i din di n
Re-ent rv into either from oppposite sides, providing a means
maintenance is easilc accomplished for securing electrical connections
winth ut di st urbing the ntegrit of of pairs between compartments. Each
wthoth dimtrint itgity of membrane contains one or more openings
the other compartment. Additionally to accommodate either modules or blanks.
fithed oth copa t mIf a module is not needed, a blank may

fill d w th e cap ulate 01- pressuri zed. be used in its place. Once mounted

into the membrane an air tight seal

is effected. Additionally, the method
of assembling the closure allows
re-entry into either compartment without
disturbing the integrity of the other
compartment. Figure 3 is an exploded
view of a splice case with the separator
panel dividing the splice case into

In the Outside Plant Network, the use two compartments. Figure 4 is a tat-

of paper insulated pressurized feeder away side view of the splice case showing

cable is widespread. These cables feed the "pass-through" module and how it

a distribution network that is made connects cable from one compartment
up largely of filled plastic cables, to the other compartment. For example,
u problem arises when splicing these let's assume we have an 1800 pair paper

two designs to one another. To do so insulated pressurized feedercable and

requires an air core stubbing cable we would like to splice into a 200 pair

to block pressuizat ion of the paper plastic insulated filled feeder cable.

cable and make available a re-enterable Straight, "pass-through" or butt splices

splice at the junction with the filled are possible. The paper cable would
enter one compartment where it would

cable. Figure I is a diagram showing be p se an the t cable

the conventional method used when be pressurized and the plastic cable

splicing pressurized paper to filled would entfr the other compartment where

PIC cable. the amount of material and it would DC encapsulated. If the splice

labor required is excessive, i.e. two closure contains a membrane with three
splices and a stubbing cable. A sect ion positions to accommodate either modules

of stubbing cable remains unpressurized or blanks', two 100 pair modules and

and, therefore, unprotected in the event
of sheath damage. A major problem areaofn th O dtside .lant AN ork pris the The "pass-through" module, although
in the Outside Plant Network istesimple in appearanlce, performs the verysplice point, here two splices are used diclt asofa i n g eer
to effect one. Additionally, an inven- difficult task of maintaining electrical

tort of stubbing cables of different continuity of paired conductors while

pair counts, copper gauges, lengths and sustaining a pressure tight seal about

sheath designs must he maintained. All them under harsh environmental conditions.
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This is accomplished through a combin-

ation of wire-wrapping and potting within

the module. Effected is a moisture

proof, gas tight seal capable of per-

forming through 100 temperature cycles

of -40°C to +60°C. The materials used

have proven to be resistant to cable

filling compounds and the harsh environ-

mental conditions seen in the field.

The membrane is constructed to be a

light-weight, rigid panel equally resis-

tant to cable filling compounds and
the environment. Its stainless steel

core is coated with neoprene, allowing John D. Lawler joined General Cable in 1967.

an easy means of sealing to the outer John was educated at Fairleigh Dickinson

case of the closure and to the "pass- University in New Jersey. His present

through" module. assignment is Manager of the New
Products and Materials Research section

CONCLUSION of General Cable's Research Center in

Edison, New Jersey. John has been

It is feasible to join a pressurized deeply involved in the concept of "value

paper cable and a filled cable in a added" products for both inside and out-

single splice closure. The closure side plant cables. John holds several

consists of physically and pneumatically patents and has written various technical

isolated compartments with a means for papers and articles.

electrically joining copper circuits
from one compartment to the other.
Additionally, each compartment mav be

pressurized or filled with an encapsulate
and re-entered without disturbing the

integrity of the other compartment.

Alan Gitt le was graduated in I)81 I Irom
Rut wers UniversitY, Col lege of Engi neerin;.
with a Bachelor of Science in Ceramic
Engineering and joined General Cable
in 1982 as a Research Lngineer in the
ialue Added Products group. .Afte r two

years he was promoted to Senior R ,sari( h
Engineer. During this t ime he developed
splicing and pressure blocking procedures
and ancillary products for telecommuni-
cations cables. He a lso t rained crafts-
men at Kennedy Space Center on instal Il-
tion techniques of fiber optic cable.
(urrent Iv he has a patent pending on a ( om-
partmentalized splice case, the topic of this
[WCS paper. In 1986 he was transterred to the
Fiber Optic Division as Senior Product Development

Engineer. Here he assisted in developm 'ii of

fiber optic cable and maintaining the tlchnical
documentation necessary for its manufacture.
Additionally, he has lectured on fiber optic cable
design, manufacture and installation.
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Figure 1. Present Day Method Figure 2. Proposed Method

Figure 3. Compartmentalized Splice Case-Exploded View Figure 4. Compartmentalized Splice Case-Cut-away Side View
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IMPROVEMENTS IN EFFICIENCY OF UV CURING SYSTEMS
FOR OPTICAL FIBER BUFFER COATINGS AND FIBER COLORING

R W Stowe

Fusion UV Curing Systems
Rockville. Maryland

ABSTRACT UV curable formulations are available
and being improved which can achieve the

A major performance improvement in optical necessary physical characteristics
fiber curing systems offers a significant increase required of the finished coating systems.
in the productivity of UV curing of buffer Further, methods of control and precise
coatings in optical fiber production and for UV application of the resin syste ms t:I r
curable inks for fiber marking and identification single or dual composite coatings are well
The small diameter electrodeless bulb is ideal developed. Finally, UV curing systems
for the full focused, elliptical reflector system which provide the correct quality and
in which the bulb is located at one focus and amount of UV energy in order to reliably
the fiber at the opposing focus The performance develop the required physical properties
improvements derive from design and construction of the polymerized coat ing are in wide-
changes which concentrate more light on the spread use. The curina system must
fiber coating The most significant increase is deliver sufficient energy to the fiber to
achieved by concentrating the same amount of
light power on a smaller target zone, this
results in an increase of irradiance Ilight flux
densityl at the fiber line

PREFORM

FURNACE

FIBER
Background < DIAMETER MEASURING

UV materials and curing technology as
applied to coatings on optical fibers has COATINGCUP
bec, me well established over recent years.
Advances in fiber draw technology and in
coat tngs have been combined into fiber U.V CURE
production systems capable of operating at
draw speeds not achievable 5 years ago.

The requirements of a f i ber coat ing COATING CUP
are essentially mechanical: low modulus,
high yield, low coefficient of friction,
and high abrasion resistance. A coat ingl UV. CURE
also provides permanent en;ironsenta I
protection of the fiber from gas or liquid
contaminants. Coatings need resiliency to TENSION WINDER
reduce microbending in the Itih-r, high
tensile strength to withstand forres
which could be encount er-d in c-abIini
operations, and hardness to fai1 it .ate CAPSTAN AND
spooling and handling. SPEED CONTROL

Reprinted courtesy of the author and th,
Society of Manutactiri Enq Engi ners . FIGURE 1
Copyright 1986, f rom kadcire ' 86 con- SIMPLIFIED DRAW TOWER ORGANIZATION
ference Proceedings.
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"keep up" with draw and coating speeds.
Figure 1 illustrates a draw tower arrange-
ment in which draw, coating and curing
steps are carried out entirely in one
vertical operation. Typically, faster
draws require more individual lamps to
provide the necessary UV energy, but
space on high production rate towers is at
a premium. As draw speeds increase with
improved designs and materials, simply
adding more lamps becomes less practical.
As the advance to higher production
speeds continues, UV sources will have to
become more effective.

Situation

The most generally accepted arramge-
ment for exposing the fiber to light from
a UV source is the use of a full ellipti-
cal reflector, in which the UV bulb is at
one focus of the ellipse and the fiber - - N
positioned at the other. In theory, the
light is focused on the fiber. However, *

that theory works only when the source is
an infinitely thin line. In fact, the
light source has a necessary diameter, as
small as 9 mm, but always much larger than
we would wish. The laws of physics allow
only a fraction of the radiant energy to
be focused exactly at the target, because
light originating at a distance from the FIGURE 2
centerline of the source will be focused LIGHTRAY REFLECTION
at a similar distance from the centerline
of the target. The target, of course, is
the coated fiber. The combination of a The reflector is usually made from
relatively large diameter source and a sheet material and bent or rolled into an
small diameter target is not an ideal approximately elliptical shape. This kind
optical plan, and has a relatively lcw of reflector is easily removed for
optical efficiency, replacement. Upon assembly into a lamp

housing, it conforms to the elliptical
Approach shape of the holder into which it is

fastened. We found that this fabrication
It becomes clear that the key to and assembly method caused small varia-

improving the performance of the curing tions in "ellipticity" of the final
system is to improve its optical efficien- surface. A change in method of forming
cy and so increase the light striking the the reflector produced the desired result:
fiber surface. There are many factors by carefully slip-roll forming of the
affecting the optical efficiency, includ- reflector to a more exact "free" shape,
ing geometry, surface area, source size the reflector is not subjected to bending
and reflector shape, among them. If and deforming when subsequently installed
nominal improvements in each can be in its mounting. A substantially more
accomplished, then a significant improve- pure elliptical shape is preserved.
ment in overall performance can be
achieved by compounding their effects. Tie benefit of more exact shaping is

illustrated by the dashed curve in Figure
Reflector 3, a scan of intensity observed at a flat

surfac2 in the plane of the focus of the
With an elliptical reflector, primary reflector. An increase in

virtually all of the energy arriving at intensity at the focal area is accompanied
the target has been reflected at least by a narrowing of the width of the
once by a reflector surface. The inciden- "focus." The same amount of energy has
cei'reflection angle of a light ray at the been concentrated in a narrower zone.

reflector surface controls the travel of With the primary reflector alone the peak
that ray to the target. See Figure 2. intensity increase is about 15 percent;
Small errors in the "purity" of the when the effect is combined with other
elliptical shape will have a serious portions of the complete reflector in the
effect on efficiency; the ray will be final system, the composite increase is
misdirected and not reach the target. nearly 30 percent.

International Wire & Cable Symposium Proceedings 1987 213



A bulb position error of .040 inch
16 -can have an effect on the peak intensity

- S YS6THPERFORMANCE of as much as twenty percent. The design

ECISION R3 of the tips of bulbs was changed so that
14 REFLECTOR the bulb sits more accurately in its

REPOSITIONED BULB supports, and the end supports were13 - --- BT6IN? SPECIALBULB repositioned so that the bulb is exactly

12 at the geometric focus. The benefit of
11 repositioning the bulb ( in conjunction

STANDARD SYSTEM with a modified bulb shape) is also shown
so '- PRECISION SHAPED in Figure 3.

R350 REFLECTOR
9 -- PRODUCTION 'D' BULB

>6 R350~
STANDARD SYSTEM R350--

5 : - R350 REFLECTOR I .
cc PRODUCTION '0' BULB RWO R ...

3 U . 'ALZAK

2 - ,1A SPECTRAL
1 B , I ."REFLECTANCE

3 2 1 0 1 2 3
WAVELENGTH ram)

DISTANCE FROM CENTERLINE
INCHES

FIGURE 3 FIGURE 4
CENTER PEAK INTENSITY SPECTRAL REFLECTANCE

Fetlector C'oatinq
Bulb

The spectral energy distribution
which has generally found to be most Reducing the effective diameter of
effecti.ve in curing of buffer coatings is the bulb and thus compacting the source
richest in the 350 to 400 nm wavelength has a direct effect on concentration of
range. The reflector should be its most flux at the fiber. One design of an
effective in that same range. To achieve experimental electrodeless bulb, whose
this, the reflector has a spectral average effective diameter (8 mm) isenhancement hardcoat applied to increase slightly smaller than a standard model (9
its reflectivity in the region of 350 nm mm) is compared to the standard in Figure
by approximately 8 percent. See Figure 4. 5 and its effect can be seen in Figure 3.
The improved method of forming reflectors A 15 percent increase in intensity is
and the resulting reduction in metal attributable to the smaller bulb diameter.
stress in localized areas of the reflector
when assembled further helps to avoid any
microcracking or reduction of the specu-
larity and high reflectivity ot the coated
reflector.

Bulb Positioning 
SPECIAL BB

As light will be transmitted from one
focus of the full ellipse to the other,
the bulb (source) must be posit ioned
precisely at the primary elliptical focus. __

By comparison, this is not so critical for STANOARO BULB
a lamp with only a primary reflector such
as used for flat curing, in which a
positioning error is hardly noticed. With
less precise elliptical reflectors, the
effects of variation in position are less FIGURE5
detectable at the plane of focus. STANDARDBULBS
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These changes to primary reflector,
bulb position, reflector coatings and bulb
are all on the lamp side of the UV system.
Accordingly, these changes may have some
benefit in flat curing especially in
applications which respond to BULB
higher peak intensity. The benefits in '-FiBER
360 degree curing, as required for optical
fiber, are considerably more dramatic.

- - - OJARTZ TUBE
Secondary Reflector, End Reflectors, and
Back Reflector PRIMARY

REFLECTOR BACK REFLECTOR

On the fiber (target) side of the "-
ellipse, the same precision is applied to
the fabrication of the secondary reflector
and positioning of the quartz tube
(required for atmospheric isolation of the .
fiber). The quartz tube must be accurate- ..
ly located and be concentric with the -
fiber to avoid distortion by effects of
refraction by the quartz. FIGURE 6

End reflectors added at both ends of REFLECTOR SYSTEM

the elliptical cavity, collect a sig- give information about the source and
nificant amount of light energy which reflectors but not about optical effici-
would otherwise be lost. Their addition ency. This requires a radiometer which,
increased light to the fiber by ap- as closely as possible, approximates the
proximately ten per cent. size of the fiber and can be placed in th-

One of the most novel reflector fiber position.

changes is shown in Figure 6. Upon An instrument** was developed for
examination of the light which "nearly this evaluation. It is a microradiometer
misses" the fiber as it is directed toward consisting of a quartz "light pipe" probe
the target, we realize that this light (resembling a knitting needle) which has a
would normally strike the secondary small diameter ( .060 inch) diffusing
elliptical reflector and be returned receptor at its tip and a UV sensor at the
toward the source, not to the fiber! This other. Light radiaily striking the probe
light passes close by the fiber and toward tip is transmitted to the sensor. The tip
the reflector as though it came from the can be freely moved about within the
region of the fiber. Returning it to the quartz tube and, owing to its rigid stem,
fiber requires a reflector of circular can be accurately located. This instru-
shape* rather than elliptical. This back ment was used to probe the space in which
reflector, when extended the length of the the fiber travels. Measurements with this
secondary reflector, is semi-cylindrical instrument permit important observations:
in shape. It is extremely important and 1 ) the comparative target irradiance from
effective in delivery of light to the any one lamp system to another; and 2) the
"back" of the fiber; it increases the irradiance at the various positions in a
return of light to the far side of the plane perpendicular to the fiber. By
fiber by over 50 percent, for a 25 percent plotting the points of equal irradiance,
contribution to the total increase, we can produce a map of the interior of

the focal zone. These comparisons are
Results shown in Figure 7.

In order to evaluate what has been The neasured relative irradiance of
achieved in optical efficiency, a method experimental lamps which incorporated all
of a measuring light at the fiber is of the changes discussed was increased by
necessary. Measuring light delivered to an average of 100 percent in comparison to
the fiber is a particularly difficult the standard production lamp systems. The
problem. As we have demonstrated, a irradiance pattern is also more concentric
significant increase of light impinging on with the quartz tube center. Con-
the fiber can be effected without any centricity is essential to the ability to
increase of the light generated at the mechanically locate the fiber in the
source. A radiometer placed at some "bright zone". The standard system, by
location away from the fiber line will comparison, is somewhat more forgi ing of

* Patent pending by Fusion UV Curing ** Patent pending by Fusion UV Curing
Systems, Inc. Systems, Inc.

International Wire & Cable Symposium Proceedings 1987 215



fiber misalignment; more precise alignment
on a tower will be required with the more
highly focused system. The benetit of
this precision, as can be seen, is
substantially more light flux on the
f iber....... .. .......

Testing on production towers has
indicated a general correlation between
irradiance, as measured with the micro-
radiometer described in this work, and
increase of cure speed achieved. Not all ...
physical properties of the coating will
show the same degree of change with higher p
cure speed. In practice, factors such as . . ... .. .

accuracy of lamp alignment on a tower and
production repeatability from assembly to
assembly will affect the benefits. ISO-IRRADIANCE

one 1 u s ion * HIGH PERFORMANCE OAF
__________ PRECISION REFLECTORS

(PRIMARY AND SECONDARY)

The performance of a ourin system RE-POSITIONED BULB
for optical fiber can be increased *& FIBER L BNE

substantially by increasing its optical •T6!9 'D' SPECIAL BULB
efficiency. By concentrating on the 060"OIA PROBE)
unique geometry of curing systems, small
variations in design have produced lare
effects. Significant cumu1ati.'e eftects

were achieved by, improvements in:
reflector shapino enabled toy tocling4 and
methods changes, accurate positi nin of
optical components, reflector coatingj, 6.

reduction of bulb diameter, the addition
of end reflectors and a special back
re lector. _______ --- ISO-IRRADIANCE

UNITS 7-

The need to evaluate the results in .STAAR
0UAR~ hef *STANDARD DRF

these studies of optical efficiency • R350 REFLECTORS
required an advance in the sophistication PROOUCTION 'D'SULB
of measurement. For this, radiometers (.060 DIA. PROBE)
were devised to interpret the effective
light at the fiber. Refinement of these
instruments has led to new tools for FIGURE 7

T quality control and has cont ributed to RELATIVE IRRADIANCE IN CURI. --,-)NE SHOWI-JG
better understanding of requirem,?nts of COMPARATIVE EFFECTS OF %'.-' OVEIMENTS
instrumentation for proceo s control
monitoring. Variations will certainly
result in new instruments for production
on-line measurement and control.

The methods explored for improving
these curing systems are expected to offer
similar benefits in other applications
such as optical fiber color coding, and
wire marking.
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STUDY ON TRANSMISSION CHARACTERISTICS OF UV CURABLE RESIN-COATED OPTICAL FIBERS
AT LOW TEMPERATURES

H.Kuzushita , T.Zushi . T.Watanabe . K. Imamura €, H.Tanaka

MITSUBISHI CABLE INDUSTRIES. LTD
8 Nishinocho . Higashimukaijima Amagasaki . Hyogo , 660 Japan

4-3 Ikejiri . Itami . Hyogo 664 Japan

Summary leading to loss increase,(4)-(6 ) and the primary coat-
ing material having larger modulus at low temperatures

The low temperature excess loss of UV resin-coated prevents excess loss caused by buckling.(6)

optical fiber was studied systematically and statisti- While the excess loss cased by lateral pressure
tally in order to clarify the mechanism and to design can be prevented by designing the fiber structure so
the optical fiber having low loss both under high lat- as to enhance buffering effect and shell effect, the
eral pressures and at low temperatures, two opposing theories on low temperature excess loss

The experimental results using the experimental has made it complicated to design a dual-coated fiber
planning method showed that the primary coating materi- having low loss both under high lateral pressures and
at is the most important factor to affect the low tem- at low temperatures.
perature excess loss significantly. From the results This paper reports the experimental results of
of the study on various primary coating UV resins, it systematic and statistical study on the loss increase
was revealed that the primary coating material having at low temperatures and the optimum design of the opti-
larger modulus at low temperatures prevents the excess cal fiber coated with UV curable resins.
loss caused by buckling. Dual-coated optical fibers
with the new primary coating UV resin of which modulus 2. Factors of Low Temperature Excess Loss
is small at room temperature and gradually increases as
temperature lowers, showed very low excess loss both The factors of low temperature excess loss of UV
under high lateral pressures and at low temperatures, resin-coated optical fibers were investigated in detail

using the statistical experimental planning method.
The fibers for the experiments were a dual-coated fiber

1. Introduction shown in Fig.l(a) and a fiber ribbon shown in Fig.Ilb).
Used was a standard GI type fiber with core diameter

It has been desired for resin-coated optical fibers of 50um, fiber diameter of 125um, and relative re-
to have low transmission loss both under high lateral fractive index of I %. The dual-coated fiber had the
pressures and at low temperatures. In order to prevent primary coating layer of a soft UV resin 0.25 ma in
the excess loss caused by lateral pressure, widely used diameter, and the secondary coating layer of a hard UV
is the dual coating structure with a soft primary layer resin 0.3 -n in diameter. The fiber ribbon was made
which enhances buffering effect and a hard secondery by aligning five dual-coated fibers (shown in Fig.l(a))
layer which enhances shell effect. The optical fiber in parallel and coating with a hard UV resin.
dual-coated with organic polymers, however, shows ex- Nine factors in the fiber drawing and the ribbon
cess loss at low temperatures by the excess contrac- coating processes, which may affect the temperature
tion of coating materials, characteristics, and their interactions were arranged

Two opposing theories have been reported to prevent in L1 6 (215) type orthogonal arrangement table with
the excess loss at low temperatures. One is called two levels of conditions. Table I lists the factors
Buffering Effect Theory that a softer primary coating and the conditions for experiments. Table 2 shows
meterial prevents microbending loss at low temperatures the moduli of UV resins used.
by its buffering effect. (I)~(3 ) An UV resin-coated Sixteen types each of dual- coated fiber and fiber
optical fiber is considered to have large loss increase ribbon were prepared with varied coating materials and
at low temperatures because UV resins have much larger under varied production conditions based on the orthog-
moduli at low temperatures than silicones. (2)(3) The onal arrangement table. Temperature dependence was
other theory is called Buckling Theory that the con- measured by monitoring the loss change ( A=0.85,um) of
traction of coating resins in the direction of fiber a 500m long dual-coated (or fiber ribbon) coiled to
axis incurs fiber buckling in the soft primary layer approximately 300mm diameter under the temperature
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ranging from -50C to *60C. level of 5%, showing that the use of resin I having

The results of measured excess loss at -50C were larger moduli at low temperatures than resin II will

subjected to the analysis of variance. Table I shows result in lower excess loss. The other factors and

the results, where V is the unbiased estimate of popu- interactions, whose F0 values were smaller than the

lation variance and F0 is the ratio of variance. As F0  values of F0 .05 shoved no significant difference be-

of factor B (primary coating material) is larger than tween these conditions.

F0.05 on both the dual-coated fiber and the fiber rib- It was found that the primary coating material is

bon, this factor is found to be significant at the the most important factor to affect the low temperature
characteristics of both the dual-coated fibers and the

fiber ribbons.

Secondary Coating

Primary Coating 3. Excess Loss and Modulus of Primary Coating Material

at Low Temperatures
Optical Fiber

In order to obtain the optimum primary coating

(a) Dual-coated fiber material, investigated was the relationship between

the moduli at low temperatures of various primary

coating materials and the low temperature excess loss
Primary Coating Secondary Coating of the dual-coated fibers. Nine grades of soft UV

resins shown in Table 3 were evaluated for the resin

Optical Fiber Ribbon Coating type and for the modulus temperature dependence.

0 0 0 0 ETable 2 Young's modulus of UV resins
I~ Young's modulus (Kg/m')

0.3mm Resin 251' -30r -401'

01m6 1 0.75 22 35

I[ 0.39 0.53 0.90

(b) Fiber ribbon I1 60 140 160

IV 50 85 120
Fig.1 Fiber structure V 70 130 150

Table. 1 The factors and the analysis of variance of the low temperature excess loss (at -50 r)

Condition Dual-coated fiber Fiber ribbon

Factor 1 2 V *l F 0 (,2) V (-) F0 (*3)
A Drawing speed (m/min.) 50 100 (1) 178 2.7 (1) 111 1.2

B Primary coating material 1 II (1) 657 10.1 (1) 4862 52.0

C No. of UV lamps for primary 2 1 (1) 21 <1 (1) 581 6.2
D Oxygen concentration for primary 20% < 1% (1) 83 1.3 (2) 10 <1

E Secondary coating material Ill IV (2) 15 <1 (1) 159 1.7
F No. of UV lamps for secondary 2 1 (]) 6 <1 (2) 851 9.1

G Oxygen concentration for secondary 20% < 1% (2) 206 3.2 (2) 30 <1

H Ribbon coating material V III - - (1) 850 9.1
I No. of UV lamps for ribbon 2 1 - - (1) 52 <1

AXB Interaction 180 2.8 94 1.0

AXE Interaction 14 <1 47 <1

BXC Interaction 19 <1 589 6.3
HX I Interaction - - 27 <1

e Error 65 - 94 -

(5) (1) shows the better result was obtained under condition I. (42) F0 .05--6.61 (:3) F0 0 5 18.51
(2) shows the better result was obtained under condition 2. F0.01 16.26 F0.0 1--98.49
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Prepared were GI type optical fibers 125 jm 0 in modulus at low temperatures prevents loss increase by
fiber diameter coated with the [IV resins shown in Table buckling. Too large modulus of a primary coating,

3 as the primary coating layer 0.3 moo in diameter and however, may give microbending loss. The optimum
a hard UV resin (50 Kg/mm2 and 85 Kg/ mm

2 in modulus at modulus of primary coating material at low tempera-

25 1 and -30V respectively) as the secondary coating tures is considered to exist.
layer 0.9 mm in diameter. The excess loss of these
fibers (A=0.85um) at low temperatures were measured.
The experimental results at -30'r are shown in Table 3. 4. The Effect of Coating Dimensions

The relation between the modulus of the primary
coating resins and the excess loss of the fibers at The experiments to study the effects of coating
-301' is plotted in Fig. 2 . Shown is a tendency that dimensions were made by measuring loss increse of a
the larger the modulus of the primary coating material dual-coated fiber at low temperatures and under high
at a low temperature is. the smaller the excess loss lateral pressures. Used was the standard GI type
is. optical fiber and a soft urethane acrylate for primary

These experimental results are cosistent with coating whose modulus is 0.30 Kg/mm2 at R.T. and 5.4
the results of T.A.Lenahan(6 ) obtained from Buckling Kg/mm2 at -40', and a hard urethane acrylate for
Theory. That is. the contraction of resin in the secondary coating whose modulus is 50 Kg/mm2 at R.T.
direction of fiber axis incurs fiber buckling within and 120 Kg/m.2 at -40-(.
the soft primary coating layer and leads to higher With regard to lateral pressure characteristics,
loss and the primary coating material having larger loss increase ( Aap) was monitored when the fiber

Im in length placed between flat plates (500mm x 500
mm) was squeezed by applying load at a compression
speed of 10mm/min.. Temperature dependence was
measured by monitoring the loss change (AaT) in the

test fiber under the temperature TI ranging from
-50'C to *60t.

Fig.3 plots Aap (P=500Kg/m) and AaT (T=40V),
where the diameter of the primary coating (dI) was
constant and the diameter of the secondary coating
(d2 ) was varied. Fig.4 plots A ap (P=500 Kg/m) and
A aT (T= -401), where d2 was constant and d, was
varied.

Under a high lateral pressure, loss increase is
smaller as di and d2 increase. This is because the

buffering effect of the soft primary coating is en-
hanced as di decomes larger, and the shell effect of

... ._the secondary coating is enhanced as d2 increases. In

view of temperature characteristics, on the contrary,
loss increase is small when both di and d2 are small.

M! :u {l; .t -..&] tKg/l These results are consistent with the result. of

T.A.Lenahan (6 ) obtained from Buckling Theory that thin-
Fig. 2 Dependence of the ,x,'ss loss on the modulus ner primaries and thinner secondaries prevent the ex-

of primary coating at a low temperature cess loss caused by buckling.

Table 3 Properties of UV resins for primary coating and excess lass at a low temperature

Fiber No. 1 2 3 4 5 6 7 8 9
UV resins for primary

Resin type(*) a c b a b b b b d
Modulus (at 25V) 0.75 0.39 0.38 0.50 0.57 0.25 0.14 0.16 0.10

lat -301') 22 0.53 0.38 15 15 110 0.15 0.16 0.12
Excess loss (at -301') 0.05 0.20 0.25 0.10 0.07 1.05 4.45 0.53 3.72

( ) a: polyesterpolyol type urethane acrylate
b: polyetherpolyol type urethane acrylate
c: polybutadiene acrylate
d: UV curable silicone
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Since the conchisions to improve lateral pressure The desirable secondary coating material has a
resistance and to prevent the low temperature excess modulus large enough to prevent the excess loss by
loss are contrary. it is necessary to select the opti- lataral pressures and its modulus is as little defen-
mum coating dimensions which balance both the lateral dent on temperature as possible. The temperature
pressure and the low temperature characteristics. The dependence of the modulus of UV resin B developed as
optimum coating dimensions were concluded as 0.25/0.50 the secondary coating is also shown in Table 4.
mm (primary/secondary) from Fig.3 and Fig.4. A dual-coated optical fiber (125umn in fiber

diameter. GI type) coated with th UV resins A and B

in the optimum dimensions (pri./sec.=0.25/O.50mm )
5. Development of Optical Fiber Coated with was prepai1d :!-d evauateo.

New UV Resins Temperature dependence of loss of the fiber i ,

shown in Fig.5 and lateral pressure characteristics
In order to obtain a dual-coated optical fiber is shown in Fig.6. This dual-coated optical fiber

with both better lateral pressure resistance and lower demonstrated very low excess loss both at low temper-
excess loss at low temperatures, new coating materials atures ( <0.05 dB/Km at -40V') and under high lateral
were designed. According to the above-mentioned exper- pressures ( <0.02 dB under 500 K/mi .
imental results, the desiable primary coating material Also prepared was a fiber ribbon coated with UV
is not only soft enough to prevent microbending loss resins A (for primary layer) and B (for secondary and
incurred by lateral pressure but also stiff enough at ribbon coating layer) in the dimensions as Fig.l (b).
low temperatures to prevent excess loss by buckling. 7 ., !': ,r ribbon has a good temperature dependenv(e
The newly designed UV resin for primary coating is as shown in Fig.7.
in modulus in the range from 0.1 to 0.3 Kg/mm

2 
at R.T..

but the modulus gradually increases as the temperature Tabl, .1 Temperature dependene of' modulus of
lowers down from 0 " where the contraction of the hard newly dovoltp,J IV resins (Kg.'mm1
secondary coating material becomes large, up to the
range from 20 to 50 Kg/mm

2 
at -401' . Table 4 shows Resin 6 0 (' 25r 0{" I -30" -40'

the temperature dependence of modulus of a newly devel- A 0. 1 0.15 0.50 10 25
oped resin (V resin A) for primary coating. B 30 65 - 106 120

F- -,. ..... ,.,,

C1

S'1 1
(M 0 M

II

d 2 (rm di (m,

Fig. 3 Dependence of the loss increase on the Fig. 4 Dependence of the loss increase on the
secondary coating diameter primary coating diameter
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6. Coneluijio ,n

1. The e'xperimental resul. I is ing the sta tisi i'S
exper imentalI planning method revealed that Primary
-oat inx Umt erii is the 30ost important factor to

iffect low temperat ure oharacteristics of both the

daI -(-oate(d opt ical fibers and t he fiber ribbons.

2. rm the res.ults of the studY on various, IN res I a
for primary coating, it. wa, larified that the primary

-at I irig maiter ii I hiy i g Iar-Ke modulIus a t low te(mper-
:a ur- prevent.', the excess Ii,, caused by buvk ;rig.

1.The ,0 imut coit ;n dimensions of a dual--ate'i

riber, wlih bbilr' h he letoral vr-sure- ind the-
-w 1"I~.-:fir, rifitrot.t it ics SNr '.125 '.50 Mm

if miary )r,, vi .

I . :,-' 7-, 'r! t'itr w i t i h.. ew ir ;mar y

:f ig V r,. , i o wh ich m'.lulIs. is smallI;! r-,m
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TIGHT BUFFERING FOR OPTICAL FIBRES USING MULTIPLE COATINGS.

S.R. Barnes , .A. Eales *, M.M. Ramsey **, A. Summers ", M.K.R. Vyas

* STC Telecommunications, Newport, Gwent U.K.

STC Technology Limited, Harlow, U.K.

ABSTRACT 2. FIBRE DESIGN

r ,-en! years acrylate coated fibre has The choice of fibre encapsulation is also

,cin-ateo "e market for external cables, in important in terms of improvement in macro-

t, the more traditional tight and microbending performance. Following the

e hibre hich has poorer tensile work of Lenahan, one can show that if a fibre

- ' 'ains vnd is much more bulky. There is is treated as a beam in an elastic medium, a

1 :k !ee, 1T specific applications for high force and movement balance yields the

[v, 3n - ackeed fibre cables. A differential equation:

i inz system has been developed whlch
she nicher performance of acrylate EFIdly t. Fd-y , Ky = 0

he sdvanlages of Iight jacketing. dz
4  

dm-

where

. NTROPI: TICN Er ss the fibre mdulus

: < 's: ii , ni')blv mi litarv and is the moment of inertia of the fibre

* *.. app.1iatit[s where -abiles must survive
a r : :nv r n s ar.,a r-igh hardling, *iiht F is the longitudinal compressive force

* , l r% pr-v'e . mos superior ,pto-
,:s' 7s

t 
-sc. tese situatins and Y is the spring constant of the fibre

.5 re,'- - isi" s a fibre ,ith a poydirmethyl

i x tri -'a-.n appliod or-fire with fibre By calculating the longitudinal copresrive
1 , in - -,d -e se('nd jaoket of polyamide, force at a given temperature from the material

"u 1 o ui oropolymer extrudate, chosen to properties of the fibre and coatings, the

" prc ilar onviron-ntal conditions, temperature at which the minimum bunching

force arises can be determined:
H'v, e/r, r .v'here has been a strong trend
* -ards *h us- of single or multiple acrylate F min. = (E p IK)

"a'tings applied on-line with fibre pulling,
since tir eise can lead to 7onsiderable These calculations describe the performance of

umpr ".,mens n fibre production economics and different coating designs accurately.

provide a strrner fibre. Unfortunately, Secondary parameters, such as coating

lirc ' substitition of acrylat- for siloxane concentricity, interlayer adhesion and fibre

c it, ings selom l-ads to a satisfactory buffer, uniformity, mFKe accurate prediction impossible.

ard arrviate is an unsatisfactory coating for

some severe applications. The nylon/silicone design was always a leading

design where consistent low temperature and
tr-qiently, these problems can be overcome by general bend performance were essential; for

ising a. intermediate buffer layer, hit if instance, ruggedised constructions, patch cords,

op'imum buffering is to be achieved the moduli single fibre cables. However, a major problem

of all the coatings and their relationship must with such tw2)-layer constructions has been

be considered. 11 is also necessary to fibre strength. It has long been known that
-nsider the effects of subsequent extrusion the nature of the fibre primary coat has

-n the layers already deposited, as well as the influenced the resultant fibre strength. The
-hmical compatibility of the layers. Such use of methane acrylate coatings has allowed

considerations exclude some coating systems, proof strain levels to rise consistently over

but solutions are possible that offer superior recent years.

buffering to polydimethyl siloxane and higher

modulus extriudates. STC has developed a

multiple layer construction that has been

successfully tested in a typical range of
common cables.
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MU. t~ II.1'1E C( ATEP FI PRE I N CANlE; . : L lIN

!he muolt i1 coat od fibre has now replaced *t, he rltechrii r.i i~ m-anis ,f pi I -ne og
scdairv -at ed fiir, mo a Tiier of standlard tiglht buf'f-red paka4, from h
caL& los. In all cases the cabl e has shown 'c)' micron airry late fibr-s for both sir!c. "d.
cmparable performance to i ts sconrdary coat 6 an~d mul im,,de app! icat iuns.
ocoterpart . !n the case of 'hc Fl:'A taictical

abie hse'o t he performance is si goi fir ant 1v h erfrar is a sonsid drahio i mpr- ,t5.
lt, r than th dcemontrat cc bv he original 01, st anidard nylon-si cicone- packapes in IC'

C SAcbles, areas of strength and tomperaj~r- r r
Intrinsic fibre, paramtrqrs car- be stt 6a

A o-mmac. of th- environmental rharacteris, i-Fs th, acrylate coated stage w il 11ir idr.
r~m ist srcosa inr Tabl, . t'hat the re w ill be zo r, at!e rna i is i n, rot.

do'v to processinp.

hefibre shows "xcol lent -haarfoerisfi-.ccr
arange of s~tandard rablios; in pr cca

in'erocil I't O'abl,' j Rugg-di sod -2abl-o

incliodinp th", 1IrlCA lact i cal ''abl,
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TABLE 2 TABLE3

Weibu1I statistics for polydimethyl Weibull statistics for mulltxpl(c roat-ri

siloxane costed fibres, fibres.

SC.F.CA548,2?ODDIQOWR Sfl.5182.NTLON 12

64i86 so 0" 29 38

6/,84 DYNAMIC TENSILE !'6OS80 V-NMC'(,LE

-ILI. -. 1,..a , 11 1.. *~
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AN IMPROVED COMPOSITE COATING FOR TIGHT BUFFER CABLE DESIGN

G. Kar C. K. Chien R. Kannabiran L. Amos D. Eccleston

Corning Glass Works
Corning, New York

A variety of UV cured acrylate coatings were h. Ease of mechanical strippability once buffered
evaluated to identify an improved composite to 900 Um.
coating for tight buffer cable design. The
coatings were buffered with extruded nylon c. Zero shrink-back for trouble-free connectori-
to 900 um O.D. and evaluated for ease of zation and for use as laser pigtails.
mechanical stripping, lateral load resistance.
and environmental stability. Results of this d. Resistance to lateral loading.
study are reported in this paper.

e. Stability of optical performance in the use
environment.

A composite coating structure for optical fibers
with at least two layers of coatings, a soft
primary (inner) layer and a hard secondary (outer)
layer. was first proposed by Gloge' based on a
lateral load microbending model and has since
become the preferred design for most applications.
It has been shown that microbending can also arise
from buckling of the fiber. Most coating
materials used today have thermal expansion
coefficients two to three orders of magnitude
higher than that of the glass fiber. If the
thermally induced strain exceeds a critical limit
at low temperatures, the coatings can exert a
compressive stress on the fiber and buckle the

INTRODUCTION fiber inside the primary coating. In order to
protect the fiber from both lateral pressure andTight buffer fiber optic cable design is primarily thermally induced buckling at low temperatures.

used for pigtails. jumper cables, and other short the coating geometry, coefficient of thermal
length applications in data and telecommunication expansion, as well as the modulus versus
transmission systems. The cable design may temperature, play important roles. Also, for
contain single or multiple fibers: these fibers stable environmental performance, the coatings
are either unstranded or stranded directly around must exhibit low water absorption characteristics.
a central strength member. The 900 pm OD In addition to the modulus, coefficient of thermal
nylon/silicone (Room Temperature Vulcanized) tight expansion ard water absorption properties, other
buffer coating has been extensively used in Japan coating properties that are important to satisfy
for these, as well as long haul applications, the requirements stated above are refractive
Because of high material cost and slow processing index, controlled adhesion to the fiber for the
speeds, one alternative approach in the primary coating. and coefficient of friction for
United States has been the use of a 500 um, the seconuary coating. The primary coating
composite, UV cured acrylate coating which is refractive index should be higher than that of
subsequently buffered L 900 um with materials the silica cladding to facilitate mode stripping
such as nylon. Hytrer', or Polyvinyl Chloride. during cut back attenuation measurements on the
The important requirements for these acrylate fiber. Controlled adhesion of the primary
coatings are: coating to the glass fiber is desirable for

ease of mechanical stripping of the coating.a. Compatibility with the extrusion overcoating both under dry and humid environments. Lower
material and process.

228 International Wire & Cable Symposium Proceedings 1987



self-coefficient of friction for the secondary " CURED FILM 2 M x 0 . o D2
coating minimizes pay out difficulties during ,o -- FREOUENCY.,IH

rewinding and overcoating process. "- 7-
This paper reports the results of a recent study E \ 1, ' .
at Coming Glass Works to identify improved UV Z
cured coating(s) suitable for tight buffer cable S E ON UDRY c -
designs. a"

EXEIET 75 :-PIMAJAY

A variety of UV curable, urethane acrylate

coatings were evaluated with respect to their -.560 -40 -20 0 20 40 60 0 00
theological. mechanical, environmental, and other TEMPERATURE .C

relevant properties. Based on the initial FIGURE I DYNA U
screening of nearly a dozen coatings, one primary F E TeoGsMODUous VERSUS rEMPERT FOR VARIOUS

coating and three secondary coatings. designated
as A. B. and C respectively, were selected for
detailed evaluation. Their properties are shown The performance of each coating combination was
in Table I. The dynamic modulus of each of these assessed through a series of tests. The standard
coatings was determined as a function of cutback optical attenuation method was used to
temperature using an Autovibron (Model DDV-2. determine any coating induced loss. The lateral
I-Mass Corporation) and are shown in Figure I. load microbending test was carried out using
For ease of discerning coating induced Instron 4202 from I-Mass Corporation. A 1.080 mm
microbending loss. 50/125 pm. graded index fiber length of fiber was placed between two flat plates
was chosen for this study. The fiber was coated (surface finish =3 um) and a load from zero to
with the chosen primary and three secondary 1.000 Kg was applied. Optical loss increase at
coatings using the conventional manufacturing 1300 nm was monitored as a function of increa'cd
process. The diameter oi the primary coating 10.d
layer was approximately 325 um and that of the
secondary coating layer was approximately 500 pm. Temperature dependence was determined between
Optical attenuation for each of these fibers was -60C to +85°C on a I km length of fiber. The
well within the specification for this type of fiber was tested in a 12 inch diameter, loose coil
fiber. These fibers were subsequently overcoated configuration, and placed in an environmental
with Nylo, 12 - ELY60. a commonly used chamber (Model 3471. Thermal Dynamic Engineering
thermoplastic jacketing material for optical Company). Attenuation increase over that at room
fibers, by an extrusion process. The process temperature was measured at 1300 nm after the
conditions for fiber draw, coating, and extrusion fiber reached equilibration at the measurement
were held constant for the three types of coatings temperatures.
under investigation. Care was taken to keep any
excess loss due to overcoating to less than The strip force was measured by measuring the
0.2 dB/km at 1300 nm. force required to strip I inch of the coating from

the eLof a fiber. A motor driven Clauss
No-Nik Stripper was used for this purpose. The

TAL, It CURED FILN PROPERIES force was detected by a Lebow Force Transducer
(Model 7530). The pulling rate was I inch/minute.

FRIK.'Y SECODARY To examire the coating shrink-back, one meter
_ fiber samples were placed in a Blue-M

odulus Iby Autovibon) - Se Fig..* I - Environmental Chamber (Model CFR-7652C) at 65°Cand 70% relative humidity. The samples were

Elonqaton t120.0 16.0 30.0 is.0 removed after three days and measured for coating
shrink-back.

T9 (from ton & byAtovibrof).. C -49.0 6s.0 87.0 ss.0 The water soak test was conduced on I km long.
12 inch diameter loose coils of fiber.

5t1t, Abaorption. 2.6 4.0 3.6 2.7 Attenuation change was measured as a function of
time up to 14 days.

Sof-Co efflci nt Of Piction - 3.9 O.S 0.9
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The tests conducted on both acrvlate coated and 30

nylon jacketed fibers were optical attenuation,
latcial load microbending. temperature dependence, A

and strip force, while coating shrink-back and theo- -_"25 0 F-r--

excess attenuation due to water soak were measured 20 oT,'A0 ,'
SILICONE/NYLON COATING

on nylon jacketed fibers only. It should also be .

noted that all measurements involving optical
attenuation were carried out at 1300 nm using a
full flood launch condition in order to capture
the worst case macrobending and inicrobending
scena rio.

0 200 400 600 800 1000RESULTS AND DISCUSSION LOAD g ....

Lateral Load Resistance WURE 3 LATIERL LOAD RESSTANCE OF FIBERS AFTER YLON

Figures 2 and 3 show the lateral load microbending
behavior of the three types of coatings with and
without the nylon jacket. In both cases. lv._ erature Dependence
coating C provides the best lateral load
resistance followed by Coatings B and A. in that Figures 4 and 5 demonstrate the temperature
order. As expected, the nylon jacketing provides dependence of these three coatings with and
additional buffering against lateral pressure and without the nylon jacket. On the as-coated
increases the load required to produce any loss samples. all three types of coatings performed
increase by a factor of approximately two. As a adequately down to -60'C with the excess loss at
reference point. Figure 3 includes the data on a 1300 rim less than 0.2 dB/km, suggesting ver\
50125 um. graded index fiber with RTV silicone little thermal strain and buckling of the fiber
and nylon coating to 900 um O.D.. The acrylate Jue to coating modulus changes at tower
coated fibers B and C compare quite favoral with temperatures. When these fibers were jacketed
silicone-nylon coating in this regard. with nylon, the temperature dependence at lower

temperatures increased. This is an expected
result since the additional mass of the jacketing
laver (combined with the fact that the polsmers
have coefficient of thermal expansion several

301 orders of magnitude higher relative to the glass
fiber) accentuate the thermal strain on the fiber

2 , A at low temperatures. 3 . It should be mentioned
I ..... .

that the choice of a low modulus primary coating
• ,0 that remains soft at lower temperatures (i.e.. lo\

.. / glass transition temperature. Tg). along with a
higher modulus secondary coating, provide

.o- excellent resistance to lateral pressure ,hilc
such a combination is more susceptible to thermal

05 buckling at lower temperatures. Relativels
speaking. Coatings B and C show reasonable

0 temperature dependence (< I dB!knn) at 60'C. under

full flood lauich conditions. Coating A. on the
other hand. shows higher losses at lox\0 10 200 300 ,400 500 600 70 00 900 looo

LOAD g--... temperatures. This cannot be explained purely I,\

the Modulus versus temperature behavior alone.
IGURE 2 LATERAL LOAD RESISTANCE OF COATED FIBERS 1500 Tm ,'he other fa-tors that may be contributing to the

observed behavior are the coefficient of thermal
expansion 2and the degree of slip betseen the
acry late and nylon coatingss It "as,

h\ypothesized that low frictional force betseen
tih,,, '%\o layers could lower the co nipreskie...

honm the nylon buffer at low temperat tre r,
ih -II- buckling. The sellcocficiel of fLI|1111
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___,J_______ - I. ... . .

,, Coating A is several times higher than tho.e and confirmed in our experimental work that tih.
II Coatings B and C (Table I). Assuming a extrusion process conditions such as nitl
sii,ilar trend in the frictional force between i,:miperature. line speed. cooling rate. and tension
nylon and the vaiious coatings, one would expect have significant impact on the excess loss due t)
Coating A to exhibit higher losses at low jacketing. as well as the low temperature
temperatures. Again. as a reference point. data performance of the jacketed fibers. Based on this
is included for a 900 um O.D.. RTV silicone-nylon it can be concluded that optimal extrusion
buffered fiber which also shows high loss in a parameters may be different for different
single fiber loose coil format. Since the composite coating selections and overcoating
silicone-nylon design typically yields high materials.
attenuation at low temperatures due to thermally
induced buckling, it is a common practice to
strand it directly around a central strength Water Soak Test
member to reduce buckling induced loss.6

Based on the lateral load resistance and
temperature dependence results, the water soak

30 test was performed at room temperature on B and C
5 Acoating samples only. and the results are shown

......... in Figure 6. The data indicate <0.1 dB/km loss
. I increase for both coatings -after 14 days.

20
considered sufficient time to show any

5 microbending or macrobending effect due to coating
property changes.

In addition to the above tests, the ability to

, o mechanically strip the coating was determioed and
__ the strip force data are presented in Table 2.
= ........ ""-All three coatings could be stripped without

-0o 1 difficulty when dry. Compared to dry strip
-10 -40 -20 0 20 40 60 go forces, the wet strip forces were lower. After a

TEMPERATURE 'C 24 hour water soak. the strip forces for these

,,UF 4 TMPERTURE DOEENCE OF COATEO FBRS (Wo of: coatings dropped by 20% to 30% only, suggesting
that reasonable control of adhesion in both (try
and wet environments was achieved. None of the

30 - coa;ings exhibited any coating shrink-back after
thre: days of exposure at 65°C and 70% RH.

. . ..........

~06
S04

~ 02

-05oF- 0 --2
.60 -40 -20 0 20 40 60 go

TEMPERATURE 'C -04

-06k
F IGURE S EIFERATU OSPENDENCE OF FIBERS AFTER NYLON

J < hG (500 .- m, 001 -8-IOj I I I I I I I
0 I 2 3 4 5 6 7 B 9 10 II 12 1

TIME DIs

From our study it appears that either Coating B or F,-URfE ATTENu~rIoN CHANGE DUE TO W.TER SOA OF NYLON
JACKVED FIBER

C can be successfully overcoated %%ilh nylon and be
used in both stranded or unstranded cable designs
without any concern for low temperature
performance. While not a subject of discussiol in
this paper, it has been previously demonstrated '
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TNL% 2: PROPERTIES or NYLON JACKTE FIBERS 8. S. R. Barnes. P. G. Hale. J. N. Russel.
S. V Wolfe. Plastics in Telecongniinical in
Ill. Plastics and Rubber Institute. London.

- COATING (.15. IM8.

strip Force. Eq

Dr~y 13 .5 1

W- (*24 Hour Water Soaki 0.98 1.07

.~-8ak. . ~0 0

SUMMARY

Based on this study, both Coatings B and C appear
to be suitable candidates for tight bufler
applications. These coatings are expected to
perform %%ell in indoor, as well as outdoor
env ironments. Before either coating B or C is
chosen as the next coating to pursue. futher Gitimn kar received his I1hD1 in Materials Science
investigation in cabling studies are warranted. and Engineering from the University o.f California.
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LCP coated optical fiber with zero thermal coefficient
of transmission delay time

T. Kakuta, S. Tanaka

Sumitomo Electric Industries, Ltd.
1, Taya-cho, Sakae-ku, Yokohama, 244, Japan

Abstract 2. Theory

Thermal coefficient of transmission delay time 2.1 Transmission delay time

(TCO) for an optical fiber was first reduced to
zero at about OOC. The optical fiber in this The thermal coefficient of transmission delay time

paper was coated with liquid crystal polymer (LCP) for an optical fiber is given by the following
having a negative value of thermal expansion equation (1),
coefficient. In this optical fiber, the change dt 1 dN i dL

in transmission delay time in the temperature d+ [I - (1)
range from -401C to +40*C was also 

as small as

100 ps/km, which is only 4 % of the intrinsic The first term indicates the temperature dependence

TCD of silica glass fiber. The characteristic of refractive index of silica glass, which is

of the optical fiber became to be stabilized intrinsic value in the optical fiber. The value

after passing through the high temperature coidi- of this term is approximately +30 ps/km/OC, or

tion and it was considered no degradation occurred 6 ppm/°C of total transmission delay time. In

under the ambient temperature range below +40°C order to reduce and finally eliminate the TCD

for 20 years. of the optical fiber, the second term, the thermal
expansion coefficient of the coated fiber,must
be of a negative value and cancel the first term
as well.

The thermal expansion coefficient a of a coated
fiber is given by,

1 d
1dL E ~kEiSiLd S - (2)

iii
1. Introduction

where ki, Ei, and Si represent the thermal expan-
For the applications of some synchronized networks sion coefficient, Young's modulus and cross section

such as phased array antenna systems, telemetry ofi-th material, respectively. From the above

systems, and high bit-rate transmission networks, disscussion, a new coating material having the

transmission line with high thermal stability negative thermal expansion coefficient which can
in transmission delay time is strongly be applied to the optical fiber without any degra-
required. Many papers have been reported about dation in the optical performance, was endeavored

the optical fibers with various dopants [I], to develop.
cabled fibers [2][3], and an optical fiber coated
with an oriented polymer [4]. The TC of the 2.2 Design for the tight coated optical fiber
optical fiber coated with Kevlar FRP was reported
by us, and it showed the smaller TCD than that Generally, the tight coated optical fibers are
of intrinsic glass material [5]. Although, these doubly coated with soft resins (primary coating
optical fibers and cables whose thermal coeffi- resins: silicone, UV curable resin) and thermo-
cient of transmission delay time is more than 30 plastic resin (sezondary coating resins: nylon,

ps/km/OC, failed to meet the requirement for the elastmer etc,). When the product of Young's
above purpose. The thermal coefficient of trans- modulus and the cross section of primary coating
mission delay time less than 10 ps/km/OC, is resin (Epri x Spri) is much smaller than the others

required from the optical fiber sensor area and in equation (2), we may neglect this term. Then
high speed data transmission systems. The equation (2) is given by,
excellent optical fiber having zero thermal

coefficient of transmission delay time at about kiEiSi kgEgSg + ksecEsecSsec
O*C is reported in this paper. _______ _ _______ (3)

i EiS i  EgSg + EsecSsec

g: glass fiber

sec: secondary coating resin
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In order to give zero thermal coefficient Of The temperature of the fiber was changed by 10
t,-asmission delay time, the following equation degrees with a sufficient time interval to realize
is required (4). the local equilibrium. Typical time period for

the whole thermal cycle from -40
0
C to +800C was

, .,I 24 hours for the LCP coated optical fiber.

4. Results and Discussions

c, represerts the stress depenjence of 4.1 Transmission delay time of the LCP coated
,'efactive index of si ica glass. Usirg ec.uations
3) and (4). tre relation of ksec versus Esec and optical fiber

Sec c , )e a I er py .
Fig.4 shows the temperature dependence in trans-

d .. mission delay time of the LCP coated opticalT .. , -__g)E(5' fiber under heat cycle condition from -400C to
sew 1: =0 -- 5+801C. The temperature dependence of transmission

Gt EsecSsec delay time under the first cycle (from -40*C to

+801C) was different from those under the second
+ T - -g and the third cycles. At the first cycle, the

where ,
0
o 0 7 dN . change in transmission delay time was small from
dT + -401C to +401C, however, the characteristic of

N . the LCP coated optical fiber began to turn back
to that of a bare fiber over +401C. Although.

"...en ve put each typical va>ue for equation (5) the change in transmission delay time at the
s own in Tanle 1. the equation (6) is given, second cycle was small in the range of temperature

di 7, from -40
0
C to +80

0
C, and the characteristic of

"sec =- o.2
3
.lC-' 3,10 -(EsecSsec) transmission delay time at the third cycle wasthe same as that at the second cycle and

d (6) stabilized.

Fig.I shows the relation of ksec versus sencondary TCO takes zero value at about O°C under the second
coat diameter dsec Which is reouired to give the and the third heat cycle condition. Also, in
ze,'o thermal coefficient of transmission delay the wide range from -400C to +400C. the change
time when crimary coat diameter dpri is 0.4mm. For in transmission delay time was as small as 100 ps/
exampe, when an optical fiber is coated with km. Compared with the performance of conventional
a material whose Young's modulus is 2000 kg,/mm- fiber cables shown by the dotted line in Fig.4,
and its coating diameter is 0.8 mm. theoretical drastic improvement was recognized and it was
val.,e of a- is caluculated as -9.31-10- C

- '
. observed that the characteristic of the LCP coated

T optical fiber was stabilized after passing through
K'sec the annealing condition.

3. Experimental 4.2 The relations of Young's modulus and the

3.1 LCP coated optical fiber thermal Axpansion coefficient of LCP for the

A secondary coating resin having a negative thermal characteristic of transmission delay time

expansion coefficient is required in tight coated The temperature dependences of Young's modulus
optical fibers based on the above theory. Thermo-
tropic hard liquid crystal polymer (LCP) that and the thermal expansion behavior of LCP were

had a negative thermal coefficient (-7--9,10'-,C
-
'

)  
examined. Fig 5 shows Chi temperature dependence

as the secondary coating resin was selected. Fig.2 of Young's modulus of LCP in the range from -400C

shows the cross section of an LCP coated optical to +800C and after the annealing at +800C. It

fiber. The glass fiber was doubly coated with was recognized that Young's modulus of LCP did

soft silicone resin and hard LCP. Table.2 shows not change after '.he annealing at +80
0
C for 100

the typical condition of LCP coating by extrusion, hours.

Fig.6 shows the chermal expansion behavior of LCP

3.2 Measuring system of transmission delay time tube under the heat cycle in the range of the

The measuring system of transmission delay time temperature from -801C to +800:. It was good

is shown in Fig.3. A sinusoidal curve ('"1.30m) agreement to the characteristic of transmission
of 800 MHZ was continuously transmitted through the delay time in the LCP coated optical fiber that
oesfiber. 8 asd otinmoduslyn tras t throuhute the thermal expansion behavior of LCP tube was
test fiber, and the modulation phase at the output stabilized after it passed through the high
was measured by the vector voltmeter. The change tmeauecniin i. hw h eprtr

in transmission delay time e.i was caluculated temperature condition. Fig.8 shows the temperature

by equation (7) using the value of change in output dependence of the thermal expansion coefficient

phase ', mudalation frequency f, and fiber length kLCP of LCP. Before and after LCP was attained
ps mto the high temperature condition, the thermal

expansion behaviors differed from each other.

(7)
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Before LCP passed through the high temperature occurred in using this optical fiber fo, 20 jea-

condition, the thermal expansion coefficient 4n the ambient temperature range below +400C.

began to rise rapidly from -7--g-10-0C
-
' to Using this fiber, it will be possible to construct

a positive value starting from the temperature a larger array antimma system than the present

of 20
0
C. After the high temperature condition, one which uses a special coaxial transmission

kLCP ,as stabilized with a high negative value line.

-8 -9,10"'OC
-
-) in the range from -40

0
C to +800C.

These behaviors were similar to those of the
temperature dependence of the thermal expansion
coefficient caluculated from the characteristic
of transmission delay time and the temperature
dependence of Young's modulus of LCP. References

From the above results, it is obvious that the [1] L.G. Cohen and J.W. Fleming. "Effect of

stabilization of the characteristic of trans- temperature on transmission in lightguides".
mission delay time in an LCP coated optical fiber BSTJ. Vol. 58. (1979) pp. 945-951.
after passing through high temperature condition
is caused by the stabilization of the thermal [2] E.F. Andersen. "Differential propagation
expansion coefficient with a high negative value, delay in optical multifibre cables", Electron

4.3 Thermal stability Lett. Vol. 16 No. 10. (1980) pp. 389-391.

The degradation characteristic of transmission [3] L.A. Bergman, S.T. Eng, and A.R. Jhonston,
"Temperature stability of transit time delay for

delay time under high temperature was examined a single-mode fiber in a loose tube cable".
for LCP coated optical fibers. Fig.8 shows the Electron Lett. Vol. 19 No.21, (1983) pp. 865-866.
change in transmission delay time of LCP coated
optical fibers after heat aging at +800C. +1000C. [4] R. Kashyap. S. Hornung. M.H. Reeve. and S.A.
and +1501C for 120 hrs. After heat aging at Cassidy. "Temperature desensitisation o

f 
delay

+80C for 120 hrs. the change in transmission in optical fibres for sensor applications".
delay time was almost the same as the initial Electron Lett. Vol. 19 No. 24. (1983) pp. 1039-
one, however the increase of the change in trans- 1040
mission delay time was observed after heat agirg
at +1000C and +1501C. especially below the [5] S. Tanaka. T. Ono. "Reduced thermal coeffi-
temperature of 01C. cient of transmission delay time in optical

Fig,9 shows the relative change in transmission fiber", ECOC '84 Conference proceedings, pp 284-

delay time at -400C of LCP coated optical fibers 285.

for the aging time. The increase of the relative
change in transmission delay time at -400C or
the aging time and the aging temperature was
roughly given by,

Ea

A'-40oC = 170e RT.t .: (8)

And the activation energy Ea for the degradation
was obtained as 14 kcal/mol. Using the equation
(8), ,T-400C for 20 years at +401C was eliminated
as 10 ps/km. It was so minute increase that
the stability of characteristic of transmission
delay time in an LCP coated optical fiber was
considered no degradation occurred under using
the LCP coated optical fiber in the ambient
temperature range below +400C.

5. Conclusion

Zero thermal coefficient of transmission delay
time was achieved at about O0C with LCP coated
optical fiber. The change in transmission delay
time in the temperature range from -400C to +400C
was also as small as 100 ps/km, which is only
4 % of the intrinsic TCD of silica glass fiber.
The characteristic of transmissio, delay time
in the LCP coated optical fiber was stabilized
after passing through the heat aging condition.
and it is also assumed that no degradation may not
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Table 2 LCP coating conditions

o -70 Extrusion Temperature (*C) 280
-60 -dpri

=0 -4mm

-r mDraw Down Ratio (-) 7.9

-50

-4 Coating Velocity (m/min) 30, -40

Esec 100kg/mm Cooling Condition water bath

-30

S-20 Thermal chamber

0

o 00
U50 f=8OOMHz  =1.30m

o 1000

2000 Synthesizer
S-10 100

S 0.5 1.0 1.5
Secondary coat diameter, dsec (L) Vector voltmeter

dl

Fig.1 Kelation of ksec versus dsec
A E

Table I TypicaT values for equation(5) Fig.3 Measuring system of transmission delay time

Eg (kg/mm
2
) 7100

Sg (m
2
) 0.123 Bare fiber

fiber diameter=125pm
700 -

kg (OC-
2
) 6 10-7 I

I dN - 600
diT 6.5 10

-
6 E

1 dN ~500
KT 2nd cycle

400 ~- "

300 - 3rd cycle

Silica fiber (125pm) g 200

(SM optical 
fiber). 

:

Silicone resin (400um) 100

0

0LCP coated fiber

-100 I
LCP (8

00 p ) 
1

I . I I l i g

Fig.2 Cross section of LCP coated fiber -40 -20 0 20 40 60 80
Temperature (OC)

Fig.4 Temperature dependence of
transmission delay time
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0 initial

0 A after 20hrs at 80-C

3GO0 0 after lOOhrs at
0 80*C

2000

V0ED

1000
! I I r 1 I I

-40 -20 0 20 40 60 80

Tempe-ature (cC)

Fig.5 Temperature dependence of
Young's modulus of LCP

10 -
---- 1st cycle
-- -- after heat cycle

Ist cycle - 1st cycle (calculated)

2nd cycle after heat cycle

30d cycle (calculated)30 . . 3rd cycle

5

20

E0

-J "V

10 '0

I0

i0=20.270mm

a-A

-10 
-10

-80 -40 0 40 80 -40 -20 0 20 40 60 80
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Fig.6 Thermal expansion behavior of Fig.7 Temperature dependence of thermal
LCP tube expansion coefficient of LCP
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600 -initial (after heat cycle)

after 12Ohrs at 800C

500 -after 12Ohrs at 1000C
--E- after 12Ohrs at 1500C

S400

g 300

>1200

0 100

0

-100

-200

-40 -20 0 20 40 60 80

Temperature (1C)

Fig.8 Degradation characteristics of
:in LCP coated optical fiber

E

10, Ea=14kcal /mol

10, 100

0-

7 800

S 10
0~~ 40 0C

1 10 10, 10, 10, 10, 10' (hour)

Time -------
1 10 10' (year)

Fig.9 Degradation characteristics of Al-400C under heat aging
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HERMETICALLY COATED OPTICAL FIBERS

K. E. Lu G. S. Glaesemann G. Kar

Corning Glass Works
Corning, New York

Corning's hemetically coated fiber exhibii:cL recently been found to improve fiber fatigue
a uniform strength distribution over 4 resistance, as well as reduce attenuation
kilometers of fiber with an overall Weibull increases from hydrogen permeation. Coming
modulus of 40. The fatigue resistance of the has pursued a hermetic coating technology in this
fiber tested in long lengths is summarized by area that would provide a moisture barrier, limit
the high fatigue parameter. n. of 110 compared h~drogen diffusion, chemical corrosion, and meet
to 21 for standard fiber. In addition, the the necessary strength requirements.
coating ,,as found to resist hydrogen induced
attenuation at room temperature and chemical The purpose of this paper is to review the
corrosion. These attributes make this perfomiance of Coming's hermetic coating in light
hermeticall. coated fiber an excellent ot the above mechanical and chemical requirements
candidate for use in undersea cables. many and to compare these results with those of t.,pical
military applications. and other applications standard fibers.
where a harsh cn. irtonment is prevalent.

HERMETIC COATING

Coming's hermetic coating technology is
compatible with the existing fiber draw, ing
process. The coating consists of an ultra thin
(<500 A) layer of an inorganic material deposited
directly on the surface of a freshly-drawn optical
fiber through a chemical vapor deposition
technique. After applying the hermetic coating
the fiber can then be coated with any number of

INTRODUCTION polymer coatings. However, for the purposes of
this paper all test results are for acr late

Low loss optical fibers are being considered for coated fiber.
use in tethered missiles. undersea cables, as \\ell
as various other harsl environments.1 ' 2 These new,
applications require that fibers be exposed to STRENGTH
high stress for extended periods of time. This
implies proof testing at very high levels (several The mechanical performance of fibers should be
hundred thousand psi) or the development of based on strength data from a sample
coatings which prevent strength loss from static representative of the application. Therefore.
latigue. For extreme applications, both may he fbr long lenth applications, the strength of
required. In addition, requirements for 4 kilometers of hermetically coated fiber proof
resistance to hydrogen permeation and chemical tested at 200 kpsi was measured using a rotating
corrosion are becoming increasingly important, capstan fiber tester (RCFT) with a 20 meter

gauge length. All strength tests were perlormed
Metals such as aluminum, tin. and lead -  haw. in air at a strain rate of 4%/minute. The
been used to make hermetic coatings to minimize strength distribution is given in a Weibull"
fatigue: however, metals tend to forn, fashion in Figure I along with similar data for a
polycrystalline solids which can themselves be standard fiber also proof tested at 200 kpsi.
rapidly corroded via grain boundary diffusion
Processing complexities and slow appliation
,leeds also make metallic hermetic coating, It,,.
o actical. Imrganic and ceramic coating s hax
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• " I I -

S99 T -- - principle behind this test is that strength099- TEST CONDITIONS 0

0 'C degradation increases with increasing time to
095 A4SENT AIR fiue ae
0- 20m GAUGE LENGTH i.e., decreasing strain Little

200 SECIMENS change in strength with strain rate indicates
07- o HRAOETIC FIBER excellent fatigue resistance.

0 STANDARD FIBER
05-05- Fibers proof tested at 200 kpsi were loaded to
01 failure at strain rates of 4. 0.4. 0.04, and
o2 0.004%/minute using a 10 meter gauge length RCFT

DO apparatus. The tests were performed at 250C in

005 100% relative humidity with a minimum of 75oo •,specimens per rate. The strength and stressing
003 0 rate results for the hermetically coated fiber
002 o

S0were analyzed in terms of a power law crack
So.o 0 velocity relationship1 3

, 1 4 and are plotted in a

0005 logarithmic fashion in Figure 2. Included in
0 oFigure 2 are similar results for a standard fiber

also proof tested at 200 kpsi. The lines in

0001 1 I I I I Figure 2 represent a best fit of all the data.
oo 200 300 400 500 700

STRENGTH (kps,)

800 TEST CONITIONS

FIGURE 1 W.SUII S.ll tt Dst$r1 w0o Pot, Fm H* atfly 2i +¢
Coled AM SIIItdeId F 'l 700- 00%

10, OG"E LENGTH

r S TAOI.f

600- 21Z

The two distributions in Figure I are quite r
different with the standard fiber being tri-modal .50) CA ;To

in shape with an upper region with a Weibull
modulus, m. of 15 extending above the failure
probability of 7%. a middle region with a Weibull
modulus of only 3 and a low region near the proof
stress with a modulus similar to that of the upper
region extending below a failure probability of 00 0 1 0 0 I 1 0-

00(1)0005 001 O 000 O5 1 5 0O

2%. The hermetically coated fiber has a more STRAIN RATE. (%/ml

uniform distribution than the standard fiber. The
Weibull modulus of all the hermetically coated FIGURE 2 O-., F" , O, HIe.1.y Co,,-d AO

SI.1d.r0 F-b-r 1' 10 MeIer G-9.e L.N'g"

fiber strength data in Figure I is approximately
40, which is a significant improvement over the
standard fiber. The uniform strength of the
hermetically coated fiber over the entire 4 The strength of the hermetically coated fiber in
kilometers is attributed to the hermetic coating Figure 2 shows little change with strain rate
process. It is believed that this process covers giving a power law crack velocity parameter. n. of
or heals large underlying flaws on the glass 110. This high value for n indicates minimal
surface with a material having flaws of a uniform fatigue with time. The strength of the standard
size. the largest of which has a strength of fiber, on the other hand, decreases more readily
approximately 400 kpsi. with decreasing strain rate as indicated by the n

value of 21. In practical terms, for a 40 year
lifetime, it is believed that the hermetically

DYNAMIC FATIGUE coated fiber could withstand a stress equal to 80%
of the proof stress; whereas, an allowable stress

It is well known that standard glass fibers equal to 30% of the proof stress is more
exhibit subcritical crack growth (fatigue) when appropri~ae for the standard fiber for the same
subjected to stress in the presence of moisture. lifetime.' It is important to note that a recent
A hermetic coating is, therefore, desirable simply study has shown similar fatigue behavior for the
because it limits the availability of moisture to hermetically coated fiber tested in water at 90'C
the the crack tip. thereby, retarding subcritical using short gauge length specimens.
crack growth. To characterize the fatigue
resistance of the hermetically coated fiber, fiber
strength was measured under dynamic fatigue
conditions: whereby. fibers are loaded slowly to
failure over a range of strain rates. The
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HYDROGEN PERMEABILITY Similar experiments were performed on standard

fibers for comparison purposes. The standard

Recent studies have demonstrated that resistance fibers failed in 20 seconds in HF and 2 hours in
to hydrogen induced attenuation is of particular hot NaOH solutions, whereas the hermetically
importance. especially for undersea cables. '  coated fibers lasted >4 hours in these solutions
The resistance of a single-mode hermetically and failed only when acrylate coating degradation
coated fiber to hydrogen permeation was measured allowed the bare fiber to touch the mandrel.

by placing the fiber in 100% H2 at room
temperature for 200 days. No attenuation increase
was observed at the operating wavelengths of 1300 SUMMARY
and 1550 nm. Penetration of H2 to the fiber core
was observed, however, by the growth of the Coming's hermetically coated fiber exhibited a
interstitial peak at 1240 nm. Figure 3 shows the uniform strength distribution over 4 kilometers of
attenuation change with time, at 1240 nm. for the fiber with an overall Weibull modulus of 40. The
hermetically coated fiber and a standard fiber. fatigue resistance of the fiber tested in long
As can be seen in Figure 3. the attenuation lengths is summarized by the high fatigue
increase at this wavelength for the hermetically parameter. n. of 110 compared to 21 for standard

coated fiber was less than 0.4 dB/km after fiber. In addition, the coating is resistant to

200 days under this condition, whereas, the hydrogen induced attenuation at room temperature
standard fiber showed an increase of -8 dB/km in and chemical corrosion. These attributes make
two weeks. This data suggests that the this hermetically coated fiber an excellent
hermetically coated fiber can significantly retard candidate for use in undersea cables, various
Hk.drogen permeation, military applications and situations where a harsh

environment is prevalent.
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FIRE PARAMETERS AND COMBUSTION PROPERTIES
OF CABLE PULLING COMPOUND RESIDUES

J. M. Fee and D. J. Quist
American Polywater Corporation

Stillwater. Minnesota 55082

SUMMARY The nuclear industry has made some attempts to measure
Fire parameters of cable lubricant residues have been de- fire parameters of lubricant residues. A number of conventional

ermned using a specially designed device The device simu- cable flame tests have been adapted to lubricants. The approach

lates field conditions by heating lubricant contained in a conduit has been to put typical amounts of lubricant on a fire retardant
The heatng rate (heat flux) can be vared to develop various cable. The lubricant is allowed to dry Then the lubricated cable
fire parameters. and a non-lubricated control are subjected to the flame test to

Significant combustion differences are found among com- determine any lubricant effect
mercially available lubricants These differences include. critical When tested in this fashion, many of the Hydrocarbon Wax
heat flux. ignition energies. ignition temperature. time of burn lubricant residues simply melt and drop into the flame This does
and tendency to spread (propagate) or extinguish fire not duplicate the real conditions under which these residues

The most combustible of residues are from lubricants based would be exposed to fire Such testing does not show the very
on Hydrocarbon Waxes or combination Wax Soaps These re- signifcant differences in the combusbliy of lubricants
sidues have critical heat fluxes well under 40 KW m", ignition The purpose of this research was to develop a more realistic
energy of 15.000-20.000 KJ m" and ignition temperatures of fire performance testing procedure for cable lubricant residues
230 -330 C They burn vigorously for lengthy periods (5-15 mi- Additionally. we wanted to quantify flame propagation and com-
nutes) and spread flame along a conduit whether or not the bustion differences among lubricant residues.
combustion is supported by an outside heat source

Certain Polymer. Polymer Teflon and Bentonite Glycol Lub- TEST METHOD AND SAMPLES
ricants show higher ignition energies and shorter burn times
than the Wax-based materials However, these lubricants still Cable Lubricant Types and Their Residues
sustain and spread flame once ignited A wide variety of cable pulling lubricants are used through-

One lubricant, a High-performance Gel Polymer, was found out the world. A number of these lubricants are manufactured
to be considerably less combustible than tire-retardant cables and marketed specifically for cable pulling Occasionally. au-
In the High-performance Gel 0 olymer. ignition was very difficult tomotive grease or even dish soap is used
to induce, burn times were nil and flame spread did not occur With high-performance plastic and rubber cable jackets be-

coming more and more common, the worldwide trend is to useINTRODUCTION lubricants proven to be compatible with these materials These
lubricants can be generally categorized as follows

Cable pulling compunds are specialty lubricants which lower 1) Polymer Water Solutions Low solids materials < 500
the force or tension on a cable as it is pulled into conduit As residue by weight) which have extremely low friction based on
field installers know. the use of such lubricants can often mean high molecular weight polymers dissolved in water
the difference between a successfully installed cable or one 2) Wax Emulsions Various types of hydrocarbon waxes
damaged by excessive mechanical stress emulsified in water Solids content (residue) is 15-30°° by weight

Cable lubricants reduce pulling tension by reducing the fric- 3) Soaps Salts of various fats or oils. often dissolved in
tional force between the cable jacket and the conduit wall Low water Solid residue can vary significantly (20-801o by weight)
cable lubricant coefficient of friction is an important charactens- 4) Bentonite .lay Slurries: Finely divided. inorganic. bento-
tic, and has been the subject of much study and measurement nite clay slurried in water glycol solutions Residue is 12-251.

A second factor considered when choosing a cable pulling by weight
lubricant is its compatibility with the cable lacke The lubricant 51 Dry Pow.ers Talc or other inorganic powder base 10000
should not affect the jackets physical properties or performance solids with no evaporating component.
Testing usually consists of determining the lubricant s effect on
jacket tensile strength. elongation, dielectric strength, volume How Lubricants are Used - Fire Exposure
resistivity and stress cracking Cable pulling lubricants are applied to cable jackets or

A great variety of performance requirements for pulling lub- coated on conduit walls in sufficient quantity to lower the friction
ricants come from end users Such practical issues as pulling and tension on the cable as it is pulled The lubricant ends up
through water, adhesion to cable lacket. temperature stability distributed (perhaps unevenly) throughout the conduit.
and even odor are considered important by end users The amount of lubricant in the conduit varies. Typically, the

Surprisingly. an area of cable lubricant performance that more difficult the pull (the higher the expected tension), the more
has not been discussed much or measured until now is combus- lubricant is used. Experienced cable pullers know that length of
tibility Cable pulling lubricants, or. actually, their residues, are run, cable weight, conduit fill. jacket conduit type, and number
as real a part of a conduit system as the cable or conduit itself degree of conduit bends are all factors that determine the ap-
The combustion character of the cable and conduit has been propriate amount of lubricant to use. In industrial pulling, lubri-
the sublect of numerous studies and standards designed to cant usage can vary from .3 to as mu..h as 6 gallons per 100
minimize their contribution to the intensity or spread of a fire feet of conduit. At typical lubricant densities, this is 10 to 200
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grams of lubricant per toot of conduit. TABLE 1
After use, the volatiles in the lubricant (water, glycerine.

glycol) evaporate leaving only the residue in the conduit In the Lubricants Used in Combustion Testing
case of a fire. this residue is heated but contained by the conduit
system Depending on the residue combustion character, it can Lubricant Dsignation Color Appearance Soids
ignite and spread fire through the conduit -qipeloiriaice.-Ge

Fire spreading through conduit systems is not new Non- P,,,v, er Lw Oi Nw t T0i,"r r . . 3 3

flammable conduit, fire retardant jackets. fire stops. etc . are W,I- LuIAT. ¥,,AW '4r iua pi 14 0

useo to prevent such spread How do cable lubricant residues W L .DF.? y,,,,, . Soo4 a," 4

perform relative to these better known cable and conduit mate- .i ,,J,
rials? Wa,, Lub . 3 Yr .- 1,M5T r~ ,. 10)4

WA4 L e4 Yll,r . S rr',pear,'

F aited ,Ar fted,
Test Apparatus W-a Soap Lugb Cr,. -r, l iir pL-li- 04

To simulate field exposure, and to evaluate the performance Po ,me Tr0oa, Loe RrIn Tl,. porae q- 2

of lubricant residues under fire conditions, the device shown in
Figure 1 was built. W3 i l

Beflonl ie Slurry Lub~, TMr iro)W(' T.- jii r- ' Ltt 34.

PIr me, L "ticr "'

"The, percel -,,, , h ,d . rl.. l',r-i ' , , " 1, ri'' Ti,

Figure 1 c 22 ,Fr., r , ,.r , F,..rr . , 1 r. . . 0' '.. r"., r. -Vi
iiD re st.- a 'iii',. .,5f I% ,o". .f,

Test Sample Preparation
The test samples were prepared by evenly distributing 200

grams of wet lubricant in the foot-long split conduit The lubricant
was dried (typically one day at 105 C) and percent solids deter-
mined to ensure drying

This procedure duplicated the field situation of dried lubric
ant dispersed throughout a conduit System While 200 grams
per toot is a high lubricant usage it is not unrealistic As data
shows later, the use of smalier quantities of lube somewhat
shortens burn times but does not affect ignition or flame prop
agation character

There were of course significant differences n the amount
and appearance of the residue after drying The conduit contain

- ng each residue sample was put on the heating device described

swnsr OsU Wos earlier to conduct the tests
To provide a control for the test results 20 gms of Hypaion

D Cable Jacket were tested using the same methods but without
lubricant This jacket was taken from a Class 1 E nuclear quaified
cable that was fire retardant The jacket was stripped from the
cable and cut into i squares for the test

The device generates heat from a gas burner roughly one
foot in length which is contained in a non-combustible box The COMBUSTION DATA

burner heats a rigid steel conduit split in half with welded end
caps to retain the lubricant Specifically. 2 rigid conduit was Igntiion Measurements
placed over a 2 x 12 slot in tne box to yield an area for heat These measurements were made to determine the ease of
impingement of 24 square inches I 01 548m ) ignition of each residue None of the residues would ignite with

A flow meter was used to control the gas burn rate and the only a match anc no outside heat source Therefore none are

heat flux from the burner 2 25 cubic feet per hour lcfh) was the flammable in the common sense of the word Many however.

lowest gas flow rate which would maintain a continuous burner are combustible as wili be shown

flame This converted to a minimum heat flux of 42 KW m. Using an aporoach described by Factory Mutual Research

which was focused on the split conduit residue sample several heat flues (heating levelsl were focussed on the split

An iron constantan thermocouple was inserted into the re- conduit lubricart residue by varying the gas burn The purpose
sidue (when possibleI to measure its temperature Finally a was to determine the size of the fire source, if any needed to
pilot light (also gas) was devised which could be brought in from ignite the lubricant residue Based on Factory Mutual work with

above the conduit to direct a flame onto the contents to attempt cable jackets. three different heat fluxes (gas burn ratel were

ignition chosen These were 2 25 cfh (42 KW m"I 3 25 cfh (61 KW m
and 4 5 cfh 185 KW m")

At a given flame setting (heat fluxi the split conduit with
dried lube was placed over the flame and time to ignition was

Lubricants Evaluated measured The thermocouple was inserted into the residue and
Commercially available cable lubricants were evaluated temperature was also monitored Ignition was induced by briefly

No powder lubricants (talc type) were represented Inorganic impinging the pilot flame on the residue sample at 30-second
powders are poor friction reducers and thus are not commonly intervals Ignition was defined as a sustained flame for at least
used or available commercially for cable lubrication 5 seconds after removal of the pilot light With most of the

The lubricants selected are in Table 1 samples the pilot produced the ignition Occasionally at the
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high heat fluxes, the Hydrocarbon Wax Lubricants would spon- 30
taneously ignite (without the pilot). Figure 4

The heating was continued for 30 minutes If a sample Ignition Time at 85 KW m 2

ignited, burned for a short while and then self-extinguished, the Heat Flux
pilot was again applied at 30-second intervals to try to ignite a
different area of the sample Data from these ignition tests are
presented in Figures 2, 3 and 4 and Table 2 below 20

E C
30-0

Figure 2 C
Ignition Time at 42 KW m

2 Heat Flux 0C

0
10

0 2

CC

0 C £

Si j _

,C,

7/
TABLE 2

Temperature at Ignition and Ignition
Energy (Calculated) for Various Heat Fluxes

Lubricant 42KW m'Flux 61KW m
4 

Flu. 85 KW m' Flu.

Vgniton Ignition igniton
30 Energy En.gy En Y'

Figure 3 ToplC) (KJm') T" p(C) (KJm ) T"(C) (KJm

Ignition Time at 61 KW M2 Heat Flux 410q1'Co w- No N, tqlli0.' No No lqa4

2ar N, o 10Ar] 'p,

1dWa. -,i 200 44

,a/ hat lu to~ 4 KW ' As4Fgur 214 shows ill splesl cou

Hvpaton444 N, No 4ln,l0f'
14 0C lKJ 840 -14.1 8 4 '' 441

- #/i./To understanc; this data. we must review a few concepts
4 ~ Critical heat flux is defined as the heat flux (in KW ml, beow

*' 4,~ ' ' which samples will not ignite In a fire, heat flux represents the
intensity of the outside fire source The gas burner would not
function at gas flows under 2.25 cfh. which limited Our minimum

heat flux to 42 KW m' As Figure 2 shows. all samples could
be ignited at 42 KW m 2 except the High-performance Gel
Polymer Lube and the Hypalon Jacket control

Ignition energy, shown in Table 2. is defined as the heat
flux multiplied by the time to ignition It is expressed in KJ m'
and represents the amount of energy required to heat the lubric-
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ant residue to ignition temperature This. in turn is related to Figure 6
the quantity. specific heat and thermal conductivity properties 16
of the lubricant residue. Time of Continuous

The data show significant differences in the ignition proper- 14 Burn at
ties of the lubricant residues. The Wax and Wax Soap Lubes 61 KW/m 2 Heat Flux
have critical heat fluxes well under 40 KW m

2 and ignition ener-
gies under 20.000 KJ m- They ignite at temperatures bet.ieen -a 12
200 and 300 C

The Hypalon Cable Jacket and the High-performance Gel
Polymer Lube have critical heat fluxes above 40 KW m ' and 10

ignition energies above 50,000 KJ m . We could not determine E
a consistent critical heat flux for the High-performance Gel " 8
Polymer since it ignited briefly at 61 KW m. but would not ignite Z
at 85 KW m, Regardless, the Hypalon Jacket control and High- 6 6
performance Gel Polymer were clearly much harder to ignite P
than the other lubricants tested

We should note that the Bentonite Clay Lubricant ignition
seems illogical However, these lubes contain ethylene glycol
which is what burned

Flame Propagation & Burn Times - 4. -C -
Continued Outside Heat Source . 4 /

Once a residue had ignited (greater than five seconds burn). q~ Q - -.

several additional measurements and observations were made
F,rst. the burn was timed until the flame extinguished If the
flame spread through the conduit from the initial ignited area,
this was noted If the flame went out. additional attempts were
made to ignite other areas of the residue with the pilot for the
full 30 minutes of the test

Data on burn times and flame propagation are presented
,n Fgures 5, 6 7 and Table 3 below

12
Figure 5

Time of Continuous Burn at Figure 7

42 KW m 2 Heat Flux 10 Time of Continuous Burn at
oa 85 KW m2 Heat Flux

E E

E 6

S44

r C

It 0
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TABLE 3 Results show that the Hydrocarbon Wax, Combination Wax
and Polymer Teflon Lubricants burn vigorously even when the

Flame Propagation at Various Heat Fluxes outside heat source is removed. The combustion of these lubri-

FlareSpread FlameSpread FlameSpread cants produces enough heat to self-sustain and propagate
Lubricant 42KW M21 ,61KW m'1 .85KW m' flame

The High-performance Gel Polymer Lube would not burn
r :r i.i., ,. i .. ri N. N %,for more than five seconds, barely enough time to turn off the
,.ii .' '"- burner The Hypalon Jacket material did burn for several minutes

W .2 -* '-... --. after the heat flux was removed The flame did not spread.

, .% 3 .... ho w e ve r

>."4A.i . ,,-Residue Quantity
To see how combustion properties changed with a smaller

T' "quantity of residue, several of the combustible lubricants were
'";" s " tested with one-half the amount in the test conduit (100 gms I

S... , Results are presented in Table 5.

N-

TABLE 5

Fire Parameters with 100 gram Sample Size
The lubricant residues fall into several categories The Hy-

drocarbon Wax and Combination Wax Lubes once ignited burn Ieat T Time imet
Hea Tmpeatreof Burn Spreadfreely and at length allowing the flame to spread throughout Flux ignition Atignition (MinutesA Throughout

the conduit Lubricant (KW m') Time CC) Seconds) Conduit'

The Clay Slurries and Teflon-containing Lube also burn . i . I
continuously, and spread the flame although not with such vior

Finally while the Hypaion Jacket High-performance Gel . 4 . .- i .
Polymer and plain Polymer can sometimes be ignited for short
time periods at the higher heat fl ux they self-extinguish and do With half the residue the results did not differ significantly
not spread flame The High-performance Gel Polymer Lubricant from before Ignition times and temperature are similar Surpris-
shows very short if any burn times and quick setf-extinguish- ingly. even with the significant decrease in fuel, burn times are
ment The High-performance Gel Polymer Lubricant is in fact down only slightly
consicderablt more fire resistant than the Hypalon Cable Jacket

Residue Mobility
t was noted earlier that the Hydrocarbon Wax Lubes melted

on heating Melting data on the lubes are presented in Table 6Fla me Pro]paqation & Burn Time -

Discontinued Outside Heat Source TABLE 6
Tests were done where the burner was turned off once the

sample had ignited The lowe 3 t neat flux which had previously Melting Data on Lubricant Residues
resulted in ignition was used for these tests The burning sample
was then observed to see if the flame spread throughout the Liquifies When Heated

conduit from the point of ignition Total time of burn was also Lubricant Above 300°C?
measured High-performance Gel Polymer

This test determines whether the heat produced by combus- Lube No
tion of the iubricant residue is sufficient to sustain the flame
without any additional outside heat source In a fire Situation. Wax Lube # 1 Yes
this could result in the spread of the fire into a non-burning area Wax Lube #2 Yes
ithrough a firewalli

The data on burn times and flame propagation are pre- Wax Lube #3

sented in Table 4 below Wax Lube #4 Yes

Fluffed Wax Soap Lube Yes

Polymer Teflon Lube No

TABLE 4 Wax Soap Lube Yes

Fire Parameters with Burner Turned Off Bentonite Slurry Lube No

on Lubricant Ignition Polymer Lube No

Spread on Hypalon Jacket No
Propagation

Time of Burn Through
Lubricant HeatFlu. (Minutes&Seconds) Conduit? To see if melted lubricant residue would flow and spread

S,-., ., ,, flame, a test was run on Wax Lube # 1 The residue from 200
S'i-i ... .. ,' No4-i -No Nio grams of Wax Lube #1 was placed in half the length of conduit

,,.1. .4. K1, - '4 -3 -,, The same device and heating procedure (42 KW m") was used

W.- r,,l - ,r ., .:K I, .- , i ,,, as before As expected. the lubricant residue melted (at about

Ai -120 C) and flowed through the conduit The flowing residue
N ri - ignited at 240 C The flame was then spread by the mobile fluid

. ' ,. - h,, through the entire length of the conduit
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CONCLUSIONS:

Significant differences can be observed in the combustibility
of lubricant residues

The Wax and Combination Wax Soap Lubricant residues John M Fee

are combustible They ignite at heat fluxes below 40 KW m' American Polywater Corporation

and temperatures of 200 -300 C. Once the wax residue is ig- P t. Box 53
Stillwater, Minnesota 55082

nited. the flame sustains itself without any outside heat source. U S A
Flame will also spread along these residues. This flame move-
ment is accelerated if the residue melts and flows.

There are a number of other lubricants - Polymer Teflon,
Bentonfte Clay Glycol Slurries - which can also be ignited but
do not burn as vigorously nor as long (lower solids). These also
spread flame once ignited John M Fee graduated from Massachusetts Institute of Technol-

Finally. there was one lubricant which showed little tendency ogy in 1968 with a degree in Chemistry He has worked at 3M
to ignite or burn, in fact. less tendency than fire retardant cable and American Polywater on the development of a variety of
jacket This was the High-performance Gel Polymer Lube. specialty chemical products. Mr. Fee is currently President of

The ignition behavior of the lubricant residues is specific to American Polywater Corporation. a manufacturing firm special-
the residue, rather than its quantity Some residues were quite izing in cable installation products.
combustible, with only one demonstrating outstanding fire resis-
tance

A secondary factor is the quantity of the residue remaining
This quantity is directly proportional to the percent non-volatiles
%°o solids) of the lubricant Lubricants with very low solids

(1.) dont seem to have enough residue to propagate or Deborah J Quist
spread flame, even if their residues can be ignited Amercan Polywater Corporauion

In applications where the spread of fire is of concern and P.O. Box 53
particularly where fire-retardant cables are used in conduit care Stillwater. Minnesota 55082
should be used in selecting a lubricant One approach is to U S A
select lubricants which are less combustible than the cable itself
Based on this approach suggested performance criteria for such
a lubricant (residue) would be

1 1 Will not ignite for more than 10 seconds at a 40 KW m-
heat flux or at a 315 C temperature 1200 gm sampiel

21 At a heat flux of 60 KW m will not burn for more than Deborah J. Quist has an associate degree as a laboratory tech-
60 seconds after removal of heat source (200 gm samplel nician from Hennepin Technical Center. She is currently em-

3: Will not meit or flow when heated to 350 C ployed by American Polywater as a Research and Development
Technician Ms. Quist s current work includes the development
and evaluation of cable pulling lubricants.
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RECENT ADVANCES IN THERMOPLASTIC, ZERO HALOGEN, LOW SMOKE, FiRE
RETARDANT CABLE COMPOUND TECHNOLOGY

Mr.S.Artingstall, Mr.A.J.Pyle, Dr.J.A.Taylor

LINDSAY AND WILLIAMS LTD

COLUMBINE STREET
MANCHESTER Ml 2LH

ENGLAND

ABSTRACT acidic fumes can damage expensive equipment eg.

Telephone Exchanges, Computer Suites, Military
The development of a thermoplastic, halogen free, Electronic Systems etc. In response to these
loA smoke, fire retardant compound which is problems, "zero halogen" or "halogen free'
suitable for use in the manufacture of both power compounds have been developed.
and telecommunication cables is described. Results
are presented to show that the compound possesses The general requirements for thermoplastic, zero
similar mechanical properties to a typical PVC halogen compounds have been described
jacketing compound. The low smoke, low acid gas, previously

4 ,5
. This has led to the development of

and low toxic gas emission characteristics of the thermoplastic compounds which possess excellent
material are discussed. The effect of prolonged fire retardant characteristics, thus making
immersion in water on the electrical properties of possible the manufacture of cables which generate
the compound has also been studied, and results only very low amounts of smoke and acidic
presented which show that after an initial drop in fumes

6
' 7.,

insulation resistance constant, an equilibrium
value is achieved, which is higher than that
specified for a PVC jacketing material. The Many cable manufacturers, however, prefer to offer
processing characteristics of the compound have cables manufactured using compounds of their own
been investigated, and results presented to show design, which has led in certain cases to zero
that extrusion speeds similar to those of typical halogen cables possessing adequate fire and smoke
PVC jacketing compounds can be achieved. Cables properties but exhibiting a number of drawbacks.
jacketed with the compound have passed a severe These drawbacks can be summarised as poor
vertical fire test. mechanical properties (in some cases, cable jackets

with tensile strengths of less than 5 MPa, 725 psi,
have been offered), poor electrical properties

INTRODUCTION (especially when immersed in wa' ,, poor abrasion
resistance and processing difficulties.

For many years, many halogen containing polymers Furthermore, as most of the applications into which
have been used in the manufacture of electrical zero halogen cables are now being installed would,
cables. Compounds based on these polymers, which in previous years, have used PVC jacketed cables,
include polyvinylchloride(PVC), it would seem reasonable to attempt to develop
polychloroprene(PCP) etc; have provided the cable materials which possess the desirable attributes of
manufacturer with robust, inexpensive, easy zero halogen compounds, coupled with the mechanical
processing materials, which have given good service and electrical properties normally associated with
in practice. There has in recent times however, PVC jacketing compounds.
been a recognition that some of the conventionally
used cable compounds based on halogen containing
polymers, can present problems in the event of a DISCUSSION
fire.

Laboratory Evaluations
These problems can be classified into three main
-,tegories. Firs.1y, some conventionally used It is beyond the scope of this paper to discuss in

mpounds can propagate a fire along a cable run, detail all of the compound formulation philosophies
by gencrating drips of burning material, can which were examined in the present work. A broad

',mit the fire to a lower level of an classification can be made however, based on the
.lat ion. Secondly, the formation of large types of polymers eg. ECA, EBA, EVA, EPR, EPDM etc-

of dense black smoke and acidic and/or used in each class of formulation. A programme of
,mes 's a major concern where large numbers experiments was executed 1, which only the

;i]h 'r n a confined area eg Underground important properties were evaluated. The general
,^ ".,'dms, Hotels, Exhibition Halls, conclusions from these experiments is given in

',ni !y, the formation of h.ighly Figure 1.
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Base Polymer Type I II III IV V PROPERTIES CABLE A9  CABLE B3 CABLE Cl:

Lab Formulation No. 19 38 67Q DRI 51 72R 62E 4C Tensile Strength 14.5 MPa 14.0 MPa 15.1 MPa

(2100 psi) (2030 psi) (2620 psi)

Tensile Strength ** ** • * • *** *** * Elongn. at Break 158 % 148 % 164

Elongation *** *** ** * * *** *** *** After Ageing 10 days at 1001C (212°F)
Cold Elongation * * ** ** * *** ** *

Tensile Strength 18.3 MPa 16.4 MPa 17.2 MPa

Dimensional • * . • . ** * * (2650 psi) (2375 psi) (2180 psi)
Stability at IO0OC Elongation 134 % 132 13"

Electricals after * * ** ** * *** *** *
ilmmersion in water After Ageing 7 days at 121°C(250°F)

Manufacture ** ** ** ** ** *** * *
Tensile Strength 17.6 MPa -

Scuff Resistance * * * * * ** * * (2550 psi)

Processability • * • • ** *** • .* Elongation 114 -

* = poor, ** moderate, good Figure 3.

Figure 1. Mechanical Properties of Cable Jackets

General Conclusions from Screening Programme

was renumbered as compound 300 for production
manufacturing trials, customer evaluation and
further detailed study. Several cables were
manufactured in the factories of different
customers using standard production quality

Property Result compound. The results obtained from these trials,
along with supporting laboratory tests, are
presented in the remainder of this paper.

Tensile Strength 15 MPa(2175psi)

Elongation 150 % MECHANICAL PROPERTIES

Elongation at -25oC(-13oF) 50%
As can be seen in Figure 3, similar results have

Insulation Resistance Constant 345 Megohm Km been obtained from cables produced by different
K value ) manufacturers and which are in broad agreement with

the laboratory results demonstrated in Figure 2.
Oxygen Index 35 Furthermore, the absolute values obtained, and the

retention values after ageing, exceed the minimum
Specific Gravity 1.57 values required for a general purpose PVC jacketing

compound 2 , as well as those for zero halogen cable
jacketing compounds' 3,28 .

Figure 2.

Properties of Laboratory Formulation 72R Extrudate THERNOMECHANICAL PROPERTIES

Hot Pressure and Hot Deformation

Laboratory formulation 72R stood out as the only For a sin le cable jacketing compound to be
compound which gave a good or moderate performance suitable for use in the manufacture of both power
in most of the areas initially under consideration. and telecommunication cables, it is essential that
Some of the actual results obtained from laboratory the compound possess adequate hot pressure and/or
extrudate are reproduced in Figure 2. hot deformation characteristics. These tests were

carried out on extruded samples and the results are
Following these initial results, formulation 72R presented in Figures 4 and 5. As can be seen,
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Deformation *C/
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.0 -- -40 Elongation *I.

7.0 810 90 1.00 *C 4, 8. 120 160

Figure 4. Figure 6.

Hot Deformation Test BS 6469:1984 Elongation at Break vs Temperature

compound 300 easily exceeds the requirements of 50%

Penetration penetration at 80oC(1760F) which are specified for
a PVC jacketing compound 2. The results would
indicate that in this respect, the compound is
suitable for use on cables with rated conductor

-80 temperatures up to 900C(1940F).

Low Temperature Properties

60
Having investigated the high temperture
thermomechanical properties of the compound, it is
important to establish the lower practical
temperature at which the cable may be handled

40 * without cracking. Figure 6 shows the measured
elongation at break over a range of sub zero
temperatures. Applying the criteria of 20% minimum
elongation which is specified for a hard PVC
jacket12, the minimum practical installation

-20temperature would be expected to be approximately
* -~35-C (-31-F).

Finished cables jacketed with compound 300 have
0 70 80 also passed Cold Bend and Cold Impact tests

70. 90 _.I00 0C at -25OC(-13oF)which lends practical support to the
above data.

Figure 5.

Hot Pressure Test BS 6469:1984 ELECTRICAL PROPERTIES

Many European cable constructions rely on the use

of galvanised steel wire armour or other metallic
tapes as protective members,and often to act as
electrical screening or as an earth conductor/fault
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404 Megohm. km e Formulation 72R TEST VALUE

sCompound 300

Limiting Oxygen Index 35

-30 a a Temperature Index 2700 C

BS4066 Part 1 Pass
(on cable A)

-20 
Figure 8.

Small Scale Fire Tests on Compound 300
-10 /"J

10 The minimum permitted K value of a PVC jacketing
compound and that of a zero halogen compound has
been specified as 0.0035 Megohm Km 1213. The
value obtained for the insulation resistance

e- •--constant of Formulation 72R when tested by the
0 specified procedure (ie after 12 hours immersion)
L 9 4,0 8,0 1?0 160 was 345 Megohm Km. At that point however, the

Days in water sample was not at equilibrium, and the insulation
resistance continued to fall, until an equilibrium

Figure 7. value was attained; which for Formulation 72R,
appeared to be equivalent to 2 megohm Km: still

Insulation Resistance Constant vs Time considerably higher than the permitted minimum
value of 0.0035 Megohm km.

The insulation resistance of Compound 300 has also
path. There is a concern in some cases, when a been monitored for an extended period, although
halogen free cable has been immersed in water for somewhat shorter than for Formulation 72R, and
even a short period, the insulation characteristics shows a better performance than that of its
of the sheath rapidly deteriorate, leading to the laboratory predecessor. This apparent improvement
possibility of accelerated corrosion of the armour in electrical properties is known to be due to the
due to electrochemical processes. Because of this higher degree of dispersion of the inorganic
concern there has been an attempt, in a recent zero ingredients obtzinable from the production plant
halogen cable specification13 to address this which was used to manufacture compound 300.
problem by specifying a minimum insulation
resistance constant. The test method specified,
however, only considers the effects of immersion in FIRE TEST PROPERTIES
water for a relatively short period (12 hours). In
practice, cables may come into contact with water
for longer periods than this and so it is of Several small scale laboratory fire tests have been
interest to examine the electrical properties after performed on compound 300, and the results are
prolonged immersion. The insulation resistance of given in Figure 8. The Limiting Oxygen Index of a
Formulation 72R has been monitored for a period of typical PVC jacketing compound would be expected to
182 days at the time of writing utilising the be in the order of 28-32, whilst that of compound
method specified for a PVC jacketing compound'2 . 300 is somewhat higher at 35. The Temperature Index
The insulation resistance is measured on an of compound 300 is higher than the minimum value of
approximately lmm(O.O4Oinch) thick plaque, and the 2600C required for a zero halogen jacketing
insulation resistance constant or K value is compound for Metro (subway) cables15
calculated using the following formula.

Most fire retardant cable specifications however,
do not refer to the fire performance of individual

K = 3.66 x 10-1 x R x A elements within the construction of a cable but to
t the performance of the finished cable, although

there are several notable exceptions'4,' 5  where
minimum values of limiting oxygen index and

R = measured resistance in Megohm temperature index are specified.
A = area of electrode in mm

2

t = sheet thichness in mm In order to test the effectiveness of compound 300,
as a fire retardant cable jacketing compound, it

The results are presented in Figure 7. was therefore necessary to test a finished cable to
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Figure 9. Figure 10.

Schematic Drawing of BS 4066 Part 3 Vertical Fire Schematic Drawing of the 3 Metre Cube Smoke Test
Test

a recognised fire test procedure. There are
several vertical fire test procedures which possess T
similar general characteristics

1 6  . 
7 and the Transmittance aPVC

test method selected was the relevant British eCompound 300
Standard :' which is refered to in a specification
for halogen free, low smoke cables1 3. This test
method has three categories dependent on the amount 20

of combustible material on the ladder. For this
test, the highest loading of 7 litres per metre was
selected (category NMV 7). The cables are
subjected to a 70,000 Btu burner for 40 minutes and 40
damage should not exceed 2.5 metres (8.2 ft) from 4 .
the burner.The general layout of the test chamber
is shown in Figure 9.

A zero halogen, fire retardant cable'O jacketed -60
with compound 300 and constructed according to an
appropriate British Standard! 3 which incorporates
standard XLPE low voltage insulation material,was
tested in this manner. Lengths of this cable were
wired on thp ladder in a staggered formation. This -80
it the more severe method of bunching the cables as
the igniting flame can penetrate around the cables
on the front of the ladder, to those at the rear, 0 - 0 - minutes
and the relative positions of the cables on the 100 miue
ladder can produce a 'chimney' effect. Following O 1P 2,0 3,0 40
the test, damage to the cable jacket was limited to
1.05 metres(3.5 ft) from the burner,ie. the cable
had achieved a 'pass' rating to Category NMV 7 in Figure 11.
the BS4066 Part3 vertical fire test. The cable self
extinguished at the end of the test, and no burning Results From 3 Metre Cube Smoke Test
drips were observed throughout the duration of the
test.
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Ds Gas Concentration Index

-600 ppm

Carbon dioxide 3050 0.255
Carbon monoxide g 0.045
Formaldehyde 0 0

/ Hydrogen fluoride 0 0

400 / Hydrogen chloride 0 0
Hydrogen bromide 0 0
Hydrogen cyanide 0 0
Nitrous oxides 2.2 0.145

* eCompound 300 Acrylonitrile 0.15 0.02
Ammonia 0 0

*FR PVC Hydrogen sulphide 0 0

200 Phosgene 0 0
Phenol 0 0

__°--"°__ •-Toxicity Index 0.465

0 minutes Figure 13.
8NES 713 - Toxicity Index for Compound 300

Figure 12.

NBS Smoke Chamber Results TOXICITY

The question of toxicity is one which is highly

SMOKE TESTS emotive and is bedevilled by the lack of meaningful
test methods. The concept of a "Toxicity Index"

The "3 Metre Cube' or 27m
3 smoke test is gaining in has been adopted in a number of areas, particularly

popularity and is specified in a number of cable by the military
2 ' 22 . This method involves

specifications!'
.!- '. The test was originally completely burning the organic content of a small

developed to assess the formation of smoke arising sample in a chamber of specified volume, then

in a Metro(Subway) application, and in this measuring the concentration of a number of specific

respect, the 27 m' test chamber approximates to a gases during the combustion. These concentrations

tunnel section. The basic layout of the test are then processed mathematically using factors

chamber is shown in Figure 10. A burning alcohol based on the exposure levels of each gas considered

fire source is used and the smoke generation is fatal to man for a 30 minute exposure time, and

monitored continuously by a horizontal light using correction factors for background

source/photcell assembly. The chamber may also be concentration to produce a single figure known as

modified to include pilot lights or EXIT signs in the toxicity index.
order to obtain a subjective assessment of smoke
generation. The mean of duplicate results of tests carried out

to NES 71321 are presented in Figure 13. As can be

Figure 11 shows the trace obtained from Cable C:, seen, the absence of halogenated or sulphurous

along with the equivalent data for a similar PVC gases confirm te halogen and sulphur free nature

jacketed cable. This result clearly shows the of the compound. Other potentially toxic gases were

dramatic improvement in the degree of smoke present in only trace amounts.

generation of compound 300 over the PVC equivalent. The observed toxicity index value of 0.465 is

Other data supporting this result has been found significantly lower than the maximum value of 5
from smaller scale tests carried out in the NBS allowed by the U.K. Naval Specification NES 5181'.

Smoke chamber, where a maximum specific optical
density(Ds max) of 89 has been obtained for tests
carried out in the flaming mode. The equivalent ACID GAS EVOLUTION
results for a typical PVC compound would be
approximately 600. The results of this work are
presented in figure 12. There are several methods which can be used to

evaluate the evolution of acidic gases from burning
polymeric materials

23 ,24
. Most of these methods

involve the combustion of a small sample of
compound in a current of air. The fire gases are
collected in wash bottles and the resulting
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Compound 300 PVC Zone 1 1400C ( 284OF)
Zone 2 140oC ( 284-F)
Zone 3 140-C ( 284-F)

BS 6425 Zone 4 140-C ( 284-F)
Zone 5 140-C ( 284-F)

Hydrogen chloride less than 0.5% 28.5 Head I 150oC ( 3020F)
Head 2 150oC ( 302OF)

VDE 0472 part 813 Die 160-C ( 320-F)

Conductivity us cm-  14 4500
pH 5.0 2.4

1_ Figure 15.

Figure 14. Temperature Profile for Extrusion of Compound 300

Acid Gas Evolution Results

solutions examined, either by chemical methods2 3 or kg/h A
by measurment of pH and conductivity24 . The results
obtained for compound 300 using both of these
procedures are presented in Figure 14, along with
the equivalent results for a typical PVC jacketing 1"
compound. -150

The British Standard method is only accurate for
hydrogen chloride contents greater than 0.5% and
hence, only this lower detection limit can be
assigned to compound 300 despite its zero halogen
nature. With the VDE method, the low pH and high 100 /
conductivity of the solution obtained from the PVC
jacketing compound demonstrates the highly acidic *J * Screw A
nature of the fire gases. As anticipated, compound A Screw B
300 produced only a weakly acidic solution, which m Screw C
also possessed a low conductivity, thus confirming 5z
the low level of acid gases.

PROCESSiNG CHARACTERISTICS

A pre-requisite of any cable jacketing compound is -0 rpm
that it can be processed efficiently within a cable 0 20 4,0 6,0 8P
factory, with the minimum of ancillary processes,
such as pre-drying etc. Furthermore, as the object Figure 16.
of this work was to develop a halogen free material
which possessed similar properties to a PVC cable Output Versus Screw Speed
jacketing compound, it is not unreasonable to
attempt to achieve similar processing speeds.

A 60mm(2.36 inch), 24 L/D extruder was used 25 , Screw design B is a low compression, low shear
fitted with a 16/30 head, into which was installed screw and is highly effective for processing low
13.3 mm(0.524 inch) point and 14.9 mm(C.589 inch) smoke, fire retardant compounds 27 .
die. No breaker plate or screen pack was used.
The same simple temperature profile was adopted Screw design C is a developmental design2 6 which
throughout the series of experiments and is combines the barrier flight technology of screw
reproduced in Figure 15. The processing design A with the low compression and shear
characteristics of compound 300 were examined on characteristics of screw design B.
three different designs of screw.

Compound 300 was used without any pretreatment such
Screw design A, known as "Constance" design, is a as drying etc., and was extruded at several screw
proprietary design 26 , incorporating a barrier speeds with each of the screws. The output, melt
flight. This design is commonly used to process temperature, head pressure and screw torque were
PVC jacketing compounds. measured at each speed. The results of these

experiments are presented in figures 16 - 19.
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*Screw A eScrewA 
°C AScrew B N.m AScrew B

1 Screw C 2Screw

190 .2000 *

ee

180 1750

.170 -1500/ *--
0

160 rpm, -12500 rpm
2 A 60 80

Figure 17. Figure 19.

Melt Temperature Versus Screw Speed Screw Torque Versus Screw Speed

The barrier flight of screw A, imparts a relatively
high degree of shear, which results in a higher

0 Screw A screw torque and more rapid rise in melt
bar A Screw B temperature. The maximum practical volumetric

SA output of compound 300 obtained from screw A was 49
Screw C litre/hour (77 kg/hour; 170 lb/hr) which is

significantly lower than the 115 litre/hour(160
150 kg/hour; 352 lb/hour) which would be typical for a

PVC jacketing compound processed on this screw at
140 rpm.

A significantly higher output was obtained from
-125 screw B as anticipated, although at high screw

speeds (go r.p.m.) the extrudate was lumpy and
contained occasional isolated single blisters.
This lumpy appearance was ascribed to poor thermal

* /homogenisation and the blisters are believed to be
due to the entrapment of air within the melt. These

.100 * phenomena are not surprising since the screw
channels are relatively deep and the compression
ratio is very low ( approximately 1.2 : 1).

* The developmental screw (designated Q15 by the/ manufacturer) 'nas a deep flight similar to screw B

75 but has a relatively low barrier flight throughout

0 4rpm a short section of the screw length. This barrier
flight imparts sufficient compression within the
screw to ensure that no air is entrapped and that

Figure 18. good thermal homogenisation is achieved. Good
quality extrudate was obtained at high output

Head Pressure Versus Screw Speed rates. Indeed, at 75 rpm, a volumetric output of
127 litre/hour (200 kg/hour; 440 lb/hour), wh4
compares favourably with the 115 litres/1,ur,
typically expected from a PVC compound being
processed on a screw designed to process PVC.
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Property Pressure Tubing Bleed . 19mm core
Extrusion Extrusion s 595mm core

DDR 1.5:1

Unaged 15 Iz

Tensile Strength MPa 12.9 15.9 12.8
(psi) (1870) (2305) (1860)

Elongation % 168 148 163 10  U

After 7 days at 80°C(1760F)

Tensile Strength MPa 15.7 16.3 15.9
(psi) (2275) (2360) (2305) 0

Elongation % 144 146 135

After 7 days at 1000C(2120F)

Tensile Strength MPa 16.7 19.6 16.6
(psi) (2420) (2840) (2410) drawdown ratio123 4
Elongation % 135 112 130

After 10 days at 1000C(212F) Figure 21.

Tensile Strength MPa 17.1 20.1 17.2 Oumbell Shrinkage vs Orawdown Ratio

(psi) (2480) (2910) (2490)

Elongation % 126 126 122 the second set of tools gave drawdown ratios in the
range 2.4:1 to 3.8:1 whilst jacketing a
5.95mm(0.234 inch) core. Dumbell samples taken from
the jackets so produced were aged at I000C(2120F)

Figure 20. for 2 hours. Previous thermal ageing work had shown
that any dimensional changes taking place in these

Effect of Extrusion on Properties materials occurs in the first few hours of the
ageing procedure. The results of these experiments
are presented in Figure 21. As can be seen, a
reasonably direct relationship exists between the

THE EFFECT OF PROCESSING ON PROPERTIES drawdown ratio used in the tubing extrusion and the
shrinkage obtained with the dumbell samples.

The effect of different types of extrusion In practice, cables A and B (see Figure 3) were
processing techniques commonly used were examined, manufactured using a tubing technique with a draw
A 60mm(2.36inch), 20 L/D extruder equipped with a down ratio of approximately 1.5 : 1, and dumbells
screw of type B above was fitted with a 20 mm( 0.79 taken from the jackets exhibited shrinkage values
inch) point and a 23 mm( 0.91 inch) die. the of 3.5 % and 4 % respectively after ageing for 7
positions of the point and die relative to each days at 1000C (212F). The retraction of the sheath
other was varied, to enable both pressure and on an experimental cable which had previously
tubing style extrusion (draw down ratio 1.5:1) to showed a dumbell shrinkage of approximately 10 %,
be performed. Additionally, extrudate was allowed was found to be 2 % after ageing the cable for 7
to 'bleed' from the extruder in an unsupported days at 1000C (212F).
manner. The extrudate so produced was aged under
various test regimes and the results are presented The above results would suggest that compound 300
in Figure 20. As can be seen, the hignest tensile is suitable for either pressure or tubing style
strength is obtained from a tubing style extrusion, extrusion techriques. In the latter case however,
iii which the orientation within the jacket would be the drawdown ratio should be preferably below 2 : I
expected to be the greatest. in order to prevent excessive dumbell shrinkage,

although, in practice, high dumbell shrinkage
in a second series of tubing extrusion experiments, values may not lead to high sheath retraction.
the effects of different drawdown ratios on
dimensional stability was examined. For this work, It is gratifying to discover that the laboratory
two sets of tools were employed : the first set of results obtained with Formulation 72R have been
tools gave drawdown ratios in the range 1.7:1 to generally reproduced with Compound 300 in practical
2.2:1 whilst jacketing a 19mm(O.748 inch) core;. and manufacturing environments ( cf. Figures 2, 3, and
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FIBER OPTIC INTRABUILDING CABLES

Harvey R. McDowell, III and Mark A. Sigmon

Siecor Corporalion
Hickor,, NC 29613

TR-409 specifications. In all cases the cables tested
met or exceeded the test criteria specified.

A family of intrabuilding fiber optic cables was

developed to meet Bellcore TR-TSY-000409 Riser and CABLE DESIGN REOUIREMENTS
Plenum Requirements The specifications require that
cables installed within buildings must comply with the
requirements of the National Electrical Code Article 770-6; Bellcore's Technical Reference TR-409) is

cables for plenum applications pass the UL 910 Fire and written as a performance specification as opposed to a
Smoke Test and cables for riser applications pass the UL design specification. However, areas such as jacket
1666 Flame Test I The Multi-Fiber Intrabuilding Cable. thickness and fiber requirements are mentioned to
used in riser applications, and Fan-Out Intrabuiiding assist the manufacturer in designing a cable meeting
Cable. used in plenum applications, are rugged, high the performance requirements. The most critical and
performance communicatton cables. Attenuation change design dependent of these specifications are the
is less than 0 50 dBkm over the cable's operating range of environmental ( emperature cycling and fire
various indoor disirthution environmentsen io m ta (e p rtu e c lng nd f e

resistance) and mechanical requirements. These

These cables consist of 6 - 36 fibers tightly buffered requirements are listed in Table 1.1
with a mchanicalls strippable protectise thermoplastic
coating. The fibers are stranded around an all dielectric Except for the fire resistance requirements. the
central member and then wrapped with a high strength test procedures follow the EIA-455 Fiber Opti. Test
aramid ,arn for further mechanical protection and Procedures. The fire resistance requirements of the
strength An outer jacket wi,.th required fname retardant rcd rs h ie rssac e urm nso(h
sngthow n poertiesack plte the equied flacables are dictated by the intended installation site of

the cable. These cables must comply with the

This paper ,ill discuss in detail design parameters, requirements of the National Electrical Code (NEC)
material sclcclin, and performnane data of both plenum Article 770 and meet one of three levels of fire safety
and riser ntrabuilding cables (pletut. riser. or general purpose).

For plenum applications, where a cable is used in
any space for handling environmental air, the optical

Point-to-point communication between buildings cable must have "adequate fire-resistant and

(campus links) has proven to be a cost-effective low-smoke producing characteristics'
3  This is

application for fiber in the premises market. As users' measured by satisfying Standard UL 910 Test

needs increase, along with the upgradcability of fiber Procedure. This test is the nmost stringent because it

to provide the capacity for higher data rate services measures both flame propagation and smoke

such as video and voice, fiber has become very generation ,Mutile being burned within a Steiner

attractive for indoor applications within the premises Tunnel.
4 For riser applications, any opening at which

wiring system. Areas such as distribution runs in the point the cable passes from floor-to-floor, the cable

plenum, (eg. interconnecting the wiring closet with must have "fire-resistatee characteristics capable of

the work station), and floor-to-floor runs in the riser preventing the carrying of fire from floor to floor".
3

shaft. (eg. connecting the entrance terminal with the These cables must pass the UL 1666 simulated riser

wiring closet), are two intrabuilding applications shaft test where the cable is subjected to a bumer

where fiber optic cables have become cost effective flame for 30 minutes. The cable passes UL 1666 if

and usage is increasing significantly.
2  flame pro pagation is less than 12 feet. General

purpose is simply the applications where

The growth for voice, data, and video services intrabuilding cables are used in areas which are

stimulated a demand for a set of guidelines for the neither riser nor plenum. When used in general

industry to follow. Bell Communications Research. purpose -pplications the optical cable must pass the

Inc. (Bellcore) published a Technical Reference UL 158 1 Vertical Tray Flame Test.

detailing Bellcore's position on reneric requirements
for optical fibers and cables. This Technical The 1987 NEC allows substitutions for the three

Reference was targeted at Fiber Optic Intrabuilding levels of fire safety. A plenum cable can be used for

Cables and has since become a leading industry plettini, riser. atd general purpose cpolications A

standard. rt,,:r cible can be used for tiser atd cencert purpose
applic. tiins Table 2 lists cabi description,

Discussed within are the plenum and riser designator. aipli. alnn. and subtlution for the thrc

product lines developed and tested to meet Bellcore's le, els of fire safers
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CABLE REQUIREMENTS RISER PLENUM

Impact Resistance 20 impacts 1( impacts

Compressive Strength 20 N/nn 10 N/mm

Tensile Strength 1330 N 665 N

Cable Cyclic Flexing 25 cycles 100 cycles

Fire Resistance UL 1666 UL 910

Operating Temperature -20 C to +60 C 0 C to +50 C

Storage Temperature -40 C to +70 C -40 C to +70 C

I max. increase in alenualion: 0.211 dB ingl en ode: 0.40 mullnmode

2 max. increase in attenuaton: 0.10 dB/kni sniglenodet 0.600 multimode

Table 2

UL TYPE DESIGNATIONS FOR ARTICLE 770
OPTICAL FIBER CABLE

Cable Description Designator Application/Test Substitution

Conductive Optical OFC General Purpose/
Fiber Cable UL 1581 Vertical OFCR/OFNR,

Tray Flame OFCP/OFNP
NonConductive Optical OFN

Fiber Cable

Conductive Riser OFCR Riser/UL 1666 OFCP/OFNP

Nonconductive Riser OFNR

Conductive Plenum OFCP Plenum/UL 910

Nonconductive Plenum OFNP
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CA- BLEDES IG3N Ihe lan-Out Intrabuilding Cable is used where
small l/,: i Iot a 

, 
r .rtial and the requirement fk,r

Both plenum and riser cables consist of fibers tailtiini out fiber, at more than one location is nut h
coated out to '0l0 microns The fibers are 10 kpsi greater. c plenum apphscjtionsv As a result, the 90)0
proof strcs.ed. iice the proof stress of standard Micron buffered fibers have aramid yarn spun around
outdoor cables, and tightly buffered out to a diameter them and an individual fluoropolymer jacket for added
o1 011f0 microns wi ith a mechanically strippable protection and stand alone use. The individual cables
thermoplastic coating for protection. Multimode are stranded around an all diclectric central mcmber.
fibers with a core of 50 microns, a cladding of 125 A flame retardant. low smoke fluoropolymer outer
microns. and a NA of 0 20 are used in the designs jacket completes the cable design. A final cable cross
discussed because of their relatively high micro-bend section is shown in Figure 2.
scnisiti',its.6 Because of diffcrent cable requirements
for plenum and riser applications, the cable designs Although the plastic materials of the riser and
dilfer ill oscrall construction. plenum cables differ, the same design parameters

were used to determine the size of the antibuckling
The Multi-Fiber Intrabuilding Cable iMIC) is used dielectric central member (GRP). By knowing the

for riser applications. Within the MIC, fibers are modulus and coefficient of thermal expansion of the
indisidualls color-coded and directly stranded around plastics and the desired temperature range, the
an all dielectric central member. High strength central member size is calculated for a particular
aramid yam is then spun around the fibers providing contraction. Ideally, to avoid microbends that result
tensile ,trcnith for the cable. The yarn also acts as a in an increase in attenuation, the fiber should see no
cushion iin absorbing impacts and protecting the strain throughout the temperature range.
fihers from compression. An outer jacket of flame Consequently, there should be virtually no
rctirdamt P\C completes the design. Because of high contractic, n of the cable as not to induce any fiber
fiber densits , small size, low weight, and cost strain. A calculated compression of 0.30% for each
effectiveness, the MIC is the best solution for cable's low operating temperature has proven to shov
point-to-point links in riser systems. A final cable little increase in attenuation and was used to
cross section is shown in Figure 1. determine the required size of the GRP rod.

PVC Jacket

A\ranlid Stietti Ii
.Membher

jlI.

I'lfirv N'
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Outer Jacket

Aramid Strength
Member

Coated Fiber
Dielectric Central
Member
Thermoplastic
Buffer

Aramid Strength

Member

Fluoropolymer
Jacket

Fluoropolymer
Overcoat

Figure 2: Siecor Fan-Out Intrabuilding Cable

CABLE PERFORMANCE CONCLUSION

The final designs of both cables were tested to We have designed, manufactured and tested a
the Bellcore TR-409 specification. Mechanical tests family of riser cables (Multi-Fiber Intrabuilding
and results for both riser and plenum cables are listed Cables) and plenum cables (Fan-out Intrabuilding
in Table 3. The riser and plenum cables passed the Cables) that meet current Bellcore TR-409
flame tests according to UL 1666 and UL 910 Specifications. Thr, families are comprised of 6 - 36
respectively. All of the test results exceed the fibers and designed for high performance optical
stringent requirements of Table 1. Each mechanical transport of voic:. data, and video communications
test was performed several times on different cable with less than 0.50 dB/km increase in attenuation
samples. The result for each test is an average of the within the cable's operating temperature range and
gathered data. exceed all mechanical performance requirements.

Temperature cycling results are shown in
Figures 3 and 4 for the riser and plenum cables
respectively. Each cable met and exceeded the
required specifications listed in Table 1. Both the riser
and the plenum cable had no irreversible attenuation
increases within the specified storage temperature.
The riser cable increased less than 0.15 dB/km within
its operating range. The plenum cable increased less
than 0.40 dB/km within its operating range.
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Table 3

CABLE RESULTS

TEST RISER PLENUM

Impact Resistance 1000 impacts 1500 impacts

Compressive Strength 1500 N/cm 2000 N/cm

Tensile Strength 2000 N 4700 N

Cable Cyclic Flexing 2000 cycles 1000 cycles

Fire Resistance UL 1666 Listed UL 910 Listed

Operating Temperature < 0.15 dB/km < 0.40 dB/km
(-20 C to +70 C) (0 C to +70 C)

Storage Temperature No residual. No residual.

70 
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Figure 4: Fan-Out Temperature Cycling Results
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EVOLUTION OF A SMALL SCALE TEST DEVICE WHICH SIMULATES THE UL 910 FLAMMABILITY TEST

Naren I. Patel

Siecor Corporation
Hickory, North Carolina

ABSTRACT

The Underwriters' Laboratories Standard 910 experimental data, contribution to flame
(UL 910) is the test method for determining propagation and smoke ge,.eration by the test cable
values of flame propagation distance and are calculated.
optical smoke density for electrical and
optical fiber cables that are to be installed
in ducts, plenums, and other spaces used for DISADVANTAGES OF THE UL 910 TEST
environmental air without the cables being
enclosed in raceways. The method uses a 25- In the development phase of new cables, one has
foot-long fire chamber, generally referred to only an intermittent need for testing cables per
as the UL 910 Tunnel or the Steiner Tunnel. UL 910; therefore, erecting a full-scale UL 910

Tunnel to conduct tests in-house is not very
This paper discusses the design and practical for the following reasons:
construction of a small scale device or test
apparatus, called the Mini-Tunnel. The fire The full scale tunnel occupies a large space, the
chamber of the Mini-Tunnel is approximately 10 test requires long lengths of cables for burning,
(ten) feet long, and it adequately simulates and the fuel and labor costs for running the test
the results of the longer UL 910 Tunnel. are high.
General features of the Mini-Tunnel, and a
comparison of the results of tests conducted
on cable samples from the same reel in the DEVELOPMENT OF THE MINI-TUNNEL
Mini-Tunnel and the UL 910 Tunnel are
presented. A discussion of advantages and To make rapid iterations in developmental cable
limitations of the Mini-Tunnel is also design work, it is d- able to have in-house
included, testing capability. But the results of small

scale flammability tests such as measurement of

INTRODUCTION Oxygen Index (LOI), vertical or horizontal burn
tests, smoke-box tests for measuring smoke

Unintended and uncontrolled fires cause damage to generation values, etc., are not reliable

life and property. Various fire safety tests, Indicators for predicting the results of UL 910

commonly referred to as "flammability tests", are tests. Hence, a small scale device which can be

designed to reduce occurrence of such fires, and installed in-house, and which can simulate the

to minimize the damage caused by them. The 1987 results of the UL 910 test is very desirable. The

National Electrical Codell] has established four Mini-Tunnel is one such device. (Table 1,

levels of fire-resistance for communications Figure 1)

cables. The highest level is required for plenum
cables; these cables are tested per the UL 910 Table I

tunnel test. 121 COMPARISN OF THE SET UP FUR UL STANDARD 910
AND MINI TUNNEL TESTS

The UL 910 test is used to determine whether the
flame propagation and smoke generation
characteristics of cables installed without CRITERIA UL STANDARD 410 MINI-TUNNEL
raceways in air handling plenums are in accordance
with the provisions of the National Electrical Floor sp.ce, area 5)' X 1.6" 24' X 1'b"
Code (NEC), ANSI/NFPA 70-1987.

Hot izontal dut, Lentgth 28'" 52'

Fire chanhet. length 25' 10'

In this test, cables are exposed to a fire of

considerable severity and of a precise flame Cable ack, length 24' '8"

length, for a certain length of time. During that cidfh 11 I/4 5 l,4"
period, the maximum length of flame spread, and
the maximum value of optical smoke density or Cable saple. length 24' 9,6"

smoke obscuration are measured. From these Flae optead diltante. m.a. 19'b" 5'

272 International Wire & Cable Symposium Proceedings 1987



The Mini-Tunnel Is smaller than the UL 910 Tunnel.
5. The Mini-Tunnel is mobile. It can be moved Due to its smaller size, it is suitable for

from one place to another if necessary. in-house Installation for companies interested In

conducting similar tests. By using it in-house,

LIMITATIONS it is possible to do as many Iterations, as often
as necessary, for cable design and development

Associated with the advantages of the Mini-Tunnel work. Furthermore, the Mini-Tunnel test requires

test are certain limitations. They generally less cable for testing purposes. This is a boon

arise due to the shorter length of the tunnel. for the research and development work. Also, it
They may be summarized as follows: is less expensive and less cumbersome to conduct

tests in the Mini-Tunnel than in the UL 910

1. Tb" Mini-Tunnel test can measure whether the Tunnel.

.,".e propagation distance for a cable sample
is five feet or less, and thus indicate ACKNOWLEDGEMENTS
whether the cable passes or fails the test.

But for those cables that fail the test, the
test will not indicate whether the same cable Many employees of Siecor Corporation have
sample will have a flame propagation distance contributed to the design and construction of the
of six, seven, or even nineteen feet when Mini-Tunnel, and they have helped in conducting

tested according to the full scale UL 910 the flammability tests. I am grateful to all of

test, them. My special thanks to Kitty Tedder for her
valuable assistance in conducting the tests, and

2. As mentioned earlier, the length of cable to Diane Kerley for preparing this manuscript.

samples tested in the Mini-Tunnel is nine feet
six inches. Thus the extent of cable damage REFERENCES
that would occur beyond that distance in the
UL 910 test would not be known by conducting
the test in the Mini-Tunnel. Again this [1 National Electrical Code, 1987 Edition

applies only to the cables that fail the test. (National Fire Protection Association, Quincy,
MA.)

3. Furthermore, due to the shorter length of the
Mini-Tunnel, the exhaust gases will leave the 121 Kaufman S.: "The 1987 National Electrical Code

tunnel at a higher temperature than the gases Requirements for Cables", Proceedings of the

from a full scale tunnel test. For this 35th International Wire and Cable Symposium,

reason, the smoke detection device needs to be 1986.

cooled during the test and for some time after
the test.

4. The Mini-Tunnel has not been calibrated yet to
generate the same value for the average smoke
density obtained by conducting the UL 910
test.

Naren I. Patel

5. The Mini-Tunnel test can only be used for
screening the cables prior to testing them per Siecor Corporation

UL 910. For approval purposes, they must pass 489 Siecor Park

the UL Standard 910 test carried out by an Hickory, NC 28603-0489

independent laboratory

Nevertheless, the experience of conducting tests
in the Mini-Tunnel and the UL 910 Tunnel would
lead one to the conclusion that the advantages of
using the Mini-Tunnel far outweigh its Naren Ishwarbhai Patel is the Staff Materials
limitations. Specialist for the R,D&E Division of Siecor

Corporation. Previously he had served as a
Materials Engineer, the Supervisor of Polymer

CONCLUSIONS Chemistry, and the Supervisor of Materials
Engineers in the same Division. He received a

The Mini-Tunnel is a useful device to screen B.S. degree in Chemistry from the Gujarat

communications cables before testing them in the University, India; a B.Sc. (Technology) degree in

UL 910 Tunnel. The results for the maximum flame Textile Chemistry from the University of Bombay,
spread distance and the peak optical density India; and was awarded a Ph.D. degree by the
spraed d ineg the pe Tl esty University of Leeds, England. Prior to Joining
obtained using the Mini-Tunnel test are SicrCroaon headsvdasteDetr

reproducible. The test data satisfactorily Sieco Corporation, he had served as the Director
simulates the data obtained using the UL Standard of Quality Control, and as the Director of
910 test. Research and Development in the Textile Industry.
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The first section is a 12-foot-long horizontal adjusted to the zero reading. The air flow
duct with approximately square lateral dimensions. through the tunnel is also adjusted to the proper
Within this duct is a test chamber or tunnel lined level.
with heat-resistant bricks at the bottom and two
sides. TI,_- front side of the tunnel is provided
with a row of double-pane pressure-tight glass Figure 3: Installation oW Cable Samples For Testing
windows through which the entire length of the
cable being tested can be observed for the Rack
distance of flame propagation. A single burner / 8'

acts as the flame and heat flux source. A Cables
horizontal ladder-type tray with adjustable height _6 _
supports is provided for placing cable samples -_-_ _'

during the test. The top of the tunnel is
effectively sealed whenever desired, by placing
removable, high-temperature-resistant, mineral Rack Supports
composition boards over the entire length of the
tunnel, and by closing a heavy metal lid over
them. Thermocouples are installed in the tunnel
to measure temperature 1/8-inch below the floor
surface, and temperature of the air exiting the To start the test, the natural gas is ignited and
fire-chamber. Devices to regulate the pressure and the computer is switched on to begin collecting
the flow of natural gas, and the electronic data points for smoke density values. The air
ignition system for the gas burner, are placed flow through the tunnel is maintained constantly
close to the first section. at the initial level throughout the 20 minute

duration of the test. The flame propagation

The second section of the Mini-Tunnel consists of distance is measured visually through the

a square-to-round tubular section, provided with observation windows described earlier. Only the

smoke detection and manual air flow control maximum value for the flame propagation distance
devices. The smoke detection device feeds the is recorded. The temperature of the air within
test data to a computer for continuous recording the tunnel is also monitored. The maximum value
and analysis. As for the UL 910 test, the of the temperature is recorded on the test report
computer samples data points at 15 second print-out issued by the computer.
intervals, and computes the maximum and the
average smoke density values from these points. If the temperature of air within the tunnel rises
The test report is issued by the computer through above 1100 OF during the test, or if the cable
a printer within a few seconds after the test is sample produces excessive smoke, the test is

completed. terminated. This is done to prevent damage by
high temperatures to the tunnel and the measuring

The third section of the Mini-Tunnel has a draft- devices, and to stop unnecessary pollution of the
inducing system, an exhaust system and a static environment with high levels of smoke.
pressure indicator device.

The three sections of the Mini-Tunnel are ADVANTAGES
assembled as a single unit by making all
connections pressure tight. The total length of The Mini-Tunnel offers several advantages over the
the Mini-Tunnel is less than 24 feet. UL 910 test. They are:

1. The Mini-Tunnel test can be conducted

TEST METHOD in-house. One can conduct as many tests as
often as needed, even on short notice. It

To check the validity of the data that are enhances one's ability to do as many
obtained by testing cables in the Mini-Tunnel, iterations, as often as necessary, for cable
frequent calibration of the tunnel by burning design and development work.
cables that were tested per UL Standard 910 by an
independent laboratory is necessary. 2. The Mini-7unnel can be used first to screen or

proof-test experimental cables, and then send

The tunnel is cleaned and pre-heated until the to the independent laboratories for testing in

floor surface reaches at least 150 OF. Then it is the UL 910 tunnel only those cables which have
allowed to cool. When the surface temperature the potential of passing the test.
reaches 110 OF + 5 OF, the tunnel is opened to
introduce the calibration cables or the test cable 3. In the Mini-Tunnel test, approximately

samples. Nine and 1/2-foot-long cable samples are one-fifth as much cable Is burned per test as
laid parallel and close to each other to fill the in the UL 910 test. For some experimental
5-1/4 inch wide tray. (Figure 3) In order to cables this is of great value.
minimize the movement of cables during the test,
they are fastened in place to three or four rungs 4. Less fuel is required to pre-heat the tunnel
using No.22 AVG Copper wires. Then the tunnel is and to conduct the test, and less time is
properly closed, and the smoke detection device is needed to cool the tunnel after the test. The

fuel used is natural gas.

274 International Wire & Cable Symposium Proceedings 1987



Table 2

Figure 1: Dimensional Comparison Of The UL COMPARISON OF THE RESULTS OF

Mini-Tunnel & The UL 910 Tunnel

MINI-TUNNEL UL 910 _ CABLE CRITERIA UL STANDARD 910 MIN-TUNNEL

A Maximum Flame Spread 3' 3.5'
3' 3'

Optical Density, Peak 0.08 0.050.05 0.04

FLOOR SPACE
B Maximum Flame Spread 3 1/2' 4'

3' 4 1/2'
Optical Density, Peak 0.18 0.20

0.15 0.17

C Maximum Flame Spread 3- 3'

DUCT LENGTH 
3

Optical Density, Peak 0.29 0.30
0.35

D Maximum Flame Spread 3' 3'

3'
FIRE CHAMBER 3'

LENGTH Optical Density, Peak 0.30 0.35
0.39
0.30

E Maximum Flame Spread 3 1/2' 3 1/2'
CABLE RACK - 4' 3 1/2'

Optical Density, Peak 0.40 0.36
0.35 0.38

F Max!... Flame Spread 3' 4 1/2'
3.5' 4'

For developing the Mini-Tunnel, the following Optical Density, Peak 0.53 0.58
objectives were established: 0.60 0.55

G Maximum Flame Spread 6.7' 5'.
1. To design a reduced- scale test that gives Optical Density. Peak 1.828 1.8

flame propagation and maximum optical density H M Plane Spread I

values approximately the same as those Op imc1 Dily, Peak .1) .'

obtained by testing per UL Standard 910.

2. To design a test for in-house use so that as MINI-TUNNEL DESIGN
many developmental cables as necessary can be
tested within short notice. The Mini-Tunnel is assembled from three sections

3. To design a test which would use less cable (Figure 2):

for testing.

4. To design a test which would use a smaller Figure 2 MiniTunnel Assembly

laboratory floor space.

5. To design a test which could be conducted by -s- I-/

two people.U 0U0U

6. To design a test which would consume less _ _ ' w
fuel. Cu. pl.. . './ .o.o# ,.sr,-

Ig atinn Syloen, and'/an Sntl / -t

7. To design a test which would reduce
environmental pollution.

After many trials and errors, satisfactory
correlation between the results of Mini-Tunnel and
UL 910 tests was established. (Table 2)
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Experimental Design for Full-Scale Evaluation
of the Toxicity of the P'roducts of Combustion from Cables

1. Frederic B. Clarke and ttenri J. van Kuijk
2. J.E. Bonesteel, J.G. DiPinto and R. Valentine
3. Marc .Janssens and Paul Vandevelde

1. Benjamin/Clarke Associates, Inc.
2. E.l. du Pont de Nemours and Company, Inc.
3. State Universitv of Ghent, Belgium

Summary factors which go into producing snoke,
but also relies upon appropriate

An evaluation of cable smoke toxicity measures of the toxic potency of the
under actual fire conditions has been smoke in order to determine the actual
undertaken in an attempt to provide a hazard posed under in-use conditions.
basis for comparison of cable smoke As a rule, one of several small scale
toxicity, as measured in the laboratory, tests is used to measure the toxic
with that of smoke generated by actual potency of the smoke in the laboratory
cable fires. A versatile and rugged (2); this measurement is always assumed
system has been designed ani to reflect the toxicity of the smoke
demonstrated, in a series of full scale from the same product when burned under
fire experiments, to provide an effective actual fire conditions.
method for the exposure of a significant
quantity (up to 30kg, or 66 lbs.) of A real fire is likely to encounter
cable to a large developing (l megawatt) a variety of fuel sources, ventilation
room fire, sampling the fire environment conditions, and heat transfer
for chemical analysis of combustion parameters during the course of
generated fire gases, and then cooling burning. Small scale tests necessarily
the smoke to a temperature suitable for fix all of these parameters, so the
assessing its toxic affects on laboratory best that can be expected of such
animals. By varying the amount of cable results is an indication of the smoke
burned and dilution rates of the smoke toxicity at full scale. Earlier work
into the chambers, this procedure allows has shown that, for some materials, the
the estimation of the lethal smoke dose burning conditions themselves can have
for cable insulation materials, a profound effect upon the toxicity of

the smoke (3,4). These observations,
as well as the increasing recognition
that smoke toxicity is often an
important, but seldom the controlling,

I. Introduction component of fire hazard, have prompted
us to attempt to measure the toxicity

In the past few years, attention of smoke from cables when the cables
has increasingly been focused upon the are burned under something
fire properties of wire and cables, as approximating real, full-scale
these materials find new and conditions.
specialized uses and as the demand for
electronically based control and The barriers to such an undertaking
communication systems continues to are formidable, since a number of
proliferate. Ironically, as the fire difficulties are encountered at full
properties of modern cables improve, scale which are not encountered in
there is a reduced likelihood of small-scale laboratory tests. Chief
encountering a fire where the cable among these are: 1) the intense heat
alone is the principle fuel. For that generated by a large fire must be
reason, modern fire hazard analysis removed from the smoke before its
must address the contribution of the exposure to laboratory animals,
cable in the real-fire scenarios in otherwise the heat effects will mask
which it is likely to be involved, any toxic affect of the smoke; 2)
This concern has prompted the traditional methods of heat exchange to
publication of several papers dealing cool the smoke are usually
with the overall fire hazard of cables inappropriate because the smoke
(1) . Hazard assessment is often contains gases, solids, and aerosols,
concerned with identifying and the latter two of which are subject to
quantifying all the cable flammability condensation or removal from the smoke
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stream if it is cooled by conductive insulation. In the studies to date,
methods; 3) methods must be found to approximately 100 kg (220 lbs.) of
control the dosage of smoke reaching wood, or a pan containing an
the animals, since toxicity energetically equivalent amount of
measurements require that dose-response diesel fuel, was used.
relationship be determined; 4) the
usual problems of measuring 2. The Smoke Corridor
temperature, ventilation, mass loss,
and smoke components are more in full A corridor approximately 10m long
scale fire experiments, and l.5m wide was connected to the burn

room as shown in Figure 1. Because of
This paper reports the design, space limitations, this corridor was

construction and employment of a full not a straight run, but bent back upon
scale experimental regimen to measure itself at 180" to give it two legs
the toxic potency of smoke from of approximately 5m each. The ceiling
cables. How each of these barriers was and the walls of the corridor were also
dealt with is described in the faced with Type X gypsum board to a
following sections. distance of approximately 3m from the

door of the room. The remaining length
II. Design of the Full Scale Test of the corridor was surfaced with

System concrete masonry blocks. A partition,
approximately 2m in height, was

A diagram of the overall test setup installed at the end of the corridor
is presented in Figure 1. It consists just prior to its exit into the smoke
of three main elements, collection hood. This was done to

eliminate bidirectional flow in the
1. Burn Room corridor, which would dilute the smoke

by air entrainment and reduce the
The room in which the fire took concentration of the smoke which could

place, and the cable bed was exposed, be introduced into the animal exposure
was a 4 x 5 x 3m compartment, lined chambers. Ventilation for the fire was
with Type X gypsum 1.25cm (1/2 inch] supplied by a Im x 2m opening at the
thick. The floor was concrete. The end of the corridor adjacent to the
doorway to the room, centered upon one door of the burn room. Preliminary
wall was of normal (2m) height; the experiments showed that a vent of this
width could be varied to obtain various height was low enough to prevent smoke
ventilation conditions. The source escape through the vent, yet high
fire, either a wood crib or pans of enough to provide acceptable
diesel fuel, were placed in the middle ventilation to the fire.
of the room on the platform of a large
load cell, which permitted the weight 3. Smoke Colection and Animal
loss of the fuel to be followed during Exposure System
the course of the fire. The cable, in Smoke to which the animals were to
2m lengths, was contained in an open be exposed was withdrawn from the
steel pan, suspended from the ceiling corridor just prior to its exit into
of the room, approximately 1/2m below the smoke collection system, as shown
the ceiling, directly over the source in Figure . The smoke collection
fire. The cable pan was connected to a st cosite of a m stless
separate load cell, so that its weight system consisted of a 5cm stainless
loss could be follo tat itl during steel pipe, which protruded through the

los cul b fllwedaswel urng side of the corridor wall into the
the course of the fire. The cable pan corridor, and to which was connected a
differed from conventional cable trays manifold conee a
in that its bottom was a solid sheet, manifold containing three animal
which allowed any cable insulation exposure chambers. After removal from

the corridor, the smoke was cooled bywhich melted away from the wires to be the introduction of a stream of

contained, rather than dripping down chilled air (05C) The amount
onto the fire or the floor. This o ir birded into The smo wa
ensured that the cable insulation and deteri ed y th e to wer
jacket would continue to be subjected determined by that required to lower
jacke woulds conteto bx ubcte the smoke temperature in the upper part
to the fire's heat flux during the of the manifold to below 60"C.

experiment and that observed weight
loss of the cables was due to burning, The smoke was then pulled through
not melting. The work undertaken to one of three animal exposure chambers,
date has been on high performance, low each of which was equipped with
combustibility, cables and a relatively additional air bleeds. These air
large fire was therefore required in bleeds served two purposes: first, to
order to produce the high temperatures cool the smoke further to maintain
necessary to decompose the cable
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continually temperatures of 40'C or volume of approximately 0.5 liters and
less in the animal exposure chambers; were evacuated prior to the start of
second, to permit further dilution, the experiment. Each flask contained
thus providing control over the smoke 50ml of 0.1 molar sodium hydroxide. At
concentration. As a rule, two chambers appropriate intervals during the fire,
were used. One of them was maintained a smoke collection flask was attached
as close as possible to the original to the standard taper port, a volume of
diluted smoke concentration as it came smoke was drawn into the flask, and the
from the manifold. flask was shaken. The aqueous phase in

the flask contained the smoke
The second chamber was operated at components which were either water

approximately 1/2 the smoke soluble or hydrolyzable, and the gas
concentration of the first. The third phase above contained the other gaseous
chamber could be operated either at components. This procedure, in
greater dilution or could be sealed off conjunction with the instrumental
during the course of the experiment so analyses of carbon oxides and oxygen in
that the smoke it contained could be the chambers and the corridor, provided
trapped. This permitted one to carry the means for a relatively complete
out a "static" exposure of the animals accounting of the smoke and mass
for comparison to the other two balance coming from the fire.
chambers in which a "dynamic", or
continuous flow, mode of exposure was 5. Animal Studies
followed. A schematic of the smoke
manifold and dilution system is Animals were exposed to the smoke
presented in Figure 2. for approximately 30 minutes.

Temperature in the animal chambers was
The animal exposure chambers maintained at or below 40'C, as

themselves were constructed of previously described. Animals were
stainless steel, which had been coated observed during the course of the fire
on the inside with polytetrafluoro- for any anomalous affects. Following
ethylene. The chamber volume was 175 exposure, four of the animals were
liters. A drawing of the animal sacrificed for carboxyhemoglobin
chambers used is presented as Figure determinations on their blood and the
3. Each chamber contained 10 exposure remaining six were used as a basis for
ports, into which were introduced mortality studies. Animals which had
holders suitable for the confinement of survived the smoke exposure itself were
a Sprague-Dawley rat. The laboratory retained for fourteen days of
animals were exposed to the smoke in a observation. Their appearance,
nose-only position, in accord with most pathology, and weight gain were
small scale smoke toxicity test monitored over that time.
protocols. Each animal chamber was
monitored for temperature, and fitted III. Results and Discussion
with a collection port from which
samples of the atmosphere in the A typical weight loss curve for the
chamber could be withdrawn. Finally, wood crib and the cable bed is
the oxygen, carbon dioxide, and carbon presented in Figure 4. As can be seen,
monoxide concentrations in the chambers cable decomposition lags initial fire
were monitored continuously. Flow from buildup by several minutes and did not
the manifold through the chambers was become significant until 10 to 15
driven by a large high capacity fan minutes into the burn. For the cables
which maintained the system at a slight tested, weight loss was relatively
negative pressure relative to that of rapid and proceeded smoothly once high
the core. The exhaust from the fan was temperatures in the burn room had been
returned to the smoke collection reached.
system.

Other workers have shown that,
4. Instrumentation where halogenated cable materials are

burned, a sizable fraction of the
Temperature and flow measurements expected hydrogen halides can be lost

were made throughout the system. Table on the walls of the burn room and the
1 describes the smoke analysis which smoke corridor (5). In the experiments
was carried out both in the corridor carried out here, approximately 40% of
and in the chamber. Each chamber, and the cable mass, as determined by
one collection port in the corridor analysis of the smoke, was transported
itself, was fitted with a standard down the corridor to the vicinity of
stainless steel taper joint to which the manifold to the animal exposure
could be attached a gas sample chamber. Some material was then lost
collection flask. These flasks had a in the sojourn from the corridor
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The test facility and the test
regimen are well-suited to the
determination of a detailed fire hazard
assessment, which will be the subject
of subsequent presentations.
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Optical fiber cable with submersion sensor fiber
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by analyzing the attenuation data from
OTDR. Generally, the network is comoosed

ABSTRACT of many transmission lines. In this
A cable monitoring system, which uses case the optical line selector is useful

an optical fiber, has been developed, to monitor many transmission lines by one
The feature of this system is to monitor monitoring system.
an attenuation distribution of an optical Fig.1 shows the typical scheme of the
fiber all along a transmission network. system. In this system, a submersion
An attenuation change of a network is sensor fiber is stranded in a cable and a
detected by an optical time domain submersion sensor is equipped in every
reflectometry (OTDR) to locate fault splice closure. Scanning all the
points of a network. This system uses transmission lines, the attenuation data
optical fiber as a sensor, so this system from each line are collected and analyzed
can be applied to also non-metallic to inform the line status to the control
optical fiber cable networ'. :enter.

1.Introduction

It is necessary to protect elements IODR Line selector
of a transmission network, such as cable, CRT f;-_ I
splice closure, from water penetration to P"7
keep high reliability of a transmission -
network.1) Generally, i transmission CPU .........._

network is maintained by gas pressurized submersion
syste:1 or fully filled system. However, an sensor
optical fiber cable is often required to Closure
be free from an electromagnetic influence,
so that this type of optical cable is
designed as the metal free cable. By the ..... cable
way, gas pressurized system is hard to be t
applied to metal free cable system. So in submersion sensor
this case, there was no way to locate the
fault points.

To solve this problem, a new cable Fiq.1 Scheme of the syste:i
monitoring system in which optical fiber
works itself as the submersion sensor is
d)roposed. The characteristics of the
equipients and the system is discussed.

3.LSensors

2.Design concept 3-1.Submersion sensor

As well known, a cable monitoring A typ of submersion sensor is
system is composed of sensors, analyzing illustrated in 17ig.2. This sensor is
equipments and alarm system. In the newly composed of four essential elements.
developed system, the fundamental system These are two fixed mandrel with small
configuration is similar to conventional diameter, free piston with small mandrel
one. The different point is that the at one side and water swellable material
optical fiber is used as a sensor. The at the other side, and an optical fiber
attenuation of the optical fiber in the fed through three small mandrels. This
network is continuously monitored by OTDR. submersion sensor is equipped in a splice
Therefore if the network is damaged at closure. When water breaks into a splice
somewhere, the fault points can be.located closure, the water swellable material in
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mandrewlr swellable matc'rmal

otclfiber

piston\
["]to m r optical fier

water swellable aramid yarn
material

'ig. 4 Sketcn of the submersion fi aer
sonsor

Fig.2 Sketch of the submersion sensor

aramid yarn ot:ca! flh-er

the sensor reacts on water to expand and
free piston with a mandrel naoves toward
two fixed mandrels. As a result, tie
optical attenuation of the fiber, which is-
fed through three mandrels, increases. In "elnc
designing the sensor, the attenuation
increase is an important factor. 1ecause water swellable material
small attenuation increase ma,-es it
difficult to detect a water immersion.
2ut also large attenuation increase makes .i.5 !eclanism of attenuation
it difficult to detect another water increase of sensor finer
imimersion beyond it due to restriction of
dynamic ranje of OTDie. The attenuation
increase is determined by the radius of mechanis:! of attenuation increase of tnis
the two mandrels in the sensor. Fig.3 fib- r is illustrated in 'ig.5. If this
shows the relation between the attenuation f iher sensor is sujjtcte,. to water, the
increase and th., radius of mandrel. .:ater swellable material coated on .:'P rod

intends to oxpand three-iimensionall;', as
a result, oio undulation hatpens on this
ziber -ad tine optic:l attenuation

v9 o increases at the cross :oints of tne fiber
ane thie, string. This attenuation increas,

130Cnm Ieens on the lay lenjth of the high
n:odulus strin':. "he relation between the
attenuation increase and the lay 1ength of
tnoe hieth iodulus stria is s in

I I I I

C" Ma '- (rJ)

01Fi,.3 Relation between attenuatinn
increase and radius of r-,indrel

3-2.Subnersion sensor fiber

Pig.4 shows the submersion fiber
sensor. This sensor fiber is conposed of
a standard multi-mode fiber, a FRP rod i'iq.6 .Relation between attenuation and
coated with water swellable material and a stranding lay lenqtii of strini
string with high Young's modulus. The
optical fiber is wound on a coated FRP rod
and a string is cross-wound on it. The
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3-3.water swellable material

The water swellable material, which . 1
is used in sensors, is composed of
thermoplastic rubber, water swellable ena
polymer and others. Table 1 shows the c
water absorptive power and tensile 0

properties of the water swellable 0.5
material. It was confirmed that the water :

swellable material was stable against
49)temperature and humidity.

0
fiber stranding

4.Reliability of the system sensor sheath
fiber

The followings are the investigation manufacturing process
results of the attenuation stability and
the operation reliability of the system
under various environmental conditions. Fig.8 Attenuation of submersion fiber

sensor in cable manufacturing4 -l.Attenuation in cable manufacturing
process

4-2.Alecnanical properties of the
Fig.7 shows the cross-section of the submersion sensor fiber in the cable

examined cable. This cable is a non-
metallic slot type cable using optical The mechanical properties of the
fiber ribbons. A submersion sensor fiber submersion sensor fiber in the cable was
is stranded in a slot. At each cable investigated. The test conditions and the
manufacturing process, the attenuation was results are shown in Table 2.
measured. The result is shown in Fig.8. The attenuation change was within
The attenuation changes of each 0.01 dB/l (i is the length of the cable
manufacturing process were less than 0.1 under test) in each mechanical condition.
d B/kn.

Tat-:, 2 M-hd, Cal iroilert tes at the sotome ns on sensor flier

sUtiniersi Olnl tem ,filI bo l'e,.., I

sensor fiber Ir - ,Is s be,.i5nj 2C0-r, Ij- , I lit,, less Ii, ,, 0.0l 110tur

i 5 fjl- rfiar,,
7 ~II Itrci ng i ( l 5 * f I h e ?! L'Il - 11 1 1 .O 1'1! O'.

PF" .qhc)th l"[P' redl( Vibr.tll ' I. li ,.,srm ,i! .sFel,I.r,.- Xe',s h!is )l!,!

lmIC~dC 5k5, In I,,l tCt les hl(I, lll-

Fij.7 Cross-sectional structure of S.-'"1n1, - .: !- 1 '00.,
cabli. 4 4a t 1 00"

Table I Characteristics of the water swellable material

Item Unit Typical After 80C,1000M,, Aft,r 60',9511 Test
value treatment O000hr treatment 1i, rOCodu i

Water % 4500 4200 4300 Opeclhen 1,1 in 30i!,, I
ibsorption liire wit--r at 20C

Tensi le I.;/cm 400 320 310 AC,'M D618
strengqth

Etongation % 650 620 600 ASTM P638
at break
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4-3.Stability of the submersion sensor" 5.Operation characteristics of the
fiber under high humidity and temperature submersion sensor and sensor fiber
change

5-1.Temperature dependence of the

A installed cable is affected by operation characteristics
humidity and temperature change. It is
known that the strength of the optical rig.11 Shows the relations between the
fiber become weak under high humidity, attenuation increase and water
The tensile characteristics of the fiber temperature, The water temperature was
was investigated compared to standard between 4C and 60C. The attenuations
fiber. Fig.9 shows the results of failure began to increase in 30 to 45 minutes for
probability distributions for tensile both the submersion sensor and the fiber
strength. The degradation of fiber sensor. The rising times of the
strength arose after humidity treatment, attenuation increases do not depend upon
Jut the difference of strength degradation water temperature so much. The saturated
between the fiber used in sensor and attenuation increase becomes smaller as
standard fiber was scarcely observed. temperature becomes higher for tie fiher

sensor (see Fig.t1 ). This is because the
modulus of the water swellable material

9 becories low at nigher temperature. OTDR

detection limit (about 0.2d3) is
90 - --- 'juaranteed oven for the lowest attenjuation,

> - ,,. increase of 60C.

50 * s ±~ber

-' pure Wdter
S - - h

• ,- 40 , wter temperatuJr

1' 0 (0c

C:5-- - t-. -- -

3 4 5 678

Fi . ','ei 3ulI probit i Lity plot of fibers I I 1 -'i_.

T me (hll
1j. 10 snows the tc:nor tur,-

characteristics of tile f i or. " . 1 ' 5slil 7 '1s I
at tnuation chan-je was less tn,m) .I :
for te te:uperata re c iane of -ioC to -EU I ,T,

1'0,7 * ' t .,t,,

7 I , ,

nip. .. / ' -' . ".n aat rWom corditei&n Ce7

Fi,4.10 Temperature dependence of
submersion sensor fiber F 1 rit I 1 1 c I

attenu,ition ilc'r-i-s:,
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5-2..afiect of the water nature OTDR, line selector and two optical fiber
lines. Table 3 shows the performance of

''e operation cnaracteristics of the tne equipnments. Line 1 i , 21,100, meter
subn,ersion sensor and sensor fiber were long concatenated mu_ i-mode 50/125
exa.line in five different natures of submersion fiber sensor in which a
wat er, e. ., pure water, p.:3 OCI ai., p!ll submersion sensor B is installed at 16,600
.:,) a,7,., 1. surface active agent aq. and meter point. Line 2 is 5,800 meter long,
eractical :ianhole water. Fi,;.12 shows the which is for the experimental purpose of
results. 'The attenuation increases reach the line selector. The lines were
the sufficient level to he detected in alternatively monitored by using the line
ionized water, selector. The test water is actual

manhole water and the temperature is 18C.
Fii.13 shows the attenuation shape of line
1 before and after immersed in water,

___-respectively. At points A, 3 and C, water
submersions were obviously detected. As a
result, it is found that the submersion
fiber sensor has an ability to sense the

. dama-e along a cable and that the
p 1t], , .submersion sensor senses the damage of

o cable splice closures.

":: o 1for I? ' I %i I oi n

I ;H m 'rltl ';'5.1
¢'  

- : ,22 i

_ - I

""~wie im'm, : 1,, on!

ftt

aten .a ti"n l.':.' i' i.1 .,tt''nuatieri .saoe of linic 1 easfore

/,,,p lr i testt.,fr teiter ;

s,. ' ',t :',, : , , ,'

l";~~~~~ ~~~ S t+ a* !' Y l "

:la s 2 o.ater nature dependence ofattenuation increase '[I~n+r; '-' :,' 'e ls. .. >'l~~n,1 ; .

i. Appli cat ion test of thle cable monitoring) 5Jtsi'rsl *' : -s: insJ :jturat nn +;'::

flased on above results, a cable T, :llu dlet~. :.- l t,,:4

monitoring system was expt'rimentally i .,.,m lislane ' '

constructed (See Fig.1) and the operation
characteristics was investi ated. This Ir- '.3I iX . Ie :x1 bt.r l.

system was constructed with a ('P1, ('RT, selector 1nA X-.-s o1ss ;1 I.S1 *,an
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7.Conclusion

A new cable monitoring system was

proposed. In this systert the fault points
in a transmission network are located by Teruyuki Tsu)ita
monitoring the bending loss of tihe optical
fiber. The attenuation loss increase was
dosigned based on experi:.iental result and Fujikura Ltd.
tile reliability of the syste.:i -as assured
in various tests. 1440 utsuzaki,

The newly developed cabln ;-onitorins; Sakura, Chiba, 285,
syste:i is available not only for ordinary,. Japan
ontical cables but also non-metallic h
optical cables. The introduction of this 'r. Tsu~ita received the :.L. degree
syste:: will make change the concept of tile in Applied Chemistry from :iigata
maintenance of non-netallic o:,tical fiber University in 1980 and joined Fujikura
cable networD:. Ltd.. Nc has been engaged in the study of

plastic materials and optical cable. :Ie is
now an enqineer of Telecommunication Cable

3.Ac'nAo.ledqnent :1aterial section in Research and
Development Division and a member of IEIC.

T>, authors would 11 , to x-r sr t (0 of Janall.
;reat .in reciation for tne u:eoful ivice

and sncoura rem,--nt fro Dr. . ,naa and

re c Zrence Osam-u Fol jia

1) . .Jont i 4 an .5. S;, " . - C

CAL : :' . Y-T..., " t. ,j ;!',jkura Ltd.
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Ir. :Joj isa received the 4.qr. de, r yin

:lectrical ';njineerini from China
,nivorslty in 1982 and joined i'ujikura
Lt 4. in 1 9P,7. I" has been en'laed in tne
stu.!y of telecommunication syste7. lie is
now in en;ineer of Optical Cable Section
in !,.s',arcn and Development Division and A

!iroyr. .K 141(0!;o fleC), of I.hIC!. of Japan.

1440 !at, i s A, :i ,

S;a,-:ura , nii

Japan
As h -ichi, AKiyaiha

:Dr. Sawano receivoi t:n ... J r, in
Polymer Science fru: 1iok i.el,.,) ';niv-rsit.'
in 1983 and joined ku) Kura LtI.. i, has Fuulkura Ltd.

bee-n enl;ag,;,I in the (levelo;, of opti al1
canle. Ie is now an enqineer of 1440 .lutsuzaki,

T,-lecommunicatlon Cable Section 1:1 .akura, 7nlba, 285
:u'soarcn and Development Division inrid a ]a pan

ieiner of I~ i C of Japan. I. Akyama received the 1. I:. degr(c

in Llectrical Enqrineprinq froi Yokoriama
"ational University in 1975 and joined
Fu ikura Ltd.. Ie has been onqa,led in the
develonmetrt of optical fiber and optical
cable. it is now a senior enqineer of
Telecomriunication Cable ;ection in
Researcii and Development Division and a
member of ILICE of Japan.
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OPTICAL FIBRE CABLE FOR MOBILE APPLICATION IN BROWN COAL MINING AREA

by Helmut G. Haag, Georg Hog and Peter E. Zamzow

AEG KABEL Aktiengesellschaft

Monchengladbach, Federal Republic of Germany

Abs ,rac t Total System

In the br~own coal mining area !here exists a In the brown coal mining area the different
lac~ requirement for- information transmission moving digging equipment and boom stacker with
for- steering anid supervision of machinery and t.heir conveyor roads imst be connected with the
tranSLportion controlled fr-om a central supervision end steering Centre. It is desir-ed
5tat ion. The :'-ansmission with co0pper pails and to transmit telephone signals from the team on
poewe- line ca-I e, telephony u5.-d up to new the digger to the control station. Moreover
b~ecomes MO le and more, plotlIemat*i c by the relevant data like location, capacity and
i nc reaise ~f d I tdnces., elIect romagne i c surveillance conditions must be transmitted to
inte-terence and transmissio-n '-ateS by !ho the central station automatically. In some cases
i nr-ea s In, comlerI x It!Y *r t equipment . it may also be desireable to transmit a video
The, -.- re in 11p*icai t' jfl I5on ssterr f ' picture from the off-side to the control
! eIe ho ne, s!ee'in I n. i i e ct-, I liri will monitors.
tt *h-~ t i',j' e. The czn! 'iru! ion lesc ,ibLes *.he
I i I - -,mponents like drag cablIe. rotary
o-ns c'- o up It- . convey'- '-'iatle arid
1. su'-es a s well as line equipment together with

t he , - can: '-gI'emen!ts F I't ex ve'-i enc ts a'-e

In*''ic ion

orto o.otc it'. in I opt IaI f ib'e
Systems nha V r etetn Iput x .-tn vely in
t,- eommnu n Iv ai i rw.n T WL"ks Wh !e * I I t'- ' y p

the I h )i _:h 114ita !jI l nsmiSs i on ra a, )*Y
1x '7 n I II'~' lnes 1,, '2i. But now iuS,o --

ir),lst'-ial 'ta are e net'-ad by ol ca ii '-e II t)(
: 1nniss. n sy st ems. Here the la'-e bandwidth -

arl 1"w it!tenuat ion is only ' ma-ginal
n. ut the characteristic of ~t i ra I, ~

~I t-es bei ng immune against electromagnetic
inte',+-lenco i s the main advantage of Optical
hi t(es in jmai so n to copper- systems -r open
w'-e *,ystems i n industrial areas. In ord-~
uv'Id human 'danger by induced voltages f'or , ") m,
r~igh tbcijeli power systems optical fibre rdc~tl
rnus L~e lielectric if they are used sepd'-ately.
This means that all mechanical protection like 1" r
stIeel wire braid or steel tape armouri must be .. , '- -

,jrIche ved byv dielectric materials. On the uthe- [", -
hand wher-e optical fibre cables are incorporated
i n pcwo"- cibles e. g. drag cables !hey mu,,t. nnt

' r t ,he behav IOur Of the hosp it*aIp *y c ablIe.

In this contribution we describe pt c(alI
It,'f,' cables which will be necessx'-y f0' a Fig. 1: Optical fibre link in a brown coal
trunsmission system which connects in a brown mining area
'Cal1 ilea the digger with the Supervision

I _n. Th, u s f, f optic a I tr s b ystems in Transmission systems used nowadays on
k(IjI mi n ing areas , steel mills, (jr with power syimetric copper pairs, coaxial cables and power
.lectr i tilies, are desc r ibed eIse~where, /3/, line carrier, telephony can only transmit few
'4,.//
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datas. Higher transmission rates can only be its special closures and the rfquIred

trinsmitoio in using extended screening transmission systems.
ItN u res.

Drag cable
In oases where a distance of about 1 or 2

KilOmeters must me bridged optical fib re The drag cable with a length of da)c'ut 500 m
transmission Systems (an give the requI red has incorporat ed under a -,mmon sheath an
transmission capacity on an economic basis. Such element with 6 optical ires besides thn1 owP
an optical tibre transmission system in a brown conductor. The geometrical dimensicns c f this
rcal mine (Fig. 1, 2) consists of the optica fibre eement a , chosen in such a way
electroopti,-a transceivers on both sides of the that it fits into the utor interstires of the
link and the cables and closures between them. 3 phase conductors of the drag cable. The ground
Coming rom the control cabin on the digger, a conductor's cross section of 70 mm

2 
were divided

m)C-,ble ca-le must be installed to the drag; cable in 2 single conductors instead of 3 in the rase
wh> h :nnets tile digger with its power supply. where no optical fibre element is in the cable.
Be, ua the ont'ol ,-Abin is installed on meving The phase rcnducto*s are coppe cronductors with
rfrts of the digging equipment not a fixed 120 mm

2 
cross section (Fig. 3).

instItilon oT optical fibre cable is possible.
Then in the path of the optical light to the In order to withstdnd th,, mechanical and
mining ontrl stat ion an Dptical fibre cable temperature inducre, loadings of the optical
"rust be incorpojcrated in the drag cable. Because fibre element during the stranding and The

extrusion and cross linking of the rubber
sheath, the optical fibre element itself has to
be especially ,esigned. The. 6 optical fibres are
incorporated- in a common loosr. buffer which is

Fi .. 2: B rde from the diggo t, the
,- nveyor road

h , h ,mmurni i t o mus ls w,,rf :,n

r ] 1 ' 1i ii1J 1Ju pm nt th ,nne t ion
.ti- m, rl ii 1o n the 1i ;p*r t. the

i I,. must r , ,
t 

y }, , 
,  

'ul jp . On
th- >Jther path u The I i h! , n -l hbre

n,,ey - crt l 
-  

must te Inst a 1,1. 13'to ause
t rt ,nv-.yor road will lbe njve-I from t ie to
i , 1e,-nd i ng on t he i i g nrj ,, ,, y ss- , the

t i-a i e rcnveyor, r'Lj 1blr must wi thst andl
svere .ondit ins , where in I.v iOn the

iLls rmrain on the rcnveyc, ,a 1. At t .'nI
*tie :nvyr ,1 tho I i ght I n draw I e -I

! th. The flrt her path guides th ulh a
'".n've t icnil i.t I,. An ' indoor c it t

'h- rinirig r-ntqol

The I lowI ng rhatt ers descrIbe the optIcal
drag table together with thr, rotary Fig. 3: Drag Cable 3x120 + 2

x35 with
"rin fr

,
, ' #i. thp rnvc'yor rad rl, with 6 optical fibres
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filled with high-temperature resistant jelly, fibres to be coupled. Therefore the coupling
Over this buffer fibre-reinforced plastic loss of this rotary transfer couple

r  
is only

elements were stranded and over this a braid of 2 times the connector loss. This means about
glass elements was applied. This construction 1.5 dB.
gives the robust armour for the followed
extrusion of the rubber sheath. This so produced
optical fibre element was stranded together with
the other elements of the drag cable. This
optical fibre element was strong enough to be
stranded on the normal stranding machine which
normally strands the high voltage power cables.
After finishing the cable the optical fibres
were measured. No change in attenuation between
the care fibres and the fiores in the drag cable
was observed.

Also after the exposure of the drag :able to
the different environmental conditions like
temperature changes between -30 'C and +60 'C,
maximum tensile force of 25,000 N only small but
fully reversible changes in attenuation were
ose-ved. Only afte, 2.000 bendings an increase
in attenuation of 0.1 dB for the 500 m length in
maximum Is due to ageing effects. The
:ha acteristics of the optical fibre drag cable

aje shown in figure 4.

-.... ,Fig. 5: Rotary Transfer Coupler for

6 optical fibres (by GKL, Elsdorf,
.I FRG)

Conveyor Road Cable

The optical fibre conveyor road cable is

intended to be used along moveable conveyor
roads, whereas normally the telecommunication

.. cables as well as the power cables are
metall-armoured, the optical fibre cable was
designed to be fully dielectric. This allows
much easier installation and termination at the

S Iend points where no care must be taken for human

safety in case of induced voltages.

l r ;, iThe designed cable consists of a central

T "strength element around which a maximum of
8 fibres can be stranded. The cable core is then
petrojelly filled and a glass fibre
reinforcement is stranded around the filled

Fig. 4: Data of the optical fibre crag cable cable core in two layers. The cable is finalized
by a Polyurethane sheath of 2 mm thickness which

In order tc put such a drag cable into results in a total cable diameter of about 11 mm
operation it is necessary to apply at the inner (Fig. 6).
side of the drag's cable reel a rotary transfer
coupier for the 6 optical fibres. F.gure 4 shows For the test single mode fibres as well as
such a rotary transfer coupler. The coupler is graded index fibres with 50 and 62.5 pm core
designed following the principle, that the diameter were used. The fibre buffer was chosen
required turns of the reel are put into the to be a tight buffer to allow in case of repair
t,-an~fer coupler in winding it on 2 reels and also primary installation a direct mounting
building an "8". Depending on the construction of connectors on the buffered fibre.
it is not possible to have an endless rotary
trdnsfer coupler. The coupler designed for the The attenuation of the optical fibres
500 m drag cable requires the possibility to (graded index as well as single mode fibres)
make about 25 turns. By this principle it is not show no change in attenuation during the
necessary to have a rotation part between the production process from the bare fibre to the
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fi nalI Ized cablIe. The cable wds 'hen tested with
r-espect to all specified parameter-s like tensile d2'
str-ength, bending, torsion and change in ~0
a tenuation with respect to temperature change. I, L

The results of these measurements are shown in
Fig. 7. The results show that this cable is well 20Li

designed with respect to the requirements.

i I [1 12 1

II) U t I i s,

_PURSheath I'

Tension Release ..

-- ight -Buffered Fiber A.l

-Central Element .0I.,

Wra pping.. ~ ~- <

"t 1-10 r

Fic. 6: Cro-'SSeci:n ol te cp* I al fibre
fLnv-eyo'- 'oail cal

11 i j j ,winsjI~~i,) *n cabe lnutFig. 7: Data of optical f i ),e conveyer rocad
U~~~~~ inahwn'la~n n al e~l is cable

Sto'-ter than *h e -,, ou i -J link l ength it i IS
nocessa-y o meK)un ' a clo,.sure. Such a c lcsu-e, I S inner- tube mater-ial and corrugated rcut'-r tube.
.1150 necessar-y in rase cf cepai'-. By the Fig. 8 shows such a bended conveyor rocad cable
installat.ion ccndi ion this means the conveyor- with the closure.
r-oad cable IS hanginj Lesides the conveyor- road ,
',Ne rcsu'-c mus ' be approx ima tel y equalI in Besides this closu'- which +ullfils the
di amete- toc the cable a nd moreover- must. gener-al requir-ement tor a conveyor- road cable
withstand the same requirements as the c able
itself and the closure may not, hinder- in excess
Ihe flexibi lit.y of tihe cable.

Tnc closure develIoped for thI S pu rposez
",jllfils the requir-ement on flexibility and
st'-ength and hads an outer diameter of about
40 mm. It co~nsists of 2 concentric hollow tubes.
The inner tube has a diameter in the range of
the cable diameter- and a length of about 500 imm.
In the inside of this tube the central strength
clIement of the, cable to be jointed is connected
arind on the ou tsid(Ie of the tube the splIiced
fib~res are helically wound in order to give the
requir-ed spare f ib re length for spI Ic i. The
bdre fibres and splices are protected by soft
tapes to avoid damage and mi -obending. The
cut.e r tube i s a flexible corrugated tube witth a
slightly larger diameter than the protected
Inner tube. Dver the outer tube the Strength
elements of both ca blIes are applI el. These
strength. elements are fixed by a shrinkable tube
and gives a Str-ength to the closure whichi is at
least the E, ,t rngth of a single cable. Moreover- Fig. B: Conveyor road cable closure with
thi,, closure is flexible by the usage of soft high flexibility and strength
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closure also the possibility of a fast repair For distances of up to 15 km for all the
splice by the maintenance people of the brown above mentioned systems LED's on graded index
coal mining itself is required. This can be done fibres will be the economical solution. In this,
by adhesive splices which are protected in a for distances of up to 6 km LED's in the 850 nm
small splice box. In order to get a sufficient region are preferred. For longer link lengths
strength of repair splice it is necessary to the 1,300 nm region should be used. Only for
overlap the both cable ends and fix them system lengths of more than 15 km the use of
together by a shrinkable tube. The cable ends single mode fibres together with lasers may be
are then fed into the provisional splice box considered. Fig. 9 shows some hardware of the
from the rear. line termination equipment.

Transmission System Summary

In the brown coal mining area it is In the contribution the different components
desirable to transmit between the digger and the of an optical fibre transmission system
supervision station telephony and remote control connecting the control cabin of a digger with
signals. These are both narrow band signals. But the supervision station are described in detail.
by the different structure of the signal coding It is shown that the drag cable, the conveyor
it is adviseable to use for shorter distances 2 road cable and the required rotary transfer
fibre pairs, one for each type of signals. For couplers and closures are well designed for this
longer links one can choose between a rough environment. Systems with LED's in the
2-way-wavelength multiplex or electronical first or second window gives the required
multiplexing of the telephone and the remote availability for the transmission system with
control signals to one data stream in order to respect to the distances and required signal
reduce the number of fibres from 4 to 2. structure.

If additional broad band services like video By the progressing control technique using
controlling or video communication should be digital coding it is obvious that optical fibre
transmitted one respectively two additional systems fullfil the requirements for troublefree
fibres are necessary. and reliable transmission path without

exorbitant effort on screening and redundancies.

The experience up to now shows the usability
of optical fibre systems in brown coal mining
area and the further experience will give advise
for the ongoing development.
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INTRA-AIRCRAFT FIBER OPTIC COMMUNICATION SYSTEM

Christopher E. Polczynski

Lockheed California Company
Burbank, California

to cabling. It is estimated that the use
Abstract of fiber instead of conventional wire cab-

A fiber optic system replacing 12 twisted, ling could reduce the weight of a smtall
military plane by hundreds of pounds, andshielded pairs with a single fiber, elec- a large plane by at least a ton. The vol-

tronics and optics is described. The
signals ume reduction of cabling and connectorssystem transmits 12 command! data scan be 90%. Weight and volume reductions

from wing to wing equipment pods. Of the which can be realized by multiplexing and
12 signals, five propagate right-to-left then transmitting over metallic cables are
and seven left-to-right. System compon- not as great. For many existing aircraft,
ents in each wing include a Time Division the weight and volume reduction potential
Multi-demultiplexer, a Laser Transmitter offered bv fiber optic retrofit is very
(1300 nm in one wing 1550 nm in the attractive.
other), a Wavelength Division Multi-
demultiplexer, and a PIN-FET Receiver. Future electronic systems for aircraft will

Most of the transmitted signals are asyn- be based on components resulting from thechronous. Therefore, a supersampling VHSIC (Very High Speed Integrated Circuits)
approach to time division multiplexing wasrequired resulting in quite high serial program. This program will provide IC's

orders of magnitude faster and more power-
data transmission rates-300MBPS left-to- ful than the current devices. VHSIC will
right and 294.912 MBP, right-to-left. The be mandatory on the new tactical fighter
wavelength division multi-demultiplexerallwedforsimltaeou, bdirctinalprograms, such as the Air Force Advanced
allowed for simultaneous, bidirectional Tactical Fighter, the Navy's Advanced Tac-transmission of two independent serial tical Aircraft, as well as on other pro-
data streams over a fiber. The fibercaa froams w o wfier ed ixbu- grams. Fiber optic technology is required
cable from wing to wing required six bulk- equipment.
head connectors. A laboratory prototype
of the fiber system was successfully test- Thus, developments in technology are quick-
ed with the aircraft system. Flight qual- Iv forcing fiber optics to be used for air-
ified hardware is now being developed, • craft retrofit, new systems,and next gen-
Upon successful completion of flight tests, eration aircraft applications.
existing Lockheed aircraft will be retro-
fitted. he system will also be used as atest bed for advance fiber optic applica- This paper describes a laboratory version
tions on existing and future Lockheed of a fiber optic interconnect system which
aircraft, replaces 12 existing TSP with a single op-

tical fiber, electronics, and optics. The
Introduction system was successfully tested,and flight

qualified hardware is now being developed.

Upon succef,sful completion of flight tests,Optical fiber technology, together with existing aircraft will be retrofitted. The
rapid advances in high-speed integrated system will also be used as a test bed for
circuits, is laying the foundation for new advanced fiber optic applications on exist-
interconnect systems replacing convention- advand fibe oc aicat
al wire cabling on aircraft. ing and future Lockheed aircraft.

Initially, fiber was used as a one-for-one Existing Wire System Parameters

replacement for copper wire. In the near Twelve command/data signals are now trans-
future, multiple twisted shielded pairs mitted over 12 TSP from wing to wing equi-
(TSP) and coaxial cables will be replaced pment pods for a distance of approximately
by a fiber optic interconnect system con- 30 meters. In that length, six bulkhead
taining a single fiber. connectors are required. The cables run

The major incentives for "fiberizing" ex- in non-pressured areas of the aircraft.The ajo inentvesfor fibrizng"ex- The operating altitude is 0 to 70.000 eet.
isting aircraft are weight and volume sav- The operating temperature range is -65 C
ings, and elimination of EMI problems due
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to +650 C degrees differential ECL elvel serial bit streamd e which then drives the second TDM. The TDM

Transmitted signal characteristics are demultiplexes that data into parallel dif-

shown in Table 1. All signals are differ- ferential TTL level outputs corresponding
ential, TTL Levels. Signaling frequencies to the input TTL level signals at the first

' TDM.
range from 1.5 KHZ for an alarm signal to

6.25 MHZ for a clock signal. Referring to Figure 2 shows the laboratory prototype of
Table 1, note that there are four groupsof sgnal tht cotai synhroous ig- the fiber optic system. Electronic system
nals within each group. However, signals components are now being hybridized for

in any one group are not synchronous to flight tests. The anticipated sizes of

signals in any other group. The first components and their packaging configura-
contains signals A, C, D; the sec- tion, for one side, are shown in Figure 3.

group up-Z, s; A, C, D; ahd the- Packaging dimensions are 5" X 5" X 1.5" and
ond group-Z, E; the third-T, U; and the wr eemndpiaiyb h edrd
fourth-V, W. The remaining three signals were determined primarily by the bend rad-
are asynchronous. ius of the fiber pigtails.

Furthermore, five signals occur in bursts. The laboratory prototype was ground tested

The 6.25 MHZ clock and its data occur in successfully with the aircraft system. The

bursts of 22 clock periods duration. The aircraft system operated equally well over
duration of the gap between bursts is ran- fiber or over wire. Acutally, the wire

dom. The duration of the three alarm sig- system causes some signal distortion at the

nals (B,X,Y,)is also unpredictable. The output compared to the input, the fiber

remaining signals are continuous, system does not. Description of the fiber
system components follows.

Of the 12 signals, seven flow from left to Time Division Multi-Demultiplexer
right, and five flow from right to left.
Note that the 1.152 MHZ clock is transmit-
ted in the opposite direction of the 1.152 The TDM multiplexes the signals in a manner

MHZ data. suitable for optical transmission. Since,
as discussed above, most of the signals are

The lack of a commnon clock and the need for asynchronous to each other, a supersampling
bidielctional ransomisonk w the eyd r- approach to multiplexing is required.
bidirectional transmission were the key re- This results in very high serial data rates.quirements which drove the design of thisl o d
fiber optic system. Details of how this In the left to right direction the data
was accomplished will be discussed later, rate is 300 MBPS, and 294.912 MBPS in the

right to left direction,

Fiber Optic System Description The serial word transmitted by a multiplexer
The fiber optic system block diagram is is 16 bits long . A unique bit sequence is
The fi oic system transmitted for achieving word svnchroniz-
shown in Figure . The subsystem components ation. It requires six data bits and is
in each wing are the same with the exception asson. It rquie cosecui
of a 1300 nm transmitter on one side, and a asembled by transmitting three consecutive
1500 nm transmitter on the other. Each sub- logic levels followed by three consecutive

complementary logic levels. The first sixsystem consists of a Time Division Multi- bits also signify the state of one input

d, multiplexer (TDM), Laser Transmitter (TX),
PIN-FET Receiver (RX), and Wavelength Divi- data channel. (Referring to Table 1, signal
sion Multi-demultiplexer (WDM). A fiber D for left to right, signal Z for right to
opin Mul i tiuler d coMnnAfeors left.) When the first three bits are logic
optic cable with six bulkhead connectors leehitenhaipucaneisn

provides an optical interface between the level high, then that input channel is in

subsystems. Two wavelengths propagate in logic level high, and vice-verse. The

opposite directions over the fiber cable last ten bits are assigned to the remaining

allowing for independent, simultaneous, and five data channols as follows. Each data

bidirectional transmission of data, channel occupies two bit times. A bit is
directly followed by it's complement. If

For either direction of transmission, para- the it is logic level high. then the

Ilel differential TTh level input signals input hannel is logic level high, and
to the TDM are multiplexed into a high vice se. Figure 4 shows one word withspeed serial data stream. The ECL-level all -a channels at logic level high. The

advat ges of this coding scheme are: (1)
differential TDM outputs drive a laser high ansition density for reliable clock
transmitter. It's output is coupled into recovt ,. and (2) 50 percent duty cycle for
the WDM, and the output of the WDM is coup- ease o fiber optic transmission.
led into the fiber cable. After propagat-
ing through 30 meters of cable with six in- Since k.ilv five signals are transmitted in
line connectors, the optical signal is the left-to-right direction, one of the six
coupled to the second WDM from which it is data channels is reserved for future use.
coupled into the PIN-FET receiver. The In the other direction, signals U and W are
receiver converts the optical signal into a premultiplexed into one channel prior to
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the mux section of the TDM thus reducing PIN-FET front end followed by linear gain
the number of signals to 6. stages and limiting amplifiers. Differen-

tial, ECL-compatable outputs are provided.
The 300 MBPS output bit stream from the The receiver sensitivity was tested at
left-to-right mutiplexer is synchronized higher than the required 300 MBPS data
with an additional available 6.25 MHZ con- rate. The measured sensitivity for 10E-9
tinuous clock from the aircraft system, bit error rate (BER) with a 350 MBPS
The 6.25 MHZ hurst clock, the 6.25 MBPS pseudo-random data was -35dBM (average).
burst data, and the 320 nS pulses (signal
A) are all synchronized to the continuous Hybrid versions of the receiver or trans-
6.25 MHZ clock. All these signals, there- mitter will be housed in a I" X I" X .38"
fore, are sampled synchronously. The high DIP package, as shown in Figure 3.
other signals are sampled asynchronously Optical interface will be via a fiber pig-
at a rate of 18.75 MHZ. Sampling error on tail,
the 1.152 MBPS data is removed by re-
timing it with its own clock originating Wavelength Division Multi-Demultiplexer
at the destination of the data. Sampling
error on the 1.5 KHZ alarm signal is in- (MUX/DEMUX)
significant for system operation.

The WDM couplers allow for bidirectional
The 294.912 MBPS output bit stream from transmission over a single fiber. The
the right-to-left multiplexer is synchro- couplers used for this program are filter
nized with the 1.152 MBPS clock. The based. One coupler consists of 1.3 MUX/
other signals are sampled asynchronously 1.5 DEMUX. the ether is 1.3 DEMUX! 1.5 MUX.
at a rate of 18.432 MHZ. Sampling errors
on the asynchronously sampled signals are Back reflections into the laser cavity
insignificant for svstem operation. generate noise and degrade performance

characteristics of laser diodes. In order
The demultiplexers feature error resist- to eliminate back reflections from the
ance to word sync detection. Three con- junction of the laser to the WDM, the las-
secutive word sync errors need to be det- er pigtail was fusion spliced to the WDM
ected before the demultiplexer assumes input fiber. To eliminate back reflection
that sync was lost, and starts to re- from the six inline bulkhead connectors in
aquire it. the fiber optic cable, the couplers con-

tain absorbing attenuators. Reflections
The TDM devices were designed around com- reaching the laser from the connectors
merciallv available GaAs time-division were reduced by 24 dB which was sufficient
multi-demultiplexer chips. The laboratory to eliminate noise generation and the de-
prototype was constructed using surface gradation of laser properties.
mount device (SMD) packaging technology.
Tie flyable units will be hybridized. The MUX and DEMUX loss without the atten-

uator was less than 0.6 dB total. With
Transmitter and Receiver the attenuator, the MUX loss was 12.0 dB

and the DEMUX loss was 6.5 dB for a total
The transmitter uses a bipolar differen- loss of 18.5 dB.
tial amplifier to modulate the laser.
Average power feedback loop keeps the op- The couplers were temperature stabilized
tical power constant over time. Tempera- to minimize loss variations. To verify
ture control of the laser is required pri- their performance over temperature. they
marily to keep the lasing wavelength with- were subjected to two types of testing:
in the bandpass of the WDM devices. A (1) Temperature cycling where the couplers
cooler is used both as a cooler and as a were cycled over the range of + 650 C for
heater to keep the laser chip at room ten equal cycles for a total tTme of 75
temperature as the ambient varies over hours. (2) Temperature shock test where
the range of +650C to -650 C. the couplers were brought to one or the

other extreme (+650C or -65o) and then
Laboratory prototypes were built with com- rapidly cooled/heated to +25 C. For both
mercially available lasers in DIP pack- tests, the maximum variation in attenua-
ages. Typical measured optical rise time tion was no more than 0.1 dB with full re-
of a transmitter was 700 pS. A hybrid coverv at the end of the tests. Measured
version will have the laser chip mounted resolution of the tester was 0.1 dB. Fig-
closer to the modulator. As a result., ure 5 shows typical temperature cycling
the optical rise time should decrease to test results. It should be added that the
about 400 pS. The peak output power for couplers were also temperature cycled to
a hybrid transmitter will be 0 dBM for +125 0 C. No change was observed from the
either 1300 nM or 1550 nM lasers, results obtained at +65°C.

The receiver uses a commercially available
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Fiber and Connectors

The 62.5/125 fiber and ST-type connectors
were chosen for this program. Typical
measured attenuation with a laser source
for 30 meters of fiber and six inline con-
nectors was 1.2 dB total.

Optical Power Budget

The summary of the optical power budget
for the system is presented in Table 2.
As shown, the optical margin for the sys-
tem is 12.1 dB. Typically, a margin of
six dB is required for systems of the type
described here. The extra 6.1 dB of margin
guarantees relable performance in air-
craft environments.

Two BER tests were performed on the
optical portion of the system. One test
was with a 300 MBPS pseudo-random data pat-
tern. For the second test, the BER tester
was programmed to simulate data patterns
corresponding to those supplied by the TDM.
The measured BER was 0 X IOE-11 for both
tests. Also, the system was checked end
to end (TTL in to TTL out) for each of the
12 channels. Again, no errors were detect-
ed during 12 hours of testing per channel.
These excellent test results have proven
the feasibility of the system.

Summarv

An aircraft fiber optic system designed to
replace 12 twisted, shielded pairs was de-
scribed. System testing has proven the
feasibilitv of the system. Flight quali-
fied hardware is now being developed. Upon
successful completion of flight tests,
existing aircraft will be retrofitted with
the fiber optic system. The svstem will
also be used as a test bed for advanced
fiber optic applications on existing and
future Lockheed aircraft.
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TABLE I TRANSMITTED SIGNALS

LEFT TO RIGHT

Signal Data Rate ?escrip ion Comments

A 320ns pulses at 40 HZ sync. signal synchronous to signail 1)

B zero or 1.5 KHz alarm signal gated square wivce

C 6.25Mbps NRZ data burst synchronous to signal D

D 6.25MHz data burst clock

E 1.152Mbps NRZ data unrestricted trinsit in
densitv

RIGHT T) LEFT

S ignal Data Rate Description Comments

T 50Kbps NRZ data unrestricted transition
density

50KHz data clock synchronous to signal T

V 5Kbps NRZ data unrestricted transition

density

W 5KHz data clock svnchrbnous to signal V

X zero or 75KHz alarm signal gated square wave

Y zero or 10KHz alarm signal gated square wave

Z. 1.152>1Hz data clock for svnchronous to signal E
signal E
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TABLE 2 OPTICAL POWER BUDGET

LOSS

A D~ bC b~

D) T La. ,, 1s
)  ll

i-i i2 '. cr At Recci'.er-2 15

302 R ier Sens-,.'i:o. -Wr. & CbB e Sypoiu ..oceding 1

Ontisci. >1 12t:, .1 DL ." -
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Figure 5 - WDM Temperature Test Results
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f or s il i i t , l I ii i l i jpnn'' nt

T. Yano I. Saen K. Sugawara

Sumitomo Electric Industries. Ltd.

3-3 Sutuki-cho, Kanuma-shi. Tochigi-ken 322 Japan

Abstract Table I Material of 111 AWN 5234
I1 plastic optical fiber (MOF) was developed about

twenty years ago in the U.S.A and now. many companies in
a'veral countries are manufacturing many sizes of APF. ITEM MATERIAL

APOP has several good characteristics and has been -- -...........

considered for internal or external wiring for consumer E P"
electronic equipment. However actual applications of APJOF CA Fluoropolymer

for consumer electrronics equipment are very few. Appliance INNER J;AET P'I PLASTIC
wiring material or AIU for consumer electronics equipment OUTER JACKET PVC
has several special requirements. We have developed APOF I
cords which meet the requirements of consumer electronics
equipment. We present three types of APOF cords which have The APOF itself is very flammable. Oxgen index of PNA

been used in consumer electronics equipment. The first one is about 18. We extrude a two layer jacket over the APOF.
is an APOt cord UL AWN 5234, recognized as appliance wiring The purpose of the outer jacket is to meet the flame retar
material by UL. The second one is extendable curl form MOP dant requirements of UL subject 758 and to prevent mechan
cord. The third one is heat resistant ARPF. '%e above two ical damage of the APCF. The purpose of inner jacket
types of ATO cords are use the same M - material is I'7A between the ArOF and the outer jacket is prevention for
plastic. However this heat resistant APOPF material is not inversion of annexes of outer jacket PIC into APOF.

. '" is s oe. Inversion of annexes into APOF would decrease the transpar
ency of APOF.

I.AkrTc cord recognized as appliance wiring material 1 3 Properties

category by L. (UL AWN 5234) 3 1 Flame retardant properties
Almost all safety requirements specify flame resist

ance. The vertical flae test requirents described in
Alantroduction Electrical Bulletin No. 1371 of MA and the Japanese law
Applrii e wrin material for electronics equipment controlling appliances and materials are almost the same as

is required to have the recogniion of IL as a safety the VWI test of UL subject 758. VW I test results are
requirement. We have developed Ut. recognized ATP cord.

given in Table 2
,he OL AWN style number of this cord is 5234. Following

is the construction, material and basic properties.

1 2 Construction and Material Table 2 VW-I test results

Construction and material are shown in Fig 1 and
Table i respectively. -- -- -- -- - - -- -- -- -

Number Burning time I ndicato Surgical
of pplication of fl Burning cotton Result

APOF- Diameter 1.0w specimen - 2 Burning

CLLor 0.75t r3 4 5

I 1 20 0 % none PassedTER JAC ET 2 2 0 0 0 0 0 % none Passed

OTER JACKET 3 0 2 none Passed

Fig 1 Construction of Ml AWN 5234 4 1 ~0 C0 0 0 0 % none Passed
5 01 C .. .none Passed
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1 3-2 Optical loss (n aged) 1 3-4 Optical loss by bending

Optical loss of UL AWN 5234 AIF cord is the same as We show the test method and results of optical loss

bare (un-jacketed) APOF. Optical loss measurement results by bending UL AWN 5234 in Fig 4 and Fig 5.

of UL AWN 5234 are given in Fig 2

10._00 R
Specimen is wrapped one turn

one the mandrel and optical

_____ loss is measured.4.000t

2. 000 r dia AMPF.
I R :Radius of mandrel (

~c~00 - _

300 Fig 4 Test method of bending

0- 100 1 100

-80

60

0 i 40
400 5o0 600 0O0 r

Fig 2 WAVE LENGCTi (rnm) 20

(Specimen

UL AWN 5234 with 1.0
n 

dia. APOF 10 20 30 40 50 60 R

(2 Specimen

L AWM 5234 with 0.75= dia. APOF. Fig 5 Test results ,.' irnding

1-3-3 Optical loss after aging at 80 degrees c 1-4 Application of UL AWN 5234

We tested the optical loss of UL AWN 5234 AMF cord UL AWN 5234 APOF cord ha. been used as the lead wire

after aging 1000 hours at 80 degrees c. The test results for indicator lights in compact video tape cameras in Japan.

are given in Fig 3.

.Extendable curl form APOF cord

--40I 2 1 Introduction
1hs APOF cord is covered with a sunlight-resistant

0polyethylene jacket and is formed into a curl form by

heating. This curl form is just like a spring form. This

40 curl form is compact and saves space although the actual
length of the cord is long. When the cord is not being

used, it is compact. When the cord is used, it can stretch.

This APFI7 cord is useful as the external lead wire for

equipment. The ratio of optical properties between un-

formed straight AMPOF cord and curl formed cord is very

500 1OC hours small. Following are the construction and basic properties
of extendable curl form APF cord.

There is no change up to 1000 hours.

Fig 3 Changing of optical loss at 80 degrees c
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21 Construction and Material Table 4 Test results at room temp.

Construction and materials are shown in Fig 6 and
Table 3. 1 (mm) L2 (in) Minimam and maxima data

- among three specimens is

149.0 - 50.3 165 -~ 168 shown Table 4.
-ORE I APOF 1.0m DIA.

JA 
2-3-2 Entension and retraction

Following are the test method and results of extension

and retraction testing.
24 TURNS Test method.

-~ Specimen is extended to 2.7 meter length and allowed to

retract. This extension and allowed to retract. This

44r extension and retraction should be repeated one hundred

times at room temperature. Then the length of the curl form
part and optical loss are measured.

Test results.
3.5 meter length cord is formed into curl form. MinimUm and maximum data among three specimens is shown

Fig 6 in Table 5.

Table 3 Material Table 5

W --- -- 1----I -- -- -- -
ITEM Materia Diameter ITEM Before test After 100 times

FluRE pme Length (mm) 49.0 50.5 55.0 - 55.8

CLAD Fluoropolymer mm1.0m | _

JACKET Polyethylene .0 Optical loss(dB) 18.2 18.7 18.0 - 19.0

23Properties 23-3 Properties after twisting
S3 1 Extension force Following are the test method and results after
The test method and results of extension force of curl twisting.

form are shown in Fig 7 and Table 4. Test method.

Test method. Fix one end of the specimen and twist the other end ten
The specimen should be set vertically and the length turns in the clockwise derection, retract, twist ten turns

(L1) measured as shown in Fig 7. 25 grams weight is hung at in the counterclockwise direction and retract. This is one
the end of the cord and held 10 seconds. Then the length cycle. The length of the curl form part and optical loss

(1.2) is measured a shown in Fig 7. are measured after 50 cycles at room temperature.

Test results.

-K-Minimum and miximum data of specimens is shown in

Table 6.
Table 6

ITEM Before test After 50 cycles

, Length (m) 49.0 - 50.2 48.5 - 52.8

Optical loss(dB) 18.4 18.7 18.3 - 18.6

Fig 7 WEIGVI 25 GRAMS
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2-3-4 High temperature, low temperature and heat cycle 3-2 Construction and material

test Construction and material are shown in Fig 8.

Following are the test conditions and results of high

temperature, low temperature and heat cycle tests.

Conditions: (.(gj -- Core (Material is special silicone)

High temperature test : 80°C, 1000 hours Clad (Material is fluoropolymer)

Low temperature test :-30'C, 1000 hours

Heat cycle test : one cycle is, Diameter of core is 1.0 -m

-30°C 30 minutes, 25°C 5 minutes, 80'C Fig 8 Diameter cf clad is 1.8 mm

30 minutes, 25°C 5 minutes.

Test results. 3 3 Properties

We measured the optical loss of three specimens. 3-3-1 Optical loss

Minumum and maximum deta is shown in Table 7. Optical loss of heat-resistant APOF is shown in

Table 8. We measured 3.1 meter length specimens with wave

Table 7 Test results length 660 nm light. Measurnent is by the cut back method.

Table 8

TEST ITEM Before test (dB) After test (dB)
Number of Loss

High temp. 18.7 - 19.4 16.8 - 17.7 specimens (dB/m)

Low temp. 18.6 - 18.9 18.2 - 18.5 1 t 2.85
2 2.46

Heat cycle 18.7 - 18.9 17.6 - 17.8 3 2.30
4 21.51

5 2.82'

2-4 Application of extendable curl form APOF cord

This extendable curl form APOF cord has been used as

the external lead wire in the previous program booking 3-3-2 Properties for lateral pressure

system of home video tape recorders. Optical loss of a two meter specimen is measured by the

method described in Fig 9.

WEIGHT SPE-IMN

3.Heat-resistant all plastic optical fiber LIGHT

3-1 Introduction

A OF of the UL AWN 5234 cord and extendable curl form I

cords is the same. The material of this APOE is PW core L Oi. SPECIM

and fluoropolymer clad. This PKKA APOF is very clear and Fig 9

has good optical properties. However this APOF does not Optical 'oss is measured with weights 0 Kg to 140 Kg

have heat-resistant properties. The maximum operating te- and 0 Kg at 660 nm wave length.

perature is about 80 degrees c. We have developed heat- Test results are shown in Fig 10.

resistant all plastic optical fibers rated at 150 degrees c.

The optical loss of heat-resistance APOF is larger than PKINA (dB)

APOF. But it has been used in short lengths in electronics 0.6

equipment.

0.2

40 80 140
Fig 10 WEIGHT (Kq)
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3-3-3 Optical loss after bending

Test method is the same as 1-3-4 Fig 4.

Test results after bending are given in Fig 11.

(%) :

100

S80

60

40 Tomizo Yano is a senior engineer of Electronics Wire

0Division of Sumitomo Electric Industries Ltd.

2He was received a B.S. degree in electrical engineering from

Hukkaido University in 1975. And he joined Suaitomo

Electric Industries Ltd. in the same year.

20 40 R He has been engaged in design of wire used in electric
(rim)equcpment.

Fig 11 Optical loss after bending

1 2 4 Heat resistance

Op tical loss of one meter specimens is measured after

exposure at 150 degrees c for 100 houirs, 200 hours, 300 aHaruo en
hours, 400 hours and 500 hours. Test results are givin in

Fig 12. Number of test specimens was three. Increase of

loss is within about plus or minus l.O d.

gBr
dHruo Saen is a manager of Flat components Section of

Ilectronics Wire Division of Sumitomo Electric Industries
0.4 Ltd.

0100 400 5 He was received a B.S. degree in electrical engineering from
SO' , }y Fukui University in 1972. And he joined Sumitomo Electric

Industries Ltd. in the same year.
0.4 He has been engaged in design of wire and flat component

used in electric equipment.

Fig 12 Optical loss at 150 degrees c

1 4 Applicaticni
This heat-resistance all plastic optical fiber has been Kiyoto Sugawara

used as the sensor lead wire of micro-wave ovens.

Conditions of cooking food in micro-wave ovens is monitored

with this optical fiber.

Kiyoto Sugawara is a senior engineer of Electronics Wire

Division of Sumitomo Electric Industries Ltd.

He was received a B.S. degree in mechanical engineering from

Conclusion Tohoku University in 1975. And he joined Sumitomo Electric

PMMA APOF itself does not meet the requirement of Industries Ltd. in the same year.

consumer equipment. We have developed PNNA APOF cords He has been engaged in manufacturing of wire used in

and silicon APOF which meet the requirement of consumer electronic equipment.

equipment. These cords will be used in consumer field

widely.
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FIELD PERFORMAN(f Or

IER OPTC IELEVATOR TRAVEl.I N(G ,%I .I I

Richard Laney. [rank Davidson. and W i iam 'ci.,liim

Sieacor Corporal ion

489 Siecor Park
Hickory, N: 28603

ABSTRACT DRIVE

The increasing sophistication of elevator HOIST
systems requires precise transmission and ROPES

increased information carrying capacity.

This report describes the dlvelopment of a COUNTERWEIGHT JUNCTION
composite elevator traveling cable containing

optical fiber subunits and the results ,f testing

and field performance. Optical fiber units were ELEVATOR

introduced into the convent ionail manufarturin T CARl'(
processes required to produce ... levator t ravel ing TH" [ -ABLIN

c abIes. The cable design itself is consistent

with designs which have functioned in tire elevator

enviroment fonht past twenty years.--.

This cable is currenrtly in service with the COMPENSATING
CABILE

optical fiberrs providing video transmission from A

an elevator car to a security rommand post. .

TYPICAL ELEVATOR

Figrin, I
I NTRtiO U(T I-tiN

As a generil role, the elevator car is connected

Elevator traveling cables provide the power, to a countvrweight by hoist ropes threaded over

corntrol, and communication link to the elevator one or more sheaves or pulleys located in the

car With increasing demand and sophistication of upper reaches of the elevator huistway. The
o'levator systems, improve d signal quali ity and trveeling (-able provides a conrnetion between th

greater information carrying capacity of traveling car and junction boix. Signals are sent via t Io

cables has become necessary. An optical fiber's traveling cable between the elevator car and the
immunity to electrical and electromagnetic controller. Tie compensating cable with one rnd

interference allows for the transmission of high connected to the counterweight and the other to

quality signals to and from the elevator car. InI the bottom of the car. provides dynamic alan(e.

addit ion, an optical fiber's bandwidth is

significantly greater than a coaxial cable which The elevator travelling cable is suspended in

enables higher bit rates and longer repeater a U shape be .ween the bottom of the car and the

spacings. Optical fibers in elevator traveling junction bo:: at the middle or upper part if the

cables could provide a higher quality transmission elevator hoistway. Multiple cables may be
link with the elevator car. This project's necessary *o supply the required electrical

object ie was to manufacture and field test an circuits. The cables must be flexible and torsion
elevator traveling cable containing optical free in order to travel within tire limited space

fibers. In the hoistway as the car ascends and delscends in

rapid vertical motion.

BASIC EIFVATDR DESCRIPTION High rise buildings necessitated th,

development of high-speed, high utilization

The basic elements of a typical elevator elevator cars. This demanded more sophisticated

system are: drive, counter-weight, elevator car, traveling cables with respect to electrical and

compensating cable or counterweight rope. hoisting mechanical performance. Travel ing cable
ropes. Junction box, and traveling cable. (See performance considerations include minimal

Figure Ii deflection during travel, constant loop diameter.

and long term flex life,
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The elevator hoistway is subject to These components were successfully incorporated

significant environmental conditions such as into a traveling cable that is consistent with the
temperature, wind, and undesirable physical design integrity that has been In use for over 20

contamination. Traveling cables are required to years. The cable weight and outer diameter had to

conform to UL, CSA. NEC and other regional and be sufficient to provide protection to the optical

local building codes. fibers yet allow for optimum traveling performance
and operating characteristics.

State of the art traveling cables contain 18

AWG conductors for control circuits, 14 AWG The optical subunits were manufactured using

conductors for constant current circuits, shielded 100/140 pm fiber. This fiber type Is typical for

20 AWG conductor pairs for telecommunications and short distance applications where attenuation and

electrostatically protected circuits, and coax for bandwidth requirements are not critical. (See

video and data requirements. Figure 2 shows a Table I)

representative cross section.

TABLE I

18 AWG CON D CO FIBER SPECIFICATIONS

STEEL0
SUPPORT 20 AWG PAIR Fiber Type Multimode Graded

Index

Core Diameter I00 pm
H --- 14 AVWG COND

Clad liameter 140 pm

Coated Outside Diameter 900 Wm

ELEVATOR
TRAVELING CABLE Numerical Aperture 0.29 - .015

Figuv 2

Ten strands of Kevlar 49 and a polyurethane jacket
were used to increase the optical subunit's

CABlE YSPECIFICATIONS strength This produced a component compatible

with the copper components in the prototype cable

A prototype traveling cable was built to as well as created a rugged subunit that could
evaluate constru(:t)on and field performance. The withstand the rigors of cable assembly and field

components chosen for the prototype cable were IS operat ion. (See Figure 4 & Table 11)
f'.au e conductors. 20 gauge shielded pairs. and
fibe, optic subunits. (See Figure 3)

FIBER OII ILERBUFFERED
SLI L FIBER

SPTE E L 18 ,%V(; KELARS! " PIORT COND

BRAID! - SHEAIII PUR JACKEI

FIBER OPTIC

ELEVATOR TRAVELING CABLE SUBUNIT
c ONTAINING OPTICAL FIBER

Figure 3 Figure 4
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TABLE 11 TABLE IV

SUBUNIT SPECIFICATIONS ATTENUATION (dB/kn) * 850 ma

N4umber of Fibers
Attenuation (850 nin) C.0 dB/km FIBER BEFORE CABLING AFTER CABLING
Bandwidth (850 flu) 100 MHz km SUBUNIT PROCESS_ PROCESS

10 Strands of Kevlar 49-1420 Denier
Flame Retardent PUR Jacket .8 mm 1 3.14 3.29

Subunit 00 3.6 mm
Subunit Weight 12 kg/km 2 3.23 3.34

Crush Resistance (between parallel 550 N/cm
plates, minimum value for negli- 3 3.19 3.29
gible attenuation increase after
force removed) 4 3.31 3.51

Storage Temperature Range -40 to -70
0
C _________________

Operatiing Temperature Range -20 to +70
0
C

Max. Tensile Load for Installation 300 N NOTE: OTDR used for Attenuation Measurements

Max. Tensile Load Long Term 50 N
Min. Bend Radius for Installation 8 cm
Min. Bend Radius Long Ternm 4 cm After the cable was assembled and jacketed.

physical tests were performed to determine if the
cable could withstand cyclic flexing. A flexing

The cable was composed of a steel central apparatus simulating the vertical motion of anl

member for vertical support, copper conductors, elevator traveling cable was used for, in-house
shielded twisted pairs, the fiber, optic subunits, testing. The test apparatus was specifically
electrical grade jute fillers. rayon braid over designed to duplicate thre actual motion an
the core, and an overall sheath of flame retardant elevator traveling cable would see during normal
polyvinyl chloride. The cable was designed to operation. The equipment develops cable speeds of

comply with UL and CSA regulatory specifications 70 meters/min. and passes a sufficient length of
for flexible cords and cables with an exception cable through a 92 cm loop to simulate an elevator
made for the opt ical fibers. The cable's natural car in an upper andt lower position iii the
loop diameter and flexibility was to be similar to hoistway. (See Figures 5A and 1)
that of comparable designs not containing optical
fibers. (s,-, Table 1111

TFABLE II I

CABLE SPECIFICATIONS
l'onstnut in 49 c-onducttors 18

gauge .3 shielded -

pairs 20 gauge 4
opt ical fibers
steel Core

tOuter Itiameter: 34.3 mm I
Wei ght1 126)6 kg/km
Voltage Rating: 300 volts
Opera t 1 tg Temrperatulre
Rattge: 20 to .I60 0 C
Natural Cahle Iuol)
Diameter, It0 meter
Travelitug Speed tUp to 450 meter mitt.

INKHOUSE TESTIN6

The t ensi1onus in,] cenutr t- f ugt I finrIces
rncntt-roit i cotnvenit ioltil Icablinug eqtu ipmelt tfnt
eIe va torn c 'ub I w ereC a c onc :ertn duin g c al Ie

assembly. The cahle was assembled on cinvenut inl
plattetariy cablIi ng eqiIpmnent with niio spec ialI
precautI i ons taken for the fibher siutti i t s. Thev
opt ira I f ibler subhut ts were tested w i t In mOTOH

p r i o, r t a nd af t er t hev rabl iti g 1)riii e ss t o e tistor e
performance wats tot comproin sod The t i bets
showed a slight averagev increase in at teniuat ion of

14 01lki possiluly duito m irrobenil itt, from
stresses enot uiitvred durng c ,able mantufiui ti. VERTItAt. C:ABLtE FI-FXFt

(See Tabn Ii IV) -ivii 5A
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HORIZONTAL CABLE FLEXER

Figure 68

This test is similar to the test required by
Underwriters Laboratories for endurance flexing of

elevator traveling (able. Two 2-meter lengths of
VERTICAL CABLE FLEXER cable were continuously flexed for over 3 million

Figure 5B cycles. The fibers were checked for continuity

every 200.000 cycles. Because of the short length

Three 6 meter lengths of cable were attached of the cable, optical tests were not performed.

to the flexor for evaluation. The copper All fibers remained continuous throughout the test

Conductors were connected in series and a voltage period.

was applied to monitor conductor performance. The
optical fiber was checked for continuity every FIELD INSTALLATION

75.000 cycles. Because of the short test length,

other performance characteristics of the fiber The building selected for field testing has a

were not evaluated. All conductors and fibers rise of 40 floors, cable traveling length of 80

remained continuous over a 1.6 million cycle test meters, and car speed of 150 meters, minute. This

period, car completes 60,000 to 100.000 cycles of travel

annually. The traveling cable was installed in

A horizontal test simulating U bending and April 1985 by elevator mechanics using standard

straightening of elevator traveling cable was installation procedures. In August 1985. the

performed to determine if failure would occur, fibers in the traveling cable were fusion spliced
ISee Figures 6A and B) to fibers in an interconnecting cable at the

junction box. The interconnecting fiber optic

cable completed the connection between the

junction box and the security center. Splice loss
was measured with an OTDR at 850 nm and averaged

0.5 dB. OTIDR traces on all fibers were linear
with no signs of localized attenuation.

The fibers were checked in August. 1986 using

an OTDR with similar results. All fiber traces
were linear with no localized attenuation nor

apparent change.

In Octobtr 1986 one of the fibers was put

into service transmitting video signals from the

elevator car to a video recorder/monitor at the

security center. The transmitter/receiver require
a system bandwidth of 15 MHz and allow for a loss

budget of 15 dB. Actual loss for this particular

system Is approximately 6 dB. Signal reception
from the fiber was clearly superior to that on the

HORIZONTAl, CABLE FLEXER coaxial cable. No changes in OTDR traces were

Figure 6A detected while the car was In use.
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The three spare fibers were checked w i Lh an
OTDR it August 1, itI9R7 There were no signs of
degradat ion in the fibers and] no increase in loss
at the splice points. Video reception from the
working tfiber remainied it its high level of
qJuaIitY,
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DEVELOPMENT OF COMPOSITE FIBER-OPTIC TRAVELING CABLE FOR ELEVATOR

Akio Hasemi*, Takehiro Akagawa*, Hideya Hasegawa*, Shoji Hiraiwa-

*Riken Electric Wire Co.,Ltd. **The Furukawa Electric Co.,Ltd.
1-12-22, Tsukiji, Chuo-ku, 2-6-1, Marunouchi, Chiyoda-ku,
Tokyo, 104 Japan Tokyo, 100 Japan

ABSTRACT manufacturing. In order to evaluate
the mechanical characteristics, tests

We have successfully developed a of tensile, bendinq. compression,
composite fiber-optic traveling cable impact, heat-cycle and so on were
for elevators to which a new cable made. During these tests, transmission
design was applied taking the special loss increase of optical fibers were
requirements into consideration, scarcely observed under practical use
Various tests were performed to check conditions.
its electrical, mechanical and As shown in Figure 1, the elevator
environmental characteristics, and the cable must follow the movement of
satisfactory results were obtained in elevator-cage in the shape of II-
these tests. bending.

The number of elevator cables can
be decreased by utilizing this new
elevator cable because of its large
trasmission capacity and Elevator control room
electromagnetic interference immunity.
Furthermore, the use of this cable

makes it possible to provide new
services such as transmission of video -

signals and integrated elevator
control systems.

INTRODUCTION

Ejevator cables are installed
between elevator control room on the
top of a building and elevator-cage.
Generally 4 to 8 cables are used in
one elevator system and their lengths Elevator-cage
are about 100m as shown in Figure 1.

With the increase of high-rise
buildings and improvement of elevator,
precise elevator control and providing
of new services such as transmission
of video signals and integrated
elevator control systems are demanded.
Conventional cables for elevator are
unable to satisfy these needs, because
they have problems such as
susceptibility to electromagnetic
interference from power lines and
increasing total cable weight. Elevator cable

The point of our development is how]

to achieve the mechanical properties
comparable to conventional metallic
cables. The number of cables can be
reduced by half by exploiting large
transmission capacity characteristics
of an optical fiber, so the total
cable weight can be decreased. Figure 1 Model of the elevator

We have developed a new elevator cable system
cable based on the accumulated knowhow
of elevator cable design and
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We have obtained good results in (b) Under practical use condition,
the 5,000,000 time continuous U should have good transmi!sson
bending test, which is most important characteristics.
among the mechanical prooerties for (c) Maximum suspending lengtn ot the
practical use. Transmission loss cable is 200m.
fluctuation during U bending test was (d) In case of the cable suspending,
less than 0.1 dB. the cable should not be twisted.

Cable Structure
CABLE DESIGN

The structure of the new cable is
Design ReuiLrements shown in Figure 2 and Table

PVC-insulated wires and 2 optical
Basic design requirements on the t i ber cords are stranded around a

new elevator cable are as follows. central tension member. The -able
diameter is about 31 mm and thie weilqht

ka) The cable should be easily handled i; about 17 kg/m, bu'. it is very
and installed in the same manner Iiexib.e. 7oop diameter set .rn ' he
as convvntional eievator "ables. static flexifility test nabout ?fl

mm, as shown ir Fiqure 3.

Optical fiber cord

37 Tension member

9 25, 10

(Pi 35

'l'2 ( . " T- Elastmer sheath

N,.

5 -. 4, PVC insulated wire

40 Cotton braid

Fiqure 2 Structure of composite fiber-optic traveling

cable for elevator

Table 1 Construction of the cable

Type Silica type multi mode fiber

Core 50pm in dia.

Fiber Cladding 12'5pm in dia.

Buffer Silicone resin 400pm in dia.

Jacket Nylon 0.9mm in dia.

No.of fiber 2

No.of PVC t
insulated wire

Cable Tension member Steel wire rope 4.0mm in dia.

Sheath elastmer sheath 3]mm in dia.

Weight 1,. 17 kq/m
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Table 2 Test methods and target values ot various cable
char acter i sti Cs

item Testinq method Target value

Measuring length EpoXy re$in

; 2m

Tensile test Tensile speed Breaking load
; 1O0m/min F - 1,000kqf

Cable temp.

30,25,60'

Cable

Bending dia.
700mm . minimum f D

Bending test 
No loss increase

(able temp. up to 300am; 0,24,60"

Fiber

Me'al board length W oMtal board

Compression - mm ~No breaking
test Compression load No breakin

0 '.000ko Fiber Cable

Column dia. 25mm

Column weight Cable /Metalcolumn

; .5,3.Okq
Impact test impact time

'0 times/ ./15kg, No breaking

5 times/3.9kg

impact height ; m iber etl &to

Mandrel dia.

60mmD
Flexure test S time/Cable No breakingBendinq time

50 times Fiber4

225mm

Bending dia 450mm

U-bending ;D" 230mm

test Bending time 22 5 No breaking
5,000,000 times

(30 cycle/min)

C-Cable
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The test resu ts ,ire Ai,wn 7i,

Loop dia.= D D' r(0ure 4. Transmlssion LJtiC5&dSe
was; observed when ne cab) e is be.nt by
iand. The minimum bendi ng diameterf:

we , 11 00mm at - 0 , 60mm at r oom
_ 2-mterature and 2dmm at I;*

o

- D

1 ",o ft.

Cable

Figure 3 Situation of static o 0L1

flexibility test +20t

.HA1kACTER1ST1Ch OF CABI.E

The mechanicai and thermal tests a 100 200
were perfozmed 'o simulate external Beading diameter (mm)
torces that the cable. s expected to
encounter during !ntallation. Table 2 Figure 4 Bending characteristics
shows the testlnq methods tor various of the cable
mechanical and thermal ,haracterist,cs
and their target values.

Two f ers rn 'he fabr'.cated ,-able
were spl iced to orm 3 "lop arid the
os ;S variation during a test wa. - t results are shownI

measur ed u sinrig a LET) ioht source of i4ure 5. Tansmission loss f luctuatin
3.', im wavelength. was observed when the Lressure was

Tensile test apnb!ed via a board of SOmm length.
The loss fluctuation was less than

bl.2dB under '00(lkgf load and residual
The test results are shown in -ale transmlsolon loss. change was not

. ,oad at breasage was more than observeo atter the lad was removed.
,O00kqf and elonqat,,on at breakage was
about 2z . . Pl ictuatlon in
transaission loss was hardly observed
p to 'ust nefore the breakage.

Table 3 Tensile characteristics
of the cable

n_ 3
Temp. Load Elongation Id

No
(kgf) ) BdB)

1 2,840 2.9 0 a

30 2 2,850 3.t 0

3 2,850 2.8 0

1 2,470 2.9 0
+25 2 2,270 2.8 0

3 2, 310 2.9 0

1 2,210 2.9 0 0 2 4 6 10

+60 2 2,160 2.9 0 Weight (xlOOkg)
Figure 5 Compression characteristics

3 2,200 2.7 0 of the cable
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(4) impact test (7) Temperature cycling test

The test was carried out using a The test results are shown in
metal column of 25mm diameter and the Figure 7. The loss fluctuation was
results are shown in Table 4. Loss less than 0.05dB in the temperature
variation was less than 0.1dB even range of -30" - +601'. In the practical
when metallic core was broken. temperature range, this cable was

confirmed to be quite stable.

Table 4 Impact characteristics 60

of the cable 
d

Weight of No.of times at me- Au

column tallic core broken (dB) 1 2 3 4 5 1 12 ()

39 0.06 0

26 0.04 . -20

1.5 kgf 30 0.02

25 0.03

38 0.02

7 0.04 a

7 0.04 0

30kf5 0.01 C3. k f 0 01'- 1 2 3 4 5 6 7 8 9 10 11 12 (H)

8 0.03

9 0.01 0-

Figure 7 Temperature characteristics

of the cable

r-'.exure test

There was no breakage of fiber
observed after '-he cable was bent CONCLUSION
,epeatedlv '0 times, and s~qnlficant
os. fuctuation wa scrcely A composite fIber-optic traveling
bserved. cable for elevator has been developed.

This new cable design has been
, U bending test applied to actual elevator cables on

the field. So far 40 elevators have
Tne test resuls are shown in been running with new elevator cables

rure b. -he 2, f . ucuat 1on was without any trouble. It is found that
',ss Ihati 2. 'H during .)00,900 time optical tibers can be applLed to very
nt.nuous U bend:nq. flexible cables as well as rigid type

cables.

100 200 300 400 500
a xl04 Times

041

Figure 6 U-bending characteristics

of the cable
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ii ill,_ . p. .

to be tested was coiled around the pipe with Filling Compounds Tested

three inches of conductor extending tangentially

at each end. The conductor was taped to the Two types of filling compounds were used in

pipe at each end to hold it in place. One end this study. One was a PE/PJ compound and the

of the conductor to be tested and one end of the other was an ETPR compound. The properties of

No. 14 copper wire were soldered to the bottom the two compounds are presented in Table 2.

contacts of a banana jack which was mounted in

a plexiglas disc. The other end of the conduc-

tor to be tested was not connected and was long Table 2

enough to extend above the surface of the cable

fil lor being evaluated. The second end of the Properties of Filling Compounds Studied

No. 14 copper wire was connected to a brass bolt ETPR PE/P
mounted in and extending above the plexiglas

disc. Test celIs were constructed in duplicate D127 Drop i.P., 'C 95.5 96.3

for five sets of conductors, with two different D3236 Apparent Vin. @ 130°C, cps 28.7 12.9
D445 Vis. @ 130C, Sus 162 81

filling compounds, and two test temperatures. 0937 Consistency. dimn 119 56

In addition, test cells were constructed that D150 Diss. Factor @ I MHz 0.0003 0.0005

were not exposed to filling compound and were 0150 Dielectric Constant @ 1 rifz 2.13 2.17

used as controls. 0257 Volume Resistivity, ohm-cm 9 x 1
0  

2.2 . 1 0 6

Tile cable filler to be tested was heated Slump @ 65*C Pass Pas

to 1270C (260'F) and then 300 grams of material

were poured into a 600 ml beaker. The beaker

was conditioned in an oven at 1040C (22
0

0F) Data and Discussion
overnight. The assembled test cel Is were

placed in the cable filler and the assembly The capacitance of each test cell twas meas-

was allowed to come to the test temperature tired on a weeklv basis for the first three years

(700C or ambient). This procedure was carried of the study. At that point in time, evaluation
out for each conductor and both filling cot- of the test ccl Is at 700C was concluded. Test-

pounds. inc continued on the ambient test cells for ai
Aflr five hours at the test temperature, total time period of six years, however, durinc

the call aci tan'e of each celI was measured using t lat three years of the study measurements

a Dloric C-Mter Model 130A. The brass bolt of
tile test cell was connected to a ground wire. were made on a monthly instead of weekly basis.
The connection between the test cell and tire. The capicitance of the control cells changed

less ttan 17 during the study (312 weeks).

C-Meter was a patch cord with double banana Figures 2-7 present the per cent gain in capaci-

plugs it each end. Tie capacitance of the tance versus time for the various test Cell,.

patch cord connector was subtracted from the
total capacitance to give the capac itance o1

the test coil.

C,nde trs Tn>tcd

Test conductors were provided by two cable ' -

manifaictiurers . These materials consisted of a -

faimed tlpropylene, a skin-foam medium density °. e

poly thylclne, and a skin-foam high density pelv-:

etiylene. eh test conductors are lescribed in : a

Tolile I. a
"
'

Table I

Descr ipti n of Cnductor, Teted

Set No. Gauge D, script i n Expansin I- 5 £ 0 S c S

1 22 Foamed Pci yyropyionc- Q2e- I15

2 19 Foamed MDpE-thite 28
3 19 Foamed iSPE-Yl lw 44
4 24 Skin-Foin 1DPE-B1F ac 45
5 24 Skin-Foam 81DP1:-C,r.a 3A FIG. 2

Figure 2 shows that for the foamed poly-

propylene the PE/PJ compound and the ETPR com-

pound have similar cell filling tendencies at

70'C. However, under ambient conditions there
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is a significant difference. The increase in (average of white and yellow), for the PE/PJ

capacitance with the ETPR compound at anbient compound. It should be noted that the foamed
approaches that of the ETPR compound at 70C, MDPE showed the highest per cent increase in

approximately 30%. This value compares with an capacitance for the PE/PJ compounds at ambient.

increase of approximately 1, for the PE/P.I ma- Figure 5 presents the capacitance increases at

terial at ambient. ambient for the white and yellow foamed MDPE in

ETPR and PE/PJ compounds. There is an approxi-

mate 10Z difference in capacitance increase be-

tween the PE/PJ compound and the ETPR compound.

.V-1

FIG.

S n-

A ;' i t , 1,,IY yIe c g i , t , l/ J n h

-1] pP ',Mp 'ln l -ii jr - 1 1il il , t '1

. .... . 'S-- . ..... i ** _1 A-."

FI , 3 , a 70'C. cnt c d o-

FHl;. 5

2*

e.v -rj c ,1 W i e ;1 d V ' 1( l

: • ,, es--.,--a. s.-

IF C. '

lit;. fa

Fipiires 3 ,,nd Apr,,xt scii ar data fr
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Figures 8 and 9 present a comparison of the dif-

Figues and7 pesen th capcitnceferent c onductors when exposed to PE/PJ (Figure

increase versus time curves for the samples bi)t orEP Figure 9) fillin counsat ofthmhretye
"f skin-foam DPE conductors. As in the pr-F

vios ase, he TP an P/PJCOPO~d' (f conductors exposed to PE/PJ at ambient, the
v~eu cass, he EPR ad P/PJ ompondsskin-f ham MPE showed the highest capacitanceboth caused significant capacitance increases increase (- 57). Figure 9 shows that f the

at 70C. The ell filling tendencies of the
two compounds at ambient are significant

bient, the skin-foam MDPE showod the lowest ca-
different. At ambient the conductors exposedphe exposd to PP igu

to the ETPR compound showed an approsimate sk in Pease th hihs capacitan2b c e g i capacitance increase as compared t) the F r higher thsn that obtained wit f the PE/PJ com-

1at increase for the PE/PJ aterial. ohf nstnd .

Tdft conductors exposed t, an ETPR fillinc

t e c o P. POSpR o compound at amit,n 5howed ; w significant increase
1. in cpacitance ovcr a six tar period. Teesi con-

doctors e.posed to PE/PJ filling (-compound at am-

- bient slowed very little gain in capacitance.

This indicates that the high oil content ETPR

2W fill inu coompooMinds cause significantlv higher cell

i filllg of cellular insulation than do PE/PI com-

pounds.
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CABLE SHEATHING DESIGN AND PERFORMANCE CRITERIA

C. V. Maguire, R. Rossi

General Cable Company
Woodbridge, New Jersey

ABSTRACT cable. In paper insulated cable, the catastroph-
ic effects are obvious. Plastic insulated cable,

The telephone network is evolving at an ever while generally able to tolerate a less moisture
increasing pace into a very sophisticated commun- resistant sheath, can suffer severe impairment of
ication and data transmission facility. Cables transmission properties if an excessive amount of
employed as the backbone of this network must be moisture is permitted to enter the cable core.
extremely reliable and designed in a manner to This has been sufficiently covered in previous
provide many years of trouble-free service life. papers, such as by Metcalf

1
,Cox et a1

2 
and

Olszewski et a1
3
. Many service requirements also

As cable designs change and advances are necessitate an extra degree of mechanical pro-
made in material technology it become increas- tection from attack by gophers or insects, or to
ingly important to review the field performance provide resistance to crushing or penetration by
of tnese design changes and the test procedures rocks, hard digging operations or other hazards.
used to predict field behaviour. This has also been adequately treated in prior

literature.
In this paper we will discuss some further

modifications to design changes to further im- It is during installation tnat the cable
prove oerall performance and we shall conmment on sheath many times undergoes its most severe
some specification requirements and testing pro- test. The rigors of placing a cable can result
cedures presently in use. Correlation of labora- in sheath damage far greater than may be encoun-
tory sheath evaluation tests with large scale in- tered during the service life of the cable. The
stallation simulations provide data relative to damage, in some cases, may manifest itself only
the usefulness of these tests. after the cable circuits are put in service.

This paper will deal primarily with sheath
designs and their relationship to the rigors en-

INTRODUCTION countered during installation including jacket
slippage of filled cables, sheath buckling-,low

The primary function of a cable sheath is to temperature cable stiffness and jacket zippering
electrically and mechanically protect the trans- on bonded sheath. We will briefly consolidate
mission conductors against conditions which would data from previous experience and discuss solu-
jeopardize their function. This function must be tions to some problems encountered during instal-
accomplished during installation, splicing and lation. We will also discuss how some of these
throughout the service life of the cable. solutions gave rise to some unanticipated prob-

lems.
With regard to splicing, the cable compo-

nents must certainly be compatible with all other Finally, this paper will center on a few key
components of the splice closure. The cable must parameters for sheath components as well as some
lend itself to joining to the closure in a manner design technicues that will maximize the ability
that is consistent with the environment, instal- of the sheath to perform its function. We will
lation conditions and the service application of present the rationale for selecting tensile yield
the cable. This may be to merely provide protec- as well as flexular modulus as two significant
tion from the weather or to be leak-tight under a properties of the cable jacket. The effects of a
head of water. adhesive pololefin bridging tape will provide

the design engineer with an option that can sig-
During the service life of the cable, the nificantly reduce the risk of damage during in-

sheath must protect the core from moisture and stallation.
other contaminants to the degree necessary for
proper circuit performance. Much has been writ-
ten about the effects of moisture in telephone
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CABLE INSTALLATION AND BACKGROUND

Outside plant cable is installed in three
different manners - aerially, directly buried, o,
ii duct. The most predominant design for aerial
application is still unfilled plastic cable
either in a Figure 8 configuration supported by
special clamps or in a round configuration lashed
to a support strand. No significant problems
have been encountered in the installation of
plastic cable in an aerial plant.

Direct Burial

For direct burial, the chief method of in-
stallation is by cable plowing. During the years
when the predominant design for direct burial was
Aircore PIC, no installation problems of major
consequence were encountered. The polyethylene
jacket is a fairly tough, abrasion-resistant Circumference = rd = 9.43 inch
material well able to withstand the rigors of
plowing. The introduction of filled cable in the Area = 1r'd

2 
= 7.07 sq. in.

early 197U's added variables to the plowing pro- 4
cess which resulted in a significant increase in
the incidence of sheath damage problems. The FIGURE I
reasons for this were discussed by Pehrson

4 , 
and

measures to minimize the impact of these new
variables were discussed. One of the chief prop-
erties of a filled cable is the virtual incom-
pressibility of the cable cross section. We re-
peat the illustration of this phenomenon in
Figures 1 and 2 below for easy reference. = "

The problems of added weight and resultant
increased friction were further discussed by
Lawler et a1

5
. In some cases cable plowing, par-

ticularly during hot weather, resulted in jacket
slippage. This was attributed to the ease-with
which sheath components moved relative to one
another when subjected to the tensions of cable
plowing especially in ASP designs where there was Assume a 3 inch diameter circle is deformed
no bonding between jacket and shield such as with to an ellipse with a 2 inch minor diameter
the FPA sheath design. but maintaining the same area.

This problem was solved by the use of heavi- Area = 'aD 7.U7 sq. in.
er jackets and by use of jacket materials with
higher tensile yield than that afforded by Low If b = I inch
Density Polyethylene (LDPE).

Then a .= 7.07 = 2.25 inches
Linear Low Density Polyethylene (LLDPE)

which was introduced for a different purpose,
nonetheless afforded nigher protection against Circumference z 2iT a

2 
+ b

2

sheath slippage by virture of its higher yield 2

strength. Mid-to-Medium Density compounds
afforded a higher level of protection but suf- z 2 -. 2.25

2 
+ 12

fered from the disadvantage that they were 2
stiffer and therefore more difficult to handle,
particularly at lower temperatures. U 10.94 inches

The circumference is 1.51 inches or 16t
greater than the circle.

FIGURE 2
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Duct Installation

For duct installation, problems surfaced
when more and more large cables were introduced 2 1
into the underground plant. In the years prior
to World War II lead sheathed cable was exten-
sively employed. For installation in underground
duct, much care was required to ensure that the
cable was straight and properly aligned at the
entrance to the duct since lead was a relatively
unforgiving material. After the war, polyethyl- 3 .

ene was increasingly used for both underground
and direct buried plant. The relatively small
pair sizes coupled with the fact that polyethyl 7.
ene is much more flexible eliminated the need for-T Bearing Pressure
extraordinary care during duct installation. R over rollers and in plow chute
Whereas the C-bend configuration was extensively P = 2T sin a/2 Ra
employel for lead sheathed cable, S-bend and side P Where
payout configurations come into increased use for P unit pressure, lbs. per foot
plastic sheaths. These were more severe than the R- T = tension, lbs.
C-bend configuration. = radius, feet

a =angle, radius

Yanizeski et a1
6 

discussed the problems of

buckling, kinking and torsion damage as cable FIGURE 3
pair sizes increased. In that paper, the use of
a bonded stalpeth sheath was proposed to elimi-
nate the problems. While this was a significant
step in reducing the incidence of sheath buckling
this solution gave rise to jacket zipperin
problems. The concept of a bonded steel sheat When the sheath stretches
was extended to filled PIC cable in 1984 by
Mitchell et a1

7
.

FORCES ON THE CABLE SHEATH

We have identified direct burial cable plow-
ing and pulling cable into duct as the more rig-
orous of the installation methods.

- /

Many of the forces encountered in both in- /
stallation techniques are similar. Where differ-
ences are encountered they will be treated
separately. If the oonding of the shield to the

jacket is incomplete, stresses are

Cable plowing is basically as represented in concentrated at tnat point.

the diagram of Figure 3. At points 1, 2, and 3
the forces are primarily compressive, resulting FIGURE 4
in stresses at the shield overlap as depicted in
Figure 4. In an unbonded sheath, the force due If the jacket is bonded to the shield, all
to the increase in sheath circumference is dis- jacket movement, to accommodate the changing cir-
tributed evenly around the cable. If a notch, or cumference due to cable deformation, is confined
step, is introduced at the shield overlap, great- to the area of steel overlap, creating very high
er stresses are concentrated at that point in- stresses in the jacket. Any step or notch in the
creasing the probability of jacket separation. jacket, particularly where a steel edge is pre-

sented, will be prone to zippering. As illus-
trated in Figure 2, the circumferential increase

for a 3" diameter cable may be as much as 1.5".

If the bonding is uniform around the circumfer-
ence of the sheath, this may represent no large
problems. If, however, a 1/4" portion is un-
bonded, then the elonyation of the sheath would
be:

1.5" - .25" x IUO = 50U=
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I;

In most cases, this figure is well within PROBLEM SOLUTIONS
the elongation limits for polyethylene jacket.
Any step, or notch at that point will signifi- The response by the wire and cable community

cantly impair the ability of the jacket to with- to the problems generated by new cable designs

stand rupturing, and by increased use of larger size cables was
comprehensive. Table I provides a quick over-

At point 4 of the plowing process, signifi- view:
cant friction forces are introduced. As dis- TABLE I
cussed in Ref. 4 the friction on the sheath could
result in longitudinal force as great as 700 INSTALLATION PROBLEMS AND SOLUTIONS

lbs. This force may be sufficient to cause
jacket slippage. Problem Solutions

Duct installation can be roughly represented 1) Filled cable jacket a) Mid-density polyethy-
by the diagrams in Figure 5. As discussed by slipeae during lene jacket.
Yanizeski

6
, the C-bending method is the least powing, b) Thicker low-density

punishing on the cable, resulting mainly in re- polyethylene jacket.
verse bending forces within the duct. For the c) Bonded sheath.

S-bend method additional compressive and friction d) Cable temperature
forces are generated. In most cases these are control
quite similar to the forces seen in cable plow-
ing. 2) Sheath buckling a) Bonded sheath.

during duct in-

It is in the side payout method that forces stallation.
not encountered in plowing are introduced. Here,
the cable is subjected to bending and torsion as As we discussed previously, the solutions to

it is payed off the reel and turned into the the original problems resulted in significant re-
entrance to the duct. Torsional buckling may ductions in the incidence of those problems. The
quite often result under these conditions. Medium Density jacket provided an excellent solu-

tion to the jacket slippage problem but suffered
from the drawback that it increased cable stiff-

--- - Reel ness, particularly at lower installation tempera-
tures. Clearly, cable stiffness needed to be
addressed.0General Cable Company has taken a step in

that direction by defining additional parameters
for polyethylene sheath. In a previous paper

5
,

we proposed that tensile yield be selected as

key parameter for the polyethylene jacket. The

C-Bend S-Bend adoption of this proposal by the wire and cable
community is evidenced by its inclusion in cur-
rently available specifications

8
. It is, how-

ever, debatable whether specifying different ten-
sile yield limits for different densities of com-
pound is the proper course. It is our opinion

that tensile yield should be a single design
limit regardless of jacket compound density.

At the time General Cable Company originally
proposed the use of tensile yield as a design

Reel ----- parameter, choi-e of jacket material was
limited. The need for materials with higher ten-
sile yield necessitated the selection of mid-

Side density jacket material. Attendant to that

Payout selection was the fact that cable stiffness in-
creased, particularly during cold temperature
months. This was due to the high flexular modu-
lus of these hgher density compounds. Flexular
modulus of 140,000 psi was a normal reading- for

some of- these materials.

Today, we have a much wider choice of poly-
ethylene jacket materials and it is not necessary
to select stiff cable jackets in order to provide
more rugged cable sheathing. Compounds are

FIGURE 5 available today with tensile yield above 2000 psi
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yet with flexular modulus readings as low as
6U,000 psi at room temperatures.

The Linear Low Density jacket compounds, Ionoton ic
while not going as far as the wiid-densities, pro- egion
vide additional toughness vis-a-vis Low Density Preform
jackets. Reyion

Table 11 summarizes the proposed solutions
and the new problems wnich surfaced. Acceptable

Overlap

TABLE II

SOLUTIONS AND NEW PROBLEMS

Solution New Problem

1) Mic-lensity poly- a) Somewhat stiffer
ethylene jacket. cable, particularly

at cold temperature.

2) Thicker jacket. b) Somewhat stiffer
cable, particularly
at cold temperature.

3) bonded sheath. c) Increased jacket Unacceptable
zippering at Overlap
shield overlap.

Jacket zippering is a problem that appears
to have increased with the use of bonded sheath. + -
Certainly, the stresses introduced by the trans-
verse forces due to compression play a signifi- FIGURE 6
cant role. Coupled witn the "sawing" action of
the shield overlap edge as the cable is being
subjected to tension and torsional forces, they
provide a formidable reason for sheath failure.
The proper forming of the shield overlap mini-
mizes the probabilities of shield penetration in-

to the jacket wall but occasional abberations in EVALUATION TECHNIQUES
the shield forming process can occur. Jacket
zippering occurs frequently enough to warrant tne As a result of the problems encountered dur-
effort for further improvements. ing plowing and duct installation, the wire and

cable industry developed means to evaluate not
In order to address the zippering problem, only material parameters of the polyethylene jac-

jacket material selection alone does not provide ket, but also completed cable tests to enable
a complete solution. The underlying shield plays prediction of cable performance during installa-
a very significant role. This has been recog- tion. Some of these tests are:
nized by specifyin acceptable and unacceptable
steel tape overlapsh. Figure 6, taken from Ref- Material
erence 8 is an example. While proper forming is
a key factor, there may still be instances where Yield Strength
penetration of the shield into the jacket
occurs. To eliminate any possibility of jacket Cable
"injury" by the shield, General Cable has adopted
the use of a polyolefin, chemically modified to Sheath Adherence
impart high levels of adhesive properties. The Torsion Test

adhesion eliminates the possible slipping of tape Cable bend
from the overlap area. The use of this brid ing Impact Test
tape has virtually elii ted jacket notchiJacket Notch Test
even i' the shield is poorly formed. This, then, Sheath Slip Test
provides an extra measure of safety to prevent Column Strength Test
sheath splitting as a result of compressive and
torsional stresses.
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For this paper, General Cable Company per- TABLE III
formed the cable tests shown as well as a large
scale test to simulate the rigors of plowing and Cable
duct installation. We also determined the flexu- Sample Description Jacket Shield
lar modulus of each jacketing compound as an
additional correlating factor. 1 600/26 Bonded Mid-Density No edge curl

PIC ASP Good forming
The test methods employed were as follows: No bridging

Tensile Yield - ASTM D-638 
tape

2 900/26 Bonded Lineir Low Good edge
Flexular Modulus - ASTM D-790 Method I, PIC ASP Density curl

Procedure A No bridging
tape

Sheath Adherence - TR-TSY-OU0421
8

3 600/24 Bonded Mid-Density a) Good edge
Torsion Test - TR-TSY-000421

8  
PIC ASP curl; No

bridging
Jacket Notch Test- TR-TSY-0U04218 tape

b) Good edge
Cable bend - Cable is Dent 9U' around a curl with

radius and the pounds force bridging
measured and recorded tape

c) No edge
Sneatn Slip Test - REA Specification PE-89, curl -

Appendix II good form-
ing; No
bridging

EVALUATION SAMPLES tape
d) No edge

We selected cable measuring roughly 2 inches curl -
in diameter, or slightly less. To assess the good form-
various sheatning options, we also selected ing with
cables with bonded and unbonded sheath as well as bridging
cables witn mid-density and low density polyethy- tape
lene jackets. For the bonded sheath designs we e) No edge
also added other variations such as the adhesive curl -
bridging tape and also steel tape overlaps rang- poor form-
ing from poor forming to good forming as previ- ing; No
ously shown in Figure 6. Table III will illus- bridging
trate all of the designs and variations employed. tape

f) No edge
curl -
poor form-
ing with
bridging
tape

4 900/26 Linear Good edge
PIC ASP Low curl; No

Density bridging tape

5 900/26 FIC ASP Mid-Density Good edge
curl; No
bridging
tape

b 600/24 PIC ASP Linear Low Good edge

Density curl; No

bridging

tape

7 900/26 PIC Linear Low Std. sheath
Alpeth Density No bridging
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TEST RESULTS

Sheath Torsion Plowing
TABLE IV Sample Slip F R.T. Test

Cable Bend 1 1080' 1080' Good
Jkt. Flex. (Lbs./In

2

Sample Dens. Mod. Shield Type 7F R.T 2 720' 720' Good

1 .94 74,700 Bonded Steel 9 4 3a -- 720' Good

2 .93 40,000 Bonded Steel 8.9 4.3 3b 72j' 720' Good

3a .94 74,700 Bonded Steel -_ * - 3c * -- 540 Good

3b .94 74,700 Bonded Steel 10.8 4.5 3d -- 720' Good

3c .94 74,700 Bonded Steel -- * -- 3e * 270' 90' Zippered

3d .94 74,700 Bonded Steel -- * -- 3f * -- 720' Good

3e .94 74,700 Bonded Steel 9.0 3.8 4 100 lb 720' 720' Jacket
Slip

3f .94 74,700 Bonded Steel *

5 115 lb 7200 720 Good
4 .93 40,000 Steel 7.7 4.5

6 130 lb 720 720 Rippled
5 .94 74,700 Steel 5.0 3.6

7 70 lb 720' 720' Good
6 .94 63,800 Steel 4.2 2.1

7 .93 40,000 Aluminum 4.9 2.5 * These test were not performed on bonded
constructions.

Not tested for this characteristic.
DISCUSSION OF RESULTS

TABLE V The results of the material and cable tests
are illustrated in Tables IV and V. Table IV

Jacket Tensile Notch Sheath shows data that would relate to the bending prop-
Sample Density Yield Test Adherence erty or flexibility of the cable. In an effort

to provide a basis uf comparison, the lbs force
1 .94 2100 psi 205 to bend the cable 90' was equated to cable cross

sectional area. Readily apparent are the follow-
2 .93 1700 psi 325k * ing:

3a .94 2100 psi 515 * 1. Bonded constructions are less flexible than
the unbonded sheath designs.

3b .94 2100 psi 905
2. Within any sheath design category flexibility

3c .94 2100 psi 970k * does not appear to be a function of density.

3d .94 2100 psi 485% * 3. For cables with flexular modulus of 75,000
psi or ,ess, flexibility is less a function

3e .94 210U psi 170, * of jacket compound than sheath design.

3f .94 2100 psi 1202' * While field experience has certainly verified
that cablef% with mid-density jackets have been

4 .93 1700 psi 450 17.4 lb/in stiffer, particularly at cold temperatures, this
has been true mainly where jacket flexular modul-

5 .94 2100 psi 850% 42.6 lb/in us has been in the area of 120,000 psi or great-
er. Our results suggest that flexular modulus,

6 .94 2100 psi 380% 64.3 lb/in rather than density, is the parameter of choice
when cable flexibility is of concern. In addi-

7 .93 1700 psi /151, 23.b lb/in tion, an upper limit of dU,U00 psi is indicated.
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a Le V ext" ' ts data with re ar d to sheath Of interest to note is a phenomenon we ex-
pertor'iriancL when te sheath is subjected to e- perienced on a number of samples. In tnese cases

cessrve tresses as might be encountered during the samples were subjected to the Torsion Test
plowing or duct installation. A number of points and exhibited no apparent sheath failure. After
art: orougnt to the readers attentions a number of days, however, separation of the

sheath along the edge of the overlap was evi-
a. acket zipperinoc curred only in the bonded dent. It appears that zippering, in some cases,

sheath deno rid n e p may be a slow action, starting at the inner sur-face of the jacket at the point of "injury" and
o. Jacket slippage occurred only on unbonded slowly progressing through the jacket wall to the

sheaths with low den i ty_ et ni- outer surface. This is illustrated in Figure 8.
jackets. The zippering phenomenon can be further illus-

trated by examining the displacement of a point
-. Compliance with Sheath Slip Test and Sheath on the shield overlap along the longitudinal axis

Adnerence does nut cssur' ajainst jacket of the cable. Depending on the degree of tor-
slippage during plowing. sion, the displacement can be significant.

1. The Notch Test does not appear to be a
reliabTl indicator of sheath r n.

e. Ihe Torsion Test appears to be an accurate
indicator of sheath zje kerng.

f. Sneath Adherence and Sheath Slip testing
appear to have no value as an indicator of
cable performance during infstallation.

Figure / shows a typical zippering failure
that o, rred as a result of plowing stresses *
This is sample 3e which was deliberately produced
tu siulate a poor shield overlap. Without a
:ridginj tape, the sheath zippered both during
the Torsion Test and during the simulated
plowing duct instlldtlon test. When a bridging
tapl' waS placed over the same poor overlap, the
sheath witnstood a severe Torsion Test ds well as
tnt large scale simulation.

FIGURE 8

In OUr apparatus for simulating plowing and
duct installation, the cable is passed through a

guide shteave, after which it is passed over and
through a series of sheaves which may be locked
into position to increase the stress on the
cable. Pulling tension is controlled by means of
adjusting the oack-tension at the pay-out reel.
Sheath buckling, as shown in Figure 9, is pro-
duced in the same fashion as in actual field con-
ditions. As shown in Table V, sheath damage was
produced when the following conditions existed:

1. Shield edge "injury" to the inner surface of

the aacket was evident.

FIGURE 1 2. Low density jacket on an unbonded sheath.
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SUMMARY

In this paper, we have attempted to show
that good cable sheathing, particularly for pro-
tection during installation, is a function not
only of the materials selected, but how these
materials are made to act together to result in
improved performance. This is certainly evi-
denced by the contribution of Donded sneatn de-
sign and the significance of a bridging tape in
the performance of the sheath.

Also, it is evident that plastics technology
has progressed beyond the point of using density
as a barometer of sheath performance. The con-

tribution of tensile yield strength and flexular
modulus to sheath ruggedness and cable flexi-
bility is clear.

The results of our evaluation, reported in
this paper, are consistent with observations made
in our own facilities, and in the field over a
period of several years.
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PERFORMANCE OF HDPE INSULATION ANTIOXIDANTS IN FILLED TELEPHONE CABLE APPLICATIONS

GEOFFREY D. BROWN

UNION CARBIDE CORPORATION, WESTON CANAL CENTER, SOMERSET, NEW JERSEY

hbtx..t there was a dramatic decrease in 190'C Oxygen
Induction Time associated with the 70'C cable

A material testing procedure has been used tc preaging. As a result, this bench study was
evaluate high density polyethylene insulation undertaken to identify an antioxidant tormulati,.n
antioxidant performance for filled telephone providing improved functionelity after filler
cables. To simulate the filled cable exposure.
application, the testing includes aggressive
conditioning of high density polyethylene samples Test Method
in filling compound prior to oven aging. This
filler conditioning greatly reduces the The test method is detailed in the appendix.
antioxidant functionality of existing commercial The sample aging procedure parallels the cable
formulations, aging study. Film samples of selected product

formulations are prepared and are preaged by
Alternative antioxidant formulations are immersion in cable filling compounds for 4 weeks

reviewed and antioxidant system optimization to at 70'C. After preaging, the samples are remo've
achieve substantially improved performance is and wiped thoroughly and suspended in a
demonstrated. The test method is relatively circulating air oven at 80C. AnticoX-dnt
simple and shows good repeatability. The test is functionality is measured by 190C :opper F.:;
most useful when used as a s-reening technique in Oxygen Induction Time at selected intervals
oonjunction with long term cable aging studies. during the test cycle. Sample testing includes
Good correlation with improvements demonstrated an initial measurement before filler exposure >o.
with foam/skin insulation samples in a filled testing of wiped samples after 14 and 28 day-,
test cable confirms the utility of this approach. 70>C filler immersion. 0uring the 8-CC oven

aging, samples are tested at 2 we:ek ntervalo
for 6 to I0 weeks and then the test series is

Tntroduction ended.

An accelerated aging cable testing procedure The filler preaging/oven aging sequence a:.
has been developed wnich simulates coirercial accelerated simulation of the co:merc-ai
applications for insulaticns in filled telephone application. insulations are initially exps'.i
cables. The requirements of the commercial to molten cable fillers above I0'C in the carl'
applicat: :n and details of the test method ate jacketing process. Finished cable may then
surmerizel in the companion paper "A Glofal Test experience a substantial time/temperature history
Method for Long Term Stability of Solid and Foam with direct sunlight exposure in warm climates
Skin Insulation". A distinctive feature of this it is tested and stored by the man:ifac-rer,
cable test is a substantial preaging requirement. transported, and stored by the user. The fo:r
The filled cable sample is conditioned for four week 70C isnersion in cable filler simulatos
weeks at 70'C prior to removal of insulation this cable history and allows sufficoent
samples for pigtail testing in air ovens, insulation filler interaction. Sussequenntly,
Comparison to field samples of commercial cable cable is installed with sections ci the cable
indicate that the 700C preaging simulates the sheathing r-moved and cable filler wiped away
commercial application. A broad sampling of allow insulated wire interconnections at
commercial cable exhibited unexpectedly rapid pedestals and other junctures. Internal
oven aging insulation cracking failures when temperatu es in pedestals are often susr tan1>>y
evaluated with this new testing procedure. hotter then ambient conditions, with max scum

internal pedestal temperatures ranui o itrm 5
This cable testing procedure was used in a tc 70VC for southwestern Unites States !ocat isi

study of insulating materials with the goal ,f cited in the literature -'. This pedestal
identifying and commercializing prodicts with exposure provides a severe thermal-oxidat iv
substantially improved performance. The cable environment for the exposed insulations.
study is summarized in the companion paper Accelerated aging temperatures ranino from '7("
"Evaluation of Materials for Improved Life to 1300i" have typically been used- ', to
Expectancy of Foam Skin Insulation." As the work simulate the pedestal environment, with the
evolved, testing of insulations revealed that relatively moderate temperature of 80'C being
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o in this study. less then 5 minu~tes. Several mechanisms could
contribute to the rapid decrease in induction

A Zlupont Model 990 Thermal Analyzer with a time of filler preaged samples including:

2.fferential Scanning Calorimeter cell is
utilizeci to measure Oxygen induction Time. The Migration of the antioxidant from the

.1 copper pan induction time condition insulation into the cable filler.

seleoted providies good reso lotion aicons sa.'rples.
is f oxidized copper pans5 is cons istent with a Migr~t ion of filler irto the insul:ation

:'opper conductor insulating applicatio n. A C25 where it would serve to c:atalyze degradat-or.
.. lmtrthick film specimen was selected to during the subsequent 801t oven, aginog and

aprolmteinsulat ion thicknes.ses. during the 19
0
'C induction time test.

T-e preparation of material test samples is Swelling of the polyerhylene and the

... s-stent with ocrriercial practice. Locw mnelt prese nce of abso-rbed filler might increase

terperatures are usually desirable in melt anitioxidant migration, los5e3 during subsejsoe:nt
processes to min-m~Ize product degradation and oven aging.

ancx4ln consumrtion. in addition, high melt

temperature is unac7eptable for cellular

Materal-,Antinx danti [Inad in Thiq Studv

The performance cf-hte existlro :ooserci4al

HOEanticxidant systerns was Invest-'qated first. AI-l Tetrakis :meth, .. ene 31' 'd-et
A two component systemn (antloX!dnts are Listed butyl-4-hydroxyphen-yl) propionate3 methane:

In Table 1) comrposed of a pr~mary aciydnTrade naame: Iro;anox lI: ".'La ;ieciy.

.-,and a metal deactivat, r " was
c eveloc red' a n d I :s ~e ~ c aco 11 :l'., fir ioH-TE1 Al--',,5r~ 4'tr-btlf- 1 doylk
soIod a%:.d cel'.ular Inulton.Fireesow 

0
"h('l!en zyl i:socyanu rate; Trad!e Name: cy.r.-x

'-ilta 'n a stanroar Ooc7rrrcla fn~t~r 1790: A-serro ar.n aal

Figuire 1 Al - 32.''e yeeis4mty--e

Cable Filler Conditioningl1 yutyF hen .i1 Trade N 3,me: Cyano-x 2246; America:,
:lya nam i

350
-70 Air 13 o~ier

300 * Conirol #1 :eiy- N, p''-a

0 Co"'O* 2 ra s

250 0 C'c' 93

Q0 I a n ' I

NTO N .aXa a z -4"
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AGING .- DAYS 1 sre ISh -. es dat a generated at

r5r': -7 -v 15f th A- primTary

1 0 Days OlT measured before I :er eoousce In dinT .Te 13ii a shw ta ubstr.' -al

2 As sarrp ci form. aled wICh 0 18% AO 1,0 15,, KID i lia r''........:v'oc afr 4, ieek le

in Etry!ene Hexerre Base Res n (945 Censjy fIOPEf 71-r.. 'hr afe -Oa4 thek susanile

3 Conrtrol samples aged 4 weeks at 70 C in PE PJ fiier :
t

pem.-, ' . :n :a :'.-t rn times

i. 1 r. su s u-, s t s t ha t

A .9amrF. e agaed w i th - it Ifille r (-- .O:-AI1r f r r* .<. iral.......

tur WeK at 'I"' and suhtSeP 11en" ly a' 9 f tcw

j ra i-;alI dec rease- i n irduti inrt rim'. 1n

ri ra s *, t here i s a la rge dec rea se i n inuo i TI.- M.:hi imr a:.ticiant

*re a3-3.o--ated with four week 700C filler ;n- r. a: I his- b~eer: -- oocai romoted

immrrersion. For the preaged samples, the 11 a:% 1 too:a- - ren t ant ant iox idait . This
Asuetdepletion of the, residual 13 - n rii' ot' w * h test data presented in Figure

f:- icriality in 80'C oven aging results i n -1 wh;-h -mw" :' reaslr iq h M:1- component to
-. ni ion t line dropping to ma rg inalI valIues -f pr -Vid s11F ' 9in i 5, 1 imp r vemnent in ret a ined
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Figure 5 instead of ethylene-butene HDPE feedstocks.

MD-3 Performance
The most rece,.- test cable series includes

250 -ethylene-butene HilL cellular materials
incorporating a range of MD)-i concentrations.

200 Preliminary results suggest that increasing MD-i
a system #1 concentration provides the most or all of the

0 System #2 performance improvement, as the foam/skin

15 insulat ions incorporating ethylene-buteneo cellular appear to rival ethylene-hexene
QO cellulars when both incorporate the same

~ too iincreased MD-i concentrations. Samples ofto-I 70-C insulations frnn this test cable were tested fcr
Filler 80'C Air l90*C oxygen iniuction time and the data is

50 presented in Fiogure 7. Samples including foam
containing lower concentrations of MD-i appear to

* show the fastest deterioration in OT
0- . . . . . . . performance. Samples containing lower

0 10 20 30 40 50 60 70 80 concentration of MD-i are also are showing the

AGING -- DAYS most rapid cracking failure trends in the oven
aging studies.

1 .0 Days OuT measured before filler exposure
2. PE/PJ type filler Figure 7
3. Formulated with ethylene-hexene base resin Foam/Skin Insula~ion Aaina Stability

System #1: 0.15%/ MD-3'0.18% AOl1
System #2: 0.30% MD-3 350-

300 a
Fiaure 6

Alternate Primary Anrtioxidants 250- 0 Initial
- * 4 wkpreage

250 - Ci 0 U)wkrg
C) 150

200 - A02 100-

*AO-3
15 UA04 50

tz~~ 15-

C) 010 015 0 20 0 25

a, 100 Cellular MD-1 Concentration
80C Air IAluminum pan Oxygen Induction Time

50 t.~2 Initial insuiatton without filer exposuire

70 C Filler 3 Preage - oven age cable for 4 weeks at 70 C
;_ 4 Air age -4 week preage in table and then atr

0. . oven age insulated wire for 12 weeks at 80 C
0 10 20 30 40 50 60 70 80 90 5 Samples are 24AWG foam skin, ethylene-butene

AGING -- DAYS cellular product

1. 0 Days OIT measured before filler exposure
2. PE/FPJ type filler baF1.InxA.a
3. Samples formulated with elhylene-hexene

HDPE base resin and 0.15%/ MD-i ,x T'-nt y: rn. :'ri'h i.-ry'asr - ic if
the f .~ ~yf,or fill1-r type be~ini

CAZLa-Aging Stusdy Innulatiing F-a'Itrif H: sure >W-5 data th e sanre fAlrM

sa.mpl1e tested w11 t. tw PE SP/ based ogl u:i
The findings of this s3tu', were in-ccr- ratedA an erxtendied ht- plastico i-Abetr (E7P!'l type

the accelerated aginq cable studies on an tlr. There, is is iniarity in the severe
.-;oI ng bas is. As a riesult, experimental1 Irsii n+,;:t1r tlmc 'i'l.inn filler inuss -Ti

ethylene-hexene HDPE cellular materials were t-s-:l:wei by irai~a. lltoof the rernarlinq
!-.ruated with increas7ed MD-i antioxidant, fuinctionality -iirinrli ,ven aging. A major study
Loanr/skin insulations incorporating this foam t -able fillter interactions with insulations
sho-wedl dramatically increased acceleratei agngetahlished hat ETPP type (Flexgell fillers
life. There was unc-ertairity ainut. whvho to exhibit higher diffusion rates ifaster absoritio

at iiethe improvement to the optirni;!tion o)f to equilibrium) into HI)PE than PE/Km1 type
stab ili zn or the use of et hy lene-hexene ElPE fillers. itC ant ioxi Aanr leaching is a
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significant mechanism for loss of stabilizer The experimental method exhibits good

functionality, this diffusion rate data might repeatability with control samples providing

explain the observed differences in antioxidant similar results and performance trends repeating

functionality, among the experimental series. High air

turnover of the vented air convection ovens

Figure 8 utilized minimizes the potential for sample

Cable Filler Comparison cross-contaminat ion observed with more static

tests and this allows higher productivity witn

350 
limited equipment resources. The ovens were

tested via the ASTM D 2436-68 procedure and were

300 M ETPR vented tn provode about 200 air changes per 
hour.

0. PE/PJ#1 It is believed that the 4 week 70C filler

0 PE/PJ#2 immersion and the 80'C oven aging simulate the

200 ''requirements for oxidative stability of fllled

o 200 cable insulations. Use of the 191'C copper fa:.

150 _ 
oxygen induction time to measure antioxidant

801C Air functionality is more controversial. Pedestal

10 \ aging involves stabilization considerations

-" "associated with oxidation of a solid polyethylene

0 70'CFiller '---0 -_ while the oxygen induction test measures melt
Sstability. Indeed, past studies have shown that

extreme miscalculation can result- from0 - I . I .- I . " - I

10 20 30 40 50 60 70 80 90 Arrhenius extrapolation of melt induction 
time

data to service conditions. However, in this

AGING -DAYS study, this concern is largely circumvented

recause there is no attempt to quantitatively

1. 0 Days OIT measured before filler exposure extrapolate induction time to service conditions,

2. Samples formulated with ethylene-hexene HDPE Rather, induction time is used as a rough measure

a f ant ioxidant functionality changes resulting

and O.150/c AO-10.15/ 0 MD-i from filler conditioning and oven aging at

Discusion mo-erate temperatures. Specifically, good

retention of induction time during filler

Pedestal iem rac: Lsxtres or :w door -rimersion and oven aging is very favorable and

p'lyetyl-:.e s11 insulat 1ns were first reflects good antioxidant permanence in the HtPE

observes to the in i'.9t '5. Irvestagatl, with frler contact. ?on,:vnrsely, a dramatic

r *va ., t,- the -w 5 7Jrw- atp': e'ro3a it, as titme' prob]ablyttlos

usMed at the tlmo "I'a'l t- - lnsulation eaer. Ot ,f a 5'V:0, as'i xidant system.

-:rface an- Iiffd Ftj he a, r. PeFFla- ,l. rat c. -ableA- dgriO stuiles are tlen usei t

with a hisner weigh- phen 11o counteracted tht mire oer.' alate promasnls systems. In,

tendency and irpr vej p.ert rmance. In the laeo .,. t :ld te noted that the :19 C

l's, addtitacsa ' t:acng failuires were Obser xyger inuctcn time measurement is apir trlate

and after study were attricute to copper !r measure stabilization for melt process:5g.

"iutzr -a'aypJA degraJaton. AlditOin of 3cod melt stabilization is necessary to mistm:ce

me a n ]- lva s ro
'

- t - min am a z- :-, ''lyethylene deqradat lo it, the pa ,duct
+ pter 'atalyti? e~fe+t ,7Ireored thas -spounding and ware insulatins melt p a cess,

djftter,,y. A -t d thisrs complIcated th' -

m,-eroatal s1t oa L -n wltn the developme nt cf It is recconlzed that the 191 .1 oxyqe:.

Xe I "abler for rtod plant and the induction time testinq would be apprcfriate I,r

nt r,-A ,t on t cellular ass foam/skin antioxidants that exhibat pc , ce. ctailza. :

insulat i",ons. Uses f ohemical blowing agents in but which have good filler permannce and provt a'

cellular prt to produc,;e foam and foam/skin good stabilization at the l(wer temperatures -.

tnsulatlions stgniicantly increaseg the the commercial application. Antioxidants hav:nQ

9tatl1Izaticn requirements. -. - The tendency this characteristic would consistently exhitt

f:or contact with cable fillers to significantly low induction times. Stabilization systens

etract from the lcon term aging performance of incorporating such antioxidants would need to

insulations wads also well documented.
:
" include a melt processing stabilizer ft' the

Nevertheless, overall good performance and product corpounding and insulating processes, to'u

-, nomios of foam and fsam/skin insulations led permanence of this component would be les

wliepread commercialization, important.

The generally favorable ten year plus

-ommercial hastory of foam/skin insulations The bench test eliminates many variables

decreases the likelihood of widespread systematic associated with evaluating antioxidants in .onl

failures. This most recent study suggests that term cable aging studies and this providel good

mainr antioxidant optimization should provide a experimental repeatability. Cabling study

-onsi,lcrable safety margin over and above the variables that were either not a factor r less

-xltIng :ommercial experience, of a factor in this bench study include:
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* Insulation Materials Production increased MD-I concentrations lead to substantial

increases in life performance.
* Insulating Process

- Extrusion Conditions Also observed in this study was significant
- Equipment variability among various samples of cable

fillers. This confirms that cable manufacturers
Cabling Process need to utilize a systems approach; specifying

and testing specific comrbinations of insulations
Additives and cable fillers to insure good aging
- Blowing Agent performance. Fortunately, the testing method
- Colorant Masterbatch described herein provides a reasonable capability

to optimize cable filler materials as well as
Test Sample Variability insulations prior to the major cost and delay of
- Cell Structure long term aging studies.
- Skin Thickness

As an outcme of this antioxidant study and
Many of these variables are interactive and the ongoing cabling studies, commercial .igh

encompass more then one factor. For example, density polyethylene solid and cellular product
additive variables include concentration, formulations have been optimized to provide
particle size and dispersion, and composition and increased concentration ct the 'r>-' antioxidant.
importies. The bench test also improves control The stabilization of the cellular products was
of cable filler composition, age, and quality, identified as the weakest link in current hich
Using -test to help design cabling trials density insulations and the MC-i concentrat-:.
increases the likelihood that clear perrormance increase in the cellular products was -n the
trends can be demonstrateJ, order of I00. This : ~crease shv.uli pr-vyde a

suitable afev margin an -=Frj __ tn__
soth c--orants anJ especially chemical satisfact<ry '' yearc-coorccai -* ! - ,

btowsng agent are known to detract from oxidative formulations. It is recoscrenoed that th< A!--
stability: but while the stabilization antioxidant be retained in the nsulain Pr .t
req'ulrement is increased, the need for good formulations at reduced as
po'yethylene antiOxldant functina lity after cost /effeIt v, me t pr -eO -cg a'sta izer
filler exposure remains. With minor refinement, Primary ant iia will :ontsn1r t '!
the bench techniques could be adapted to study investigated rin- the i;:ItfJcat -n 'f a
the interaction of blowing agent or colorant cost/effective alternative to AO- with g c
variants on oxidative stability of polyethylenes filler permanence would further i'rrove
wITh foller exposure, performance and economics.
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Foer ieethylene a e Meterialsta s ste wires 
t

osurenA 0 n
:W7S 1t oat int a: t ven.

12. O'Rel, . and Pat-i , A ." o"'e 'en In.octoon lore Testi:.;

Staoolty Studies cn Cellular Hiha nt Y.1 1 391 Th"rSaal Analyzer
enInsu-aticn for Ce,=uni:atno Wire", II Cell Base a:i a Differenti os :.

24th : re an Cl y s a.:mrer mcdui> or eouivalet apparats
Seasure oxygen induct ion time. Cut an

13- K anoi- ,alaer, K. x dat ve approximately 8 milligram test specomen and a

StabLity vf H igh Pensit' to.I neth speormen in preoxilized copper test pan ai '
Interna' :na' Wire and Cable S%%-' s!.m, 7

,  
test onamLer. Purge with Nitrogen at 1,1
6''mri ne and increase temperature to 191 C us_:.j

p 68-82 .
4. crsothermal control mode. After reachina 19,'I -

G.A.,n o F"Le : e," h Annuf - t inue purgons with Nit rogen for appr> XV ateiy',-

rsrTs-al Wire i -able Sy7, ,herry 2 minutes ani then swit oh to Ih0ccminute Oxa 'cn
Iy flow to s'art induction tore perid.oll,'i.'., Nswemre: 1l'7, pg !>1-191.

%. Mo sodel aneous Notes

i - Always include set. :I coo:t r ap ori.eno :

Test Me'yhi each experimental seriea.
- Secure adequate supply (i0 litersi of ea.ch

rslat ion Materials Fr' tot s cable filler material to avoid changing tiller

Weogh ar~:t :.xints on horh reool:t or: lair'ts, y samples midway through a study.

ralanoe. Use a 311 gram Braloonder laboratory

melt mixer or equivalent. Add a 2-0 gram charge
-f high density polyethylene base resin and flux

at low RPM's. Reduce mixer speed to 5 RPM and

carefully arid the antioxidant. Increase the

mixer RPM to 120 RPM's and hold this condition

for 5 minutes. Melt temperature should stabilize

at 170 t 10C.

t 2. Test Sample Preparation
Use a window frame mold with a 15 x 15 cm opening

and two stainless steel backing plates covered

with Mylar sheets _o mold the film samples. Geoffrey D. Brown received a MSME degree from

Place a 15 gram charge of high density Bucknell University in 1977. He joined U7nicn

polyethylene into mold and place into compression Carbide in 1977 and specialized in polymer melt

press with 180'C platen temperatures. Close process development in the Polyclefin Specialties

press at low pressure for 4 minutes and then R&D Department. Since 1983, he has been involved

increase to maximum pressure for 2 minutes. in product development for telecomriunscations.
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A HIGH PERFORMANCE NONMETALLIC SHEATH FOR
LIGHTGUIDE CABLES

C ... 4rroyir .. C. Jin'trs, P' 1) P'atel

.X',Fall mrauorics. N 'ross, ( (rgizA3007tT

A'I'&l' Nvt w,,rk ~iSYctvs. N rcross. ( (orgi a 3i)7

wAhere lothI rodent ait]o lightinog pro? ection is
IINI'RC7'desire'd, A'l'& T's primary IM sheath 5 is

re corndnied. Nonmert allic calels are also p refe rred
for long span aerial ap plicat ions, near overliead pi iw or

AX flexille y, trgged nonmitetallic ljghtguide shea? 11 linles. 6 [7 8: 9
ha:s been developed for VITA' Vs ribdbon and
hIJ'ht pack' cales. In) this design two tYpo'5 of' In a typical tinireallic sheath design. mnetallc
nonnmet allic st rengt h memibers are em ployed. 'strv ?retngth icnt ers are replaceld Aith iti Iet allir
are rigtid e poxv-linip regnrated glass rods and flexible oties, a4 shown in Figure 1. Althbough comrparable itt

p lrne-itrprgnaedglass covings. Tht- e ro shea:th bp-'rforrniatce, rioinret allic strength trienlibers are
coii~kt s of two lavers of those st rengt h iertulier genorallv inore expensive. Therefore dlesign

* li~lv ipplivd ove r a core tithe followe(d by aI single optinlization is crucial to achieve art -elonmical
IiiIli Iri-sit v ptlyet hylene jacket. A. cotmputer lfesigri. A tnotntiet allic sheai Ii offers other advant ages
-iII1ttl:1tioti. l'ased oil art1 artalvtical Itto('el. is lisel to too. It, additiont to beinig ilihter itt weight. the

Irittizetb0  laccterr ari conbirtrriot I'lW)*itoItr allic sheath is particilari attractive for
ntimitetlrllic- st renigth members. The dlesigni ofer ettsironrint tal stability. Fuirthermiore. thliv ned for
excellen t optical perforrrrairce over tile ternt peratutre th grudn ofi, aicseghmmbsad
rannge of -It) tot 88' C. R('swilts of quIIaliicatlonl tests tIletallic shtields is elinrinatel ill aI rioliitet tllic &-sigrt.
pe rfornie clii accord Iarnce with lI IA st and ardI show
that the dlesign meets or exceeds both the A~k''I a., POLYENTHYLENE

wel~l as I tt' Icore require nrc nlts. Tb is lien I ei g JAKE

provides e'vhandling duirinig iris? talltion atrd i, IMGAT D

crarft friendl). especially diring expreiss ent ry, II
classified ir-e-resistant riser (cable that prox-ihtv'CRETB
dist ribuitiont between t no or tiore fIntors 'i aI Itillinri
is also available. 0.5

POLYSTERINCH
TAPE

1. INTRODUCTION

I historically, outside plant cables have omiplovelI
metallic s trength nmembers to withstand f'irst *tie
rigors oif cable placement, such as tensile, loads. F'IGUREtI 1. CROSSPY NOrNtETAI.I. SliI'AT~i
crushing, bending, and abrasion, anti tIhen fihl'
tvirorrrerit al hazards over tire lire of thre cable. 'I'li,

niotallic crossply sheathlfr is available for thre Ill!'' Ittrtilitarv aiplitatiirts. everrornagrietit. piilsn v lLighitpackO cables21 arid ribbon cables.- fbiwever. stria1iyi io i su(il atoire li
meitallic sheath components are susceptible tio ('alle. This f.,'nrsss faIta setirto
lightning arid) power crosses such that mietallic slieat h regnsdlur' tin" eari It b brolar seclsirum ari
is not suitable in certain applications. A noriitallic occurs in aito of a seeonid. Peaik field strentgthItsheath provides the best deterrent to lightning arid car rec tsof ilovol ts per lieor %ithinmray he successfully used in lightning prone arias call rechtll s of toie us il rdri
where gnawinrg rodents are not a threat. For areas nxronols b igh voltense lrins wil rris itt

t'torirtinic atioirs cable's t'orttaiig Irotals. lhierrfre,
tiolnittallic designis cI'll lie very alt rattive for

SLight pak i. a Itegisternil Trademark or AT-T. milit ary apiplicationis.
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F'or riser coiile appliv.at ioiis, to serve the ill pper floor., Table 1. EtA Test Requirements
iif lmilditlirs. a noliietal lir Icsivii is jireferredt for its
gron tiing free inst all at ion. For thIiis applivil T, Conito.
however, a stri ngenft fire resist alice reijiitremti iI(iti oi

specified by thle N ation al El eetical C ode (NEC T(1 *eiliiie toading altTenil load =X titi)I
flu lst be mect. A sitead i to inee t thtis fleed wis W O oigI 01-3Itend rajdii, 20 xf at.],-i ()I)

developed anid wiill hle discussed later in this paper.
(Compr-sis e loading Li near load I tt(I Ili

I It order to capit alize (,it t hvse feat I res. w hile l 2 TiI IiihlntI
p riovid inIg a c(ost effective djesigni a high 1ierfi rtnianl
ilitililallic lighiguide icable isitig a Coil]1 bitiat ion of Twist 18 t~tt tw

epoxy-glass rods and imip regnatedci gklass ro vi iigs wv1341-X I -f i gi

designedi. 'l'iiis paper will deiscrihe 06 hi few sheath It)cili
dlesign,. and its riieeiiarical and optical performanctie. Lo0w- andt hilgh- 1I-id radis 1 x~ ;Oi.h. 01t),

2. SHEATH DESIGN (I T.7-20 F aiid tilt 1

The mlost eonlvenientl approach l'or 1 tiouietilli o, l5ha ai, iaal t

sheath diiesignl is to directly replace the see st remtiti ii' 11 r

tneie, witIth ajiriiprimli toitoet :, Ie otii,. A~4.
cioltiliiiii filattetit filer .ls rovitiu is

altil tliertiiall % coiiijaliiili with opjttil fulrs Hti ('Nli Ii tia Iiiipai i-it,

IIiiikr it An excellent choice. Flirt lovritiori. li1 2I5 iI'-litlIpats
rovings are iiipregtiateii withi a jil toh itfi prive

their tneciiaitical properties . A-t thle prvsett tifii thei I~t~ I' :1 3uSlii .igl ft

jitiprei~witel r,,%s ro viio , ire a:ialdle ilk t%1 :il 3.. 1 1itil I f

stitaili fotrmi: rivid ijiixv-iiFjnigiditiwi riIsfii

is ci nsiir pvl ii itiiitie rolin, os liio-t il leiw.

-k j'irilli st O ini thiiitru :itri i r iirTtiit fIlq

Alion tI tii i. alkneit In li ip . he ll ii tl is t i c i 11

i-atji ull oifel iiiver iiistriigt i tiitits Iiu

(siiaeI hirlk 11it ilttig. it ;ial T~hI iiI' I

st rintiiIk tnii iers t i ijs(L- dittt I l- t i ili

loti nit ir4 eiiv, t r isi Fo i-r e s niigt w_ I .

lu-ti rvliIlis iii i i' lis h,

(,riitii i- lre r i it,, ria t
1

--- It i r.- sshsgtltt ieliieslr eii.siliest u

hot oti teireu titisili- Iu:iiu iflii, chut:. ielt eiiitiiIiiliwiliitiii rdt

A'Ftrink(pel l ih itriti s (.o lii. Ti.\ilj I 1 t 1 ri ig sit 11.- hi:ii- i-tt111,iil sittii ui

" 101liia tiu-lditit I~oid A iii-i -l ti rvi-v. I t :i4iiitizi1l,1I hsgi ha i i ui~e ii
otwriesgt is siii tu inii diure, 2. Ii iiTh, tsiitt~ttl tall. A gu iuiur- i

r-ffitiVel uituliie- lier :tir ajiriirt Io ifri-il diiiiltptil ive noiertirte islii sliffnet Its uff ii

rils % ir ti , :diil ru iti. doiit. i r i x .ith tigspll Ir Iua-ff,id rit i i, I ite rt l s;;ltis ,I Itl - roti , ini e illi
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roinirg, hav~e cc rv low cin iip re--i stilffniess. the Ic nsity poIx ethlIerie jacket is rep acedl by a Fire
shieat h cotiiiainintg thliil miay produce a highi resistanit PVC\ jacket. Foirthleririore. sinvie I bere is i),)
t'oufii-eiit of t hermial conitractioni a. thle temera-~tuire water h-azarl, riser c-ales do) not icontaini ruling
drops. Iliereforc. a suitable coiniiiat ion of rodls anil comipound( to ininitiize fuel loadl. These cable- ire
rovinvigs is chlosii to limt i li t hernial cont raction ar1 getii-rally of air-core design. andi a theormal wrap, is
lieice Ithe -orn Irisice v FII-r I raini at loa placed aroiinil thle filers for prot ection -iurinig ci ire
temiperatuiires. tube ext rushin niii agvainst heat from rire.

This cable lia.& been designied to pas, lie _T&T arid .OPIA PROR A C
li- ll-co- lec(, lititiroii reiiir-niieiit. Waster PEFR A E
blocking in the -one is pro6ide-I lvy thle conventiional Notinmetallic cables cotaini iiip to 06t Fibers have
metliod of aI filling votipoiiol .\ %aiv 1,t-c king t ape been inaniifact uredi atwl oli~ically ehiaracteriwl.
is uised lier the core t ibm- to tirevi-ii win icr imnor- .. T&T Techniologies (lei)ressed-cla-dirig siiigle-ruioile
along thle -heathI. The tap, sauvl- u1pon coiil:o-1 aitl I fiber,, with c1iore and cladding iianiters- (if RK3 andi
%%at er and( FIS t lie hIIII-ci-- oh~ iig all I lVIe -V1 icig 111 1 '25 it n , rc e iii-lIc. Am-, vre vetn IiloN ed. Lii li
iio-1iil-ur, of' Iollaver-. (if cuo-pli -lhcliti. coated ibers have an iiutl iv iaieter of *250 pmin.

Asngli- jiiki-t i-xt cii-ioii iver I I- la \o I:i\u-cr, if F-igure 3 sho%\s hislograuiis of Fiber loss after i-abling,
ci-iibic--iititiunfore t3 lii ,csa . a Ii- 11,l br et Fiar at a tiii tniperal ire. ThiI

j:icut is tiiffiwientlv couplul toi 1 li -r,- toi proil -I 04 -MPEAN =0.35 d8/ikm

th.co.t pcvi-sltlihg ii.fi r along \%ili 0 SIGMA =0.02 df3lkm
zli- fl-Nilil r u inlgs 1ii:m1-i- heiiAth IIIr cv -t cuiiilc\ W

lui liu-ciiiii -. this i-otis riwI-t ill(,\%, fir u-:L-.% lochlii 0
blancl~ing stive Ihle t%% 1i:ivucsI ace in lini I ont t 0. 02
alt I ei a h oitheir :kl 1i\Vi- Iliv- '-ali m k i 1( w h iru 0
oppoiusite- firvioinI~. ,orupfwlat, fle-xile- arid torqlue-I

freei dh-signii v r.% c-v t in-tall mtid 1(.il 90 0 1
hiandli- liv I liical mli-s iii the illH.

0
3. FIRE RESISTANT RISER CABLE 0

Thie noiililliv cisr -:hi-c li-u-tit- h-. Iiu o 0 0 0 1 0.2 0.3 0.4 0.5 0.6
tov-i thlii I iiierwriti-rs Lahorairt-sIl. 11 . titB6.
h1i-.i- (able Fire test I- ri-quiruinelt and( it is V1, LOSS (d8dkm) AT 1310 nm
+Assiuil. This lest requires thial th h-inlde 1, no
prujuagat,- Fii-e upI to thle si-cind floour upitivio 1-2
feet)I. wheni ignited hi a .1.).(XX) httu/hr tropuani-L 0.4- MEAN =0.21 dB/km
flauuo- fir a iini-hlalf hiiur ulurration. U

Tlii Nationial leci--tri-al C ode ( NEC) itmpacts in thle WSIA 002dlkr

bl-iqu of ri-ur ealis Iv ri -uoiiiiiinug piractice--. thatM 3
appyl re-sidi-ntial andui eiiuflu-.ial hiiillng.-and

-irri ris. ',pe-uiricll v, siniie 19ALt- \'I:(' rti-lu- 0
7701-6 ail ,~X1-31, pemrlmit risir calels toi Ii u inllod-iL 0.
outsile of iuiticniusille conduliit on trubing if they%

-lernonsi rat e Fire-resist ant chuaracteistics capiable (ifa

preve-liinv I lie spreadl irfFire froiii floor-to-fluxr.
I rolrrwriters L~aboratories ((IL) cla.sifii-s prioduicts 0 1

iliat nicer the it-lit iof tle NIX>

Rliser icales cinnvet iutside platnt to limiliiig00
list rihiitiiin cabules. In iluiniown ce-ntrcal ofrices II111--00
,also connect interofrice and intercity I ruinks and, a~ 0.0 0.1 0.2 0.3 0.4 0.5 0.0

their namne itmplies. t heY provide riser dist ribuionul LOSS (dS/km) AT 15580 fim
between two or more floo-rs. One major difference
be-tween this dlesign and the ouitside plant. cables is
I hat this d~esign i must itect stringent, Fire test FIGI11iI1 3. NI:'W NONMETALIC C'ABLE.
requiirements discnisseI above. Therefore, the high _111?ODtCTION RVISULITS
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rieprc-.itit, jixodiii-tiot dataj r ATAkls light p:ie sitlile is i. Iit irotitild :1 n,:itilri.l %itii a Iitiir
-ahle iorvs %th etistoittor peiiedl losses less lihit equi~l to 10) ttiiie thei rilil eiitiiitir. 'I'lie ,-t
0.10 111/kiii. Thei tivan lo- 1s 0.35 111/kiii it 1310) irhointtd at it rate of' :30 v vles per oini iti frw ;i

addhiitiotn., i h iseak iali uit Ii Al- fribr %%i,, is t 11 at tiitil of 25i itiliais. III hf- votilr--ioii I (-1. :
vnttiriintiIaIi vll tv-sted and loss teLtasirit, tile 150A)-N-wtoii IM)0( ]I) force - iji appiedi ove i~it -IM

llt:it ni tlitilier or critik-al pjAnts duiitt1  tilt nini ( I itich) cialdvivilegth hor ,i-t inwts. liirinvg
teijcratuire cycle. Speehcally, lo,.s mie.siirttieiits ie( twist test, a cable sampllle is rotated ± IkOt
tiere Ilade :it a ciic acI agitIgk poilt of - (0 (-) 10 ) %bout its axis for it iiioitt of ten c ' vll-. l'i-
tetnjer:itinre nfter a five hi~tv expoisuir to NS capability of the( vabde to) endlure Iletintg :it viwrilis

h(lw I.). Tlt, Itii-:iill -l loss it 1310t kii 15-)0 teinpirat ores is evailiati-d litritot thle itl atid -ll
Ai iL less t ltimi 0t.03 Ill/k ni oxver tlie etire I. -tol test. A l s:tinple is mralled rmur litti

tcitti pratim irttie aws stioti in Fiori- 1. Theli-Ille atoiind a niiatilrel woeraioi *i, teI-in titii-st i
lo-. li)e i. \%Ls seen only :it ex) retne r l iatmeter of t he caile at -21) C (-20t [) :il 60 t

teii mitat iie-s. Tliese n-uIt stilt istraite vxc--l-tit ( 1 10) F). All of Iloese V-IA tests requtire t hall t lhere is

t wrtiial st:il IHitx% iwt t 10 C 1-it F) ait I~ SS Io s'heathi ilatna:ge itill a ixiittillevd loss of I-
~t I.. .t han 0.2 Ill ilter tistintg. Ili wilit on to) tie relqoirre

EIA tenisile testi. loatl-strait llelaviiir \ttas tnisori
for several ioiinietiallic lieath saiinples. Thle results
,hIt,)\\ thOe samples int thle 2,7M) N ((b,(t Ih) li

j :xtt g n - ecriltel lv PD,) lintel :tl UAL1

(atsd.Ill.- tif i., first tiit . a calle iatipic is

%litli at sli:irp 3 tn (0.12 itncI) radiiis lisciitiiiiit .

(al titision-t i i, l iler iotioiitx are r-~ii
thlritiihit t ie- test. Thllis test i s i ft itio t IIlI
lust t'itx :tiaol it is teriiinatel %%hleti all the fihers
ire Iroketi or %witi t i- sli-atl Iihall fNile-l. The
resullts 01i:1x that i perliiriinie oit th line shieathI

...... *.liiIn ie, seuoltu test. i (*:itle saiillil is rejle:iteull

slhliiczf-l thlit-ghl :i periecs if thlree rollers, over a lti-

-r :i~~~xll i-tiliie- Tis ertt ileilas wrill (. ~oii
its iliti. I al-lu- ptilliig te-114in mtid riler

-is !i 16t nro-lI-1-cire tsthww tilt. -liiitt Tiliial

5. MIECHANICAL. PERlFORMIANCE Ow lie drs :ire- hireti or xIw Owi i shi:th It(td f:iilil.
A slI-filer liiht :ick iallev of' the tixi% tioniititalli-

sliljli-I ll'lO-l lulitl-ir FI.\n )it ill. 1-tx-lIiv f

rild"'ll ~ ~ ~ ~ ~ ~ i ii..r-ld r f:, - h iii ih r m, :.-fltitiiu h i i i ii of vmit ai qu v e

r, -.,1iii-1- - 4,) f,,% futgh If iw tie %ik iiieterw fle :t u i ,

11--u-tiu rt) \u r l" t ''l '

:jt ~n t s fu lu x li nt r s 11l hIdii 21 1 1

idrainlWr al ymoimPoedns18 4
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Dry Type Water-Blocking Optical Fiber Tape Cable with Slotted Rod

Masumi Fukuma. Nobuhiro Akasaka, Shuzo Suzuki

Sumitomo Electric Industries, Ltd.
1, Taya-cho, Sakae-ku, Yokohama, 244, Japan

Abstract 2. Requirements

A novel water-blocking optical fiber cable which The water-blocking optical fiber cable can be
used water-absorbing material has been developed, used for trunk and subscriber transmission line
This cable has a central slotted rod with six systems. Design of the water-blocking cable was
slots in each of which two 4 count-fiber-tapes done with taking the following considerations
and a water-absorbing tape are accomodated. The in mind;
cable joining operation has become easier compared
with jelly filled cables. In this paper, the 1) The water-blockinq Properties should be
design criteria for accomodating water-absorbing excellent in order to keep longterm re-
tapes and experimental results concerning water- liability of optical transmission lines.
blocking properties, thermal properties and me- We set the permissible water-penetration
chanical properties are described, length which was less than 0.5 m at 1 m

water-head pressure from the viewpoint of
thermal properties of water penetrated cable
portion.

2) The dielectric optical fiber cable is neces-
1. introduction sary to the system in which an optical fiber

cable is used in the serious riectromagnetic
When an optical fiber cable is inundated with a influence.
water, the strength of the optical fiber is de-
gradated and the optical fiber transmission loss 3) A compactness, light weight, and easy opera-
may be increased by hydrogen which is generated tion of cable joining are required for the
by a chemical reaction between water and compo- cable structure when optical fiber cable
nents of the cable [1]. Therefore, the per- is used by subscribers. The cable diameter
formance of water-blocking is needed for an should be minimized.
optical fiber cables.

4) The water-blocking optical fiber cable should
There are two water-blocking methods, one method have sufficient stability for temperature
is gas-pressurizing maintenance which uses 4r- cycling, and be able to withstanl various
core cables which are filled with dry-air after in- mechanical forces. These properties should
stallation. The other method uses water-blocking be as good as those of air-core optical
cables which are filled with water-proof materials fiber cable.
in the cable. The air-core cable has a mainte-
nance cost during operation of this communica- With these factors in mind, our water-blocking
tion system. However, water-blocking cables optical fiber cable has been designed.
have no maintenance cost. Therefore, when the
optical fiber cable is applied to the field with-
-ut gass-pressuring maintenance system, water-
blocking cable must be used. 3. Cale design

Recently. the water-blocking cable is attractive 3.1 Structura, design
',om the viewpoint of maintenance free cable
,,stems [2]. However conventional water-blocking The cross-sectional structure and the side view
i 'es which are jelly filled cables and water- photograph of the newly developed water-blocking

",- r powder filled cables have some problems optical fiber cable are shown in Figure 1. The
ib'e joining operation, such as degrada- structure of cable was based on the tape-slot
• , ability due to the viscosity of jelly type cable [3]. An optical fiber tape is composed

' , r the human body resulting from of four single mode fibers which are individually
n if water-absorbing powder. coated up to 250 uml in diameter with UV-curable

resin, and these fibers are further coated by
... , ,-sent a new type of water- UV-curable resin. The thickness and width of the

S ' "s free from these problems, fiber tape are 0.4 and 1.1 mm, respectively. A
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Slotted rod is made of polyethlene, and six rec- optimum filling density of water-absorbing material
tangular slots are provided hellically on the should be determined in order to achieve both
rod. The strength member in the center of the good water-blocking properties and transmission
slotted rod is selected as FRP (Fiberglass-Rein- characteristics of the cable, because optimum
forced Plastics), which has the advantages of low space in the slot is necessary to get the mechan-
weight and being free from electromagnetic influ- ical and thermal stability of the cable.
ence. The diameter of the slotted rod is designed
to be 8.0 mm. Two fiber-tapes and a water-absorb- In order to determine the minimum filling density
ing tape are tightly embedded in each slots with of water-absorbing materials in the slot, the
a residual tensile strain of about 0.05 %. The relationship between the water-penetration length
acrylic-acid water-absorbing material was selected and the filling density was measured by the ex-
concerning the material of water-absorbing tape, perimental set up as shown 'in the inset of Fig. 2
water-absorbing materials which are not selected Figure 2 shows the experimental results where
with regard to the appropriate tests may M is the ratio of the cross-sectional area of
generate hydrogen in the cable when it is exposed water-absorbing materials and that of the inner
to muddy water containing a large number of micro- cross section of the glass tube, and R is the
organisms. It has been confirmed that our acrylic- water-absorbing ability which is defined as the
acid water-absorbing material passed the appro- ratio of the weight of the saturated swelled water-
priate decomposition test[4]. absorbing material and that of dry water-absorbing

material. In the experiment, water-absorbing
Water-absorbing tapes are wound around a slotted material was filled in a glass tube having an
rod. An outer-sheath is coated up to 11 mm in inner diameter of 9 mm with the filling density
diameter by extruding low density polyethylene, as a parameter, and the tube was applied to 1
The cable is able to accomodate 48 fibers and r.eter water head pressure with salt water (NaCl
its weight is 105 kg/km. The structure of this 0.75g + CaCI. O.5g in the liter water) was applied
cable can provide a compact water-blocking optical to the tube [6]. The experimental results show
fiber cable when it is applied to a high-fiber that the water-penetration length was reduced by
count optical fiber cable, increasing the filling density M-R. The measured

penetration length 1 can be expressed by the
following equation

1 1 ( ,+ I m i

3 where a and a are constants which are determired
from the experiment. and I- is the water-penetra-
tion length expected for the infinite filling

5 density of M.R. The values of a, a. and 1. of our
absorbing materials are determined to be 2.89.

q
'  

2.18 and 0.12, respectively.

0. 4m i~I= Photograph 
Sl ae

Optical Salt water

1.1mm fiber (This photograph shows I (NaC 0.75g +
five slot-type cable) 5 EI CaCl2 0.5g /

4 count-fiber-tape - 0 1 leter water)

1. Water-absorbing tape 1_T

2. Fiber-tape 1.0-

3. FRP strength member of 3.4 mm T

4. Slotted rod , Space

5. Water-absorbing tape

6. Outer sheath a Water-absorbing

material
Figure I Cable structure of water-blocking m

optical fiber cable 0 ' ' ' ,

0 5 10

3.2 Design of water-blocking performance Filling density MR

0 :Material A
A water-absorbing material blocks the water pene- (Water-absorbing ability R=1O)
tration by swlling up the penetrated water and
rapidly expanding those volume inside the cable. 0 Material B (R=20)

Therefore, the water penetration length depends
on the filling density of water-absorbing materials
in the cable [5]. When the water-absorbing mate- Figure 2 Relationship between water-penetration
rials are applied to a tape-slot type cable, the length and filling density
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On the other hand, the optimum space design of 4.1 Transmission loss
the slot must be considered to realize mechanical
and thermal stability. The value of the accommo- The transmission losses at each stage of the manu-
dating ratio Ms is required to be in the range facturing process were measured. The average
of 0.45 to 0.55 from the experimental results transmission losses at the two wavelengths of
of tape-slot type cable. Where, Ms is defined 1.3 um and 1.55 om are shown in Figure 4 for each
as the ratio of cross-sectional area of contents, process. The changes in transmission loss were
that is, two fiber tapes and water-absorbing mate- within 0.03 dB/km during each process and the
rials in a slot and that of a slot. The accomo- average losses at 1.3 um and 1.55 wm were 0.36
dating ratio Ms is expressed by the following and 0.23 dB/km, respectively. It can be concluded
equation that there is no excess loss during manufacturing

ST + Sa 
processes.

Ms Ss + ST + Sa (2)

0.4 Ms:0.55
where Ss is the cross-sectional area of space Ms=0.45

in the slot, ST is the total cross-sectional area
of two fiber tapes, and Sa is the cross-sectional Design point
area of a water-absorbing tape in the slot.

In the design of a water-blocking cable, M = Mo 
.2

is determined by equation (1) when the required
penetration length I is given to be lo and R is -m 0.2-=0.5
determined by the selection of water-absorbing . .
material. On the other hand, Mo is already defined Z
as

Sa __0.1 I /
Mo = Sa + Ss (3) / /

R=20
The equations (2) and (3) can be transformed to R!
equations (4) and (5) 0 , , - ,

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
Sa Ms_____
S - Ms Ss - S (4) Cross sectional area Ss (mm2)

Mo Ss (5) Figure 3 Design diagram for cross sectional area
Sa 1 - Mo of space in a slot and that of water-

absorbing tape which ahs the water-
The solutions of equations (4) and (5) give the absorbing ability (R=20)
dimensions of required cross-sectional area Ss of
space in the slot and cross-sectional area Sa
of water-absorbing tape. From equations (4) and
(5), the design deagram for Sa and Ss is obtained-.k wavelength
as shown in Figure 3. Sa and Ss are determined . 0.4
to be 0.18 mm

7 
and 1.0 mm", respectively con- 0

sidering the following:

(1) Water-penetration length is less than 0.5 m 0.3 -=1.3Oum

(2) Cross-sectional area of water-absorbing tape
should be minimized 0.

(3) Considering manufacturing of error of slot TOl. 1"55m

dimension is around 0.1 mm.
I U | I

a b c d

4. Cable performance Cabling process

The arrangement of two optical fiber tapes and a a: Optical fiber
water-absorbing tape in the slot is determined
through trial manufacturing and the finally de- b: Fiber-tape

signed cable is shown in Figure 1. The wave- c: Cable core
absorbing tape is sandwiched between two optical
fiber tapes. The single mode fibers have the mode d: Cable

field diameter of 10 wm and the cut-off wavelength
of 1.1 ', 1.3 ijm . Figure 4 Transmission loss in cabling process
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4.2 Water-blocking properties of the water which penetrated the cable. The
maximum excess loss was 0.5 dB/km at -40 1C.

The water-blocking cable will be penetrated by Therefore, the excess loss of 0.5 m water pene-
many kinds of water in practical application. trated cable portion at -40 IC was 2.5 x 10

- 
dB.

The water-blocking properties of this cable for a This experimental result confirms us that the
salt water and alkaline water are shown in Figures water-blocking properties of the newly developed
5 and 6. In Figure 5, a salt water which contains cable is sufficient for practical application.
0.75g NaCl and 0.5g CaCl 2 in a liter of water
is used. The penetration length was 0.5 % 0.6 m
at 1 m water head pressure. It is indicated that
the manufactured cable has the water-blocking $ Distilled water
performance as expected from Figure 3. The time
dependence of water-penetration length was very 1.0- : Water containing NaOH
small for all conditions of 1.0 to 5.0 m water
head pressure. The water head pressure dependence o
was saturated in the pressure region higher than
around 3 m water head pressure. The water penetra- - 0
tion length was less than 1.3 m even at 5 m water "...
head pressure which corresponds to thp maximum
depth of a manhole.

2.0 ~~-o after I day i

------ after I week 6 7 8 9 10 11 12 13

--- '--- after 1 month pH

Figure 6 pH dependence of
water-penetration length

1.0" -- (Water head pressure was I m)

, . Water: Salt water

00 (NaCl 0.75g + CaCl2 0.5g/
1 liter water) 0.5.

0.4.

0 1 L 3, . v :i3m
0 1 2 3 4 5 1.0.33

Water head pressure (m) 0.2

Figure 5 Water head pressure dependence of 0.1
water-penetration length

(Different samples were used for 1 day, 
1 week 0

and I month measurement)

Figure 6 shows the pH dependence of the water- -40 -20 0 20 40 60
penetration length for alkaline water. The water-
penetration length was slightly increased by in- Temperature (OC)
crease in pH. and the penetration length for
pH 11 alkaline water was less than 0.8 m after Figu-e 7 Thermal properties of
one week. The value of pH 11 corresponds to the water-penetrated cable
largest pH of alkaline water in a Japanese manhole.

In order to investigate the thermal properties
of the water penetrated cable portion, the water
penetrated cable was manufactured as follows.
The cable core all of which was immersed in water
was made and then, the cable core was wond by
rubber tape to protect evaporation of penetrated
water. Figure 7 shows the thermal properties
of this intentionally water immersed cable. The
transmission loss increase was observed in low

temperature region from 0 to -40 
0
C. It will be

the microbending loss which is caused by freeze
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4.3 Thermal properties minimum permissible bending diameter for
a water penetrated portion was also 120 mm.

Figure 8 shows the transmission loss change of
the water-blocking cable in the range from -40
to 60 IC for two cycles (I cycle takes 60 hours). 0.6 - Optical fiber
The transmission loss was measured with on LED -k- Cable
light source of 1.3 um wavelength. The trans- 0.5 - 0.2
mission loss change was within 0.04 dB/km. The Elongation

experimental results indicate there was no signif- 0.4
icant degradation.

S0.3 - 0.1
E ,ii

0.2 1 cycle - 0.2 Excesslss
0.i -- -- 2 cycle

A=1.3 p~m los 0.1_' O

00
1 100 200 Tensilex , , , , ,strength free

-40 -20 0 20 40 60 Tensile strength (kg)

Temperature (*C) Figure 9 Relationship between tensile strength

and elongation of optical fiber and
Figure 8 Thermal properties cable (involving excess loss)

of water-blocking cable

4.4 Mechanical properties (0) Impact test
A hammer was dropped 5 times on the same

Mechanical characteristics were examined against position of the cable for a given impact
lateral force, tensile strength, bending, impact, energy which are 1.2 and 3 kg.m. No signif-
twist and squeezing. Table 1 shows methods of icant transmission loss increase was observed
mechanical test and results for various mechanical even at 3 kg.m of impact energy.
tests. Mechanical characteristics of both the
water-blocking cable and water penetrated cable (E) Twist test
portion were measured. The transmission loss The cable of 3 m length was twisted by +720
change was measured by on LED light source of degrees. No significant transmission loss
1.3 wm wavelength, increase was observed.

(A) Lateral force test (F) Squeezing test
A lateral force was applied to a 50 mm length The Table I shows sketch of squeezing test
of cable. The excess loss was not observed set up. There are 3 squeezing wheels which
up to 500 kg. These results are as good radii are 250 mm. The cable was squeezed
as those of an air-core cable. The excess under a tension of 50, 100 and 200 kg respec-
loss by a lateral force applied to a water tively. Each tension was chosen as a designed
penetrated portion was not also observed elongation of optical fiber of 0.1, 0.2 and
up to 500 kg. 0.4 %. The squeezing length of water blocking

cable and water penetrated cable portion
(B) Tensile test are 100 m and 8 m. During the squeezing, no

The relationship between strength and elonga- change in the transmission loss was observed
tion which were measured for optical fiber including i-npulsive flactuation.

and cable is shown in Figure 9 involving
excess loss changes. No significant excess
loss was obsorved up to the fiber elongation
of 0.48 %. and the elongation of optical 5. Conclusion
fiber is almost the same as the elongation

of the cable. These results show that the A novel dry-type water-blocking optical fiher
optical fiber are tightly embedded in the cable has been developed which uses water-absorbing
slots. No excess loss was also observed for tapes. The cable joining operation becomes easier
water penetrated cable against tensile compared with jelly filled cables. The design
strength. criteria of accommodating water-absorbing tape

is also clarified, and it is confirmed that the
(C) Bending test cable has excellent water-blocking, mechanical

The cable was bent by -180 degrees to the and thermal properties under adverse conditions.
right and left repeatedly around various This cable will contribute to the construction
mandrels. The minimum permissible bending of a maintenance free cable system.
diameter which corresponds to the diameter
of 0.01 dB loss increase was 120 mm. The
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Table I Mechanical test methods and results

Test items Test methods Results

Plate length: 50 mm No loss increase at

Lateral force Weight 500 kg/SOmm.
test Plate

test l=

~Cable

Tensile speed- 10 mm/min No loss increase up to
the tensile strength of
250 kg.

Tensile test Cable

8m

Tensile

Bending angle:± 1B0 No loss increase at the
Cable bending diameter of

Bei 120 mm€ after 10 cycle.Bending test /- - - Mnde

, '120 mmii

Hammer dia.: 25 mm No loss increase up to

Impact energy: 1 3 kg-m the impact energy 3 kg.m.

Impact test mJ j Hammer

) cable

Twist angle: ± 7201 No loss increase within
the twist angle of ± 7200.

S 3m

Twist test If\

Twist Cable

Squeezing wheel radius R: 250 m. No loss increase up to
the tensile strength of

Squeezing test R Cable 250 kg.

Tension
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A New Nonmetallic and Waterproof Optical I iber
Cable with Absorbent Polkmer Ribbon

Shigezou KUKIIA, lakashi NAKAI, Akira IIAYASI(,
and Iliroaki KOGA

NI I Fransmissiin Systems Laboratorie.,
Nippon lelegraph and Telephone Corporation,
Tokai-mura, Ibaraki-ken, 319-11, Japan

Abstract the operation efficicncy of jell,-filled cabl.es, a few
This paper proposes a new, nonmetallic, optical Aaterproof cables filled with powder (composd of

fiber cable waterproofed with absorbent polymer, calcium carbonate and polymeric resilI
, or stearate-

The cable can construct the transmission line at low coated chalk and polyacrvlamide 
) have been

cost and dries not require maintenance. Ihis paper proposed. flioyever, it was pointed out that these
describes design methods arid evaluation methods to cables have a priblem in that the powder negatively
achieve the proposed cable, influences the manufacturing and operating

A waterproofing technique is investigated based circumstances. lhey also have a bad influence on
on the selection of absorbent polymer for its long- the he-lth of operators, as the powder diffuses into
term stability. Also studied is the waterprof the air'

.

structure design with absorbent polymer ribbon. As As mentimned above, conventional cables are not
a nonmetallic technique, a sheath design for the suitable for lowering the const ruct ion arid
suppression of shrinkage and moisture permeation, maintenance costs. Also, they can not make full
and a strength member design to endure a long-term use of the distinctive features of fibers.
fatigue, are clarified. A nonmetallic water JIo solve these subjects, this paper proposes a
penetration sensor, composed of a fiber arid a new, optical fiber cable which is nonmetallic and
shrinkable thread, is also proposed. waterproofed with absorbent polymer ribbon instead

Cables manufactured using these new designs of jelly-compound. Ihis paper describes the
shiowed per form ance suff ic ient for practical development process of this cable, and discusses the
application. following concerns.

(1) The selection method of the absorbent polymer.
I. Introduction (2) The waterproofing design with the absorbent

lhe demand for broad-band telecommunicat in polynier.
networks has been increasing. lo comply with the 13) The nonmetallic sheath design.
demand, it is becoming necessary to construct and (4) The nonmetallic strength member design.
maintain the network which is composed of optical (5) The nonmetallic water penetration sensor design.
Iiber cables at low cost. loi make the (6) The manufactured cable characteristics.
construction cost lower, a cable is desired which is
small in diameter and light-weight, and which has 2. Investigations regarding design
easy operation in jointing. As for maintenance To make the cable waterproof and nonmetallie,
cist, a maintenance-free cable is necessary. it is necessary to study the following.

Conventional optical fiber cables are grouped
inti two classes from the view point of maintenance A. Waterproofing technique.
techniques. One is a gas-pressurized cable, and (I) Absorbent malerial selectiun, and long-term
the other is a jelly-filled cable. reliabilityv checks, as applied to %taterprofing

The gas-pressurized cable exhibits high material.
reliability, though it has some demerits. These are (2) Determinatikn of allowable penetration length and
its excessive weight due to the usage of metallic the design iff waterpruoiing structure with
material, such as its LAP (Aluminum Laminated PH) absorbent miaterial to satisfy the allow able
sheath and copper wire for monitoring gas leaks, values.
Also, its diameter is large, because of the (3) Waterprofi ig test method to precisely ealuate

assembled gas-pipe to supply gas into the space uf the waterproof abilitv of the cable.
the cable. Additionally, the gas-pressurized cable
can not be applied in areas subject to electro- B. Nnmetallic technique.

magnetic interference because it uses met all I I {I) Nonmetallic sheath design to suppress shrinkage
materials. This means that it cannot make full of the sheath and to resist moisture
usc of the distinctive features of the fiber. permeation.

The jelly-filled cable, on the other hand, is (2) Nonmeta!lic material seleetiin for the strength
inherently waterproof, making such a maintenance member, and an appropriate metthod to suppress
system unnecessary. "The tack of jelly-compound, the long-term fatigue of the material.
however, degrades the efficiency of manufacturing, (3) Design ouf a nonmetallie water penetration sensor,
fiber inspection, and cable jointing. lo improve using an optical fiber and a shrinkable thread,
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C. \Ia nutacturtd cable evaluations. m icroorgan isms. Sanple B contained absoirbent

.s aluationls ol a imanufactured cable, conducted polymer and filtered soil w ater to wich sodium

II the field. azide (NaN 3) was added, instead ofl NI 14112PO-1.
[he NaN 3 is a germicide. Both flasks feontuining

3. Waterproofing technique air at I atm) were sealed by teflon cocks and

It should be emphassed that the wa terbineking stored at 30 'C, which is an ideal temperature for
mechanisn of an absorbent pol ,mer is completel\ microorganism growth.
different from that of a conventional jellY-compound. The following evaluations awere carried out using

Ihe jell\,-compound is designed to keep water these samples:
out of the cable. Ilwever, the absorbent polymer (a) The gases generated in the flasks, as well as

first absorbs the penetrated a ater, and then swells their partial pressures, were examined b, gas-

up, constructing a waterblocking dam in the cable chromatography.
space. lherefore, a iera waterproofing structure (b) The viscosity of the solutions was measured.
should be designed, and a waterproofing test method (c) The external appearance of the solutions was

should be established to precrseli evaluate the examined.
w aterproofing abiits.

B. Evaluation results

3.1 Selection of absorbent material The results of the gas analysis for a typical

MIan. kinds of absorbent polymeri. such as natural absorbent polymer in Sample A are shown in
s n thetic polI mers (e.g., polk -acr li c-acid, ig. I. The nitrogen and oxygen gas pressures
isobuts lene, and P\A) and natural polymers (e.g., gradually decreased, and hydrogen gas began to
cel lu lose and starch), have been developed, appear after 3 days. 'Ihis is a typical

Iloae er, most of these are for short-term sanitar\ decomposition phenomenon associated with the
use, rather than industrial use. activity and growth of microorganisms.

Requirements !t apply an absorbent polymer to Furthermore, the measured viscosity of Sample A

the waterproofing material of a cable are as follows. decreased rapidly from 5 poise to 0.02 poise after
(I) Superior a aterblocking abilit,. 15 days. Ihis value is almost equivalent to the

(2) No iegati\e effect on the material constructing viscosity of water. On the other hand. th,

Il,, cable, viscosity of Sample B remained almost constant oxer
(3) Long-term stabilit. 20 days. 'he viscosity change in Sample A is also
(4) F-it for tie manufacture as well as the jointing indicative of microorganism decomposition.

ellicienc. of the cable. These phenomena, which indicate microorganism
I lere, eva luating methods w hich meet these decom pos t t ion, occur with almost all natural

requirements are proposed. Also, one type of absorbent polymers. Some synthetic absorbent
pol-acrslic-acid absorbent poliner is selected, with polymers are even decomposed by microorganisms.
special consideration given to its long-term stability. Therefore, before selecting an absorbent polymer for

use in an optical fiber cable, it is essential that
1. Long-term stability evaluation oh absorbent the above tests be carried out.
1pol , m iers

An absorbent polymer applied as a waterprooling C. Effect of microorganisms on optical fibers
material should satisfy the follow ing stability The effect of microorganisms on the wavelength
requirements. It should provide: loss characteristics of optical fibers was measured
(I) Resistance against decomposition by using a 300-meter-long graded-index fiber. The

microorganisms contained in soil water, fiber was soaked in soil water at 30t- for 20 days.

(2) Stability when subjected to long-term temperature The soil a ater consi ted of filtered soil water,
fluctuations. 1.0

1.1 Decomposition by microorganisms otal
Several tests are currently used to evaluate a

material's resistance to microorganism decomposition. 0.8 .....

these include the MIL-E-5272C test, and the N2 0
AAICC lest Method 90. 1 fowever, these tests 0.6
evaluate resistance only with respect to specific

kinds of microorganisms. They are not -uitable for a
evaluating resistance to the broad spectrum of

0.4microorgarnisms contained in soil water. thus, tIe
follo ing simple and practical method, is proposed
taking Into account the actual conditions under O 0,2, H,
which waterproling materials are applied. r

A. Method for evaluating microorganism decomposition 0 \ " -

Iwo samples (in flasks) were used to evaluate 1 2 5 10 20 50 100

the extent If decomposition due to microorganisms. Time (day)

Sample A contained soil water which had been
poured through filter paper, an absorbent polymer, -g.I Gas piessuri in a flask (in which absorbent
and ammonium dihydrogenphosphate (Nt1 4 1121,1'). polnlrer and soil water w ere mixed) as a
[he N1 4 1121'04 is a kind of manure. Many luncton of time
decompositilon test results have sIown 4I at

Nt141 2 1 . accIelerate s the growtfh of
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ab.sorbent polymer, and NI l*l l2"()4- 1 hit risult liiIiii liii' alo iimlpft'tiurr. xfihin It. bh ro
are st,%%n in lFig.2. F iber loss I ncredsed m ark cd I rmitm degrade'' t o 80". (or 74(1"., , I to notI I ila.at 1.21 jim. 1.70 yrm. adi 1.88 ym. Ihis result Is 1m In [ g.3. I I'( dI i( t t th Ow ri ..
indicatets that the idrlogen gas generation, due too rdjtl, dcgradi's "itb(I ti 1) 111 d tu tau lt twit,

ntlIc rioorgdttlism decom pos itioti1, causes chaiiges ;Ii iiidii'atei that crois-iltitg In ftt tirl'it si , tn
xi ax eength characteristics. is dest ro\ ed h\ loo at, ri s ulIt iig ii an i lI ,-r, -,

absoirptioni pe'rformnlce. I riin iliterlmolal irv ilti'-.
results, it can be stated thtat 1)\ nttti( ilxmrA
mnains ain zitsiirpin tdtio grrtier Ilon 0,,"6 ' its irtt at value, atid i-xliliits u IlII iin ab~iirpiI%.-

II chdrdcterist i(s, coxinii ter 10) tea~r . loxii.\4 .F
S\ ~i /Stit fictic 1pol% tnir IB (-it hi Ix\pctid to, h'.- t

N4 obsiirbig aulit t at ter atw-ii 2 x\ la rs.

tinme d 2.2._ t T _~gauiit of %% dierbhIiikin (-ht -rit 'toi
14 days' U'Net ciottdit ion)S 4~ das VI Vheit iltr lpit-nerates d cable, Ii. bt sobrbcwi2- 4 poix ticr weilks and c hanges Itou a gel, Ai tich tornt,_j '.- I -- a terllck itg ddtil.

Itei lotig-tcrti xi atcrbluickiig adbil1itl NAii
.0 1 2 aludtid h\ measuritng te x- isctusit.t > ot I ie( gt-l.

10 1. 1.4 1.6 1.8 1 he results tire shoo.% i iii I- tg.-. Ater 2-Il) hour,legt (m(10 ddl dl Li 6C, the o.isciusito of S\i Sytt I( po nti-rWave Ight/m decreased mdrkedlo.. It 'ell to, less thtatn 0.03
poise. 'A Ihichitso alniost equal to the %adlici (of %i atI (r.

Ftig.2 Chdtnge itt xiaxelength chatracteristics due t N eti m e itte Ivtlte% scoosil t iii Svnt het tc puul ' flir A
microolrganism decontpositiont remained almnost the .sameu a, its intitial x alui.

Ilt reduced % i si isit\ results iii a gredter %%at ter
2. thermal sI abilitv pvietrattoil lettgt. Gl ass. pipes tilled \ruth1

Absorbent p I.% mers "i it k% ttr (o,% et courdit inl abso~rbent pok mter wi-ri set dt Wt. dttd a wa ter
dand w&it hout wdter (dry ctonditiotn) must maintai pressure lex el Lit I meter 'AI, as ppliled th(rough t hi
their dbsuirptixe dud xi aterhitickitig perlinici' for (cross-sectio tt the pipe. I bent the p~enetrdatitt
inore thtan ten x edrs.

2.1 Degradat on of absorrpt Ion1 charatlitrist Ic's (drx
coinditiotn) 100

Fh e aging ch art c t e r Ist i cs o I dfrx\ ab so r bcirtt
pol> mers wiere evaluated hy examitring t he %% atutr
absorbi ng abi Ility after the absorbent poly mer (tad 90 x \
been stored at ternperatures of' 901C, 15 B0 U, arnd
200t. -1hli absorpition ratio is du fIrr ed as the
maximum water voxlume that ti utnit weight of 80;abhsorben t polvinmer cart absotrb. He ri I tiitisi It

200 Sy thet" 70%
polymer

~1p A It Synthetic polymer A150 .0 30 -0- at room
~ 25 ytht~ 80% i temperature

polymer' ~ ytei---at 60 C
". B .'; 20 polymer B

\ 50%" -0 -at room
E 7x .>temperature 1

-3.010 --- at 60C
Maximum absoirbingl\
water volume

30 -.- degradation 80%"/.\,1 0 12 13 14

1 102 104 10 6 Time (hour
10 years i. "SOjvCaneAging time (minute) l'g4\ietiycagsin absoirhent pulooiner gel duetoi thuermal degradtiiit as a funceitti oft timte

F'ig.3 Degradation it) absorbing chtaracteristics ofi
absorbent polymers due to tenmperatuore
variat il-n over time
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lcn g t w as In easu red. I hie results art- shown iIII

t g.i I is (ca r t hat the %. iscost I %( clngi results
ini dtigradit ion oh the w aterblOCking ablII%

I ise, re-sults shto w thItat in iicriorrgaiitIsmi a
Lderm np osi tIron ariid thr inalt st ibi Iit\ must be

c% aIu at ed in order to propt-rkI sel ct thIe abso rbenit
pol fIe Icr. I he t-\aluatiuons derurst rated that t he
Si [tiher iR poIin cner A, t hat is, I ho( pok' -aicr\ lik -acid,.
i. suibt- be or use as, a watLerproof itig material.

160

Synthetic polymer A (at) Absorbent powder painted ribbon
Z 140 -0- at room (h) A\bsoirbenit polymier rapt

temperature I)Asib tp iertp
C! I-0- t6 ig.hi Appearance oif absorbet mat erials processed
C 120 - at6 or the- cable

Sytei 1o0mr0 absorbent p Irnier based on this a)llow able %alue i,
*- -at room

temperature alodsue.

~ 6O~...at60C #1. Al ltoiable penet ratiotn leitgt b
In nonietall ic cables which have sufl ered I ront

I I petiutratron, the problem was suspected tot result itt

40 ~fibeir loss i n crecasec due to freezing, and fiber
strength degradatiott over long time periods. I he

I '~~~C all ow able pente trat ion I erigi It shltId be determnined toi
0 resolie these. prorblems.

- 201, 2,
C 1 1.1 Lo ss intc rease due toi freezinrg

0 .~.o0 h0 1, "as pointed out that the lreezing of vkater
0 00 _ which has penetrated q~ 4 optical fiber cable induces

0a large liss increase T o determine the
a_ 10 10 w aita blIe eicittIratIIot length, i t is essential t o

1 10 102 103 104understand the mechattism responsible fotr increasing

Time (hour) loss, atid toi det ermnt te thle amoiunt oft liss increase.

I ig..5 In luc sc ttt tertttratiiit length due it) thtermal A. Mechanism respornsible for liss increase due tot
dt~raditii of abstirbetrit gil 11it t aielttirri of freezing

IIMe ]he cause of liss increase due toi freezing has
been presumed to be tie lateral pressure associated

:3. Pr cesrn& i if ahrs irhi i! LJ2±l2uc wihcbclepnin Tocnimte4idt
-__ _ wi Ii cuba e 4asin. ocnim te aldy

li abs.irtItC p~r liler. wx hici wx as sc lee t e'( of this presumpt tion, experiments using st ainless-steel
c itt atrid tIiio kinds irf source material, fiber arid pipe models were carried out. Stainless-steel pipes
hitiwder. Io aIpl its ibsirberi poith iters tot were filleid with 'AatIer. lIn trie sample, a fiber
t ables. tuirn prircessing iii the source material is rrbbrrn was Inserted straight Int the pipe, whereas
impirtant tir perttit rh ,itiret mtanrufacturing arid ini the tither sampl,, the fiber ribborn was Inserted
operat tonii. 1.,rrci all ith regard toi pit drr, I ri w vithl bentiig. I liese samples were set in a
prriceisng is irrdispensable tio pretent its scattering thrermorstat oii -201-, arnd the loss change w as
lit tie Lirt. moito t redl.

li,.i rhrtit pitIl\ tiers whircl ire priwde-r are A resulting Iriss inc~rease was ribserxed with the
t0ii11% prliritid )it thre plastic ribborni witlr adhiesives. bent fiber ribborn saniple. but noit with the straight

lit, absitrfetrt poI % in cirs w Il bi arte I ibt'rs art ti. A\lsro. (luring f reezing, expanrsion tif thle
prircessed tt the trmtso ii a\ an arid it t ape. stairiless-stret pipre was otbserved. IThe expansion

lie appitaic ofl thre Irirms oif t Ire absoirbenit ratrio if the plipi diameter indicated that a lateral
iii iterlial prirt-esed fir the cable are- shoiwini I 1-1.6, p[reSsirc itf 120 \Ih'a w as generated iii the pipe.

his value was, almiost thre same as, that- measured in
3.2 Waterprooing "tutr dS&he freezting )h a clorsed w ater pipe"). IThese

Aibsorbetnt ptilymers allow water toi pettetratc iii results, suggests that the fiber betiding, rather than
at certain Wngth befotre hrirmitig at wattrblticki thre laterail pressure, is the cause oif liss i ncrease.
din. A shorrt pr....eIrratitor, is desirable, Iiit hi cifiri t he abirve, suggest, 'i, fIree- Ign
penertrited water degrades, the hiber clrautterrstits. tiperitients w ithi glass pipe1 motdels, ats show t in

ib 1,tl lotwttig trIst(,us"srs artl aiw 1 abl hrnet rat tItt, h- rg.71(a), %xert carried out. A fiber ribbonrri was
lenTgth sir that thre cable iliarac terist ir's ciii it( inisertedIlli t he glass pipe w ith betiding, arnd air
rttitnitItrtrt. A w i'aittithtrig thesigri using all adiabattir was, wrapped arcurid the pipe tor conutrolh
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Glass pipe Fiber ribbon Epoxy resin

"~1j~daiatortj

Light source Power meter

Cubical (a) Before freezing
expansion ia) Before freezing I(dc)

(b) After freezing

6ta,., pipe evngthi 20 c ii
'\ at er pairt en'Igthi 10 in11
\ttiahaiitr It-igt of 'I .iivt 1 0 if -

siample 2 5 ( i Nb In f reezing I I15C)
"Iniple 3 9 i

I ig.7 61x-s pipe ioltttti iiiiuraioii to uitgi

the tlo iiri, Ii int-OHItaItisIi t o fi rti/irig

t ht I nit /i rig , pe, d. I lit, chiange III ,ieairali( (io

he modcl during thn tit org process iAas fisiwrtitt

and ricorded hi a i thu tpi rttordr. Ilii los

change itj also iinionitored.
I ht' ( trangigt InI afftirte itit t0iC ciatige III

fiber tii~s during the irtrig/)) proct's art 'iioi II I

I-ig.rf and I ig.4. respectiiti . I gun, 8 1humNi that mple \o. :5 2
tin, cur t atrt ratdius itt thc ti hr inI tin air-f fled
part of the pipe btnicitu siat % itht tin tutntat cr-Iorfr~/n -3
t-xpatisioii during fin tree'iiig at. iustraitid ii t c reog -3
1-1 ig11iW. A-t ti( tantiktiin I aticcp lo- iiire- 19- \fg W*lf(- (ppaini hiarige of tiit- glass, pipetitu

i t a',uriii %kithi jt kuhicti cxpitittri.

rilic filloet rig to hi tie loss Iineasirg III(.ittaiiti.1
II) Some poirtioniii f ath %ii nafr, fur iarrilt.(- tin __ 2

ptace \khoinn hie a ir nevt ani air hufii, 1
tree/t.s first. :

2) Hit lrtutii part tirtactit to flit cozaiit I ihr.2
H)I (Jitr ranrts t rti/ grialuatt\ andiitttrgi (uiri

e Xpaiisiuo ii 1r,
Ie fi-Iirst trutn poart mutt>-, b\ atiathiig fto t tic S3
tinted fiber, tiv to tfii tuhittil txpainsit it

otlwit r0t..
(5) I, hitiatict I ier tiknitun.s mr stet -pl\ het. titt 0

I ibir itiss inrurasi.

B.Ls0tiito 2 4 6 8

aitnII( U Fit ii 1,f -s Iin ri i i w x to u- I it i t it ( 0 20
ixperimirilt A .- iit-u Iti ihi ribfiiui %% ias
iisttd nil glas" pipts it i01 iminr dianuirs or 2.
-I. and ft mmr. H ie ifrrs Airc given at initirti~at 4 6 8

I hi results tire siiumtn ii. I ig.if. Regirttie, 01 20he pipe, and i (ner ttianier.l thang \ia, itd1, r( is , 
ie(orS

I n ,Ir ,It, an d e *piiiiinr,, ,It Ir\prioporI o iiat tI tie I I- -40
increase iii tine nliiiiniUn curt aturv riattus. [t it-
ritatiiiisfiip fi-ttiti tti fb oxss iiiirvist,' t indt fit t I- ts- tisnuriam iot I tr ini giist ttu nioiut.e (III(
niiIn I ni L i ( rvature ratti Is kf(ittii at fIt1ititit: to, * e/Ilt
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102 lo.,, Im 4rcai .4-4 iii I - I fnittt It rji 1 4.1 t 1 -1,
Inner diamteter d Ittatual R ,it Ill 'lanaLitIIil..

am x 1( 0 dli/k ini It Iu I I i e t I 0I 1 ila In t Snilt % 4.LA'

v. d=2 e.iit- a a a .) t( 4 ii -aIia~,10 mi. dIn2 t tg t b4 I'. I liiIh

4d=6 adt _ __

, .1 
1 II I d I t. tibur tir0tigti 

iti, Ill. 11' 1tu1Ii

'I Iiitig tinhi-c. I tiaretire, tb [i-. 11rcr Ilb.,-
penet-rati44n ihi'itie, tIle hbet it.

10 1 \ it j llta fi a I U .J1 tuIirarit111-d ,t , fli - teIrm
0riliatiltits ito lihirs t)% usinig till- prool list Catiditliti

in mant r.iacturing. a, loill),,%s:

10-2 - 1.3 pm \i'-* _- i ; (2)
istarc is the strain in ito-, proofi list, I, the(
'.1 rain in iih, I it-Id, is ill- pi-riad o i me1114 ill

4 6 8 10 20 .'.rx j e, "Itid I, t he failure prahabilitv per
5O00 kili. L idar thle condit ion, it 0.5

Minimum radius of curvature (mm) strenigth iaigue index it - 17 (in %k alert, and
I0d I tears, It- (i IIo abIli liength a f iber mna% beI1 i 10 1~ I, i icrvai , a tunct ion ofi the Ilnionir 'u h liIr I- d in at aer be(-iitni-s.187 nmeter,. If.ar it

radius Of curvature tar lbtins bet iii14 j (I) -t Ihe r c abli. the alliixkibl submerged cable length
-'inusaidal shape I appraxiniatel\ 1 2 tltter-.

f 1 2. l-Pe et at a n Ill h l ttt d e li g it

\1 i n\ itN atLerpraat ing test t It % th11at w aterIn) general, during manu facture, fiber ribb i aretae nt alsflld\ihasobn o~eassimblid iii slotted cores having 27-30 mmn I it al. ildai bsritpl e
IF tll c ndtin, I ubca e pasin f -, dI.n)I it aiti rd ing i4 o tki mii d e. One i s th li itt ial

In thi teititbings a cuia exando at .drig; pentetrattion miode, %titch ciorrespiinds to the( first 20-th reirg rngsaR hange at I mmil. I it, 30 mnInu te a, t pt-ne t rat ion. In t his maode, the
it) I ha nge causes a ,i dl 3/krn loss i He rase. asJI ~ trt44 itg t4 nrae ail. Ie i e

Is ear, trimaucd1 V.IsI r'w, 1 tsoic o made isIlang-termi penetration mode, wich accurs
cabl dueti taenig i '.tiiiii i fig ~. ( ittiiuiiusI1 alter ft(e initial penetratiin miode. Inahit~~~~~~~ ~ ~ ~ hu otein I o r l II.II w tl. miode, the p-ict rat iiul ltingt h tardlit increases.ngit.. it the t ri,/i ciale anit thi- Iriien ciiatedl Ithe A aterprutifing structure should be designed

Iitiir M Iti re )) n t I rs, an d ta i% trs , 2 . dB/Jtil il l I consideratiitt o t each penetratiion m ade, so Lis tn

I hits xalui agrees %%ell %%4th Oti a'st itited ristriit ilpeinetrattiin tio anl allawkable value.
111i. t i'..ureelttentI Indicat el tt[till t~lne atFIurit o 2.1 Initial_ pentetratiotn moide

3~ Ill tie initialI peniet rationt moide, the pelnet rattion
37 ligi % arwi %k it In t:he wa t er pressure, aind the I

0 Water pnetratedri 4ss -sec ti4444at area atndI tie situpe of the space in0 WtrpntaeI c able.
cable Iihe pe-netrattion lenigth, Lit), at timen t is given

2 20 Air - core cable b h Itt of ll%% m4g equationt, taking ito coinsidering
2 hi retluct Iio itt i the c ri is- sec ti ma I area oif Itie

iati-ciurse (tue t o absourbetnt pol tncr swkel ting:

X ~1 .3 gm . 4

le .- ih I

I tiie nlds niumber,
04 o - 0 d, tluivatu-nt diameter,

A T inos-si-c Iii 4 a rea if irate rciu rse,
Ii etted pert imeter oif wvatercouurse,

-40 -20 0 20 lo- hss ciiefficient at the etntranice Oif
\%atercturne, andTemperature ( C) g accelerat ion due toi gravit%.

Ii (teteoriine w hetther this etlu at iaoi i s valid,I . I Increcase fi opt i al I iber Ii is if Ai4er at erOLIrse mod~el ofi t he c ab le space werepenetrated cable due- ili Iteiiig
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Ilt I uktcj ted i'i I I I In g. 2. lit absorption
rti aid I h lt barling; ,j)i-cd ofthe 1'Abstrt)t'it Pipe

1-1 ci 1 20 'c /,g aid 0.3 ckc/g.sec, re spec ti t' I. 500 Fiber ribbon
or t ht' ibsirti ng pmtSdvr, iii' values ekrt' -It80 (k,/i(\g Absorbent ribbon
ali o. 8 cg-.t, rt'spectitelv. Iligure 12 slitits the' Wetted prmtrratio

t't'ratiIoni leligi. i calculatedI ItI i (~l.3), as .ell as eiee
ilii exlerinittital %alut's,. lit' caculatitI results 300
J!,ii good agreemrent %%ith the t\periniental values. E~ R= 20%

I inst result'~ idicate [flat thre initial pe-rictration i 200
Ilengtth --,n be estimated usinig Lq.(3). 40

Irhe relati onship. calculated lbi using I __. (3),4

tet %t ee ii the intil penetration length anid the tillilng
conrdition of tie absoirbent polymer iii a 2 iniii pipe c

IhAots i in I ig. 13. InI this nmodel, Li fiber ribboni a) 60
and t%%i absorbent ribbons %%ere inse~rted ito the 100
pipe. H ere, the filling conditions of the absorbenit .2
polv nier tserc deteririned hb *5 \ paramieters. OiltT

th e rntrnrali/.ed fillting denlsit\ of the ahstirhtiit
ttvI_% r, \x hicli is deltied bs : (D 5 8

Or, 1i) 1. 4)5 Water pressure level 1 im
itre D, ittrinalizi'd fitlling densit% of (lt, Absorbing speed of

absoirbent, 30 -absorbent 0.3 cm/gsec
I) f iling dlensity ofi the abstirbenit I I I__________________________

(g/crn I. and 5 10 20 30
'S asnrptitin ratio lcnt 3 /gl.

I he tither parannieter is lie %nt ted pterimneter Normalized filling density of absorbent Dn
ratio, ttbich indicates the degree if uniftirtnilt ' iii1orpue o
t il i I I g ftor tlie abstorbenit IlL mier iii 1 lie h-g. 13 Lxatiple o! peinetratiton length comue o
Sa t' ret u rse. Ii is is, de t ied as: absotrbenit ritbbtins

k~irR ett-dpeimeerratocorttiie ti \ teld a shiort penetration lt'rivtli.
a ltr 0 atted perimeter rfabsrbn Icitil, Iireforc, totaclnteve a shotrt penetrattitn ettii, tihe

total Aet~ted 'crinieter itt tlit

a att'ret u rse (crl.utifrt
I[igur,' 113 lusthat at large Dii and large R .0or-erl)ntainrld

A\ glass pipe N% as tIlIIled wNith tlht' ab-,rlii'
ittl in er, anid the lotig-terin inicrease in peitr ri

Ilenth wkts examiined under the contdititonw (, I 2
30 Absorbent ribbon insertion ,met'rs wkater pressure level at DIto ll- Iii. I

-Calculated re sults, are- shotwni ii [:i g. 14. Iht pii's i
SExperiment ln 5I Itilgih Increased proptirtitinallt tot abouJIth nI

Absoben pode aplcto Pter oft t ie I1, as giveit l Iv tin-,
Cbobn oralclated on eq uatin, regard less itf the watt'r Inntrn
CalculExperien Absorbent the fillitig densit. if thei absirhtit Itok 1i,

(n-5) T _ribbon I i
1Ilhis Indicates that litig-i'rit Io noii i I I

S200 Tibrpeinetrationt length Is cuse t I jti I .

__ ribbon the abstiorbeit pitlni r, Nt ilI tan Ittiw
ribon Lq. (6). 1 lhe Iest imratit inr,-

o lenigthi is apprtixiniat-'l 311 ciii a\ r I

- I lt' aatellirtiig ruitt i

a- 100 T %aill thle results iii Inig. Il. I'I
lontg-termi pt'inttrattioin~ i

ptti cir.

powder 3, V lgrn t tI 11' r-

foir ati abs li -

0 0.2 0.4 0.6 0.8 1.0 ta1 i. li r"
Water pressure level (in) s t'~ri izii

11ig. 12 initial penetratioin length iii tatert'tursi' mritti ;r'ts' t t i
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20 150
J A method

o Dn = 16, W.P. = 1 m mi (Ionic water)
10 . Dn=lo.W.P.=1m Bmethod

D =6 W . (Ionic water) -

A sDn =16, W.P. =2 m-

-~100-

.o ,7 .-9'o CU I .1 2 0 2 010 mto

00~

0

i 0
CL 2 -" 50 /

0 L 1.29 TO C4)

0C1

1 _ ~Amethod
1 2 5 10 20 50 100 (Distilled water)

Time, T (day) 0 I

Dn Normalized filling density 0 2 4 6

W.P. : Water pressure level Water pressure level (m)

Fig.14 Long-term elongation of penetration length Fig.15 Penetration length as a function of water
pressure level, using the waterproof test

3.1 Quality of % ater method as a parameter
Underground water contains many kinds of ions

and microorganisms. The waterproofing ability of 4. Nonmetallic sheath design
absorbent polymers varies with the kinds and To make the sheath nonmetallic, the following
amounts of ions in the water. Therefore, for two subjects need to be studied.
precise evaluation, it is necessary to determine what (I) Sheath shrinkage.

these are. (2) Moisture permeation through the sheath.
Water in manholes is considered to contain most Here, these subjects and the nonmetallic sheath

kinds and amounts of ions. This is because not design are discussed.
only soil water pours into manholes, but also many
kinds of ions seep out l,om the concrete or I. Desigrf in consideration of sheath shrinkage
metallic materials in the manhole. Large sheath shrinkage is feared to induce the

Ion analysis rrsults of water tested from 46 displacement of coated fibers in cable cores, and is
manholes in Japan showed that the water in 99% feared to result in fiber loss increase. Therefore,
of the magholes contained 300 mg/I of Na

+ , 200 a design to suppress the sheath shrinkage as much
mg/I of Ca , and 100 mg/I of K , at maximum, as possible is necessary.
Therefore, a cable which has waterproofing ability
against such water can be applied to 99% of all 1.1 Sheath shrinking mechanism and the amount of
manholes, shrinkage

In a plastic sheath, the shrinking force due to

3.2 Water supplying method the residual strain in manufacturing is always acting,
Conventionally, there are two water supplying as shown in Fig.16. Furthermore, a shrinking force

methods. One is to supply it through a cross- caused by temperature variation also operates on the
section of the cable (the A method), and the other sheath.
is to supply it through the lateral face of the cable In a nonme-allic sheath, only the friction force
from which the sheath is removed (the 13 method). between the sheath and cable core resists this

To confirm the dependency of penetration length shrinking force. In the region where the shrinking
on the water supplying method and the quality of force is larger than the friction force, sheath
water, waterproofing tests %ere carried out for a shrinkage occurs.
40-fiber slotted-core cable. The number of The sheath displacement, 6i t , at the cable end
samples was 10. The penetration length was is given by the following equation:
measured after 24 hours. The results are shown in f, "
Fig. 15. 8 )t Keox.t)dxdt (7)

The penetration length tested with ion water
was about twice that tested with distilled water. =(Fs-Fp)/EA
There was no difference between the two water where E and A are the Young's modulus and cross
supplying methods. sectional area of sheath, respectively, and K, is the

These results indicate that for waterproof testing strain releasing ratio per unit time.
of cables filled with absorbent polymer, water A waterproof optical fiber cable (shown in
containing the aforesaid ions should be used, and Fig. 17) which has comparatively small friction force
either water supplying methods can be applied, was instalied in a thermostat, and a heat-cycle test
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Coated fiber Sheath and the coated fiber. The fiber displacement
causes a steep bend in the fiber, as well as large
loss increase.

The displacement of the coated fiber, 0 T , due
_ to the sheath shrinkage, 6(t is given by following

S Fs F1 + Fm equation:

Cable core = Fp 5, , 81

where K is the transfer coefficient of displacement
Fs=Fp+FH - - between the sheath and the coated fiber. As R..

caused by ,(t) is obtained geometrically, the loss
AF ,increase Act due to the sheath shrinkage is obtained

0 P from Eqs.(l), (7), and (8).
L A calculated example of loss increase due to

0 x sheath shrinkage for a 40-fiber slotted-core cable (to
be described later) is shown in Fig. 18. The

Distance from cable end transfer coefficient of this cable was obtained by
Fs=Total shrinking force measuring the ratio of the coated fiber displacement
FR=Shrinking force due to residual strain to the sheath displacement in a cable core by
FH=Shrinking force due to temperature variation pulling it from the sheath. The upper lint of
Fp=Friction force between the sheath and the Fig.18 shows the relation between the sheath

cable core thickness and the friction force. This must be
Lo=Region where the sheath is displaced known to suppress the loss increase, due to the

sheath shrinkage, to less than 0.05 dB.
Fig.16 Sheath shrinking mechanism The same figure also shows (as the lower line),

the area where the sheath does not break down.
in the temperature range of -201Z to +80L was The area within the two lines gives the appropriate
carried out. The cable length was 200 meters. design area of the sheath.
The amount of shrinkage at the cable end was
measured, and the results are shown in Fig.17.
They accord with the results calculated from Eq.(7).

The amount of shrinkage increases with the heat 2. Design considering moisture permeation
cycles, at first. However, after about 10 cycles, Moisture permeates through a nonmetallic sheath
it shows a tendency to saturate, due to the release easily, compared with a conventioral LAP sheath.
of residual strain. Thus only the shrink variation Here, the accumulated amount of moisture which
caused by temperature change is left. permeates through the sheath is estimated, and the

Experimental values agree well with the sheath design is shown.
calculated results and it is clarified that the amount
of shrinkage can be estimated by Eq.(7). 3

By setting the allowable amount of shrinkage to Core diameter :8mmO
suppress the loss increase, the maximum sheath
thickness and the minimum friction can be
determined by using Eq.(7).

1.2 Loss increase due to sheath shrinkage
Sheath shrinkage induces coated fiber 2

displacement with an interaction between the sheath E

- Calculated

"E 40 Sheath -0>-Experiment.-
E Pp

Polyamide yarn and jelly30 30
30 Coated fiber 1

*Strength member
. 20

M 10

0 I I 0
0 1 2 3 4 0 200 400

Time (day) Friction force (N)
Fig.17 Sheath shrinkage during heat-cycle test Fig.18 Calculated sheath design parameters in

consideration of sheath shrinkage
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2.1 -he amount of moisture permeation For these conditions, Fiber Reinforced Plastic

[the permeability, of a plastic cylinder is given ([IRP), Aramid yarn, Polyoxy Methylene (POM), and

b.% the follow ing equat On: Liquid Crystal Polymer (LCP) can be considered for

P 2 application. To develop the cable, FRP using glass
(9) Narn as the high modulus yarn was adopted,

where 1, is the permeability of sheath, and a and b considering its heat resisting property, bending

art the cable diameter and cable core diameter, strength, and resistance against the shrinkage of

respectisele. plastic materials.

Che amount of moisture v hich permeates is

shown b.x the following equation, assuming that the I. Mechanical characteristics of the -RP

cable space is always drs: A comparison of the mechanical characteristics
18 of FP with conventional steel wire shows that its

\' 2210) (0) inferior characteristics are its bending strength and

w here II is the saturated steam pressure at resistance to lateral pressure. However, for
temperature It-'. practical use, the lateral pressure characte-istics of

Ihe calculated amount of moisture accumulation FRP are sufficient, but the most serious practical

for one year is shown in Fig. I9. The accumulation problem is its bending strength. Therefore, a

of moisture increases steeply for thin shcaths, design considering the bending fatigue characteristics
On the other hand, the materials which compose is necessary.

the cable absorb the permeated moisture. For

example, for the 40-fiber slotted-core cable (to be 2. Relation between material composition and
described Inter), the component materials containing bending fatigue characteristics

absorbent pol mer can absorb more than 10 g. The [RP Aas bent at a certain curvature radius,
Therefore, to have a service life of more than 0 arid fixed. The samples were set under various

ears w it t his cable, the moisture accumulation per circumstances, and the time until the FRP broke

sear should be less than I g. For this conditiin, was measured.
I-igure 19 indicates that a sheath thickness oh more The results for FRP samples composed of

than I mm is necessar\. different glass materials, resin, and resin catalyst
are shown in Fig.20. The results indicate that the

lie adequate heath thicknes and the adequate bending fatigue characteristics depend mainly on the

friction betwaeen tht shtatll and the cable core can glass material, and that T-glass FRP can much

be designed in consideration ol the area shown in improve the characteristics of E-glass FRP.
I- ig. 18 and the minimum sheath thickness given from To clarify the cause of this, the dipping liquid

Fig. 19. for the sample was analyzed with Ion Coupled

Plasma ICP). The analyses showed that the

5. Nonmetallic strength member application design amount of eluted alkaline-metals from the E-glass

The niaterial for the strength member should

sattisf\ the following conditions.
it) Iligh breaking strength, 99 Bending strain 1.63%
(2) High Young's modulus, Q Water temp. 600C
(3) Low linear expansion coefficient, and . FRP diameter 0.9 mm
(4) tHigh reliabilit\ under the actual operating 70

circumstances of the cable.

240
Co

T 20
M 2 Cable core diameter .- (a) b) 0
an M 0

o. 10

S1 05 1 c) (d)

E 0.5 10
1 10 102 10

0.3 5 Time (hour)

(a) Conventional E-glass FRP

I I I I b) E-glass [RI' composed by resin catalyst as a

1 1.5 2 3 4 parameter
(c) E-glass FRP composed by resin as a parameter

Sheath thickness (mm) (d) T-glass FRP

Fig.20 Cumulative failure probability as a function

[ig.19 Calculated sheath design parameters in of time, using material composition as a
consideration of moisture permeation . parameter
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FRP were much more than that from the T-glass
FRP. This suggests that the alkaline-metal elution
caused surface cracks in the glass, and degradation
of the fiber strength.

3. Allowable bending radius design in application Shrinkable thread

Bent E-glass FRP and T-glass FRP were dipped Monitoring fiber
in 60 water, which is considered to be the most Thread which
severe practical condition, and the mean failure shares shrinking
time was measured. The results are shown in force
Fig.21. It is clear that the T-glass FRP can be
bent to a smaller curvature radius than can the E- Water absorbent

glass FRP. (A) Before penetration thread

If the failure probability of FRP is assumed to
be the same as that of a coated fiber, the required

mean failure time can be determined from the
hatched area in Fig.21. Bending strain in this
hatched area is allowable, and the allowable bending
radius in application can be determined according to
the diameter of the FRP rod. (B) After penetration

Fig.22 Structure and mechanism of nonmetallic water

10
4  Allowable area penetration sensor

-C of TFRP monitoring the transmission loss change with an
Allowable area Optical-Power-Meter (OPM). Also the penetration
of P points can be located using an Optical-Time-Domain-

103 of EFRP Reflectometer (OTDR). The sensors can be set
.E - E anywhere along the monitoring fiber without causing

Tany degradation in the transmission characteristics of
EFRP TFRP the fiber.

C 102 2. Characteristics of sensor
AS - ',The shrinking force of the thread was

Wate t r approximately 200g at the maximum, and this force
Water temperature "O decreased exponentially as the shrinkage continued.

600C -0\ The shrinking speed was so high that the maximum
10 1 shrinkage was attained in about 10 seconds. The

loss increase of the monitoring fiber due to thread0.7 1.0 1.5 2.0 shrinkage was measured, and the results are shown
in Fig.23. Bending loss increased sharply for smallBending strain (%) changes in the shrinking length, s, and a large loss

Fig.21 Mean failure time as a function of bending increase was easily obtained.
strain

6. Nonmetallic water penetration sensor/ 0
Cable joints have a high probability of being 6 0

damaged, or of having pin-holes, due to miss- Ioperation. When water penetrates through these 0

damaged parts or pin-holes, troubles such as loss Distance of
increase due to freezing can occur. Therefore, it S fiber holder
is desirable to detect the water penetration into the 4 - F lo 15, d 20 mm

joints as soon as possible. However, no j 2
werelpen.etrato eul, a nde cnnealoclocater the a 2 j  

nO /nonmetallic water penetration sensors have been .J

penetration sensor is proposed. It can detect 0
water penetration quickly, and can also locate the 2. 2
points where the penetration occurred.

I. Structure and mechanism of sensor 0
Figure 22 shows the structure and mechanism of 0 1

the sensor. The sensor can be constructed easily 04- ?
by holding a monitoring fiber in grooves on two 0 2 4 6 8
hinged plates. A shrinkable thread is hung over
the monitoring fiber. When water penetration Shrinking length s (mm)
occurs, the thread shrinks, and the fiber bends
sharply. This causes an increase in transmission Fig.23 Loss increase as a function of shrinkage
loss. Thus, the penetration can be detected by length of the shrinkable thread
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3. Applications
The proposed sensors are applied to monitor E 12

water penetration into joints of optical cable lines. A
The sensors are set at every cable joint on a 40 fibers
monitoring fiber. Water penetration point can be A cb
detect from the fiber end in a telephone office. 10 cable

A measured OTDR scan, when the sensor is set at .-
7.2 km from the office, is shown in Fig.24. A "1 24 fibers cable
loss increase of I dB can be clearly observed at int. ,
the penetration point. The applicable limit for the 0 8
distance depends on the sensitivity of the OTDR, .
but in this study, a length of more than 10 km was MI I I I
achieved. t 2 4 6 8 10 12

Number of slots

Fig.25 Relationship between cable core diameter and

number of slots

Plastic outer sheath
Absorbent wrapping

tape

Absorbent ribbon
Mono coated
fiber

(a) Before penetration

FRP strength~member

Fiber ribbon

Fig.26 Cross-sectional structure of 40-fiber,
nonmetallic, waterproof, optical fiber cable

j Penetrrioin point

(b) After penetration
Fig.24 OlDR scan of optical fiber cable line

II km/div.; I dB/div.; pulse width=l usl

7. Characteristics of the manufactured cable
A waterproof, nonmetallic, optical-fiber cable

was manufactured taking into account the aforesaid
designs, and the cable performance was evaluated.
Here, the 40-fiber sigle-mode cable structure and its
characteristics are discussed. Fig.27 Appearance of the manufactured cable

I. Structure of the manufactured cable
To minimize the cable core size, a cable

structure consisting of a slotted core, with piled-up absorbent ribbons were assembled in slots, together
fiber ribbons, was selected. The relationship with fiber ribbons, and absorbent wrapping tapes

between the cable core size and the number of were used around the slotted core.
slots is shown in Fig.25. For the 40-fiber cable, 6 Poly-acrylic-acid was used as the absorbent
is an adequate number of slots. The structure of material. A normalized filling density of 18, and

the manufactured 40-fiber slotted-core cable is a wetted perimeter ratio of 20%, respectively, were
shown in Fig.26, and its appearance is shown in chosen to suppress the initial penetration length to
1ig.27. To make the structure nonmetallic, FRP within 50 cm. This value wa,, determined by
rod was used for the strength member instead of setting the totul allowable penetration length to 100
steel wire, and a PE sheath was used instead of an cm, and the long-term penetration length elongation

LAP sheath. As for the waterproofing materials, to 50 cm.
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2. Evaluation results 15- -30 E
E

2.1 Waterproofing characteristics
Water containing ions was applied to the cross- 101 20

section of the cable at a pressure of 0.1 atm, and
the penetration length was measured after 24 hours. 5 -10

The results are shown in Table I. The values are -M
in good agreement with the designed initial X
penetration length of 50 cm. E

2.2 Mechanical characteristics 0 6-12 -18-2-J
The cable was subjected to external forces, such 0 6 12 18 24

as lateral load, bending force, and tensile force, and 40 T me ihour)
the loss changes were measured. The results are
shown in Table 2. The performance characteristics % 0
for the cable were essentially the same as those for -40
conventi ,nal air-core cables. E 0 6 12 18 24

2.-. - t-cycle test results Time (hour)
I ,ie sheath shrinkage was examined in the Fig.28 Movement at cable and shrinking force of

temperature range of -20t to +60 *C. The sheath sheath during heat cycle test
displacement and shrinking force at the cable end
are shown in Fig.28. The maximum sheath
displacement was 10 mm, and the maximum
shrinking force was 12 kg. The transmission loss
change was less than 0.02 dB. These values are
sufficiently small for practical applications.

2.4 Field trials
To confirm the efficiency of installation and

jointing, and long-term reliability, this cable was
installed in the field and evaluated. The
installation length was 42.5 km in total, and the
number of cable joints was 31. Some photographs la) Delivery terminal
of the installation configuration are shown in Fig.29.

The trial results showed that this cable yielded
high efficiency for both installation and jointing.

Table I. Waterproof test results

.Penetraed part Penetration length

Designed / Measured |,

I __- -jen S.D.
Wrapping tape 50 42.5 12.3 --J

Slot 50 44.0 100 

(unit:cm)

Table 2. Mechanical characteristics (b) Pulling terminal

Items Test conditions Execess loss

Tensile test T = 0 - 200 kg - 0.01 dB3

Bending test R = 30 - 100 mm 0.01 dB
IR - 65mm)

Lateral load W 0 - 10 kg/mm 0.01 dB
test (W9kg/mm)

Dynamic T =0- 200 kg
bend-tension R 250 mm (c) Cable jointing
test L= 50 m 0.01 dB (c) able it

T: Tension L: Cable length Fig.29 Photographs of the field trial installation
R: Bending radius W: Lateral load configuration
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5. S.Oiwake,H.Saito,H.lnada and l.Tokura: 'Study on
8. Conclusion dimensionless criterion of fracture of closed pipe

A nonmetallic optical fiber cable waterproofed due to freezing of water',Wlrm und

with absorbent polymer, was developed. To stoffibertragung, 20, pp.323-328, 1986

identify an effective waterproofing technique, a 6. Y.Miyajima et al.: 'Fiber strength assurance for

method for evaluating the reliability of the deep-submarine optical-fiber cable using the

absorbent polymer, as well as the waterproofing proof-testing method', J. Lightwave Technol., LT-

design, were investigated. For the nonmetallic

technique, a nonmetallic sheath, a nonmetallic 7. N.Honma: private communication.

strength member, and a nonmetallic water
penetration sensor design were discussed. The
following main points were made.

A. Waterproofing technique
(1) Poly-acrylic-acid, which is a synthetic polymer,

is suitable for use as a waterproofing material.
(2) The optical fiber loss of water-penetrated cables
increases due to freezing. The allowable
penetration length of waterproof cables can be

determined so as to suppress this loss increase.

(3) Penetration length increases according to two

modes. One is an initial penetration mode, which

is determined by the water pressure level and the

absorbent polymer filling conditions in the cable.

The other is a long-term penetration mode, which is

determined by the diffusion of water in the

absorbent polymer.

B. Nonmetallic technique
(1) The design of a nonmetallic sheath can be

determined from two factors. One is to suppress
the sheath shrinkage in relation to the friction force

between the sheath and the cable core. The other

is to suppress the moisture permeation.
(2) The reliability of the FRP depends mainly on

the glass material. The FRP with a T-glass fiber

has high reliability, compared with the conventional

E-glass fiber. The allowable bending radius can be

set.
(3) A nonmetallic water-penetration sensor can be

composed by fiber and shrinkable thread, and it can

detect water penetration at point of 10 km apart

from the telephone office.
Cables manufactured on the basis of the results

from the investigation described above were shown

to perform satisfactorily for practical applications.
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A Study of Multi Channel Optical Rotary Joint with Ring-Shaped Photo Diode

K. NEMOTO M. INOUE

Ocean Cable Co., Ltd. (OCC)
Detamachi i, Kanagawa-ku, Yokohama 221, Japan

Summary Under the situation stated so far. as a means of im-

plementing a multi-channel optical rotary joint that meets
This paper relates to an evaluation of the characteris- these requirements we proposed the ring-shaped photo

tics of the optical rotary joint developed by extending the diode devised by extending the concept of the slip ring for
concept of the slip ring to an optical system using ring- an optical system, developed the 4-channel optical rotary
shaped photo diode. We carried out a characteristics evalu- connector using the photo diode consisting of quadruple
ation test and as a result obtained a good rotation variance ring-shaped Si-PIN-PD, and carried out an evaluation ex-
characteristic (below I dB), frequency characteristic (cut- periment.
off frequency: 50MHz), and inter-ring crosstalk charac- The ring-shaped PD is the photo diode consisting of a

teristic (isolation ratio of 60dB at 4.2 MHz), and further plural number of rings which are arranged concentrically
we carried out the base band analog color video signal and which have a uniform photo receiving sensitivity, and
transmission by making a level difference of 7 dB between it is characterized by having an extremely small rotation
the E/O converter and the ring-shaped photo diode and variance of signal output.
obtained a SN ratio of 47 dB and also obtained a favorable In this paper, the authors will describe the result of
result of digital signal transmission. the evaluation test done for the rotation variance charac-

teristic, frequency characteristic, and inter-ring crosstalk
I. Introduction characteristic of the 4-channel optical rotary connector

constituted by mounting this ring-shaped PD to the bearing
The superiority of optical fiber in light weight. wide rotary mechanism and the case provided with 4 receptacles

band, inductive-proof, and so on attracts attention to the for connecting optical fiber and the result of the experi-

applicability of optical fiber to such ocean engineering ment of base band analog color video signal transmission
systems containing rotary mechanism as vuoy system and and that of digital signal transmission.
winch system. and the development of a highly reliable
multi-channel optical rotary joint has become an important 2. An Outline of the Quadruple Ring-Shaped Si-PIN-PD
subject in the field of marine technology.

In the conventional ocean engineering system using 2.1 Structure
metallic cable, the jointing mechanism, as can be seen in
the joint section between marine cable and the terminal Fig. I shows the structure of the quadruple ring-shaped

device, the jointing section between marine cable and the Si-PIN-PD. Outer diameters of the innermost ring and
winch on board, or the like, uses slip rings, whereby multi- outermost ring are IOmni, 25mm, respectively, and their
channel rotary joint could be implemented relatively easily. widths are all I mn. The outer diameter and thickness of

On the other hand, as for the rotary joint mechanism the package where this element is enclosed are 50mm
for optical fiber cable, single-channel optical rotary con- and 5 mm. respctively. The photo receiving surface is
nector by facing each ends of fiber has been already de- protected by th, metallic coated glass in order to shadow
veloped, but this method is limited in use, that is, it can
apply to only single-core optical fiber cable. Although
a number of types of multi-channel rotary joint mechanism
have been developed so far using prism, spherical mirror, 2.2 Principal characteristics
or the like, they all have as much joint loss as a few decibels As the PIN-PD has a high quantum efficiency and
and a rotation variance of greater than one decibel, which small dark current and is operated at low voltage, it can be
the authors consider there still remains the necessity of easily dealt with. Table I shows principal characteristics
further examining characteristics, of the ring-shaped PD prepared for the experiment.

The requirements that the optical fiber rotary joint Briefly explaining the meaning of each item, themust meet are considered as follows. Bifyepann h enn fec tm h
quantum efficiency in item I defines the photoelectric

(I ) No signal deterioration is caused by rotation, conversion efficiency. where i 
= (No. of carriers which

(21 Frequency band width is wide enough. affects the production of photoelectric current) / (No.

(31 Insertion loss is small. of incident photos) = (I/e) / (P/hi). (I: Anode current.
(4) Mechanical reliability is high. e: elementary charge quantity, P: Light power, h: Planck's
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constant, v: Light frequency). Photo receiving sensitivity Fig. 5 shows the result of the numerically calculated
in item 2 is the ratio of electric signal to photo signal S = relationship between the connection loss and the connec-
I/P = (ne)/(ha'). Cut-off frequency in item 3 is the fre- tion efficiency relative to the distance between the out-
quency obtained when the output level drops by 3 dB by going end of fiber and the photo receiving surface by taking
connecting a 5012 load resistance to receive a sine wave the numerical aperture NA as a parameter. The calculation
signal. Dark current in item 4 is the electric current that result proves that when the NA is set at 0.2, 0.25, and 0.3
flows when no incident light is applied to the PD. The the maximum distance which eliminates the connection
capacitance between the terminals in item 5 is the capaci- loss are 2.36, 1.88, and 1.56 mm, respectively. In other
tance between the anode and the cathode and is the pa- words, it indicates that if the place where there is no bond-
rameter that determines the cut-off frequency. Crosstalk ing wire is within these distances, the connection efficiency
in item 6 indicates the degree of separation between rings can be considered nearly 100%.
and is defined by an isolation ratio. On the other hand, if expanding the spot diameter

To measure these characteristics, we mounted the to the ring width in the place where bonding wire passes
ring-shaped PD to the bearing rotary mechanism and to across and above the photo receiving surface, the influence
the case provided with 4 receptacles for connecting the of bonding wire can be minimized. For example, ifa bond-
optical fiber cables to prepare the 4-channel optical rotary ing wire with an external diameter of 25 pm is located at
connector, the center of the spot under this condition, its connection

loss is calculated as shown in Fig. 6. That is, this diagram

3. Rotation Variance Characteristic proves that under the ideal condition, the connection loss
can be reduced down to 0.15dB. Therefore, the above

3.1 Surface sensitivity distribution characteristic consideration is desired for practical design.

Fig. 2 shows a schematic diagram of the quadruple
ring-shaped photo receiving surface, It proves that the 4. Frequency Characteristic
section where the bonding wire connected to the anode
of each ring passes over the ring photo receiving surface 4.1 An equivalent circuit of the PD
is present at one place in ring #2, at two places in ring
#3, and at three places in ring #4. Therefore, it can be An equivalent circuit of the PD can be represented
predicted that when the end of optical fiber passes above as shown in Fig. 7, where the PD absorbs light in the deple-
the bonding wire, a very small variance occurs. tion layer so as to play a role of the current generating

In the measurement system shown in Fig. 3, we source and has the internal resistance Ri and junction
measured the variance which occurs due primarily to capacitance C. Internal resistance Ri determines dark
bonding wire when rotating the 4-channel optical rotary current and junction capacitance Cj is proportional to PN
connector by one turn. junction area. The output signal is detected by connecting

The result of the measurement is shown in Fig. 4, load resistance Rt.
from which we could ensure that no level variation due to When the light modulated by sine wave enters the PD.
rotation is observed in the place other than the place where the photoelectric current i (t) is generated in response to the
the bonding wire passes above the photo receiving surface light entered, and the voltage v(t) generated at both ends
and that the level variation due to rotation occurring even of load resistance RQ is represented with equation (3) be-
in the place through which the bonding wire passes is as low assuming that photoelectric current i(t) is a sine wave
small as only 0.5 dB which is practically a negligibly small having an amplitude of i.
value.

v(t) = i . ejwt RV / r1 +(,CjRT)2 (3)
3.2 Connection efficiency between optical fiber and

ring-shaped PD In equation (3), letting the frequency that reduces the
voltage to I / V/2, that is, the power to half (3 dB down)

The area Af of a spot on the detected surface distant be the cut-off frequency fc, it can be represented with
by Q from the outgoing end of optical fiber having a radius equation (4) below.
of r and numerical aperture NA is represented with the
equation (I) below assuming that the optical fiber has fc 

= 
I / (2n Cj Rt) (4)

perfect roundness.
On the other hand, Cj is in inverse proportion to the width

Af = • (t • NA + r) 2  
(I) of the deplc.ion layer and the width of the depletion layer

increases in proportion to 1/2 power of the inverse voltage
If the spot area is greater than the detected area, the con- (bias voltage Vr), that is, the following relation is satisfied.
nection loss takes place. Let the detected area be Aa, the
connection loss =c is represented with equation (2) below, Cj - I /VW (5)

-c = 10-log(Aa/Af) IdBl Aa<Af (2)
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4.2 Frequency band width measurement using the bias must be actually present between rings (AI - A2 between
voltage as parameter anodes). Therefore, when there is present only one incident

light toward either one ring, its equivalent circuit becomes
as shown in Fig. 10(b). where symbol Cc represents the

The measurement system having the same constitution capacity component existing between the rings or betweenas that used for the surface sensitivity distribution (Fig. 3) anodes (Al - A2). How much percent of the signal that

was used to measure the frequency at which the normalized our in r A) leasmoch output of rin tire

modulation output level drops by 3 dB and we made the oclR nrn :Ilast h upto ig& srpe
moasueduaio ouuee ropsent bhe y 3 and w adthe sented with an isolation ratio, and the frequency at which
Thmeasuremeqency raseprese the requen b awi, the isolation ratio exceeds 40 dB is subjected to evaluation.
The measurement was executed for the two ring PDs having When #1 ring PD receives the photoelectric signal
tile same structure and we obtained the same measurementWhn# rigP reivstepoelcicina
reult. sa e stru uremn wesut obta the same measret modulated by sine wave in this equivalent circuit. the signal

voltage v2 (t) applied to both ends of the load resistance
bias voltage of ring PD No. I is shown in Fig. 8 as a charac- for #2 ring PD is represented with equation (6) below, and
teristic example. Here, ring PD #1 indicates the innermost isolation ratio I with equation (7), respectively.
ring, and ring PD 44 the outermost ring.

This result indicates that the band width increases JwCcRk 0
nearly linearly until the bias voltage reaches the neighbor- YO(t) = l-+-j . R-(ci +-c vlt) (6)
hood of 20 V and in the range of voltage exceeding 20 V (Rc I = Re 2 = Re is assumed.)
the band width ascends moderately with a saturation
tendency. Characteristically speaking. the innermost ring I = 10 log ,(I +('ji('c) + (0 1wCcR)

2
i [dB1 (7)

;t1 having the least photo receiving area indicates tle best
band as 80 MHz at a bias voltage of 50 V and even the outer- Fig. II shows numerically calculated result of crosstalk
most ring =4 having the largest photo receiving area holds characteristic using the ratio Cc/Cj of the inter-ring ca-
a band of 50 MHz. pacity Cc to the inter-terminal capacity Qj as parameter.

Fig. 9 shows the relationship between the photo This result is the calculation done assuming that the inter-
receiving area of each ring and its capacitance between terminal capacitance be 50pF, where the frequencies at
terminals when holding the bias voltage at 30V, where which the isolation ratio becomes 40dB are 6.4, 12. 18.5,
the broken lines are drawn taking ring =4 as reference 26, 34 and 70MHz for CciCj = 110, 1/20. L'30. 1,40.
with the assumption that both the photo receiving area and 1/50, and I/ 100, respectively. Namely, this result indicates
the junction capacity are linear. As is obvious from Fig. 9 the tendency that as the inter-terminal capacitance Cj de-
as a ring is situated at an inner side the difference between creases and the ratio CciCj decreases, the crosstalk charac-
the solid line and the broken line tends to increase in steps teristie gets better.
of about 10 pF. The reason for such tendency resulting in
the diagram in Fig. 9 would be that when considering the
distance between each ring and the output terminal for 5.2 A measurement result of crosstalk characteristic
the bonding wire connected to the ring the number of con- between rings
tact points existing between adjacent rings via insulator in
between is 3 for ring #1. 2 for ring #2, and I for ring =3, The same measurement system as that (Fig. 3) for
respectively, and that every contact point causes a capacity surface sensitivity distribution was used to measure the
of lOpF to be added. Pertaining to this, an attempt to frequency at which the level difference between rings
reduce the capacitance to be added is under examination. reaches 40 dB. As a characteristic example. Fig. I2 shows

the measurement result of crosstalk characteristic between

5. Crosstalk Characteristic rings #1 and =2 of ring P1) No. I obtained when holding
the bias voltage at 30 V. This result indicates that the
frequencies at which the level difference between rings

5.1 An equivalent circuits for crosstalk reaches 40dB are 9.8 Miz between 1 - *2 and II MHz
between 2 - =1. and that at frequency of 4.2 MHz which

In this paragraph, we will explain the crosstalk charac- is the band width for the NTSC color system a level differ-
teristic which is an important transmission characteristic ence can be obtained 60 dB. Table 2 shows the measurement
of the multi-channel optical rotary connector. To simplify result of crosstalk characteristic between all the rings of
the problem, here, we used an equivaleat circuit for two No. I and No, 2 ring PDs obtained when holding the bias
rings to try to analyze the crosstalk. voltage at 30 V. Table 2 proves that the crosstalk charac-

The equivalent circuit, taken in this analysis here, is teristic in the direction from an inner ring to an outer ring
the one for the cathode common double-ring PD. We now is worse than that in the reverse direction. We think that
assume that there is incident light toward each of two rings, this is due to the difference in capacitance between termi-
respectively, whereby two current sources il (t) and 12 (t) nals of each ring which is further due to the difference
exist. Then, the equivalent circuit can be represented as between photo receiving areas of rings, whereby crosstalk
shown in Fig. 10(a). where CjI and Cj2 are terminal more easily leaks from an inner ring having a small capaci-
capacities between the anodes and cathodes of the rings, tance to an outer ring having a large capacitance while

and RV I and Rt 2 the load resistances, respectively. We crosstalk leak in the opposite direction becomes hard.
consider that although in such ideal equivalent circuit no
crosstalk can occur, a slight amount of capacity component
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6. The Experiment of Transmitting the Base Band
Analog Color Video Signal

We installed a video amplifier at the stage following
each ring PD of rings I through #4 and measured the SN
ratio obtained when receiving a base band analog color
video signal. As a result. we confirmed that a SN ratio of
47 dB was obtained for all the ring PDs when a level differ-
ence of 7 dB was prepared in terms of light output between
the transmission and reception lines, and even when a level
difference of 10 dB was prepared between the transmission
a n d recep tio n lin es a S N ra tio o f g rea ter th a n 4 0 d B w as ...................

obtained.
It is generally said that the SN ratio at which one can

be released from a bothersome picture noise is around
40dB. and we made sure that since the measuring value
we have obtained this time exceeds 40dB. the picture F t structure of the quadruple
quality can be obtained which has actually no problem. ring shaped St PIN 'Dp

7. The Experiment of Transmitting the l)igitaliAnalog
SnTab Ie I . Principal 'haracterristi c of

ring shaped P1)
No. Items Symbols Conditions; Units Valui's

We executed an experiment of receiving both a rec- -. te Sm lCn isU %V

tangular wave signal and a sine wave signal concurrently t Quanturn X 0.85 um. % 80
by rings =3 and =4. Efficiency Vr 10 V

The result is as shown in Photos I through 3. where 2 Photo S - 0.85 'Um. A/W 0.6
Photo I shows the result of receiving a 2M Ilt sine wave Sensitivity Vr tO V
signal and a 1.4 MHz rectangular wave signal at a time with 3 Cut off f5  R&. 50 2, , Mltz 50
the use of 220S2 load resistor and indicates that signal Frequency 3dll Down
reproduction is properly made without any interference
and Photo 2 shows the result of receiving a 6MHz sine 4 tark I Vr 10 V nA 3

- Current

wave signal and a 3.3 MHz rectangular wave signal at a time
with the use of 100 Q and it indicates that signal reproduc. 5 tapac i ('j Vr 10 V, pF 50tali(, f 1 MIIz
tion is properly made without any interference.

In this connection. Photo 3 shows the waveform 6 Cross T Vr 10 V. dB 61)
obtained when receiving a 100KIIz rectangular wave talk f 4.2M,1z

signal.

8. Conclusion

As a result of the various characteristic tests executed #1(AI)
on the optical fiber rotary joint using the quadruple ring
Si-PIN-PD. good rotation variance characteristic (below
I dB), frequency characteristic (cut-off frequency: 50 MHz),
and inter-ring cross talk characteristic (isolation ration of
60dB at a frequency of 4.2 MHz) could be obtained, and
further as a result of transmitting the base band analog #4(A4)
color video signal a SN ratio of 47 dB could be obtained and
a good result was also acquired from the transmission of a
digital signal.
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Table 2. Crosstalk characteristics

Test
Positions 2 JMHzj

Photo # I # 2 # 3 # 4
Receiving
Rings R, 220 [Q]

9.8 9.2 9.0
#10.0 .0 8.2 1.4 IMHz]

11.0 8.6 8.6

12.0 8.6 9.0

12.0 9.6 8.4 Photo 1

12.0 9.4 7.8

12.0 10.5 8.8

13.0 11.0 9.0

Over (No.1) Units MIz
Under (No. 2) Vr 30 V p 6 MHz]

R1, 1 00 0~

3.3 IM~zI

Photo 2
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Design and Performance of the New Single-Mode Fiber Connector

with MP-Ferrule in Subscriber Network

K. Kashihara, M. Fukuma, T. Kakii, S. Suzuki
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1, Taya-cho, Sakae-ku, Yokohama, 244, Japan

Abstract connector with precision plastic-molded ferrule
has already been developed [3][4].

Small-size connectors for both jacketed fibers
(SJ) and pre-connectorized cables (SP) have This paper describes the design and performance
been developed using the same composite metal- of the new single-mode fiber connector with MP-
plastic ferrules(MP). The SJ single-mode fiber ferrule in subscriber network.
connector with MP-ferrule may be mounted on
connecting board at intervals of 6 mm using a
push-on connecting mechanism. The average inser-
tion loss was found to be 0.14 dB with physical
contact condition; the return loss of the MP- 2. Connector Design
ferrules polished by elastic polishing sheet was
more than 35 dB without index matching oil. (1) MP-ferrule

As for the SP connector, by clamping the MP- Optical fiber connector ferrule is a very important
ferrule fl'nge portion directly with the spring part for performance of optical fiber connector.
clip. the outer dimension is reduced to only 4 mm. Metal-type, ceramic-type and plastic-type ferrules
The average insertion loss was 0.13 dB using index have been developed. Metal-type and ceramic-type
matching oil. ferrules have the advantage of high performance

and high reliability, but a disadvantage in produc-
tion costs. Plastic-type ferrule has the opposite
inherent characteristics to those mentioned above.
Therefore, to achieve both advantageous character-
istics in a ferrule, composite metal-plastic fer-
rule (MP) have been developed [6], and applied
to the new single-mode fiber connectors.

1. Introduction
The structure of the MP-ferrule, illustrated in

Optical fiber cables have been used in various Figure 1, consists of a molded plastic body
applications. Therefore. various kinds of con- partially surrounded by a stainless steel sleeve.
nectors are in demand. Part of the outer metal sleeve is embedded in

the flange of the ferrule to increase the ferrule's
As the application for high density cables in bending strength. To facilitate the polishing
subscriber network increases, the miniaturiza- of the endface of the ferrule, the molded plastic
tion of a connecting portion is needed. portion projects out from the end of the metal

sleeve. The MP-ferrule's physical contact portion
Types of connectors are divided into jacketed with a low Young's modulus is more effective in
fibers and coated fibers. The connector for eliminating the Fresnel reflection loss compared
jacketed fiber has Kevlar fixing structure, and with metal-tipe and ceramic-type ferrules in terms
is mainly used in case of frequent reconnection of Hertz contact theory. Experimental result
of connectors. Therefore, the mechanism for easy using MP-ferrule is shown in Figure 2.
reconnection is fit to the structure of the con-
nector for jacketed fiber. The push-on type con-
nector which has the mechanism for easy reconnec- (2) SJ connector with MP-ferrule
tion has already been developed [1][2]. The
connector for coated fiber is used for connecting The connector for jacketed fiber requires the
cable to cable to construct optical transmission mechanism for easy reconnection and miniaturiza-
line and mainly applies to pre-connectorized tion of the connecting portion. To facilifate
cables. Pre-connectorized cables have come into the reconnection of connectors which are mounted
use to facilitate field connecting operations on connecting board in high density, a push-on
which are being substituted for fusion splicing, connecting mechanism [1][2] is applied. The push-
Therefore, to mount the high density cables, on connecting mechanism has the characteristics
miniaturization of the connector and simplifica- that pushing the plug into the adaptor is only
tion of the structure are needed. The small-size needed for connection, and only pulling the plug
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out for disconnection. in Table 1. Using elastic polishing sheet,
the MP-ferrule's endface made of plastic

The SJ connector with the push-on connecting can be easily polished to a spherical surface.
mechanism is shown in Figure 3. To mount the Spherical polishing method is illustrated
connecting boad in high density, the side of in Figure 6, the spherical surface radius
the ejector and the side of the adaptor are cut polished by this method was ^. 20 mm.
at widths of 5.9 mm and 6 mm respectively. There-
fore, the SJ connector may be mounted at intervals 4) The last part is fixed and the finally as-
of 6 mm. sembled plug is inserted into the adaptor.

(3) SP connector with MP- ferrule
(3) SP connector with MP-ferrule

The connector for coated fiber is applies to
pre-connectorized cables. The miniaturization The SP connector is assembled using the following
of the connector to mount the high density cables 4 steps:
and the simplification of the structure of the
connector to facilitate connecting operations 1) The buffer jacket is removed by strippvr.
are in demand. Furthermore, the connector for
coated fiber is needed to reduce the connector 2) The stripped coated fiber is inserted into
weight. the MP-ferrule filled with epoxy resin.

The epoxy resin is cured using the heating
The SP connector is shown in Figure 4, and con- machine.
sists of the plug, adaptor and spring clip. As
a result of simplifying the structure of the 3) After curing the epoxy resin, the MP-fer-
connector and reducing the connector weight, rule's endface is polished by the polishing
the plug consists of only MP-ferrule. Conse- machine. The polishing procedure is shown
quently, only fixing the MP-ferrule to the coated in Table 2.
fibers is sufficient for mounting to the cables.
The SJ connector is connected by the spring clip. 4) The polished MP-ferrule is inserted into
By clamping the MP-ferrule flange portion directly the adaptor, and clamped by spring clip.
using the spring clip, the outer dimension is
reduced to only 4 mm.

4. MP-Ferrule Characteristics and
Connector Performance

3. MP-Ferrule Production and Connector Assembly
(1) MP-ferrule

(1) MP-ferrule
MP-ferrule characteristics are shown in Table 3.

Using the metal sleeve insert molding technique, Using the metal sleeve, the outer circumference
MP-ferrule can be produced in the same manner as portion is completed in high precision. This
plastic-type ferrule [5] (Figure 5). Metal sleeve metal sleeve was embedded in the flange of the
is inserted into the cavity, and then, epoxy ferrule and the MP-ferrule's bending and tensile
resin is transfermolded with low pressure into strength were more than 8 kg and 15 kg, respec-
the cavity. After curing the epoxy resin, the tively.
mold pin is removed from the MP-ferrule to form
the optical fiber guide hole.

(2) SJ connector with MP-ferrule

(2) SJ connector with MP-ferrule The insertion loss of the SJ connector with MP-
ferrules applied to single-mode fibers is shown

The SJ connector is assembled using the following in Figure 7. The average insertion loss was
4 steps: 0.14 dB with physical contact; the return loss

of the MP-ferrules polished by elastic polishing
1) The jacketed fiber is inserted through the sheet was found to be more than 35 dB. Figure

five parts which will compose the plug. 8 shows the result of reconnection endurance
The outer jacket and the buffer jacket are test. Variation in the insertion loss during
removed by stripper. 500 insertion and removal was within ±0.1 dB

with the connection endface being cleaned after
2) The stripped jacketed fiber is inserted every 25 insertions. Vibration test was made

into the MP-ferrule filled with epoxy resin, at the frequency of 20 Hz and the amplitude of
The epoxy resin is cured using the heating 0.75 m for 2 hours. Variation in the insertion
machine, loss was less than 0.05 dB.

3) After curing the epoxy resin, the MP-fer- Furthermore, the temperature cycling test was
rule's endface is polished by the polishing performed at a temperature from -30 OC to 60 *C
machine. The polishing procedure is shown for 30 cycles, as shown in Figure 9. The measured
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variation in the insertion loss was within t0.1 dB. References
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subscriber optical line system", IECE
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5. Conclusions [6] T. Kakii, K. Kashihara, Y. Asano and
S. Suzuki, "Composite metal-plastic ferrule

Composite metal-plastic ferrules (MP) have been for single-mode fiber connector", in Tech.
developed with both advantageous characteristics Dig. OFC/IOOC, TUF5, 1987.
of conventional metal-type and plastic-type fer-
rules. New single-mode fiber connectors (SI and
SP) have been developed using the same MP-ferrules.
As a result of miniaturization of the connectors,
the SJ connectors and the SP connectors may be
mounted at intervals of 6 mm and 4 mm respectively.
The average insertion loss of the SJ connectors
applied to single-mode fibers was 0.14 dB with
physical contact. The average insertion loss of
the SP connectors applied to single-mode fibers
was 0.13 d8 using index matching oil. Various
environmental tests were conducted to confirm the
reliability of the SJ and SP connectors. The
results show that the both connectors can be
used in the subscriber network.
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Table I Polishing Procedure of SJ Connector Table 3 MP-Ferrule Characteristics

Polishing Sheet Time Item Result

Step 1 6 pm 1 sec Diameter 2.499 ± 0.0005 mm

Step 2 1 um 30 sec Eccentricity < 0.5 pm

0.5 jim

Step 3 + 50 sec Roundness < 0.5 um
Elastomer Sheet

Surface Roughness < 0.1 jim Ra

Polishing Sheet

MP-Ferrule Elastomer Sheet Bending Strength > 8 kg

Metal Plate

............

Tensile Strength > 15 kg

Optical Fiber

50 50

N N=50

20 Ave. 0.14 dB

Shape of PC
Polished Endface

Figure 6 Physical Contact Polishing of MP-Ferrule

10-

Table 2 Polishing Procedure of SP Connector

Polishing Sheet Time

Step 1 6 wm I sec 0 0.1 0.2 0.3 0.4 0.5

Insertion Loss (dB)

Step 2 1 Pm 30 sec Figure 7 Insertion Loss of SJ Connector
for Single-Mode Fibers

Step 3 0.3 um 30 sec
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SUMMARY distribution of fiber end face gaps D. when ribbon fiber
end faces are butted with each other on V-grooves of a

A new stuffing-pulling fusion technique for mass splice machine using the ribbon fiber holder. The fiber
fusion splicing of single-mode fibers is presented. The fiber ribbon unit to be spliced consists of ten fibers. The
spliced-region is pulled after the fiber end faces are fused horizontal axis D., denotes the values obtained by
and stuffed to each other. The characteristic feature of this subtracting the minimum end face gap Dmg, in each ribbon
technique is that the stuffing and pulling strokes are unit from actual values D, of end face gaps for individual
varied, based on observation of the fiber end face gaps for fibers, and expressed as
every splice. This technique can reduce splice loss to
approximately 50 percent of that realized by the D. - D. - DM (I~n . 10). (I)
conventional method, and can eliminate splice failure due to
end face gap variance. A mass fusion splice machine based It can be determine from this figure that average and
on this method is newly developed, and it is confirmed that maximum end face gap values are II p m and 50 p m.
an average splice loss of 0.024 dB and fusion splice time respectively. With such a large variance, the stuffing
of one minute per ribbon unit are attained for mass fusion stroke"' of fiber end face should be increased to minimize
splicing of single-mode fibers. splice failure ratio. The solid curve in the figure shows

the end face gap distribution calculated by the
I. INTRODUCTION least-squares method. The probability density function P. is

represented as
Recently, the application area of single-mode fibers

has been rapidly expanding. Further introduction of P. Ci (D. + I) exp D.- (D.+1) /C,, • (2)
single-mode fibers for subscriber systems is expected in the
near future. For this purpose, a mass splicing technique where coefficients C, and C. are evaluated as 0.025 m- )
that can splice a large number of fibers with low-loss and and 6.4 1 m), respectively.
minimal working-time is indispensable."' '40

In this paper, the problem of mass fusion splicing for 2.2 SPLICE LOSS AND SPLICE FAILURE RATIO
single-mode fibers is discussed with regard to splice loss The influence of the end face gap variance on splice
and splice failure probability. The methods presented are loss is investigated in this section. Fiber end faces to be
.wo new stuffing-pulling fusion techniques (Constant Stuffing spliced are separated a specific distance Di prior to fusion.
and Pulling: CSP and Variable Stuffing and Pulling: VSP Then, the end faces are fused and stuffed into each other
methods), where the fiber spliced-region is pulled after end by continuous heating. In our experiment, this pre-fusion
faces are fused and stuffed to each other. In addition, a technique"' is also used. Thus, fiber end faces are over
mass fusion splice machine based on the present method is stuffed when the end face gap is narrow, while, fiber end
newly developed, and its performance with respect to splice faces can not be fused because of wide end face gaps. In
loss and splice time is investigated. Finally, efficiency and the latter case, splicing is unsuccessful. Fiber end face gap
utility of the present methods are confirmed theoretically variance also catises stuffing stroke variance. The
and experimentally, relationship between splice loss a . and stuffing stroke S

is shown in Fig.3. and expressed as
2. PROBLEM WITH MASS FUSION SPLICE

a s9 CS + C4 (dB). (3)
2.1 END FACE GAP VARIANCE

Ribbon fiber end faces are prepared by bending
pulling stress, after the ribbon fibers are scratched where coefficieits C. and C. are evaluated to be 1.23
perpendicularly to the fiber axis and straight by a (dB/ # m) and 0.016 (dB). respectively. Vertical segments
cemented carbide blade.1

5) 
Fiber end face variance is caused represent scattering of data for 10 splices. Structural

by bending-pulling stress. Because the fiber jacket coat is parameters of fibers used in the experiment are listed in
designed so that fiber is virtually mobile in the jacket Table 1. Discharge duration time is 5 sec. Here, if we let
coat. This feature is vital for removing the jacket coat at the stuffing stroke of the splice machine be S.; actual
fiber end face preparation, stuffing stroke of fiber end face is (S.-Do), stuffing stroke

Thus, a ribbon fiber holder"" is used to reduce end S. of fiber n in a ribbon unit is given by
face variance for the end face preparation. However, this is
difficult to achieve. A schematic view of the prepared Sn - So- D,. (4)
ribbon fibers at the splice point is shown in Fig.l. Fiber
end face gaps are varied as D, - D.. Figure 2 shovs the Therefore. c . can be expressed from Eqs.(3) and (4) as
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Figure 4 shows the dependence of average splice loss

< a s> and the splice failure ratio Rf on the stuffing
stroke S of fiber end face. It is found that splice failure
probability decreases dramatically by increasing the stuffing

Fiber 1 stroke. However, this results in increased splice loss. This
Fib3e 1 DN-1 is the most significant problem in mass fusion splicing.
Fiber 2 .

Fiber 3 0.15

Fiber N-1 DN

Fiber N

Fig.l Schematic view of fiber end face gap deviation for 0.10-
mass fusion splice.

i ~ ~801 "
80 

0.05

2;N 
= 250

60 (D.)= 11Mm

0
Z 40 Approximate Curve 0 20 40 60 80

S (Mm)

20 Fig.3 Relationship between splice loss and stuffing strokeof fiber end face.

0__ 0.10 1000 10 20 30 40 50 60 0

D, (Mm) 0.08 .80

Fig.2 Distribution of fiber end face gap. \Ei

0.06 \60 A

0.0 -40 or

a 8  Ca (So - D. ) 4C4 (dB). (5) 0.04

Here. the splice is successful for S,. 0 . and fails for 0.02 \20
S., 0. Furthermore, distribution of a , is derived using
Eqs.(2) and (5). The distribution function Q,, of a , iS 'N

obtained as 0 0
0 10 20 30 40 50 60

Q. P./ (d ax ./dD.) (6) So (pm)
Ct(C,, a .)exp I (Cc a)CC} tC

a

CC a)pC a / .I / C" Fig.4 Dependence of average splice loss and splice failure

C 
= C. + C. + C3S,.- ratio on stuffing stroke of fiber end face.

Splice failure ratio R, can be also derived on the condition
that the splice is unsuccessful unless all fibers in the 3. LOSS REDUCTION IN MASS FUSION SPLICING

ribbon unit are fused together. In this section, a new stuffing-pulling fusion

So technique, in which the fiber spliced-region is pulled after

R , 1 - [ f P. dD. 1 (7) the fiber end faces are fused and stuffed into each other,
0 is presented ,'jr reducing splice loss .

Average splice loss < a ,> is given by Eq.(6) as 3.1 TREATMENT OF SPLICE POINT AND SPLICE LOSS

It has been confirmed in our various experiments that
a so a 80 excess loss due to the core metamorphosis caused by over

< a.> f a 8Q. d a / 5 Q. d a s. (8) stuffing the fiber end face was alleviated by pulling the
C. C4 spliced-region after the fiber end faces were fused and

aso
= C.S+- C,. stuffed into each other. The stuffing-pulling technique is

based on this effect, and its splice process is schematically
shown in Fig.5.
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Fiber End Face Gap 3.2 OPTIMUM PULLING STROKE
As previously mentioned, stuffing Stroke varies

Ribbon Fiber depending on end face gap variance. Therefore, the optimum
(1) START - pulling stroke Lo which minimizes average splice loss is

considered to exist. The optimum pulling stroke is derived
from the distribution of splice loss. Splice loss distribution

(2) PRE-FUSION ....-- Q, introduced the pulling process is given by Eqs.(2). (3).
(4). and (9).

P,>./ (da./dD.) (10)
(3) STUFFING

END-FACE -C,(DL 1- 1) exp (D, + l)/C, I /F,

- where
(4) PULLING . D. (F-- c59 ) /F. B^C 6 So+C.,

END-FACE . E -BLa + BL F B. B = CSo + C..

F - C.L' + C,L + C, B, - C.So + C.

Fig.5 Fusion splicing process for the present method. Average splice loss < a s> introduced in the pulling process
is given by

The measured relationship between splice loss a E E
and pulling stroke L as a function of stuffing stroke So is < a s> -" a sQL d a s/ f QL d as. (II)
shown in Fig.S. Measured points in the figure indicate mean II If
values for ten splices. Fibers used in the experiment are
the same as shown Table I. The curves in the figure II C.I, I C.L i- C.
represent the best-fit curves obtained by the least squares
method. Splice loss decreases gradually in the 0 <-. L_<S0 Optimum pulling stroke L. with respect to a certain
range, which corresponds to the dissolution of core stuffing stroke S. of the splice machine exists, and can be
metamorphosis. For further pulling (L > S.). splice loss obtained by d& a s,>/dL.-0. As this results in a very
increases gradually again due to the formatior. of steep complex equation, we choose to omit it. and show the
taper"= ' at the splice point. As a result, the optimum value calculated result in Fig.7. This figure shows the dependence
of the pulling stroke appears to be near L-So. Furthermore, of the optimum pulling stroke on the stuffing stroke. Figure
the minimum value of the splice loss at L S. increases as 8 shows relationship between the average splice loss < a, >
the stuffing stroke increases. It is clear from these and the stuffing stroke So, The dashed and solid curves in
measurements that a stuffing-pulling fusion technique the figure indicate L=0 and L-L, cases, respectively. It is
effectively reduces splice loss. Splice loss a s after the found that splice loss increase can be mitgated by
pulling process is approximated as follows: choosing the optimum pulling stroke. For instance, average

splice loss is reduced from 0.06 dB to 0.05 dB when S.-50
a s G^(S)L' + G.,(S)L + Gc(S) (dB). (9) p m. We call the technique CSP method (Constant Stuffing

and Pulling end face method), since the pulling stroke is
(^(Sl Cr.S I-Ce. GB(S) C7S + C,. Gc(S) CaS f C,. chosen, and fixed based on the stuffing stroke.

where coefficients C.,. C., C. and C. are evaluated as 80
4 X 10 ' (dB/ # ma). 4.6 X 10- (di/ u m-), 1.3 X 10 , (dB/ p m').
and 6.5 X 10-6 (dB/ p m), respectively. In Fq.(9), when 1. 0,
a corresponds to Eq.(3).

60

0.25.3 4
40

0.15
-. ® ,,720

0.1 4 ~ 6 i. IfRltosiMewe h piu uln tik n
"" 0

10 20 30 40 50 60
0.05 .........

ZL32 pm S. (pM)
I 16pur Fig.7 Relationship between the optimum pulling stroke and

01 _____Stuffing Stroke of fiber end face.

0 50 100 150 200

L (;m) 3.3 VSP SPLICE METHOD
If the stuffing stroke is chosen so that a pair of

fibers with the maximum end face gap are fused with each
Fig.6 Dependence of splice loss on pulling stroke of fiber other for ribbon unit splicing, it is possible to eliminate

end face. splice failure due to end face gap variance. That is. when
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0.08 1 [TABLE I. Structural Parameters of Single-Mode Fibers

L
=  Fiber Core Cutoff Spot Core Eccen-

0.06 Diameter Diameter Wavelength Size tricity
(Am) (p m) (pm) ( Pm) (pm)

125 ± 1 10 ± 0.5 1,2 ±0.1 5 ± 0.2 0-0.2S0.04 " =L

0.02-a s. GA(S.)L
2 + G.(S.)L 4 Gc(S.) (dB). (14)

Then, the average splice loss < a s> is expressed as
0

10 20 30 40 50 60 < a s> a s,/N. (l< n N) (15)

So (pm) Consequently, the optimum pulling stroke Lo to minimize

Fig.8 Comparison between conventional and CSP methods average splice loss is obtained as the next equation:
as a function of stuffing stroke- L. = - 2 G (Sj/ I G^(S).

the maximum and minimum end face gaps in a ribbon unit (1 n cN) (16)
are D1,1Ax and Dmi_ the splice machine stuffing stroke is
determined as This method has the special feature that the stuffing and

pulling strokes are controlled by a microprocesser to
SoD= x - DN- (12) minimize average splice loss. This is based on the

observation of fiber end face gaps for each splice. We call
For this purpose, all end face gaps in ribbon units should the technique VSP-method (Variable Stuffing and Pulling
be measured before fusion splicing. It is possible to use end face method).
image processing with microscopic observation"'. A
schematic view of the end face gaps observation system is 3.4 CALCULATED SPLICE LOSS
shown in Fig.9. In this figure, the fiber end faces fixed in The calculated cumulative probabilities of splice loss
V-grooves are magnified by an objective lens, and focused for the CSP- and VSP-methods, along with the results for
on a CCD-image sensor. Then, the end face gaps are the conventional method")t are shown in Fig.10. Probabilities
measured using image processing. were estimated by a numerical calculation using the end

face gap data in Fig.l. Average splice losses of 0.06 dB,
0.05 dB, and 0.03 dB are obtained for the conventional,

Electrode Lht Source CSP-, and VSP-methods. respectively. Furthermore, it is
igh found that splice failure probabilities of 5%, 5%. and 0%

are obtained for these methods, respectively. A comparison
of these results with respect to average splice loss, splice
failure ratio, stuffing stroke, and pulling stroke is shown in

Tape . c . Table 2. It is confirmed from these results that the VSP
iber. splice method reduces splice loss to approximately 50

percent of that realized by the conventional method, thus,
Lens it is suitable for mass fusion splicing of single-mode

V.Groove fibers.

100

DImage Sensor I- 80

/ lIi
< 60-

0o 11

Fig.9 Measurement method of fiber end face gap. CL 40 /
LU
> I" VSP

In this method, the stuffing stroke of number n fiber 20-< D csP-/,

in the ribbon unit can be represented by using measuied 1H. m Conventional
end face gaps D, E as 01

0 0.02 0.04 0.06 0.08 0.1 0.12
S. -D.A.x - D.- I -, n N )(13)

where N denotes the t,.ial number of fibers in a ribbon Co (dB)

unit. Splice loss fr this fiber a, is derived from EqS(9) Fig.O Cumulative probability of splice loss for VSP, CSP,
and (13) and conventional methods.
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FAiLEI. 2. Compariso.n f the conventional. 'SI
) 

. and 40
VS, splice methods. 35 q =0.024 dB

Method -e R, So Lo 30 o =0.0003dB

Conventional 006 dli E , 50 /1 m 0 r 25 = 80

CSI' 0.0 dB 57. 50 1 4 m 20

VSP 0.03 dl) 0 , variable variable Z 15

10

4. PERFORMANCE OF MANUFACTUREI) MASS FUSION
SPLICE MACHINE 00 - 0.05 0.1 0.15 0.2

A photograph of a manufactured mass fusion splice SPLICE LOSS ci, (dB)

machine, constructed to perform the VSP splice process is

shown Fig.l. The front panel of the machine is simplified. Fig.12 Splice loss histogram obtained by the manufactured

The machine has only two switches to be manipulated for splice machine.

fiber setting resetting and discharge start. It also has a

micro monitor for displaying splice loss. machine status, and 100 --- -

warning messages. R5

Figure 12 shows a splice loss histogram obtained by >
the machine. Ribbon fiber used in the experiment is the I-- 80
same as shown ii Fable 1. It is found from the figure that i

an average splice loss of 0.024 dB for 80 splices is

successfully attained. This result approximates the calculated <0 60 B 0.039dB
result of the VSP method in Ser.3.4, and suggests that the0 i. = 1.5x 10

3 
dB

VSP method is quite useful. A fusion splice time of oric C

minute per ribbon unit on average is achieved. This time w> 40

includes inspections of end face irregularities and fiber axis

misalignment.
The cumulative probability of estimation error with .. 20

respect to splice loss for the machine is shown in Fig.13.
Iigh level splice losses are intentionally generated to obtain 0
the various splice losses in the experiment. Misalignment in 0 0.05 0.1 0.15 0.2
the direction perpendicular to the CCD sensor plane is

measured using the focus depth. Although, splice loss is ESTIMATION ERROR 6e (dB)
roughly estimated by using misalignment, the average
estimation error of 0.039 dB is obtained, and is considered Fig.13 Cumulative probability of estimation error.

to be sufficiently realistic.

5. CONCLUSION

A mass fusion splicing technique for single mode
fibers has been investigated in detail with respect to splice
loss and splice failure probability. A new stuffing pulling
fusion technique, where the fiber spliced region is pulled
after the fiber eni faces are fused and stuffed to each

other, is proposed. The technique involves a new version in
which the stuffing and pulling strokes are varied based on

the observation if fiber end face gaps for every splice.
r, , Computer simul:.tion reveals that this technique reduces

splice loss by !X percent in d13 unit in comparison with
tfie conventioral method. Fur'thermore, it is possible to
eliminate splice failure due to end face gap variance. A

new mass fusio,, splice machine manufactured based on the

present method has also been developed and evaluated. As a
result, it was confirmed that an average splice loss of 0.024
dB and fusiiin splice time of one minute per ribbon unit
were successfully attained for mass fusion splicing of

single mode fibers.

The authors wish to express their sincere thanks to

Fig.ll Manufactured mass fusion splice machine. K.Ishihara, M.Miyauch, Y.Murakami. T.Ooyanagi, and K.Uema

for their helpful discussions, and to N.Kojima and
ASakamoto, for their encouragement.
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STUDY ON ARC-FUSION SPLICING Ge-DOPED SILICA SINGLE-MODE FIBERS

MANUFACTURED BY OUTSIDE AND INSIDE VAPOR DEPOSITION PROCESSES

E. Matti Hopiavuori Anthony DeVito

James E. Matthews III BellSouth Services

Corning Glass Works Birmingham, Alabama
Corning, New York

ABSTRACT performance for any fiber combination. Therefore,
these data were used as the baseline for

optimizing the field fusion splicer settings.
Over the past few years single-mode fiber has
proven in for long-haul and subscriber loop The experiment consisted of three phases with
telecommunication applications. The majority of mode-field diameter and end angle being the key

single-mode fibers are manufactured by either the controlled parameters:
Outside Vapor Deposition (OVD) or the Inside Vapor
Deposition (IVD) process. Arc-fusion splicing is Phase I investigated the feasibility of arc-fusion
widely accepted for permanent, stable, reliable, splicing IVD and OVD fibers with approximately
and low-loss interconnection of optical fibers nominal mode-field diameters using a field
from within the same manufacturing process'92. arc-fusion splicer (#2) and cleaver (Y) with end
This study examines fusion splicing single-mode angles held less than or equal to one degree.
fibers from multiple vendors and processes to Splices were acceptable if the average loss was <

ensure maximum flexibility for operating 0.1 dB and average tensile strength > 50 kpsi

companies, installers, and system designers in (0.35 GN/ml).
responding to industry and technology trends as

well as in extending existing routes. In Phase II, fibers with more extreme mode-field
diameters were arc-fusion spliced. Phase II

Four commercially available matched clad (MC) and splices were acceptable if the average splice loss

depressed clad (DC) single-mode fibers was < 0.2 dB and tensile strength > 50 kpsi. The
manufactured by OVD and IVD processes were spliced increased splice loss was allowed due to the larger

using both laboratory and field fusion splicers mode field diameter mismatch and larger allowed
and cleavers. Evaluation included fibers with fiber end angles of one to two degrees with 1O
nominal and extreme mode field diameters, of the end angles being less than one degree.

Homogeneous and heterogeneous splice losses and
tensile strengths are reported. Additionally, In Phase III, a few Phase II heterogeneous splice
effects of a particular heat shrink sleeve on the combinations were remade, a heat shrink sleeve
splice loss under temperature cycling were applied on the splice section to simulate actual

studied. field conditions, and then mounted in two
different commercially available splice trays of

This study demonstrates that under typical field 50 mm and 75 mm bend diameter. End angles were
splice conditions single-mode fibers from OVD and between one and two degrees. Splice losses were
IVD manufacturing processes and of different monitored as a function of temperature to
profile designs can be consistently spliced with < determine any long term attenuation increases.
0.2 dB average splice loss and > 50 kpsi (0.35
GN/m

2
) average tensile strength. This performance

meets the requirements of most telecommunication
istallations. SPUICING PROCEDURE

In all cases, the fiber coating was removed
mechanically t!sing an optical fiber stripping tool

designed to minimize mechanical damage to the
glass surface. Fiber ends were cleaved a short

INTRODUCTION distance from the point of coating termination
minimizing the amount of glass exposed to airborne

Single-mode fibers were arc-fusion spliced using contaminants. Additionally, this reduced the

two different splicers and cleavers. Fibers A, B probability of contact between the exposed glass

and C were manufactured using the IVD process and and the clamping surfaces of the splicer and,

fiber D using the OVD process. Splicer #1 and therefore, maintains the splice tensile strength'.

cleaver X represented commercially available
laboratory equipment; splicer #2 and cleaver Y The effect of fiber end angle on the splice loss

were typical field equipment. As expected, the was studied by varying the end angle requirements
laboratory equipment provided the best splice for each phase as stated above. The end angles
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were measured using the end angle reflection extrinsic factor contributing to the fusion splice
technique which has ± V4 accuracy and is less loss in the field can be the fiber end angle.
prone to variation in operator interpretation. Lateral offset and glass geometry are other
This study further verified earlier results that factors affecting the splice loss although current
fiber end angle and face condition have a splicing techniques, which use active core
significint effect on the splice loss and alignment, can somewhat reduce their impact on

geometry . For large end angles, distortion of the splice loss.

core during arc fusion, due to the flow of core MODE-FIELD DIAMETER MISMATCH
glass in a direction away from the point of
contact, can contribute 0.2 dB or more to the The splice loss in dB due to the mode-field
splice loss. This effect can be substantially diamete5 mismatch of two fibers as given by
reduced by limiting fiber end angles to one degree darcuse is in equation (1):
or less.

MFD r HFD 1  FD2 1
Residual coating particles and other contaminants MI0 2D

on fiber ends were removed by careful cleaning MISMATCH = 20 log %b -. ------ dB (1)

just prior to arc-fusion splicing. Maintenance of LOSS MFD 2  MFD1
a clean surface is necessary to obtain low where MFD1 and MFD2 are mode-field diameters of
extrinsic splice loss and high tensile strength. the spliced fibers, respectively.
In Phase I, fiber ends were immersed in an

ultrasonic bath of clean isopropyl alcohol. In FIBER END ANGLE
Phases II and III the bath was replaced with an
alcohol wipe. The major extrinsic factor is the end angle of the

cleaved fiber. The correlation between the
Fiber cores were aligned in the three axes to extrinsic splice loss and the end angle is
minimize attenuation measured on an OTDR presented in Figure 1. Experience has shown that
incorporating a high resolution real-time display, end angles of one degree or less must be
The automatic control of the longitudinal (z) axis maintained to obtain a low loss splice.
of one or both chucks drives the fiber ends ._ _

together during the fusion cycle. Optimum arc ..
voltage, current, and duration settings on the
field fusion splicer were determined, whereby -.

various OVD and IVD single-mode fibers could be -

spliced with consistently low splice loss and high
tensile strength. Once the optimum splicer
settings were obtained, those "universal settings" 

"
_

were used throughout the remainder of the -.- -

experiment.

The splice loss was measured using an OTDR. Due to

the directionality of the backscattering of two 2 i-
spliced fibers, splice oss was determined as a Icu:E: ;,E. :, :EC
bidirectional average ' . Using the bidirectional Figure 1: Extrinsic splice loss versus end angle
average eliminates the OTDR measurement artifact
of apparent gain in one direction and loss in the

opposite direction. LATERAL OFFSET

To determine the splice tensile strength, the For fusion splicing, lateral offset between the
uncoated spliced fiber sections were progressively fiber cores is generally considered a contributor
loaded up to failure on a Rotating Capstan Fiber to te extrinsic splice loss. Based on Gambling et
Tester (RCFT), and the fracture stress was a1

6  
, the lateral offset loss can be approximated

recorded. using equation (4):

Loss = 4.34(/W avg)2 (2)

where:

THEORETICAL BACKGROUND 6 i., the radial distance between the core
centers of the two fibers

T : is the average mode-field radius of the

The splice loss is determined by two factors; loss avg t.,o fibers
due to intrinsic fiber properties, and loss due
to extrinsic factors. The major intrinsic Current splicing techniques with active fiber
contributor to a single-mode fiber splice loss is alignment have reduced the impact of lateral
the mode-field 2d~ameter mismatch between the offset on the splicg loss. The referenced
spliced fibers . For step-index single-mode theoretical studies discuss the effects of
fibers, mode-field diameter, rather than core lateral offset in more detail. Experimental data,
diameter, is the functional parameter since the however, indicate that the contribution of a 2 pm
mode power distribution is not exclusively lateral offset on the splice loss is negligible
confined to the core region of the fiber. A major i.e. < 0.01 dB1.
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MULTI-VENDOR SPLICE LOSS PHASE I
BASELINE After determining the homogeneous splice losses

and splice strengths for each vendors' fibers, the

A set of each manufacturers' fibers were baseline performance of the heterogeneous

homogeneously spliced using the laboratory splice splicing, i.e. splicing fibers from different

equipment (splicer #1, cleaver X) to determine the manufacturers, was determined utilizing the

extrinsic losses i.e. losses attributable to the laboratory fusion splicer (#1) and cleaver (X).

splicing procedure only. This became the baseline The fibers were heterogeneously spliced using the

for further experimental work. Table I summarizes same universal splicer settings as in the base
the measured mode-field diameter, and intrinsic line case. The splice loss and strength results
tensile strength for fibers used in determining are in Table 4:

the baseline and in Phase I. The tensile strength TABLE 4

of each vendors' coated fiber was determined from
ten (one meter gage length) tests utilizing the HETEROGENEOUS SPLICING - LABORATORY OUIPMENT

RCFT apparatus. The obtained intrinsic strengthswere essentially equivalent. FIBER HM 1300 na MEAN TENSILE
COMI NATION LOSS |dB] STRENGTH [kpsil

TABLE 1 A-B 0.04 90

BASIC FIBER PARAMETERS - BASE LINE AND PHASE I A-C 0.03 70
A-D 0.07 115

FIBER ID MFD [um] MEAN STRENGTH [kpsil B-C 0.07 70
B-O 0.08 110

A 9.22 672 C-0 0.08 70
B 10.07 650C 9.33 603 The obtained splice losses and tensile strengths
D 10.17 668 easily met the acceptance criteria established for

Phase I. However, as the above results were

The splice losses at 1300 nm were measured with obtained using the laboratory equipment and

both a source/detector test set and an OTDR using splicing procedure, the next logical step was to

bidirectional averaging. The data shown in Table 2 try and obtain the same excellent results using

are typical for homogeneous single-mode fiber the field equipment. The actual technology
splices. Since the difference between the OTDR and transfer included optimizing the field fusion
the source/detector rest set was < 0.02 dB, an splicer settings. The field splicer settings were
te suedtectorllstbsequnt w easure0. n optimized through several phases. First, another
OTDR was used in all subsequent measurements. baseline ("laboratory cleaver") was established by

TABLE 2 homogeneously splicing fiber D using the field

splicer and laboratory cleaver (Table 5; trial

HOMOGENEOUS SPLICE LOSS @ 1300 no [dBI #1). The obtained splice loss compares favorable
with those reported in Tables 1 and 2, however one

SOURCE & would expect these results due to the very small
end angles of less than 0.5 degrees achieved with

FIBER ID DETECTOR OTDR &(OTDR-S&D) the laboratory cleaver.

A 0.05 0.07 0.02
B 0.05 0.06 0.01 Secondly, the laboratory cleaver was replaced with

C 0.06 0.07 0.01 the field cleaver in trial #2. The data in Table 5

D 0.04 0.04 0.00 (trial #2) as expected reflect the use of a field
cleaver with somewhat larger end-angles. The

The tensile strength data for the homogeneous splice losses increased slightly and the strength
splices are shown in Table 3. The splice stength decreased slightly indicating that optimization of

results are typical under well controlled the arc voltage, :urrent, and duration of the

laboratory conditions and exceed the field field splicer wa5 necessary. The post optimization

performance criteria. For reference, Table 3 also data are shown in Table 5 as trial #3. Evidently

contains the above intrinsic (unspliced) tensile the "optimized" field splicer settings compensated

strengths observed for each manufacturer's fiber, for the higher illowed end-angles of < 1.0 degree.

TABLE 3 TABLE 5

MEAN TENSILE STRENGTH jkpsil TECHNOLOGY TRANSFER (FROM FACTORY TO FIELD SPLICER)

FIBER ID UNSPLICED SPLICED HOMOGENEOUS SPLICE; FIBER D

A 672 130 ICE STRENGTH
B 650 110 TRIAL 1 - d [kipsi NOTE
C 603 601
D 668 150 1 0.04 100 'Laboratory cleaver

1 No apparent reason existed for the lower 2 0.08 92 'field cleaver'

tensile strength for this particular fiber 3 0.06 102 'optimized'
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The subsequent objective of the study was to The theoretical splice losses due to the
duplicate the encouraging results obtained mode-field diameter mismatch were calculated in
splicing fiber D for heterogeneous splices using Phase I for each fiber combination, then
the optimized field splicer and cleaver. Table 6 algebraically summed with the anticipated
summarizes the obtained, excellent heterogeneous extrinsic loss of 0.04 dB. The comparison between

splice performance. For five out of six fiber the experimental and the expected theoretical
combinations the splice loss using the optimized splice losses is presented in Figuie 3. The
field splicer was equal or les than the losses measured splice losses were very encouraging; note

obtained using the laboratory equipment (refel to from Figure 3 that the measured (observed) losses

Table 4). Slight differences noted in the obtained were slightly lower than the calculated
tensile strengths using the laboratory versus the (theoretical + extrinsic) losses in all cases.
optimized field splicer (Table 4 versus Table 6)
were in the order of eight percent. All splices
easily met the established acceptance criteria of ..
< 0.1 dB splice loss and > 50 kpsi tensile
strength.

TABLE 6

HETEROGENEOUS SPLICING . '-
"OPTIMIZED" FIELD EQUIPMENT

FIBER MEAN SPLICE MEAN TENSILE
COMBINATION LOSS IdBi STRENGTH (kpsi)

A-B 0.05 80 _

A-C 0.03 75 ' - -
A-D 0.06 85B-C 0.04 85 Figure 3: Theoretical versus expetimental splice
B-D 0.04 05 loss for Phase I multi vendoi splicing

C-D 0.03 75

Theoretically, the mode-field diameter mismatches PHASE I CONCLUSIONS

between these fibers were expected to cause Phase I results conicluded that multiple

somewhat (0.02-0.03 dB) higher heterogeneous
splice losses than experienced (Figures 2a, 2b and manufacturers' Germania doped Silica singlemode
3). fibers designed for 1300 nm opeation and

3). c:c= : ::.:'c= manufactured by either IVD or OVD processes can be

. ; :*- arc fusion spliced using the optimized field

splicer and cleaver. Combination of ptopeL end

preparation, cleanliness, end angles of one degree

or less, and a single optimized splicer settings

Z. yielded fusion splices that met the established
D criteria of < n.1 dB splice loss and > 50 kpsi

tensile sttength.

- a

Figure 2a: Mode-field diameters of the
experiment fibers PHASE-II

SPhase I showed that multiple manufacturers'
0 I single-mode fioers could be arc fusion spliced

so. -- - - uing the optimized field equipment. The
* ," -iheterogeneous splices of the evaluated fibers

,,,° having appro~imately nominal mode-field diameters
met the esta)lished performance criteria. However,

,, - - - - to fully examine the feasibility of multi-vendor
splicing, further investigations with fibers from

. -- the extremes of each manufacturers' process were
- epursued. In Phase I, the approximate extremes of

S°- - -- - - - manufacturers' A, B, C, and D single-mode fibers
7Z .with respect to the mode-field diameter were arc

WT., ,,, fusion spliced. The mode-field diameters and

MFD-Ratio intrinsic tensile strengths measured using a
two-meter gauge length for the fibers used in both

Figure 2b: Theoretical splice loss due Phase-Il and subsequent Phase-Ill are shown in

to mode-field diameter Table 7.
mismatch
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TABLE 7 Table 10 summarizes the average values and pooled
standard deviation for splice loss at 1300 nm and

FIBER PROPERTIES FOR PHASES II AND III tensile strength. Table 10 values include all
splice combinations with high and low mode-field

MEAN STRENGTH diameter fibers for each vendor combination.
FIBER ID MFD | LkpsiL_

TABLE 10
A-L 8.67 692

A-H 9.01 685 HETEROGENEOUS SPLICE; RFD EXTREMES

B-L 8.79 671 LOSS TENSILE
B-H 9.34 350' FIBER @ 1300 m IdBJ STRENGTH JkpsiJ

C-L 9.60 654 COMBINATION AVG. STD. DEV. AVG. STD. DEV.

C-H 10.08 663 A-B .14 .08 66 11.8

A-C .14 .05 64 13.7
D-L 9.76 07 A-D .10 .03 71 15.0
D-H 10.26 671 B-C .14 .07 65 10.5

Where "L" and "H" refer to low and high B-D .13 .06 74 14.8

mode-field diameter, respectively C-D .11 .04 66 8.7

No apparent reason existed for the lower PHASE II CONCLUSIONS
tensile strength for this particular fiber.

Using the optimized fusion splicer and cleaver,

Each manufacturer's high and low mode-field different manufacturers' single-mode fibers with

diameter fibers were spliced with the other three more extreme mode-field diameter mismatches were

manufacturer's high and low mode-field diameter consistently spliced yielding average plice

fibers. Phase-It consisted of a total of 24 splice losses < 0.2 dB at 1300 nm and average tensile

combinations each repeated five (5) times. The strengths > 50 kpsi. Only one combination failed

total number of splices was 120. The splice to meet the < 0.2 dB average splice loss criteria;

losses were measured at 1300 nm with an OTDR using the actual average splice loss being 0.278 dB. The

bidirectional averaging, splice loss is surprisingly high considering that
the mode-field diameter mismatch for this

The average splice losses at 1300 nm and tensile particular fiber combination was only 0.33 um. The

strengths for each vendor combination are major contributors to the higher splice losses

presented in Tables 8 and 9, respectively, compared to Phase I were larger allowed end
angles, larger mode-field diameter mismatch, and

TABLE 8 replacing of the ultrasonic bath end cleaning with
isopropyl alcohol soak and wipe.

HETEROGENEOUS SPLICE; MFD EXTREMES
AVERAGE SPLICE LOSS jdB| AT 1300 no

FIBER PIASE-1I1
ID B-L B-H C-L C-H D-L D H

A-L .058 .180 .175 .115 .105 .125 Phases I and I1 demonstrated that single-mode
A-H .030 .278 .110 .143 .on .058 fibers from different manufacturers and processes

can be fusion spliced meeting the performance
B-L NA NA .101 .120 .125 .088 criteria of most telecommunication installations.

B-H NA NA .163 .16b .115 .170 However, the possible environmental effects on theC-L NA NA .128 .088
C-L NA NA .135 .100 splice performance were yet to be determined.

Phase III was implemented by remaking two splices
The above data indicates that the mode field of the combina'ions listed below; installing heat

shrink sleeves on the splice sections; inserting
contributor to the splice loss. them on a splce tray; and placing the whole

TABIE 9 assembly inside a temperature chamber. Repetitivetemperature cycling between room temperature (RT),

HETEROGENEOUS SPLICE; MFD EXTREMES .701C, and -40
0
C was used to determine if any

AVERAGE SPLICE STRENGTH Ikpsil temperature induced attenuation increases of thesplices occurred. The bidirectional splice losses
at 1300 nm were measured with an OTDR and recorded

FIBER at selected times during the temperature cycling.

10 B-L B-H C-L C-E D-L D-H

A-L 64 76 75 69 69 63 In Phase-ilI, all end angles were maintained
A-H 72 52 61 51 77 76 between one and two degrees to simulate less
B L NA NA 68 61 10 82 optimistic field conditions.
B-H NA NA 69 60 68 77
C-1. NA NA 69 74 Spliced fiber sections were placed in either a 50
C-B NA NA 60 60 mm or a 75 mm diameter splice tray maximizing the
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bend diameter. Each fiber was preconnectorized for PHASE III CONCLUSIONS
ease of measurement. The connector ends were

periodically cleaned with alcohol. Ten Phase III Based on the reported data, the effects of the

fiber combinations were d'stributed in the two evaluated splice protection sleeve on the
splice trays as follows: heterogeneous splice loss after ten temperature

cycles from room temperature to -40*C and to 70*C

50 mm Diameter 75 mm Diameter are negligible. All attenuation increases at 1300
nm were < 0.02 dB.

* Batch one D-H to D-L A-H to C H
D-H to B-H C-L to B-L CONCLUSIONS
D-L to A-L

The limits previously imposed on single-mode fiber
* Batch two D-H to A-H D-L to B-L users to differentiate fiber manufacturers within

D-H to C-H D-L to C-L cables and point-to-point systems were
B-H to A L demonstrated to have no technical merit. This

'he, fol lowing tmppraluTe cycle was used: study successfully demonstrated that multiple
vendors' 1300 nm optimized, Germania doped Silica,

single-mode fibers manufactured by IVD or OVD
processes can be arc fusion spliced using a single

universal splicer setting achieved by optimizing
the field splicing equipment. OVD and IVD
single-mode fibers with mode-field diameters
approaching the limits of their specified range
were spliced meeting the established requirements

Rt of < 0.2 dB average splice loss and > 50 kpsi (.35
CN/m

2
) average tensile strength. It should be

noted that the necessary fusion splicer
adjustments are minor.

Proper fiber end preparation procedures combined
with optimized field arc-fusion splicer settings

3t !5 $0 10 14' 155 I C can yield splices that approach the intrinsic loss
, ;, , 1i tei' limit.

Table 11 pre-nts the average change in splice Data indicated that the two previously reported

loss at 1300 nm for each fiber combination after parameters affecting arc-fusion splice loss,

ten temperature cycles. The splice losses before mode-field diameter and lateral offset of the

adding the heat shrink sleeves were used as cores, contribute less to the splice loss than the

reference. Splice losses at room temperature and included end angle. End angles must be maintained

.70*C for each combination were measured only for less than one degree. Good cleaving tool

cycles # 1, 2, and 10. As the splice losses for performance is a critical contributor to the

cycles 1 and 2 were constant, the splice losses success of the optimized field arc-fusion splicer

were measured for each cycle only at -40'C since for low losses when splicing single-mode fibers

bending effects are most likely at cold from different manufacturers and processes.

temperatures. As expected, there were no
significant deviations in the data. The The tested heat shrink sleeve had negligible

fluctuations in the 1300 nm splice loss data were effect on the actual splice losses of the

less than 0.02 dB, falling well within the evaluated fiber combinations under described

repeatability of the measurement. temperature cycling. The changes in the splic-
losses were in the order of the measurement

TABLE 11 accuracy.

INITIAL SPLICE LOSS AND AVERAGE CHANGE IN ACKNOWLEDGMENS
SPLICE LOSS IdBI AT 1300 DUE TO

TEMPERATURE CYCLING The authors gratefully acknowledge Mi. Alan R.
Minthorn and Mr. Stephen Wemple fot theii

FIBER INITIAL AVG. CHANGE IN LOSS @ 1300 contribitions tn these experiments.

COMBINATION LOSS @ RT @ -40*C @ +70'C
REFERENCES

A-L to B-H .15 .007 .011 .018
A-L to D-L .19 -.007 .004 -.001
A-H to C-H .12 -.004 -.001 .005 1. D.H. Taylor and S.L. Saikkonen; "Factory
A-H to D-H .07 .014 .014 .006 Splicing of Optical Waveguide Fiber", TR-9,
B-L to C-L .06 -.007 .009 -.001 November 1983, Corning Glass Works
B-L to D-L .02 .004 .007 .000
B-H to D-H .13 -.016 -.007 -.017 2. S.L. Saikkonen and N.J. Hackert; "An Update on
C-L to D-L .06 .002 .003 .010 Practical Fusion Splicing of Multimode and
C-H to D-H .07 -.006 -.002 -.007 Single-Mode Fibers", TR-18, November 1985,
D-H to D-L .13 .006 .014 .011 Corning Glass Works
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WHAT IS SUPERCONDUCTIVITY? FUNDAMENTALS AND STATE OF THE ART

P.H. HOR

DEPARTMENT OF PHYSICS, UNIVERSITY OF HOUSTON

HOUSTON, TX. 77004

Abstract of 10-9 ohm-cm for the purest copper at low

temperature. Therefore, there is little doubt

A brief account of the history and properties of that a superconducting state is a genuine zero-

superconductivity is presented. The development resistance state.

of oxide superconductors has been reviewed and Only a zero-resistance state is not sufficient to

current status of hiqher temperature superconduc- characterize superconductor. Experiment shows

tivity discussed. that below a critical value H c, an externally

applied magnetic field will be expelled from

Introduction the superconductor, except for a very thin

temperature-dependent layer at the surface,
Superconductivity is 3 ,hvsical phenomenon in having a thickness (penetration depth)aLAlO-5 cm.

w~ch tne electrical r-sfstivitv of a specimen, This P 3eissner effect, first observed by Meissner

when cooled below a critical temperature TC ,  and Ochsenfeld 3 , separates a superconductor from

drops suddenly to zero and all the magnetic flux a perfect conductor and finally leads to the full

is expelled from the interior of the specimen. thermodynamical treament of superconductivity as
4

Superconductivity was first discovered in 1911 by a phase transition by Gorter and Casimir. Above

Kamerlingh Onnes. I It occured in mercury at a the critical field Hc , superconducting behavior

temperature around 4.2 Kelvin. By 1986, the is quenched and normal conductivity restored.

temoerature at which superconductivity could be A simple short introduction of other fundamental

achieved had been slowly increased to 23 Kelvin characteristics as well as theoretical treaments

by the discovery of new high T metallic oxides. of a superconductor can be found in "Superconduc-

(see figure 1). tivity" by E.A. Lynton.

Basic Properties of a Superconductor Oxide Suerconductors

It is well known that two most basic signatsres of Based on tfhe BCS theory, it is clear that a hiqh

superconductivity are: 1) zero resistivity and density of states with strong electron-phonon

2) Meissner effect. At the beginning, when couplinq w:l yield a high transition temperature.

Kamerlingh Onnes first observed superconductivity Oxidation is known to degrade, in general, the

in mercury, no upper limit of resistivity was matallic and, in particular, the superconductinq

determined. Subsequent experiment by Quinn and characteristics of matter. However, supercon-

Ittner2 placed the uope, limit of resistivity of ductivitv has been observed in some highly

a superconducting thin film tube to 1O-23 ohm-cm. oxidized perovskite and related compounds such as

It is extremely small compared to the resistivity SrTiO 3 -, NaxW03, Lil+xTi2-x04 and BaPbl xBixO 3 '
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with a Tc exceeding 13K for the last two oxides, and Ln, with T above 90K was therefore

Such a high Tc is especially unusual for discovered. The results show1
2 

that the "A"
BaPbl 1xBixO 3, which consists of no transition elements are used only to stablize the so-called

metal elements and displays no large electron three-layer structure to sustain the 90K super-

density of states, both being essential for conductivity between the Y-layers and that

conventional high Tc intermetallic compounds. superconductivity must be confined to the three

Cu-0 layer assembly sandwiched between the Y-

A layers.
240rY-.11/7Cu

W" Higher Temperature Superconductivity

lead' a 5K 3

T at 155K
, 

225K
14

, and 285K have been

!a12" reported. Indications of superconductivity at

YU O" c2/87(chA 240K and higher have been detected16 '17 as sharp

Loc" /drops in resistance without truly achieving the

bC N Nb
3
S- LaBaC.O I2/86(Ch) zero-resistance state. Such resistance drops

b . -Ge) Nb
3
C- were too unstable and too difficult to reproduce

910 190 950 1970 lo in a systematic fashion for diagnosis. However,
YEAR

Fig. 1. Evolution of the super'conductirn strong evidence of superconductivity, the

transition temperature appearance of the reverse Josephson effect, has

been reported by the Wayne State group
18 

below

It is thirteen years after the observation of 240K.

superconductivity at 23K in Nb3Ge, the record

temperature was broken last year
5 
following the If one accepts all reports of superconductivity

observation of superconductivity in the mixed substantially higher than lOOK, the immediate

La-Ba-Cu-O (LaBCO) compound system in the 30K- question is: what is the location of supercon-

range. Later the observation was confirmed
6
'
7  ductivity in the samples? It cannot be associated

and the superconductivity phase was identified to with a random distribution of superconducting

be with the single layered K NiF4 structure.
8  dispersions because a zero resistance path would

have required a minimum of 16% of the volume
A second break through of superconducting transi-

tion temperature in mixed phased Y-Ba-Cu-0 has fraction to be superconducting which is subs-

finally push Tc to above liquid Nitrogen tempera- tantially large than the magnetic anomaly observ-

ture with Tc 93K. The superconductivity above ed. It must be filamentary and located in the

90K was subsequently attributed to the YBa2 Cu3O6+x grain boundaries or in the twin phase boundaries

phase
10 

with CuO2 -BaO 2-CuO 2 -y-BaO2-CuO 2 layer due to the tetragonal-to-orthohombic trantition

assemblies sandwiched between two Y- layers. at-7500C. The superconducting filaments may

then be extremely fragile physically due to

A New Class of 90K-Superconductors difference in thermal expansions between them and

the surroundings, or unstable chemically due to

To investigate the role of Y in superconducting their strong interaction with the surrounding.

YBa2Cu306+x above 90K, experiments showed that the Thermal cycling can also perturb the oxygen

complete replacement of Y even with the most content at the grain boundaries and in turn cause

magnetic Gd does not affect the Tc of these com- a change in chemistry.

pounds. A new class of superconductors,

Aba2Cu 3
0
6+x with A=Y, La, Nd, Sm, En, Gd, Ho, Er,
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Conclusions M.F. Crommie, A.M. Stacy and A. Zettl, Phys.

Lett. A120, 494 (1987).

Great progress has been made in raising the 17. C.W. Chu, et al., NSF News Release, February

transition temperature and the understanding of 16, 1987.

the high Tc compounds. Evidence of superconduc- 18. J.T. Chen, L.E. Wenger, C.J. McEwan and

tivity, although strong but hindered by poor E.M. Logothetis, Phys. Rev. Lett. 58, 1972

stability and poor reproducibility, has been (1987).

reported at various high temperatures. More work

is required to clarify the whole situation.
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PROCESSING OF SUPERCONDUCTIVE MATERIALS AND HIGH FREQUENCY

James L. Smith

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

Abstract could fundamentally alter the way information is
transmitted. It seems appropriate to mention that

We do not know vet if superconductivity will after the transistor was invented, its use to re-
become useful without refrigeration. Now the place vacuum tubes was considered a great break-
superconductors are so different from copper that through. Ihat has since come from the transistor
it is difficult to imagine replacing copper with was not forseen. We must now determine, and to
such a brittle material. Superconductors conduct some extent bet our resources, on whether we are in
dc with no loss, ac with small losses, and micro- this situation again.
waves in co-axial lines with almost no loss and
with no dispersion from dc to the highest frequen- Materials
cies. They will probably allow us to close the
gap between radio frequency and infra red optical These superconducting compounds are made of a
transmission. Clearly your industry should know stoichiometric mix of (1) an alkaline earth, say
some things about where superconductivity may lead barium, (2) a rare earth or mixture of them, say
us and must consider whether the greater risk is yttrium, europium, gadolinium, and (3) copper that
to develop them or to let others try it. There are is partially oxidized. These elements are not par-
no easy answers vet. ticularly expensive or hard to find, and they are

not toxic or hazardous. This mix is usually ob-
tained by grinding together oxides and carbonates

Introduction or by precipitating water soluble forms. This is
followed by one or more sequences of grinding,

There are now materials that become supercon- compacting, firing in air or oxygen at about 950'C,
ducting at a critical temperature T of just under and slow cooling. This basic preparation can nowc
100 K (-173'C), which the previous speaker, P. H. be performed by an overwhelming array of specific
Hor, helped to discover. This discovery just made processes. It thus seems clear that different
this year, is now one of the most widely confirmed applications will each use the most optimal process.
discoveries ever made. At this temperature, cool- All of this is necessary to make what will replace
ing with liquid nitrogen or refrigerators is far copper in many applications and the next speaker
more economical than for previously known supercon- will expand on this.
ductors. Nonetheless, except for rather high tech
devices, these new materials may not have great The resulting superconductor will break if
impact because cooling remains necessary. We con- you drop it on a hard surface. Various cladding
tinue to read in the popular press about T 's as procedures or use of fine fibers ( like optical
high as room temperature. It is fair to say that fibers ) can improve on this. But remember that
most laboratories have seen evidence of these high- like the transistor, we may not need a direct
er temperatures, which disappear in hours or days. replacement for plain old copper wire. For example,
Either we will find out what rather unstable, quite likely, coils could be manufactured as
trace chemical compound in our samples is the room monolithic ceramics where firing is the final step.
temperature superconductor or we will convince our-
selves that these are only indications of our dif- Overall the progress on producing these mate-
filcultv in making measurements on a ceramic. If rials has proceeded at an unprecedented rate be-
room temperature superconductivity ( actually i cause of the large number of workers around the
is best to work at or below 3/4 of T ) is ach:.ved, world. I will give a few examples of perceived
the technology will so enter our datiy lives as to problems that are being solved. In general, this
genuinely change society, is why I present no list of problems. The high

temperature firing is a difficult production step,
To the wire and cable industrv, the course of and any semiconductors that are to be married to

action Is not obvious. The research Is moving at the superconductor would not survive. Recently
a record pace, but the refrigeration still required Bell Communications Research has reported that
limits widespread applications. It seems clear a treatment in an oxygen plasma at room tempera-
that the electronics industry will be using these ture can replace the firing. Although this cur-
superconductors for yet another revolution. Th.ls rently takes many hours, it is an impressive step
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forward. It is difficult to make a connection be-
tween the superconductor and a conventional conduc-
tor. On the other hand a transformer with a copper
primary and a superconducting secondary will work
fine if the bandwidth is adequate. Also the fabri-
cat ion of more compoents from ceramics can elim-

inate this problem.

The higgest limitation on the present materi-

als that may be fundamental, that is not fixable,
is the current carrving capacity. If room temper- %

ature siperconductors ire found it seems likely
that they will have this same limitation. Near

the T , currents roughlv of the, capacity of copper
wire estrov the superconductivity. The older,
lower T materials can easily carry a thousand
times the current that copper can. yhile higher
currents are beino vicorously souht, it is impor-
tant to note that for communications, the present Jame,; L. Smith received his h'S,. in ihv :v ir

ratings are more than adequate. lq5 Irom Wayne State niversitv in 'etr, it

ihc Frequency and his Ph.D. in physics in 197" I' ron : vc-
sitv in Providence, RI. Since li)7Z he has hehi
various positions at the aos AI im's *,at i,,n! m 'r i-

Is you set resistance equal to cero in your tore. He has published over a hundred paper ,'

transmission equations, you find that dispersion superconductivity.
vanishes. If you make the gap narrow in a co-axial
line you find that a superconducting delay line can

be '0 times shorter. At high frequencies, the fact
that the present materials are superconducting

erains connected by poorer conductors is solved by
capacitive coupling. Superconducting switching
circuits have always been much faster than semi-
conductors ( and are orders of magnitude less sen-
sitive to radiation damage ). Shielding made of
suiperconductors works down to de. The word band-
width can be forgotten.

fuperconductors really are super for high fre-

quencies. There must he small scale applications
where the refrigeration is worth the price. Prelim-

inarv measurements by Los Alamos and the University
of l uppertal in West Germany on materials in super-
conducting: cavities suggest that the higher T

superconductors are even less lossv than the now
common lower T materials. We speculate that this

is because there are actually fewer non-superron-

ducting electrons present to cause residual losses.
This may also provide clues as to why the Tc 's are

so high and as how to make them higher.

Conc Ilis ion

People who work in the field of superconductiv-

it'', cannot tell if the public Is being oversold on
the promise ol applications for the new supercon-
doctors. Indeed no one can see the fututre, bitt we
can feel the excitement of the potential of these

new materials. Turn your thinking loose on how to
use these new specifications.
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HIGH-T C SUPERCONDUCTING WIRE FABRICATION AND TESTING

D. W. Capone II, J. T. Dusek, and K. C. Goretta

Argonne National Laboratory, Argonne IL 60439

Abstract conductor design, stabilization, and engineering,(2) all
of which are beyond the scope of this paper, have long

This paper describes the fabrication of ceramic been optimized for specific applications, such as
fibers of the high-T c superconductor YBa 2 Cu3O7 and high-field solenoids, accelerators, r.f. cavities, etc..

the testing procedures used to characterize these While liquid nitrogen temperatures introduce

materials. The major factors important to the potential simplifications to the design of conductors

fabrication of these fibers are described in general it is not the miracle cure, so to speak, that the press

terms including some of the issues relating to the might make one believe. It is therefore crucially

strength and flexibility of the wires. Measurements important to take advantage of the storehouse of

of the three parameters which most easily information which already exists both in technical

characterize the superconducting prooerties of the journals(3) and in the research and industrial

fibers, Tc, Hc2, and Jc, are described, particularly the groups(4 ) which have a long history of research in

critical current density, Jc. superconductivity applications.
In this paper we present a general description of

the fabrication of superconducting wires using
ceramic fiber processing routes. In addition, we give a

Introduction brief overview of some of the testing procedures
which are used to characterize the superconducting

The discovery of the high-Tc superconductor properties of these materials.

YBa 2Cu3O 7 (1) has stimulated a tremendous interest in Fabrication of Hiah-c Suerconducting Wires

superconductivity in recent months. One important
reason for this excitement is the fact that a new Ceramics can be manufactured into wires by a
class of materials, namely oxides, has been found to number of techniques. Depending on the specific
posess superconducting transition temperatures far material, some or all of the following can be used to
above those achieved with conventional metallic
superconductors, such as the A-1 5's. This means that produce a ilamen.: drawing from a melt; zone
whole new avenues of research into which materials melting; spinning: chemical vapor deposition; and
can attain superconductivity have been opened. More
importantly for applications, a brand new discipline Drawing from a melt is linited in general to
has been focused onto superconductivity, namely crystalline ceramics which melt congruently or to
ceramic science and engineering, bringing with it new glasses. This method of wire fabrication has been
processing routes which have not been previously used to make short sections of high Tc wires.
considered for the fabrication of superconducting
wires. However, with this new infusion of Densities of 98% of theoretical have been produced.
researchers into superconductivity one must be The resulting wire is initially inhomogeneous owing
cogniscent of the fact that superconductivity to peritectic melting, and is nonsuperconducting.
applications has existed as a matured field of Subsequent heat treatment in oxygen reduces much of

research for more than 25 years. Issues involving the inhomogeneity and converts the nonsupercon-
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ducting tetragonal phase to the superconducting homogeneous than in the current SiC. High-T c

orthorhombic phase. This approach has been used to superconductors contain three metallic elements
make short sections of high Tc wires with critical rather than just one, and achievement of a uniform

current densities of hundreds of A/cm 2 in zero field distribution of all elements will be extremely
at 77K (5). difficult. No attempts of chemical vapor deposition of

high-T c superconductors have been reported, thus far.
Zone melting relies on the same set of solidifi-

cation properties as drawing does. A molten pool is Extrusion can yield ceramic wires of any length
cooled to form a solid of the desired composition. desired. Several different approaches to extruding
Melting can occur through the entire wire; or a central high- Tc wires have been attempted. Powders have
core of another material, which does not melt, can be been extruded hot to form short lengths (11). Scaling
used as a substrate. Superconducting wires similar in up to useful lengths has not been accomplished.
properties to melt-drawn wires have been produced by Composite wires of superconductors with sheaths of
this process (5). various metals have been extruded, but problems have

been reported. Silver has been found to be compatible
Spinning of wires can be accomplished in one of with the superconductor, and incorporation of AgO can

two ways. Either a melt of the material or a solution prevent degradation of the superconductor during hot
containing the material can be spun. Melt spinning is processing (12). Silver is, however, expensive and
in principle capable of producing long, continuous there is evidence that metals tougher than Ag may be
wires. The process is, however, difficult to control, needed to impart the stress needed to deform the
and lengths obtained are generally short. Spinning of superconductor during processing (13).
a solution which contains the desired ceramic cons-
tituents makes use of technology used in textile Another method for extrusion of ceramic wires
production. Two main types of solutions are currently employs a plastic mix of ceramic powders and various
spun into ceramic wires: powders of the desired organics. The basic mix consists of 1-2-3 powder of
composition suspended in a fluid; and polymers which fine particle size (generally less than 5 trm to
yield ceramics when fired to high temperatures. promote sintering) , a binder and plasticizer to impart
Neither technique has as yet been used to make green strength and plasticity to the extruded wire
high-T c superconductors. The former technique has prior to sintering, a deflocculent to insure optimal

been successfully applied to production of continuous mixing, and a solvent which is compatible with all of
lengths of oxides such as A12 03 . The resulting wires the constituents. Certain mixes may require a

are, once heat treated, nearly fully dense, of uniform lubricant to achieve uniformity in the green extrusion.

cross section, with diameters of about 20 im (6). A The plastic mix is generally ball milled to insure

problem exists in that the filaments do not appear to homogeneity and then partially dried to create a

be fully crystalline; a glassy phase may coat grain consistency suitable for extrusion--about like that of

boundaries (7). Spinning of polymers has been used to modeling clay. The plastic mix is pressed through a

make non-oxide ceramics such as SiC into filaments die and wound onto a spindle. Die design and extrusion
hundreds of meters in length (8). It is difficult to pressures are determined by the character of the

envision development of polymeric precursors which particular mix. O'ice extruded, the mix is heated very

will yield YBa 2 Cu3 O7 _5 when fired, but the possibility slowly to a few hundred degrees C in order to drive
off the organics, and is then heated rapidly to

can't be ignored. temperatures between 900 and 1000 °C to sinter the
powder and increase the density of the mass.
Controlled cool;ng in dry oxygen results in a

Chemical vapor deposition onto a graphite core superconducting wire. This method is now in use at
has been used to make SiC filaments about 140 im in Argonne National Laboratory and has produced 90%
diameter. The filaments are very flexible owing to dense wires less than 100 tim in diameter. Critical
their high strengths and relatively small diameters current densities of hundreds of A/cm 2 in zero field
(9). Gradients in carbon and silicon exist through the and 77K have been obtained. The small diameter and
SiC layer, however 0 0). For this type of process to be reasonable strength allows for substantial flexiblity
effective for superconductor fabrication, the in the resulting wire, even though the material itself
superconducting layer would need to be much more
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is not ductile. Incorporation of these ceramic fibers therefore important to monitor the output current in
into a metallic matrix may be accomplished using a order to be sure that the voltage being measured
technique similar to that used for making Al/C corresponds to the sample resistance. This seems
composites in the aerospace industry, like simple common sense, however the reports of

room temperature superconductivity by many groups
Testino Procedures have all been in mixed-phase systems where samples

exhibit semiconducting behavior with large normal
Three main parameters, the superconducting state resistances.

transition temperature, Tc, the upper critical field,

Hc2, and the critical current density, Jc, are Upper Critical Fields
Measurements of the upper critical field involve

important for characterizing the parameter space Measurement of t as cti fieasing
withn wichone an otetialy oerae athe measurement of Tc as a function of increasingwithin which one can potentially operate a

superconducting device. All three of these parameters applied magnetic fields. This measurement can be

can be measured using a standard four-terminal dc done in two equivalent ways distinguished by the
resistance measurement. For our dense ceramic logistical considerations of the situation. Firstly, a

samples contacts can be made, using indium solder, constant magnetic field is applied to the sample and
which have low enough contact resistances to carry the transition temperature is measured as described
about a 10 A dc current without contact heating. While above. Secondly, the temperature is fixed, using a

a detailed description of the testing procedures used suitable controller, and the magnetic field is swept.
to determine these parameters is outside the scope of Care must be taken to avoid magnetoresistive sample
this paper, a brief general description of each is given heating caused by sweeping the magnetic fields too

along with some references where one can find more quickly. In addition, most commercially available
detailed information, thermometers cannot be used in the presence of large

magnetic fields because of the large magnetoresistive

Transition Temoerature calibration changes which occur. Carbon-glass
thermometers are about the only suitable

One standard technique for measuring the super- thermometers which can be used in large magnetic
conducting transition temperature is to use a fields and these need to be corrected in fields above
relatively small constant current density (<20A/cm 2 ) 6-8 Tesla.( 1 4). In either case the data are plotted as
and measure the voltage drop across the sample as a Tc vs. H and the upper critical field is the Tc=O
function of temperature. Care must be taken to ensure intercept. In cases where the upper critical field is
that the sample and the thermometer used are in larger than the available magnetic field, the Hc2 of
thermal equilibrium with each other. In particular, the superconductor can be estimated using the WHH
interfaces between the thermometer and the sample approximation (15). Operationally, this involves the
can cause substantial measurement errors if determination of the critical field slope, that is the
equilibrium is not maintained. This can be especially slope of the Tc vs. H curve near the H=0 intercept. In
difficult if one is using one of the more simple
testing rigs, such as a dipping rig, where temperature the dirty limit, the Hc2 of the superconductor is given

is varied by adjusting the height of a sample above a by
suitable cryogenic liquid, for example liquid nitrogen.
A simple test of the accuracy of the temperature
measurement is to check for agreement between data Hc2 =0.692Tc-critical field slope.

taken during warming and cooling the sample, Another
difficulty, commonly encountered, occurs when trying However, this is a grossly oversimplified explanation
to measure samples with large normal state of how critical fields are determined and should not
resistances. In this case one can exceed the output be arbitrarily used without obtaining some
impedence of the constant current supply as the temp- understanding of the background associated with
erature decreases. This can cause the current to drop these issues.
to zero, and hence, the voltage to drop to zero as well.
This can be misinterpreted as a superconducting
transition to the zero-resistance state when, in fact,
the actual sample resistance is several Mo. It is
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Critical Current Density barrel geometry involves winding a small single layer
coil from the sample onto a coil form for testing.

Accurate measurements of the critical current This technique has the advantage of allowing long

density in superconductors are crucially important in samples to be measured, which greatly increases the

characterizing the utility of practical supercon- accuracy with which one can determine Jc. The coil is

ducting materials( 1 6 ). As such it is probably the placed in an applied magnetic field so that the field is

most important superconducting parameter to parallel to the coil axis. It is a good idea, and for

measure. Unfortunately, in most cases, it is also the materials sensitive to strain a necessity, to have the

most difficult to measure. The basic information direction of current flow such that the Lorentz force,

from which the critical current density (Jc) is produced by the interaction of the current with the

determined is a plot of voltage as a function of magnetic field, be radially inward.

applied current. Other parameters, such as the applied

magnetic field and temperature or uniaxial strain, are Critical Currents in YBa2 Cu3- 7

held constant during the measurement. However,
unlike the measurement of Tc, the voltage sensitivity The critical currents in these high-Tc supercon-

must be better than -10nV if one expects to ductors are dominated by the presence of weak-links

determine the Jc with any degree of accuracy. separating grains of the "123" material and preventing

Basically one looks very carefully for the onset of large currents from flowing between grains. These

resistance in the sample as the applied current is weak-links are most likely a result of the anisotropic

slowly increased from zero. The current which first nature of the superconductor itself. That is, current

produces resistance in the sample is the critical flowing along the high-J c direction in one grain must

current, Ic , which is converted to Jc by dividing by the Josephson tunnel into the next misaligned grain. The

cross-sectional area of the sample. Jc is usually result of these weak-links is that, even though the Jc

quoted in A/cm 2 although A/m 2 is more appropriate in of these materials is already quite low at 77K in zero

the MKS system of units. Since the determination of magnetic field (_<1000 A/cm2 ), in small applied

zero resistance in a sample involves, at best, the magnetic fields (as low as 10-50 Gauss) the Jc at 77K

setting of an upper limit for the resistance, Jc is decreases by another two orders of magnitude. In

usually specified using an electric field or a resis- order to produce bulk ceramic conductors capable of

tivity criterion. For example, that current which pro- supporting large currents the microstructure of the
duces a measured resistivity of 10-12 Q2-m is fired material must be textured so that the c-axis of

commonly used to define the critical current of a the "123" grains are aligned transverse to the

sample. This criterion requires a very sensitive direction of current transport. This has been ac-

measurement of the voltage of a sample. A less complished by several groups using thin-film

sensitive but more commonly used criterion is to deposition techniques resulting in films with large

specify a voltage per unit length along the sample. A Jc's at 77K (_>1x10 5 A/cm 2 )(18 ). A complete review

typical criterion is 1pV/cm; how- ever, 0.1pV/cm is of weak links and their effects in these materials can

much better if one has the voltage sensitivity be found in the paper by Ekin et. a1.(9) .

available.
There are two major sample geometries used for Summary

the measurement of Jc- Firstly, the short sample

measurement involves placing a short sample of In this paper we have given a brief overview of

superconductor transverse to the applied magnetic the issues involving the processing of ceramic fibers

field. Current contacts are made at the ends of the of the "123" high-Tc materials, In addition some of

sample and voltage contacts placed in the middle far the testing procedures used to characterize the

enough from the current contacts to avoid transfer superconducting behavior have been briefly described.

voltages (17). This geometry suffers from an The references given are not meant to be a compre-

inability to obtain sensitive voltage measurements hensive review of the field, but simply as a starting

because of the shortness of the samples, however, point for interested readers. The work at Argonne is

when comparing large numbers of samples this supported by the U. S. Department of Energy- Basic

technique is most commonly used. Secondly, the Energy Sciences under contract #W-31- 109-ENG- 38.
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TRANSMISSION PARAMETERS ON SUPERCONDUCTIVE COMMUNICATION CABLES

by

P.P. Kish

Northern Telecom Canada Limited

Montreal, Quebec

JA0STRAL'
T USSR and Japan among others oi coaxial

cables mdnufactured with conductors of
RumarkaOlv progress has been achieved in just elemental niobium and lead which are

over a year by researchers in different countries superconducting at temperatures of liquid
whio navu discovered new classes of :ut-rials wrrLch helium (4.2 K). Some of the cable con-
arc suurconducting at liquid nitrogen temperatures structions were evaluated for specialized
or higher. Ic is cornceivabie that such iikitorials applications such as nuclear test instiu-
can be processed in tne form of wires or cot.qxsite mentation which required very fast rise-
taj)2s arld LL.glt lenad to ule devuiol:int ot , niew time ard low signa distortion character-
generation or supurconiuctive trantirussioti lines. Istics. Otner studies in Japan and the

USSR focused on tiie aesign and performatce
It is tile itint of jiiz; paper to present the of superconductive coaxial cables for

thtory of super-conductivity as appliea to the large cdpacity corrtauraicat ions media. At
tranmission of nigh frquct uinunicatiOn sij- the time, the economics of cryogenic cable
na"Is. Previous developr2tnt work oi superconduct- systems were dubious Decause of the high
ing \oauunicat.iLon caciles operating it the t-n2ri- cost of refrigeration equipment and
ture of liquid helium is revieuwe. Theoretical associated transport systems and the
results are derivedA for iranlature ct xil lines relative scarcity of liquid helium. Given
constructed frin metallic superconductors such as the fast pace of recent developments with
lt2,id or niulat. rfiso results provide an inssight materials extibiting superconductive pro-
into ti-c urproved trai aissio performance that carl perties approachling room temperature, the
be expected canmired with co-nivuritional colInr-b~sed suitability of some of these materials for
mitedia. commuriciation applications deserves

further investigation.

INTRODUCTION Very little quantitative data Is
commonly available on the properties of

Recent discover -s of superconductive the new superconductive mterills except
materials at temperatures nigher than tile pernaps tO those scientists iitimitely
boil ing point of liquid rltrogr 77 K) inlvolve2O in1 CUrent xesearch efforts.
have stimul,tud much interest in the Solie ot the most recent in formation will
scleitific comillullity. Tile glamour of be presented ny tie livited authors at

tiese discoverles has Deen widely puOli- tnis sesSion of tie International Wire
cized in tlu mediaad has inspired id Cable Symposiull. Corlsuquuntly, the
images of levitatilyg trainis and supurtast Indil focus of this paper will be to pre-
computers. Al though tnere is tile promise sent the theory ef superconlauctive
that these ,aiscoveries could ie'ad to a transmission lin,;s wltn a view towards
mitjor technrological revolution, tne facilitat ing ln urlderstanding of the
prospects for realization of practical underlying coricpts. The theory is based

supercoriductiltg comamunicationl systems oIl the cla.ssicat two-fluid model first
will deperd on the economic factors and proposed by Gorter and Casimir in 1934.
on the progress in tne solution of the The validity o this model has been sub-

many eigin ering problris involved. suquently confirued for a wide range of
traditiol~l superconducting materials and

The intent of this )aper is to present operating coniditions. This model will be
al overview of tle trallsfl ssloll pdranleters used to calculate the transmission para-
of superconductive colmsiloricatiorl cables. meters of superconductive coaxial lines
First, the author would like to draw your compared with the chardcteristics of

attuntion to other published results in normally conducting communication cables.

the literature (see references) most of Coaxial trdnsmission lines have been con-

which predate tile advent of fiber optics sidered because of the simplified math-

in the mid-seventies. Experimenrts were ematical relationships involved which

then undertakeni by researchers in the USA, help to illustrate the concepts.
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ritowY OF SltPERCONl)CIOkS In(, relat ion Dtee.n sup-n mr nt
tl..fsity and the appilii electri t uil is

The DiC resistance ot superconducters j ien nt1 Lodon's tat ion:

is Ottoctively Ze'ro helow a critical temp-
Prat ure (Tel which dependis on t he pt )- d = E 2(3)

parties "t trio material. by compar ison, dt
th, :\C resistance ot sup,,erconouct irS has a where, ,I permeability constant
tiflite value, albeit smalL, whiwh is both 12 = m/wNse 2

retjuency- and tvmporat uro-o, Pendnt. in, m =mass of an electron
phon imenon at supercondluct iv ity c An bast e =charge of an electron

nvisualizvo with eterehc< to the, nwrc
scopic two-t luio node I andi s, me "t the itn, an-o I- has tbe d imansi!ans )t
-Itr-< 'md. lntcncpsc-'' i in nlici--- Ilti,,tiCit art-A I" e~l the L ditj-It -

sc p ic tsti, r. At a temperature t i-n depth. AS will sot seenr later, thio
be law tho critical tenperat u V, 5a1'k- ot torn has i an a ~il-jJus moon in j t- tie>

tne ci.- tra ns in) a scuwrconouct ivo classical skin dupth at normal c-iductivi.
nit. ti-l uino tagutner in pairs (Cooper flit--tials. Il. ma ,nitud. :'t I is 1'
paiii3 Ino occupy a lawir enery state typically in toe wrier M 2tltt2dtU Arjs-
thl ditib W't A -rnl 7htucrioh ulcctrmts. tr- ms t -r t-it- Isup,.t:it

1 irtic l r natur .i-t tile pi rut"tte11

t tt ,~- it), imp-iairtl t-tr n

II rt !iI tnt; Warn th i -I,; .-t tlt-- tit,-riol is o 1-t-"ilie D)1 usi0j !oxwolii S

Attri- I-nc- trt- nai1 tjl Oxhnitt in: I--hi~n's qutins nO is -qUAI L.W
r.1'; ,nc- t ti " to -- r lin-ct tt vral curiant, ino super currant ahii tn.-

10n T , ipj;l I-OI ntinetic t1,i-i IISltlic-nit CuY I -it drisiti LlS as t '1loW5S:
I. .1 t- . , I , - t I c I I ,i a ,,c I Hc)

Wrt-n tn- t'-"r t.. 't thim mat-,i tta ='I jn '

n tI . 1 1 1 r t ' I n iS;uI s O tt 1 N2

'nl1 I t ,r r V I E -tS to t iS n-C'rm Ii
At t-.where, d/dt =j- for sinusoids

I 'I tw -t LUi --1 ,1-I agums t hat r ntti thu displscernent current diensity tern
2-1' iL in,' sap-i wi"trnms are present in )2 can be nujlected compared to the

A nt-a-: i - -.n;t u.- I v , tt C, ii ii tc l diner terms tar aI jooid condjuctor i . .
0 _r1 n te St'iv i liI.super I- .1.1 Lquat ion (4) tnius reduces

rty th. t-l Own-i 1-i-t-n r jO into an o)hm's Law rulitiirship Jttal(-)
itw introduc- the notion ot d comlex

SI- ~.lprtp~tt--si Sjt.~tflO~tVS.conouctivity.

:9=N (T/Tc)4) (1) - C-- i]NO ~i
Nn N-Ns (2) n

N =Total number of conduction to ataove equations sunmmarize in

electrons nutsnrlI thu tnhO-rtiitical relat ioniships
1 tS! isic i(ocail muilct ot super-

only th, super el---:riis c-in n-tt i-: cnutvity. the e2xpress ton tor the
1Tat- t ths: tiaw -t t~tct 'ut-"i-t MCK) Complex conductivity c.an now be plIUJ JOd

-- in.. actttnJt) i ohs law U1= E. Inv) t- tho trod'tional transmission Lint.
n-i-c nc to:t In t1ti- 1 rei-i 1"; jLtIionS tot coaXial1 pairs as Will be

-it-cl iv,-ii z t, im-i two is n",ono i--y seen in the next section. btetro apply-
tinsnt-n t) Il1 . nornil -1--ctr ns. Fvt tnj the thni'y in a practical example,
lot, yit tin~jcrtn (A(-), the iccelo-t at in-, ; the iuthor will brietiy revielw the conl-

n- - t V he tSui)tr -l-'.ctrmn, ly vilttu'- rims tnat neturmifle thie applicability t

I tj--it in-rtiail miass. introus a th;- m del.
-i- . i i'jt 1 In.'' WhIt i-l ]It, -s rise t) a

t- tVie toIl iii thte material, tHie ptni - the local cund ititin ot the two-tid
sonc t ,t in - 1ct:i ti--it unn isKs ii'- Modtel rotors to the expressionl tot Uhm's

tn t -911-t olts which -,it tow coiti thUt, Law (J1 = I where it is assumed.1 thnai the

t Ire- cu-nrit t lw. [i-, normai ctmponorit current (lens ity at a poiunt in the Material
,) -tunrent I Its lpu-nis on the numbter at Is (ctetermiiied by the- electi c t tutu at

tv-i t dui- o--cLFutns (Nn- turicLItn it Lump- that pioint by a local Vtt relationship.
paruri.- andt material prttpertites) indl the- this wili Iitiid true in a normal metal
mi jnituitao t theo electric ie to in the where the eliec t ric t ield does not chang-e
material IEL t uric itin ot t retjuency I appireci abily tiver the2 mean tree path (i I
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which is detined as the distance a ncrmal Fig. I snows a cross-sectional vieW ot
electron can travel without being a coaxial pair and its equivalent circuit.
scattered. Such metals exhibit the The transmission parameters are determined
classical skin ettect (I >I) where is trom the primary constants, namely the
the skin depth. In other moderately distributed resistance, inductance, capa-
pure metals at very high trequencies, the citance and conductance per unit length.
skin depth can be much less than the mean The primary constants are obtained trom a
tree path (l<<) and the electric tield theoretical analysis ot the tield equa-
changes rapidly over very short distances. tions tor a cylindrical coordinate system.
In such materials, the current density at the well known relationships for L, C and
a point is determined by a non-local J(E) G ot a coaxial pair d e to the external
relationship involving an integral ot the tield in the dielectric material are given
electric tield at distances up to the mean ')y:
tree path trom the point. Ihe materials
under these conditions exhibit what is 1 = - n(do/di) (6)
reterred to as the anomalous skin ettect. 2 d

C = crCo2-,' n(do/di) (7)
Similar limiting conditions have been

developed tor the superconducting state.
5  

G = -Ctan6 (8)
In this case the penetration depth (i.)
is comparedc with the coherence aist inco where = 2-7f
of electron pairs (V) where the coherence!
distance is det ineo as the extent at coup- An a0litional exprussion is needed tii
ling between bound electron pairs. Die the resistance and internal inductance at
local case applies when ( - ) ano is the conductor material. tIh classical
called the "London limit". Estimates bor method involves tindinj a solution tor the
the ratio at (',/:) are given in ro2tor- current density distribution in the con-
ence 37 frem which It is concluded that the ductor which tir the caise of round o
London condition applies in most cases. tuDular Condutrs is given by the
Fhe theoretical relationships tor the non- tollowlnj ditteruntial equItion:
local model are somewhat ditterent andi arc
applicanle when ( .. ). tlhe linitinj con- 2 1 r J (r) (r) = o (9)

dition is called fhe "Pippard limit". In J r rz z
a papeL by McCaa and Nahman,16 the

measured values of attenuation and step beSSel's equation oh order Zero tor
response tor a Pb-Nb coaxial line at wSi solution nat ordezro in
4.24 K have been presented. Their results Whi lutions n term inenShOW that tile saadsorements are bounlded toe literature in terms ot the argument
betweeh the values ae u ded K = 'ZT-. It is noted that theclascal nd aunosalOuS models. i Ilis equation is in a convenient torm whereby
case, the classIca modei preicts tile the express)ion tor the complex conduct i-
worst case charcterlstlcs, vity given in (5) can be directly sub-

Stituted tr the superconductive state.
It is !)eyond the scope of this paper to

S,,(_;PI0NC)NbUC VE COAXiAL 1..J Nh_ 1, Jpresent a r ior OtIS rdthematical treatment
ta)r the juners ctse,. A simple solution
is jiven tor the special case at hijh
truquencies where the current flow in a
coaxial pall is concentrated at the outer
surtace ci the inner conductor and the
inner surtace ot the outer cOnductor.

Ihe surt c e impeidance oi a ,j1o conductor
do ! diat high trequenc es is jiven by:

tanZ (j;/") (10)

From which,

p j(L-Li) s (
- , Rs / n in ohms per square

T_ L

iq. 1 - Cross-secticnal View of a Coaxial Pair
and Correspondinq Equivalent Circuit and, "In (2/,) 2 (12)
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DESIGN~ 'ii;UW~.T DEPTH OF PENETRATION PATIO
0.1-

Naim! V~e sI
SOO( IK CC nits

Inner cvruir dia. d, 0.275 2.60U ii

outer cordr dila. do 0.835 3.60 ni
Relative pennittivity er 2.10 1.10 --

LOss angle tan,' l.QxI0 I.OxlO7 _

Inductance L 0.22b 0.261 11Ill 0.01
Capcitance C [03.5 4b.8J pF/n
characteristi~c Lqxdafla2 ZO 46.7 74.7

,PiIse delay T 4.83 3.50 ns/lm

TABIFI

iSi! in I presentsa the d1es ijn [pH1 I 0.001.'
7llQ 1 i I 11 a t yp)I C L I s upe r onlo uC: t i vQ
:.:jxI AI I i'.

6 
CllTljllreC' With .1 ClOV,2n- 0.001 0.01 0.1 l.L lJ1

2 0)1 is IS Cile th CoI)rjv,,rina1 EEIUENCY (ct(z)
1112 lte ClS ruct It 'th copp1 inner-

Ani V<Ctr' iC- Wit. ;I -1:1~ Ratio of Penetration Depths for
t I I,: .SLZ~erccnductixe vs. Normal State

of Niobiur ? 4.2 K

PHYSI061 CONSANTS At hi jh I eu,_;JcfCins, the cutre~nt I 1lW

_________________________is ______15ConCentratvol in a thin layer at the

SI ou terU sutt ic, rat thn inner ComdUo.t~ s n,;
NaeValue Units the innur surt ace )t the outer concluctt'r

Pemebiity of free sp~ace uC 1.26xl(1- H/MUe11e-tIKInSI I(nn n

Permittivity of free space e0  a.85XI1012 r/ni penetraion oepth I) tbr the super-

3,lectron charge u1grauze e I 60XO-19~ C C:(ndULct 1ye st itn inl 
2

i thn skin oltn

zgectroi rest "a 9 IW m .i 31 kg (~)Lttenriisae h tI'

corlcivity of coper @ 0Cac 5.8O1±Q 7 1/WD-M[ n o[ten)mlsae eIL

boiling poit of helliE TI-e 4.24 K the pentriltifln depth t, the sKin depth
_______________ 3 t15 5 1 UI1C In It I requency is Ii lust i~ited

in Fig 2 tnt niniul at I tn!'peUttln 't
PRF E OFNIO61UM AND LFAD 4.2 K. (r )m Fij. 2, it is seen tnit thni

__________________- pe net - at inn nepth In i) tile SUjlitr':nlUCt. 1iVe

Value SI s tate is mucli less than the normjl sKin
Prcperty Niobiizn Lo~ad Units cdept h

Lodo pentration depth A 5.50Xl0-8 0.35&0-
8 

mi
Donsity of pairsi electrons No 9.34xL027 4.05x±027 lI/mUFCEIPE3C
Llensity of mocIua1 e~ectrono Nn 4.37x±026 5.331(1026 IA SRAEIMEAC
Llinuity of tatal electrons N 9.7711027 4.58x.i027 14510
Oxuctivity of 4.ZK(H"UHc) c G.67xi07 4.35,xjQ9 R/-I11 s
critical t I ratix5 Te 9.22 7.26 K
Critical magentac field "

1
c i.64xIO5 6.401±04 Will i0 s

setrongthi I____1______0_

TAftz ri 10-2

Rs
5

10i-4

rn. Key r esulItS are' preS2n tell In FIJ ij 2

trruj FRig.5 inclusive_. r'hey are ealeu- F1-
I it'd t~lt the eXample! jiveul in t'able I

usinj the two-tluld mouel andj the physical -

e',nstants, given in laO In 11. h) th pys iCa 1 10- 8

C::onstants were obtaimed t rl)m published

1'i. 37,41 00

0.001 0.01 0.1 1.0 10.0

FQUE24CY pliz)

Pig. 3 -Surface Iruedanm of Niobium Con-

ductor Cd 4.2 K for the Supercon-

ductive and the Norna1 State
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n-h su It aice irnje Iance calI cu I a tea t rout, ATTENUATION
equationls III) ana (1j) is shown in Fi. 10

4

t )r the case o t n1iliu at. a v--).-rature -X
ot 4.d K. For trhe SUperc~ar(Iuc t iVt2 State r

it is seen thtat tho resist ive ctirtjofl-st is 1 i2 t
ve-ry smsallI cornjxrvi with the reiact lye corn-
parncnt at surtico ipatc. loit is

senthat there is a (Irdiat Ic i ncrease ifl 1.0
the surtatc- resist ivity whn theO m'aterialt (-
untoergCs a1 t ran S 1 t Io t I-r rI t he st.ipi rCOTin - tan--
,:u 't I vti to tfhe nacisaI St ato ( itt OM curve 10-2 j . - 0
t"t n-o t p curve).

'Lan

1> i- 4

ATTENUATION

100.001 0.01 0.1 1.0 10.0

g.5 -Attenuation Vrequencv Character-

-2 istics as a ;'unction of the Noe-
'_ot".1electric los.ses in the~ Insulation

Fi-. 5 i Ltiustrats the itt-ct , t :Itt-
10-4cti losscs- on tno total .itt iu it * n

10-6 I= i l, I *At lower troquortc i, it iS
10n in tat tho 11eetot ic lass is; t(h-

_____________________________________amrinant coumpon-nit )t Attonuait in. -A

000 0.01 0.1 1.0 10.0 can () in tno i: h-c t- rio lss I, t I suo

U-V~QENCY Kliz) j)totY7mor5 a t cry ~j'n Ic ti'tj)i t t t
Itan IU-4 wh 1ct is typjji t 1, 'iy-

i'ig. 4 - Attenuationt Frequency, diaracter- i-it ins At OM Pon Opot turi I su tiit in
istics for tl-* Normal and Super- signi1t icotnt inct1 asei, n it tonuittion .
conductive State oriparIed with a
Reference Coaxial Line

In It 1,o I CIIt r- su Its pi 1 11 tt in1

I t n l.t I r I I0 t Is t t.!iis taper tnaVo- oo clrive tron pluvi )US

ja.- t, 1t, Vtg. 4 v, t t h- t ro iu,,n-:Y stun o-s ann" ox )-r t-1'on ts 1w Iti : IU t con)-
t ri , 't w, -r i!-tz rit.: 10 ,6tizi. IIt., I uctv I U coaxial cablus. lhvSU cabtes wet,_

ittl-It-itt ir! Va1LacS itO, Ji"tt at A IMMtj constructoct with mectallIic coniuct irs suh
-I~t.j, ,t 4.2 K tr Ito supit co~j tt1aCt iv'- is tilotium atta 1~aU which bccme supier-
:-uX .1 i- It,,nIo at 291 K t rt tthe rotor- niIILIcttVe at Critical tr-rnpor1Itaros, cl-so
in-i cal-. h-it., Its- sinail t- si/'', tn- t -i t to- t M 1)o r tc -I )t Iui j oli1 11Un

tt i 11 t toru ltt~ jnitc1Luiiitj Itioloctric: (4.2 K). these ri-sults it-, intonoiti ti,
I ionAt th'o sup.tcnut ivit Ca-1 '1 i IL~stra1te ttto majtiltu(le 't t hoe irn.prtve-

s-oo:n- 1 cutvo ttrnm the rtto) Is; it toas-t itrIot that cart be expoto in) thy traI s -

two ir.aer!, t~ 11iiitti- I iwet tht) tti m iss ion pa rim-tos it suprcniluc t In I vs.

iot ornoini tleI si-con-i cUj~ V- t Itr normilI ly con(Ilic-t inj citurunicir ions c iiii's

tiop. theo2' c *l~uatolI t t -In uIt Iotn at I (11), it hi-pt tI-ii'uetCnciS. Sim11ia rcsu_,Llt5

Is U.') 'IBIi-im. Also, it iS- -1 tlit tnht- tuMtitit hi- I ittiroi tot tt-e now class 'it

is; a 'trim i t I-: iicri-is-- in atltt,.it ion (I p CorirnIC C opiunits tthat haveo ni-vn tourio t-
c ._V-) wri--n t h.-- "ui Itt' act IV, "")tI, oXhbiit spicntc n t-~o' -s

r-v ts tot tts nmit stat-. tompur-tuios much higher than vhe te-tp-
-rIat uro WIt v iii nitr top- t Ii K ). Inh--
prop~jer t leil it onte uc ma tt IIaI It I I vio n
in r-- r w, 5 t--Wn t tc-, Ii iVl it St tI " I t !i I its
to hi-it 'e.tilkt0 Uii what i? Xtitt 1 11- T w

tn Ii JIii toJUt-ticy ch~aractet I 'It I CS I I FtI s

retultsnLt thern jtr t-t Ial a' tyt tis lit Ii i
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fhere ate a number ot other practical Ili theory,. the new superconductinj
conlS iraiilons that need to be addiressed materials otter eXct Uinj opportun ities
in the designf and nanutacture at super- tor the tuture along wnth a new set ot
conductive communication cable. Una challenges. It is too early to tell what
important cons ideraition is tile dimension- techn ical breaIkthrrouyh still lies ahead
at unitortlity and the homogeneity at the and what can b~e realized in practice.
Insulation along, the le-njti at the coaxial Given tne, tast pace of current researcn
paI r . Preyvious stundies in Japan

2 8
', 40 u t torts a t lex iblu , 1>1w cost , rnoom tamp-

nave shown that periodic dimensional e-rature, Supetcondructhr may 5e just around
var iat ions can jlyve r ise to sign it icat the corner.
ripples in the at tanuat ion t requenicy
chnIrActr i St ics. Anathr major cons ilera- CNWEGM I'
t ion relates to the physical proper ties at
the Mew Ma ria Is wh ich A, in tr ins icall Thun' author would likRe to ackncow-
br ittlto. Can t I x ivile wires -Ar cat inqj tug the3~ '. vat udole assistance at
noe made Prr sam curamics! An1al; is t0 Mri. Philip rlcdottigan and Dr. J. Wallingi
'hV ira)nmontal stah l~ity 't these, In reseachin3 the intarmation tor this
ma t r t. il s~ 1) what oxtI at .'..c th' sup, I - paput anid in the technicali consultations
conduct inj jerpltli.at -tteILd L)Y that We-re proviud. 'the authi t wishes

mohan~~~~~ 1:10te1'z' ~ *0. ~ ~ t thLIahR 'uJS "'It, _Su~an t )r her pait 1,cu,
q'..sti.n w ili !)ti3 130j M'ri cilnI and.. SUppat1 an1d encour-iaMent.

REIFERENCES
31 CIr.l .31' i"" CUT I ItCh the

c iti i U '1ine-t iw ti el pao o't't it t ii. i. Piincipl-es of SupercOnduCti111Aj 13eVic1S

3305 a
3
.r--31 t1. ,3311- 'I heed Circuitrs, Cha Pter J, T. Van b~uze-r ari

r .. , :-3 1"u w t 3 the tI 01131 isi line CAL. 'Tihiei, Elzseviear, New YorK, Oxfo-rd.

i i I ':I V). I I 01 ''.1 1 1, A 0I.n3,I I II

1317 a -131 I3 -iie--tIct 1 i,;ldJ13 U33 110.3I (ted 2. Llectrotiocs of Solids, Chapter 6,
heI, I1 it 10'.1 ti 1d ii as W,, -0 latei R. bemic 3riw--1ill. ELx),k Ciqinly.

10 )I11 1.1 .30 a I iml In 1I oc.a I-~'
Ut I'n t ; I' s I - t 0,33 t0333 0.331 -in j. Tne DicrIU9itc juations of tohe Suprlaccn-

1ut' 1,, 1, n1 9'.w 11 Wt tLhe ta,-t th1at3 tho coitducu~t F. -.313 It. London, Pioc. Pl->y S53x.

I. 1 t t-)Lti W 113 I 131133 n 1 Alt'd10. tio 3
ndoil? 19-, A-149, pp. 71-Lu..

I A3 It I the sartice, )t thecadut.

I' IL- 13131 ' tIn-, t ht Io r,1)'w 4. Ttiry of Suix.rcoiiductIVIcY, J. ISA.Ie,1,,
It I11 hoJs )L" I W c1:t't111 "Ur I3"I. L.N. (jinr arid J.R. Shrieutrer, Phys. Rev.

il I. 13 00" tl 0. I I 1Wtl t 1. voi- lob, Duc. 1957, pp. 1175-.1204.

'n1 - I1 31313 I 3ct n w v' 3'13.0 3r'< )t

CI 171 )n', ri 1,1313;9 I I- V.Ticory of Lile A113.Malouts Skiii. Etf,2ct in Norr,"
s333 lep 3 It 333. I ~t 1 snAll Sue'!rco-nduct1iii [-ltais, D.C. Vk'ttt ..I3.

I l". t I t t h. -I i-nt 't iin Ot t33', 2. ilarden, P'iys. Rev. Vol. iii, July i95b,

I, i nt) A3L1 1I1' i r th-- 13)w pp 4,2-417.
I 1 ; CtIt1.3 .3.rn':nt. .. 11 t 3313,

'3 it3 -3- t -.1 )rte 1. the' )uo-s t i 33 o Surbace- DIrpuuonce ot SupurcoildOuctOtS,
; 1 r 3 tis i t t o :'y3 P.t3. i-ht1cr, l'hys. Rev. vol. lid3, Ifay 196,

;1nt i he i-I 1!. pp. Z-94

1-, I ly, it IS I LK I f tIAW. Ina3 1,eW 7. Sorios-coio ReSpIxanac ,ad AttrIltii lol araC-
.3 3..i- t3lA .333,1 3,3311hiv.'1. i Cs Si i 1113.3 teristics of La Superconductive Coaxiul Line

3.0 .1 3'.i3 IZel 130-tt010i CICCUItS N.S. NW6ioli .331. G.M. Goci, Proc. IRLE, vol.

.3331 a.Li~~er .3~j I ~al 0335 Po jilac-4.., NOV.. 19bu, pp. 1,352-1656.

.03.*i..t l013 -W c prusenIL t a U -. 0r'31 tIf i1- 0. FiolI Sojlution for l Thih 11111 almoi~dt
cii 111 3,. 0333 A,-U .313.1 I"I "31, 32 . 1,1 1321")-J.. . 113 Stri.1 Traniisisioii Line- , J.C. bwiiiart,

r irS-t It Is IIit 333110wi letlir the ha J . App1it. Ptiys. vol. .2, Mac3. t9ul, pp. -43.1-

233'< ~ A 0e31i 1SLtisuas inivolved rudriiij

iri 30 I li~it 30, di '.'1..111 131SL 1 Ilt 3033. 'J. SUjX-roUldUCtiibj Co.-lxial Deilay Line,
IIIo 1, ii ilr to ba cOiIi3IE1l I ly P.K. Sh1Lilu- uand E.Q. Valiet, IRE intern.

I33310, 53ch3 &01332b Wool-I 333v32 to cu0.33j30t.: CoIAv. Rec. 19u2, Pt a.
131003 Ill With the iLti-y eSt,,A)1 I.Shed
1 113', ,)[)L 125 Alp! 0-JPj3O 3Ua Nadi( cI LW3 ~ u nalysls '.333 fPrforina cc o.f Sujxarcauxcior

COaxUi 3 Transiuaaion ii, R.J . AJ 1233 Ai113

31.1. Nhalumir3, Proc. IEEE, vol. 5Z, Olct. 191,4,

416 International Wire & Cable Symposium Proceedings 1987



Lt. Micrcwuve Propertio2s of Superconductors, 26. Superconducting Camiliinition Caibles,
J.1.Gittlemai and B. Roseriblu, Proc. IEEE, 1.1. Grednelv, K.G. Le-vinov and

vol. 52, Oct. 1964, pp. L138-1147. Dj. Ya Gal'perovicn, Telecciui. Rauio Dngng.,

12. Superconducting High Voltage Delay Line, Pr ,vl 8 e.1 ,p.10

A.J. Cunrumngs and H. Kuettrrier, 14th 11CS 27. Superconductive Ccanunication Tranisissiont,
1965. Y. H-oshiko, Proc. 5th Itern. Cryog. Eng.

13. High-Volt-ige Pulse Characteristics ot Super- Cn. y~,JpAMy17,p.222b

conducting Trans~ussion Lines, A.J. Cuauiiflis 28. Superconducting Coaxial Cable -is a Lairge Capa-
and A.P. Wilson, J. Appi. Phys., vol. 47, city Transmission H-ediaim for Caoinunicationis,
July 196o, pp. j297-3300. K. Mikoshiba, Y. Siiiuhori, N. Oinuri. id

F. Sone, Proc. 5th Intern. Cryoy. Eng. Conf.,
14. Dielectric Prope, rties of SarK, insulatig Kyoto, Japan, May 1974, pp. 289-292.

Materiails over the Temperature RangeL 4.2-
-)00 K, N.J. lCiaiit, Cryogeic(s, vol. 8, 29. High Frequency Study of . Short Niobium/Leid
Dec. 1%67, pp. jix1

4
. Alloy Line, J. Mazuer and J. Gilirist, Proc.

5th Intern. Cryog. Eng. Conf., Kyoto, Japzn,
15. Dielectric Wisses in Soil.is it CL-ygen(2ilc Tecj) ry 1974, pp. 293-295.

erdaures, R.N. Ailen ariu E. Kuttel, Proc. IE
Londoi), vol. 115, mar. 19i6, pp. 4

-32-
4 4 0

. 30. Superconducting cable for TeIlccu-inuiiications,
Ciyoyenic News, Cryogenics, Sept. 1974, p56

16. Freq-uenuy And Tune-Dormiin Analysis ot Super-
conductive Coaxial Line using tue Two-Fluid A1. Thie Theo)ry and Elecricali Desig n of Supe.rcon-
NosUeL, W.D. McCaa and N.S. Janin . VppI. ductiLng Coa-xial Cables, 1.1. Grcidiiev, anu
Pnhys. vol. 39), April 1%o6, IAp. 259i-2598 . D. Y.. Gailpervoich, Telecwxf Radio Elnng,

17. f Ue Srfae Roistinc ofPart 1, vol. 29, May 1975, pp. 1-3.

Supercoiiducting Lead at 2.8U" GlHz, H. iii, 12. Aspects of the DuvulomxionL of Gaie Sysawos
H.6. lilanu i ad E.H. Fbster, J. Appi. Phys. for inLerCIty CasUntIicAtions, 1.1. Groinev

(), Ia 196 p.
2

8e-8
9  

nd V.M. Mlutrecheiro, Tel-caxn Ra-dio Enjing,
Part i, vol. -W, Fe2b. 197u,, pp. 1-9.

i-. Nuclear Test In1StreetA*Lin wLi Miniature
SuperconducLivQ Cwles, P.1K. kjrtciburi wid ii. Diel'cccric Propertie s of Polymeric ra"Ler ijls
H.6. jcnisen, IEEE Sp-ctrL8:1, vol. t,' Sept. at Lcw, Ti-mpexraures jaid High Frequencies,
il~ub, pp. W199 . Mc2yer, Plrc. 6thi Iitern. Cryog. Engy. Conf.

IGrerionic, France, tRay 197u, pp. 30-7-1.
1'). Fttequenc-y Dec,2xence of teSkin Ix/jth in

Superconduuctingq Tin, J. Kitisso, J. ;q1)1. -)
4

. Lwa oiau Mcaia Propxrties or
Phys- vol. 4u, Apr11 1969', ap). 2L091-2097. Insulat-ing Matrialis, J. Thoris weid J.C. Hkaw,

Prloc. Uth lintern. Cryog . Eng. Coulf. Grciionnc,
2

,). Freqjuncy anl~ Tljie luiiin Analysis -tin Sipei- Firancc, VRay 197u, p~p. S-S
conductive Ccoiil Line using Uhc BCSfin 3
W.0. MCan andl N.S. Nanu~iin, J. ApI.['ys. i.Super:onkductilve Coaxial Cabic as -. Cuciiiic
Vol. -46, April 196 ,p. 268-i6.tiun Mj,iui witni Lnonbous Capacity,

K. NKushilxt, F. SUne, Y. SnIYiIuhori uid
21. Ctinpairison outWeeni Meaisured andCelu IO RF S. Kaia, IEETruis. oni Cuiiri, vol. 24, Aug .

Losso-s Li die uecnutngSae 9  
pp. '

7
4-6u.

J. filblritter, Z. lhiysiK, vol. AinS, i970,
ppj. 

4
a6-

4 7
e. v6. StuieLs of VicuLVn ScAied CrycXabi2S iur1 Super1-

con1dUCtive Line usingaborens K. FUJIa-1I,
22. 'he MNeisuroi 'uic ii Frojuuncy kulei , moe Rev. Llectr Crjiinun. 1-io. , vol. 24, No% .- D--c.

Minattur-2 Supe icXOriduting1 CaiiXial Li, , Pp.* 1216-iU2S5.
N. P. LKstroii, ';. ). McC..- ciA IN. . NJi,6n, 11-EJ-

Trans. Nuiclear S3c i . vol. N6- Lu, kVt,. 191,7. Pci c--Lit Lon Depth MeaosurxlnIcilua Oni Tyj 11
pp. 18-25. uprodcigFi los, W. H. llenkels anl

C.J. Keicrow, IEEE Tris. on intc,
2-. PMiniu-tur 2 SUJ 10irouctivu C- ix it T-iai-;a.uiion J,i. 19)/7, Vol. 'k~g-13.

Lines, N.S. Nahin, Proc. IEEE. vo. . ul,
Jil. 1973, pp. 7i6-T9. iu. AtriitOj ini Sune rconiciiLigL1' Coaixial C-,nicc

iii Ui, Froluency Range up to 17 8Hiz,
24. Froltucy CIhainac-t-inistre:s of 1)ecilutn . Ya. (Jljxoi iad 1.1. Graoiek, T lea.i

Coa x ia Lii us, N Chinai, Y. Kaisiiewy,,i l indHa ro1. Lil 9, U~ly 1977, pp. 10-15.
K. Mikosniba, Proc. iEEIE, Juii. F973, pp'. 124-

128. JJ . ~~~~~~~SuprcoUi idu tiLiigTCIcol iii .1onC i

StUdina Mn Ha~nI. Yo-ShilKivO-, S. YOblliii -ye
25. On. surface Rmsistaiicu or Sulprconilict-inc , 111( K. Nj-t, Cy i, Sup'- 1 );-, 11,. 3

J. IalbrItter, Z. PhysiK, vol. 266, 19)74, 527.
p.209-217.

International Wire & Cable Symposium Proceedings 1987 417



4L. 1irjvUiL-Z( Of ro-Iorn1SIanI C1l,2tU 1roLSrC11S (-)1 52. BulK, Suporconuuctivlty at )I K InL S1iJ-
SuporCanIdacrtngl CoIX-Iot Cahto: Sp~ectrol Ahioly- ['os xy'jenI-DvficeIIt Perovsyrrro

31s 01L D~i~lNSLjn~i Irro(2gUalarIty Of Row Bl ia~yCu3O9 ,, R.J. CavI, B3. B1301103g.
lrl. 21 J CUoaXil, C001.J, n. KojiLOKi an13 R.B. Vail Ljvur, D.W. Murphy, S. sujlillno,

F'. WioIle, IEU l. LiI6 Oil C0iiVol. C('l 2D, 'F. Sieyrisr-. I.P. Rerriik., E.A. Rieutlin
i-CL 1977, pp. ILL-ilbs. Z. Zohuaok aiu G.P. EspinosL, ['hys. Re-v.

Lilt., Vol. 53 No. 1b, Ap4ril 19837,
.O1ilAticl 01 DIi ocr Carrent OnL Prl(A-'LsnC4 l. p1p.~oi~

NioaUL.1 COIiJICLL for MolliilUre Coaxial Lrril.
J. ML!'l -111 J. Jilol:111iSZ, Cr-yCCJuiCS, 301~t. 5-1. DOi-yourself Sulouroiouuci-ors, P. iraiit,
ijj- pp. s

9
-

4
5. NOMw Scienti-st, July 1987.

42. SUpol200d1aCLLIrj C~OX-oK hi Freq I uUecy 54 . Superconductlity, Hype: vs. Nc-silty,
MIZItaturu Liunes, D. Y-~ Galp'Ierovrcn, G3. Marauit, Discover, Aug. 1987.

I.%.rKLin,,tv,, A .A. L-g)LOV, l3.V. 1-IlA u

A.A. 1Paviov, L.F. iiUr~oiarakova sob-
N.. KitenKOV, Tol-cxari. Radio DINj.,
Vol. a2, De~c. 1977, pp). 31-36.

43 . Mt'Lr 1.1. Ir SLurcOaId11:1j 111i3i. FreqAUUIlcy
Co(-),Xl-dl Lines, J. :-Virauc, Cryogoilcs,
Jain. 17,pp. 39-5.e

-4. ;A.w 1Marrisls for- SuperconducLive Coirununico- _

t-lon Cohios, 4. -oye, iLETranis. oni Cuiti.
Vol. Ciii. 26, April i97,3, pPj. 449-418.

-'j. Too daunro:Uidact-lirj LxqtUilI' J. I'klti550,
S,2jontific Aoorr71cal, 1'"y iUPp. 5Uti,5.

Ef .1001 01- 111O.)-i0jUnllS Oil Uio Chaact--t15-
ri1cs oft supercxnducrrvu Coaxr.sI Csf Ic,
V.A. t0y5liov, M. Uuutiriyuv, 1.A. Lyolr.1CllOva,
V.A. PavlogNk anu A.L. Biolovyuv, Proc. Intrn. p. Kish recuivud iis 8. A. Sc. 1
Cryu-3. 1 09. Couif., Genev,, Juiio 1)6u, iAp. -471- nd I.5. Sc. k1972) ugres 1i. Eilcti icai

,75.La
0 moor ing tramI~ tio Universlly 0of ie

100 in onitorlo, Caiado. Ho joicico Bell-
47. Wig T Hijili-Vicaill 3IlttOl-1i00c In til cryo-- Northe0r0 Research a~nd artez Nor:Llrit
jemc ErnveLojx tor Suipercondlucring Tleconino11- To I conl Csnsdca Ltd. as aionibor ot Cabil
iil7ahiDo Cables, M. HiKLIro alid 11. Yoshikryo, Rosoarcll 000' levQlpr'Ionr~ Ssf 1t . Ho 055

Rev. Elect. Colln Lab Vol. 29, MAy-June worwod Oil rhle nosigol and UoVeloprimont of
191, op ~l2[),11p7irU COOIUIi~~iatiOn cables for a 19 lb

rLEIISMiss ion Systems. In i978 hie was
-L). Ciaricicrrstrcs Of Suporconiductring, Coaxial appollitou as Manager of role ConnnmnIUnlcatLUi

Linle InL roe Milleter-Wave Il0nid, Caole Labo-)ratory aod in1 1950 as the
D. Yai. Ia

1 
porovich, A.A. hairev oil Manager of Cable Design ar Northorn' s

N.N. KtuinKov, Tlleccmin. Radio Eng., vol. 37, Lachinii Cable plant. Since 1983, as
julno 1902, Pp. 5U-aa. Moinagor of Cable Devulopnuont, he has

49. ExjpeL uncnral Sraudies of Suparcouiductiuig Oji- overall rosponibillry for both groups.

nrcrrion Lines: A Sur-vey, D. Ya. Gal'perovicn,
Toleonii. FUUdo Eog., NOV. 1983, pp. 12-jo.

5jO. Sipoc2-ral Estanoro of the lrreoguILary 1ll

Sur-rconducri-ng Jooxiol. Line,
0). Ya. GalpexrovIch, A.A. Laiptev,
A. Yu. ['odshvaiav, Nov. Eloctr. Log.,
Vol. 535 No. 9, P)84, pp. b9-92.

I1. Sapoerconiouctors, E.T. -Snutli, 3.1 . Davis,
E . Clark, J.W. Wilson LanI U. Port., Business
Weok Cover Brory, April 6, 1987.

418 International Wire & Gable Symposium Proceedings 1987



FIGURE-8 FIBER OPTIC CABLE

P. Stephen Keith*, Eric L. Buckland**, Stanley K, Hovis*

* Sumitomo Electric Fiber Optic Corp.

** Sumitomo Electric Research Triangle, Inc.

Abstract A. Sag and Tension

The adaptation of the Figure-8 cable con- Sag and tension investigation seeky, to answer

cept to fiber optics is presented. Aerial in- .he following questions:

stallation phenomena, including sag and
tension analysis and wind-induced cable I. For a given span between poles, will a

tension member of known area ii~d modulus
motion, are reviewed as criteria for tile sunporn membe of known aeaga.d
subsequent test plan. Prototype cables in both support a cable of known weight
tight buffer and loose tube design were 2. Once installed at a selected initial sag;
manufactured osing a stranded steel messenger.
Subsequently, an all-dielectric option was and tension, how will tension and sag sub-
developed, featuring an FRP messenger bonded sequently vary under different conditions
to the jacket. All were evaluated in tests of wind and ice loading?

deve loped to simulate aerial service. Classically, a cable hanging between two sup-

ports would have to be described according to
the "catenarv curve":

1. Introduction

T cos0 >:telecommunication cable can offer T ow cosh T c - - 1
Aerial teeomuiai cos

the operating company advantages in installa-
tion convenience and costs, particularly in
c'ases where support structures already exist. where , v are horizontal and vertical compo-
Among aerial designs, those which self-contain nents of location

the necessary strength elements will obviate
the need for a separate messenger-stringing/ I,' = cable weight, effective

lashing operation, lowering installation costs T = tension at any point of t:e cable

still further. Of these self-supporting ' = angle relative to the horic:ottal

types, the integral messenger (or "Figure-8") Y
design offers the advantage of a strength
member external to the signal-carrying core.
[his messenger can therefore be subjected to
jacket stripping, dead-ending, and suspending,
often rugged procedures, without undue concern Figure 1. Uniform cable loaded by its own weight.

for the integrity of the core. This paper
reports on the adaptation of this traditional Bv setting y = d (sag) at x = S/ where S =
cable configuration to the field of fiber span, Equation I becomes:
optics.

d=T ccsi cush 1 (2

1I. Aerial Installation Phenomena d cos l (2)

Tile development of a Figure-8 fiber optic To avoid hyperbolic functions, it is accep-
cable begins with analysis of classical aerial
installation phenomena into which have been table to assume that a parabolic function

incorporated the special considerations applies in cases of actual cable stringing,

associated with Figure-8 cross sections and where sag is small compared to span. Even

optical transmission. Dividing such phenomena where sag equals so much as 5 percent of span,

into static and dynamic, let us first consider the error in assuming a pagabolic relationship

the static situation, that of sag and tension, is less than 0.3 percent- and the following
equation applies:
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ws- (3) where p = - (t -t

q = (t )
I m

Effective cable weight, W, is a vector resultant This our first working equation. If the rela-
or three primary forces: actual cable weight, tionship of Equation 7 holds true, the choice
W , ice load, and tile effect of wind loading, of strength member variables E and A are ade-
The equation has the general form of a vector ofatengthember s E ander are ade-

resulant:quate for the desired span S under the other
resultant: related conditions. If EA exceeds the

right-hand side of the equation, the
( + t Ice Load)- + (Wind Load) installation is valid. If EA is less than the

right side, the variables must be modified

(usually by shortening the span). In this way,
Applying specifies, tis equation becomes: the answer to the first question posed in sag

and tension is arrived at.
'-3)

+ + 21 - (0D) 1-/4 x K x 10 H The second question, of defining jg and ten-
ice load sion after loading, is dealt with, by the fol-

3 lowing equation, based on the parabolic:

10-312[(OD +r 21) x N x 10 1 + C (4)

< 9 9

Effective 
2  

8d 8d

Cable 8_d = (t - t) S ( + 
) +

Diameter 3S 3S

where 1 
= 

ice thickness, mm 
(T - T ) (1 + 8d 2

K = densitv oI ice (usually .92)13 A S 3S (8)
Z = wind load (kg/sq. meter)
C = constant to be added (pig National

Electrical Safety Code) -

Next, cable strain, , is addressed
3  

and is tie where T = 8d and T = 0

summation oi elorgartions due to tension T and 86o 8d 0

thermal expanclsion at temperature t,

-t-t ) + I/EA (5) Because d <<S, then the assumption that 1 +

M 8d /(3S) I can be made. This simplifies

Equation 8 to
where t = cable manufacturing temperature

:= Young 's modulus of the tension member T T

A area of the tension member d
3 
+ 3 s - (t - - d 2 =3WS

- coefficient of linear expansion or S i - 64EA (9)

the tension member.

Equation 9 is our second working equation.
At this point, tire actual total strain maximums
.r' introdurced. For long-term service, I must The output values in sag and tension calcula-

le hvs; than - , the allowable system strain. tions are initial sag, maximum span, and set-
(For example, could equal .002 for t ight vice sag (usually under worse-case conditions).
burrer and equal .005 for loose tube, but these In tile course of this work an extensive analv-

p,rramvty's can be adjusted for state-of-the- sis was made of thirteen sag and tension input

art. I From this prerequisite comes tire variables ranging from ice density theory to

requirement that empirical calculation of the actual Young's

modulus of a stranded messenger. Inclusion of

material wouid unduly burden the present paper,
SEA " - I(t - tm ) Id (6) but it is hoped that separate publication can

be made soon.

Now the variable sag, d, is also related to tem-
peratures at time of installation, t., and the B. Vibratory

variable temperature, t, as well as initial sag
at installation, d , 20o that tire preceding re- Vibratory motion in aerial cable installa-
quintcanib dxpaded o tions is of two types: the low-frequency/

high amplitude movement known as "gallop-

EA -- WS ,(7ing" or "dancing" and the high frequency/
LA ' - r , () low amplitude motion of aeolian vibration.

4p I/SI
t
ti r ) + Ci
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III. Developmental Cables1. Galloping_. Anv consideration 0,

Figure-8 cable service must address th.!; A. Prototype Cables
form of movement. When wind blows against
a cable showing a smooth, circular shape Two sets of prototype cables have been de-
the result is a drag force which pushes tile igned and produced at the Research Tn-

cable in the direction of the wind. When angle facility. A set consisted of a loose
the cable shape is asvmmetrical, however, tube and a tight buffer design, while sets

there is a lift component of wind force as differed by the type of messenger employed,
well as drag. As this upward force is

acted against by gravity in the downward as illustated in Figures Z and 3:

direction, the result is a vibration of
often powerful energy. The frequency of

this wave may be on the order of I to 4 Hz
and of an amplitude dependent on stringing

variables such as initial tension, span
length, and initial sag.

Prototype 1 Prototype 2
Classical work in this jrea was done 7.,..- ,,n,

by J. P. lBen Harrog in 1931 
5and has beeni fi E H5 S rsz-d

more recently reviewed as well.
6
,
7  

sw,

Examples of asymmetrical shapes include
lashed messenger cable, overhead conductors
which have undergone icing, and the Figure- kn ---- [ . T

8 design. c.'scr Y 0" Ft-

Tendency to gallop can be minimized bv 0_ . -

selection of the stringing variables men- b 00

tioned. Higher messenger tension, lower d.." r- MC,

sag, and limited span length ::11 act to JO, ,OWQ C_

alleviate this phenomenon. Thus, even
though prototype Figure-8 optical cables
performed extremely well in severe
galloping tests described later, onur
company has recommended that these cabl es
be limited to spans of about 15) meters or
less as conservative practice, it tr no, Figure e: etallic messenger designs.
other reason than to lessen wear on

installation hardware.

An alternate or supplementary appro/tch

to galloping can be taken att inst;ll ltion.
Be alt-rnating the relIative orientation ol
core to messenger by rotating the cable in

an oscillation between spans, the asymmetry
presented to the wind can be randomized itd
the high-amplitude vibration neutralized. Prototype 3 Prototype 4
This theory Is incorporated in tie commer- s

cially-available plastic helical galloping B a a

suppression devices which can be wrapped on
existing spans to accomplish the same pur-

pose. 718W 
T

- . Acol IIan. For :tll tite cons iderat- Q-fnV Y_ Op b

tin directed toward high-amplitude vibra- 00 M,

tion, the other mode of wind-induced move- o 0
ment, the low-amplitude aeolian motion, is 00

essentially absent in this type of cable. A. 0-M m rn

Theory would predict that a uniform sh;ipe

(in contrast to Figure-8) is needed to pro-
vide the vortex shedding phenomenon respon-
ib, for initiation of aeolian vibration.

This expectation has been conf I rmed
empirically in asymmbtrical cable shapes by
other investigators. Figure 3: All-dielectric designs.
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As there are several variables which may be this vein was to us, a cor. wrap 01.51,41 1,

specified regarding not only fiber buffer of a nylon weave base covered on both ;ides
but central member and filling option, an with neoprene rubber. Although already
attempt was made to incorporate all of these vulcanized prior to cable processing, the
features within the prototypes: neoprene wrap in the unfilled cable bonded to

[ 1, r e.- 9r ~ itself at the helical overlap areas, thus

forming a sealed tube. Among advantages
which may result from this feature is the

t,, fact that there is no tendency for the tape
s? t , :e .r ,overlap to either gap or to rub against the

r- R? A,,r. fibers or tubes during any sheath strain.

-:J': .. Due to jelly seepage at the overlap in the
B. DlesI pi and Manufacturing Philosophy filled version, this feature is more

difficult to achieve in the filled design.
1. Core. Although most optical cable

activity in this country is of the loose This brings us to the choice between

tube design, there is no reason not to filled and unfilled core, a decision which
consider tight 1 0buffer for evaluation in may be determined by the user's total system.

these designs. In fact, in the present If splice and termination points can be

work, the tight buffer cable was designed adequately secured against water ingress, our

first as a result ft specific customer preference would go to an unfilled core.

interest. A hypothetical advantage of loose Historical avoidance of filled cable in
tube cable is that with the excess fiber of aerial pl,.nt can be understood given the
this design the allowable system strain is unpredictability of temperature extremes ano

usually greater. Referring back to our sag the handicap of additional weight in t h,
and tension discussions we can see that span. Additionally, friction between c,,r
greater spans could be expected in theory; and sheath, an advantage discus..,

however, if we agree to limit span length in previously, is enhanced by the absence ,i

order to minimize high-amp it Lde wind filling compound.
motion, this potential advanta4c is of

little importance. 2. Messenger -- Metallic Design. The
messenger selected for this design will be

Ihe central member serves as an familiar to users of twisted pair Figure-h

anti-buckling device for the fibers ind does cable in the various telephone systems in the

not provide design strength, ti Is func tion U.S. This member is a 7-wire, 1/4-inch extra
be ing a l located to the messenger high strength grade galvanized steel strand
exclusively. Thus the choice o central conforming to ASTM A 640. The strand is fully

member material relates to the preference flooded with an asphaltic flooding compound

for dielectric or non-dielectric core rather which has long been accepted by the industry
than a load-bearing decision. lhe ilouence as being compat i ble with polyethy lene jack-

upon cable weight and total cost, however, ets.
mar be ancillary considerations in material

choice. The 1/4-inch messenger size was chosen

because of its availability as a "standard"

IhV core wrap in these prototypes was material and tile familiarity it would enjoy
chosen with the objective of coupling the to those users already experienced in placing
movement of the cabled fibers in the core to Figure-8 cable. In some installations, the

t that of the outer jacket. Due to tem- size could be said to exceed tile need for
perature changes and load variations ill the supporting a cable which weighs only 0.3

cantenary, length changes of a few tenths ot kg/m, almost three-fifths of which is the

a percent in the messenger-jacket system messenger itself. Theoretical spans of many

will be inevitable in actual service. Due hundreds of meters are possible under some

to the abling helix factor, however, this loading conditions, although lesser spans

change will not necessarily directly trans- will probanlv be chosen as a precaution

late into fiber strain. What can occur when relative to vibration. A definite advantage

the core-to-jacket relative motion is high of the high-strength messenger is that it

is a possibility of fiber bend at the splice permits a large initial stringing tension

c Insure locat ion over a few millimeters that acts to dampen wind-induced motion and
rad ius of curvature, rest It ing in to lessen storm-related sag.

transmiss ion loss. Th is phenomenon w3-

documented by Ishihata, et al ., in 19 4. 3. Messenger -- All-Dielec

these researchers found an improvement in There is growing interest in aerial fiber

optical field performance in aerial cable optic cable which can be strung without
when the friction torce between tile sheath concern for grounding or induced voltages in

and the core was increased. Our approach in metallic components. Heretofore, a drawback
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of utilizing an FRP strength element was IV. lest Results

the inability to couple the tension applied
to the FRP to the polyethylene jacket Based on tile foregoing design phi losophy,
surrounding the messenger. Without such a prototype cables were manufactured in 2 km
couple, jacket slippage or even tearing lengths and subjected to the evaluation
could be expected. As part of this cable described below. A series of three tests was
project, a method of obtaining a thermo- designed to simulate the field performance ol
chemical bond between an FR? messenger and each cable design.

its protective jacket was developed. It
has been determined that the full rated A. Galloping -- Metallic Messenger

breaking strength and Young's modulus of
the FRP can be obtained when clamps are In order to simulate galloping, 150-foot
applied over a P.E. jacket bonded in this spans of cable were strung at 343 lb. ten-
manner to the underlying rod. For a first sion, supported in the center by a three
design an 8.0 mm FRP messenger was chosen, bolt clamp rigging. Each end of the cable
permitting spans in excess of 150 meters in was terminated by a helical dead end grip

heavy loading districts. A future design secured around the messenger. The messen-
will offer a smaller diameter rod for less ger was separated from the core and strip-
severe installations. ped of the P.E. jacket. Sufficient extra

core length was provided to allow tension-

4. Jacket. The long-standing materi- free connection to the optical measurement
al for twisted pair Figure-8 cable jacket equipment. Forced oscillation was induced

is conventional telecommunications grade near one end of a span and tuned closely to
low-density polyethylene. This material the natural frequency of the span. Os-
should perform equally well in fiber optics cillation was monitored and controlled only
applications. For our trials, however, we in this first span due to imperfect trans-

utilized linear low-density P.E. as the mission through the node forced at the
sheath material. We recognized the growing three bolt clamp. The resultant galloping
interest in LLDPE as jacket in more cable conditions for each cable are outlined in
applications, and we wished to evaluate our Table 2.

extrusion tooling on what is the more
challenging compound from a processDes I Frequency Anplitade ill Wavelen~ih j Cycles
viewpoint. It is know-n that compared to .. 1.9 H, 36in - 3 75' 73, 326
conventional low-densitY P.E., linear low L. r .o 0 z 36in - 3 75' 1>0on.,)o0
reacts more adversely to extrusion in a
high-shear situation. Process through the Sable 2.
complex dual-land tip and die of the Both designs exhibited no measurabi, lose:
Figure-8 extrusion tooling presented such a increase at 1.3L.m through six concatenatea
potential situation. The core is covered fibers throughout the stated number c,

in a tube-extrusion of low draw-down ratio, cycles;. In addition, the tight bulfered
optimizing a balance between minimal fiber design was measured also at 1.5,m,
residual stress in the jacket over the core where again no loss increase was observed.
and avoiding jacket pressure on tile fibers. Note that this test was stopped premature-
In the same die, the integral messenger is iv. This is due to failure of the messen-
coated by pressure extrusion which forces ger wire, which testifies to the extreme
the _jacket tightlv into the interstices of severity of the test.
the steel strand to form a gripping action
between messenger and jacket which is 1. All-Dielectric Design. he same
considerable. Tlhe qualit of the jacket apparatus was used to force galloping in
over core and messenger was excellent, tile all-dielectric design. Tensioning
confirming that either type oI low-density parameters were identical. This test was
P.E. is feasible for this design. run subsequent to tie metallic cables and

it had bee-n decided that, since the core

The nominal jacket wall thickness over designs th'emselves had proven stable under
both core and messenger is 1.3 mm ((1.)51 galloping, only one ol the newer cables (it
inch) . Heavier walls are avoided in this happened to be the loose tube) would be
design; the resultant larger diameters tested, basica 1 Iv to evaluate the
would not only be non-unctional, but would durabilitv of tile bonded FRI messenger.
present a greater surface for ice and wind

loading as well as add to basic cable One of tile purposes of this testing
weight. program was to gain the knowledge for

potential cable users regarding the best
Web dimensions were chosen with the way to treat the FRI messenger at

height slightly greater than the width to termination and suspension points,
permit comfortable passage of a web particularly whether the jacket should be
slitting tool. stripped and hardware applied to the rod or

if the hardware could be applied over the
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jacket. Therefore, the tests were varied in cycles. No loss increase was observed. The
the following manner: jacket over the steel messenger was stripped

to accommodate the dead-ends in accordance
!,st Pertd Applict.. 0 Appi -i.. , with common practice. The jacket over the

o.'r, $yspenio CIiap Dedd-End messenger in the tight buffer FRP design was
stripped for the dead-end while the helical

O, er jacket Over J ti grip was placed over the jacket in the loose
.- "-, 0) ieracket On ,hare rod [ tube FRP design, seeking out any disadvantage

t,lp et, to either method of terminating. Differences

V ~ O bare r-3 On b r-d in load maintenance and messenger durability
,strip ;aet could not be distinguished.

C. Temperature Dependence of Attenuation
Fle messenger rod showed no evidence of wear

at any span point, independent of whether As a final optical test, the temperature
hardware was applied over the jacket or dependence of attenuation for all Figure-8
directly to the rod. With cont inuous designs was measured through the range of
monitoring at 1.3 and 1.5 , there was no -4

0
'C to + 7 0'C. There was no measurable

measurable attenuation change during tile 14- attenuation change at 1.3 or 1.55 through
hour galloping period, links of six concatenate i

n 
fibers in either

cable.

Ii. Cyclic Tension

The effects of wind and ice loading were V. Conclusions
simulated through a cyclic tension test. A
9.5m cable sample was supported horizontally Figure-8 fiber optic cables were evaluated
and terminated with helical dead-ends. Load in a simulated extreme-case aerial scenario. No
was applied as shown in Figure 4. attenuation increase was detected even in test!.

which destroyed state-of-the-art installations.
The results of this work are very encouraging

F Vr for the future of this new concept in fiber
optic cable design.
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PRACTICAL EXPERIENCE WITH METAL-FREE SELF-SUPPORTING
AERIAL OPTICAL FIBRE CABLE IN HIGH VOLTAGE NETWORKS

A T M GrootenE J Bresser

A G W M Berkers

NKF KABEL B V
Telecommunication Cable Systems

Waddinxveen
The Netherlands

ABSTRACT Metalfree aerial optical fibre cable with 8 fibres

The process of optimizing the construction of a metal-free self- HOPE o,, sh,,

supporting aerial optical fibre cable is described This is mainly based 1araidf yarrs strinqt,, n irvbri

upon study of requirements and monitoring field installations Starting P hE inner sheathr

with the theory of cable elongation practical cables are designed - walefhlOCkirig corno,,nd

Materials are selected based upon practical experience Several ore 1o.111ng

irportant production processes of the cable are highighted retvil hr-

Results of laboratory tests are presented dealing with mechanlcal

beha iour and electrical stress mechanisms The cabr installation is

described and results of 6 years of mon orinq eld insti.ations irt
presented Finally all results ar- discuissed and conclusions on the

prodcIIt a1pplicationl are drawn -

1. INTRODUCTION

The application of metal-free self-sUpporting aerial optical libr i .rC
in high voltage networks has increased substantially during Ire iist
few years

Several cable designs have been developed utilizing different t,rii
and constructions This paper describes Our theoretical and practic il

experience to obtain an optimized cable construction with lonq terw
reiabiltv

In the process of optimizing the cabie construCtiOn a Coni Oi,.5 L.i I il
improvement loop was foilowrtI

* Study of theoretical and practical requirements
* Establshment of cable design including the selrct,on of trr.i
" Production of the cable under stringent process (ontroio
* Cable verification tests on laboratory scale
* Monitoring of field installations to gather practical data 2. CABLE DESIGN
* Evalualton of this iformation which may lead to iteraions n tCi

requirements and or improvements of the cabi dsignr 2.1 Theory of cable elongation

The cable consists of strandedt loose lbes prolectled b in innrr Duirnq the l ll ioy. inle ut in aeril i a , i tensl( force will be, present

sheath high ioiddi ls i H M ) arariide yarns as strenghI members id i in Thr. .,1hie Tfli5 t-i.... fi ,( e C.i iS ,a ( rat nc abie r .orhifid i

protective high density polyethylene iHDPE ) ouler-sheath fluguro I i Thi ri.i j ,,.t i...it .i 1 -sign ()i q ptic a ,-(lal ,i: les is to control this
nev rd le catilk- elonj.tiirn

For a G ien cptl al er; I ( abir ii(, rc l l viinqaticiii is the sir of

I a constant elongation which dlepends on the span thi(, saq the

weight and the mechanical strength o tihe cable

2 a variable elongation which depends on the envirormental conditons

such as wind velocity ice load and temperatre variations

3 Creep of the strength memonrs i aused by he tensi 'rce n the

cable
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Thet ionsr,ir iongalff( ' e -1 'ut' r ffff' ,f p .- I for, i''F ''I.I -A '-r'' '' - r .'- t ' T.

,I(, e" l hic'%hint h f in hei w[i ~t'llf'' ffrl i' .I , 1 'f '1.if, ;f '. 1 ''

This fofifflis ilidt oly if fif, Sadt , S Ii e1ff 5fff~il tofffp.if'' I'll
span tL'I and inIn(h case of f'qiiil poli' heights *ef If' he w''lit I" Ie-' fjf> sir 'his- irW' s. ''

cabin' per tinit of0 length F, 'd>' fli'r'r''' - bf I,

The cable elOxfgatfon ' fIlollows fioniff I'' fl.''" ''iftf---'i t1" t1f" ff'nio"'

P .....ff. ff f i '
1 

'tt ii' rif- ''i ' ie i f '. ''''- -
6

c c L *Wff" i s

The plodict AE fepresents the miechanical Stfengthr of ie ai'fiil , (lenfrfr' "'5' .... t ..... o ~ ' -1 -f " '5'

and 5s Composed of the cross-sectional afea iA.i and the nfOdllls of
elasticity (E I of the strength merfibers of the cable it(ir e

rTemperatuire variations A T i Change tne tinloafief cableC 'figqtf w'ftf fk *f i5
1

o'i " iff'I~ fn "'If- !f-s i '1 t"fi irffnnl~f if- iffiff. i'

a-ctor .(VcAT 1 1 The sag changes andtrii in1,5t'fri'Inia stfafin p'ositionf fifit en Ifie in' ite, his r-i''fe'f In, nn'r -iif If 1,fr'b

changes to C. The, resitng Stfait, vfi' Iifi i r id(1ijFy (-it ; IfC'' p'Ic h' PA, f'f'hinqi l i flffrn'fff-f ff

(~ ' 'rdfi'ftrfq~ f

f
t
T ( ' (Xc At T The fl I ffft e 1 i'j I .5, 'I l'5f hl 'flif' -0 I111' Spffji tilif 0f If"" 'Ni'

A'H hoiw-,Ie'i 'if'lff.' 1ff fr'ft~i Vie p~f p11h
'C WhiCh (Yc is tne thermal coeficient of expainson of !ie cftflo Iris
depends upon theC coefficient of expansion anO nri'l' fanicat Stfr'ngth of Tiiisfbi h'< docing ffr ff45 ha to he' rnoosf-n With~n bodndef is set by
thle sIF roUls cofistffic tion e~leme'nts hoIb klifscI' ini, i a tond inq the f ie' 110es ''iS C s , th In optic 'I

properftie's hrin'ifri th, Cliii ,. iff fricO-hf'ffifQ 're Itr 155( ir
\%'hdl And Ce load cause, an etfecti( eWCIht -ry''1i'v ii !hi,-sm It e~ -rq on
'ricreases, the weight of' ,1 r'.fl b', Tne optici -i'i- ~ime lf'i'g 5s .CW~ies -a narn-o,o of 1hi .. ....rir', f

Iffnin t of stir,'iqn frfeibef v,hIcr Is o-nv , Cf' I,' e r 05t, a , , pii r,
IN , s V, I, 'Itlf' ,'lofl~ltrof ind .finiriffitrf, hti'nrnr f~iLdS for th" 'Pnr' e

C hch IN, a fcfnt of ci' p- no, of li'hoI1f

M~ mnass ol " 'C Oil ,,rt of if'rr4In 2.2 Practical cable design
q acceiertrfon 01f qrlsi.r ,6 Q n'7-

f~isi'! pt t
0

hne forniria" g sen abo,,e i dedicil comp..ti'i prodif
indj cai ses a transverse pre5sure r Pw 'which can tie salc,,rated from enOeloCI1"YNIt he0"b'f

tmp wind s'hlocrty itIf' qh"eb' oes',t e at -,o... sT, nv

5
W C'. 5.p"-5  it, optiirfS"I'f .i i, t INS I...f Io i he Il i. 'Stofi'r S it ill-t

Custoner demrandIs ma,
1 

o0ild,
9', specific nmass of air t 2.3 kg fiM saxim .nr cahle spin
1Gw shape factor I 1 t foti a ros~no cair .lI 0 Maxiio nr Srfg [lti'ri rntl.tirf ', .... ilry 2t''rhiit irT a sift

oninon wind -erocti's

* fInrrn ~Id InC cs a lcIsfftinr o NES,-C or otl(r
The, A ind force per ;n-hi of hhglh , Fw , r i r nol r ,oli st fr1 .it1

* T'fi oie e offi f'1 oprts'.' fres ri'srtini in i ccflf in deI' ni fcir the'

AnI the surface Irea per unit of length . Ma fllwalf caetninT poett,'C n rct~
;fgtfrt sfioaing'Iifif nf~rrallowapili' c'lef teions frr~lf I-

H.5qg irements for botlh the rafdial thicknishi of ice C, anlo the wihnd Specifled Lim ing th cabie tfrhion ni~ltf's or allowig mfofr' Sag
ssif w ''fri htaninIxlted in nltionit and riterfattfix spas ilc a ' fluting thffe catbrle Span to cerftain itii'5e

F' locwing thi' Limited Statles standard NESG we hase thi' dernands to, Soffle other dit1a regi~.fcd to peoror the (a 1(Llations flri
-isv loading conditions * Cable mas55 This figii', is intliii'icr'f by flir' foiifr'f' of ararnidi'

1, 2 in inc yisoS itself bUt Is mainly dermnl'r by thr fri a55S Of the c abix' core
lp~nrn '06 nch. nclsistfn the inner-sheath Ant the ostfr'sheath

190 'hN r, -t'nls ft 0 Material propr'rties

Ad(1,1Q~alyNES decriese-fer" wid oadng f Iil sh(,1,S0 Ma. ni a I iowali cible foronqation to prtes rnt ant 'I ft brC
A oditinal NESG0 l decties tr40 N fi no3 loain ot ta si0c irsronilatton This i'sultIS rfor a given s able designi in a nianihinI

"ic~din IS r ~ft N o tdd Nni 10 05 t Ioperating fenstie force

The olalresIl'h I-e Flc'ows onThe cable core is sta idardised ait 6 8 or t2 tuibes whicti each i ontain

w. VV I or miore optical fibres Either singlenlode or rinilimode fibres Canl be
W 'rncfided in the Cable

Ir'ti'plici's \N1 in fornrila , Ir to calcolate be, iresulting ntlq oc The pitch of the lay-tip of the loosi' tubes ii choosern depending on Ithe
demand for free cable elongation and M3lXtniMUM allowable bending

F, ' an~d hi' totail r thle i'lOngft'oh F, taking into accorint that fiCani fth ir
S0will increase, diie to wind pressur..e or ci' loadrqrducf hiir

1', 1h, ibe ~lojalon o a Acl~p~itle e~ft w h-~e 0 3pty A completely culsoninade cabile Can be, designed according to tie
ho retisl tebe eonlaIo h to adn(So aceili'leve i' honie oiap mechanical demands and thi' optial charajcteristics of the custoners

w'tn 'ilo 'spi Sf'it mass to kiep the cable wigrht tow I forfnla 21ttOrrt ir

Nr~e~hFle% eloqa~onof erst cbli is-,lbieAs an example table t silmihafises somfe Important dlata of three

Theo ltof hrasty cfrti'ria IiS howevi'r to avoid any axtil fibfr' strain fo different calble fynes with 6 8 and 24 fibres fi'spectiux'ly

irlolin it Iohdittons of the 1>11'This c ondition ilfif ent the niecti

Initifbe Stri'5 inIl prevents nfic ro binding C'aused by pftestcaf
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Table 1 3.1 Technical performance of materials

Cal o,.,ti'i OAI toft~ -fn Ipro' net 110,1 0'w a opt.cV i . Pes 3.2.1 Chaise of strength members

Cate- typr A 13 C The efleclt,, elaIst-lty rrodi,Iub of Mt,1111 sienrqt, f o , lrnrrt

bonrded ,n hiot curing ris n FHP. is rnotl 10 KN -I Tr h.
FiCt-, Tpv MM N1 MMI "% SMpecific hiaSS is about 2000 kq I The stillness an~d thr ornplitree

Nurrhier of 'ints h 8 24: of relaxation f Such elemhentS permanently rr,mht, b-clinng lnlt

Nw,r)r' of loose i,its 1, 8 torsion stresses and makh5 tis rnate-aI sf'nst~e totag
Attr-,v.ior at 130)0 ohr 1H k,', Ue h, k, 4 Opk'ndinq upon the type, of qk-1ss tlamen E- R an~ S-gass , !h-Si-

jIt 55 "on' dB kon j eaterls arc, vwry,nqly srensitv to tO i .1k by idI rrin

QrIIi <in I 1,arrt - rn 1,1 t For arnocd yarn foamnents the r-aslty rrodrolh,5 is 100 nN mn, ir)l

Cmji K".S q K-r The Spi( fic mass is only 1450 Kq rnr

Euet!- ,,, os Inor _ r't1 Compared with the FRP strength nrrber lhc cable elonqit,r ig-
rI'S em' and d~imietr will be, reduced by using ararrlde yarns We ore8 Ca,, to

,orrpross antd pro-stress tire aramide yarns to obtain a fir-1C-.- iosro

Span I ni ,I heairrg element comnbining nignest possible strengtn winh srraliest
Nonr,,,, 51. possible fatigue and res,-,ance to acid rain

3.1.2 Behaviour of materials at high and low temperatures
Err Cis Stress ,E[)Sn,...

010 N . 4I 'Aerial cables are -Xposed to flIlt .rc n oe rtl rI !-me1-p. .a~o

%fat....... 0pyrr, %% 0 ',S 1- N variations tnan any other cable- type
Mrrx,er,r A;JowaC e Str-ss MIA' ,N t , . Looking at the direct intlrir-nce of ternperatuo variations to trw

Lr1rteTens, le St ress I materials cIharacterisltcs we' S urrrrrrirZe IS folloi,
Creiakn4 u30 loa rN-

eli-ent .45 C -09 F, 65 C '-185 F,

CrCni e onqation at ,,

Op'ratllhg, sTSt'5 4. 1 1ire

Ar ai i?,,n stra, it r, n"2 cerntral nlemnd

operit na str,-ss - 'n. r,, arl-urqe. C'- folbnq

4 tube mate,,
r core-I rfi l -. -

Then, Oifr-l ,ew- Itn, rI-n - a:-I, (3 iI'trir t~r. nner-sniiath PE

r'ingiton at r''ix,rr,,C' ;o.rI -i '1 ,, r- "tn 11 ' m r inhde ,arns

.rc 23 C' the lona5tere r-,p ,lt Z' I't i, .',r 1 8 outer-sheat1h HDPE

exrcess 'Cr,. [irtCm i"' 0," toh - ii,r nfll -I
Ad I Atrr',,ftion ,lc'easr- of thr Cart, ibri- ndepeindent of cable

u-eson rt -145 C 10 05 dJ B r1 at1 1300 nmI

sp, n ,~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~~~r i at ,soi ,h,1 ,LP1n pr h 13 C,)rrrlon5 jis'd Or' has a too high viscosity below -30 C

spans 'pt') 61)0 rr )1 1 ,C I , one I 'r in ,tSi p. rr',.cr tt,1' BelOrow this te'mperature other 'kn owni compounds are used

1-1 -) Th,,s hasierr Ii .drop-point of rup to 120 C 1250 F i
Example of tensile force diagram as a *unerionr of cable spar and cable sag

3.1.3 Temperature variations and cable expansion, contraction

----- ---- -- 'Ar instalI'd aerial optical cable encountrs temperatUre variations of
ma~ctt 100 C Thanks to the low thermal coolticit 'ni Of exnpansion of
rrcfe yarns in combination with the high modulus of elasticity
ta11le, 21 the cable' expansion will be dominated by the ararrrde and

th,is or' erry low
A comtple'tely different Situation exists during low temperature storage
onr (Irorn The ,rrami~de yarns ( annot absorb any axial Compression

frrsTni, fhrr' r,-Iooed plast~c F RPh, cent Strerrgtn member acts
iS hn r rr.il s plint

Tibi, 2
The ,mi I oofficwert )f e,,pans~on in, mtonrdulis Of e'lasticity 18

_aihl I -'- mntl mra t, rrAI thermal modulus
cfcont oI~~~f . ' a nsrorr e'lasticisy

- -I'd ---.. - . 10-*K- t k kN rrr

Nt nt --. 0 iral~i stininqf~r FPC 0 50o 2 ?atI
till-T111-compression i

str,rrrd,,rI I,t, P oly, tir 80 1

3. MATERIAL SELECTION
nn, shi-atr CE 15 L) 145

Thi. snlnct,on of mall',, .11 has Peon pr-rio rrrI Itn IrI. bfa,s of twcr
rrri,n Criteria strr'rrtilrn'rrlbors .f"~rl 0( 1001

aI liif,, al pn~rformanr yalrns

C Lorr3 r'rr I rirt andl .ilfrlr rl5,5f.1C o-,,I-r -Shh ~ iiPfE 1 c0 016
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We can cactilate the thermri coetfcient of expansion of the cable Therefore we assume that a relative humidity of about 95% can Occur

0e
c 
i from in the cable core although the HOPE outer-sheath has a very low water

permeabilty and the loose tubes and the interstices are completely
rc a E19) filled with jelly compound

SE, A, Thus in order to ensure a long working life-time measures must be

taken to minimize fibre stress

Every cable type has a different hermal coetfici nt of expansion This is achieved with stranded loose tubes which results in a certain

because the surface areas are different free cable elongation (cable elongation without fibre elongation ) By

For cable type A i table I i we get stranding the loosely buffered fibres the fibre is bent with a certain

radius which does stress the fibre surface

in the case of installed cable (tension on aramide yarns)

(1c 0 68 * 10- K- i high and low temperature after installation i To prevent inadmissible stresses the bending radius of the optical fibre
has to be never less than 58 mm

,n the case of cable stored on drum

With this criterion fibre stress is limited to 0 077 GPa

(Yc 62 * t0- K-' (low temperature storage i This is the limit necessary to obtain a 30 year iife expactancy of the

fibre

After installation the cable elongation and contraction due to tempera- Due to optical requirements in the 1550 nm region this bending radius

lure variations from -30-C to " 70- C will be 0 007 0 will be larger in most practical applications

During storage on drum cooling down to -40 C will give 0 37%

contraClion 32.2 Long term mechanical properties of twisted aramide yarns

Creep properties
Formula , 9 1 is valid only the differences ir the thermal coefficient of From literature ( 7 8) it is known that the maximum ceep strain of HM

expansion of the cable and the components will not result in any aramide yarns at a constant ioading of 50% of the ultimate tensle

shifting between the layers The static coefficient of friction within a strength t UTS r is 0 11% during a life-time of 30 years Practical values

length of cable has to be larger than the force arising from the of the every day stress ( EDS I are only about 5% of UTS

differences in expansion

Time to failure
During storage on drum and coolng from 20' C to -40' C the The time to breakage of aramide yarns depends upon loading By
minimum friction stress between the loose tubes and the central keeping the static loading below 50% of UTS a life expectancy of

element (calculated for a 10 m cable length I has to be at least 8 6 about too years can be reached In aerial optical cables the loading

10-' N m- to prevent shifting will always be dynamic for which reason a value below 1 3 of UTS

Practical values are in the order of 50 * 10- N m below 1 3 of elongation al breakage is chosen as the maximum

After cable installation the minimum friction stress between the working stress

aramide yarns and the outer-sheath for a 10 m length has to be 3 0 UV aging

10- N m- This is much lower than the practical values for this friction The high strength and weather resistant HPE outer-sheah proects

stress the aramide yarns from direct sunlight specifically from UV-radiatibon

3.2 Long terr, stability of materials 3.2.3 Outer-sheath material

3.2.1 Determination ot the maximum allowable tibre stress level The outer-sheath material has to be resistant against wheatherfnig UV

The life-time of an optical fibre is determined by the stress level in the radiation acid rain and the influence of electric fiPids We have

selected a black weather resistant HOPE compound according tO
fibre and the amount of moisture 'elative humidity i present at the ASTM D 1248 Grade W8 combining important features
surface of the fibre riig 3 d n a l High mechanical strength I tensile strength abOuLt 20 N mm
Obviously the metai-free aerial cable does not contain a metalhc 1 2800 psi I Spirals used for stalilation purposes are clamhpeo

moisture barrier directly over the ou!er-sheath and transfer all the cable tension

The high strength of the sheath guarantees c xcellent pertorman e
of the c.able when exposed to extreme loading conditions

Life-time o optical librea as a function of tle mechanial load and

the relative humldlty(R.H.) i Very low water permeability

- semenlest ,irf 151 GPi 0 Carbon black content to protect against mater,,l aging catised b,

UV radiation

* High thermal stress cracking resistali( t, o prtlec! agalnst rhmri,

04- datve atrack

* Resistance against coirona indi tracking

03- Other oler stheath m ierals ike sorie s pecially deeloped Com,)okilrds

with lower surface reislanci to increase the tracking pieienlol

RH 2" not selected as they do not satisfy thr requiremonts of ASTM 0 1248

02- Grade W8 concernig thr rrechanical strenqlh (the tensile strength iof

R H 45 these compounds is about 10 N rim i 1500 psi

................................ hi4. CABLE PRODUCTION

To reach good mechanical and oplcal characleis(s all prodOr 0

ur r Ia, 1 mini-h I vvir iiv.,irh lii ruric processes must be controlled irev carefully The main processes a,-

0 Extriusion of the loose tube with vontroiled fibre en( ess elnqlh mainly

.,tj I to achieve the d- sired free cable elongation i foirnia 8i and to

prevent undeslrMbl mictobending pheno na n the I55r 117,

region
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* err' :r~ 'i- t r C h t ii&, Itt adsrdrti.d plf ten To prith

i-tro S' t r heo Il ' !l st he Stttii in jccotiact' with ti)-
'itirs t 'i rr'-disii ilittie i. t 0tr , O-o depressed

*.U F .1h i , i'r 110t trop-Ol eily .ownpoit...d to.-

Tn-sr- SPeIt -.zt.d q-pnrt-1 iii whirh !hte presure Of the

*F,:r,,slo of !l , ort si-atfh to proS,- I hi rah Co,

*e Stldir1 J" of tln 10 m sI's wIt 0 ru rat' tension i ortrol thus
0l 1 ho j, ioji on 'f-, caiht- No pro-stressing dirina

-s nil: ece-ssir-.

o E.:' so IHE -r 5- -in , 0, 11 cofltiiiiOiiS

!iieri r'r'0Properi hr th ,Ar1-enit spra1s

5.CHANICAL LABORATORY TESTS

ru- '' 'isi; '"'li is irtis is Ott iite

to Irre it-r o! " te-sts I, ,r-!,o !i lEG :g9-i Tests are

5.1 Tensile performance (IEC 794-1-El)

,, nsr nat-on 2'Toi- innr, m tens.le 'orcr ipt-rOe to hi'e -ahe &.r5

-0 .N No catb,- hire- oIN -i it tlIi~ 'O!h i'

s 41hows the S!t,tr I Ire- of the' Cab-i' mIn nt i,, ionqijaon

-r Ow n- iLse tte jrif W1:1 -ini cor prr'-strr'ssr'd di nit.

Tensile test (cabie 5)

T", ro i '5of ''I isi ,f tri iSi 'is ifihid is

A itE, A
- ht aramod

EroA, Teng thr' moltil, ot elastiiflts and the cross sectionai area

rnp(i ), 01a caftie eement

4 -ti'"s the cross section of the ararni~n' earns
T'notiSof niastictly of the ethicl arloiints t Ip r kN mm- giving

Ire S~~Vinrargin cit ther aranride yarns - trio kT'- rri is inert during

-thin denil photo t Determination of the cable breaking toad

An optical propagation time mheasuremnt is mied to determrne- the 5.2 Crush resistance (IEC 794-1-E 3)

Sr'elOngation as a flintrpn of the Cablie eiongation The tnrl force

rttebginning of n~lrt elongation is the MAS Maximum Allowable Fig ", shows the orirpression force as a function of the cable com-

Stress land amouints to 25 kN prpssion rneaniirrd at 201 C i 0 NtC anit -,0 C 1 t60 F ) i(not specified

mhe [)inmate Tensl Strength , U TS i was rlefermrned in a separate by I EC i The i able (compression at which the fibre's no tonger can

prer-ni~t The cihir breaking load is 62 6 kN ooe fer'5, anoroits fo 3 5 rer ken at 70 C a comrpression force of

Tne spilralsnedl to apphy tension to the cahte prevented any significant is kN e1rs ire sita eftore reachn this point

1hi.' sri ft.q oitip to, trie i ablti Sreakgt weir di out tt-, inn ther'udl
if I-, i IN' 5 - atPe Srtw ""o sprain , photo I,
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Compression force as a function of the cabtle compression

aT

5.3 tmpact resistance (IEC 794- 1-E4)

Ei :1 "-oi' C! ,5 I - F S' -ip,<7 o rf~' of 2!I Nit' vo r ' "'' !s q-v

to.:q CM- I,''oe TI'o ril-~i. t jhf Itnitial etongation after installation with dead-end spirals as a function of
f-it' s''' I n! -nD, ' cable tension and type ot dead-end spiral

5.4 Bending (tEC 794-l-E6)

5, r-i, i .>, ifs %,!t [D fD

5.5 Temperature cycling (IEC 794-1-E6)

'0-r',,tafortt
'7' sr-n'- '(~~~~! F'o.r'i. ~ttf'

_MC, 5.8 Vibration characteristics

5.6 Water penetration (IEC 794-1-F5) Tso irttfi~fItn f, a-.' ii ,o Ii. pttii! i '

is'>,. ~ ~ ~ ~ ~ ~ -" 90' 110 ... "-r- SiifSr5iin9fhrs Selt-damping of the cable
ti'' 5,'.Op 'Ci f 'i ri A 'rit'X cf " fer of 'i'f-

- iftif' tc ii. .if 'ii tsi-f 'ff i! -hiit of rit Th--'-Ci.Sir-t r i,. . 1 .iti ft 't, itC,(ff IEEE

5,7 Cable creep after instattation /3 r'i 'if(i fl 82, H t~i;Ct -iv -0~i CC io -ii 1,1- 11'it f'5 ,i

fitti S-t -- fir ftiiii f wpr fiff'o ! (i- (.1 iii' ,t .itIiiosf ft, 'Zr hi,,
-isi-.Ii~'. 'itii'f f'Si'f flicli -prito ri' p w-rs rnii';Stki- Ii~ 'I friflfI- '- I-, I,~i~~ , fr- i- r,, ! for t ofe M 'Ifi ,tiw'

s..srfi'r '1S~it x-n-I f hi-c f!i w'fh~ if oi~f irid S~ s ,ilS .... 1CC .f , ir- if.-irif. 5i. .. t ... nitt fl iri0, s',lfs
-j,' .i''l StiS ;Si,V'-rri, fq rirt fi sff11- it tfii io'tt csit

r''is ,-i11ii ,-to i~i , i 'tSo m ano "rr tpp n t,''.fi'-f with, r's I'
in risfdii,-o spin of .i'.'r .. ftiririis ofinf'r
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Vbraioen anrgle .5as function of frequency IF5.9 Resistance to shot-gunt damage

Damage of aerial cables cau~sed by shot-gvsns is itfortainate-ly in some
areas a frequently occurig phenoirnenon

A serries of tests have been performed wvith different diiameters of pe irA!
I-thN of shot from varioUs distances

The several layers of aramide yarns designed to Control heaVy loading

COridkfons also protect the canle against penetration of shot to the
cable core As well known aramnioe yarns are often t.sed lIn t-ivh-
proof vests

Damping ot the cable with the use ot dampers

Itee renaininQ .ihratlin iepltiides it the low frequiency tinge

10. 30 : can be damped furtther by the applicatiort of damrpeis wit
a vksronlt ott 1 3 kq ig 8

Cable vibration energy as a function of firequency. withs and without damping I

.r- 5 -~.r ~ fbi .rrrlrssthot-qwir ahbnr th

veer it 75 yrin riad 10 108 Inci

nrs 1~ r, led0 0098 Itch1
F-rn3-, le. 1eand n(li. 150 65 and f80 feet.

h-v ~tv At snort range shot o! aN O! notets A00 pIc
o ret -setate bor w-il not qet rhrovghitle

-ot -sieatit photo 3 1it eaves only an

tryriSS~oi on tie nt-erstati Tne atrnnce
v i'ns sorter hSot vw~ithout tireakaqe The
i-ssle pinifornrnce of trw cabs: <Jl not crrange
T..srs itvut hit wattr pinetratiot it te ayer
ofaami yarns tbetwet it initet-sheatr and

o5fv r srhieth ItitttOcsd trre roles it The Oi~st-r-
sheill t s~

t  
itt, hti-I due toi tOhr hydrophobic:

it tare lot the titiv rtit

,t-,,t . i- i-l-..rs 5(1 N 6. ELECTRICAL STRESS MECHANISMS

6.1 Theory
Electrical strv-ss rtiicltsns fref 6.1 contribteL to rie aginq of tre
outt-r-sheatri of th iptivat fhre Cattle The two coittritoln
nlecttanisrrrs ate
* corona parr a 0 jsIria rqos it .ir a no fiior n electtic ItClnt

oftten oi oils, ,atnd :irsttible

* traccinq ti- yr~ocess that provinces Itrt or ls
coitdictsi naI of oci sztid dittir Otition As
rpsitlt of the action of esectric O~scfritps ott ot

close to he insulationt surface

Thre cattle is gro, nded at the isispeitbioit towers Itt t ft a mddle of Ine
span the cable is charIged by capacitive c.Ovipling

(5 .rc ill i-s Ideca list of Ithe cttarg mg hest cable will have ,a potential thIatI dependos
on Itie phase voltage atrr i the position of tht c abir betweerr the pht Se

tt-isitlli vttllines and earth Sincie tire eltcicrcal rpsistivity of fte cable is ioh thi-

capacitively coupled voltage will alsco he present tear tie spira ends at
the towers The resvlrunq electric field streriq~ tr 1 thre spi elds i air
crUSe coronar When the Cable is pollteld and wtet a ciireiti wil russ
Irons Inc middle of the spant to ltre tower At a1 potint of nitfi si ofrrI
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density the moisture will avaporate and cause a discharge This 6.4 Results
happens because almost the entire capacitively coupled voltage is now Potential plots and experiments show that the choice of an optimum
across the gap in the conducting (moisture ) layer suspension position results in a considerable decrease of corona and
This process can be continuous in some weather conditions and causes tracking activity Corona may be ehminated by shielding the suspension
tracking Both mechanisms, tracking and corona are strongly spiral ends The amount of tracking may be reduced by using a Cable
influenced by the electric field configuration sheath with higher conductivity Usually this results in a lower

tracking resistance
6.2 Calculations It is important that alternative cable sheath constructions have to tulfil
A computer nmodel bas been developed to calculate the radial and axial the mechanical requirements Insulated suspension is also advantage-
electric field strengths From this model it is possible to determine the ous with regard to corona and tracking reduction but problems may
optimum suspension position of the cable arise when the cable rims through the tower body

The influence of cable parameters on the axial field (along the cable 6.5 Electrical failure mechanisms
surface I is analysed The results show that when no special measures
are taken, considerable voltage lumps may Occur across interruptions Electrical failure mechanisms also may have an influence on the cable
of the isemi-conductiVe i cable surface that results from pollution and 1 When the cable is non-conducting (dry land touches a phase wire
wetting the resulting current is very small and therefore harmless A wet
Figure 9 shows the potential distribufion in the field of a 150 kV network tconducting) cable touching a phase wire carries in the first instance
between two towers The cable is suspended in the position marked a high current which evaporates the moisture quickly resulting in a
with an asterisk 1 * ) The figure shows that the cable potential is about moment of high tracking activity
130voOf the phase ground voltage i e, I I II 2 Impulse voltages on the earth and phase wires (orignating from

lightning or short circuits) contain components of higher frequencies
Equipotential lines indicated as a percentage of the phase-ground voltage which lead to a somewhet stronger capacitive coupling between

'6 1 wires and cable

7. INSTALLATION

7.1 Engineering
The installation techniques and the applied equipment for metal-free

aerial cables correspond to the generally employed methods for®RI (Since the cable is self-supporting the cable must be positioned in

such a way that free space within the lower configuration is
guaranteed for all loading conditions
Because of its low eight i generally 175 - 200 kg km 625 - 700
ibs mile ) the Cable ShOws a tendency to drift with the wind
The preferred cable position to achieve ease of instaliation is
underneath the phase conductors This position is however very often
in conflict with the requirements for mnimum ground clearance
Esthetics within the power line configuration require orten an equal

sag for all conductors
In practice the cable is strung between or above the phase conductors

L-- I;C -. V " v v. u .,aur~d depending on the power profile
Prunil.

I 
11, 'r II The proper free space is assured by adlustment of the sag I not

necessarily completely equal to the condictor sag I
Proper establishment of the cable sag is a prime concern of the

LA Ai Ai li CCustomer
By adlusting of the sag different loading for the towers can be
obtained in general the additional load to the tower constructon IS a
small percentage i less than 5% of tfre basic load

6.3 Measurements Computer Calculations of the temperature dependent sag and tension
The longitudinal resistivity of the cable is the most important cable values for each span result in a proper positioning of the cable
parameter Calculations show an optimal resistivity of about
t0' - o 10 nii 7.2 Armatures
Material property measurements were performed on HDPE and on an Fittings commonly in use with the electric power iulhties will hay. trwe
Ai uCHI, filled copolymer A surface resistivity of 4 x 10 !t for HDPE preference above other newly developed hardware For that reason we
and I x t0, t for the filled copolyrrer was measured adopted suspension and dead-end spirals for Installation purposes
Tracking resistance was measured according to IEC 112 Both naterials (photo 4 i Slippage of toe sheath through the spirals s undesirable
withstood the test three times at the maximlm level of 600V therefore the spirals mJst be carefully dimensioned in agreement with
i Qualification CTI 600 M) The filed copolymer does however not the cable diameter
fulfil the requirements of ASTM D t248 grade W8 for vtdoor cable- Standard spirals have been adapted and tested to take Lp all cable
sheath materials regarding tensile strength and elongation at break tensions without slipuage ip titl cable breakage i UTS i Suitable equip-
For that reason and because the resistivity is not low enough the ment is available on the market
material was rejected and HDPE was Chosen as outer-sheath material

A aboratory set tip was built in a specialized laboratory to simulate the
electrical conditions in a HV cur( il in Inis set up corona was observed
using partial discharge detection techniques at a dry and clean cable -
The corona activity was eliminated by shielding the suspension spirals
with ioroids With corona eliminated tracking was observed when the
cable was wet with a salty Solution
No damage of the sheath material was noticed at any experument .--

protO 4 Spiras for installation purpose
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7.3 Installation of the cable Trresr-rrrangerrents rricliude ntintirit poirnts for s,;pporf~ic sp i~is
"I F", e1, -. IO t- i iI r'"I, ot F'! " p F, 1-Fr 'or , 1F1i~ and itead-ertd spirals in the towers rrstaltirtlion ot plilli-ysrridt prtJ.,s.Ons

t~~~~~~wtrS ~ ~ ~ ~ ~ ~ ~ 1 l~2OtSr~ rPo' r re i Oroifsib-slttorts for dead-ending the cabte
.11rting~en t5 Next the cale installfatiorr can take pl[act witll' or w. no,, it pi Iing

rope ( photo 5 1Tnere is no need to pre-stresis the cable For i cable
ferigrht f 42- kril 2 6 rriles a winch handles the pIlrig tortes whici

Iftrotece thr 44100 N 1000 los i ten Shorter icatlo e -rrtr-s of

- ~ ~ knF Ih 1 3 mriles t have been installed Fsng; manpower onf5 by walkingj
with the table fron tower to tower

Installation tmes of t 5 km t miletoF per day-i I itpep~jcions included

hare been t-!ne 'aiswtatfew or 3 to 4 n-.e
De -energlizing trw power sySterri to rrstaiH the M1FS orbit Is riot1

necessary Especially for sptirrOLtes where outaees can beontF
MFSS cable offers adanagrrs

7.4 Splicing
Ff,( Ore i sIing ha1s to be carried owt after a cable has breen to rrti hated

an end tower To avoid break-neck acti ities witf tise egisp-
Irs tie cibin is broght do" rwards to splice lye fibres at ground-

1*4 level Afterwrrds the splice notising is fined within the tower at an
rpproprafe lcI

Normially ternminating towards an eqiiphient room often leads to the-
irimemetation of strort lengths of direct Ft~ied table types impicatingt t ~ extra 0-int bones extra cabin stock and extlj system attenvjat on
However the, metar frhe crobe Carr also be ised rs a directly
throu~gh-going cabie and eliminartes thhsu disadvantages

r~XK 7~Local diggers rhO Or tibrpesrnt gnawing rodents can be deat i h wt5 b
.NA pin..g tie ci etc rito a prooct ye retal or plastic pipe

f 8. FIELD EXPERIENCE

F --8.1 General
Ltrorrtlory reserrti oh the netta-fren aerial cable with arrrmdn yarns

is strnoth Fit Inner sltted in 19,9 The first field triol was installed

!i98! . !it t , n 1i t-il0V network, near the North St-a macn~v to teb'

tt *erfiti-coft 01 t n loading salt deposit and elnctrical aging; rsrte

i-pt~n ,elonijarv 198T a.t nr rtoert rto sign of trty attack in,

I OF~l vvi wS hittt-, to thF- 38FF kV
0 

network To' !,i ch l(,odng arid

opeg a spo lo tst santptn was instatled in t1983 in the nartier-

I'll t wi 1- wiitr , iragc -n ma-rch 1987

IrFn y -i t-ti.. . ofit i t Q Kin %,tbis nstalie, in itit -,i V
n.rv r .r i tfi-ri, pirt o' thc- Nr-!t tirlarnilS Cats ,pr- A frorri

st iit.t , ttion efdrhirtio ii is t-tihtl ait ie r redariho1c

0i'rr irit!a bi th, i,. -Iti, powc- r i. t Oit iv rorrdoren cabiF-

lF-o. o,- Jrri- o t ir tt .r-e Ot-rit I I' - oL,t t-ot trith-'
titr its-ri,! -tr- USA A I itdt- t-r-,tr C ower, ortiptes1

LIS'A s !, iri~~i fi 1,t , f ric j u , 5 -f f - It!Ir, tn .,I a 'U-I-ro rit'F-ctlijn otr - n III.,F 34'v kV networkr

Caoot ttbrF C toni, fal

8.2 Wind excited vibrations

Wind excited transversal periodic coble mroventents canit be diu-ded into
three types

ifVibrations rn a part of the span with Ft typical frequency of I - 3 Hz
generated by parailel cc blns where onroog1nanric Cotiplirig lakes
place

b Galtopirrg is r high anr plittire bitt low fregients ,oIl to 1 t HzI
phenomrenon Tfhe errrqs content is -ow so trneralle no daniage
duje to fatig tie is expected Parallel catties riowevet cite Tlch each)
other

c Resonance vibrartions or anoiran vibrations with, smatter wavelengzths
and typical ftregirency 5- 150 Hi Wind velocities which evokel this
kind of vibrations are i n the range of 0 5 - t0 in s when air flow is
still tamrinar This type of ibraltror can be dangerous becarise, of the
high energy content and the frequent OCCttrrence Alt our measutre-
mtents are relatrrd to this type of cibratrons

photo 5 Cablec insfaftatiot
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Tn.- trequ~enc-y Of . Ofio I w 1 can he CIICatIittt- tForn It,-- no~r 8.3 Field monitoring
slOcty I ,yIand the cale iatnyt, D acc ototng To StronatIs Fs~it I I -.s Inl o--w of It", -i-55
torniltla s,-c tion I t- A I

A 2 trib s5 pi it trins5.C n 5syslrtt %t, i - n~ '- s

1, O 02 - tinrc~-s. ,tnd,- want1 andI 2 1 5-1' 1 .itnc to, -'
:i utsedi for co rli nciton I Iot la I,,it t Tn 1

D 15 1 riim w 10 trn s sot f - 133 Hz othtl-r fbrt-s it- spticnd two fly two ic~i 1,attr'--

Citnlt .1 00 Itt,- chanqg -sIt!. p-, I, i- r it- -- I

Tte resonan fredis n ind tbf ;t tttPii'si( it t, t-- two c.ics it- (tOttintOIslY rut Itwt t.

calculated Fit, the troni Seq stion - canbe A.I c- in,) power not.,-s

T 1900ON
"I 0 175 Kgil Measuning set-up optical fibre aerial cable link

L 25Dmri
Cw 124 flt s

i-acting to In n * 4t '.t HZ - t

Atir-,ost e.e ic wittd spte-I t tl tcscitii 9 S- I l It, lti -

ittei iieqietcy rai o A~- sif t inytii, 1- 1. tlt-

is is pro c-ity tc-iitoi n-patti itIs in1.-! t..linti tit1- tt-

L rt.

Tnhe -bat-on inii -3 7r1 , i t-p~itt,

-n, 01w.a0i'1 itat-on! in4 M, at-!.sF .- .. S..l, !- t t,~ o , Ii--st I

in---pri --c l nto3 Tc-pie -,o,,1-,ft n-

Field vibration measurements

-. I ... 1~C- - !- ,, 1 is-i it i-nI[ -

t '-t i tsit S it jO I-t- -< t itt t .. it a l- it -itt tc litp-it -it - i

i-i--- - I-itlt- Not--! ii,,a -Lr~ 
5

't~ Ila- tirtio- -

N - ,- t it tii t '. N,

P" -t it--l' t l 1, 51 5 tin it- ItsI) j 1 - ti~ 'l " "

Diagram with amplitudes of vibration as a function of frequency in-

As -p,,- t- tnit ciii., ti-itn nit--In i-nl- t tl-

,,it p -5~ til j t Ii -Still. spn--ni

* * - ilitn t~-~--; I>ti
t
ion ot windl ,Ioc:t a( cititlttit to toifliitti I Si Nisrit, id-

lort hi ,flicibti span This si isthat In clii safety inatotn etwni
Iher-i at designu and piact-- it apptication eliists
C-attle tei-tson inontlorinc iaii -5 these 2 years sttoc- tno mreais,a, lo
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8.4 Practical experiences with electrical aging mechanisms. Ci-r,-i ant siriss rupt/re- of koelar ropes Technical Douamentaion

ni-vlat 29 - erylat 49 aramd fibres
In September 198f a test ca)e was installed n a 380 kV circLit9

operireo at Ir0 KV I in wnich The cable potential is about 1 t k V 8 T wafon - Te(h li do( irntrilation enqineefinq wth fibres Enka

The Clr-oi t iS Situated in a coastal environtent The cable sheath was In1ustrial ibres t98'

cxampned ,n january 1987 There were no sins of deterioration

Catbe A table t was ,nstaied Augqst 1985 in a 150 KV c.rc.i res tnq
n a cable potental of f t KV and checked in November f186 Also oni

the sheath of This cable no siqns of deterlioraion wire found

CONCLUSIONS

Excellent f perence with tic. ila frete aerial optical cahl is qathr-e- 1

dtir q the last 8 years

With the aid of a dedicated computer programrnr- Completely custonm

made Cables can be designed which contain the minimum amount of

a, amide yarn strength member Depending upon the sag spans of 600
m 1 2000 ft I and more can hi reached Single niode fibres i with an

optical specification n the 1950 nm region i as well as miltimodh fibres

can be included in the cable

Selection of materials has been performed on the basis of technical

performance and long-term stability feading to the application of HM

aramide yarns as strength member and HOPE as outer-sheath material

Laboratory measurements showed that cable chara teristics are at

least equal to the values used during cable design providei that the

cable production is controfled very carefully

Electrical stress mechanisms like Corona and tracking do not inft uienci-

the life-expectancy of the cable
Installation techniaues guarantee easy and quick cable installation

wthout de-energizing the power system if necessary

Monitoring of field installations since 1981 shows no changes of any

cable property This applies to both the optical and the mechanical

Cable characteristics as well to the material properties Long-span

metal-fee aerial optical cables have proven there practical reliability

completely
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PRE-STRANDED SELF SUPPORTING AERIAL CABLE DESIGN

David Wong and Sandy Lyons

Siecor Corporation
489 Siecor Park
Hickory, NC

3. Fully specified for -40 to +70 C operation as
well as worst case ice and wind loading.

Abstract 4. All dielectric.

5. Maintain optical integrity in a strain-free

The replacement of the traditional lashing of state throughout specified operating conditions.
fiber optic cable to steel wire messenoers has 6. Allow for a simplified and more economical
been studied. The suggested alterntive is to method of installation.
utilize a self-supporting cable that incorporates
light weight Aramid rovings. Siecor, in con- With a figure-8 cable, the fiber cable is bonded
juction with United Ropeworks, Inc. has evaluated or clipped to the messenger and strain may be
a system that combines a dielectric fiber opt c coupled from the messenger to the cabled fibers
cable with a 100% Kevlar messenger for aerial during manufacturing, installation, or under load.
span ipplications. The standard fiberglass rEi~forced plastic messen-

ger material makes for a stiff cable that is
difficult to work with.

In regard to concentric cables, the standard design
consists of multiple buffer tubes stranded around
a central member with an increased cross-sectional

tensile rating. When hardware is applied to a
concentric, it must wrap around the cable and may
create compressive problems with the fibers. If
compression is not uniform, the buffer tubes may
shift. Another concern with a concentric design

Background is vibration. These cables are subject to both
galloping and aeolian vibration.

As the need for i Iow cost self-supporting aerial In order to overcome the shortcomings of these
,bles is becor,ing more evident, a study is beino designs and meet the primary requirements of a
,nducted ti) evaluate the feasibility of designs self-supporting aerial cable, Siecor and United

)ther than the self-supporting figure-8 or self- Ropeworks have developed a pre-stranded self-
su pporting concentric design. supporting aerial cable. The pre-stranded desiqn

eliminates the negative aspects of previous designs
Fiber optic self-supporting aerial cable designs while providing the desired benefits. The cable
ire not new. In fact two basic designs have been is constructed by helically wrapping a fiber optic
i aiable for several years. Those desiqns are cable around a poltethylene jacketed Keilar mes-
the fiqure-S a-d the concentric. The figure-8 senger. There is no physi(al bonding between the
cnsists of a tiber optic cable bonded or cl ipped two as with the f gure-8 and it is a torque
to a messenger. Most (oncentric cable designs are balanced system. The system is designed so that
bisically standard aerial cable constructions with the messenger takes the tensioning during instal-
higher tensile strength ratings. Each cf these lation as well as under worst case loadings. Thus,
designs is capable of satisfying a few of the re- the fibers remain in a irtually strain-free state
Quirements demanded of i self-supporting cable but throughout operation. Also, the helical design
neither the figure-8 nor the concentric design makes the cable very aerodynamically stable. It
,,itisfies the compilation of technical and commer- is self-dampening, reduE ing galloping arid aeolian

al ntds inherent in an aerial application, vibration. The hardware is designed to attach to

the messeiger without putting compressive forces
The primary requirements that must be satisfied by on the fiber ,ptic cable. The system is capable
a self-supporting aerial cable are as follows: of (ontaining up to 192 fibers, is loose tube, is

all-dielec rc , is fully specitied for operat ion
1. Flexibility of fiber counts up to 19? fibers. over the required temperature range. and simple
/. Lonose tu08 cable design. and econnmi( to install.
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Construction & Tensile Test

The Siecor cable was stranded around a Phillystran
messenger in a production facility and tested for
messenger strain, fiber strain, attenuation and
messenger loading. A 100 meter tensile test bed Comercial/instal lation Considerition s
was utilized. The loose tube fiber optic cable ---
was stranded around a similarly sized PhilTy-
stran messenger. The excess length of cable to To be of value, it i not enolh for the pr-

messenger was pre-determined. The degree of stranded system t ' techn "ically s pe i tn
excess length is 3 function of the sag and tension Previous designs. :,t must also be ec )o,, ri( and
requirements of the end user. simple to install when compared to the tridi-

tional 11shing meth,,ds. In some (ases, it ma1y

The purpose of the long length tensile test was be a moot point do to the inability of steel

to determine the optical and rechanical perfor- to neet the reqi irements. An oxample Iwlud be

manse of the re-stranded system white being installations with spat lengths in excess f

subjected to loading conditions approachinrg the 000 feet. In most cases, howe

r o.i hPik tog strength of the messenger. co parisons are necessary.

,See fiqure 1. The raw material cost of the pre-stranded systen

Test Installation) will usually be greater than the cost of a steel
messenger, a fiber optic cable, and the lashing
wire. This is driven by the higher cost f kevl a

The purpose of this test is to determine the long vice steel. The labor cost if installing the
ters optical ard mechanical performance if the pre-stranded system will be less than lashing a
ore-stranded Phillystran messenger while beinq cable to a dedicated messenger. It takes appr vi-
sutiectyd t,, extreme loadinq conditi ns indica- mately the same amount of time to completely
'1i.e et an lctual installation. install the self-supporting systei as it does

to install the messenger in a lashinq process.
h Lnq term test was set up at United Popework's Becuase of this, actual installation cost esti-

fit ity in M"ontogomeryvili, PA. Thy test mates f-ar the pre-stranded system have typically
eq,,ip'ent it this facility ri'mni tors vind speed, been 35 to 50% less than lashing. This savinos
it'd direct ii, temperat urO and messeinoer to-sd- more than ( nipensatces for the higher product coist
icq. '-tten it ion is monit, red dut ir r peak

ii' ; dions. The 5'400 poand n'hi lystran Durinq a recent installation of the pre-stranded
les5' vsr w'S installed on a 650 fit,t test span System, thte user pulled in a 4.1k0 reel (if the
t ',i'' ease. The cide payotf and shea-ve product inl 1/? hours. It was estimated that all

.heei hi ri inq characteristics were Idm1 al ti thiqs beinq equal, a lashing operatiun wouild fii.e
'Ii 'I 1, s' aidard aerial cable. Thy 15400 pimdn take a I rrmuni of days.
:'h I I Y an -e senqer was installed at I375 priunds

4h h i t i n an inst all tion saa mt rppr, -i -

1f l .Ir. IWhen subijctpd t l ( lass I Summary
ho- i io i r ri I dit i s , Ih able to is in w I I.

reasn t, ippr~x satly 355; p+,unds with a ,'e- nii ', in coniuctiow with 'nited Ropewnrks has
I1 t iTr f 4 :retort, developed a pre-stranded aerial cable which can

be uti 1 i zed for virtually all n al span appl i -
t I iiatins. V ibrat iti nroblems , m in i mized due tothe pre-stranded design and the all dielectric

instri tion is i teal for- HV applications. A
The c irrent sper ifi c at, ins requ ire a max imium ser- var i able messenger tensile rat i ng allows the
,,(e Id of no greater than 25% of the rated (able to be tai !ired to the customers exact re-
break inq strength of the Messenger, equivalent t, qlirements while fiber counts up to 192 are

t 5(1 piiuods. At this lonad no fiber strain or readily available for both single mode and multi-
change in attenuation was evident. The test was mode fiber types. The pre-stranded cable is com-
terminated at 75% RBS sirie the ram travel had plemented by specially designed dead end and
ben maximized. The n iirium messenger strain was suspension hardare whi h will not alter the
approximately 1.5% at the 25% RBS loading level, optical or mechanical integrity of the cable

under specified loading conditions. Typically,
The installed Pre-Stranded Opti al System (P-SOS a 35-50, savings on installation costs can be
exhibited virtually no aeolian vibration or expected when compared to an equivalent per-
galloping when subjected to either calm or turbu- formance dedicated steel messenger installation.
lent wind ronditions. The HV ronduitors in the
barkqround exhibited more movement than the pre-
stranded cable. The pre-strandeo design minimizes
,, brat ion drie to the rounteracting resonant fre-
quenries if the fiber optiv rate and messerlqer.
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WITHSTANDING HIGHI-VOLTAGE CHARACTERISTICS OF NON-HP.TAI.IIC

SELF-SUPPORTING OPTICAL CABL.E

11. TAKEHIARA*, Y. ISHIIlATA-, K. SAITO*, K. NI IK(IRA*, If. IIOR[MA*-
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TIlE DEVELOPMENT OF A METAL-FREE, SELF-SU'FORTING OPTICAL CABLE FOR USF ON LONG SPAN,
HIGH VOLTAGE OVERHEAD POWER LINES
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* STC Technology Ltd, Harlow, UK. **STC Telecoms, Basildon, UK.
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ABSTRACT agreements or may offer the wayleave to an
established carrier. Such a cable could be used

The requirements of a self supporting cable for for a wide variety of communications which may
high voltage, overhead power line application vary from a very basic four channel power system
are discussed. The novel design of one such protection signalling scheme on one pair of
optical communication system which can be fibres up to twelve fully equipped 565 Mb/s
installed on live systems is presented. systems.
Developments of this metal-free, self supporting
cable and associated jointing and splicing There are existing methods for installing
techniques are described together with optical cables on power lines. One well
installation procedures. Optical and mechanical documented solution is the use of a composite
performance details of the complete transmission overhead line conductor which contains optical
system are outlined fibre. In general, however, it is too expensive

to use except during reconductoring or on new
The key problems of the product development are lines. Attaching optical cables to the outside
considered and the reasons for the design of existing power line conductors can be
choices are discussed. The cable consists of a economic in some cases but their mechanical
specially shaped pultruded rod strength member vulnerability and inability to be separated from
containing optical fibres in ribbon form. A the power system operation can be problematic.
track resistant material is used to sheath the
cable. Results of calculations of electrical Self-supporting, metal-free cables are totally
fields to be endured in service and clearance to independent of the power function of the network
phase conductors under a range of environmental and can be installed more cheaply and with less
loadings are presented. disruption than composite conductors. The

recent development of one such cable gives an
economic solution for communications on existing
high-voltage lines. This paper describes the
key requirements of such an optical cable and a

1. INTRODUCTION unique design which meets them. This cable,
together with its installation accessories and

Since the advent of optical fibres, the equipment, is now fully developed.
advantages of interference free operation have
encouraged the installation of optical 2. DESIGN CRITERIA
telecommunications on power lines. The high
voltage power transmission and distribution The following is a list of criteria which this
system, a network reaching every population self-supporting cable was designed to meet:
centre and industrial area, can now offer
alternative telecommunication routes for the To operate singlemode, 1300 nm with an
electrical utilities or for common carriers, installed atcenuation of less than 0.5 dB/km
The development of products, designed to meet in any expected service conditions;
the demanding conditions of aerial installation
on power lines, have made power based To have a potential 1550 nm capability;
telecommunication networks a practical and
economical proposition. To contain any number of fibres up to 24;

It is unlikely that an electrical utility would To have a predicted life in excess of
require more than six fibres for its own use but 25 years;
the use of power lines for long haul, wide band
telecommunications is becoming quite common. To be manufactured in lengths of up to 4 km;
The ability to choose any number of fibres up to
say, twenty four, should accommodate a wide To minimise costs of materials, manufacture
range of requirements. The electrical utility and installation;
may itself become a carrier, may enter joint use
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To use materials already commercially by the ribbons forming a smooth sine wave along
available and technically proven; the slot. This has the effect that at normal

working tensions the optical fibres are
To permit rapid installation using completely free from strain. At maximum working
lightweight equipment and near standard tension the fibres see a maximum strain of
overhead line techniques; 0.25%. This is around a third of the fibre

proof strain and is quite compatible with a
To be non-metallic so as to maintain phase cable life in excess of 25 years. The cable is
isolation from earth and ease route constructed in such a way tnat the application
installation without power disruption; of a 0.25% longitudinal fibre strain does not

increase the fibre attenuation. This has been
To be used on spans up to 540 m with either confirmed during type approval testing.
simultaneous loadings of 380 N/m

2 
wind

and 12.5 mm ice radial or with 960 N/m
2  

A soft hydrophobic compound is used to fill the
wind only; slot volume. This compound allows ribbons to

move up and down and thus use the excess fibre
To be installed low on the structure with when the cable is tensioned and to recover when
small sags so that ground clearance tensions are released. A continuous cap seals
regulations can be met and to minimise the the ribbons and filling compounds in the slot
possibility of clashing with conductors; and protects the fibres when the sheath is cut

away for termination. The cap is held in
To minimise cable diameter so as to reduce position with a binder yarn.
tower loadings and avoid tower reinforcement;

The sheath material chosen has the physical
To be smooth and circular to avoid properties required to enable clamping using
aerodynamic instability; spiral preforms that do not stress-concentrate

and so avoid fatigue damage or crush damage
To be non-deformable so as to maintain (4.3). The sheath is also stable to U.V.
physical isolation of fibres from clamping radiation and resistant to damage caused by the
forces and protect from handling damage; cable's electrical environment.

To provide easy fibre access for jointing in The cable is of a density and diameter which
the field; allow the use of low cost spiral vibration

dampers. These have proved fully effective in
To be fully filled so as to prevent water preventing aeolian vibration.
condensation and electrical degradation
within the sheath; Tables 1 and 2 present the principal

characteristics of the cable.
To withstand the electrical environment seen
in service; Table 1. Cable Technical Data

To show negligible creep so as to maintain
sags and tension; Cable Weight 220 kg/km

Outer Diameter 13.0 mm
To be torsionally stable to simplify Typical Minimum Bend Radius 500 mm
installation. Storage Bend Radius 700 mm

Maximum Working Tension 22.5 kN
3. DESIGN IMPLEMENTATION Minimum Ultimate Tensile Strength 65 kN

Minimum Tension Without Sheath
The cable construction is illustrated in Slippage 45 kN
Figure 1. The strength member consists of a Minimum Strength Member Tensile
single pultruded glass reinforced plastic (grp) Modulus 47.5 kN/mm

2

rod. A slot in the rod provides the location Thermal Coefficient of Exp nsion 5.2x10-/
0
C

for the optical fibres. A rod with an outside Minimum Excess Fibre Length 0.45%
diameter of 10 mm has been found to be optimum Maximum Fibre Strain at Maximum
for the United Kingdom, giving sufficient Working Tension 0.25%
strength without being too stiff. Operating Temperature Range -40

0
C to 70

0
C

Maximum Number of Fibres 24
A high fibre packing density has been achieved
by using a ribbon element. A ribbon consists of
up to twelve fibres and two such ribbons may be
accommodated within the slot in the strength
member. Each fibre of the ribbon is
individually inked for identification. During
cable manufacture the fibre ribbons are fed into
the slot in such a way that each is 0.52% longer
than the strength member. This is accommodated
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Table 2. Cable Characteristics both longitudinal and lateral and, unlike
DuPont's aromatic polyamide fibre, Kevlar. can
withstand high clamping forces. It is also less

In temperate climates prone to creep than other dielectric strength

(12.5 nun radial ice 4 88 km/h wind) members. Conventional pultrusion technology

also allows any cross sectional geometry to be

Span (m) 300 400 500 5504 720" chosen. Other advantages include low
Minimum Normal coefficient of thermal expansion and inherent
Working Sag (m) 1.5 4.2 12.2 id.0 42.4 torque balance.
Ice loaded Sag (m) 6.6 12.9 21.7 27.0 50.0

A wide range of manufacturers' products has been

tested in the extensive technical and quality
In tropical climates (no ice + 135 km/h wind) programmes carried out. In particular, the long

term reliability of the strength member is of
Span (m) 400 500 600 700 8004 I000" concern to users. Some work has already been
Min. Normal carried out on glass/resin systems.

1 ,2  
In

Working Sag (m) 2.3 4.3 8.1 15.0 25.0 50.9 addition to this, a substantial progranme of
work has been performed at University College,
Cardiff on candidate materials. The effects of

+ Maximum span likely on normal pylon long term ageing in both wet, dry and cycled
* Maximum span likely on canyon or river environments on ultimate tensile strength and
crossings minimum bend radius have been assessed. This

data has been used to estimate product lifetime
3.1 Optical Characteristics and to choose the best sources for high quality

rod. It has also been used to define rigorous
Comprehensive testing of the cable's optical quality assurance procedures for use under

performance has been satisfactorily carried out production conditions.
under a wide range of conditions. The most

important of these are temperature cycling and 3.3 Ageing by Electrical Processes
mechanical load cycling. Figure 2 shows a
schematic of measured strain against load for a By the nature of its application the cable has
cable sample up to 22500 N. The associated to survive in a high voltage environment.

fibre strain which peaked at 0.23% is also Potential gradients exist in the regions between
shown. In this particular test the optical loss each of the phase conductors which result in a
increased but remained below the target level of field gradient along the length of the cable
0.5 dB/km. On mechanical relaxation the loss near to the towers. If suitable precautions are
returned to its original value. The effect of not taken, capacitively induced currents on the

temperature cycling on the optical loss of the surface of a wet or dirty cable can cause sheath
cable on its storage drum has been measured damage 3,4 and ultimately cable failure.
between -40

0
C and 80

0
C. A target of loss Induced currents within the cable are prevented

remaining below 0.5 dB/km has been set. This by using only quality pultruded rod with no
target has sometimes been exceeded. However, detectable voids and complete filling of the
with new production techniques this should soon fibre slot during manufacture.

be guaranteed on all such cables.
Results of calculations on the worst case

To gain confidence in the all-weather optical longitudinal field seen by a cable hung mid-way
performance a prototype cable sample has been between the bottom four phase conductors of a
installed on a CEGB overhead test line in typical 400 kV double circuit UK tower
southern England which has been used for 800 kV construction are presented in Figure 3. Also
development work. This has a central span of shown is the greater field resulting when only
366 m and corresponding half spans at either end one of the circuits is energised. The cable is
terminated by tension stub towers. The sample hung in this porition to gain the maximum
has been strung using materials and techniques benefit from phase cancellation (Section 4.1).

described in section 4 and has been monitored The maximum marnitude of the transverse field
for attenuation variation and mechanical has also been .:alculated as 5 kV m

-
1 which

behaviour for just over a year. Wind speed and is insufficient to damage the cable.

direction, temperature, humidity and cable
tension have also been continuously monitored. Calculations suggest that currents of the order
Attenuation has shown minimal dependence on of 10 mA would be capacitively induced on a

weather conditions and performance has exceeded metal free cable with a wet or dirty
expectations. (conducting) surface. A current of this

magnitude is sufficient to cause surface
3.2 The Strength Member tracking and presents a severe threat to a

poorly designed cable
3
. Two solutions to this

A pultruded glass reinforced plastic was problem have been considered. Firstly attempts

selected as the all dielectric strength member can be made to reduce the current. Techniques
for a number of reasons. It has a high modulus, such as isolation of cable clamps from earth,

International Wire & Cable Symposium Proceedings 1987 451



forms of shedding and local protection by 4. INSTALLATION

smearing silicone grease over the cable fall

into this category. The drawbacks of these 4.1 Tower Fixing
schemes include added expense, maintenance

requirements and the possibility of incorrect There is a number of requirements which have a

installation. Secondly choose a sheath material bearing on where to fix the cable on towers
which will resist degradation by the surface which were originally designed exclusively for

currents. Such a sheath may be semiconducting, supporting high voltage metallic phase
so that surface currents are dispersed in its conductors and an earth conductor.

bulk. This avoids the damaging high local
current densities associated with dry band First, minimum ground clearance must be

arcing and tracking. Alternatively select an maintained on each span under worst case
insulating material resistant to damage by conditions. In the UK, statutory requirements

surface currents. It is this latter option that are contained within the Electricity (Overhead

has been adopted for this cable. Lines) Regulations 1970. These require, for new

lines, a minimum clearance for cables of 5.8 m
Standard tracking tests such at IEC 112, over any road accessible to vehicular traffic.

comparative tracking index, and ASTM D2303, This is less than the minimum height for line

inclined plane test, have been found useful for conductors (which varies from 6.7 m at 132 kV to

roughly ordering the performance of materials. 7.3 m at 400 kV) which permits the possibility
However such tests do not model service of fixings on towers sligh'ly lower than the

conditions closely enough to give data suitable fixing levels of the lowest phase conductor for
for evaluating long term product equal worst case sags of tne optical cable and

performance
5
. Larger scale laboratory tests the phase conductor.

have been developed to compare materials

performance on extruded cable samples. A Second, tower loadings must be minimised. The

schematic of the aoparatus used is shown in maximum working tension is 22.5 kN under worst

Figure 4. In these experiments a voltage is case environmental loading (Table 1). Normal
applied to electrodes on the cable surface. The working tensions are in the range 6 kN - 10 kN.

cable is then regularly sprayed with Whilst these loadings are low in comparison with
electrolyte. Both the nature of the electrolyte those of the phase conductors, their effect will
and electrodes is found to be important in be minimised by locating the cable as low as

promoting damage. In most cases to reduce the practicable within the main body of the tower.
time taken for degradation to begin, graphite Individual tower steel work configuration around
electrodes and a high conductivity solution are the lower cross arm level, and the possible need

used. These facilities have also enabled to strengthen an individual member, will

investigations into the effects of various types influence the precise location of the cable
of foreign matter on the cable surface. These attachment.

effects have also been found to be dependent on

the sheath material. In this manner a number of Third, the possibility of the cable being blown
possible sheathing materials has been identified, out to touch any of the phase conductors must be

negligible. A computer programme has been
To reinforce knowledge gained from laboratory developed to assess this situation and shows

tests an outdoor 275 kV facility at Brighton that for the various high voltage towers

Insulator Test Centre on the south coast of employed in the UK, this requirement can be met

England has been used to age some samples in an even for the longest spans and worst weather
environment more closely related to service conditions.

conditions. 16 m lengths of cable have been

hung parallel to a 10 m long conductor Finally, the installation must be possible under
maintained at 160 kV to ground, 50 Hz at a live working conditions. In the most demanding
distance of 1 m. Cables were suspended using case when working with both circuits live, this
the clamps described in Section 4.3. implies working below the level of the bottom

Calculations show that the greatest field cross arm and within the tower body
gradient experienced by this cable is symmetrically ;paced between each circuit.

approximately five times greater than that seen

on a 400 kV tower. Extrapolating to a woving Figure 5 showq the preferred location on two

stress from accelerated tests to define a tower types employed widely in the UK.

minimum product life time is a formidable
task

6
. However, intense testing has given 4.2 Cable Sag and Tension

great confidence in the performance of the

sheath material currently being used for the The physical characteristics of the g.r.p
product. strength member and a typical metallic phase

conductor are different. They therefore respond
differently to variations of temperature, ice

loading and wind. The maximum cable sag, for

example for a phase conductor is at high

temperatures whereas for the optical cable it is
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just below freezing point with full ice loading. Running out blocks are first positioned at or
near the clamp position on each tower in the

When considering a particular span, a knowledge cable section to be strung. These are 600 no
of the maximum allowable cable sag enables the diameter aluminium alloy low friction sheave
installation tension to be calculated over a blocks with neoprene lined grooves.
small range of possible installation Approximately 500 m lengths of small diameter
temperatures. For long spans, a further check polyester pilot rope are walked into position
is then made, using a specially developed along the route and connected together over the
programme, to ensure that no clashing will occur blocks. One end is connected to the main bond
between the cable and the phase conductors when on the winch and the other to an empty pilot
subject to high winds (with and without ice reel fitted to an auxiliary drive on the
loading) and a wide range of temperatures. tensioner, which now operates as a reel winder

pulling in both the pilot rope and the main bond.
4.3 Suspension Arrangements

The main bond is connected to the cable via a
The terminal clamp is a galvanised steel secure clamp and swivel and the winch pulls the
preformed spiral design about 1.2 m long as used main bond and cable into nosition.
within the electricity industry. Preformed
spiral reinforcing rods are employed beneath the One cable section may contain a number of
clamp to distribute the compressive load over an tension sections comprising one or more spans
adequate cable length. The clamp holds the between tension towers. These are progressively
cable without slipping up to a tensile load of tensioned and clamped off, starting at the
at least 45 kN. The requirements of BS 3288 section remote from the winch end. Conventional
have been met in this respect. This clamp is optical sighting techniques are used to measure
employed at all tension towers, the sag on a selected span within each tension

section. As the creep of the cable is very low,
The suspension clamp, made of aluminium alloy, no compensation has to be made for this effect,
is also a preformed spiral design fitted over as is necessary for the metallic phase
reinforcing rods about 1.8 m long. It is used conductors.
at all intermediate suspension towers. The
central pick-up bracket has neoprene inserts to Safety is a prime concern during the stringing,
provide further cushioning to the cable. The particularly when one or both circuits are
clamp provides a limited slip facility to live. A detailed written Code of Practice must
prevent cable damage in the event of significant be agreed between the Contractor and the
differential loading on each side of the clamp Authority prior to commencement of any on-site
due, for example, to unequal ice loadings or work.
tower movement.

4.5 Cable Jointing
Aeolian vibration, induced by wind blowing
transversely across the tensioned cable, could Joint housings are required at splices between
give rise to cable fatigue at the interface with either successive lengths of aerial cable at
the clamp. This is countered by the application intermediate angle towers or aerial cable and
of a proprietary light weight helical damper the non-metallic underground cable (normally
made of high impact track resistant material, used for building entry) at terminal towers.
One or two dampers, depending on the span
length, are fitted at each end of the span, In the first case, lengths of up to 4 km both
adjacent to the clamp, minimise the total number of joints required on

a given route and provide greater flexibility in
4.4 Stringing selecting the most accessible intermediate angle

tower for locating the joint.
Continuous tension stringing, a technique used
for conductor installation, has been adopted to In both cases, cable jointing and fibre splicing
pull in up to 4 km of the cable. This ensures are performed at ground level. The joint
that the cable does not come into contact with housing is then positioned on a tower leg well
the ground or any potentially damaging obstacle above the climbing guard. Shotgun protection is
during the pulling in process. provided by lo,.ating the housing within a

galvanised steel tube fixed to the tower leg
The necessary back tension is effected by (Figure 6).
hydraulically controlled torque arms operating
on the flanges of the cable pay off drum. Up to The housing itself comprises a hard plastic
6 kN back tension can be applied, cylindrical shell closed at one end. The other

end heat shrinks down over the two entry
The winch is a double bull wheel capstan cables. Up to 24 splices can be accommodated
hydraulically controlled to provide up to 20 kN within the overall shell dimension of 540 mm x
bond tension. Tension monitoring and automatic 100 mm diameter.
cut out facilities are provided. A total of
4 km of low stretch rope bond is carried on two
drums.
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In the unlikely event of splice failure, the 3. M.J. Billings and K.W. Humphreys, 'An
housing can be re entered. Access for repair Outdoor Tracking and Erosion Test of Some
work is facilitated as each spliced fibre is Epoxide Resins', IEEE Trans EI-3 (1968)
coiled within its own plastic envelope and 62-10.
suitably designated.

4. D.J. Parr and R.M. Scarisbrick,
4.6 Splicing and Testing 'Performance of Synthetic Insulating

Materials under Polluted Conditions'. Proc
Fibre splicing is required at external joint IEE 112 (1965) 1625-1632.
housings and termination (splitter) boxes within
the building where the Optical Line Terminating 5. A.W. Stannett and D.A. Swift, 'Some
Equipment is installed. At both locations arc Comments on the Value of Tests on
fusion welding is employed to ensure maximum Materials in the Design of Plastics
long term splice stability. Insulators'. 5th BEAMA Int. Elec. Ins.

Conf. (1986) 160-165.
An Optical Time Domain Reflectometer (OTDR) is
used to evaluate each splice in a joint housing 6. G.C. Stone, 'Application of Statistical
before the housing is closed. Fibre end to Methods to the Design of Solid Insulation
fibre end (or connector to connector) losses are Systems', CEIDP (1985) 234-249.
measured conventionally with a stabilised light
source and power meter to complete the optical ACKNOWLEDGEMENTS
testing.

The authors wish to thank the directors of STC
5. CONCLUSIONS Technology, STC Telecommunications and the

Central Electricity Generating Board for
A need has been identified for a self-supporting permission to publish this paper.
optical cable which can be installed
economically on existing high voltage power
lines.

The requirements of such a cable have been
identified: it must have good optical
performance; it must cope with long spans and
maintain clearances to phase conductors and
ground during ice and wind loading without
compromising the support structures; it must be
compatible with its environments including high
electric fields.

These requirements have been met by the
development of a 13 mm diameter cable consisting
of a pultruded grp strength member, slotted to Figure 1. Cable Cross Section
house ribbons of optical fibre, all sheathed in
a track resistant material. Up to 24 fibres can
be contained in one cable. A comprehensive Polyethylene

range of qualifcation testing has been fibre
completed. ribbon

Glass Filling
An installation procedure has been devised which reinforced compound

permits stringing without circuit interruption. plastic
For completeness, a full range of terminal and rod

suspension clamps, vibration dampers, joint
housings and other ancillary equipment has been
developed and tested. BinderBinder
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DEVELOPMENT OF OPTICAL GROUND WIRE FOR 1.55 .m WAVELENGTH

6. 10 Y. Kitayama, Y. Masuda

Sumitomo Electric Industries, Ltd.
1. Taya-cho. Sakae-ku, Yokohama, 244. Japan

Abstract us to use the fiber at 1.3 am wavelength and
possibly at 1.55 .m wavelength. But when only the

An GPG Jt'ai G,'ouo Wire) o. 1.55 ..m iave- 1.55 _m wavelength operation is considered, it :s
length operatie" ,s'.Ig Cut-off shifted cure silica beneficial to shift the cut-off wavelength to a
,:c,'e sig'e-mooe f'bers has been developed. It longer one from the viewpoint of bending resis-
has e,' low ard staple transmissior loss and good tance. There are two ways to shift the cut-off
lo,,g-terr reiiabplity at 1.55 _m wavelength. wavelength to a longer one. One is to make the
T 'is jo, k so'.ed the o',obPems concerning the refractive index difference cn larger, the other
mic,'obenaig 'oss at high temperature and loss is to make the core diameter, or mode field diam-
increase d..e to hydrogen generation. eter (MFD). larger. The relationship among effec-

tive cut-off wavelength ce. ,n. MFO and bending
loss (3) is shown in Figure 1. By using this
figure, kce and MFD were chosen as 1.35 am * .ce

1.60 pJm, 10.0 um - MFD , 12.0 pm, taking the
following requirements into consideration:

1) Single-mode operation shall be secured at
1.55 ,.m wavelength.

1. Introduction
2) Dispersion shall be less than 21 ps/km/nm.

The demand to make repeater spacing as long as
possible is strong in many OPGW transmission 3) Bending loss shall be equivalent or smaller
systems. since the distance between two substations than that of 1.3 .m optimized fiber at 1.55 ,,m
is often very long and repeaters have to be wavelength.
eduipped at locations difficult for installation
and maintenance. The 1.55 a.m wavelength applica- 4) MFD shall be equivalent to that of 1.3 .m
tion seems to be suitable for that purpose, but optimized fiber at 1.55 pm wavelength from
two problems have been forseer when OPGW is used the viewpoint of splicing compatibility.
at 1.55 u.m wavelength. They are fiber micro-
bending loss at high temperature and loss increase
due to hydrogen generation (1). These problems Table I Fiber Parameters of Pure Silica Core
may arise more easily in OPGW than in other types Single-Mode Fiber for 1.3 ..m Use
of optical cable because the fiber in OPGW is
confined in a small space inside an aluminum tube
and subjected to high temperatures. Therefore.
development of an OPGW having very low and stable Core diam. 2a 8.1 pm
transmission characteristics at 1.55 am wavelength
is greatly needed. Previously we presented about
the low loss OPGW with pure silica core single- Ouer diam. V 125 im
mode fiber whose design in optimized for 1.3 um
wavelength operation (2). In this paper, we A 0.3 %
propose an OPGW with newly designed cut-off
shifted pure silica core single-mode fibers, which LP1 Cut-off
performs best in 1.55 Lm wavelength operation. L wavelength 120pm

Mode field dip:i. 9.50p m

2. Fiber Design

The conventional pure silica core single-mode
fiber parameters are summarized in Table 1. The
cut-off wavelength is around 1.2 ..m, which enable
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1.2 6 bending
034 diameter
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10.0 10.5 11.0 11.5 12.0 12.5

MFD (AT 1.55pm Wavelength) Lam)
Figure I The Relationship among Refractive Index Difference, Cut-Off Wavelength,

Mold Field Diameter. Bending Loss and Dispersion

3. Cable Construction

A trial OPGW was made to compare the performances optimized single-mode fibers with a conventional
of the three types of single-mode fibers. Figure germanium added core. Table 2 shows the typical
2 shows the construction of the trial OPGW. It fiber parameters. The cut-off shifted pure silica
had the conventional aluminum spacer construction core single-mode fibers had a fluorine added
and contains three six-fiber units (4) with three cladding with a negative index difference _

different types of fibers. The No.1 unit was 0.34 '_. the effective cut-off wavelength \ce
composed of single-mode fibers with cut-off shifted 1.46 um, the mode-field diameter MFD = 10.52 um
pure silica core, the No.2 unit was composed of at 1.55 um wavelength, and the diameter d = 125 um.
1.3 ,m optimized single-mode fibers with pure It was fabricated by the VAD method and the average
silica core and the No.3 unit contains 1.3 , m transmission loss at 1.55 um wavelength was 0.19

dB/km.
Aluminum-Clad
Steel Wire Heat-Resistant

Aluminum Tube Plastic Tape

Six-Fiber Unit OP Strength Member
unit

- Silicone Coated

Aluminum Spacer Optical Fiber

a. OPGW(8Omm') b. Six-Fiber Unit

Figure 2 Construction of Trial OPGW and Six-Fiber Units
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Table 2 Typical pie Parameters of Trial Cable

Unit Trauvnission loss (dB/km) Cut-off Mode-field Zero dspersion
3pm 155m ( diameter (pm) wavelength (pm)

No. 1.wavelength (m) at 1.55pm

1 0.19 1.46 10.52 1.28

2 0.34 0.19 1.27 9.87 1,29

3 0.37 0.25 1.20 10.23 1.32

Si, single-mode optical fibers surround on FRP fiber (No.3 unit).
(Fiber Reinforced Plastic) strength member, and

then are wrapped by a thin heat-resistant plastic
tape. The outer diameter of this six-fiber unit e No.1 unit
was 1.25 ..m. The six-fiber units were housed in 0.5 o No.2 unit
helically grooved slots of aluminum spacer, which
was then covered with an aluminum tube, this cen- e No.3 unit ,;
tral portion is called an OP unit here. The OP 0.4 at 1.55 pm wavelength
unit was surrounded by aluminum-clad steel wires //
to orm an OPGW. 0.3

i

4. Cablin] J 0.2

To,'oughout the cabling process, no transmission 0.1

loss deterioration ,ias observed for any one of the
tree different types of fibers. Figure 3 shows 0 - -
a, example of transmission loss increase 3t 1.0 pm

.. ... m wavelength before and after the cabling
C oess. 80 70 60 50 40 30

Mandrel Diameter (mm¢)
0.4 eBefore cabling Figure 4 Bending Loss of Si'-'ote,

"" 0.3 o After cabling
(2) Lateral Pressure Test0.2-~ 0.2A lateral load was aopo e ,

fiber unit by use of ,.
W 0.1 shows trarsmissio,, o ....

length against latea .
0 - -.six-fiber u,,it.

shifted uoL e s'', .

____________________________was3 trie pen.,

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

Wavelength (pm)
Figure 3 Transmission Loss Change du0'Q 3 V,
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(3) Heat Shock Test Figure 8 shows the transmission loss change at
1.55 wm wavelength under continuous 150 OC temper-

Figure 6 shows the transmission loss change at ature conditions. The maximum transmission loss

1.55 pm wavelength of each six-fiber unit versus change of the cut-off shift pure silica core
heat shock. The deterioration of transmission fiber unit (No.1 unit) was less than 0.02 dB/km.
loss of cut-off shift pure silica fiber unit (No.1 which was almost within the range of the measure-
unit) was the smallest and less than 0.05 dB/km ment error. No residual losses were observed
up to 300 IC heat shock. The loss increase of for all fiber units when the temperature was
1.3 um wavelength optimized pure silica core returned to room temperature.
fiber unit (No.2 unit) was smaller than 1.3 pm
optimized germanium added core fiber unit (No.3
unit). Loss Increase (dB/km)

. No. 1 unit at1.55pm
at 1.55#m *No.1 o No.2 unit wavelength /

0.5 wavelength oNo.2 unit - No.3 unit 0.3-
0 ,,& No.3 unit/
'1 ,, 0.2
I 

|  
I 

t

0.3- 0
E-0.2- 0

0' .1- ,__ __'___ ___

-40 0 40 80 120 160
0 Temperature ('C)

300- Figure 7 Temperature Dependence of Transmission

CL 200-Loss Change (L=500m)
E 100#" 0

100 
200

Time (minutes) .* 'No.1 unit at 1.55 pm

oNo.2 unit wavelength
Figure 6 Transmission Loss Change of Six-Fiber C +0.1 "No.3 unit

Unit as a Result of Heat Shock (L=500m) 4b

(4) Temperature Cycle Test
-0.1

Figure 7 shows the maximum transmission loss oa
change at 1.55 pm wavelength of each six-fiber
unit for cyclic temperature. The temperature range 0 100 200 300 400
was from -40 °C to 150 °C. The maximum deteri- Retumed to
oration of transmission loss of cut-off shifted
pure silica core fiber was less than 0.05 dB/km Time (Hours) room temp.

over the temperature range from -40 °C to 150 'C.
Figure 8 Transmission Loss Change of Six-Fiber

Units under a Continuous High
(5) Continuous 150 °C Temperature Test Temoerature (150 1C)

The transmission loss change of each six-fiber
unit under long term high temperature condition
was measured at 1.55 pm wavelength by the cut-back
method. The 500 m six-fiber unit in bundle con-
dition was placed in an oven.
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From these investigations above, we confirmed Even if germanium added core fibers are used, the
that the cut-off shifted pure silica core fiber hydrogen problem is not serious in 1.3 pm which
unit has the best mechanical and temperature are most popular now in OPGW network, because the
characteristics for 1.55 pm wavelength operation, effects of loss increase at 1.3 pm due to hydrogen
The 1.3 pm wavelength optimized pure silica core is estimated to be very small (5). However, in
fiber unit is not as good but still usable at the future 1.55 pm systems, the hydrogen problem
1.55 pm wavelength. is more important than in the 1.3 pm system,

since the sensitivity of loss increase is several
times larger at the 1.55 pm region.

5.2 Hydrogen Characteristics
If the cut-off shifted single-mode fiber is made

To estimate the infre-red loss increase due to up of germanium added core, the mechanical and
chemical reaction of hydrogen in the fiber, an OP temperature characteristics at 1.55 pm wavelength
unit shown in Figure 2(a) was exposed to a temper- of this fiber may be as good as the cut-off shifted
ature of 200 °C for 170 hours. Figure 9 shows single-mode fiber with pure silica core, but the
the loss change at 1.55 pm wavelength obtained by hydrogen-induced attenuation increase may be a
the heat treatment at 200 IC after 1D0 hours. No problem in some circumstances. Therefore, the cut-
loss increase was observed for pure silica core off shifted fiber with a pure silica core is most
fibers while 2.8 dB/km at 1.55 pm loss increase suitable for OPGW for 1.55 pm wavelength use.
was observed for single-mode fiber with germanium
added core. Pure silica core fibers have an
advantage in terms of transmission loss stability 5.3 Test on OPGW
as well.

Various tests on the OPGW with cut-off shifted
pure silica single-mdoe fibers for practical use

.-Germanum added were carried out such as a short-circuit test,

14 -e etan arc-discharge test, a crushing force test, acore fiber at 200T heat cycle test, a tensile load test, a vibration
12 after l70Hrs test, a twist test, a minimum bend test, a freez-

ing test and a squeezing test. Table 3 shows
these test results. It was confirmed the OPGW

E 10 with cut-off shifted oure silica core single-mode
fibers has as good characteristics at 1.55 pm

8 - wavelength as those of conventional OPGW at 1.3 pm
wavelength.

6-

U,
4 6. Conclusion

12 An OPGW for 1.55 pm operation using cut-off shifted
single-mode fiber has been developed, which has
a very low and stable transmission loss and has

0 excellent long term reliability. This will con-L-Pure silica core fiber at 200" after 170Hrs tribute to making the repeater span very long.

IThe applicability of 1.3 wm optimized fiber at
1.0 1.1 1.2 1.3 1.4 1,5 1.6 1.7 1.8 1.55 pm operation was also investigated and the

application may cause problems in long term re-
Wavelength (pm) liability at 1.55 pm wavelength.

Figure 9 Heat Treatment Test of OP Unit

International Wire & Cable Symposium Proceedings 1987 461

iL=,,=m lll nll llll ' ,



Table 3 Various Test of the OPGW for Practical Use

Evaluation results
Test conditions (Loss increase at 1.55 pm)

Test item ____

OPGW: 80 mm
2  

No.1 No.2 No.3

unit unit unit

Sample length: 8 m
Fusion splicing: 2 fibersAlternating current: 14.8 KA 0.00 dB 0 dB 0.00dB

circuit Time: 0.34 second
Stringing tension: 15 % UTS (1460 kg)
OP unit temperature: 500 IC

Sample length: 4 m

Arc- Fusion splicing: 2 fibers

discharge Discharge current: 5.9 KA to 9.5 KA 0.00 dB 0.00 dB 0.00 dB
Time: 115 ms
Stringing tension: 15 % UTS (1460 kg)

Plate width: 50 mmCrushing

force Fusion splicing: 2 fibers 0.00 dB 0.00 dB 0.00 dB
Crushing force: 1000 kg

Sample length: 20 m

Heat Fusion splicing: 2 fibers
Stringing tension: 15 % UTS (1460 kg) 0.00 dB 0.01 dB 0.03 dB

cycle Temperature range: From temperature to
150 *C x 100 cycles

Holding time: 1 hour

Tensile Sample length: 5 m
load Fusion splicing: 2 fibers 0.00 dB 0.00 dB 0.00 dB

Tensile load: until 100 % UTS (9770 kg)

Sample length: 30 m
Fusion splicing: 2 fibers

Vibration Stringing tension: 20 % UTS (1950 kg) 0.01 dB 0.03 dB 0.05 dB
Cycle: 40 Hz

Amplitude: 10 mm
Number of times: 10' times

Sample length: 10 m

Twist Fusion splicing: 2 fibers 0.01 dB 0.03 dB 0.04 dB
Stringing tension: 20 % UTS (1950 kg)
until I rotation/Im

Minimum Bending diameter (0): 0.00 dB 0.02 dB 0.03 dB
bend 40, 50, 100, 200, 300 mm until at at
ben Fusion splicing: 2 fibers 40 mm 40 mm 40 mm

(OP unit) Bending angle: 1800

Sample length: !0 m
Fusion splicing: 2 fibers
Flood time: 1 hour

Freezing Freezing temperature: -24.3 OC 0.00 dB 0.00 dB 0.00 dB
Freezing times: 2 hours
Sample is after squeezing

Sample length: 10 m
Fusion splicing: 2 fibers

Squeezing Stringing tension: 20 % UTS (1950 kg) 0.00 dB 0.00 dB 0.00 dB
Bending angle: 600
Pulley: 450 mm
Round-Trip cycle: 20 cycles

Measurement accuracy: t0.01 dB
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OPTICAL FIBER GROUND WIRE

G. Bianchi and D. Rota
Societa Cavi Pirelli, Milan, Italy

M. Rahman
Pirelli Cable Corp., Lexington, S.C.

1, StT L',A Y Such choraecteristics are related to:

Overhead Ground Wire containing optical - tensile strength
fibres (OPOW) has recently experimented a - stiffness (FA). which influences sag andrapid growth all around the world, This paper tension conditionsdescribes the design criteria. developzent, - conductivity to carry the short cIrculiaccessuries, installation methods and various current, without exceeding the maximulspecific tests applied to OPGW. temperatures admissible for the materials.

The correct design of OPGO is achieved hy2. INTKODUCTION balancing the mechanical and electrical

characteristics within the limits imposed byOptical fibre cables are now used on e large diameter and weight. The optical fibre
scale in telecommnication networks. because incorporated in the ground wire must intainof their high information capability, optical its own transmission characterintics tnderfibres an meet present and future Power all service conditions.
Utilities tlecommunication needs. 4OOW Is a
transmission media that many Utilities around 3.1
the world have already adopted or taken into
serious congideration. The optical core is designed with the am ofThe reason for this choice !R based on the having high reliability through the servicefollowing factors: life which is required to be the same as

standard ground wire, This aim is best- High transmission capability, complete achieved by using the loose typeImuituuty to slectromagnetic phenomora and construction. This type allows the fibre tolonger lengths betwce" repeaters muve radially insicu, q tube or a grocve to
compensate any chang of length of the OPGW.- "tilization of existing structures (power Therefore the fibree are never stressed evenlines) and right of ways, therefore reduc- 'or the maximum OGW elongation which occursing the Installation coste for the worst overload or during short
circuit. The absence of mechanizal stresses

- Supply other users (i.e. Telecomunication on the fibre is an outstandingCumpanleA) with an economical cable laying charaeteristic of the loose structure whichalternative in &ream of difficult ground ,Akes it particularly suitable for theconditions (i.e. mountains) application in question.
This characteriatic in not shared by the3. DEPSIG.N LRTERIA tight construction, where the optical fibresAre continuously under mechanIcal stress.

Presently, there are no international mean- The core generally consists of four plastic
darda for OPVW, however Working Groups of tubes "trsnded around a dielectric centralIEEE and ASTM are addressing the matter. The strength mtuber. The tube diameter andOPCW deooign depando on the requiremento nf thickness depend on the nunher of fibres toeach specific installation the Utility is be allocated. Rach tube generally contaiTnsplanning. I to 6 fibres, bosign with h1sher fibreIt is however Important for the CPGW, to have Count. e.8. 50, is feasihle.mechanical and electrical characteristics The number and the type of fibre depends on:
equivalent to those of a standard groundwire, but the design constraints say be - the ttenfaieaion capacity required (e.g.tougher if the cable is to be placed on number of channels)
existing towers than If it is a completely - the distance between the repeaters.
new line.
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Fibres uned In the teleconmnunication field rormation of hydroxide (OH). This
are multimode or -.1nglemode. The singleods phenomenon is irreversible. The chericalflhrp in ,i:np when a long repeater distance elements of the fibre ( for example thetnd high capacity is required. This is presence of P205) are responsible for thisachieved through intrineic performance of the effect. Generallv, the singlsmode fibre isfibre which in practice has no limltation of less affected than the multimodo fibera,bandwidth and has very low attenoation. ror because of different dopent content.
particular transmission needs (shortdistances and low number of channels) the use Center of color. This Interferes with theof iultimode fibre may be economically entire frequency mpeCtrum in which theadvantageous due to the lower cost of fibre operates and is heavily affected hyelectronic equipment. temperature. It is essentially due to theTah

l
- I uhtwo date related to the type of hydrogen interaction with the glees causing-;,-.. 

irregularity on the structure.
Tanie 2 represents typical system length
between repeaters. rhe hydrogen which is present in the cable,

either dissolved in constituent materials andthe optical core being completely dielectric. released over the time or generated byis immune to the effects of overvoltage due chemical reaction during manufacture orto lightning and short circuit. The core is service life, will build up partial pressuresalo completely filled with a special grease affecting the optical trensession, OPG,to protect agaiust moisture and hydrogen which Is subJected to higher temperature theecontamination. 
typical direct burial cables used for
tclecommunication, Is particulor sensitive to!.2 Aaimirnum tube and metallic wires the hydrogen effects.

Consequently. it is necessary to:The seemlera aluminum sheath, obtained byextrusion, provides an absolutely hermetic - te an optical fibre with low sensitivity
and nechanIcally strong protection for the to hydrogen attack"pttcal core and necessary support for the - choose materials vith low hydrogen tontentsurroinding wires. It also heavily - use an extruded or soldered sheath thatcontributes to the electrical conductivity of eliminates the him id y responsible forthe CPGW. The surrounding wires. depending on 9tjrficlal oxidation phenomenon.
the required rechenical end electrical
characteristica, can be stranded in one or However. none of the above elements wiltwo layers. The materials of the wires are protect the ribres against hydrogen in thethe same an the conductor meterial used on long run. A complete immunity can be obtainethe standard ground wire (aluminum aloy, by applying a special ffilli:i compoundgalvanited steel. aluminum clad steel' and (Ilydroget' that acets as en irreversILleAre in ccmpliance with the mae specifics- chemical absorbent to hydrogen. The
tions. aborption capacity of this type of materialIn independent of temperature and relative4. EFFECTS OF ?VDROGE, pressure. Figure 2 shows the attenuation

spectrum wf optical fiber catle with and
The effects of hydrogen on the fibre optical without the hydrogen absorber fillingcharacteristics is now fair'y well inown and compound during the accelerated ageinR test
need to be controlled (1) (2). at 70 C for 10 days.

The effects are related to: ,. PECIc IrsT6 GN jPCW

- Light absorption hy the hydrogen molecule The OC1' is tested in laboratory w1th the aitdiffused in the fibre. This phenomenon is of tetablihing its charecteritics andreversihie and it is a function or ti.e performanceq under the conditions !t will betemperattire and relative pressure. It is Subjected both during inntallation andpresent both at 1300 am and more service. The -ain test* are the following:
aesntuated at 1550 nm.

5.1 rensile Test
The teit~lu -carried out:

A) to determine the #tree@sstrain
cha-acterletic of the composite cable;

b) to measure the attenuation and the
elongatinn of the fibre.
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The test is carried out by using a cable Oscillating current has also been applied
sample of about 60 a. The optical core is with a peak value of about 200 kA with a
reatricted to move along the aluminum t"he by duration of about 1250 micro aeconds (Fi . 6)
means of suitable clamp connecting the tube which simulates a miWsch higher electric
and the central strength member of the discharge.
optical core. This connection in alvays used The test shows that the discharge on the OPG
for all the different test& which are hn% no influence on attenuation of the fiber
performed on the CPGW when a tension is nor the muchanical integrity of the OPFW
applied and optical performance on fibres ia (Fig. 7).
measured.
The tensile test is generally performed using 5.5 Short Circuit Simulation Test
the same duad endn that will he utilized in
the field (Fig. 3). This test i6 to verify the behaviour of the
T. obtain a longer fibre sample, the fibres OPGW, enpecilly the optical core, during the
are apliced together by fusion technique. As short circuit between phase end earth.
tension is applied to the cable sample, the In this situation tVe cable will carry a high
fibre elongation and attenuation are ciorrent for a short time which main effect Is
monitored to detect changes, if any. the sudden hebtin 8 of OPG.
Figture 4 shows a typical stress/train The test is carried out using approx. 30-50 r
relationship of OPCM. Teta did not show any a. Iple (Fig. 8). The sample Is under stress
increase in attenuation nor L significart at all times during the teat, in particular
fiber elongation. during the application of the ahort circuit

rirrent, by means of a pulley-load system.
5.2 Breaking Lcad Test The optical fibres, spliced in series, are

monitored conEtantly for any variation in
This test is carried out on a cable sample ci tret:s1iutted paver. Some thermocouples are

to 1v =eters. according to the norral inserted between the wires of the cable in
roedure used for the mtandard conductors order to compare the temperature rise with

without optical fibres, the theoretical results. Figure 9 showR the
test resutts obtained on the OPGW.

5.3 Creep Teat
,.6 Vibration Test

Me chiective of this test is to determine
the increment on the sample length vs. time (hie of the main effects of the wind on an
by applying a constant tension and aerial cable Is the vibration resulting from
temperature. The increrent on the length and vortex shedding, The test simulating this
cor.Requently the increase in Rag will be effect serves two objectives:
tskeo Into account for sagging. The test is
1srriel out according to the procedure stated a to determine the self-damping
for the standard conductor (3) with a test coefficient
temperature between 21 C and 27 C for o
luration of 1000 hours. h) to verify the capacity uf all cable

components to rest the fatigue.
5.4 Lightning Simulation Test

!3y knowing the self-damping coefficient, the
This test is to determine the effect caused level of deformation caused by the wind can
by lightning on the OPOW. The test to carried he calculated by using mathematical models.
out or a sample under the required stresm The methodology is the same an for the
,rig. 5). An electric arc is generated staudard coaductor test. The OPMW is tested
between the conductor and a graphite under tension corresponding to "every day
electrode placed at a distance of approx. 10 5tress" and it Is placed in resonance by an
,am. The optical fibres, spliced In series, electro-dynamic vibrator (FIg. 10). The
are monitored continuously for any variation meastirement of self-demping coefficient is
in transmitted power. Jone by varying both the frequency and the
The Impulse current vve normally used for amplitude of vibration (5). The fatigue test,
thf test Is similar to the test on "Heavy at constant frequency. is carried out
Duty Surge Arrestern" (4): 100 kA for impuwitig a deformation at the maximum stress
4-6/10-15 microseconds. point. At the beginning. during and At the

end af the teat, the attenuation of the fiber
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In meanured. The result obtained shows that h) Bolted lype Suspensfon
both the self-damping coefficient and the
fatigue resistance are equivalent to similar The form and the performance arc the same an
standard conductor (6). Regarding the fetigue for the standard application; normally, a
resistance test, two types of OPGC, one with alip strength of 20% of the nominal rated
a single wire layer and the other with a breaking strength of the OGW is required.
double wire layer, were tented. Pach OPCW Figure 11 show& a recent development of a
were subjected to 10 million cycles with 300 suspenaon clamp that i. inserted at the pole
microstrain (peek to peak) of deformation top. The central part of this clamp ig
plus 20 million cycles qith 600 microstrsir rectilinear and it Is the same as the strain
(peak to peak). The cable components did nt c lamp except for the length.
show any defect nor changes of fibre
attenuation. c) Damper

Repeated bending test on suapension The conventionnal stockbridge damper is used
with the clamp adapted to the OPGW size, The

This teat is to verify that OPG' resists the characteristics, position ard number are
repeated flexures occurring on the suepension estaished utilizing the same mathematical
as a consequence of daily thermal cycles, model used for the standard conductors (7).
The OPW sample is tensioned on the

sospension at the every day stress. The d) Holding Clamps
change of the oending angle is given at a
frequency of 5 P 10 cycles per minute. The clamps for holding the OPOW to tte tower
Samples of both single and double layers OPMW ns it descends to the splicing box are ade
have heen tested with different types of to be attached to the tower without any need
suspension&. to make holes in it. The clamps used are
Tests carried out up to ten times the number suitble fcr a wide range ef tower angle
of cycles expected during the OP(W life and dimensiins. The OPrW can be fixed eitber
angle change of 2 t 3 degrees have not shown interrally or externally to the tower.
any defect both on the metallic components

and on the optica core.
6.2 .ptijal Splicing BO

6. AMRlSORTFS
The box contains the spliced fibrev anf the

6.1 Hardware necessary extra length of optical fther %Fig.
12). The box in waterproof: a perfect weal

The hardware for the OPGW are designed to for the incoming OPGW i made by using a
guarantee the same mechanical performance as rubber gasket applied over the aluminum tube.
for the standard conductor and to ensure a The box is supported on a frame that is fixed
perfect functiOning of the optical core. The to the tower argle hy means of clamps without
hardware performance Is verified with the any need to make holes in the tower.
same procedures already established for the
standard conductors. The effect of the

hardware on the cable optical performance is 7. INSTALLATION
also verified. In addition to the bolted type
hardware described below., the "preformed" 7.1 Stringing
type In also currently used.

The equipment and the method used for
a) Bolted Type Strain Clamp (Ded End) stringing the OP11W are the same as for

standard c)nductore. In the laboratory, the
The clamp is designed to attain a "slip" stringing text Is carried out by simulating
strength greater than 90? of the rated the atresa, such as passing through the
breaking strength of the OPOW. The main tensioner and a pulley using the set up shown
parameters to obtain the required performance in Fig. 13. Tests carried out so fur confirm
are a particular sanufscturiag protess o the field exp-rience. The diameter of the
body, a suitable clamp length and the use of tensioner Is in the 1200 - 1500 mm range and
different materials from the ones used for pulleys of 600 - 800 mm diameter are suitable
standard clamps. to meet any combination of main stringir.g

parameters (I.e. pulling tension, number of
passages and bending angle on pulleys).
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"Self-gripping come along clamp" with Since then Pirelli has supplied several

changeable liners may be adopted by using hundred kilometers of OPCW in Brazil, the

suitable materials and shape for the liners. Middle FAst. North America (12), Spain and

Italy.

A special device is used for stringing the

single layer type OPGW to avoid twisting. 9. CoYCLUSOY
This device (Fig. 14) iv made by a

counterweight dimensioned to pass through the The concept of combining the power

pulleys. transmission line with a very high capacity

Sormally it is preferred to pull a length at telecommunication line is having considerable

a time because it Is easier to handle the succesR all around the world. This has been

nrplus of QPW needed for the drop along the made possible because of the development of

tower down to the splice box but, if ground wire containing optical fibers.

aecessary, two or more lengths of OPCW may be Dptimized mechanical and optical properties.

pulled In series, the flexibility and expandibility of the

system have allowed the OPGW to be part of

2.2 Splicing many Power Utilities projects and open the
door to new ventures between Power and

Splices are always made at a tower, normally Telecommunication 10tilities.

near its base, so it is possible to carry out

the splicing of the OPCW independently from Thanks

the other works on the overhead line

therefore reducing installation tire. The authors thank Societ& Cavi Pirelli for

The distance between two consecutive splices giving permission to publish this paper.

can usually go up to 4 km.
The 9, licing operation can be carried out Thanks are also due to ENEL, CESI, SERVOCAVI,

yin two ways: SALVI, for allowintg publication of the photos

bscally ysrelated to instullation and accessories.

1) by performing it at the ground level, on

a van situated at the tower base, The Bibliography

splicing box is then raised and fixed to

its final position I. P. Anoll et li

Overcoming the hydrogen problem in

2) by performing It at the box final height optical fibers

(3 to 8 meters above ground), using a I.W.C.5. Cherry Hills - 1985

platiorm protected against environmental
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by a tubular structure, raised Investigation on hydrogen induced
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reAns of a hear shrinkable leeve which is conductor and ASCR and a test method for

inserted in a groove of the organizer. The determining the long tim tensile creep

attenuation of each splice is measured before of aluminium conductors in overhead

closing the splice box to verify its required lines

performance. At the end of the installation,

the attenuation measurement is carried out by 1. IEEE C 62.1 - 1994

means of cut back method on the complete Revision of ANSI/IZEE C 62.1 - 1981
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TABLE I
OPTICAL FIBER CHARACTERISTICS

ATTENUATION ATTEN. ATTEN. NUMERICAL BANDWIDTH DISPERSION
AT 850nm AT 1300nm AT 1550nm APERTURE AT 1300nm AT 1300nm
dB/km dB/km dB/km MHz.km ps/(nm.km)

Multimode 2.6 0.7 --- 0.2 1000/1200 6

50/125 micron

Single Mode --- 0.4 0.25 --- 3.5
10/125 micron

TABLE 2

BIT RATE VS. REPEATER LENGTH

TYPE OF FIBER Mbit/s NO. OF TELEPHONE LINES REPEATER LENGTH (km)
.............................................................................

Multimode 2 30 40
Multimode 8 120 30
Single Mode 2/8 30/120 60
Single Mode 34 480 55
Single Mode 140 1920 45

TABLE 3
CHARACTERISTICS OF COMMONLY USED OPGW

. ..... .. . ..

Type A Type B Type C Type D
TYPE OF OPGW A B C D

Outside Diameter mm 13.8 14.7 17.9 21.6
No. of Fiber 4 24 4 12
Protection for F.O. Core
- Material AL AL AL AL
- Thickness mm 1.6 1.5 2 2.8
Armoring
- I layer of wires no x mm 15x2.34 ACS 17x2.25 ACS 18x2 ac.zin 18x2.45 ACS
- II layer of wires no x mm ----- 23x2 legaAL 23x2.45 ACS
Weight kg/m 0.57 0.6 0.83 1.56
Breaking Load kN 79 83 107 233
Modulus of elasticity kN/mm2 104 104 85 113
Stiffness kN 10730 11250 15420 30850
Coefficieit of thermal
expansion I/ C 14.8.10-6 14.8.10-6 16.7.10-6 14.2.10-6

Electrical Resistance
in c.c. at 20 C ohm/km 0.5 0.5 0.3 0.2

Max. current for a
- duration of 0.5 sec kA 11 11 19.8 31.6
- equivalent 12 t kA2 .sec 60 60 196 500

ACS = Aluminum Clad Steel
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Fig. 1
Optical Overhead Ground Wire

Single and Double Layer 4 to 12 Fiber
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Fig. 2
Spectral Attenuation Single Mode Fiber

With (-) & Without (...) Chemical Absorption
of Hydrogen

Dashed line represents initial value.

Fig. 3
Tensile Load Machine
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01 40 0 '10 rC0 iZ Fig. 11

(KAI.P Suspension Clamp

Fig. 9
Increase in temperature on 13.8mm OPGW
as short circuit current is applied and
comparison with calculated values.

Fig. 12
O~tical Fiber Joint Box

Fig. 10

Detail of Vibration Test Set-Up
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Fig. 14
Anti-torsional device for
single layer armored OPGWJ

Fig. 13
Simulation of Installation Stress

in the Laboratory

Fig. 15
Su emded Platform

for ikinting Operations
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A Global Test Method for Long Term Stability of Solid and Foam Skin Insulation

Lawrence E. Davis

Superior Cable Corporation

Abstnad
The stability of polyethylene insulation has traditionally been evaluated by determine the test conditions required to evaluate potential failure paths, it
test methods which primarily determine oxidative resistance at elevated is necessary to understand the failure mechanisms involved in polyethylene
temperatures which exceed material transition ranges. Additional process.
degradation processes can cause polyethylene to fail in field applications.
A test method has been developed which simulates worse case installation Thermal Ernbrittlement
of filled cable and addresses failure for polyethylene insulation without Thermal embrittlement is a mechanism in which an applied strain results in
exceeding material transition temperature. an elastic dislocation of crystallites from their lower energy spherelitic

arrangement into an adjacent higherenergy arrangement. The elastic forces
Foam skin insulation, when evaluated with the new procedure, has been of restoration overcome the viscous drag component leaving points of
found to crack from mechanisms other than oxidation and to have a life inherent weakness in the growth structure leading to eventual brittle failure.
prediction as short as ten years in the hotter regions of the country. The This mechanism is a temperature/time dependent reaction which is purely
predicted failures have been substantiated by field reports of foam skin thermal in nature. Because thermal embrittlement involves only the
failure. arrangement of the molecules within a part, it can be reversed by

appropriate heat treating. The rearrangement of the molecular structure in
The new test method evaluated material for oxidative stability, thermal the crystal orientation will occur at the same rate regardless of the presence
embrittlement, environmental stress cracking (due to the presence of filling ofoxygen or various flow rates of air past the sample. The effect of thermal
compound), and extraction of antioxidants by filling compound. This embrittlement is to reduce the strength of the materials and to decrease
procedure can be used to screen new materials, for obtaining improved elongation properties. Crack growth resulting from thermal embrittlement
performance of foam skin insulation and for quality control, is initiated within the body of the material. The crack flow path through and

around spherelites depends on which route offers least resistance. Thermal
embrittlement will occur without applied stress in the material, but the

intaduction presence of stress will promote thermal stress crack growth.
High-density polyethylene may be degraded by several mechanisms:
thermal embrittlement oxidation, environmental stress cracking, solvent Oxidation
cracking, electromechanical stress cracking, and ultraviolet light exposure. Oxidation is the chemical interaction of oxygen with the polyethylene,
Present methods of determining long term stability of high-density resulting in chain scission and gellation. which leads to brittle failure. The
polyethylene concentrate on oxidative degradation. However, foam skin oxidation process is a rate reaction which is temperature dependent and may
insulation, due to the expanded form, is more susceptible to additional also be affected by air movement about the sample. The chemical structure
modes than solid insulation. A test method for evaluation of cellular of the polymer is altered, leading to reduced strength, lowerelongation. and
insulation which, including all of the major failure paths, has been brittle failure. The presence of applied stress is not required in order to
developed and is presented below. The new procedure successfully induce oxidative crack failure.
predicts foam skin f'teld failures and may be employed to screen new
materials which may be used to improve life expectancy of cellular Environmantal Siress Crack
insulation in communications cables. Environmental stress cracking is highly dependent upon the physical state

of the polymer and requires a contact medium. In an environmental stress
Failure Mechanisma crack condition, there appears to be an alteration of the intermolecular
Crack initiation and propagation in polyethylene is a complex process forces in the polyethylene as a result of contact with the stress crack
which is often misinterpreted. There are several mechanisms by which medium. This allows the molecules to seperate where the stress crack
crack growth can occur and it is necessary to understand the cause of each medium is in contact with the polyethylene. As a result, crack propagation
failure mode so that the data obtained can be properly interpreted. Each of is initiated at the surface of the sample. The flow of the stress crack agent
the failure mechanisms may occur alone or in combination, further into flaws on the surface concentrates the applied stress in the flaw resulting
complicatingtheanalysisofpolyethylenefailurewithoutcarefulreviewof in destructive cracking. This type of crack growth does not alter the
the material's properties, test conditions, and failure data. Also to physical properties of the material except in the vicinity of the crack. The

tensile and elongation properties of the insulation therefore are not affected.
Microscopically, thecrack surface would appear as a brittle fracture. Under
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a higher magnification some localized yielding may be evident. The include exposure of'the foam skin insulation to air at elevated temperatures
presenceofpolyaxialstss in the polymer results in agreatersusceptibility to insure proper protection relative to this failure mode. See companion
of polyethylene toenvironmental stress cracking. Since surface flaws may paper "Perfortance of High Density Polyethylene Insulation Antioxidant
provide the initiation sites for crack growth, heat polishing of the surface in Filled Telephone Cable Applications".
reduces the susceptibility of the material to environmental stress cracking.
No physical changes other than crack propagation will be evident in The foam manufacturing process also incorporates stresses into cellular
environmental stress crack failure, insulation which are iot present in solid insulation. Material is expanded

radially as well as longitudinally and thus will be more susceptible to
Solvent Cracking environmental stress cracking since it contains polyaxial stresses not found
Solvent cracking is closely associated with environmental stress cracking. in solid extruded material. Therefore. a procedure for evaluating cellular
Unlike environmental stress cracking however, solvent cracking agents insulation found in contact with filling compounds should investigate the
will affect other physical propeties of the material such as swelling of the possibility of environmenal stress cracking. To accomplish this, insulated
inselation or plasticizing of the material. Due to the plasticizing action of conductors can be wrapped around themselves (formed into "pigtails")
the solvent, the fractured surfaces will be ductile in nature and will, after exposure to filling compound. The filling compound would remain.
therefore, exhibit fibral formation along the crack surface. Solvent cracks to some degree, in contact with the insulated wire.
initiated in the polymer will stat at the surface of the material. The presence
of polyaxial stress in the sample is not required for solvent cracking to The higher stass levels in cellular polyethylene will cause the material to
occur; however. the presence of polyaxial stress does promote the be more susceptible to thermal embrittlement than the same polyethylene
formation of solvent cracks in polyethylene. compound utilized in solid insulation. Therefore a method of investigating

thermal embrittlement needs to be incorporated into any new evaluation
Electrorichamucal Stress Cracking method. In addition, thermal embrittlement incorporates changes in the
Electromechanical stress cracking is a specialized type of oxidative stress molecular structure over time increasing the susceptibility of the insulation
cracking in the insulation of electrical conductors operating under to stress crack failure. The insulation must be investigated for thermal
mechanical as well as electrical stress in high voltage alternating fields. embritlement after some initial exposure to elevated temperature. This
Both mechanical stress and coronaconditions are essential to initiate failure time frame should be consistent with the possible need to rework splices or
through this mechanism. Ozone formed by the electrical discharge pedestal connections which would occur in the field.
produces rapid oxidative failure of the stressed but not the unstressed
polyethylene. Since high voltage applications are not present in The ability of commercially available filling compounds to extract
communications cable, this mechanism can be ruled out as a contributing stabilizers, plasticize polyethylene, and cause swelling of the material
factor in the cracking of the foam skin insulation. suggests the need to include a method for observing solvent cracking into

a long-term stability test program for foam skin material. This can be
Ultraviolet light Exposure accomplished by exposing the foam skin cables to elevated temperatures
Polyethylene, when exposed to ultraviolet light (UV). absorbs the energy prior to removing the insulation test samples from the cable. Foam skin is
of the light. exciting the bonds between the atoms. If this energy is not primarily used underground, and once installed, would tend to maintain a
rapidly dissipated, it will break chemical bonds in the polymer's molecular relatively constant and moderate temperature. The exposure time therefore
chains. The rupture of chemical bonds fragment the chains, thus reducing should be consistent with possible exposure of the filled cable to elevated
the molecular weight and creating free radicals which further attack the temperatures prior to installation.
remaining chains. As a result, the polymer loses its physical properties and
becomes brittle and discolored. The rate of UV degradation is accelerated Temperatures selected for evaluation of any insulating material should be
by increasing exposure time to U V. increasing UV intensity, and increasing maintained at levels which would not alter the molecular structure or
the temperature of the polymer. properties of the material. If test temperatures are selected which exceed

transitional levels which would not beencountered in the field, the test data
Insulated wire is protected by the cable sheath or protective closure becomes very suspect as to the prtnury field failure modes. Such results
(pedestal, ready-access closure, splice case, etc.) and therefore should not would be quite difficult to correlate to field conditions since the rate of
be significantly affected by UV. Since exposure of the insulatedconductor deterioration of any given mechanism could be altered.
to light is limited, degradation caused by UV should not be of general
concern. The construction of foam skin insulation contains higher stress levels.

polyaxial stresses. ind less mass of material in contact with the solvating
Test Design agent (filling compound). It is potentially degraded to a greater extent than
Currentcablespecification procedures primarily evaluate stability to insure solid insulation by failure modes other than oxidation. In addition. the four
life expectancy. Present test include oxidative induction time (thermal potential failure m 'chanisms may act with synergistic effects to accelerate
oxidative stability quality control tests). weight change during aging, and failure faster than would otherwise be encountered by a single mechanism.
heat aging in pedestals (thermal oxidative stability qualification tests) as a
measure of oxidative stability. The nmow scope of these procedures are Seledoir of Test Pamarwits
valid since the insulated conductors are exposed to the environment in Determination of compatibility of the cellular insulation with filling
pedestals. Due toconsumption of antioxidan s during the foaming process compound should be accomplished by exposure in a completed cable. This
and leaching of antioxidants by filling compounds, any cellular insulation ensures that the relative amount of absorption of oils into the polyethylene
will be susceptible to oxidative deterioration. The new test method must and extraction of stabilizers from the polyethylene into the filling
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compound will be consistent with the actual exposure and not altered by formed after 50% of the initial samples have failed and at the completion
gross amounts of either material relative to the other. Aging in the final of the test(100% failure of first pigtails). The samples should be monitored
cable most closely simulates the aging which would actually occur in every two weeks and the failure rate indicated by cracking of the pigtails,
application, including the filling process and subsequent migration of recorded for both first and second pigtails.
component between the cellular insulation and filling compound. The
amount ofoil absorption into polyethylene can have an effect on the rate of Evaluation of Test Procedures
thermal embrittlement since the oil may act as an internal lubricant to A number of questions relative to the assumptions in devising the new test
facilitate molecular rearrangement. The ratio of filling compound to method must be answered to determined if the new test method can be used
insulation could also affect the rate of extraction of stabilizers by altering to differentiate between products and establish the credibility of the
potential equilibrium concentrations between the two materials, procedure. The following questions are included: Does preaging of the

cable affect subsequent aging characteristics of insulation for both foam
The time and temperature forpreaging the foam skin insulation in the filling skin and solid insulation? If preaging affects performance of insulation in
compound must be consistent with field exposure. Finished cables may subsequent exposure to elevated temperature, what period of preaging is
routinely be exposed to the environment for several months before required? Does preaging correlate to any extent of actual field exposure?
installation even when cables are manufactured to order and for longer Do second pigtails age differently relative to the initial pigtails? Do third
periods if the product is placed in stock against future orders. Simulated and fourth pigtails give any indication of thermal embrittlement activity?
aging of cable held in a reel yard over the summer months would be a Is there any indication of environmental stress cracking? Do PE-PJ and
reasonable time frame for the cable constructed to order. Average daily ETPR type filling compounds have similareffects on foam skin insulation?
temperature in the deep south and the west for the summer months is Do failure modes other than oxidative deterioration significantly alter life
approximately 300 C. The maximum accelerated aging temperature of 700 timeexpectancy of foam skin insulation? Can the test method be accurately
C was chosen to ensure that a filling compound (80° C drip) remains below employed to predict field failures?
its crystalline component melt range. A time frame of 4 weeks at 70' C was
chosen to simulate four to five months of summer time exposure of the foam The answers to the abovequestions have been obtained. 24 gauge foam skin
skin cable before installation as a preaged compatibility exposure. and solid insulation were evaluated using the new procedure, along with

control samples which were not exposed to preaging. An experimental
Following installation of the cable, the insulated conductors may be cable of insulated conductors from a single primary machine was
exposed to the environment in pedestals with some filling compound constructed to evaluate aging properties of foam skin insulation following
removed due to handling. To provide consistent exposure to air for the test controlled exposure to filling compound. Cable filler exposure levels
sample, the insulated conductor should be removed from the cable and included: no exposure, exposure to cable filling process, four weeks
wiped with a clean cloth or tissue to remove most of the filling compound. peeaging at "70C, and eight weeks preaging at 70'C. This data was
Removal of the filling compound from the wire will also extract any compared to insulation removed from a cable that had remained in a cable
stabilizers which have leached from the polyethylene during the preaging plant reel yard for 2 years.
exposure. Filling compound absorbed into the insulation will, during
additional testing, migrate to the surface and maintain contact with the skin The data presented in Table I clearly shows that preaging of cable at 70(C
to act as a stress cracking agent. Stress concentration to simulate wire bends for four weeks caused faster failure rate for stressed polyolefia insulation
in the pedestal is formed by wrapping the insulated wire around itself to as compared to material which was not subjected to preaging. This
form pigtails. tendency is the same for solid insulation and foam skin insulation with

various polyolefin materials and filling compound variations.
Aging uf the sample, to be realistic, must be conducted below polymer
transition temperatures. Differential scanning calorimetry studies show The acceleration factor for a I 0°C rise in temperature for the preaged foam

that high-density polyethylene begins to undergo melt phase transitions at skin cable ranges between 1.3 and 3.25 with an average of 2.35 using 50%
temperatures between 800 C and 900 C. Therefore, a maximum aging failure as reference point. Crack failure of pigtail samples tends to have a
temperature of 800 C should be set for test conditions to establish normal-type distribution when the failures are plotted as a function of time.

accelerated aging rate factors. Since deterioration of insulation varies with Asa general rule, the first and last samples tocrack will be separated in time
the type of degradation as well as material variation and process variation, from the bulk of the failures. Additional data presented in the companion
at least 25 samples orpigtails should beevaluated foreach test condition to paper"Evaluation of katerials for Improved Life Expectancy" exhibits the
provide a statistical basis for analysis of test results, same type of distribut:on failure between cables. Considering the number

of factors affecting the aging characteristics of polyethylene, a spread of

The susceptability of polyethylene to stress cracking may change as the this size is expected. A partial list of variables that can alter aging rate of
insulation ages. To investigate alteration in molecular structure with time, insulated wire includ": molecular weight, molecular weight distribution,
additional pigtails should be formed in the test samples after aging of the degree of long and short chain branching. antioxidam content and
initial pigtails is underway. Following exposure to heat aging of exposed distribution, addition of processing aids. crystallinity, extrusion profile,
pigtail samples for 6 weeks, the sample should be removed from the oven cooling rate. line speed, degree of mechanical stress applied during cable
and a second set of pigtails formed in the insulated wire. This simulates production, effects of grease filling and cable jacketing (which varies with

bending of the wire in pedestals following initial installation, cable size, line speed and filling compound temperature), variations in
filling compound composition. as well as variations of sample preparation

To aid in distinguishing between environmental stress cracking and and artificial aging test conditions.
oxidative or thermal embrittlement failure, additional pigtails should be
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The second pigtails formed in the evaluation samples crack before or at For a four month period, the average daily temperature in the Southwest for
about the same time as the original pigtails even though they were formed the summer months is over 26*C as measured in the shade. The average reel

six weeks after the initial pigtails. Molecular reorientation has taken place temperature stored in direct sunlight will be higher.

in the insulation as a result of aging at elevated temperature. Thermal
embrittlement may be contributing to the overall deterioration of the foam Reels sitting in truck trailers could see temperatures of 60*C for short

skin insulation. The inconsistency of the data presented in Table 2 indicates periods.

differences in the rate of thermal embrittlement; this may or may not be the
primary failure mechanism for the initial pigtail formed in the insulation. The preaging effect may not adhere to the general thermodynamic or
The presence of thermal embrittlement suggests that the stressing of chemical reaction rate increase of 2 to the x power, where x is the number
previously installed foam skin material in the pedestals contributes to early of IO'C incremental increases in temperature, since the 25% failure rate for
crack failure of the insulation. The extent to which reworking of pedestals samples of foam skin preaged for four weeks was 20 weeks vs. 17 weeks
in the field would promote insulation failure would be dependent on the for samples preaged for eight weeks in the original data. The preaging

length of time the cable has been in service prior to the addition of bend effect is probably controlled by diffusion rate not chemical reaction rate.
stresses and the avergae temperature of the pedestal.

Assumption 2

Graphs I and 2 provide stress crack failure data for material removed from Failure rate in a pedestal can be accelerated in oven aging tests.
the same cable as a function of time along with tensile and elongation data
for a straight section of insulation removed from the stress crack sample at Environmental stress crack does have a temperature coefficient and will
the time offailure for materialpreaged in the cable for four andeight weeks. increase at some constant to the x power rate. Also, synergistic effects of
The sample population in each preaged test group consisted of three wires thermal embrittlement and oxidation will be controlled by temperature. In
of each of the ten colors. There is no indication of color dependency in time addition, oxidation will be affected by air movement in the pedestal relative
to failure. The tensile and elongation values obtained are within the range to oven air velocity (greater flow in oven). The insulation in the pedestal
of normal variation for values obtained from insulation removed from the will see additional stress due to temperature cycling and humidity that will

cable prior to preaging. Insulation which cracks due to thermal not occur in the oven.

embrittlement or oxidative deterioration is brittle and does not retain
plasticity. Therefore, the primary failure mechanism for preaged insulation Assumption 3
pigtail samples is environmental stress cracking or solvent cracking. The The first failure will occur in the South and Southwest due to higher average
need to address these failure modes has been clearly demonstrated, temperatures. The following are 30 year averages of daily temperatures as

measured at night and during the day (in the shade).
Graph 3 illustrates the effect of filling compound exposure to foam skin Birmingham. AL 200

C

insulation relative to accelerated aging of pigtail samples. A, B. C. and D Galveston, TX 21. IC
test groups used insulation from the same cable. Test group D was obtained Houston, TX 20.6*C
from the cable core prior to grease filling and jacketing. Test group E Jacksonville. FL 20*C

consists of material removed from a cable stored in a cable plant reel yard Miami. FL 23.9PC
for two years. New Orleans, LA 20'C

Phoenix. AZ 21.1'C

There is a dramatic increase in the failure rate of foam skin insulation when San Antonio. TX 20.6'C
it is artificially aged in filled cable. Four weeks preaging at 70°C would Tampa. FL 22.2°C
appear to be reasonable as a method of artificially aging cable when the data
from the 2 year old cable is compared to the preaged cable material. The Average 21 'C
data presented in Table 3 shows that the material which was not preaged in NOTE: Average temperature data from World Almanac.
the cable before oven aging and solid preaged wire failed as a result of

oxidativeorthermalembritlement. By thetime the initial pigtails cracked, Life expectancy calculations based on seven commercially produced
the insulation had lost its plasticity so that the polyethylene cracked when cables (five different manufacturers) preaged for four weeks at 700C and
the wire was bent. In contrast, foam skin material which had been preaged then oven agMd a -,*C yields an average 25% failure at 17.8 week intervals

retained plasticity after failure of the initial pigtails. indicating failure was for oven aged sz riples. A temperature acceleration rate factor of 2.35 was
due to environmental stress cracking or solvent cracking. By constructing obtained by comparing failure times for samples aged at 70*C and 80*C.
additional pigtails at the time of failure of the initial samples, information
can be obtained as to the primary mechanism causing cracking of the Based on assu'mptions I through 3. foam skin cable may have a life
insulation, expectancy of 24.6 years. Foam skin was installed in quantity in the United

States starting approximately 10 years ago.

Esidmadon of Life Expehctauty for Stress Cracking of Foam Skin
Insulatlon Assumption 4

Assume an increase in average temperature in a pedestal installation due to

Assumption I direct sunlight and insulation effect at night of 100 C. A ten degree rise in
Reel storage (34 months) in the South and Southwest at the manufacturers' average temperature in pedestals woulddecrease foam skin lifeexpectancy
and customers' reel yard. in the sun, will be equivalent to four weeks to 10.4 years.

preconditioning at 70*C.
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Estimation of temperature increase may be high . but in "Polymer 6. P.L. Soni and P.H. Gail. "Enivironmental Stress Cracking of

Engineering and Science 197 I" the mean effective temperature for air core. Polyethylene: Temperature Effect". Journal of Applied

worst case was reported to be 43
0 C. Maximum temperature in pedestals in Polymer Science; Vol. 23, pp. 1167.1179 (19791.

the high seventies have been reported.
7. W.L. Hawkins, M.G. Chan andC.L. Lenp. 'Factors Influencing

In using the above life time calculations, it must be remembered that not all the Thermal Oxidation of Polyethylene". Polymer Engine.'ring

cable will be subjected to storage under summer time conditions and that and Science, September, 197 1. Vol. II, No. 5.

the average summer temperatures and average pedestal temperatures vary

with location. 8. H.M. Gilroy. "Polyolefin Longevity for Telephone Ser, ice'.

ANTEC. 1985.

Assumption I can be substantiated by the cable data. A section of foam skin

cable, produced April 1982 and removed from the Brownwood reel yard 9. M.ER. Shanahan and J. Shultz. -Influence of Wetting

and evaluated in April 1984, exhibits rapid stress crack failure similar to Properties of the Liquid on Environmental Stress Cracking ot

cables which were preaged artificially in 7(rC ovens. Polyethelene of High Stress". Journal of Polymer Science.
Polymer Physics Edition. Vol. 16, pp. 803-812 (1978).

Field failures for foam skin installed 10 years ago may show evidence of

cracking in the warmer regions of the country. Reports of field failures of 10. M.ER. Shanahan and J. Shultz, "Correlation Between

foam skin have been reported in the Southwest. Failures in pedastals in this Environmental Stress Cracking and Liquid Ab.orption for

region of the country were predicted several years before they occurred Low-Swelling Liquids". Journal of Polymer Science: Polymer

providing credibility for the test method. Physics Edition. Vol. 18, pp. 19-26 (1980).

Conclusion II. Glenn E. Fulmer, "Time -Temperature Strain and Molecular

An enhanced or global test procedure is needed for foam skin msulation Weight Effects in the Environmental Stress Cracking of 0.95

which evaluates degradation modes which are not currently addressed in Density Polyethylene". Transactionsof the Society oflRealog.,

cable specifications. A procedure for detecting solvent cracking. 10:2. pp. 502-512 (1966).

environmental stress cracking, thermal embnttlement. as well as oxidative

deterioration has been developed and demonstrated. The procedure 12. Glenn E. Fulmer, "Time. Temperture and Molecular Weight

described in this paper should replace current specification tests for Effects in Environmental Stress Cracking". Transactions of the

insuring adequate cable lifetime expectancy. Society of Rhealogy, 9:2. pp. 121-133 (1965).

Preaging of cable is required toobtain accelerated test data in a reasonable 13. John B Howard. "Stabilization Problems with Lov,.Densif)

time frame at test temperatures below polyethylene's transition rangeand Polyethylene Insulation". 21st International Wire and Cable

to simulate cable reel storage of filled cable. S) mposium. pp. 329- 341 (1972).

Foam and fiam skin cables installed in the early seventies in the Soulh and 14 B.D. Gesner, JW. Shea and FR. Wright, "Etablishing

Southwest may begin to show cracking in pedestals. Longevity Criteria for Thermo-Oxidative Cracking

Measurements on Polyolefin Insulation". 22nd Internaiional

Re'erente' Wire and Cable Symposium. p. 7-10 (1973)

I. J.H. Huss and V.L. Langa. "The Thermal Embrittlement of

Stressed Polyethylene". Annual Convention of the Wire 15 Louis Ance and Joseph P. McCann, "System Evaluation and

Association in Atlantic City. December 14, 1958. Protection of Conductor Insulation fi Outside Plant". 23rd

International Wire and Cable Symposium, pp 82-90 (1974)

2. John B. Howard." A Review of Stress Cracking in

Polyethyene". SPE Journal, May 1959. 1& D.A. O'Rell and A. Patel. "Oxidative Stability Studies on

Cellular High-Density Polyethylene Insulation for

3 M.E.R. Shanahan and J. Schultz. "A Kinetic Effect in the Communications Wire", 24th International Wire and Cable

Environmental Stress Cracking of Polyethylene Due to Symposi im. pp. 231-236 (1975).

Liquid Viscosity", Journal of Polymer Science, Polymer

Physics Edition. Vol. 14, pp. 1567-1573 (1976). 17. G.A. Schmidt. "Life Prediction of Insulation for Filled Cables

in Pedestal Terminals". 26th International Wire and Cable

4 M.E.R. Shanahan and J. Shultz, "Environmental Stress Sympo. 'um. pp. 161-181 (1979).

Cracking of Polyethylene: Criteria for Liquid Efficiency".

Journal of Polymer Science; Polmer Physics Edition, Vol. 17.

pp. 705-710 (1979).

5. S. Bandyapadhyay, "Studies of Environmental Stress Crack in

Low-Density Polyethylene", Journal of Polymer Science;

Polymer Physics Edition. Vol. 19. pp. 749-761 (1981).
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Table I
Comparison of number of weeks to aged pigtail failure of foam skin and solid insulation
after pre-aging at 70* C for four weeks and no pre-aging.

Pgtaits aged at 80 C Pigls aged at 70 C

24 Gauge Sample Filing No Pre-aging Pro-aged No Pre-aging Pre-aged
Compound Type W 5% 100% " 50% 100% iriu 50% 100% MIl 50% 100%

HOPE Sold PE-PJ 53 86 .127 40 49 54 -

HDPE Foan Siun ETPR 39 56 .100 7 8 11 31 59 106 19 26 36

HDPE FoamSkin PE.PJ tO 24 29 9 13 17 25 52 74 12 17 25

HOPE Fowm PE-PJ 22 27 29 9 10 12 44 65 85 18 23 26
PP Slin

Table I

Comparison of number of weeks to failure of second pigtails formed after aging at 800 C for 8 weeks.
for wire not exposed to pee-aging and second pigtails formed after 6 weeks aging at 80 C for wire
exposed to pre-aging at 70° C for 4 weeks.

No Pre-aging Pre-age

24 Gauge Sample Filling Compound Type 50% Failure Rate 500/6 Failure Rate

1st pigtail 2nd Pigtal
1  

1 st Pigtail 2nd Pgtol1

HOPE Solid PE -PJ 86 55 49 35

HOPE Foam Skin ETPR 56 48 8 11

HOPE Foam Sun PE -PJ 24 18 13 11

HOPE Foam PE -PJ 27 26 10 10
PP Skin

(1) Weeks to failure for second pgails include the ltime in the S0 C oven before the second pigtails were constructed

Table III

Percentage Formation of Third and Fourth Pigtails without cracks

Pigtails aged at 80- C

24 Gauge Sample Filling Compound Type . Prai Pro-aged

3d4th 3rd 4th

HOPE Sold PE - PJ 0 0 0 0

HOPE Foam Skin ETPR 0 0 100 100

HOPE Foam Skin PE -PJ 0 0 85 90

HOPE Foam PoE- PJ 0 0 100 too
PP Skin

* 3rd pgtab made at 50% stress crack lasur f first potal

* am pigtls made at 100% stress crack iltme of first pigal
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Graph III

Pigtail Stress Crack Failure Rate as a Function
of Exposure to Filling Compound
(22 AWG Foam Skin Insulation)
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__0 No Exposure. unCabled prmary
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High Speed Coaxial Cables for Electronic Computers

K. SAKAMOTO S. YAMAMOTO T. KATO K. NEGISHI and K. AKIMOTO

rHE FURUKAWA ELECTRIC CO., LTD.

CHIBA, JAPAN

Summary equivalent in its electrical property, it is

equivalent in its electrical properties and also

Highly expanded Fluorocarbon resin insulated can present superiority in view of cost.

core (so we call "H-TEF") and highly expanded Use of these kinds of insulation are

cross-linked polyethylene insulated core (so we properly selected depending upon the natures of

call "H-XLPEF") have been developed as miniature circuit design or method of end treatment so that

highly expanded insulation used in a coaxial some merits concerning the price levels can be

cable for the wiring of a general purpose computer expected and these insulations have just started

capable of high speed propagation. those practicability in place of the highly

(1) H-TEF: Development of a fluorocarbon expanded PTFE.

resin insulated core of 0.4 mm thickness of

insulation and 70% expansion ratio has been 2. Necessary electric properties and structure

achieved by employing a special designed screw and

introducing a constant flow injection system. 2.1. Electrical properties

(21 H-XLPEF: Development of a polyethylene

insulated core of 0.2 mm thickness of insulation In any cable used in a computer, the most

and 70% expansion ratio has been achieved by important electrical properties are characteristic

arranging large cells near around a conductor and impedance and propagation delay time. These
cmall cells near the surface of insulation by properties in the case of presently used general
empoying several kinds of gas having different purpose computers are follows:

diffuon seeraiins tofgase wtha g derently Characteristic impedance: 50 - 90
diffusion coefficients together with thermally Velocity of propagation: 87% of air

decoposable blowing chemical agent. From view of cable manufacturing techniques, a

1. lntroduction low impedance with high velocity of propagation is
nothing but the demand on a structure with

Shorting of cable length in circuits miniature and highly expanded insulation.

(intensification in densit and increasing of The ratio of a velocity of propagation of

velocity of propagation are being carried out for air (M is generally given by the following

the purpose of expediting operation processing in formula.

general purpose computers capable of high speed 1

propagation and testing devices of evaluating the K = __ x 100 (%

characteristics of LSI. In the presently used
general purpose computers, a coaxial cable of There is, = Effective relative

less than 2.0 mm OD and of a velocity of dielectrics constant of

propagation of 87% or more of air is required. insulation

Until now, highly expanded PTFE tape wrapped Namely, condition s ' 1.32 is required so that
core has been used for this kind of insulation. K ' 87 be satisfied. In addition, there is a

However, it is high in material expenses and its relation give the next formula between s and

productivity is poor. Therefore, H-TEF and H- expansion ratio.

XLPEF have been developed by extrusion as !i- s F 3-s  (A.S. Windeler's
alternates of highly expanded PTFE. - x _ Formula)

H-TEF produced by extrusion is characterized i-'a 100 2's+' a
in stabilized electrical properties because of There is, Ei = Relative dielectric constant

smaller fluctuation of its outer diameter and proper to insulation material
capacitance, excellent features in mechanical polyethylene = 2.3

strength as heat deformation property. Besides, fluorocarbon resin

it pucesses excellent heat resitance property. (PTFE, PFA, FEPV = 2.1

Besides, it pocesses excellent heat resistance La = Relative dielectric constant

property and flame retardance property. On the of air - 1.0
other hand, although H-XLPEF is inferior to H-TEF Namely, in order to satisfy the above-mentioned

in its mechanical strength, heat resistance conditions, miniature highly expanded insulation

property and flame retardance property, it is of more than 65% expansion ratio and less than
1.0 mm thickness of insulation is required.
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2.2. Structure expansion ratio with less than 1 ms thickness of
insulation, soluble amount of gas is fluctuated

For the purpose of deciding the cable on account of delicate pressure fluctuation on

structure, wiring spaces, configurations of the injection section, duly causing fluctuation

connectors and end treatment feasibility must be in capacitance and outer diameter of expanded

taken into account together besides the above- insulation to get in difficulty of manufacturing

mentioned propagation properties. stabilized products. Individual factors shown in

Table 2 have been investigated so far as the

2.2.1 Structure of outer conductor points of improvement on troubles. Those points

are;

Material and structures for outer conductor (1 Establishment of constant flow gas

of coaxial cable are decided by taking not only injection techniques.

electrical properties but also the flexibility of (b Fine control of extrusion rate,

cable as well as the end treatment feasibility temperature and line speed etc. for the

therefore into consideration. Principally purpose of restricting the pressure on

employed structures are braiding and wrap each part of extruder within a defined

shielding using copper wire, and tape wrapping or range.

longitudinal wrapping using aluminium-polyester (3 Application of a special screw

laminated (Al-PE7 tape. and these items shall be outlined next.

2.2.2 Structure of cable Table I Kno Techniques of Manufacturing

of Expanded Fluorocarbon Resin

The structure of a coaxial cable consisting
of multiple coaxial cores can be roughly Material

classified into a round type cable and a flat Base Resin FEP,PFA

type cable. Nuclear Agent Boron Nitride
The flat type cable is principally used for For=ing Agent Fluorinated Hydrocarbon

internal wiring and the dimension of cable is
designed to meet the structure of connector (for Linited Shear Rate of Resin

example, connector contact pitch = 2.54 mm, 1.27 Design of Tip & Die
mm etc.l . In addition, a multi-flat type cable, Extrusion Rate

hvaing stuck portion subjected to connector
attachment and having the intermediate portion Line Speed

separated for easy wiring, has been also used S;ecial De-igned Vent Type Screw
very often recently. GaE : 0 Kg/c 5 2 Const. press. Injection

3. Manufacturing techniques for H-TEF > I-o
t  

1-passion Ratio 50-605

< ice
t  

bZ lnfor=atio
In manufacturing of miniature H-TEF, factors

for exerting significant influence on the state
of expansion and the surface of insulation are Table 2 Obstrut1.e Factors
those items stated below. & I. e.ta 1. the Manufacturlig Of Miniature I-TtF

(1) Uniform diffusion of gas (forming agent)

(2) Resin temperature, quantity of added Factor. I.Rroe...t.

gas.(3) Resin pressure. 1. rletotio. of Temp. Subtle Temp. Central

3.1 Uniform diffusion of gas 2. nuctuation of Sce rtatic.8 contrl or Scrw motor

Requirements for the gas used as a forming 3. Flactoatio of Take-up Control f ok-p !qle.t

agent are, to be not decomposed under molding 4. Flucatont, of 0a Injection coast. nw system
temperature and pressure, to make no reaction by Coast. Pro... Syste. by ProclaOo uPap

with resin, to be well diffused in molten resin 5. sc. Desn Accra en

and so on. Fluorinated hydrocarbon, which is &_Pr__ _u_ manufacturing

both thermally and chemically stabilized, is 6. TAi &e M rate Dresig

considered to be applicable to expansion of & pee Maufactui
fluorocarhon resin.fluoocaron rsin.3.1.1 Constant flow gas injection techniques

With regard to this kind of techniques there
has been a report

I
O on an example which evidences

that an expansion ratio in the range from 50% to A constant flow gas injection techniques has

60% can be obtained with 1 mm or more thickness been developed, whereby highly expanded
of insulation, by means of a constant pressure insulation with stabilized electrical properties

injection system in which a vent type screw is can be produced by injecting a minute quantity of

used, as shown in Table I, for maintaining the liquefied gas into high pressure molten resin at

pressure on the gas injection section at about C a constant flow rate, and the techniques are

kg/cm
2 

so as to supply gas at a constant dependent upon a precision pump provided with a
pressure. However, if this constant pressure driving device requiring only small expense for
injection system is applied to set up 60% installation but built up through such processes
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as an injection inlet for liquefied gas being portion of a compression zone and with a mixing
provided in the intermediate portion of the barrel zone on its tip area, because back pressure
of an extruder, multiple piston pump being, occured in the mixing zone and cross-head is
mutually connected in series between the above- dwindled in the vent zone, so the pressure
mentioned injection inlet and liquefied gas fluctuation at the injection section where is rear
supply source, and phases of respective pump of the vent zone as shown in fig. 3 becomes
being shifted by equal intervals to be put in small. Furthermore, the pressure fluctuation
reciprocating motion. The outline of this device smaller in a shallow depth type than in a deep
is shown in Fig. 1. Meanwhile, is also shown in depth type, because in the case of a small depth
Fig. 2 relationship between inhalation and type it is more difficult for the back pressure
exhalation of each piston in the case of three to turn back to the gas injection section.
pistons pump. solid lines A, B, C show the However, caution must be used in this case,
inhalation quantities and exhalation quantities because an excessively large load may be applied
of respective pistons pump and dotted lines D, E to the screw unless the channel dpeth in the vent
show the synthetic inhalation quantity and zone is properly balanced with the channel depth
exhalation quantity for the total pump devices, of compression zone with shallow depth in front

and rear of the vent zone.

Fig.3 Relations between Screw Design

& Pressure in Extruder

Screw Design Pressure in Extruder Barrel

• a . c o. ,c w ) G. C.ZZ2)

1C.,- 1, G 1 C 

C*.

Full-Flight Screw

Fig.1 Extrusion Layout of H-TEF
C.ff G . C.A

c. z
A B C D

Maddock Screw

CA .. c. E

'lent Type Screw c.z

F9.2 Inhal. & Exh.le of Thre. Pli.to. P- with Mixing Zone G.. ,

(Deep Depth)
c.N G.c.z

3.1.2. Screw design C.C.

When miniature H-TEF is manufactured by c.

extrusion, a point of screw design is to suppress Vent Type Screw c.z
any pressure fluctuation on a gas injection with Mixing Zone G..

section as small as possible. Fig. 3 shows the (Shallow Depth)
configuration of a screw and fluctuation of the Ti-

pressure inside the barrel of the extruder due to
lapse of time, thereby it is also shown that in
the case of a full-flight screw or a Maddock
screw provided with no vent zone (injection
section is a compression zone in the case of
full-flight screw and Maddock zone in the case of 3.2. Resin temperature, quantity of added gas
Maddock screw, as shown in Fig. 3 , pressure
fluctuation is large on the gas injection The state of expansion (size and number of
section, duly causing a large fluctuation in the cells , adhesion to a conductor and the
capacitance and outer diameter of insulation. On appearance of insulation are significantly
the contraLy the pressure fluctuation is influenced by resin temperature and quantity of
suppressed low in the case of a screw provided added gas.
with a vent zone at intermediate Firstly, with regard to the size and number
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of cellIs, the mor e the quant ity of addocl gas is, Next, with regard to the influence on

th1- smaller anl the more the! size and thle n1u!sher adhesion to a conductor, the higher the resin
cof ct-l.-II are respectively, provided that var ious temperatur, if; and the mo're the quanti ty of a~o

Cond'.itiOnls such as the screw rotations a~nd gas is, the worse the state of adhosion is
diamceter of tip and die etc. beside the- resin rendered , a-, shown in Fig. S.

te-sratuire are all keot constant a_ Fhown in Fig.-

4. In the case of min iature highly exp:ans ion,

thle cells must be limited to a smatl size in

ord er to be rendered "miniature", but cells of

excessively small size can not maintain necessary

exnan:;ion ratio. Therefore, it is preferable to_________________

arrancje a large number of cells with the allowable

7aximim size. 1,hoto 1, 2 show examples of both d

cases of small cells and larqe cells respectively,

as; photo I presents thle case of 59% expansion

ratio,, while photo 2 presents the case of 67% _________

oXramsu on rat io which is character ize3 in 00 0dC~

C-Xi !,"t,1 of a numle-r of rat h;r 1 irge-s. ei - ells 5

in in ef in it 0  hnr

Fi,.,, R,-1 et- P--

Gs q-tj.''y & Stat. it Adteiloo'oarit c

L-ly, -with r-3,ird to the irflur0;- clm

srf a-,~ o" in rl-ula tinn, the F-Or the qln, 'ii of 0

,1' 1-d to , sWr t h- r"5 i n t-:-p-

jfr the- w~ri tl- lrfac of in5-:ati~D i:

r-nderk,1, af in 15 l 6.1
fo',f 00 or' in1 itin 'or-' if t'

t erjj- ature i.. ... . hi,- h 171'

cmeas.ily e:;-1ap. outs ide. th' insa.llt. im

Pod

a ~ ~ ~ . 11na.g

Expansion ooI Io

I~ I11iY&S~ 'O l f IG'1 -'a.'

low R--- esin Temp - * high

FIA R.ictiac. betw.cn I..i. T..peeataea,

icc Qacatity & State af C.11.
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3.3. Resin pressure considered to be limited to expansion ratio 60%

also to have such a shortcoming as low mechanical

It has been well known that the surface of strength. Processes for improving this problem

insulation etc. may be remarkably influenced by have been put in successful result by means of a
shear rate of resin when fluorocarbon resin is below-mentioned method, in form of development of

molded in extrusion, but mutual influence has been a miniature H-XLPEF with high mechanical strength.

confirmed to take place between the shear rate of The points of developmen. of H-XLPEF are as

resin and resin temperature in case of expansion. follows.

Fig. 7 shows the results of selecting both a 1 To employ several kinds of gas different

cross-head pressure and a die set temperature as in each diffusion coefficient together with a

one each scale of shear rate of resin and resin thermally decomposable blowing chemical agent so

temperature respectively so as to show the as to arrange large cells near around a conductor

relations between those date and expansion ratio, and small cells near the surface of insulation.

As shown in this figure, the expansion ratio 2 To select a polyethylene of high

increases, as the cross-head pressure rises, mechanical strength and erhance this strength by

until it reaches its peak value and rather means of cross-linking Uy irradiation of electron

decreases across the peak value accompanied by a beam.

worsened surface of insulation. In addition, A section of H-xLPEF is shown in Photo 3.
since it has been also found out that die set

temperature also has a peak, both the cross-head

pressure and die set temperature must be kept in

a definite range so as to set up an expansion

ratio of more than the required 65%. Then, the .

design of a tip, a die and a screw, temperature

control and selection of material viscosity etc. .. A

are considered significant for the above- : . -
mentioned purpose. Ab

7 ,3 Photo 3. Section of highly expanded
cross-linked polyethylene

5. Properties

Results of evaluation for both highly

expanded fluorocarbon resin insulated core and
highly expanded cross-linked polyethylene
insulated core are reported herein. The

40- structure of the presently evaluated insulated
core is as follows.

Conductor 7/0.08 mm annealed copper
60 80 100 220 140 wire (32AWO

Cr,,--bed P,,,, (1/C/2) Expansion ratio: 70%

Fin.? RS*1ti.o. bt,,, C-o.-b,.d P ....- L Ep-.i.. 5*tio Outer diameter : 1. 15 sm

Meanwhile, the evaluation was carried out in
comparison with a highly expanded PTFE.

5.1. Heat resistance properties

4. Manufacturing techniques for H-XLPEF A tensile test after heating in UL method

There has been a report
2
l an an example and a heat bend test in the same heating

Thchreprehsen a iniatret on exame condition as the above have been carried out for
which represent a miniature highly expanded

polyethylene insulated core techniques effected evaluating the heat resistance property.
Meanwhile, the method of the heat bend test is

by double layer insulation by common-head that insulated core shall be wrapped 6 times

extrusion, so far as the conventional around a mandrel of a diameter of insulated core

manufacturing techniques concern, but a single after heating, and no generation of crack islayereain, insulationo o cac i
layer insulation assigned to a satisfactory grade.

Table 3 includes the results of tests which
imply such heat resistance properties as

applicable to UL 250 C rating for H-TEF and to UL

105*C rating for H-XLPEF.
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Table 3 Neat Resistance Properti e

nghlYal d Z ad eo (co...fl eon) Pressure1'o. t O.O . .. UL St-.rd ft1,-l, oM direction Parallelft.. .ts . l. 1 .plate'

80 oc 13 ° X 7.. > 70 121 -///

90 OC 121 *C X7s,. > 70 106- __

105 °C 136t I 7d*, > 70 94 Test piece

0

A 250 0C 127 oX ?.,. > 85 117 110

- 80 'c -113 t X7d.y, > 70 142

90o o t S* ° ds >7?0 133 -t = thickness of insulation
105o l36 °CXT 71- > 70 80
i25 °C 15ecx7.Y. > 70 38 d = diameter of conductor

o50 °c 0i°c.,s > 85 100 100 D = outer diameter of insulation
I- 113 Xc 7--.* - Passed D - d

- lit Ka.,. - Passed t = 2
- i36 °C 1 7-575 - Passed

- 1565 *7.,. - Failed Fig.8 Method of Heat Deformation
- '87 c 7.3' - Passed Passed

5.2. Shrinkage ratio after heat cycle Deformation ratio (%)
(Thickness of (Thickness of

Any material insulated on a conductor insulation - insulation
possesses such unfavorable properties as before heating) after heating)
occurrence of shrinkage due to the ambient x 100
temperature subject to presence of redidual (Thickness of insulation
strain or poor adhesion to the conductor. When before heating)
the shrinkage occurs, practically serious
problems may take place because the conductor is The results are shown in Fig. 9, in which it
exposed. Hereat the shrinkage ratio of an is known that the deformation ratio is small such
insulation was measured after the about 1000 mm as less than 3% at ordinary temperature (20*0
long insulation provided with a conductor thereon being at quite a normal level where no trouble
had been subjected to a cycle test 10 times, may occur in a practical work. Further, the
wherein the insulation is left at -20'C for 30 deformation ratio is less than 10% even in a high
minutes immediately after it has been left at ambient temperature, up to B0

0
C, and both H-TEF

60'C for 30 minutes. The obtained results are and H-XLPEF proved to be superior to a highly
shown in Table 4 in which it has been confirmed expanded PTFE.
that both H-TEF and H-XLPEF can make hardly any
shrinkage.

Table 4 Shrilnkag Ratio after lst Cycle m' 50 0 .. '21 S o.a . . I. lho.,et

Intaul.tios Material shriake Ratio

2 40-

Rgh1y SRp=aded Fluorocarboa Resin 01

RIghly Epansded Ceeea-llsked Polyethyl..a 0.1

(Cropaeris) HIghly Expanded PTFE 0.4

60 OC X 30 ala.i -20 OC X 30 a-. 10 cycles 20

5.3. Heat deformation properties 10

When expanded material is utilized as
insulation its deformation responding to an
external stress points out problems. Hereat the
heat deformation properties against a temperature 0 40 60 80 100
were obtained through a test method JIS C 3005 as 

T
emp. (°C)

shown in Fig. 8, thereby the used weight is 250
gr. Meanwhile, a deformation ratio is found out
from the following formula. Fig.9 Heat Deformation Properties
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5.4. Cut through properties Diminution length (mns

= (Diameter of central portion before weight

The cut through test prescribed in UL sub. loading (=300mf)

758 is an effective means for evaluating the - (Diameter of central portion after weight
strength of insulation. A weight is placed on the loading (=Xmm*)

insulated core via a V-edge of 3 mil blade tip as

shown in Fig. 10 and the amount of weight is Fig. 12 shows the relations between a weight

measured just when the insulation breaks to bring and diminution length, wherein, the highly

the metal blade tip in contact with a conductor expanded insulations prove to have much more

to set up electric continuity. Hearat, the tests excellent property than that of solid

have been applied to both a solid fluorocarbon insulations.

resin insulated core and a solid cross-linked
polyethylene insulated core in the same structure
for the purpose of comparison, besides the above-
mentioned highly expanded PTFE.

Table 5 shows the results of a cut through
test at ordir.ary temperature, wherein any

remarkable deterioration of properties can be
observed in neither H-TEF nor H-XLPEF in 300 mm X M=
comparison with those of a slid resin insulated
core.

Weight W-Ught
Bell Blade Blade tip : 900

Radiu : 3 mll Fig.ll Method of Flexibility Test

E (15-40 V) Insulation

ronductor

T (Cle.r.t.) ild Proetis- oro .. t.

Table 5 cat Through Properties 40. , , ,

Rt40

Insulation Material Weight (Kg)

Highly Expanded 
30

Fluorocarbon Resin 2.6

Highly Expanded 1.6 10
Croe-linked Polyethylene

(comparison)
Highly Expanded PTFE 27

(Comparison)

Solid Fluorocarbon Resin 3.1

(Comparison)
Solid Cross-linked Polyethylene 0 5

Weight (gr)

5.5. Flexibility 'iG.12 nexbililty

The flexibility has been evaluated by having 5.6. Electrical properties

a weight hung on a circular sample with 300 mm
diameter and measuring the diminution length of Table 6 shows the typical values of

the diameter in the central portion of the sample capacitance, propagation delay time, and
as shown in Fig. 11. The diminution length is characteristic impedance of coaxial cores
found out from the following formula. consisted of a highly expanded insulation which

has been presently developed. Meanwhile, the
propagation delay time and the characteristic
impedance were measured by means of TOR (Time

Domain Reflectometry) method.
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Taale 6 Sotricai P.rties its heat resistance property and mechanical

strength owing to cross-linking by irradiation of
8tS17 Uded RIS7* zpmded electron beam, besides its electrical property
It.. 1 a,* e presenting a velocity of propagation of 87% or. Rmore of air and characteristic impedance of 52 to

epa.son Ratio 70 7 90

________(_r_) 8. References

r.foe2ve 1o.ato29
Dlt.i.trL Co tanet 1) i_ S.K. Randa, M.S. Carlson, D.P. Reifschneider

pr o= u.. D.17 T1-- 3.8 3.8 32nd IWCS proceedings, pp. 1983.

'bax=trit= lopuac. 91 90 21 F. Suzuki, T. Komura, A. Mori

_____33rd IWCS proceedings, pp. 1984

6. Application to other kinds of cable

Apparatuses presently requiring a velocity
of propagation of 87% of air are principally
general purpose computers, but furthermore,
characteristic evaluating tester as LSI or the
like and medical apparatuses belong to this
categoly. On the other hand, miniature highly
expansion techniques may become indispensable for
miniaturization of cables required in accordance
with further progress of thin thickness, light
weight and compactness of apparatuses in future.
A cable insisted of highly expanded insulation is
required in OA apparatuses or Audio/Video
implements in view of more "miniature" than "high
speed propagation" and particularly, highly
expanded polyethylene of a low cost can be
expected to be widely employed in these
engineering fields.

7. Conclusion

As the result of developing H-TEF and H-
XLPEF to obtain a miniature highly expanded
insulation used for a miniature coaxial cable
having a velocity of 87% or more of air
applicable to the wirings of a general purpose
computer capable of high speed propagation,

(iI it has been successful to develop a
fluorocarbon resin insulated core having 0.4 mm
thickness of insulation and 70% expansion ratio as
the result of employing a special screw for
suppressing pressure fluctuation of molten polymer
in a extruder, introducing a gas constant flow
injection system, and further finely controlling a
temperature, a gas quantity and a cross-head
pressure. By means of the above-mentioned
insulation, we have been able to provide such a
coaxial cable as being excellent in its flame
retardance property, heat resistance property and
mechanical strength besides its electrical
property presenting a velocity of propagation of
87% or more of air and characteristic impedance of
85 to 90 , and

(2 it has been successful to develop a
polyethylene insulated core having 0.2 mm
thickness of insulation and 70% expansion ratio,
as the result of employing several kinds of gas
having different diffusion coefficients together
with thermally decomposable blowing chemical
agent. By means of the above-mentioned
insulation, we have been able to provide such a
coaxial cable of a low cost as being excellen't in
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A Compact Cable for Within Building 1.544 Mb/s Digital Transmission

M. L. Fuller

AT&T Bell Laboratories
2000 N.E. Expressway

Norcross, Georgia 30071

A viewi spaiallyi efficient 26i gau ge c'able ha.S been' elec trical ch ar act erist ics between the niew '26 gaiuge cable
developed toi rel iev tche cable congesio th m ati isofl n the existing 22 gauge cable. Overall syst em

enicounttered in t elephone complanly 'ettral offices. '[he littmit ations will also be discussed, For simplicit ' , I will usc
new cable is nit ended to replace t he traditional 22 gluge hei ATVT (cab)le codes, "WWO"' for the t radititonal 22
cables used t,, itterconnect 1 5111 \1b s (L)SI) equipment gange cable, aiid '12-19" for the new 26 gauge c-able.
to a '-tandard interface called a Digital Signal C'ross-
connect (l)SX) frame, \Vith one-half the cross-sectional 2. Comparison of' Physical Characteristics
area of the current 22 gauge cable. the tiew cable will help The 600~C cable uses 22 gauge tinned copper conductors
relieve the growinig cable cotigest ion probilenis cre-ated-i b\ insulated %wit h solid polyct hylene ( PE) wit It ;i
t he increased use oif ever smnaller d igit al equihirieit polbeiticlclloridi- (PVC) skit. a dual aluminum foil shield

The new cable hat. impiroved ittipi-dance and attenuation with drain wire. amid a P)VC jacket, The 1219 cables use
iuniformityc. bet ter crossa lk isolation bet wevii piar. 26 gauge tinned copper cotidiictors insulated wit h
reduced pulse idistortioni. lower tiiutual capaitanice. higher expanded polyethylene (NilE) with a PVC skin, an inner
imhiedanc-, it itd i ghecr a t tiviiiuait t-n Thlvhi-tghier V'VC jacket over the pairs, a dual aluminum foil shield
impiledanice anud attenuatom limitt the tiia"ulliuiii cablinig with udraiti wire over the intuer jacket, and ant outer P'VC
(list anci- to 1-451'. d~ow ii frott 65.V foe the current 22 gauiige jackeut F igu rc I depiic ts thle c-able coimponeint s.
ca bl-s Ilowe ver. t hi' 1-70 limiit is adequ atei fi r oveir wiO" Table I vii))pan-s thle phy\sic al components of the two
of t he applie :t ions, c-ables,. Thie cffects of each oif' the physical dlifft-re-tce-s is

This paiper \%ill dlescribue thle phys vical. elictrnical anid dIiscuissedl iii the followitig sect ions.
sysi eros character ist icsiof thi- tiew cabule liv conpiPanitg it
with th litr ad itonal 22 gaiuge c-able it is intend ed to TABLE 1. alde (onst riicmiiii Comparison - 1219 vs. 600C
replace

Component 600C 1249
1.Background Coniduictor Cauge 2226

Tvele 11one cii pa ny ci-nltralI offices tinave a rapl~idly Insulat ion Materials KE:V X)E, PVC
inceeasing - ucetit rat ion of digital eqipet :,t( Insulationi Thickness .010)5' 015 M065 0015
associated cailing Of particular iterest ii t his papi-r is DOD' .0-Itt .032"
the twisted pair copper cabluing bet wevt- qiplittttt Twist Length, 2% 5" 0.5- 1"
transmitting 1.511 Mb s (or DS1 rate) indl a standeard Color Code Dual soliud
initerface catlled at Digit al Signal (ross-connect framne. or shtieli Material Ab1i111 Foils Alumn Foils
DSX 'Tr ad ition ally. t he cet-itra Ioiffici-e cablin g betwi-c-t I W5' Jacket - Outecr Oi1u l Ii nr &' Outer
l)SI equtipmenut anil the l)MX has lit-in via 22 gauge.
coirrutgatedl ilerti miimi shit-eled cablcs, oft en callbd 4Diaiieter Over lDielectric (DOD)1.
AIIAM I It itore ri-cenit years . AIIAM cable lias beiit
uipgradi-d tic fl foil shie-lilt-d ve-rsiiini. called 600C cale.i 2.1 Insulated Conductors

D)51 signal, alni-aul with-Ic useid for lit er~eur,i-e triuniks mil Titnning is idided to thle copiper coniutctors in both cables
isp carric-rs. arc- how i-iotiotiniuallc in v ilt i plexdc-i to hiughec- to ietsurt- a low resist anmce long life teu-rotin ation when used

bit rateus intl t raliit tid for long listances1 over sighi'- with inisulatioil displace-tment contai-t ilemi-nts or win-.
iite liglitgiilt fibers. This. comineuid with V\L.SI wrap pilts. 'T'e insiilatiott matetrial used on the
t-uchnioltgy maikming thle eqipmeini'lt smtallir and smaller. ha s conductors iii 1241) cable is 0.00635" of XICE and 0.001-i" of

led to ever larger volutmes of cabile being reqitred tit I,'('. The 6MCt( cotnductors ire insuilate-i with 0.0105" of
interconn-ct dligital equipmiint with DSX framnes. The lE antl 0,0015" of MV. The XIPE PVC insulation is
aidditional calble is causing severe cable comngestiont. To softeir than I iEPVC Hlowe-ver. initial field trials have
help alleviate these cable congestioin problems a new 26 shown that. the softness dloes not create inst allat ion
gauge foil shic-eled cable has been designed pirolemits.

'[he rernaindir of t s paper will describe t- ne' 1w calet by*
compl~aring fit-t the phhisil cltaratti-rist u's. then i hi-
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6000 CABLEPAR
22 GAUGE
TINNED COPPER

JACKET 10515 PVC

~-UAL FOIL .05PV
SHIELD

-PVC JACKET

FIGUE4 1 CABLE CONSTUTOEOMAIO

1249 R vs.65 6000
2.2~PV Twse-ar .301ShieVd

Boh clie ts.tle iiitai tlllttl olrtOlQIIitt 10sttilisJACKET~ II-o.Ih ait i iti-

ttrattge.~'DUA gen brw :ti slt ispi ryclradtoauiiimiFOIL tpsapid ltgtilnlv Et

hastl ahld buse lead- sand ar sold phite lead. r t twste iuhtied t go titil 'A teo-alsI i- I
orng , grseue n brown tale (le tan orninch eno~s.r tn lielIIIIII ,)llp, a,111 l1111,1al 1.

wis e re vd. Mackillair aedhandlet for ermtond y eolo hl te Imi taltt cofi aliii yril X2 l ir oiii i n II ,r
loinrtist I t Itsa i s l i n 0 (-a(eQ caltleadto i tiYsos tiqu ) inchnrl ililte Y u tros-ectoatl;ied with lilt

code t it Fol e n e pa li e sh haI s retoI .t( Te sihor aluiles 'lI su ottie. l iitg vatt o ler it cotoluit i r i

twhisects n d al cab ele a o wit h lu nte dtsi lit 12.19iaiii wire i insuelation 1 atri tis e o t ron lth al .tld
ofeach pair bitt anqulso reitie t orh e an e. paing mi draross-s e ot ,t area ete-itl at of i lider I tE ( tl .
eatraneoldus let erer n d asli hisse la . [hotisis e u e l rosndsstvittn ilrstI i teIafth

lengths ~~~ ~ ~ l~-i ine in 1219 racks (les than tn inih ofurfices abeDi e sin

is ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Fgr re oe sn ar r ade o eiiain h o h ll,os li ;tiet %-iii I' ~iff rit li t :J si2ti
lon~e twis lenghs ued in6(X)( cahl (2"to 5" rcalisho s the acl ete itra -os i sll at tiso t-

vorn unwised wen he heah isretoventTesh rtio alWie & Cble( Symposna iumt roced in sto 98 49



TABLE 2. md i~~~ i troe--,iit, -. I.,.r lsi,,tt 1 ' 21111

Diameter TCross-section -

Pair (inches) (sq.in.)
Count 660C 12.4i BOOC 1 249

12 ' ; f 23 t

201 341 - I, I

27, fi 1:1 1t t (
:i) 6'it .t it
.12 17 T 2

3. Comparison of Electrical Characteristics

3ti 1ctra arIw n-r. a t, -th lriii I the 11. ~-

Parameter 600C 1249 iue.(I ~trIXV% I/
(apact:1a1(ll-, [tii) 3~ - jFiue3 ii.,iiIli- t('I o 1 i.lll 3

litni-dlloi 11 at 772ki1, IMX 1 0

A it.-mr tionJ 77 kil 1h 6 S depicts the attenuatitin if hotl h aliles V% hue hoth ral,
('o~.talklnipi~i~iii --- have loss that t, apjur~xittatelv p roportial it, t hi quiare

- ________________________ ~r..t of ireqiirc . it is itnterestitig Lo i-tn pare thie ratii it
1)'Ki )~.ilt e, . losses at 1 0 Mle and 0 1 Mhz This rat it is 2 X fr t hi

l.the 121It) cable ha~s less plse di..trtion
3.1 Attenuation Comparison

i.. ( I I We bsIcr s h,.. 26 szaugt pairs. %%ih 63t ii ii 3.2 Impedance Comparison

for carrier freqiutncy appliiat sotis. 1. sing etliatideil Idclitg it],i capai-it aii- A-. rmi... thle tji- i i 4 1

1 ,l v.th hvlen Idnilt-fictn consitant. f 6 iiottiital w a. an as. KEuat son 2 hls

Inisu~lation mtaterial for 121 (I ale. iitead of th soii
pilv it. leiji- I 2 :1 tutu ial) usieid in i(M cablle. alon tig '7
with choo-.itig thei appiropriate insiulation thickness 'vields a
low apait itc. spatially effiinit cable The following Euto .IihVrtvv alew
equiat ion is atn excelle-nt apiproximat ion for ft(i h ighEuto2.ih riii ii 1 eai

freqienc attinuation (o) tn terms of resistatice (I10.
mutual capacitance (C), anid iniductance (I) for lirs The impedatnce nifference beiseen 12-19 and ti0W icabl-
Insulated withI low loss dielectric materials like Ph. PVC may create a sig tall reflect i at the l)SX when equiptment
or \11' PVC cabled %%tu inf tsp- cable is connected to equiiett

cabled with tie- ither type cable Experiments have
1, /7'shown t hat these reflectiotis are less than 0i 1 1l. %%ilh

very fe r -(titis greater than 012 (111 Figure .1 sliow~
the test set-uip iued to rtieas-uire the reflectionsi Thle

Equation 1. High Freqiiency Attenuation system implic:.' iotts of this reflection is discussed later

3.3 Crosstalk and Immunity to Interference
As Equation I shows, reduced mutual capacitatice The short twists improve the crosstalk between pairs
ratislates into redutcedl attenuatiotn if all ot er parameiters wti h 29cbeA iue hwtesottlt

are constat Therefore, as Webister suggeste. by reducing wihtte129cle AFg. 'soshehrtwss

he muitutal capacitance of the 26 gauge cabule to .63 n F i i, force the lirs toi remain more spatially separated, while,

we have lowered its attenutatiotn by approxitmitely iv: the longer 'wists used (in 6t.X)C cable allow the pairs toi
whencomare toa 2 gaue cblewit 83 mi nest together. The additional spatial separation is a

capacitance. lue to the increasedl resistance of the 26 major contributror to t he improved crosstalk between pairs

gauge conductors, the 12419 cable haas approximately 30'% in the 1249 cabile Figure 6 graphically* depicts the

higher attenuation than 60W( cable. Figure .3 graphicalltt crosstalk differences buetween the two cables
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600C CABLE

12.3 sq.in.

EACH

1249 CABLE

N -

1 SHELF
. 5.4 sq.in.

FIGURE 2. INSTALLATION COMPARISON

T, if-iiiAiiA.itA tit,- Atl. 11itA .I t 11, 1A A. ,l I : . I~ IT 3.4 Inner .Jacke.t Effrect

sI\ illwhes (f 1 ;tI, \\Ii#-n Iti, l d ii.1 A rirni.oA.. i lit. 1,.ur.Ih hri r J~A k.i .I it 'it,- f~lIAI .~r A.l.

1111 it, ~ ItIT(:,,b,-I ;kr IT " , ,t I I , I~ r~i ,6- 1l F'M I I r, 2 I ')t1 , iii \A I I wl wAII r , (rfl rI i-rl , lii. IIIIldl JA1,111 svpwI trI, I,
ITTt Ii I.- Itr I,, rh, pitiAIAI, I J I AX' I e Ai rIt If ll , ,r' I, vtwrr- IA,- (I I O -ItIT ,lltt tw t II

I*' ~ ~ ~ ~ ~ ~ ~ ~ ~ Il IA dl is AlA 
111A l .. II'1 11e ,I~ ttI 1A i- it , t ii (;II, Allla 4l 1111--it 1i lta igvl lAr

1,11)4 e i-al' iiiR lthem.ll -,it riwirllAI IA'pt d AAi I I lii %II 1A rtll h.% A I,i t -111l'VII Ow~frAl ;i r e lIilii~ l r

IIl,- iA~aA'I i ll i i I ,ta1l 1 ,1 Il-it n. t ' r. r tIlie-. l. eiAlnple. at I \11ll i.. I I lypicr I ,.landiard i ivAiAI fir

iIIIipe~iA ce is 1 0I 11 rr 120l lale 31111 2 11 Q f,,r I)IK'A *. 311
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DSX

DS1 CP
TRANSMITTER( 655 of60C L eABL 10

CABEbA N
REFLECTION

DSX

TRANSMITTER 655' of 600C L- 2 CA EX~
CABLE 100Af 0.4dB 120 r,

MAX.
REFLECTION

METHOD:

1. MEASURE LOSS THROUGH TWO 655' PIECES OF 600C CABLE (6.0 dB)

2. MEASURE LOSS THROUGH 655' of 600C and 450' of 1249

655' 600C = 3.0 dB
450' 1249 = 2.6 dB

REFLECTION = 0.4 dB MAX.

TOTAL LOSS 6.0 dB MAX.

FIGURE 4. IMPEDANCE MISMATCH REFLECTION MEASUREMENTS

he typlical standard deviation for attenuation is 0 1 (111 for
12-19 cable and 0.7 dB for 600C cable. Thliis mieatis thle

/ transmission properties of each pair will lie closer to the
/ stated values for the 12419 cable than for the 600(C

- 4. DSX Standards

Thei INX is a imanu ial cross-conineil poitit to interconnect
lie I)MI sigiials in a central office It is a cenitralized

locat ion for t est I ng. In a]ItIe 11a itce. ani circuit
Z, 600C LONG TWISTS rearrangemient for these I)S1 signals In order to,

SHARE SPACE &..--~ administer thee- fiinctiotis. the 1)"X ha.' become a w~ell

- '-' fidocumened and st aniihard(Iized iiitvrface The
requiiremienits stipulate that ill signals ont the D)S\ mnust

~~ meet the D) X plse tetipllate. &,s shown in Figure 7.
- Therefore, t tie transmission properties of both the 6(XX'

and 12v) caliles are designed to deliver the outpjut of the

r.-DS) eiquipmntit) the I)SX so that the signal tmeets the
l)MX pulse t -inplate Figure S depicts how the DSX pltse

124 SHRTTWITStemiplate measurements %cre performed In all test cases
1249 ~ ~ SOTTIS(various t vpes oif eqiiiptiei over various lengths of bothI

REMAIN SEPARATED (.Able,). te Pulse delivered to the IM Met the templ-ate

Figure 9 show~s ty' pical pulse shapes measured at the l)SX
for hothI cables Additional information regarding the
I)SX. its uses. atid test miethiods can be founid iti
Rteferenices I anit 2

FIGURE 5. EFFECT OF TWIST LENGTH
ON SPATIAL SEPARATION
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so 600C (able

1249 Cable 1.0

PULSE MUST FIT
60 WITHIN SHADED AREA

0. 0.5.
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.10 0 I

0 250 500 750 1000 1250
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0 ____________FIGURE 7. DSX PULSE TEMPLATE
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DSI
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A., one wouliid ec't . t lre is a taxituii C:1bling1 d istlaicwe IEIIE.\'( 'E.'
froni the eipmii~iient to t he P)SX ovcer "fiti tbhe piilse. will

riet t he temiplat e. F'or 600)C cables. t Iiis miaximnum I Bell (Commttunicat ion Rlesearch TIechniical Advisory

dist ance is 6.55', or 31 1i1 of loss at 772 kllz. To account for TA-NI'L,-000320. "Fundauewit al Generic Requ iremnits

the maximum possibile reflect ion loss of 0.4 dit at the and Design C'onsiderat ions for Met alliv D~igital Signal

interface between equipment cabled with different cabtles, ('ross-cotitect Systems DSXl I. IC -2. -3." Issue 2.

this maximum distance for 1211) cable is 450'. or 2.6 (ill of Septetmbler 1986.

loss at 72 klz. ATokT ('oliipatibilit ' Bulletin No 119,

.At first glance. the lenigt h liniitatin for 12-19 cabtle ..Ititerconniection 'Specificat ion fo r I) ig it al I(ross-

appears severe. However, a stud : of the 1985 cetitral Connects." Issue 3. October. 1979.

office cabling shows thIa t oiver 99 ( of thie cable runis are 3. "Standard I' -PIV( TFerin at itng Cable, Spec ificat ion

under 15('. anid ti fact, over 96"1 are ktnter 25ff. Figure L-7S049 I". issue I. AT&Tvi Bell Laboratories, July I.
10 shows the dist ribut ion of cable lengths For t hose few195
cases, where cable runs do exceed .0.~ the 600C cable

should be used. 4. Wiebster. G. II., "Material Savings by Designtiti
Exchange an(I Trutn k Telephone Catble", 197.1

Seve ral tinit ial a pp licatiotis havce beeni installed using 12-19 Internat ion al Wire and ('able Symposium Proceedings.
cable betviwe 1)-'1 equ i pmen t and thle l)SX All syst ems ppt . 222-225.

lmv eroriolwihotprlfen. WaIt er C'. Johnusoti. Tea os toimsionc Li ne~s and vsetworks

(New York: \lCraw-lHill. 1950).
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FIGURE 10. EQUIPMENT TO DSX CABLE

5. Sumary 
LENGTH DISTRIBUTION

Laboratory tests and field ex perie'n ce sitow thai t (lie 26 Michael L.. Fuller jondA.' iten tao oie. inWhpay

gauge 12-19 cable niay lie used in place (if the 22 gauge New Jersey tit 1981 as a Mlembter of Technical Staff. Ilis

600C cable from 1)51 equipmtent to the I)SX wthen cable responsibtilities included physical design atid systenis design of

lengths are less than 450'. The reduced size of tue 12.19 copper interconinection equipment In 14R6 he Moved to tits

cable helps relieves the cabling congest ion problems tit current 1,osit iii in Atlanta %here tits responsibilities have

1)51 equipminen t and the DSX InclIuded h-Oet mi, isire aiid cale dctesigni Before joi tinig A TA T
1,11 Laboratouirs hei rel-i his itS and MS ti Eniiniet-riiig
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ABSTRACT

Carrying out a single measurement at a fixed

Measurinq the characteristic impedance of a frequency no problems are to be seen, while in

twisted pair in a larger frequency range, its a larger frequency range the magnitude of the

magnitude shows remarkable oscillating characteristic impedance shows strong

behaviour in the frequency region where the oscillatory behaviour periodic with frequency.

length of the cable is a whole nimrber multiple This indicates that a large error will be

of a quarter of the wavelength. Obviously, obtained in the critical frequency range. To

there will be a larger error in the results, overcome this problem the behaviour will be

Treasured at a single frequency in this region. analysed and a procedure given which allows to

This experimentally found effect has been calculate error corrected values ZO  for

explained by the occurence of an additional arbitrary frequencies.

error current. Based on experimental and

theoretical results a procedure has been

deve loped and implenented on a computer

controlled neasurement system which gives error 2. MASURIW, PRINCIPLE AND RESULTS

corrected values for the characteristic

rridance for arbitrary frequencies. In a two wire system symmetrical to ground two

modes can propagate independently, the odd or

1. signal mode and the even =ode 1 . The

characteristic impedances relate the voltages

For carrier frequency application of twisted and the currents of each node. They are in

pair cables it is important to take impedance general different for each mode of propa-

matching into account. To be able to do this it gation. As symmetrical cables are generally

is necessary to know the relevant characteris- driven in the balanced node w are interested
in the oid-node characteristic imp0edance.

tic impedance. Since twisted pair cables are

normally driven in the balanced mode, the add-

node (or signal node) characteristic impedance Povidinq a symmetrical cable the input

has to be measured. This will usually be done impedance will be symmetrical, too, for any

by neasuring the input-impedances of the cable symmetrical load. Thus, connecting the two

with open and short circuit end and calculating wires to the test port of an impedance meter,

the value of the wanted characteristic without connecting the shield of the cable to

Lmedance. Modern impedance measuring devices ground will ensure the only excitation of the

with an autobalancing bridge allow high odd node, independent of the voltages of the

precision riqedance measurement and offer the test port to ground. With the cable terminated

with open and short circuits two input
p5s4ibieitiiy of coputer controlledi systoee.
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II Iedances Zsort and I i WL11 be

obtained, and the characteristic inoedance Z, I 45C

ray be calculated by Z Z,'

22-

885 8  
8 8 8 9

iZo I Fig. 2. Input inpedances for the cable of
Io! Fig. 1, with short circuit (Zshort) and open
70 - \. circuit end (Zopen).

160 _______________________
50 00 50 200 IkHZI 250 300 2. The rrextmusn of Zshort and the minimum of

Fig. 1. Characteristic impedance of a Zopen occur at Considerable different

frequencies, while from theory they are
twis sued ir, 1 52expected to be at almost the sane frequency
a) treasured values (shifting sate Hz).

b) error corrected values according

to chapter 4.
3. ANALYSIS

Plotting the Tagnitude of the characteristic To analyse the reason for this reasuring result

impedance over a large frequency range, an described above, we have to look more closely

oscillatory behaviour will be observed, which to the reasuring principle and the environmrent

occures periodic in frequency, Fig. L. Taking of the device under test (UTr). The principle

additionally the curves of Zshort and Zopen of the bridge measurerent, Fig. 3 denands, that

into account, which are given in Fig. 2 for the the test signal current 11 is exactly equal

frequency range of the first oscillation of at all points in the closed loop measuring

Fig. 1 the following conclusions can be drawn: circuit. If the D117 has no return path to

ground, this condition will be ret. In case of

1. The oscillations occur in the frequency a cable as neasuring object its shield has to

range where the length of the cable is an be isolated frcom the treasuring circuit. Doing

integer nultiple of a quarter of the this, the only excitation of the wanted odd

wavelength, i.e. mode will be ensured.

DUT Pr

1 /} =n/4, n=1,2,3 .....

u1 Null

detector

Thus, this frequency range depends on cable

parareters as well as on length and can not be

predicted in advance. Fig. 3. Bridge rTeasurerrent principle.
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Due to the large extension of a reeled up where i indicates the resulting normalized

cable, there will be a remarkable coupling to error current, f is the propagation constant

the surrounding environment. It has been found and I the length of the cable. in a similar way

experinentally, that the optained measurement we obtain the expression

results depend on the grounding condition

corresponding to the location, which may for

instance be a stone or a steel floor in the

factory. Increasing the coupling to ground J !.'

weakly by a connection of the cable shield and

Ground with a resistor of some kOhm showed

additionally that high values of the input

impedance changed while low values remained for the line with short circuit end.

unaffected.

Fig. 4 shows the calculated results of the

The conductive and capacitive connection to input impedances for realistic cable para-

ground will cause a small excitation of the meters, assuming a small error current effect.

even mode in the cable, which results in It is to be seen that the minimum and maximum

different currents in the conductors of the of the input impedances are shifted, in agree-

pair and an additional leakage current flowing ent with experiments, (see Fig. 2). Further-

from the cable shield to the measurement more, the error current only influences high

ground. Thus, the above mentioned condition for values of the input impedance, while it lets

correct ineasurement is violated. low values unaffected, as described for the

experimental behaviour above.

For a further analysis let us consider the

followinq basical theoretical model. We assume,

that the distributed effect of leakage current

will finally result in a small error current dI

superposed on the correct current in the near

end of the cable. The input impedance for the Zorn Z son Z shor

open ending line can then be written as

(I:1 17 zi ," 1650

1. " "c': 2,2

87 88 89 90 IkHz] 91 f 1-92

and transformed into Fig. 4. C~ilculated input impedances for

short circuit and open circuit cable, with

(curve a) and without (curve b) error current

7 -7 (imax = 0,012). Cable parameters
R" = 55 Ohim/km, L' = 0,9 ni/kin,

C' = 32 nF/kin, G' = 0, 1 uS/km.

I = 520 m.
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Calculating the charateristic impedance by With the above obtained results, error

eq. (1) from these input impedances, finally correction will proceed as follows

gives the curve in Fig. 5 showing the

oscillating behaviour.
1. Measuring the input inpedances

for cable open and slyort circuited

in a certain frequency range with

180 smll frequency steps.

Z 2. From these measured values calcu-

[l] a lating the frequencies fc where the

170 - condition eq. (5) holds.

b
3. Calculating the characteristic

impedances by eq. (1) for the fre-
160-

quencies fc.

- 1 4. With the results of point 3.
calculating the parameters A and B

Fig. 5 Calculated characteristic impedance, of the function

with (a) and without (b) error current. (Same

parameters as Fig. 4).

4. ERROR CORRECTION PRXEDUR

To correct the measurenent error, it is

necessary to obtain a curve corresponding to which approxiinates the correct behaviour of the

curve b in Fig. 5 from the measured results. magnitude of ZO  by the method of least

squares. Having abtained A and B of eq. (6) it

Fran Fig. 5 it is to be seen, that the measured is possible to calculate the characteristic

curve and the correct one coincide in certain impedance for any desired frequency within the

points. Measuring at these frequencies, the measured frequency range.

values will be correct. Corparing with the

theoretical results for the input impedances,

it turns out that the above mentioned points of A computer controlled measurement system has

coincidence occur for frequencies, where been used to implement the measurement

procedure described above. The system consists

of an autCratic impedance meter, a computer and

a printer. A user oriented program has been

written that carries out all the measurements

and calculations automatically and gives the

characteristic impedance for the desired

frequency.

holds.

International Wire & Cable Symposium Proceedings 1987 507



Fig. I shows a plot of measured raw

values (curve a) and error corrected

values (curve b), while the user my choose, to

print out only the numerical values for the

desired frequencies.

COANCLUSION

When reasuring the characteristic inedance

with an inedance meter directly, wrong values

will be obtained in periodic frequency ranges. Roland Hoffmann studied at the University of

These errors have been found to be caused by Bochumi, West Germany, and received the Diplom

additional currents from cabel shield to degree in 1975 and the Dr.-Ing. degree in 1982

ground, which violate the bridge measurement both in Electrical Engineering. From 1976 to

condition. in error correction procedure based 1985 he was a Research and Teaching Assistent

on experimental and theoretical results has at the Institut of High Frequency in Bochan

neen implemented on a computer controllei where he worked on microwave theory and easu-

measurement system. ring technique. Since 1985 he has been with
Philips Konnunikations Industrie AG in Cologne,
where he is engaged in the developr nt of cable

Teasurinq equiprTent.
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ULTRAFINE COAXIAl. CALE FOR HIGH SPEED TRANSMISSION

K.Yokoi , S.Satoh and A.Mori

Sumitomo Electric Industries Ltd.

Tochigi . Japan

Summary componentsand then reduced the siue which maintaining

This paper describes the properties and features of the balance between the cable and the connectors. For

ultrafine high speed coaxial cable developed for use the cable.we used the highly expanded irradiated

in digital signal transmission. Recentlyacconding to polyotefin insulationand combined this with new SMB

office automation through the introduction of LAN, connectors. As a result,we were able to develop

complicated and larKe-sc'al, networks have been emerging. miniature coaxial cables for high speed signal

As a result.maintaining space for wiring and the transmission with a external diameter of approximately

appearance of the cables can be serious prblems. 50% and an overall space factor of approximately 30%

To solve th.s,. problems.we have developed ultrafine of th e provious product. We named this new product

coaxial cable with a velocity prpagat ion f "Interface Coaxial Seri&" and have started marketing it.

oipproximat,Iy X5% .4' ir and a c mpac? SMB fonn,tor.

whic'h haw, gr,at ly impr ved the spae faMtor and

,external app.,arance. AIso.,, d ' ign this new producl, 2. lonventional coaxial cable and its design policy

we have intr,du,,d waveform analysis by computer 2-1 Types and pperties-of coaxial cable

simulation. We believe this simulkl in will lbe very Conventional coaxial cables used for industrial

useful for the design of other transmiin l in . wiring are usually devided into three types according

to characteristic impedance, which is the most important

,lectrical properties. Between computers and surrounding

equipment such as display terminals.RG-62A/U coaxial
In nroduct ion

Coaxial cab' is widely used in diKit;il signal cable with 932 characteristic impedance and air space

transmission lines. The appl i'at ions of this cable dielectric for low copacitance is most widely used.

have increased in recent years as the pace of office Recently.509 and 759 cables have been required for

automation has accelerated through the inrluction of increased signal rates, and it is expected that the

IAN. With these developmentsattention has been focused demand for these cables will steadily grow in the

on such problems as the space required for wiring and future. We initially selected representative

the effect on office appearance. To solve these conventional cables from each impedance category andstartedfdevelopinginewamiiaturechighosseedecoaxia

problems, it has become necessary to develop cable with started developing new miniature high speed coaxial

greatly reduced size. Firstly, to develop this cable, it cables that ret:ined the other impotant properties of

was necessary to clearly identify the requirements of existing products. Construction and properties of

the cable. Because coaxial cable was originally conventional cables are shown in Table]. These cable

can be defined is intermediate cables from a viewpointdesigned for use in analog transmissi.this task was
not a simple one. Thus~with the objective of analy,,ing of external diameter. For these cables, it is common to

the responsiveness of the cable in digital signal use BNC type connectors with a diameter of approximately

transmission.we developed and introduced a computer 15mm Photo.I shows its appearance. For reference.the

simulation for waveform analysis. To reduce the size of ratio of connector diameter to cable diameter is about

the cablewe first considered all of the wiring 2.4-3.0 and the overall appearance of the cable and the

connector is poor.
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Table] Construction and properties of representative conventional cables

Characteristic Impedance 93Q 502Q 7'R2

Name RG-62A/U RG-58C/U RG-59B/11
Itern -

SInner terial Copper clad Tinned annealed Copper clad

Insatio steel vire copper wire steel wireCodc or Nr.O.D. 0643 0.900 0.584

I ateria PE string - PE PE

NoR..D. 3.71 2.87 3.67
Outer Material Annealed copper Tinned annealed Annealed copper

Conductor hire single Braild copper wire Wire single Braid

-__] _ - - single Braid

, o 0... 4.51 3.51 4.47

Sheath Material P.V.C. (Black)
No.O.D. 6.15 1 495 6.15

h Weight (Kg/Km) 52.65 37.66 55.75

Conductor Resistance -o,. 14 No. 60 - Mon. 176

- __ ( / oop.Km) . .

,Z Dielectric Strength(ACV/1.in)- 3000 5000 7000

lVCharacteristic -Impedance (_i ) 95 t 5 - 50 ± 2 , 75-± 3

. Velocity -of Propagation i M-in 82 Min 64 Min 64

rOlAttenuation Constant (dB/K) mos. 190 mon. 340 No.. 250
(at 400M,1) - --

,Capacitance pFm ), Now. 44.3 Nos. 93.5 ion. 68.9

Crosstalk (at 20MHz) (dB) . .. ..

Connector i BNC BNC - BNC

li Connector diameter 2.44 3.03 2 2.44

_ _ __ /cable diameterj - -

t PE Polyethylene

2-2 Design considerations

Our main objective was to reduce cable diameter.but

extreme miniaturization was not practical because the

reduced mechanical strength of the cable would probably

result in damage during installation. Moreover total

balance of cable and connector size is an important

factor for office appearance.

From these viewpoints.we finally decided to develop new

miniature coaxial cable with an external diameter of

approximatelG 50% of conventional products.

Photo. 1

External appearance of conventional cable
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3. Design of miniature high speed coaxial cables nnrii(2 Cr:ralptofn

Conventional coaxial cables were originally developed H( (oelR( a)) jXlt Cni imaginary part

for high frequency analog transmission. Through of Cn

understanding of the frequency characteristic of the iw:raPrto

carrier wave, it is relat ively easy to predict their 11 (

output waveform. Because~in analog transmission. (w:iaiayPr

several signals are generally Put on one carr~er wave. of H((,)I

However, it is very compl icaited to Predict the output

waveform oif digital signal due to its mixed signal of Any transmission line is a Passive circuit because the

various sinusoidal waves. Very little work has been Primary constants (RI[.G) are all represented by real

done in the field of digital transmission analysis. numbers. For this reason.Cr and Riho) become even an

Usually practicail estimations are performed to confirm function aind ri and X)) become an odd function.

the iropert ies of transmission lines. The estimation Therefore, equat ion) can be transformed as fol low,

tr on.e cable can* t be applied to any other case so the

whole pro,ure has b-en extremely inefficient. This g Itt I =(:rR (0) -27 Cnr R (n',, Icesl i, t) -X~n -Is in Ins, t

Pppr des-cribos an analytical system for digital -2Cni RInwt Isinlnu, tI.Kinu, h'osni, tf

signal trinsmissin by vomiswter sims (at in.

we can actually Palculate glt ) from equat ioni11
3

)

,)-I Transm issin line, and II wivo',

A cabtle rii can be defined as a linear ajnd tin,' 3-2 Simulat ion Procedure

instant system. The transfer mechanism in a The digital signal f~t) can be approximately

transmission lint, i'. s imp)ly dfescribed as shown in de'u'ri bod by a t rapeo idal waveform as shown in Fig. 2.

Fig. I. Provided that the digital input f Itt is a

Peri-ti- a.touftput gitl -an ho described by fit)
V1

VI n f -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

fit I L (yCn ''
-R

whr- 4undamenta I angula atfreien-y TTero

In zoomp (cx fourier cee i ent. R rise time (0-100%)

1: fall time. (0-l00%)
Cn and K ins, ) as expressed in the above equat ions are W Pulke width (upper widt h)

both complex and can be devided as fol lows: ~'Fourier transform

_ Cable circuit '

Transfe
Input E__ fucto O___utputI

-inverse 50 I

Fourier Fourier n 1 Z 4 5 F

.transform transform 2 (, 2

Fig.] Transfer mechanism of cable circuit +1

Fig.2 Pulse waveform
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m I_ I_ I i ! Im ,, , •, , _ , ,

The equivalent circuit of a transmission line is shown wave.errors between their evaluations are about 5%.

in Fig.3 and the transfer function is defined as follow. We can say that this simulation is accurate enough for

H w)=V (o)/g (4) most applications.

From equation (4) and Fig.3, we can introduce the nextequation.Table2 Coparision between actual masureent and
computer simulation

2Z(w) "Sample Interface coaxial cable

Z ( )vZ W ) 1 e " c )e Item 502111

( actual 'ns 15.51
Where e(c)

- (
l 

- °(  
(reflection cofficient) Td simulation ns 15.52

d ifference% 0.06

actual ns 550.0

Vp-p simulation ns 572.0

- - difference % 4.0

. , 2 e= Zo2- •

3-3 Other design considerations

In addition to the previous considerations.shilding
Zo absolute value of o (Characteristic Impedance) effectiveness is expected to become more important in

angle of Zo the future. Even though several method for estimating

r propagation conxtant (per unit length) shielding efft, iveness have already been announ(ed,

a attenuation constant a conclusive one has not been found yet.. In this case,
t = phase constant we selected crosstalk and surfase transfer impedance/ lord impecance for the evaluation of shielding effectiveness.

source impedance

I cable length

nPut voltage

output voltage 4. The properties of nevproduts

Fig.3l Equivalent circui or transmission line Construction and properties of representative of our

"interface coaxial cable" are shown in Table3. Photo.2

shows external appearance of these new products.
To obtain the output wave g(t) from the input wave Characteristic impedance (Zol.attenuation constant(a)

f(t).following processes are necessary, and phase const.ant(O) of component No.502101 are

(I calculation of Cn from fit) by Fourier Transform. shown in Fig.7. By selecting highly expanded

(2) calculation of H1(w) from transfer properties irradiated polyolefin insulationwe have achieved the

(Z .i,) and external circuit. parameters. desired reduet ion of the external diameter.

f3) multiplication of Cn and Hie,) As a resultwe were able to develop new coaxial

(41 calculation of git) by inverse FF1f cables with an external diameter of 56-70% and a space

(Fast Fourier Transform) factor of 32-49% of conventional cables. However the

These processes are schematically described in Fig.4. outer conductor described in Table3 is a double

ks shown in Fig.4.our simulation program can be devided shielded construction composed of aluminized polyester

into several important blocks and the main feature of tape and tinned annealed copper wire braidwe can

this simulation is that the precision of the produce a cable with a shield composed of annealed

calculation logic can be verified in erch block. copper wire braid. Customers can selected the

preferable one by considering use conditions.

Actual and simulated waveform are shown in Fig.5 and Differences between the single and double shielded

Fig.6. Values of actual measurement and computer constructions are shown in Fig.8 and Fig. 9. When we

simulation are described in Table2. Regarding Vp-p(peak decided the cable constructions.we paid much attention

to peak of the voltage) and Trlrise time) of the output to the size and the properties of a connector,
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(inp'ut method) [block of Input wve

C oil uI t iion lom!c) -4

or

C-taI meas1-urement -4calculation Ca from NOt

block of transFer function

(input metod) -block of cable Properties I d"cision of frequency

QcaI - i- -c I Zo. 0 . a .l bo3

or 2 D.C. renistnnce 2 calculation of IMln.')

acta Lvcnburem >4t)-L cable length

block of external circute

I lord Impedance block of Ff1_
2 source impedance I calculation of C,,Hn'

2 calculation of inverse

FFT

block of outut an

12 Plot

2 *easaremeot

Figi4 Block chart for simulation

050. 202Om 0. 0002a 0.00

1 ______--------------------

~~.. qiut waveforo'

zc.mnr 52C. z -t 20. S01un a-a O 328Qn
Z.v ma 720 Pa ajn 2j.04 ::it a- 10 -2:.la -i-

RM P 58an-120 na~ 0.,-n 2.0 isn. .

-50. 202 0.200 aO 50. O00=.

-~------L.~.L- otput waveform aftvr

- ! ~ L ! ~i ffi driving Of 100M cablo

On. 1 2100.0 analtadlm a 4880 -a1to
flao7 1 10.3 na/410 0.1.y -0. 00200
20 .a5.aCan 0 21 _av C.,d 49 u. a711n

01. !* 1 . m Width 20. 240 ~a -Wdth -24.030
Pil r.- I1. 070 na Pa.,mt -12.090 a-.jt. 0-aas- 12. 52 ano.
P-- V.1t. 50.02 amolt. 0040 vaits s24.2 a aita 0.tila 50.061 0

Fig.5 Actual pulse waveform
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Formed bv Fount: Tranform

SVoltV M. --- Input Wave

- Output Wave

, r ------- input

, output

I t

Z4.725 (nS, Oivt

Rcsister=50 (Ohm)

Lengch =1OO (m)

Fig.5 Pulse waveform by computer simulation Photo.2
Interface coaxial cable and connectors

Table3 Construction and properties of int,'face( ('oaxial cables

Characteristic Impedance 93t , 50Q- 75Q

Component Ho., 932601 502101 752201

Item

Inner Material Tinned annealed Annealed Annealed

Conductor 1 copper wire copper wire copper wire _

N-m.0 D 0.404 0.900 - 0.600

S irradiated polyolefin polyolef in

polyolefin
-Hom. .D. 2.25 2.25 2.60

Outer Material Alminized polyester tape and single Braid of 0.1

Conductor - 0.12 * tinned annealed copper wire

Nos.0.D. 2.85 80 3.30
Sheath Material P.V.C.(Black-Gray)

,o,.O.D. _ 3.45 - - 3.45 4520
Weight (Kg/Km) 12.78 18.45 23.08

Conductor Resistance Hom. 166 HNom. 74 Nom. 79

S(K2/loop'Km)

Dielectric Strength (ACV/lmin)- 1000

Characteristic Impedance ( -- 93 -5 50 ± 2 75 ± 3

Velocity of propagation (%) Min. 87 - Min. 80 Min. 80

Attenuation Constant (dB/Km) Non. 260 Nom. 340 Not. 250

- - (at 400MH,)

-- Capacitance (pF/m) Non. 44.3 Mon. 93.5 Horn. 68.9

Crosstaik (at 20MHz,) (dB) Max -70
Connector SMR SMB SMB

Connector diameter 1.74 1.74 1.43

SWeigtht - - 024 0.49 0.43

Ratio of external diameter 0.56 0.70 0.68

i= Space Factor ' 0.32 0.49 - 0.47

i Conventional cable RG-62A/U RG-58C/I) RG-59B/U
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We finally selected a compact SHB connector 
because -15of

its external diameter is less than 50% of conventional 
Samole2l

- --O .-. Sarper3)

BNC connectors. Also,it has a good 
appearance with the -10 

P-a/i'

interface coaxial cable and it is easily handled as a

"push-on" type. -W.r

This interface coaxial cable is most appropriate for

use as a digital signal transmission linewhich thE -. ,

length is less than l00m and the signaling rate is -70

less than 50Mbps. In addition to above use.this cable 
-

may be used as a patch cable for measuring equipment 
-50).

and communication products where the benefit of 
small -40i

size and light weight are important. 
30l

-2OF cable length lom

5. Conclusion oi

C10K 10OK IM ICM ICCM

Previous approaches to reduce the size of wiring 
FrequencylHz

systems have considered only the cable or the Name N/F

connector. By designing the cable and the connector 
as Sample(2) 932601 (Double shielded) NEXT

Sample13) 932211 (Single shielded) NEXT

a total systemwe have developed components that are Freq Sampte(2) Samoje(3) Freq. Sample12) Samole(3)

totally compatible and that can be mated with existing .MHz) _Val. Val. IMHZI Val -aW
.3100 -121.4 -122.0 4.20 -11.9 -8.3

equipment. .22CC -125.7 -122.6 5.0CO -132.3 -117.1
.0400 -121.2 -119.0 6.30co -19.5 -;16.3

Finallythere were few examples of evaluation of .07CC -1182 -120.1 7.000 -130.1 -117.1
.1000 -120.3 -122. .30CC -130.0 -102.9

digital signal transmission because of inadequate 
.20co -120.3 -120.3 9.30CC -12.5 -;02.1

measuring equipment. Our simulation system has reached .3000 -122.9 -129.2 1ooo -126.3 -108.3
.4000 -123.3 -127.6 20.000 -130.2 -86.1

the level of practical use. Nowwe are proceeding to .5000 -123,7 -125.3 3C
.
3Co -101.5 -104.3

.6000 -123.7 -124.7 40.0C -!00.2 -86.4

develop this simulation for application for more 
.7c0C -122.3 -122.. 50.000 O-105.3 -69.1

complex circuits. We will be able to recommend most .8CCO -122,1 -121.3 00.C000 -102.3 -89.7
.900 -120.3 -121.2 70.0000 -103.1 -84,2

suitable design for cable as a wiring component of I.0000 -119.3 -120.7 0.00O -102.0 -104.3
2.0000 -'12.3 -118.1 90.0000 -101.4 -107.5

large-scale network systems. 3.3000 -105.3 -116.3 100.0000 -106.0 -101.2
Fig.8 Crosstalk characteristic of interface coaxial

cable

(Z.) 3) * * UNBALANCE * *

100r  E 100r I0000r 002101 11 ml

0 o 90r" ITO 100 MHz

80 [0i 86-11-20 23"C
f Z. " .3

S70 1000 MHz ohm dB/km rad/km

1 0 5C 1.0 52.0 13.2 26.1

0 40- 2.0 50.9 20.9 55.4

. V loot 4.0 49.9 32.7 109.0
S'30 7.2 49.3 45.2 188.9

, 0 20 10.0 48.6 54.6 268.4

<0 lC0 20.0 49.0 78.5 552.1

10 100 1 10 100 40.0 48.0 113.3 1080.0

Frequency (MHz) Freouency(MHz) Frequency(MHz) 100.0 50.6 184.1 2696.1'

Fig.7 Properties of interface coaxial cable
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Singe shel~(50211)Shizuyoshj Satoh

'9 1000Sumitomo Electric
]Go lndustries,Ltd.

0 3-3,Satsuki-cho,

Kanuma-city.

~ sneioai~uiuuTochigi-prefecture

9 Japan

0.1 Shizuyoshi Satoh finished the electric engineering

course of Tsuyama Technical College in 1968. Hie then
0.01joined Sumitomo Electric Industries,LTd. ,and engaged

in development and design of plastic cables. 14r.satoh
0.OOni is nov Senior EngineerEngineering section,

OQK WO0K I M lom loom
Frequency (Hz) Electronics Wire Division.

*SAMPLE* * MIN VALUE *
NAME 50210Of 502111 8.35OmOHM/M
LENGTH 0.4 7 M 20.000 MHz
RESIS 68 OHM

Fig.9 Surface transfer impedance of interface

coaxial cable

~~iir ~ Akinori M~ori

Sumitomo Electric

Industries.Ltd.

3-3,Satsuki-cho,
Kiyonori Yokoi vKnm-iy
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Industries.td.
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Tochigi-prefecture joined Sumitomo Electric Industries.I.Td. ,and engaged
Japan in development and design of Plastic cables. Nr.Hori

is now Manager,Engineering Section.Electronics Wire
Kiyonori Yokoi received his B.S. degree in electric Division.
engineering from Keio university in 1985. He then
joined Sumitomo Electric lndustries.,Td. and engaged
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CROSSTALK AND SHIELD PERFORMANCE SPECIFICATIONS

FOR ALUMINUM FOIL SHIELDED TWISTED PAIR CABLE (MIL-C-49285)

James A. Krabec

Belden Technical Research Center
Geneva, IL

these evaluations is placed on the test methods

ABSTRACT and requirements that were specified in the then
newly released CR-CS document (1984). Therefore

Statistical results for balanced mode near-end the data presented in this paper is focused on
and far-end crosstalk measurements are presented results from these test methods.
for individually aluminum foil shielded twisted
pair cables. Results are shown to demonstrate The CR-CS crosstalk test is conducted on
an inherent wide variation in performance from adjacent cable pairs in a balanced configuration
pair to pair. These results are compared to using a sample length of 150 feet. The require-
measurements on common axis (parallel) pairs. ment currently gives only worst case limits for
Data is presented to support higher frequency near-end and far-end crosstalk at 40 KHz, 70
(above 1 MHz) test requirements for shielded KHz, 100 KHz, and 1000 KHz. These crosstalk
pair crosstalk specifications. Measurements measurements were made on more than twenty cable
for shielding effectiveness of these cable constructions. The results show a large pair to
designs are presented using the SEEDS fixture pair variation, similar to those found for
test method proposed for MIL-C-49285. The unshielded telephone cables, making the assign-
method is discussed and results are interpreted ment of minimum values difficult.
in terms of the shield transfer impedance.

The shielding requirement in CR-CS calls for a
* SEED is a registered trademark of Cooper SEED test with minimum limits for nine

Industries. frequencies between 0.1 MHz to 30 MHz plus one
limit at 100 MHz. During the study, this test

INTRODUCTION was conducted on samples that had defects
intentionally introduced in the shield to see if

Aluminum foil shielded twisted pair cables have performance changes were observable. These
enjoyed wide acceptance in both U.S. military results are shown along with results of a
and industrial applications for over 20 years. similar evaluation using an absorbing clamp test

This high degree of acceptance has been possible method. More than thirty cable constructions
because there has essentially been a single were evaluated using the SEED test method.
supplier of this cable type. U.S. patent Above 20 MHz, a data range of more than 20 dB is
protection of the design and high quality cable found for different shielded pair designs and an
manufacturing practices have ensured a steady explanation is provided through consideration of
supply of cable for U.S. military usage without the shield transfer impedance.
the need for costly Mil Spec paperwork and QPL
procedures. In a post-patent protection era, CROSSTALK
however, purchase documents and Mil Specs are
required to ensure a reliable supply of cable Cable Designs
product from the cable industry.

The cable typ,!s subjected to crosstalk are

This paper reports on the work undertaken to described in Table I. Each pair has a foil wrap
develop new shielding and crosstalk specifi- consisting o a lamination of 0.00033 inch
cations for aluminum foil shielded twisted pair aluminum and 0.0005 inch polyester. The wrap is
cables. The specifications are currently applied with the edges folded to isolate the two
embodied in a U.S. government purchase document laminated la:*ers. Cable types A through E
CR-CS-0099-O00 (CR-CS), and will appear in consist of standard twisted shielded pairs which
MIL-C-49285 in the near future. These are are wrapped with the foil facing inward. In
important parameters for the evaluation of cable these constructions, the pairs are cabled in
performance and quality, but they can be layers with each layer having the same lay
difficult to measure and specify. During the length; thus the position of a pair is main-
past two years, crosstalk and shielding measure- tained along the cable. Cable types A, B, and C

ments have been conducted on these types of comprise a family of different pair count
cable designs to assist in the development of constructions as shown. The last two cables
the government specifications. The emphasis in described in Table 1, types F and G, are common
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TABLE I - bescr:;, ior, of itipair Cables

F- - WIRE INSULATION TYPE, DKAIN NO. OF PAIR LAY Ci-CS

TYPE AWG THICKNESS (inches) AWG IA:RS finches) F;CATO

A 22(1) PVC, .013 22(i) 3,6,9, 1.75 0:2 , (': . C2
11,15 OC& , l

B 22(7) PP, .010 2r(7) 3,6.9,11, 1.75 C12U.0 I".. . .
12,15,19,27 02 1 ,.'.'5.0151

24(7) Foam PE, .023 2-(16) 3,6,9, 1.75 025,03EC.7

15,19,27 03cCL-,023

D 18(16) PP, .016 20(26) 9 2.0 006

E 20(10) PP, .013 22(16) 15 1.75 025

F 22(7) PP, .008 22(16) 2 1.5 013

G 22(7) PP, .008 24(7) 1.25 020

axis designs. Here the pairs are twisted around
a common center, but are not twisted around each APPLIED
,ther. In type F, the foil is facing outward VOLTAGE DRIVEN PAIR -
and a common drain wire is used. The type CT
design has the foil facing inward with indi- j- -50n
vidual drain wires for each pair. (These
designs are detailed in CR-CS and the approp- L -
riate slash sheet code is shown in the table.) INDUCED

VOLTAGE RECEPTOR PAIR

Test Method ] C n

Both near-end and far-end crosstalk tests were _

performed; the near-end test set-up is dia-
grammed in Figure 1. Figure I - Test configuration for

near-end crosstalk measurement.
According to the CR-CS method, a voltage signal
is applied to one cable pait; and the induced Table 2 presents the mean crosstalk values and
voltage on an adjacent pair is monitored. The
crosstalk value is then expressed as the ratio standard deviations for the 19 pair type C

of the induced to the applied voltage, in dB.
The other pair shields within the cable are at 40 KHz, 70 KHz, 100 KHz, and 1000 KHz, for

The the pai sheld witin he cbleareboth near-end CNEXT) and far-end crosstalk
grounded at the input end during the test. A bEt Te mEsuemnt areen toshava

Hewlett-Packard 3577A Network Analyzer was used (FEXT). The measurements are seen to have a

to generate the input signal and to detect the f reque ialso ot that th NE an FE
coupled signal on the adjacent pair. frequencies. Also notice that the NE and FE
Couplr-tped s a foters- d acen pi pvalues are essentially equivalent for the first
Center-tapped transformers - baluns - providedthefrqncstsed Tissexceda

the balanced load for the cable pairs. This was frequenc eseent wher is expcte at

chosen to be 100 ohms for the type C cable frequency measurements where L<k11O. At 1000
constructions and 50 ohms for all the others, to KHz, L-A/5 for this shielded pair design and a
costmutcts csmall difference in the two crosstalk values is
best match the characteristic impedance of the osre ee

shielded pair. The crosstalk data was stored on

computer files for later statistical
evaluations. Table 2 - Crosstalk data for Iq pair Type C

Cable - 216 Pairs Tested
Measurements m = mean value

s 
= 

std. dev.
Many different adjacent pair crosstalk values
ca, be measured on multipair cables. A fifteen NEXT(dP) FEXT(dB)
pair (11 @ 4) cable design has 23 such combi- Freq. (KHz) m s m s
nations of driven and receptor pairs. Our
testing was structured to evaluate all possible 40 96,1 9,4 96.2 9.6
combinations on three cable samples taken from a 70 91.5 9.4 91.4 9.4
single manufacturing lot. Following this, a 100 88.8 9.3 88.9 9.4
second manufacturing lot was tested in the same 1000 83.6 8.0 86.1 10.2
way.
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Figure 2 shows histograms corresponding to the

NEXT data given in Table 2, so that the data f 1000 kHz
distributions can be seen clearly. The values
are broadly dispersed with a shape that
resembles a normal probability distribution.

Table 3 shows the same NEXT data, at 100 MHz,
broken down into pair groups within the 12 07 6 C f 100 kHz
I cable design and the two production lots. The
crosstalk values and standard deviations ari d -

reasonably consistent from group to group ard
lot to lot.

Table 3 - S .i:csca: Data for NENT : 1 0 fHz
i' lair p Cable kH

Lo t Lot 2 3oth Lots
!'air h7U777p6 n S 711 S M7 S

Sc.! .1 85.4. 9.7 85.7 .9 = 40

" 4, ,2.S 13.2 88.3 7.3 90.4 13.8

-120 -10 -100 -90 -80 -
'2ie1

9iner 9').O 89. 9.5 .-9.- 1) NEXT (dB)

A'! Grouns 59.S1.3 87.3 8 .5 83.8 9.3 Fio!uru 2 - Data distributions for
216 NEXT measurements on 19 pair

type C cable.
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Table 4 presents the mean crosstalk values and measured was I1.1 and the minimum was 7.4).
standard deviations for the rest of the cables Data histograms and pair group breakdowns for
in the study. Among the standard twisted pair these standard twisted pair designs were
designs, the results for types D and E along reviewed, and behaved quite similar to those
with the composite values for types A and B are already presented.
very similar. These are all 50 ohm cable
designs. The composite result for the type C The common axis designs, types F and G, have a
cable, which is a 100 ohm design, shows a 5 to 8 much poorer mean crosstalk performance than the
dB improvement in crosstalk values. Individual standard twisted pair cables. Specifically, the

results for cables within the type B and C crosstalk values are from 35 dB to 50 dB worse.
families show an approximate 7 dB range in The increase in crosstalk illustrates the
crosstalk values over the frequencies tested, significance of using twisted pairs to reduce
while the type A family had a narrower 4 dB inductive coupling. For these designs, the
range. Whether this is caused by statistical standard deviations are measured to be about 2
chance or relates to the cable design is to 3 times smaller than those discussed above.
difficult to determine because of the large
standard deviations. However, no consistency is Discussion
noticeable between pair count and relative
performance among all three family groups. Given the data in Table 4, how should the
Standard deviations are seen to generally fall crosstalk performance be specified for these
in the 8 to 1D dB range noted above. (For the cable designs? It seems that the mean values
composite type A, B, and C data plus the data and standard deviations can be defined, within
for D and E, the maximum standard deviation limits, when a reasonable sample size is

measured. However, it is the minimum crosstalk
value that is required in the CR-CS document.
To estimate this minimum value, the statistical
distribution curve that describes the data must
be known. This requires an extensive data base.
With only limited measurements available for the
CR-CS designs, the mean and standard deviation
crosstalk results might be better suited for
specificati. values.

In addition to describing performance, a specifi-
cation value is used in monitoring the quality
of a manufactured product. Figure 3 shows

X- " ,average NEXT and FEXT values for two unshielded

and two shielded pair cables over a .01 KHz to
20 MHz frequency range. Above 100 KHz, a

substantial difference in periormance is
-.. ............. observed between the two types of designs. If

- an additional higher frequency requirement was
added to the specification, it would increase

the probability that manufacturing defects in
the shield would be detected. In Figure 4, note

-- h-dd that the magnitude of the standard deviation
Un.,hie lded -_s does not change at higher frequency, so the
pair cable, problem of specifying a value remains.

27 pir t"pc B

19 pair type C

SHIELDING
Cable Designs

--The cables tested for shielding effectiveness

included designs previously tested for crosstalk
(Table I) plus eleven single pair foil shielded

cables. Details of these single pair cables are
Figure 3 - Mean values of given in Table 5. The foil wraps are the same

NEFXT (top) and FEXT (bottom) type as those used on the multipair designs, but

for unshielded pair cables and they are applied with the foils facing outward.
shielded pair cables.
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Defects such as gaps in the tape cause a degra-
dation in the shield performance. From transfer

mean values plus impedance analysis, the defects increase the
one standard deviation magnitude of the inductive coupling which

affects the higher frequency performance. Since
p. the requirements are set primarily in the .1 MHz

to 30 MHz frequency range, tests were conducted
on the SEED fixture to examine if changes in
measurements could be observed after introducing

-I known defects into the shield. For comparison,
Lsimilar measurements were made at higher

mean values frequencies using an absorbing clamp method.
5

These results will be discussed shortly.

Before presenting the results, several obser-
+ vations must be made about the CR-CS SEED

method. First, the test involves measuring
multipair cables that must be disassembled to

retrieve an unprotected foil shielded pair. The

Figure 4 - Statistical results pair is then further handled in terminating and

for FEXT data, 27 pair type B cable. testing. During these processes, the potential
for unpredictable variations is high.

Second, the terminations are part of the system
Test Method being tested along with the shielded pair.

These are not conventional terminations and
The method cited in the CR-CS specification is careful preparation and hand assembly is
based on measurements using a SEED fixture, required. During the evaluations, termination
This is a quadraxial test method for measuring problems were discovered only after careful
shield performance. A schematic diagram of the review of the resulting data. Finally, the
test is shown in Figure 5. result of the SEED measurement must be distin-

guished from the actual performance of the
The test sample is obtained by removing a shield construction being tested. Figure 6
shielded pair from the original cable. This shows a typical measurement obtained with the
pair is cut to a 38 inch length. The two SEED test. The measured values degrade approxi-
conductors are then shorted at both ends, BNC mately 40 dB across the frequency span 0.1 MHz
connectors are applied, and a 50 ohm load is to 10 MHz. However, the transfer impedance
attached at the far end. After forming this characteristic across the same span is known to
coa-:ial configuration, the sample is inserted be approximately flat. Thus transfer impedance
into the fixture. The test is conducted by indicates little change in performance while the
applying a signal to the sample and measuring CR-CS SEED test shows a 40 dB reduction. These
the signal that is coupled to the fixture. The results make sense when it is realized that the
voltage ratio of the fixture signal to the input shield under test is the resistive element of an
signal, in dB, represents the shield perform-
ance. Further details are available in [l1 and
f21. Again, two manufacturing lots were tested
in the cable evaluations.

T i - lh, ript oi , Si:igl, Pair Caibles

I 1r"1, Aisl t ion Ty m, 1l' r i it PAi r ILay

(.y - r:s \Wli; 31 I;HIs lHh A1,G inl.b' a.

' I 1 11E. o1 11h7.

'}7 ~ ~~~~ 2l p, JO J11.75

201 C uIn ']7

1I 7I '17 1 ( n
"1n i. ' I. .I''3' iP{' I..

2o '1 1 1) )PE, , 3-1 1I I
02 7 A 17 N ., AtI, ".4,7) .

'1 1 7 1k I In C. -)1J 7 Inr naC.Ion 1 C
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SEED OUTER CONDUCTOR (4) open circuited stub which is excited to
resonance as the frequency increases. The true

SEED I C T shielding performance is obscured by thisSEED INNER CONDUCTOR (3) V inherent fixture resonance, thus the measured

values should be regarded as relative numbers
CABLE SHIELD (2) only.

CONDUCTORS () The tests for sensitivity to defects were
T (conducted on the 010 cable listed in Table 5.

In the tests, radial slots - 1/16 inch x 3600 -
Figure 5 - Schematic diagram were made in the foil shield and samples were

of CR-CS SEED test. tested after each increment of damage.
Distinctive changes are seen for both test
methods, as shown in Table 6. The absorbing
clamp data, measured on a 10 ft. cable length.77i ' changed about 3 dB after one slot was

iL, introduced. After one slot, frequency dependent
. .. ,changes from 2 to 9 dB occurred in the SEED

test. Both tests had larger changes as the
number of detects increased. This behavior

', I; I / iillindicatesathat the SEED test ,isosensitive to the

intentional shield degradation over the tested
frequency range.

Figure 6 - SEED measurement ,I
the 030 cable in Table 5.

Table n - Data 'IIasured Alter lntroducing Slot Defects
into the Foil Shield (%luas in IdB)

C(R-CS SEED 'IEST lDS AliSORING CLA11l' TEST

No. ot Slots No. of Slots_

f 0IHZ 0 1 3 f(11}1z) 1 1 3 5

b5 Ot 104 l03 101 10 43 41 3b 33

1 1 00 97 9t 0 4 3o 32 29

3 85 82 80 78 300 41 37 32 30

Io 79 7n 7- 71 400 17 3o 28

1 75 72 70 b7

20 72 9 ot t3

25 9 b5 62 5)

30 t7 o2 5 8

100 52 43 39 34
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lable 7- 18R-C'S0SE7' ir*.t l~esults, M'ealn Valu,. ,I Mh.asurb,ns ',3p7

No. ot F requec' (Mile

Type Saeples .1 .5 1 0 1 20 05 30 4I

001 12 122.8 ('7.8 101 8.9 79.0 ::.w 68.0 63.2 59.2 3H.2

007 22 119.2 107.4 11).8 87.5 82.9 8.5 78.q 77.0 74..6 54.2

010 12 119.2 1O6.7 IO. . 85.' 80.2 76.9 7"4.4 '1 .8 69.4 5:.6

011 12 121.7 105.7 99.4 84.7 78.2 73.6 69.2 65., 61,7 44.1

((14 24 119.7 108.6 102.4 8A.8 81.8 70.. 7(1.8 '5.6 61.8 41.4

019 24 120.0 107 .0 1),1. , 8.( 79.7 70.2 '1.1 , .) 63.1 45.3

02h 12 18A.8 105.9 qQ.7 80.5 69.3 61l.' 56.7 51.8 4R.0 37,.0C

027 i2 118.8 1I)s.0 99.5 85.1 80.2 76.7 77.7 68.8 63.6 0.1 ,

7)0 12 121.2 107.0 ( Ii.0 86.9 80.7 76.'' 71 .q 67.4 t3.3 42.5

031 20 117.8 104.5 97.9 82. 1 75.0 6t. f 5.2 6 .9 57.1 39.9

032 12 120.2 104.9 98.1 81., 75.3 ,18.. 63.7 1 5 .9 54.7 38. 3

Al 1"A" 62 120.6 11r. 5 103.4 47 .2 85.? 79.4 74.4 6.5 65.3 .4.5

(Std. 1te atij s, d6) (1.4) (I.4( ((.4) 32.4) (2.11 (1.8) (1.f) (1.6) (1.1)

A118" 95 12 1.00 1. 4 l .( 92.0 87.8 83.1 76.1 73.3 69.1 .8.3

(Std. d-isl .s , 0.87 (1.0) (1.1) (16) (2.7.) i.1. ') (7t 1.) (1.f6) (1. 3)

All"' 76 119.4 11,7.9 102.F 88.5 81.5 75.8 70.7 t.I 61.2 43.9

(Std. deviations, d8) (1.4) (1.3) (1.51 71.9) (2.1) (2.i 1 .) 2.0) (2.1)

Measurements Based upon known behavior of the transfer

Table 7 gives results of the shield performance impedance of the shield designs, an explanation

measurements. Note that the mean values for the can be provided for the larger range in the high

foil shielded pair cables have a performance frequency results noted above. All of the foils

range extending over 20 dB at the highest on the shielded pair samples tested are spirally

frequencies measured. Standard deviations were applied. Although other factors contribute, the

generally between I to 2 dB. Values for the tape wrap angle of a spirally applied shield is

standard deviations are shown in Table 7 for usually the dominant factor controlling the

tests among the multipair cable families. transfer impedance value above 10 MHz. A larger
wrap angle results in a higher (therefore

Work done by Simons3 is helpful in understanding poorer) transfer impedance value. In Figure 8,

the data behavior. He presented an equivalent EED results at 30 MHz and I00 MHz are plotted

circuit of the SEED fixture analyzed in terms of as a function of tape wrap angle used in the

the transfer impedance (Zt) and capacitive cable design. The data show a good correlation

coupling impedance (Zf) of the shield under to tle known dependence of shielding on tape

test. From this circuit, Zt can be calculated angle.

from SEED test data assuming that Zt>> Zf which
should be reasonable for this design. This is
shown in Figure 7. Converting the data to Zt
aided in evaluating the quality of the SEED
results as they were being accumulated.
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~--p--~-r--------Discussion
SFor these shield designs, the data show that tile

SEED fixture test provides performance compari-

CR-CS SEE.D Test Sample 1sons that measure a relative shield effective-
r rom 12 pair type B cabl ness. In addition, the data range which repre-

sents variances for both the test method and the
cable itself, is reasonable for random sample
testing. Therefore meaningful limit values

using this test can be assigned in a cable
specification, as long as they are determined in

accordance with the specific design of the cable

shi eld.

Regarding the observations about this test
method discussed above, problems in terminating
cables for the test can be controlled and the

......... specification itself should qualify the limit

values as relative numbers only. The concern
about dissecting multipair cables and handling
unjacketed pairs is still valid however. It

seems that alternative methods, such as
I .absorbing clamp or antenna tests, could be

developed to test individually shielded multi-
. ... pair cables with their jackets intact.

CONCLUSION

", . . Test methods and requirements for shielding and
- crosstalk measurements are difficult criteria to

,. specify. A minimum value crosstalk requirement
_____ .* for these designs, as it currently appears in

the CR-CS purchase specification, is not a well

defined number from available data. The shield

test method using the SEED fixture, does not
Vi.ture 7 - Trin,:t.r i ;:1Vd'An- (urve give a true indication of the shield effective-

(bttom) . iulited irom m-asured ness performance. However, it can be used as a

SEED v.ilues (top). relative determination of the shield integrity.
It is hoped that this paper stimulates more work
on characterizing foil shielded pair cable in

these areas.
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OPERATING HISTORY OF LIGHTWAVE SYSTEMS

IN THE REA TELEPHONE PROGRAM

WILLIAM 0. GRANT

Rural Electrification Administration

U.S. Department of Agriculture

To date, eighty 'PO' individual lightwave

t-3rsTission systems "ave been constructed under
te D!i' Electrification Administration (REA General Discussion

Telephore Program. Collectini and analyzing
opl'tina. data on this experience may improve the The survey mechanism utilized REA field

toc'nical pe-formancP, reliability, transmission personnel, and recognized the additional worP load

raparity, or cost effectiveness of future lightwave that would be imposed on both these people, and the
nrojects. already overburdened operating company staffs. To

minimize the intrusion, the questionnaire was

With this otjective, REA generated a designed to maximize check-off type responses.

luestionnaire and circulated it throughout REA Simplification in this manner did encourage
s'stems which had lightwave facilities in participation in the program, but it also reduced
operation. the sophistication of the responses.

This paper reports on this activity and The deficiencies of the questionnaire are
presents the data collected, along with some evidenced in the number of written-in comments

conclusions drawn from the general experience with received, and in the fact that some of the

lightwave technology, responses were difficult to reconcile. Of course,
if the questions had been less specific, the result
may have been even more ambiguous responses. It is

The Program important that the limitations of the program be
recognized.

The 1 ightwave study program was intended to
identify, if possible, patterns of system failure First, this is not a very broad data base.

or deficiencies in individual system elements.
It was not denigned to grade or evaluate particular Second, many of these systems have been in

system designs, nor does it address the cost place for three years and more. Some of these

effectiveness of individual installations, earlier installations employed embryonic materials
and equipment. It is reasonable to assume that

One objective, for example, was to determine later generations of equipment would exhibit a

if optical fibers evidenced a higher probability of higher level of reliability. A case in point could

failure than opto-electronic terminal units, such certainly he made for laser light sources.

as transmitters or receivers. Given information of
this nature, it may he possible to reexamine system Third, there is the subtle factor of

configurations as well as individual equipment and experience. Many of the construction and testing

materials, and perhaps improve system reliability techniques have been improved since some of these

or performance, or reduce system costs. systems were built. For most of the operating
companies involved, these installations could be

The basic unit for reporting purposes was classified as pilot programs, and subsequent

denoted a "system", which was defined as any efforts would undouhtedly be accomplished more

complete facility that provides electrical efficiently and effectively. A case in point here

transmission capability between two discrete might be in fiber splicing operations.

terminals. A system includes digital multiplexers,
opto-electronic terminal equipments such as The data is presented as actually reported

transmitters and receivers, and the interconnecting without adjustment. Although it does have some

optical fibers, value in identifying those elements of a lightwave
system which are most susceptible to failure, it

Under this definition, a system may include may have questionable merit as a basis for

intermediate regenerative repeaters, and an statistical analysis or prediction.

individual REA operating company may report on more
than one lightave system.
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Report Structure Ev31uti3-tinQ the _PgPorted' 'i

Any liightwave system can logically be divided The stuly program was intended to -,, ne thp

into three basic elements which dre the digital reliability of lightwavw transn'ss ion ,cIc ;t;es1
multiplex terminal equipment, the opto-electronic The questionnaire does report on thr op rt n

terminal equipment, and the inter-connecting experience with a wide variety of eqipm,,nt ,ut it

optical fibers themselves. This distinction was also refl cts, perhaps unavoia v , t.

maintained throughout the study and in this report, inexperience of the system operators as qol1.

The report is presented in four parts. A good example was the case of si 'r' reports

of optical fiber connector failure that were
. Equipment and Cable Failure Analysis eventually traced to a sinole connector, which h,

been reinstalled five (5) times, ever after being
?. System Failure Analysis initially identified to be faulty. Accepting the

original data without question might lead to the
3. Service Protection Analysis conclusion that all optical connectors are much

less reliable than they actually have been
a. Reported Data demonstrated to be by the total operating

experience, and the probability of drawing an
Anomalous Reported Data erroneous conclusion is increased w'hen the data

base is limited. In this particular instance, one
Several systems with higher transmission data could certainly argue that only one connector

rates were id entified as not equipped with failure is statistically significant.
protection switching. Some of these were 135 Mb/s
instl'lations, ara inquiry revealed that these Ideally, the data should be reviewe,' fo

r

systems utili zed alternate cable routes as a unusual or irrational items, and 'ach such case
protective mecharism, should be inlividually investigated. An inlormed

judgement could then be made qual ifyin the actual

One system reported six '6) single fiber data that is applied in analysis or statistical
failures correlated with six '6' apparently related development, hut introducing any .lement nf

service interruptions. Inquiry identi 'od the root Judgement could he taken as inval dot n, the data
cause to be one 'I' optical fber connector which, itself.
after beinq initially identi fied as faulty, was
reinsti lle five '5 more tines. In this program, the process o' eviljatieg tee

reported dta presented only i !iinted nucher of
Twelve (l?l protection switch operations options, none of whi:h was entirely sat sf~ctr?,.

reported 'y one system did not correlate with other
reported failures in this system. Inquiry revealed 1. All data car accepted as reporte' without
that a single circuit board in the protection qualification.
switchinq sensing and control unit had been
identified as faulty. Due to a lacP of maintenance . Data cou'd be qial'fied by adjusting
spares, this faulty unit was simply reinstalled a irrational reports on the basis of explainak!e
number of times, resulting in a multiplicity of aromal is.

anomalous switch operations.
I. Widely variant reports could hr discarded

An apparent discrepancy was noted in one entirely, at the same time discarding an equal
report which showed more service inte-ruptions than number of trouhle free reports.
protection switch operations. This may be
possible, but appears somewhat improtable. In the balance of this report, all data is as

reported, and presentations are developed using

There were a number of reports that were unadjusted data. In some instances, however, some

difficult to accept or reconcile, and several analysis is presented even though it may, in our

logical subjects for further investigation were judgement, have questionable value. All such cases

identified. Unfortunately, the limited manpower are identified, and they have been included

and resources at our disposal, do not permit a primarily to suggest a methodology for a more

thorough follow up on all of these. We did meaningful analysis of more authoritative data,

initiate further inquiries on the more obvious should such become available at a later date, from

cases, and this effort is continuing, annther program.

Although the limitations of our resources for With this in mind, we offer separate

this effort are readily apparent, perhaps this discussion of each of the three major elements of

report may present a point of departure for further the report: Equipment and Cable Failure Analysis,
studies by others. We would be happy to cooperate System Failure Analysis, and Service Protection

with anyone undertaking such an activity. Analysis.
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Equipment and Cable Failure Analysis

Total Number of Systems Reporting ................................. 79

Total Number of Working Optical Cables ............................ 79
Number of Total Cable Failures .............................. 18
Percent of Working Cables Experiencing Total Failure ........ 22.8%

Total Number of Optical Cable Mil:s ............................... 1,182
Number of Total Cable Failures ............................... 18
Average Cable Miles per Total Cable Failure .................. 65.7

Total Number of Working Optical Fibers ............................. 284
Number of Single Fiber Failures (incl. splices) .............. 14
Percent of Working Fibers Experiencing Failure ............... 4.9%

Total Number of Optical Terminal Units (TX and RX) .................. 568

Number of Optical Terminal Unit Failures ...................... 45
Percent of Optical Units Experiencing Failure ................. 7.9%

Total Number of Digital MUX Units ................................... 284
Number of Digital MUX Unit Failures ........................... 14
Percent of Digital MUX Experiencing Failure ................... 4.9%

Equipment Failures Correlated to Data Rate

Optical Units Number Working Number Failed Percent Failed

under 45 Mb/s 28 13 461
45 Mb/s 360 23 6.4%

90 Mb/s 36 8 22%

135 Mb/s 144 1 .7%

Digital Units Number Working Number Failed Percent Failed

under 45 Mb/s 8 6 75%

45 Mb/s 176 5 2.8%

90 Mb/s 36 2 5.6%

135 Mb/s 64 1 1.67

Although we have presentea the reported data
correlated to transmission data rate, we strongly O inal Adjusted
discount the value of this correlation. It would Total # of Woreing Opt. Fibers 284 284

appear fromr the correlation, thit hoth optical 0 of Single Fiber Failures 14 9
termina

1  
inits w,,d digital multiplex equipments Y of Fibers Experiencing Failure 4. 3.2,

which are operating at lower data rates, are
substnt4ally Iess reliable than the same types of This change, which is arguably permissable,

rqu pennt operatinn at higher data rates, makes a significant difference in the review of the
study results.

Note the fact, however, that there were only
,our 1Ow dita rate systems reported on. A data Whether or not the data is adjusted in some

1,asp this small is easily distorted, and two of manner, the analysis of Equipment and Cable

these low data rate systems were clearly identified Failures clearly shows a significantly higher

as presenting misleading information. In addition, failure probability for optical terminal units than

one system that reported ' optical unit failures, for either digital multiplexers, or the optical

had bep n service for 5 years. This may well fibers themselves.

have been an example of infant mortal ity in optical
equipment, since some of these units must have been Note the reported number of total cable
early product developments, failures. T1.is data references disruptions that

resulted in complete loss of continuity of all
Although we do not endorse any treatment or optical fibers. This would be a cable

qualification of the reported data, it might te iadvertantly cut by excavations, aerial cable
usefuil to d,'monstrate the impaCt of any such destroyed by fire, etc. In such catastrophic
alterations. If we adjusted the reported data from failures, protection switched system configurations
the one syst em whirh had 6 sinqle fiber failures offer no improvement in service relaibility at all
reported dun to only one faulty fiber connector, to if the redur',nt fibers are located under the same
show only ov- singlo fiber failure, then the cable sheat as the working fibers they are
anl!yss woUld 1-e cofrcted as follows: intended to p cect.
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System Failure Analysis

Total Number of Systems Reporting ............................. 79 systems

Total Miles of Working Optical Cable .......................... 1,182 miles
Average Cable Miles per Reporting System ...................... 14.95 miles
Total In-Service Operating Time Reported ...................... 1,302 months
Average In-Service Time per Reporting System .................. 16.5 months

Transmission Data Rate Distribution

Data Rate Number of Systems Percent of Total Systems

under 45 Mb/s 4 5.01%
45 Mb/s 50 63.29%
90 Mb/s 9 11.39%

135 Mb/s 16 20.25%

Total Number of Systems Protection Switched Equipped .......... 63
Percent of Total Systems Protection Equipped .................. 79.74%

Total Number of Protection Switch Operations Experienced ...... 76

Number of Systems Experiencing Protection Switching ..... 27
Percent of Protected Systems Experiencing Switching ..... 42.86%

Total Number of Traffic Interruptions Experienced ............. 48

Number of Systems Experiencing Interruption ............. 21

Percent of Systems Experiencing Interruption ........... 26.58%

Total Number of Optical Unit Failures (TX or RX) .............. 45
Number of Systems Experiencing Optical Failure .......... 21

Percent of Total Systems Experiencing Optical Failure... 26.581

Total Number of Digital M'JX Unit Failures ..................... 15
Number of Systems Experiencing MUX Failure .............. 9
Percent of Total Systems Experiencing MUX Failure ....... 11.39%

Total Number of Single Optical Fiber Failures ................. 14
Number of Systems Experiencing Single Fiber Failure ..... 9
Percent of Total Systems Experiencing Fiber Failure ..... 11.39%

Total Number of Total Cable Failures Experienced .............. is

Number of Systems Experiencing Total Cable Failure ...... 14

ercent of Total Systems Experiencing Cable Failure ..... 17.72%

Although tle distribution of reporting Systems There were a total of 76 switch operations
isApreseted corelaedi totrasion ta rte, reported, an(! 70 may he accounted for in the first

is presented correlated to transmission data rate, four items above. The remaining 6 are explained by
we did not attemp to relate individual system the
failures to data rate, fur the reasons discussed report discussed earlier, where a circuit card,
earlier in our comments on the Equipment and Cable known to be faulty, was reinstalled several times.

Failure Analysis portion of the report. The distribution of Service Interruptions

It is reasonable to expect that protection showed one system reporting i, interruptions, and

switch operations would be initiated primarily by two other syitems reporting 6 each. Thus 21 of the

only five conditions, and these are: total 4P events )44 percent) were incurred in only
three (4 percent) of the total systems reporting.

Initiating Event # of Operations % of Operations
The ratio of optical unit failures to the

!. Opt. Unit Fail. 34 4 failures experienced in both single fibers, and in
digital multiplex units, reinforces the earlier

?. Digital Unit Fail. 15 207 evidence that optical units present a significantly
lower level of reliability then the other two

3. Single Fiber Fail. 7 91 system elements.

4. Total Cable Fail. 14 !8% Note that 15 percent of the systems
experienced a total cable fai'ure, and these appear

5. Prot. Switch Fail. 6 87 to hr randomly distributed also, w4th only one
system reporting 3 events.
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Service Protection Analysis

Service Protected Not Protected

Total Number of Systems Reporting........... 63 16
Total Number of Service Interruptions ....... 26 22
Number of Total Cable Failures .............. 14 4

Number of Systems in Service ................ 63 16

Number Experiencing Interruption ............ 16 7
Percent Experiencing Interruption ........... 251 43T

Number of Systems in Service ................ 63 16
Number Experiencing Total Cable Failure ..... 12 2
Percent Experiencing Total Cable Failure .... 19t 13

Although one objective of the program was to The operational history of these installations
compare protection switched system reliability would still be included in the earlier Equipment
directly with unprotected facilities, the results and Systems Failure Analysis sheets, and no
are by no means conclusive. One might have correction is necessary in those presentations, but
expected, for example, that in protection switched ceitainly the discrepancy we note would have a
Systems, very few service interruptions would occur significant impact on any conclusions that might be
unless total cable failures were experienced. The drawn from this analysis.
protection configuration provides redundant fibers
and terminal equipments specifically to avoid Note that the very Small number of systems
outages due to single element failures, and the that were constructed without service protection
probability of concurrent element failures seems switching presents too small a base for any
remote. meaningful analysis.

E amination of the data, however, shows l7
s2rvice interruptions in protected facilities in Although considerable expense was incurrel far
the corplot' absence of any total cable failure at redundant facilities and equipment in the r!
all. This is surprising, and suggests a possible protected installations, totil cable failures
flaw either in tit' questions asked, or in the completely negated any protection in I? 'lq
responses mad'. percent1 of these same systems, and 4 of them 17

percent) experienced no service irterruptions. )f
Another ef ciency of the stu(y s I ev in the 4 protected systems, I f percent

the Serv c Protoetion Analysis sheet. The data experienced no protection switch operation at all.

indicates t" at in a total of 1r unprotected
systems, 7 systems experienced a service
ntprrupt~on, which is 4 percent of the total
urprotected installations. Note, however, that a
total Of 70 of these events fService Interruptions) Summary
wete ncurred in only 5 of the systems.

The limited size of the data base, as well as
Investigation revealed that these 5 systems the ambiguities in same responses, suggest caution

all utilized alternative cable routed transmission in drawing firm conclusions from this report.
Iinks as a service protecting facility. What is Nevertheless, there is some usable data to be

unclear from the data is just how these paralleling extracted, and some general conclusions that are

facilities were configured at the terminal ends. supported.
It is quite possible that service interruptions
have been reported for these individual There is evidence of significantly lower

transmission links, when no actual disruption of reliability in opto-electronic units than in either
traffic continuity through the protecting of the other two system elements. The study does
(paralleling) alternate cable was introduced at suggest that the three system elements do not, in

all. If this were so, the analysis should have fact, evidence the same probability of failure.

produced the following:
Regarding the lower reliability of the opto-

Original Corrected electronic units, we initially considered trying to
identify the light sources by type, that is, as LED

0 o
f 

Sys. in Service 16 II or laser units, so that we might compare service
life, hut there were too few LED's in service in

# Experiencing Ser. Inter. 7 2 the test systems to provide a meaningful data base.

T Lxperiencing Ser. Inter. 43% It
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Conventional service protection configurations
provide backup for all three system elements In general, REA experience with this

Ifibers, digital equipment, and optical terminalsi terhnology has been excellent. Although most 9'

equally, without regard for their individual the operating companies within the REA program ar-

probability of failure. This design approach is relatively small and limited in staff size, we Lnow

almost universally applied regardless of the of none that have had any serious difficulty in

trcffic density, service priority, or revenue constructing optical systems or in maintiin~ng

potentials of the application involved, them. The problems we are focusing on now are not

really technical at al, hut are primarily direct-li
There are practical technical alternatives, at implementing more cost effective designs.

however, such as parallel independent systems with
traffic divided equally across both. Perhaps we The questionnaire responses have been include

ought to reexamine the entire question of service in this paper so that interested readers may make

protection, particularly in lower traffic density, their own analysis, and draw their own

shorter length systems. conclusions. We invite discussion on th, subject,
and would be most interested in any simflar sties

One significant fact brought out by the study done by others.

is the high incidence of complete failure of the
interconnecting optical cables. Failures of this
type far exceeded any other single contributing
cause of system disruption.

This suggests that an effort be made at
analyzing all reported total cable failures. If
any pattern coull be identified, say a higher
percentage of problems near road crossings, just
for example, then perhaps special protective
measures could be discriminately taken to improve

mechanical cable protection in those areas. It
might even he possible to provide alternate cable
routing for short, selected portions of a cable
run, if those short portions could he identified as
presenting higher exposure to failure.

We are pursuing this further, hut Our
experience with conventional cable plant in the
rural environment suggests that cable disruptions

arp naturally random in nature, and we are not
optimistic that any useful patterns can actually be
identified.

Perhaps the report serves best simply as a
presentation of the worst case performance to be
expected from systems constructed with state of the
art equipment and techniques available today. It
seems reasonable to assume that new systems will
perform up to these levels at a minimum, and may
well present a higher degree of operating
reliability than the questionnaire responses
indicate.

Overall, lightwave systems have evidenced a
remarkably high level of operating reliability, William 0. Grant is a Communications Specialist

while requiring a minimum of maintenance. This in in the Transmissicn Branch, Telecommunications
itself presents a unique problem that the study Staff Division, of the Rural Electrification

program exposed. One question that was asked of Administration, United States Department of
all participants was if they had a scheduled Agriculture, in Washington, D.C.
program to exercise protection switching
capabilities, when systems were so equipped. It

was suspected that few system operators actually
did exercise this feature on a regular basis, and
this suspicion verified by the responses received.
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REPORTED DATA I of 2

The REA Questionnaire

Question 1: How many months has the system been in regular service?

Question 2: What is the transmission data rate in Mb/s?

Question 3: How many regenerative repeaters are there in the system?

Question 4: Is the system equipped for service protection switching?

Question 5: How many protection switch operations have occurred?

Question 6: How many times has traffic been interrupted?

Question 7: How many opto-electronic units (TX or RX) have failed?

Question 8: How many digital MUX units have failed?

Question 9: How many single fiber disruptions have occurred?

Question 10: How many total cable disruptions have occurred?

Sys. Cable Questions
No. Miles #1 #2 #3 #4 #5 #6 #7 #8 #9 #10

19 6 45 0 N 0 0 0 0 0 0
2 15 24 90 0 N 0 1 1 0 0 0

3 29 6 45 0 Y 0 I 0 0 0 0
4 P i8 45 0 Y 0 0 0 0 0 0

5 15 !2 45 0 Y I 1 0 1 0 0
6 10 18 45 0 Y 0 0 0 0 0 0
7 13 13 45 0 Y 1 1 3 0 0 1
8 13 30 12 0 Y 6 9 6 6 0 0

9 16 6 45 0 Y 0 0 0 0 0 0
10 21 12 41 0 Y 0 0 0 0 1 0

11 17 12 45 0 Y 0 0 0 0 0 0
12 16 12 45 0 Y 0 0 0 0 0 0

13 26 12 45 0 Y 0 0 1 0 0 0
14 14 18 45 0 Y 0 0 1 0 0 0
15 22 18 45 0 Y 0 0 0 0 0 0
15 15 18 45 0 Y 0 0 1 0 0 0
17 11 30 45 0 Y 1 0 1 0 0 0
18 3 30 6 0 Y 2 0 2 0 0 0

19 4 6 90 0 Y 0 0 0 0 0 0
20 1 60 1.5 0 Y 5 0 5 0 0 0
21 17 6 90 0 Y 0 0 0 0 0 0

22 12 6 90 0 Y 1 0 0 0 0 0
23 10 6 90 0 Y 0 0 0 0 0 0
24 5 6 45 0 Y 1 I 1 0 0 1
25 26 60 45 0 N 0 6 3 0 0 3
26 17 is 45 0 Y I 2 1 0 0 0
27 11 36 16 0 N 0 6 0 0 6 0

28 7 12 45 0 Y 0 0 0 0 0 0

29 14 30 135 0 Y 0 0 0 0 0 0
30 19 36 90 1 Y 12 2 0 1 1 2

31 7 54 45 1 Y 4 0 3 0 0 0

32 20 5 :35 0 Y 0 0 0 0 0 0

33 6 12 45 0 Y 0 0 0 0 0 0

34 8 12 45 0 Y 0 0 0 0 0 0

35 8 12 45 0 Y 1 0 0 0 0 0

36 7 24 45 0 Y 2 0 0 0 0 0

37 19 18 135 0 Y 3 1 0 0 0 0

38 29 30 135 0 Y 3 1 0 0 1 0
39 18 6 45 0 Y 3 1 1 1 0 1

40 21 5 135 0 Y 1 0 0 0 0 0
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REPORTED DATA 2 of 2

Sys. Cable questions
No. Miles #1 #2 #3 #4 #5 #6 #7 #8 #9 #10
T 0 30 5 - 0 Y 5 0 2 0 1 2
42 11 30 45 0 Y 4 0 1 1 0 1
43 21 24 135 0 Y 5 3 1 1 1 1
44 15 24 45 0 Y 2 1 0 0 1 0
45 6 24 45 0 Y 1 0 0 0 0 0
46 3 24 45 0 Y 2 0 0 0 0 0
47 4 6 45 0 Y 3 1 1 0 0 1
48 7 24 45 0 Y 4 0 2 2 0 0
49 13 6 45 0 Y 0 0 0 0 0 0
50 6 6 45 0 Y 0 1 0 0 0 0
51 11 6 45 0 Y 0 0 0 0 0 0
52 17 6 90 0 Y 0 0 0 1 0 0
53 6 12 135 0 Y 0 0 0 0 0 0
54 60 12 135 0 Y 0 0 0 0 0 0
55 23 12 135 0 1 0 0 0 0 0 0
56 11 6 135 0 Y 0 0 0 0 0 0
57 II 18 45 0 Y 1 0 0 1 0 0
58 10 30 45 0 Y 0 0 0 0 1 1
59 10 30 90 0 Y 0 0 0 0 0 1
60 11 18 45 0 Y 0 0 0 0 0 1
61 12 6 45 0 Y 0 0 0 0 0 0
62 I 6 45 0 N 0 0 0 0 D 0
63 7 6 45 0 N 0 0 0 0 0 0
64 10 6 45 0 N 0 0 0 0 0 0
65 7 6 45 0 N 0 0 0 0 0 0
66 11 6 45 0 N 0 0 0 0 0 0
67 14 6 45 0 N 0 0 0 0 0 0
68 !3 6 45 0 N 0 0 0 0 0 0
69 29 12 135 9 Y 0 0 0 0 0 0
70 15 18 135 0 Y 1 0 0 0 0 1
71 2 12 135 0 Y 0 0 0 0 0 0
72 18 6 45 0 Y 0 0 1 0 0 0
73 29 6 45 0 Y 0 0 0 0 0 0
74 13 6 45 0 N 0 0 0 0 0 0
75 5 6 45 0 Y 0 0 0 0 0 0
76 36 24 90 0 N 0 3 7 0 0 0
77 33 18 135 0 N 0 2 0 0 1 1
78 26 18 135 0 N 0 2 0 0 0 0
79 23 12 135 0 N 0 2 0 0 0 0

Totals 2 16 N 76 48 - s --T
1,182 63 Y
miles 1,302

mnths 4 under 45 Mb/s
50 - 45 Mb/s
9 - 90 Mb/s

16 - 135 Mb/s
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FIBER OPTIC SUBSCRIBER NET'WORKS USING 85/125 FIBERS

3.P. BOINET* - M. de VECC"IS* - J.P. BONICEL** - J.P. BREGEON

*LES CABLES DE LYON - BP 309 - 92111 CLICHY CEDEX - FRANCE
**LES CABLES OF LYON - HP 7153 - 69344 LYON CEDEX 07 - FRANCE

***DIRECTION GENERALE DES TELECOMML#UICATIONS - RUE DE LA CALERA 34035 MONTPELLIER - FRANCE

ABSTRACT
In a first step of installation, 5 subscribers are

The installation of large subscriber networks is now in connected to the 5 fibers on the drop terminal. In a
progress is various French cities, second step it is possible to connect 5 more
They correspond to a large program of introduction of subscribers by inserting frequency demultiplexers. 10
optical fiber networks, mainly offering cable TV subscribers are then connected to a drop terminal and
services. Orders received today are for L20.Ono each fiber is shared by 2 subscribers : one uses the 850
subscribers, corresponding to a total amount of about nm window and the second uses the 13O nm window.
100.(300 km of fibres. Due to system considerations, The complete range of services (including future
the 85/125 fiber is used. The influence on the cable extensions) delivered to one subscriber is carried on
design is discussed, considering mainly the microbending one wavelength window of a fiber, that determines the
sensitivity of the fiber. Cable structure has been adapted hand width of the fiber.
to the particular characteristics of urban distribution
French networks : short lengths of cable are laid in small
ducts. A reverse helix slotted core structure has been
selected with a modularity of 5 or 10 fibers depending I
on the fiber count comprised between 5 and 210. The
accessories used with these cables and adapted to their
structure are described : termination frames, splice LS
boxes including description of splicing procedure, drop -

terminals.
Installation procedures are also dpscribed : It is very
important to minimize wastes of cable during layinq and
to optimize the configuration of the cable network.A
computer aided design system has been developped for D

that purpose. It gives the exact total need for each type DiS - smSUrs

of cable which is used for production planning. CENTER

1. INTRnI)JCTID N

The installation of large subscriber networks using .
optical fibers is now in progress in various French cities ,
and some networks are now installed and operated for " [.
cable TV services distribution. A joint venture has been
established between Alcatel CIT and Les CAbles de Lyor S. SPLICE
to deliver turn-key systems and has received to day L- - --- - - -

orders for 1420 000 subscribers corresponding to a total Figure I
amount of more than 100.000 km of fibers. The system
installed is a star network using 85/125 fibers to improve 3. FIRFR
light injection and in order to use LCD as light sources
for a maxi mum length of 1.1 km. As it has been said above, the fiber used is a 851125

one. The selejtion of fiber parameters comes from a
system analysis to meet the power budget and band

2. CONFIGURATTIN OF THF DITRIRLJTION width requirements. The main characteristics of the
NFTW-RK fiber are :

The figure 1 shows a typical configuration of the Core diameter 85 * 5 tm
distribution network. A distribution center can serve 960 Cladding diameter 125 + 3pm
subscribers. Cables coming out of the distribution center Primary coating diameter 250 + 15 uJm
are generally high count fiber cables. They are fanned Core non circularity <" 6pmo

out into smaller and smaller capacities down to a 5 fiber Cladding non circularity < 2 pm
cable ended by a drop terminal. The subscribers are Corefc:adding non concentricity < 6 pro
connected by single fiber drop cables to the drop Cladding/Prim. coating non concentricity < 10 sm
terminal. Numerical aperture 0.26 _ O,02
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Attenuation at 850 nm 4 dR/kin
1300 nm <2 dil/km

Bandwidth at 85n nm 200 MHz.krn e (CX.).
1300 nm 200 Mhfz.kin ". k'

4. CARLES

Distribution cables have been designed to match the
particular characteristics of urban distribution French .£* . 0@ \ r,*--.)I."
networks :they use a large amnount of small diamneter 0 4
plastic ducts (e 28- 33 or 45 mm). *.0 0 .*

-

Furthermore. the distance between distribution rent r ,

and drop terminal is short 'avera,1e 4r rn. maximum . G
i 11o m and the cables are usually laid b,, shirt lenlgthv.
Consequently some parameters hecomne prednrinant for
these cables : diameter. rending raah') iit" d > ." O-
flexibility in particular.

The use of B85/125 fiber adds, somne splirfwott to the ®
cable design -the fiber is basirall Tore, Fnii'rohendrig 041
sensitive compared to a standard ',1 '125 fiber. It is -
therefore important to use a structre and a ca olinq0.- . -N.
process that insure a mini mum level of mricribendinv; on .
the cabled fibers.

Finally. the importance of cable splirinq due to tlie
lax ing bv short lengths ar ' the rgrent number of splicing Figure 2
points has been considered during the selection of the
cable structure : an easy access to fihers and a simple
identification are important parameters. %trirtures with
more than one fiber per cavity 'tibe or groove' have
been rejected for that reason.

A reverse helix slotted core structure is used 1, : the
basic, unit has 5 or 10 grooves and one fiber by groove.
The 5 fibers unit is used only on sinqle unit cables whilst
10 fiber units are stranded to obtain cables from 20 to
21() fibers.

The range of standard cables is : 2n - 3 - 50O - 70 - 00
-120 - 150 and 210 fibers. The fiqure 2 shows cross
sections of the central part of these cables.

These cables and the single unit 5 fiber cables are
protected by a laminated aluminium and polyethylene
sheath. This outer sheath is made of high density Figure 3
polyethylene.

Due to the variety of locations of drop terminal, 5 fiber
cables can be used not only in ducts but also as aerial or fiber
wall-mounted cables. For that purpose a special version
has been developped, distinguished by a filling of the
optical core and a single polyethylene sheath. sheath

The figure 3 shows the complete ranqe of distribution
cables. 0. .strength rnenrber

Two types of drop cables have been developped : an in
door cable and a multipurpose cable that can be used as
aerial, wall mounted or buried cable. In both cases the plastic core
cable uses a J stucture with 2 metallic strenqth
members 'figure 4). The multipurpose cable is

distinguished by a jelly filling and by kevlar strength L_
members included in the sheath.

Fiqure 4
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5. rAPI-Fe ACC'SSORIFS
This organization is matched to the 10 fiber

Cables accessories have been developped in parallel with modularity of the cables and offers a great
the cable structures in order to obtain the best fitting all adaptativity : the 210 fibers of a high count cable can
along the line. be distributed very easily in 21 different points.

During the design of cable accessories a great attention ME _

has been paid to the reduction of installation times and
simplification of operational procedures.

9 A Splices

The splicing method has been selected on the basis of the
following requirements

quality of the splice in terms of attenuation. 
reliability. stability versus environmental Ithermal -am
and mechanical) conditions.

easy field installation, including short time to
perform the splice and a low number of defects.

simple and low cost tool-kit and materials.

short training time for the operators.

We have selected the ATI Placoptic System "'. It uses a
bonding technique with a ( IV curable adhesive. Fibers are
aliued by an elastomeric V grooved centering device
and bonded on a glass plate. The splice is protected by a C Splice housing
stainless steel cradle. Average splice loss on 85/129
fibers is n.19 db at 850 nm.

The basic component in the splice housing system is
This method has been preferred to fusion splicing as it the cassette splice organizer. It has been designed
gives similar results in terms of attenuation and especially for the use in distribution networks where it
environmental behaviour with advantages regarding the is sometime impossible to work in the vicinity of the
cost and safety : the investment for the tool-kit is much final splice location .
lower than for a fusion splicer and there is no electric Therefore It is necessary to accommodate some extra
arc or flame in order to minimize potential hazards length of cable unit. This is done by the external part
under severe conditions. of the cassette acting like a drum on which the

required extra lengths of cable units are wound 'figure
The cost of consumable products and the time needed to
perform the splice are comparable to those of a fusion
splice. This operation can be done very safely as the IC) fibers

are protected by a slotted core unit which has a good
9 n Semi permanent splices mechanical strength. It is the reason why we have

preferred a low fiber count modularity instead of using
These devices are intermediate between a permanent a structure with several fibers by groove or by tube. If
splice and a reusable connector. They can be used in the so. in order to keep the easiness of division of high
distribution center for connecting a subscriber to a count cables it shouldbe likely to match the number of
distribution line in a drop terminal. They meet the same fibers in a qrjove and the number of fibers connected
basic requirements as the permanent splices and in a cassette. Rut in that case, the group of fibers.
moreover they offer some possibility of reintervention. even protected by a tube, has not the same mechanical

strength as the slotted core unit and the work out of
They are made of '3) the hole fo'lowed by the winding of the extra length of

fibers can't be done with the same level of safety.
a mounting block with a buffer retention mechanism
at each end. The centrr' part of the cassette houses the i0 splices
an aliqnement block with a V groove to align the corresponding to the in fibers cable units. These cable
fiber and clamping mechanisms, units are clamped at the periphery of the central part
a cover for mechanical protection, and a plastic organizer holds the 10 single fiber

splices. Plastic walls are integral parts of the
The figure 5 shows the termination of a V-) fiber unit in organizer to avoTd any sharp bending of the fibers.
a distributinn center : the i) fibers are ended in a
termination frame by in semi permanent splices (on the A plastic cover closes the central part in order to
left) and ready to be connected to IC) sinqle fiber cords, protect the splices and the fibers.
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By rotating the cassette the extra lengths of cable units
are wound on the external part : tp to 6 feet of each
cable unit can be easily stored. The cassette in then
placed within the housing in a plastic holder and a plastic
cover is used to close the cassette and to protect the
cable units.

I
, Nt

""!Figure 7

F-igure

Accesses to splice housinq exhibit cylinders rnlibrated at
the outer diameter of various cale- used.
Thermoshrinkahle sleeves are applied to xgrntp-t , ainst
water penetration.
Two types of housing have been developped. fIlI 3(-l and
pi -Q) respectively for a 'naximun- of fl and r)
splices 'i.e. holdinrl 3 or ') cassettes'.

If necessary 'for example with hiqh count rahls several
housings ean he cascaded to obtain the required
rapacity.

Splice housing is waterproof. ran he pressirized and can
insure the grounding of cable sheaths. It call he e asil'
reopened for future intervention and ran be adapted for
the use of other types of permanenrt splires if regrireri

The firjre 7 shows a PFt 30 mounted in a wall and the
figure 8 shows a PFL- 90i installed in ;i hand hole. Fiqure R

rI )rop terminal Acrorditi I the s Ystern's requirement s two

subscribers can share a sioqle fiher, one usinq the il,(I
The drop terminal realizes the fanninq 0it of distribution ni. the second ,isilg the I 30n(1 ni window, i)ptical
cables.It corresponds to the point where single fiber drop accesses of a drop terminal are cons itrited b.
cables coming from the srbscriher's prem'ies are
connected to the distrihitinn network. - one l fiber able

- ten sler fiber ryrop cables.
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Furthermore. it is necessary to optimize the cable

In that case the drop terminal houses network considering the existing duct network : a

computer aided design system has been developped. It

- the fanning out system of the 5 fiber cable that takes into acrount the existing duct network and

provides a 1.2 m excess length of fibers and enables at locations of distribution center and potential

least 12 reinterventions on fibers '4) subscribers and gives an optimized cable network with

location of drop terminals and splices. Included in this
New low cost connecting devices are presently output are new works to be done before the cable

developped. They will facilitate future interventions installation 'i.e. creation of new ducts' and the detail

by providing an easy connection or disconnection, of lengths of cable necessary given for every fiber

count. Figure 1n shows the equipment used and figure
5 demultiplexers connected to the 5 distribution 11 represents a part of results obtained giving the

fibers, necessary lengths and types of cable for a part of the

area covered by a distribution center. Other outputs of
Mt1 connecting points between demultiplexers outputs the system are maps with location of ducts, splices

and single fiber cables, and drop terminals and all the lists of materials and

works to perform necessary for the area covered by
Figure 9 shows a drop terminal mounted in a wall and its the considered distribution center.

internal organization including the 9 demultiplexers

Figure in

I. .

I "I L --- --,

Figure q V--- .

1. "Jetwnrl- enuinepring.[

As it has heen said previously, the average laying length
of rahles is small. -nnsuderrinq the produictinn cost , it m r " -
impnsautile to produre lengths of rahle at request. 'ahlps ,

are manufactrired by Inng lenqths 'tvpically 40flF) mT - -

and ut at the real length in the field. Fspepiall, for 1gh

fiber count rahlPs it is very important to mininmu'e , /f .. . ,'

wastes of rahle in terms nmf overall rost of the system. ipure I I
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I he iiri h t ru, ks uised were I-r al I I dos ictoec ant; Cable Jointing and 'trminal myg
W11-1 ri moun Itd in a t S, tourne n ab chas5 i 5 An
alriiiui tray fit ted to, [t' chas sis supported Ihe printciple iriial ly ado~pted fur th cr~ieriabIV
theI, [. I m t r r d i aici tor aluwi n ijiv tapstan wheel joints was that all dis) ribri in fibres would be
whic coiuti d be altoil Ii so t i t t ho d Ireac t i on tf joL)inrted ttir-ourh exceopt thotse roctu Ir,2d fo r
hall I A pi wo'r t ate oiff froem a hydi rAli I i ( pump imordiateo kio wh ich wou Id tie, s p1I ii (oi to t he
pr ov Wed the, drive- t o t he caps twri 1 itiri) rut lead in fibres. Sub'sequerit ly it ha s been.
pa nel w ith s AfeIt su tirround jj is s itt otI'd 'LIPt L40n' r dot ieod t o i ns tal a n al ternat ive joint ing'
the' cabl arii w1111h. (SeeV fI14 4) 'the cable was, technique involving a 24 fibre termiriat inq arid
hauled at spr'etl iif 't0 -4! meoti' o, er riiiutor with patc(h inrj panel L In t his s5YsIIm flIex Ihte
ntin[ I in(4 Ieq [isk var y irr.j betweent Ii 

t
o i Kvi. A~t piqtai ls are, splir ed tn, the desireod di st ribut I u..

pro dois i'trit titl ianho I I- a 20 -'t) mi'k re loop was and leoad- in fibres tot fac iIa iateo mnariI r r's
le ft I n d is tributI rin table I io faoi Ili tat' cIiniuet aon of up tou a max imuim rif 24 fivbres via,

ri,tic t iiin to cUs t 0ini'r 1, ho tie trrnuh i ricnroct or's in t he corinei t or fr in''

(Seoe lip ',).- This eriatble, a ranige of tuiri 1rn'4

'A.Id f' ihr' atlocat iion a r r a n(?meri n t beL)
developed to pr ov ide flexibility inF t I '
Ic onrie i on anrd r e -a r' r-anio rig u iw n 9o ser v ii .

SpI ic inq of f itireos in thre openable joint s w-'
pe r'fcir nod us i nj I he fun i on tchn iq c .rr rid t lie
lorrt iciri wasR coniduc t ed i n sI ec i a IIv de-s iprtrcI

ai r' corit iunod vehi c len to prow iilr a cottrolI ,d
envir'niient free from dust and d irt

TMAL FIBRE CABLE HAULING UNII

F~ I j F, trnttott ri'od Op.,t is a I Iti b ri In'T I nt

FIq 4 taut Iins) (iit Ii At t ibr' (abli' InI tIi' friur exi ilirins arid at r i-,torinr Lill ! Id
"''it Itili' rini Is torviinaln'd at tbh' ipt iii

lit Vt''s lri q n irahlo'I t~ t or) re pi'o fihri' diis triit ion frame via 10fiwntr i' pip) aiIt
iristall Wti Irh enMabl 0 '1 ' frl 12 f ire, fs iIrI tulu i' I to" 1 th. st r ,, t tibhri' the111
loid ii, -itesw ti' Lii' nr;t I riiom; *,It Iuaiori Pistails minor t te 4t8 fitirm' , ratir ItY
Wti''ii a , t nil cir is I " be p niuion I 'ii Inn Iioi ,1,r' I n o it inon Aid p~at ,li) iti' 1110dl s wt I tch 'irek
tit')I woirk trh.' runi -t "ui imi' jr i it on tiic cit~able of wi i o pt Irs o t k, 48 D4 t IItu(41 lu
d Is t ri'CI iI inn i A blet ser v icq tihl' tr1I iiJ 114 1rr is ciio' t or s t Fhe 0 uIcdUit is also41( dieSnIjr'd to

(Ai r i'"ecl am
1  

a I im
6

ii in (itti' is prt-i~ I riri tk 'VI huilsi'th lii' u4ni/r'r trayvs irs-it for , trI iq t tio
tim' joinit toi 1he tiildliruq Iii ns1ry iirstancn's All flnsi ri'is 1 .ini [ arI- "Id en, i's'; f IuI'm )riitIIt

ripennatie )r Itll wlI 1 ni'O hi'o 1- ritI cfpipw. i t r' ttir' (SOOI'i fi() rue, inteor n-tal &I I. n-r' I irv t I,
dt- I iri odiiik i III iris In mdii Ii i h tsi' t h' [rid Ii n kAli' the ioriirniat itor ar id Via t;1 bin11 Inid's0 icr
Wi I (I lo I lii' t" di stI r I oj k i t"I" i' In jru 'tpia I pros did1- w i ttn 114 ft' iolcd f it) tule v inrrn

sIrt i i tII for , ill' 'di t ,,iii I, i h, 'r-I' brt-a i Itnruh'I. I l I

b I Iii t i i
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Th '. iat Ii lo I,-, descr iled I ho t'st Abl i shimert cI:
ani upti( ,I It itre tibt tblv tvur k i .. Iho Mt'lbtturnoc

CliM t , prtI,' ii' the mioan'.I t link so Ii-, Itd
bkt i Id inqs w itIh I Ii ,l i tipuc i I y d ,cj i I sorv i ces
t ho twor k has4 L.....i des ijotd to trainsport those

orv it Is tinir dii veorse, routes- to tqi no wctethic,, ed
level of sot Lr ily and rot jability,

-1to Io hrIi tq0 to o bh use vd in i su hseoq ui- tI CRii

,ttworks will l,4r joly ovtk
t
tae fromt tho (onper-nc

j~odWit, tO Mt'tboorriV ill iiltat inn. [ tir
ni'rp t, ih i t so titf1(1 loc f ib:re dii stI rij'utI ioIIn

,Aid tLt r I - I,(1 di t i v-i4 a int -t ,' dI,'vetIttpod for it

ist Isvi',r t Ithre iii ttIIr Itw n,ttitt I lots hi'1 hlI itjhii s the
ri'wod ft,.r I 1 tIV ktAit Or istc-i re t 0rd iic sys V4 1 jSIIM wt if,
i s tujjrcirit IIy It,,' IV ii9 q41Att I ,nO

A C14iti rio t wo rk emrp Itov in 5 4i i rtt I c mtt dr opt icatI
f ib'reo cIil11 is t) o f i ns t alIlId ic ntoh c it y of
Syt-Ine'Y dccr itt' 1 198//88 anic furter stut fh networ ks
with L to kttstIAbtIs i I t' d in t ho r-otra in icrtv capitIalI
c itIie anti I id t h lar qter reqlittntl centlres . AllI of
tflits, rttitr ks; ioi I1 Ituitrt ualI ly hive ad, ens tio
0/F I ruttk at I jurit I ion c ahIv!esno Itta,,t i n duo,
c ourse III al mjokir tus in,'s at rtas in AustI.ral t a
vii Ii Iho at t Io t ti io I i i rd v 6A4 hig ttprtornn

F ity 6 Opt i cal C ibro PD i tr i bot ion Fr> .mek OF beartI'rs

C.,blo te st It'iy ACKNOt*J I POE ML rut

Caf,4t,) e tools iinrj van, p ,,or L Atit to insr A sr., I, I ht, ptrmi s s i tin otf tho ChiI - CeGknotralI Manijor,
t11t iou it- VA ann-Ii t tttJr I t Y trdcI Lt rrO ide V attile AoIocon, Au st ra a, t puft l t1 iti patter is

fotdbat,, k I o t hi' jI tt I'l nit , As rta r- I of t fIt r-, Lc rt ho y ac~'k ntw I dty'd-
I-ra i ri i w.t pr tvjr-amnt' Mea siLjrpmitcet it t I i ntsir- l.tI ,tn
Is ; tt s d plIi , I,ts ,s tv t'ro La kotIto ,,r , 'ch jo ititI t'd

f sI t r i anti I i (4-ic' w m I tt st t fit t Ir I p Ii tt t ,, r i,

i- d II it' d t hC o it~ ItI - o di I t I,tt_1

.ttft, rki .tI, i i t tIrttsin't I f tiit i h -r o ' Lit tr o tIn,

boII idII , p I 'i tfa th . P it iuo it it Ilot 1O Irip !

Wi I It I IIII oi l is m n it I It,- Mottvv'r it(tt is ,And

stlor aft i Itc oti prn idis ot 1of- iIII itl -rt, t irt k 4 it

se11rn i' I t ; nI hive dir-' I 'r a, V IIJ)I ct's to c kthp t o, i It'd
rIIII , b irt ,f Att'y ;ti tim-hr Ittrd ice t it ,, ist It

mirttv Ii,w pot ,i iwrn,, t 1~ tv ttntjt t onr s A mid a aetnd

tjo, tciato I roqI ci sk nlt 5 c t ic' inot Iii ic Ih's
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'ElI''ONAND I NS'ALI.A I ION Of: ';IN(icCE-MODE OIPT ICAL CAIILF ON A 34 KM
Kil '' F.2ITHLC Il)IHEl'El'EARS UNDERF EM I C'ONDIT''IONS AT MENXICO C ITY ARhA.

G~erairdo Cliocet lDiae * Juan Car los Sailazar Cerda, Eduardo Godtlard Mtt

In) general thle environlmentail tcntc
AtcST'PA(''F stble hut tic' tem'pe rattires L-L Id r- Ill ct I

Cels ius degreS inl strc'ng sull igJlct. il ;i c-,t.t cI,'he lexic.an It'lepliant' Adiiit rat ion lELIES ifter 1

,ia Ivyc jug dif ferent at Iterltat ives to solve chtttItli I desi t' t elepone aureai 1 an r;M I- ed orl cIeut

cat ion.; growing demand in some areas, 01 tile coun- dpni i tolhone rol cand cantI rd l tdcct- i ti

tr'', has chosen an Optical Fibler Svstepi to cover tinwhprerespocde. , r.
tie route betteen Mdxico) Cit>' and a industrial cl- tle cable proute. etpo dre.!l"r

,I, Ciaut i t 1,1n11', t hat i s i9 Etll away . As.nii-I t~eCber"e

taint remark, the, network has had s;everal picclc ees 'Alid F lES ICE A\Nil SAIAVI''1Ig
inl thle pas;t becauses "I. igh;J I.lectro-iagnlet ic Itter - ___________

tereit1,'e Catttintg cet'et'e t Otccge ont'ntt',tIl If iCe
eqIiti I'mtlt . 'Ibis il~ied 'Lit't 2, types It ctrticttc- Snlnode t itor spet il t inir

:es wer'' proposed as a solut ion fcct thle link On .)le The sinle 'cott optca fibe ccI i 10 lt LII-
cet~tl it. and rho other cil'-dilleectric. It use~ls5IIt has the fil lowing 'lIarIteristi-V

Icl moccde fiber w.ith 0i15 d1)/Km ma aiml Ititt etttittion
iot' r i nlg inl rte 13011 nLtim at'le g rtnce . 'Ilte 1) i a X ict Ili., b)et a-,It t en11tia1t in,: tt * ,~Ic it jtl

%,Vc/ vtemi instal led cpei';tes without retia - Cu kt -ft It ICI'lil' 12(10 + 'ic
tel's taiking full ;It.Ivtntaioe cf dynamic range~ tot'

tile wit tl lytt1at iv ii tit s il tertlt it. e g0t1cd
'tc;,tit lvitv illd cocat et fect iveitess. 3) Mtccle lFieltl D

t
iameter it I ciO 1:1,.: icc t/- 1 .1

microns.

c)Maximum tocta I ilsiter i'' icctat I i o I:
< 3 .5 p)s / il. n:,

5) Cto re-C la'd C oni t r Ii i tv eIro <n :i, "'roi

P 'lRitl!c 'lo 6hi Cla Id d iti d i caer -

As a "e t '1 tlte i c re~is it 'i de '' tt I ' cr hihFiles fibler wc'-e :Ottel w ithI I [L liverU I-

Ic'j.;c'Ijrite d igi tl Ic IaiI itt t l t l ccog-c It atc rlat L ctctit psi t e. The inner 1.1 r t ott "ccc
tt I IiiiI tieW'lrks witiiti t he cc"tillttI- , mId te Canst. 01 du lus'' mateI-ial 'a provit'"e ic fli, te L' eL
severe CX-lI crchI:'ccccliirred cltt*t icluslt Ott tlt whereas tht.- ccit.tr cut". . lnu, " -

S it ctc Illt I ttc ai .' itt it tlet nctt~ itv'a ca le 1 etl' <nit icctt .. -Ic ite' cc r ta'. t' r li c ,,t i 'c _ ""'i
C i t Itain" (' 39cKi 1 tiit1Le It h ie Mecicat 'l'eleiclit- 11cc 11 .-lIv 'ii ci

te, Ad;'cIi :1i It ra It itctt , Ic I/ i' ti :11 e hi:6; it1t0' l'12'l_\
hle, ided tc, estal Isi- 'ian lpt ic':IlI filte r S vst e fcc r S I:le d cc .r cl t Cci r' .i'cti-'t i''
c'rcctt. 't i Ocl;tialt] W'ircittt I't C' 7111'cc Zi't ict M letI)Ccr cit

t't ctw'eeit cccctllI iti te . Flt'fil ct' tI i''l 'c'ictt'd t)ilt tcc cac.kic ict' toc

'tlc 'O kin rouite' ritt I rcca Xe' it.'c t ilt.' licc itc l ti occ k ri I , Iettiu ct' tt'c ii ithie ait idf t~.i ! i, ct. ii 1 E

lie ith It ertI ) I rt 'I tlit.'tL i t (it'litric sth .' EtI- reaild cit

i eigtli til)dIe! mulst. It'd "nt' ciwtr 'il l I
c 'Ic'.'rt I LItei ,: 31.,rT 1 l; r l 'tj1 AIIV LIt t (1 Ic ei'' Ir'cce e' i it t'lc t' .cjl %2'i 1 'iVt111 :)t It'ici aantl>I ce Iltc i tc e I it

lc rctc o t g :ti~aI t ricdent AttauIc 'it Lnit pci~ tfccclI i t; i I tiii0 Lci
iii cV1 ;.) j I t t-C I-ci It ;t)Ide Wer'e ucs (c! (ci) tic''

lc''t caIrt ofl tile Iccite piicr tc iii intl It ''Cuii- 1) tort' contet'lr uii'Lt, intl 'lidfcittg tdii't'otei'.

il- IIt i kr" e tri I Of Ici.imecstaiti ic tilciclif t i i ti tc tiic ' iitai 1 e I e ct itc; teIl , Iioitter Q:~ict.'.l, Il

2m cc ilciftic C t rii L I 1t c it Ici0 ilde -( k;I I',tai Ii-ltnl, s e Ii l tV i l

tlitert' w it Ic t Ic( -i k oI di;~g i Ie, i I'll- cC. I i'lict. Ac VCicl I Icic)ctc it 'lit. aIrt t vailtic )). lt't liitc'e' tictisi '1I
c)it i till, 1 1 cclc' I i Ile'. r 0ci1 t In" I inik wt re
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AtEtenuat ion at 1300 nm: 0. 35 311/Km I le st rength membl)er imni ts cah It, elIongat iton to
Cutoff l avelengtbi: 1200 Inn. less thain I wheii tile -ibles i~s subjected to a
Mode Field Dliameter at 1300 nm..* 10 microns tensile (it 2001 Kg. Final lv ant outer P1K jaclet is
tore/clad concetltricitv : I micron extruded to f inist tI- cable. fle0 nominal olverallI
Cladding diameter: 125 +/- I micrtoil diameter in both case, is I , lml. -fil armored cable

has at weigilt of 203 Kg/Kmn and the die lect riU tvfte
Cable Specification las 0111 V 12 5 Kg4/fn.. Ars 10-sekt iitl[ Of trio two

c al Ic s is sitltwnt ill I i gil re

Singl1e mode optical cables are specified to meet
an operat ing tempterature range from -10 Celsius tattle Mit~ cuih
degrees to + 50%~ utnder normal conditions witli a
mtaxttium compression load af 30do Kgf over I-) cmt Spiecial tec.itIliplesu 11it1 processv sosti-se Vrvemp it-
ot cable, aiid most he ful lv tilled to avoid water led to mallul'Icture thlee -ai Ies"considering that
ort moisture ptenetratiton oil thle cable, is veto 2:1til o handle tile proper arount of

exces tiSter roVI l te\ to"'i t ille 1ti1t a t tlte WhWIe
Cable Construction cit)tle , to tttliltlt titis roli i.1ltltsii IdetUate iteALl

Se th Il ,ole is, -trIi itot il% tetliiIe or , inttracti1o0lt
File cattle designi is based ont a filled loose tutte I tios litItI nised !), telrtptertu-re %ariat insi ii
stranded csinf igurtition comprisitig 1ii single mode dail a lttn, tttc rilte A1 ritlgol tarv letgtit wa1
fibers; tile fibers are colIor-coild iblack a13 hottein to estittli-It -litltt lVel of srs
wihite) for easy identif icttionl. I wo fibers are whiic [ie i-r ivtc 1 i~ to I )illI-wed to sultter. lits
packaged pertube . One filler is used ttl 'olt! trn' Is ilVc(aISou si Wr-tr V~ I out% WI 1 i1 iltlC e to,)k :tlI ctl

prolter lv tile Structure . Ike tubhes and li I or aire !totd itt 0 't r-,s Jku totrii

st randed around at hare teills 1cSteel st reocthi
miember or a fiberglass c pox'% mtembier atcnrdilg ito Al-t t~it-tbjd !itiMetor I tile I'lIt r tuite,

Lte tiple if CablIe. tLItsidvttiAMitfc 1 tt li litter, tim- ltAiitis ol tile

Tis last material iffer s idltilittigeS becaulse it troce xx rtiist to -.- tere to otnt rttl the total
Ila., a similar coefficient it thtermtal exp;,nsitti to pleeittigo ,1 li~ss tter ittit~ O tilte cabhle.
tile optical fitters. Oil tile samte itrocess all itters "lil il t 5 .t 1 poltrll?. letto tipe) %cIt; lttttcitodi
titial tilling compound is aptplied ttt prittert tile lllv tirtipet ir'1tinitt ti.u cihivi coret ttt hld tie

cable against moisture migratiton. Ill generaI -t tlnlded iller titt!es Itl it tor title innler
these jellies permit a stress free placement of jacketing operation. FTe tape also prevents
thle filter and a ltongitudinail Water tiglltteSS OilIflotwing of INK jaicket in tile tattle iiitetst ices
tile Structure. 'this otptical cable is thtem lappteid that woliltl ma-tke iter access dii colt it tile
With at Itingittidinal polypropylene, tape attd ioter t ielId , 'int lr ctth els t iterij I/7"il stillte 'aort r to
tiiis an itner liE jacket is* extrideil tit brintg the pr-ttect 'tffor tiii C,- alt-ito1 till [tu s ilidiiit

I I rs t meciati i calI and evir-iteltll prittect ion lit tilt-raIt lull . A, -,. is meint Oto
3 

ea rl ic a -11 IOl
thle core . AfIt er ti sp Iriln-ess , a l Ong ituLd inal IStLtIiind ittl 11 tile itmttid .iIlttII t tIVi L"l Ill'titol.

iitrrugated s'teel I tipe i s applIie d fin tandem wii ti ti 1 ll I It litI l Vi work ,it t he i nstti it it 1 onI tih,

the outer jac ke t tot cittfiorn t tie t itt1iShtedl a rtretd tiieIec tr i ,st rit tle,. fit tI cAs I -t thte
Cable. (lit thle taller hattd, twit lovers it artluii cattle, all 'ditieteit I at ittliii 'I ol' ugitotilts
yarns tire apli~ ed lid icatlv tt t reittfotrce and itiCt Oit thle steel tilte :Itll! It0 tiett-ti111 t -t it

siipptirt Strenigtli member olt tile dielectric-c able, gliarrantlees tie I lexiltilit ait1 tte elcntlgit 1,'I

tinder intsttalititont cionditiions. cttriu t itti I '- -V ttrfrrsI117 lti s LItI Ic1 r1-0I lt Lttu.-

cale dutr itig itt l Iifte t itme.
Tit is mtter ia I was chtosent prita r i Itv because i t is
tielIeottric , but alIsit i t exit i ts,; It high St rengthI- til titsi Ca 11C 1 Lte ltitettli IV1L'I ates we-ri l UIs-ti

length its been Cal I LIated ttt elislire that whtetn tilte resistance Itrophert I-s ati(] the- it rtieit root rti
Cable is stilt jetted tt a tei2si I- ltoatd, rite tt-ilil long termtt tittlt littttt(it itonl. Itt this jtoi

tvtlts takes tii load inistettit i tile f ie rs standaltrd inK - Iu-tctti til I)Ttuti tf 11111 t'thes tot:,

italilt I -ti.
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''kIie 'est Result, innerducts were installed using only one of them
for this project along the route. To avoid any

Several test> were perl rmed on single mode obstcrttions on the ducts steel brushes were used
optical caOles. iptical[ attenuation and OTDR to clein all of them before the installation of

te>t were performed lo0 at each manufacturing the subducts and plastic cap ends.

stace. With the Spetral Attenuation System
ovailabIe we were also capable of measuring tile The cap ends fix the position of tile innerducts
tut-0'I ,avelenoth and the Mode Field Diameter. along tile route, avoiding mistakes during the gui-

Sone riecinical alnd environmental properties were de of cable or possible damages because of twis-

veritled by initial desipn qualification and by ting on any of them. Installation of subducts

-. rilig ,I tprduction caotles. these tests o1 were done manually, and bv the use of cable pu-
-itmple cibles have confirmed their ability to lling machines. Tn the last case, special precau-

per!tirm it their intended environment. Figure t tions were considered to avoid any critical tensi-
-tivitories tile various tests applied. le loads that could collapse the innerducts. Both

ends were could cut sharply and well cleaned from

lttirin t1g anta ture oi the cable no tendency for any excess a material that cause excessive fric-
iicr,'bendinl edge to appear as a result of the tions on cables during their pulling. Finally the

tv-,cc i tilised was experimented.The average cap ends were placed on the ducts, and both ends
itteitation obtained for black sing;le mode fibers of the subducts were rounded to ease the guiding

o:1 I inished cable was I. 155 dB/Km at 1300 nm with and penetration. No special lubricant was requi-

> tantdard deviation itf 0.027. In the case of the red for low friction of the cable along the route
,hite f ibers the average attenuation at 130 nm (see Figure 7, 8 and 9).

.as lt. II dPi,,Km with a standard deviation of
he complete data of both single mode Cable Installation

Ic ri- i sumarized it Figure 4.
After the proper identification of the innerduct

AE lA iPROCEDURES AND SPLICIN TECHN to be used each monhole the cable reel was placed

, "I-I I'ED at an intermediate point and the cable pulled into
the duct. After one kilometer length was introdu-

ced, tie remainder of the cable was then removed
I _-ta1 I 1at ion It ioanti n from the reel and "Figure eighting" was applied.

Finally the other end was pulled into the other

i eld experiences ti' handle an underground cable duct. That was important to reduce tire load nece-
intarl lit ion are we ll documented,4: )n thi. sar% for installation because parts of the route

the first step was the inspection of all had several changes of direction and could alter

tite route t' check in detail any variations on the final performance of tire cable. This method

direction or anle that would submit tile cable to also reduced crew size and the amount of equipment
,ritical tensile toads. Also this inspection required (see Figure 10).

,tlltwed tt consider the adequate excess length tf

cable ti, leave nil each manhole, tire proper lIoca- Because a Pulling Eve is readily attached to the

titln for tite splice enclosures, and in the parti- strength elements of the optical cable, the use of

clIar area ,if high Electri-Magnetic Interference, a Pulling Rope, which will not stretch during the
%tecial considerations fur cable protecti'n pull was suggested (see Figure 11). Some precau-

aalinst rodents attack Isee Figures 5 and 61. lions 'ere taken to avoid internal cuts in

subducts with these ropes. Mechanical Fuses were
Manholes Preparition and innerducts Accomodation fixed to the pulling Eves of about 100-150 Kg and

atIso a Detorsion Device to protect tile cable
fle manholes selected must be cleaned and prepared along the route. In the interior of each manhole
or placement of plastic innerducts, cables and several plastic faster belts were fixed to the

eoc I usrres inside them. Al though not necessary to wal I to properlv accomodate tile cable.
protect the cable, the use of 25 mm inner diameter
pi istic subducts into Ifl mm normal telephone The operation was controlled ly using some

ducts has uecotme a cimmor practice itt trder to "walkie-talkies" where the reel was located and at

have maximum duct util iZatiOn. It our Case d iifferent points ot tire route inside the manholes.
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Mainlv, the placement oi the able ws done manna- thi I ink ce required prior to start-up the
llv, but in parts of tile route winches were lit iii- equipmelt . Tlhese tests ons isted on monitotrin,
sed to accelerate its placing. hlien the i:ntalla- lotil loss oI tile 1Ink with OTlDR and "iv the uc ,I

lion of a cable was finished, both ends w-eic I i O liver sI:urce oil ,lie end and an (ipt .
covered with thermal shrinkage caps to eliminate ''wer letCr on tile ither ti measure tile exist i
moisture migration previous to spl iciig. III tile IIta1 Loss 11tr I ietIiods brought iis accuIrate

particular case of dielectric cables special value, to definc tile Dniamic RaiiLe ai l ,

"LEAD SLEEVES" were used to protect cable end, the route (see liiUre 16). Co'sidering a Rcie:
between the output of the innerducts and the input Input Pow'er o-il d', an ;I rage Reveile il-Se

t,f each splice enclosure trom the attack of of- . d i wasi obtziined; thiis c.'e average

rodents. d ilf rellts -- t .5 ufi t 'at t e'icO sloces . -; l '.

li naMic ]Rcolgt. and Cit Error Rate expected
After installation of tile cable tile average
attenuation on black fibers was O.3o9 dB/Ki at
1 300 nm with a standard deviation ot 0.028, and ill Ct1N iilSliNS

the case of white fibers it was 0. 379 dB/Km at
1 100 nm with a standard deviat ion of 0.0 1.. T iie experience rained from manu acture ind inta-

I lat ion of a tiber optic cable on a 39 Km.

Test ing and Sp lic i ig rute gave us saccessIUI results in demonstrating

tile techni ical v iabi l itv and ecoomic advantages
All the cables installed were tested for attenUa- t,f the technologv used to satisif actual and near
tion by OTDR, to check if aiinv fiber had suffered futuLe demands on services for this City area.

damages on handl ing (see Figure 12). After this, The excellent installed Single Node Cable attenui-
both cables ends were prepared for jointing. tion at 130 nn wavelength shows tile posibili>-

using armoired and dielectric optical cables for

The fibers were spl iced using an Electric - Arc undergrotni appl icat ioins to solve anV F.il problems
Fusion Splicing >achine and 1ll) technique. All wi thiout exposing the last structure to rodents

tie spl ices were done on a Spec ial-Condit ioned Van attacks that could interrupt communications
for qua I it v assurance of the process, and were between both cities. luse optical system design

verified to obtain lower loss values before applied on this project allows maximum repetears

termination at the Splicing 'ravs. All the Splice spacing incurring oi important savings costs for
Enclosures were a double entry cap-ended type with the total Digital Network installed.

cable entrv at one end. These enclosures were

fixed to the inner wall in the manhole in a patti- AIRKNOI)LEI MENTS
cular area to ease identification (see Figure 13).

At the Central Office the terminal Splice -ncloso- The important support if al personnel at TELlEX
res were prepared to join cable with pigtails tilat and in the Fiber Optics '-roup of the Telecommuni-
arrive to tile Fiber-Optic line Terminal, workini cation Division .it Condumex has made this project
at 1401 Nb/s. Hlere the same technique described possible. Their work is sincerely appreciated.

above was used except for fixing the p - Acknow I edgme it are a Iso made to t lie Il irec tor of

ce FEclosure on a special area assigned to avoid the Telecoviruinicati'ns Division aild to tile Techni-
any abstruction inside the Transmission Line c;II Direct0 i'vi' our Flectromanufaruriig Sector for

Equipment Riom (see Figure 14). The average loss permissi'u. to pub]isi this paper.

obtained on black fibers was 0.121 dB with a
standard deviation of ,.053; for white fibers ii

average loss of 0.108 tdB with a atandard deviation REFERENCES
'if 0.044 was oibtained. The distribution of tile

single mode fusion splices for this project is I.- Young. Ir., 1. "ENVIRONMENTAL EFFECTS ON
shown in Figure 15. ACRYLATi COATED OPT ICAL kWAVE';F IDE FIBERS"

Coirnin (:lass Works Technical Report, August
FINAL. TEST PROCEDIRES 198I), pip. I-7

Al I spl ices were concluded along the route and at 2.- J'liaiieni F. , hauIks* defloer . ," IostalII-

the Central Offices several Acceptance Test it t Iln IKV; 1 nat ion and future lesin o'f Optical
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rI iil, i t I tion Manager in) the ilptoelectronics Dlepartmient It

ll.;ltil' SA, 19S(, Conduniex Te Iecommun icat ionls DiVision. fie is rospon
sib In of the instal lntion for opt icali Cab les and
Optoe lect ronics Svstenis. lie has worked lor

* , . rw i ., Aga rs-. iCondumex si nce 197b, first a, Product lol Chiel

4:. t ! ntr e.,t i TI I , I ng inee r i n thle Fe Leviciinun ic at i ons 1iiv Is Ion alld

1 ! i-il~ jle18 Ii hs current position, lie
-- i h'A. 1 i), rciehsB..iti Electrical Engineering.

t ,1ti ol I Fd- ~ liardo ( 1 lddard MIor,

P1.0i. Box 1001
Sanl luan Rfo, Oiro.

1 n .2t i It ,i Ii M67 inl) v. 2 l 2 31 -05

-_, 1:11. Jll01f111 1 I us the pit t n ofl 0 Manlage r
Il;tv e tr,, i-,01 lt toln, it Colditle-Y Televoi'
r; 1, j i I], i i ~ l hi I . re lll 1ii 1v e Ior t hn

dc.,u 0i toe. Ii t e, t i o ,I-o )p le rat ion n lhIiclIIi inc ol: 1

0ll Iii:.c L..V:'.illiiIt I'l:5 C rOl] ,1 lc n I t lat ilmi o! Liviitgoide i sterls-.

I oll i, ~l wo kdIe r Condumex i lice 4 tii lint a-

Ilil hisil illl-il position heiiiet illld i 19 IC lI

tie 111toelvct ron ic.n .cpairt neat !t COildil!X lIe~C1
i'uiiiii oil li% isioli. lie is rn-lollsile ii tile Ci..i I, A

Prodiii tioi ind llaiion for Op~tt is iie if nd lip-

tl 1e VC t r 01iiC S s t l-MS. Iie C j0 tied ! l11d u ii i I L4-- S ,*

ife wiorked previoun l\ it thles v an~ 1 ie tr i m-ii

R e s e a l s pc I als i i t i n h e ( 1m i 11ii ~ i ith i l ii a D i -e t5

lleccroiiii i igillieeriiig r'l: limVeI-midl II Vi-OI:V

rmnnilIm it M exiCo) itV . li is I MI-O . it n1 In

AKRlou. il

luan Ci:, rI , Si I i/,i r I.ni

-111 Itial deI R kI.
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1N P I N I % \A;O I S MA\N 1 it) 1 1 0 11. EM I NI 1: ON 1 I1ON S

FICURE 6

VIEW OF THE '30-KV TRANSMISSION LINES THAT

ARE CROSSING PART OF THE ROUTE

F I GUR E 7

P'REPARATION OF PLASTIC SIROICTS TO BE PLACEDI ON THE

MANHOLES PiG bR rHE I NSTALLATION OF THlE OPTICAL CABLE
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FIGURE 16

ACCEPTANCE TESTS AT THE CENTRAL OFFICE
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Procedure for the Experimental Determination of Friction Coefficient

Between a Cable and Duct

Howard M. Kemp

AT&T Bell Laboratories
Whippany. New Jersey 07981

ABSTRACT

The tension required to install a fiber optic cable in underground MANHOLE
plant depends on the cable route geometry and the friction coefficient
between the cable and duct liner. Installation tension can be reduced R -15 ft (TYPICAL)
(permissible cable length can be increased) by reducing the friction
through proper choice of duct liner and cable lubricant. This paper
describes a test procedure that is used to evaluate cable lubricants and
duct liners in a realistic cable placing environment. The method has
also been used to study the effects of cable pulling speed and
clearance between a cable and duct liner. In the procedure, cable WALL-TO-WALL DISTCE'141 ft
tension is repeatedly and simultaneously measured at both the
entrance and exit of a conduit run using an instrumented sheave and
yoke arrangement in the pull and feed manholes. Data acquisition
and analysis are automated by using a digital voltmeter and a desktop
computer. Since the conduit between the entrance and exit of the test
section is occupied only by cable, the moving interface between the
cable and winch line is eliminated along with the attendant
computational complications. One value of friction coefficient is
computed from each corresponding pair of tension measurements.
Because of the stepwise nature of tension calculations, a closed form
solution for friction coefficient is generally not available; therefore,
friction coellicients are computed numerically using the Newton-
Raphson method. Proper application of test results will enable better Figure I. Plan view of conduit system used for cable installation tests.
predictions of cable installation tensions in underground plant. This particular conduit run is divided into fourteen

sections: two horizontal straight sections, six grades, two
horizontal bends, and four vertical-plane bends.

BACKGROUND changes, was carefully surveyed and recorded during construction.
The U-shaped conduit geometry provides a convenient tension

A successful fiber optic cable installation in underground plant multiplier in a short conduit test section because cable tension is
requires proper selection of splice locations and cable installation exponentially related to the total angle of bend in the conduit section.
techniques. In general, the cable length between splices is selected to Manholes at each end of the test section provide access to the conduit
be as long as possible to reduce splice loss between regenerator system. Various duct liners of interest arc installed into the four-inch
locations. At the same time, the splice locations must be chosen so duct, and fiber optic cable is subsequently pulled into the duct liner.
that the cable installation tension does not exceed recommended Cable lubricant is applied to the cable in a typical fashion.
maximum load (tensile load rating of the cable). A sketch of a typical test set-up is shown in Figure 2. The cable

Cable installation tension depends on the conduit geometry and reel is mounted on a reel carrier and is positioned at the feed
the friction coefficient between the cable and duct. Given a fixed manhole. The winch is positioned about fifty feet away from the pull
conduit geometry, permissible cable lengths can be increased by manhole. The winch line is connected to the end of the cable, and the
reducing the friction coefficient through appropriate choice of cable cable is pulled through the duct liner to the pull manhole. Tension
lubricant and duct liner.' Selection of cable lubricant and duct liner, measurement does no' begin until the leading end of the cable is out
as well as accurate prediction of cable installation tension, requires of the pull manhole and has passed over the manhole sheaves. At this
testing to determine the friction coefficient. The most reliable method point, the cable is pilled towards the winch truck and measurements
of determining the friction coefficient is by tension measurement of begin. Cable tension is measured simultaneously at both the feed and
cable pulls in conduit runs of known geometry. pull manholes during the 50-foot pull. An example plot of tension

data is shown in F;3ure 3. Because the duct liner is occupied only
TEST PROCEDURE by cable during these measurements, the computational and

et- Up measurement difficulties that arise when a duct liner is occupied bySet-I_'pboth cable and winch line are eliminated.

To emulate a realistic cable placing environment, the cable is

installed in an underground conduit system in a manner similar to
that used by a telephone line crew. The conduit system, shown in I The term duct iner is a generic expression that describes small diameter pipe or

tubing placed nu.de conventional underground ducts Several duct liner, can beFigure I, is a 141-foot-long U-shaped section of four-inch nominal- placed inside one conventional duot. and tiber optic cable, arc subseruentl placed

diameter PVC pipe. The conduit geometry, including elevation inide he duct liners
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CABLE REEL LOAD
CELLS

WINCH TAIL
LOAOAD- I~

ILOAD CELL CABLE FILTERS DIIA ESTOTENSION ,OLTTER COM-TER

BRIDGETE
FEED MANHOLE PU MANHOLE BALANCE,

T f (TO, .L) AMPLIFIERS

Figure 2. Set-up used for the cable installation test. Figure 5. Data acquisition system.

measurements are recorded on diskette and are subsequently used in

250 CABLE TENSION the numerical determinatioq of friction coefficient.

200 ,.DATA ANALYSIS
0In15 0 In general, the tension, T, required to pull a particular cable into

15a particular duct run is a function of two variables, namely, the
o friction coefficient, ji, and the hold-back force or tail load, To. at the

/ TAIL LOAD feed manhole:

50 T - f (TO, ).(I)

I I The objective of the cable installation test is to determine u from
0 50 100 150 200 250 Equation I using the measured values of T and To. Except in trivial

SCAN NUMBER geometries consisting only of a single bend or a succession of straight
sections and grades, a closed form solution for g does not exist.

Figure 3. Plot of cable tension and tail load vs. scan number. Instead, 1 is determined numerically using the Newton-Raphson
method. The Newton-Raphson method finds the value of p. the root,

Tension Measurement and Data Acquisition that satisfies Equation I expressed in the form

Simultaneous measurements of cable tensions at the feed and pull f(TO. t) - T - 0. (2)
manholes are required to determine the friction coefficient. A sketch The analysis begins with a guess at the root, e.g., p - ji, (,-o), and the
of the tension measurement set-up is shown in Figure 4. The yoke of left-hand side of Equation 2 is evaluated using the measured values of
the cable sheave is attached to telescopic tubing, which in turn is To and T. If the first guess at the root is in error by more than a
pinned to the wall and floor of the manhole. The telescopic tubing specified amount, a truncated Taylor series expansion is used to
allows accurate horizontal and vertical positioning of the cable sheave predict a new value, p,+.. In general, each new value is determined
within the manhole. A load cell is placed in the horizontal strut to by
measure the reaction on the strut. Assuming the cable behaves like a f(TO, p,) - T
flexible string, and bearing friction in the cable sheave is negligible, (3) - f T(3)
then the measured force in the strut is equal to cable tension.

where f'(Toup,) denotes df(To)/dL.,. Successive approximations
T ' for i are calculated until Equation 2 is satisfied within specified

limits.

In practice, f(Toi) and f'(TO.A) are computed in stepwise
LOAD CELL fashion by proceeding section by section through the entire duct run

(feed manhole to pull manhole). The geometry of the conduit can be
o2 o o divided into four different section types: horizontal straight sections,

grades, horizontal bends, and vertical-plane bends. Each section type

has a closed form solutin for cable tension at the exit, Tj,. in terms
EARING T of the cable tension at the entrance, T:

Tj 1 -, -f (T,, ), (4)
HINGED JOINTS where the subscript k - 1,2,3,4 refers to the section type, j - 01,...n

designates the point at one end of such a conduit section (numbered
from the duct entrance in the feed manhole), and n is the number of

o " sections making up tne entire duct run. For use in Equation 3. both
f and its total derivative with respect to g are needed for each
section type k. The equations governing cable tension and their

Figure 4. Sketch of tension measurement set-up. derivatives are shown in the following sections.

Tension Equations and Derivatives
Data acquisition is automated by use of a digital voltmeter and a

desktop computer. A diagram of the data acquisition system is shown h orizontal straight section T s ten rp
in Figure 5. Cable tension at the feed and pull manholes is measured through a horizontal straight sectiontlt is given by
simultaneously at a sampling interval of 500 milliseconds. Tension T,+I - T, + wlpi (5)
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where w is the unit weight of the cable and I is the length of the and
straight duct section. Differentiating with respect to p gives (13)

- + wl (6) A uwr#,.(Tj,,/w + I.

d, do After substitution in the chain rule, the total derivative of Equation 9
Grades. For grades, cable tension is is given by

T,., - T, + w(x s + h) (7) dT, - / + (wr) 2  +0. (14)

where h is the increase in elevation within the section and x is the dIr + (wr) 1
horizontal projection of the section length I as shown in Figure 6a. Vertical plane bends. An expression for cable tension in a

vertical-plane bend has been developed by A. L. Hale21
,

h T,+, T s + wrcosOR s - 2 sgn r) e-161

TJ X-- wrcos(Q,1+ - 2ik sgn r) (15)

where 0, is the entrance angle and 0,+1 is the exit angle of the bend
measured from the horizontal (see Figure 6c). - 8J1 - 01,

- tan-'., and sgn r - ± I (+1 for upward bends, -1 for
J .downward bends). This equation is valid only when the cable remains

in contact with the inside wall of the bend. i.e. when T > wrcosO
(b) ,everywhere within the bend. In the test facility, the maximum radius

of vertical-plane bends is 15 feet, and the maximum cable weight is
r T1. 1  0.4 pounds/foot. Since cosO < 1. wrcosO < 6 pounds. During

testing, a high tail load is placed on the cable at the pull manhole:
therefore, the assumption that T > 6 pounds everywhere in the bend
can safely be made and Equation 15 can be used to evaluate cable
tension.

T1 The partial derivatives of Equation 15 are evaluated as

f4" (16)

(C) and after some lengthy mathematics.

T _- e
¢
f
f  

T, + wrcos(O,-2,k sgn r) 110
Figure 6. GeometrN delinitions for (a) grades. (b) horisontal bends. 2wr sgn r Is

and (c) vertical-plane bends. In case (c). 0, and 0,., are + sin(0,-2€ sgn r)
measured from the forward horizontal. As drawn in (c), I I +p

both , and 0, , are positive.
2w, sgn si(0,,i-2 sgn r). (17)

Thc derivative is given by
dTr, dT, Substitution of the partial derivatives into the chain rule gives

, + T, + wrcos(.,,-2 ,k sgn r)l 8

llori:onlal plane bends. Cable tension for the horizontal bend"' is do

expressed as

I T ++ J2%,r sgn F sin(O,-2k sgn r) 'T,1 - wr sinh sinh-lwr +(. ) l+u 2

where r is the radius of curvature and il is the angle of bend in 2wr sgn r
radians as shown in Figure 6b. The derivative of Equation 9 is [ I +i sin ,1-21k sgnr)

evaluated using the chain rule. In general.

d5 (T, 0 Oft dT, (0)The above expressions are used in the data analysis program to
_f.__ __ ..dj + .LL . evaluate Equation 3. The program is written in BASIC for a desktop
ds T, doi Oo do computer system. A flow chart showing the program logic is given in

The identity Figure 7. Two data files are required by the program. The first data
file contains a description of the conduit run by segment type

cosh U - ., .nU + I, (II) (straight, grade, or horizontal or vertical bend) and the associated

can be used to simplify the partial derivatives as follows: physical parameters (length, slope, angle of bend, entrance and exit

af, f(T, r + I angles, and bend radius). The second data file contains measured

+ I (12) values of To and T, collected during the test. Cable weight is entered
OT, .(T/wr)

2  
into the program, then data analysis proceeds automatically.
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The program assumes s - 0.200 as the first guess of the root for spring constant k The cable is considered inextensible dnd is
the first pair of tensions. The program uses this value stepping represented by the mass m. The analysis is simplified by considering
through each segment of the conduit geometry. calculating Ts,. and motion relative to the winch end of the winch line, so the spring is
dT,+1/dsi for each segment, until the final cable tension and its fixed at the winch, and the surface is moving to the right at velocity
derivative are determined. If the final calculated value of f(To. p*) V. From the free body diagram in Figure 9b. the equation of motion
does not satisfy Equation 2 within specified limits, a new is written as
approximation for p is calculated using Equation 3. and the process
repeats. After a few iterations in this loop, Equation 2 will be m + kx - F1  (x < V) (19)
satisfied, and the root (u) is saved. The program then retrieves the where x is the displacement, x the velocity, and i the acceleration of
next pair of measured data, and calculates a corresponding value of u the mass, F . is the magnitude of the frictional force, and V is the
starting with the previous root as the first guess. Finally. after the velocity of the moving surface.
tension data file is exhausted, the average and standard deviation of ;
are reported, and a data plot of u vs. scan number is generated. An
example plot is shown in Figure 8 for a test that was conducted Q5
without lubricant using a polyethylene-sheath cable and a smooth-wall
polyethylene duct liner. Q

I-04

L 04

02

DATA TENSIONJ------
P0 25 50 75 100 125 150 175 200 225 250

.E NSCAN NUMBER

WIH Figure 8. Plot of friction coefficient vs. scan number.

J. VS. S.-AN X

SURFACE MOTION AT VELOCITY V

Tj10)

kx

mx kx-Ff (X<V)
(b)

YES Figure 9. (a) Spring-mass system (b) free body diagram.

CONT NEXT
COLUMN In this case. it is assumed that the kinetic frictional force. FL. is

constant (the Coulomb idealization). For the constant friction force.
the response of the mass is given by VierckHt

Figure 7. Flowchart for data analysis program.
.- F5

x - sinxt + .xcoswt + L (I-cos, 1) (20)
The Effect of Cable Dynamics on the Calculated Values of Friction wo,
Coefficient where x,, and i,, are the initiaI islacement and velocity of the mass,

Ideally, I& is expected to remain constant during cable placement. ,. is the natural frequency Mlk/m, and t is time. The velocity and
Figure 8. however, shows that regular fluctuations in the computed acceleration of the mass are determined from Equation 20.
values of As were sometimes observed. These fluctuations result from - d.-- FA wn .
the dynamic motion of the cable during installation. The following " , -XoWosinWtf + k
section analyzes the cable motion and its effect on the calculated
values of ju. - d2.s -xt

Cable motion can be characterized as an undamped forced -d1- sint-'---cos ,t (22)
vibration where the forcing condition is due to Coulomb friction. A For now, it is assumed that the maximum static frictional force. F,_
spring-mass system is shown in Figure 9a. The winch line between and the kinetic frictional force. F,, are equal. It is also assumed that
the pull manhole and the winch is the dominant spring having a the mass is initially at rest relative to the surface (.x,, - V). As the
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surface moves to the right, the spring force kx increases linearly. The i.e., F, > Fk. Whenever the mass is at rest relative to the surface it is
mass begins to slide when the spring force kx - F, - F,. The initial in equilibrium, so that i - 0, x - V. and the (varying) friction force
conditions at the beginning of slippage are x, - Fk/k and X,, - V. Ff - kx 4 F,. When Ff reaches its maximum value (Ff - F,). the
Plots of displacement, velocity, and acceleration corresponding to mass begins to slide. The initial conditions at the beginning of
these conditions are shown in Figures lOa-c, where time is measured slippage are x. - F,/k and i. - V. During the interval of slippage.

Ff - F - constant: hence, Equations 20-22 can again be used to
determine the response of the mass.

Z Plots of displacement, velocity, and acceleration are shown inFigures I la-c. Again, it is assumed that the mass is initially at rest
(o) X-- ---- Fk/k relative to the surface (the cable is sticking). As the surface moves to

4j the right, the spring force increases linearly. At t - ti,n kx- F1 - F, and the mass begins to slide. Displacement andvelocity are continuous, but Ff drops abruptly to the kinetic frictional

TIME force. Fk. causing a discontinuity in x. Throughout the slippage
interval F remains constant at Fk. As in the previous case.
displacement, velocity, and acceleration vary sinusoidally during the

- - - slippage interval. At t- 2, the velocity of the mass has again
'Z '1\ -- - '7 0 Vbecome equal to the velocity of the moving surface. The mass cannot

acquire a velocity greater than that of the surface because the
lresulting reversal of friction force and acceleration would instantly

(b) TI0 reverse the slope of the velocity curve, and thus the velocity would
decrease rather than exceed that of the surface. Consequently themass sticks to the surface and equilibrium is resumed. A repetition of
the cycle begins when the spring force is again high enough to
overcome static friction.

w -- Xo Fs /k

(0) X = Fk/k

j ii
U C3 itIS LINEAR

I t2 nTIME

Figure 10. Plots of displacement, velocity, and acceleration for the
case F, - F .V/ . . . . Xo =V

from the instant when slippage starts. The constant velocity of the >
moving surface is also shown in Figure 10b. Note that the velocity of
the mass never exceeds the velocity of the surface; therefore, the (b) W2
condition that x < V in Equation 19 is always satisfied.2

During data analysis, u is determined from measured values of
cable tension in the pull manhole. In practice, this tension
corresponds to the spring force kx in the model. Equation 19.
however, shows that the frictional force is equal to the sum of the
spring force and the acceleration term. Since the acceleration term is
neglected, the calculated values of j will be in error by an amount Z
proportional to the acceleration force. Note, however, the symmetric 0

behavior of the acceleration curve in Figure 10c. Since the average
value of acceleration is zero, the average contribution of the (c) ,.', •-
acceleration term to the frictional force is zero. Consequently, the 8
average value of 1A for the cable pull will be an accurate measure of
the kinetic friction coefficient.

Stick-slip cable motion. Occasionally, stick-slip cable motion was x-o
experienced during the cable installation test. Since the equations
used to determine p are valid only when the cable is moving, the
effect of stick-slip motion on the test results is of interest. As in the Figure II. Plots of displacement, velocity, and acceleration for the
previous case, it is assumed that the kinetic friction force is constant case F, > Fk.
when the cable is sliding; however, it is now assumed that the
maximum static frictional force F, exceeds the kinetic friction force, As previously mentioned, the equations used to determine pu (the

kinetic friction coefficient corresponding to the friction force F in the
model) are valid only when the cable is moving. During the "stick"

2, Actually. x 4 V where equality holds only at isolated instants at the peaks of the interval, Figure I la shows that the displacement is symmetric about
sinusaoidal motion, x - F1k. and therefore, the spring force kx is symmetric about F.
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As a result of this symmetric behavior of kx. the average value of kx undulations, force the duct liner to lie fiat, or some combination
during the stick interval is Fs. Consequently, the average value of A thereof. A detailed discussion of these interactions is beyond the
during the stick interval is an accurate measure of the kinetic friction scope of this paper. Their effect, however, is to create localized areas
coefficient even though the cable has stopped. of high normal force at the regions of contact between the cable and

duct liner. The effect on apparent
3 friction coefficient is expected to

The Effect of Cable Bending Stiffness on Calculated Values of diminish at higher cable tension. Therefore, as cable tension (tail
Friction Coefficient ,oad) increases, friction coefficient asymptoticall) approaches a

constant value as shown in Figure 12.

A reel brake was used on the cable reel at the feed manhole to
apply a high tail load during the cable pull. Figure 12 is a plot ofu APPLICATIONS

4 6E- The testing method reported herein can be employed in a
multitude of applications of which two of the more obvious are
evaluation of cable lubricants and duct liners. Comparisons of various

z 
0 4 4  

cable lubricants and duct liners can be made to determine the most
-" favorable combination with regard to friction coefficient. In addition.

- 0542- r * this procedure has also been used to determine the effect of pulling
? **. ,, speed on friction coefficient, and the effect of clearance between a

..

Fiue a2 loteshowficng theeffeciet. ofti oa nte aclte,3 3

values ofd fritio coeficent on. apaetfito-ofii.Freape

030

versus To for a cable pull where T5 was intentionally increased during ,
the pull. As can be seen. p decreases as T0 increases. The cause of 03o:2-

this trend is not fully understood. Cable bending stiffness, however.
can be used to suggest two hypotheses. oa-..- --.o,---- ---- __-___

Measurement error. During the previous discussion on tension 41 fpm 711pm 90 1pm

measurement, it was presumed that the cable behaves like a string. CABLE PULLING SPEED
This assumption implies that the cable adjacent to the dynamometer

Figure 12. Pltragt showin ge ef otaillod ona the mauaed

Figure 13. Boxplots comparing experimental values of frictionreaction in the horizontal strut is equal to cable tension. For a real
cable, however, the cable will have a finite curvature that dependsca t
both on cable bending stiffness and on cable tension, and this
departure from the ideal case will induce some error in the tension consecutive cable pulls that were identical except for pulling speed.
measurement scheme. These particular tests were conducted without lubricant using a

inch polyethylene-sheath cable and a 1twa-inch smooth-wall
The direction and magnitude of measurement error depends on the polyethylene duct liner. Reported values of pulling speed are average

shape oi the cable curvature between the two sheaves in the feed values determined from the time it took to pull a known length of
manhole (see Figure 2). In the present case, the diameters of the cable. As can be seen, p decreases with increasing pulling speed.
upper and lower cable sheaves are not equal; hence the shape of the Note that this effect is significant and it mutt be accounted for during
cable curvature between the two sheaves is asymmetric and unknown, data analysis, otherwise, it may erroneously be attributed to some
and the direction and magnitude of measurement error are other test variable of interest. Therefore, pulling speed should be

indeterminate. Cable curvature will be reduced, however, by higher measured and maintained at a value that is similar to that expected in
cable tension. Therefore, it is reasonable to expect the calculated the intended application.

value of p to approach a limit as cable tension (tail load) increases.
Figure 14 shws the effect of clearance between a cable and duct

This type of measurement error can be avoided if cable curvature liner on friction coefficient. In this test, the -inch polyethylene-
is symmetric between the two cable sheaves. For symmetry, the sheath cable was ined into -. 1t -, and 1u-inch nominal-diameter
diameters of the two sheaves must be equal, and cable tension must smooth-wall palethylene duct liners. As can be seen, apparent
be high enough to keep the cable in conformance with the radius of friction coefficient decreases with increasing clearance. As a rule of
the sheaves. In this case, free body analysis shows that the measured thumb, cable diamter should not exceed two-thirds of the inside-
reaction is equal to the cable tension. In future testing. equal, diameter of the duct liner.

diameter sheaves should be used.
Duct liner undulations. Experimental studies have shown that

duct liners may not lie fiat in the main conduit, but may have The fcIon coeiciet it cotputed ot the be, of meured fr,ct~on and nmlnasormal-force distrttutions tha do not refect of creass due to the eftean of cableundulations betwe n the feed and pull manho es. As cable is pulled lendit stionesso therefore. the teem apparent frctho contficeptye s tued tt

through the undulating duct liner, it may either conform to the cot fiunctiont ith bendinc stiffness effects.
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SUMMARY AND CONCLUSION

A method for the experimental determination of the kinetic
friction coefficient between a cable and duct has been presented.
Friction coefficients are determined numerically from tension data
measured simultaneously in pull and feed manholes during cable pulls
in conduit of known geometry. The test procedure provides a means
for quantitative comparisons of cable lubricants and duct liners.
Because of the nature of the tests, results are directly applicable for r
prediction of cable installation tension in underground plant.
Appropriate selection of cable lubricant and .duct liner, along with
more accurate predictions of cable installation tensions will help The author received an Associate degree in EET from The
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DEVELOPMNT OF TIE PIPE CAMERA FOR TELEPHONE CABLE INSTALLATION AND PIPING MAINTENANCE

M. NAKANO Y. KAJIO H. HINO M. WAKAGI T. SHIMI7U

NIPPON TELEGRAPH AND TELEPHONE CORPORATION THE FURUKAWA ELECTRIC O., LTD.
IBARAKI,JAPAN TOXYO, JAPAN

ABSRACT The high resolution for good cognition of the insile

When the wiring pipe lines for telephone cables which are surface condition of the pipes

going to be used for the new construction of networks are - The smaller head diameter less than 45m for the small

quite aged since installed, it is required to do any type sized pipes such as 80i. dia.

of inside inspection before cable installation works. The 15)0m reach of camera head at shortest

We succeeded in the develoment of the camera system Easier insertion and manipulation

which consists of the black/white tube camera with optical

fiber signal transmission lines in the form of rigid rod DEVELOPME-NT OF PIPE CAMERA

coil from the head of the controller to realize the longer The camera type, the transmission signal line and the

video signal transmission and easier insertion of the camera structure of camera cable were studied to meet the

head deeply into the small sized long pipe line. requirements as mentioned above.

The newly developed color camera system covering 50m long The black/white tube camera with high resolution of 600

is also reported. TV liner, was chosen among three types of camera.

The tested cameras and their capability checked for inside
REQU I RFMENTS

condition of pipes by means of the camera view are as
When the wirinp pipe lines for telephone cables are

fol lows,
installed under the ground particularly in the city area,

K/ fypes of can*?ras tested
it is very comon that the more lines than required at

a Black/white tube camera with resolution of 600 TV lines
that moment are installed and then will be used afterwords

b Black/white CD camera with high resolution of 240
when necessary for the network expansion.

TV lines
The demand for development of any proper tool to realize

c Color tube camera with resolution of 240 TV lines
the inside inspection of such long pipes as 250m between

C Check points of inside surface of pipes
manholes and to reduce the installation cost of the new

* breakage
cable by shortening the working time had been very strong

• out of joint
in Japan.

• irregiularity
The requirements for the pipe camera system for such uses

• bending
are the followings :
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sharp bending In addition to the black/white camera system described

* foreign material so far, the color CCD camera system for 50m long inspection

* corrosion which can be used for such a small piping as 50(m dia.

* through hole with one point of 90* elbow bending was developed, being

• crack devised for the good RIB signal transmission and the camera

head structure.
The optical fibers and O/E & E/O links for video signal

The total inspection system for pipe lines actually used
transmission between the camera head and its controller

in the field is also equipped with the high-pressurized
located at the manipulation site mire used, which made it

water jet system developed for cleaning the foreign
possible to realize the high resolutional image trans-

material out of the pipes.
mission for the distance of longer than 18Ie.

The special structure of cable with FRP claddings and PE Conclusion

sheath which enables to be inserted into the long distance The specification of two types of camera system developed

inside the pipe was newly developed (see Fig.l) and tested for telephone pipe inspection is described on the table 1.

for the pipe of several materials actually in the field. The systems have been frequently used for recent expansion

(see Fig.2) works of network construction in Japan and highly evaluated

by contractors for their effects.

The systems can be applicable for inspection of pipe lines
OPTICAL FIBERS

0 ELECTRIC WIRES for other utilities such as ste, gas, electrical power
- COPPER BRAID line and sewage.

- FRP CLADDING

POLYETHYLENE SHEATH

Fig.l Cross-sectional structure of camera cable

so

o---OSTEEL PIPE IL 0 o---o STEEL PIPE 2 p0

CD A--*-A R 1 D6 PVC PIPE

0_ 5

20 40 60 80 100 120 140 160 180

INSERTED LENGTH (m)

Fig.2 Force for pushing the cable obtained by field test
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Table 1. The specification of two types of camera systm

I T E n BLACK/WiHIlTE TUBE CAMERA COLOR CCD CAMERA

CAMERA HEAD -
-Type Black/White tube camera Color CCD camera
* Dimensions 45mn dia. and 500hm length 34mm dia. and 520mn length
-Resolution 600 TV lines 240 TV lines
-Viewing angle 70 degrees 70 degrees

CABLE

Signal transmittion Optical fiber with analog Coaxial cable
O/B & E/O links

Dimensions Diameter:12.5m Diameter:19.0m
Length :19om Length :50m
Weight :230kg/km Weight :392kg/ikm

CONTROLLERCTV-Rnitor 12 inch-Black/White 9 inch-Color TV-Monitor

VIRTV-Mon itor

8VTR or VHS Method 9 or VHS Method
-Video Typewriter Characters are superimposed Characters are superimposed

on the picture on the picture

1ASAHIR0 NAKANO joined MASAAKI WARAGI joined the
Nippon Telegraph and Tele- ministry of P&T, Japan in
phone Corporation, Japan in 1948 and transfered to The
1972. Furukawa Electric Co.,Ltd.,

He was ago engaged in Tokyo, Japan in M 9.
development on inspecting He has been engaged in
and repairing technologies sale's engineering servic
for underground conduit and of telecommunication cable
is now engaged in develop- " and devices.meit on seismic measures and devces

for outside facilities.

YUGO KAJIO joined Nippon TAKEO SHlMIZU joined The
Telegraph and Telephone Furukawa Electric Co.,Ltd.,
Corporation, Japan in 1975. Tokyo, Japan in 1981.
He is now engaged in He has been engaged in
development on inspecting developing fiber optical
and repairing technologies devices.
for conduit under the
ground and installed on a
bridge.

* * :NTT Tukuba Engineering Center, Nippon
HIDENOR! HINO joined Telegraph and Telephone Corporation,l 7-1,
Nippon Telegraph and Tel- Hanabatake, Oho-machi, Tsukuba-gun, Ibaraki,
phone Corporation, Japan in Japan
1980.
He was ago engaged in * * : The Furukawa Electric Co., Ltd., Fiber
developent on inspecting Optics & Telecommunications division, 519,
and repairing technologies Higashiyawata, Hiratsuka, 254, Japan
for underground conduit and
is now engaged in develop-
ment on maintenance system
for outside faciliities.
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Fiber/Metallic Distribution Plant Concept

F. J. Mullin
W. C. Reed

AT&T Bell Laboratories
2000 Northeast Expressway

Norcross, Georgia 30071

C. Scholly

AT&T Technologies
2000 Northeast Expressway

Norcross, Georgia 30071

Abstract private line to enhanced services in a

relatively short time. Older, generations
The Fiber/Metallic Concept (FMC) for of plant were churned to meet each new

design of local buried distribution plant generation of demands causing assignment
is a fiber complementary alternative to problems and high maintenance and oper-
the Serving Area Concept. By this con- ating costs. Churning related troubles
cept, a group of customer service cables were eliminated by the Serving Area
are linKed to a distribution cable at a Concept (SAC) type plant which interfaces
group termination point thereby avoiding a stable feeder network with a stable
buried splices and cut-dead ahead media. distribution network through an assignment

flexibility point, the Serving Area
The Fiber Ready Plant employs an FMC Interface (SAI).

architecture to be positioned to expand
its capabilities with fiber, in a few years. Need For A New Concept
Fiber' is placed as part of the new Fiber'/
Metallic Distribution Service Cable, but The design of local fiber distribution
initial service is provided over, copper, plant will be more strongly influenced by
7!1's architecture permits major' fiber construction and maintenance costs than by
costs to be deferred while the fiber plant customer demand for service. The wideband
is extended and prepar'es for, a graceful capability of one or two single-mode
transition from copper to fiber service. fibers permanently assigned to each sub-

scriber will permit service upgrades to be
The concept may be advantageously done electronically without disturbing the

applied to a fiber-only distribution plant. plant.
Array splicing may be used as a cost effec-
tive means :f splicing the grouped service Unfortunately, an all-fiber loop plant
cables to distribution cables. Since any awaits the arrival of the fiber network
combination of a service cable fiber' and a and the general availability of end point
distribution cable fiber is a path to a electronics. Fiber can only be deployed
customer, tne fibers may be randomly today if initial service is provided over
spliced and the customer may then be iden- copper pair's. Nevertheless, deployment
tified by an automatic number' identifier must start now to position fiber, for forth-
at the home. coming wideband services, to avoid tne

high costs of overlaying fiOer on existing
Introduction copper' plant in established neighborhoods

and to prevent delays awaiting recovery of
A local distribution plant or loop copper plant investment.

plant connects each telephone customer to
a central office. In a typical loop The Serving Area Concept is a strong
plant, feeder networxs fan out from an candidate for the design of the local
office into serving areas of 200-900 homes. fiber distribution plant. It has been
A network of distribution cables distri- successfully employed for, many year's for
butes telephone services in a serving area. copper, plant and recently for fiber plant
Eich customer premise is connected to the in a few showcase communities.
nearest distribution cable through a
service cable. However', the Serving Area Concept does

impose some cost penalties. It obviously
The loop plant for copper has evolved includes a number of splice points, each

to provide conductor pair's to meet cus- of which entails substantial labor and
tomer demands for' service (See Appendix A). material costs for' fiber splicing and
The demands progressed from party lime to which historically have been trouble
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points. Also, as tile distribution network vM: tor, i'ier, Ready Plant
branches downward in fiber, count , fi bers
are cut-dead stead of many of these o;plice Description

points causing about a tnird of the fiber'
footage to be unused. A FMC p lant that is realy to expa il

its capabilities with fibe" is a "iber
An alternate concept is required to Ready Plant (See Figure 1 ) . Each a, i0 t omer

avoid the SAC cost penalties, to oncourtage is served by th new Fiber'/MletaIlic
early placement of fiber' to the home with Distribution Service -aDle that combiners
initial service over" copper, gair's, and to fibers with twisted pair* in a 3ingle?
design all fiber plant, package. Initial ser-vice is over, tn-

copper pairs while future wideb4nd srtr-
Fiber/Metallic Concept vices over- finer' awaits the arrival of tn

fiber, networK and the general availaility
The Finer/Metallic Concept (FMC) is of associated hardware and electroni s.

now proposed for local buried distribution
plant (See Figure I ). The concept may be The copper, circuits of Fier,' Ready
applied to serving areas which typically Plant are completed between toe ST/SAI and
have 200-900 homes (same as SAC) served the NI J of each home da ring initial con-
through a centrally located remote ter'- stri ct ion. Pair' assignments are mab at
sinaI (RT) or, serving area interface (SA). the Rr/SAI by cross connection of a tradi-
Along a center'Line or, backbone of the area tiOnail copper, Jist,,ibution canle serving a
are placed distr'inution cables to connect UJ'C to a traditional copper feeder, cable.
the RT/SAI to group termination cabinets The Jistr'ibution cable pairs are connected
(3T s). Each GT, serves a cluster' of to the composite distribution service
hoses in residential locas or- along a canle pairs on binling posts in the ;'H_
street. A Network inter'face Unit (NIU which permit maintenance access only since
for' each home connects to its respective assignments are made at tie RT/SAI. Each
IT: through a separate distr'ibut ion set- service cabla pair, terminates on a NIJ
vice canie place1 in a common trench with protector.
othor distr'ibution service cables along
front lot or rear lot easement. Except The fiber circuits of Fiber Ready
for plant architecture, implementation Plant are not completed until fiber- set-

follows operating companies' engineering, vice is activated. Finer to each home is
assignment, construction and mintenance positioned a3 a component of a composite
orocedures . distribution service cable and the finer

ends are stored in trays in the RIU of the
home and the CT'. A conduit is placed
between the HT/SAI and each GTC to allow
c - convent ional finer' optic distribution

-4..-- - , cable to be placed and connected at a
l ater, date. This allows finer cable,

IN~ERFA~tconnector, and splicing Costs to be de-UNIt & fer'red until required for finer" service.
.-- ito

40- at.N.tE0A ... To facilitate completion of the fiber" ctr-

cult , the TC is an above-gr'ound cabinet.

- Installed First Cost Comparisons

BACKBONE CA.SEt Installed first costs for, local buried;,'- . . .. /- iu. i o ion p! ant are a forn tion o
Sarg, number of variables which incl-ide
design concept, material arid labor, costs,
I /ocaI operating company pr'actices, plant
topography, soil condition s and plant

FIGURE 1. PERSPECTIVE VIEW OF A FMC FIBER READY PLANT desigrer preferences. To obtain an indi-
aJtionl of the Cost advantage of one plant

over, another, a simple distribution plant
The concept may be used to design model was em, toyed (See Appendix B).

copper-only, copper/fiber or, fiber-only
buried distribution plant and hence is Installed first cost comparisons were
named the Fiber/Metallic Concept. It is made of Fiber Ready Plant to SAC type
not applicable to aerial plant because of plant with copper-only, copper, buried
the undesirable aesthetics of grouping jointly with fiber during initial constr'uc-
multiple aerial cables in a GTe. It is tion, and finer' overlaid on previously
advantageous to the introduction of fiber, installed uopper. To minimize variables
into the copper, plant of today and to the all metallic circuits to customer pr'emises
design of the all fiber, plant of the consist of five copper, pairs (5 P) and all
fat ur' e fiber circuits consist of ono single mode
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fiber (I F). The results are presented in Table B. Average Installed First Cost
Table A as average relative costs refer- Comparisons (Front and Rear Lot
enced to copper plant for, front lot and Feed)* vs. Fiber Ready Pair
rear lot feeds. Count

Type Plant Relative Cost

SAC Copper (5 P) 1.0

FMC Fiber Ready (I F 1.4
and 5 P) finer

TABLE A. Average Installed First Cost costs deferred.
Comparisons (Front Lot and
Rear Lot Feed)* FMC Fiber Ready (1 F 1 .2

and 2 P),fiber
Type Plant Relative Cost costs deferred.

SAC Copper' (5 P) 1 .0 FMC Fiber Ready (I F 1 .9
and 5 P), fiber

SAC Finer (I F) joint 2.1 connected.
with Copper (5 P).

FMC Fiber Ready (1 F I.6
SAC Finer (I F) over- 2.7 and 2 P), fiber

lay on Copper, connected.

(5 P), best case.
*NOTE: The actual cost for, rear lot feed

FMC Fiber, Ready (1 F I L4 is about 80% the actual cost for
and 5 P), fiber" fron tlot feed.
costs deferred.

FMC Fiber Ready (1 F 1 .9
and 5 P), fiber
connected.

*NOTE: The actual 2ost for rear lot feed Operating Company Concerns With Fiber'

is about 80% the actual cost for Ready Plant
front lot feed.

Operating company personnel have ex-

pressed concerns over, the placement of the
bundle of distribution service cables in a
common trench, the susceptibility of the
bundled cables to damage and the resto-

ration of damaged distribution service
cables.

These tabulated results clearly indi-
cate that fiber, cannot be economically The distribution service cables may be
positioned in the local distribution plant individually placed in an open common
by jointly burying copper and fiber SAC trench with each end tagged for identifi-
distribution networks or overlaying a cop- cation. However, a factory prepared dis-
per network with a fiber network at a tribution service harness promises to be a
later date. Indeed, the overlay results cost effective means of placing these
assume the best conditions where the oi- cables and will further lower the costs
ginal copper plant is not damaged during for Fiber Ready Plant,
overlay construction and none of the obsta-
cles to direct burial 'of plant, usually The bundled cables are susceptible to
found in establisned neighborhoods, are digup damage like all buried structures.
encountered. However, the bundled portion is placed

along an engineered utility easement which

The results show that Finer Ready lowers the possibility of damage.
Plant is a promising vehicle for position- Historically, most digup damage occurs in
ing fiber to customer premlses. In addi- toe cable run from the property line to
tlion, the copper pair count to each home the house. The bundle has the additional
for' Fiber' Ready Plant can be reduced to advantages that it does not look like a
the lowest practical count without signifi- root and is more difficult to cut than a
cantly affecting the ultimate capabilities single large cable. When damage does
o f the Plant thus effecting further occur, some but probably not all, the
;ivings. Table B tabulates the effect of cables will be affected.
;air' count on relative costs for, front lot
feed and rear lot feed, ,espectively. Restoration of a damaged distribution
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cable is accomplished with a buried repair which include billing, banking, meter
closure which accommodates both copper and reading, and mailing. These ANI's will
fiber splices. If a number, of cable- are probably be sensed and identified by elec-
cut, the segments are identified and tronics in the RT and the information re-
tagged using existing copper plant test layed to data collection centers.
sets and identification methods. The
pairs and fiber(s) of each segment are The combination of ANIs and FMC plant
then spliced according to their respective could eliminate the need for fiber identi-
color, codes. fication for construction or maintenance

splicing. Any fiber coming from the home
FMC For Fiber-Only Plant could be randomly spliced to any fiber

going to the RT and be properly served if
Description the RT switching function was directed to

find and memorize the position of each
The Fiber/Metallic Concept may be ANI.

applied to the fiber-only distribution
plant of the near future. Since fiber is Summary
the only media serving each home, service
over fiber must be activated initially. The Fiber/Metallic Concept (FMC) has
The media needs of a home can be served by been presented for local buried distri-
one single mode fiber, but a second fiber, bution plant employing fiber or copper/
may be required to accommodate the end fiber media. By this concept, groups of
point electronics or by the operating com- living units are linked to distribution
pany as a spare, cables at a group termination thereby

avoiding buried splices and "cut dead
Installed First Cost Comparison ahead" fiber, or copper.

An installed first cost comparison was Incorporation of the new composite
made of FMC type fiber-only distribution cable in a FMC Fiber, Ready Plant encour-
plant against SAC type plant. The FMC ages early placement of fiber, to customer
type plant employed GTC's housing indivi- premises. It provides initial service
dual fiber, splices. The SAC type plant over, copper and permits major fioer costs
was also built with individual fiber to be deferred while new technology is
splices. The results are presented as developed and fiber plant extended.
relative costs referenced to SAC type
plant in Table C for both front and rear' The FMC fiber-only plant of the future
lot feeds. may be constructed with array connectors.

Fibers may be randomly spliced in the con-
Table C. Aver'age Installed First Cost nectors if remote terminal switching can

Comparisons (Front and Rear Lot be directed to seek an automatic number
Feed) * identifier at each customer premises.

Type Plant Relative Cost Reference

SAC FiDer (1 F) 1.0

FMC Fiber (1 F) 0.9 1. E. R. Campbell, F. J. Mullin and W.
C. Reed, "Fiber/Metallic Service

*Note: The actual cost for rear lot feed and Distr'ibution Media," 36th
is about 80% the actual cost for' International Wire and Cable
front lot feed. Proceedings, November 1987.

Further Advantages

A fiber-only FMC type plant has addi-
tional advantages which result from the
small numbers of fiber required to each
home and the need to activate the fiber'
circuits initially. The fibers from each
home may be grouped in array connector's at
the GTC and array spliced to the fiber
backbone distribution cables. The GTC may
be a below ground closure housed in a hand
ho1 to permit access for maintenance.

Fiber systems of the future will proba-
bly require an automatic number identifier
(ANI) capability at each home for customer
identification to facilitate services
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APPENDIX A. EVOLUTION OF LOCAL COPPER D. Serving Area Concept

DISTRIBUTION PLANT
The serving area concept (SAC) is pre-

A. Multiple Fixed Count Concept sently used to design copper residential
distribution plant. An area defined by

The multiple fixed count concept was natural boundaries is served through one

formulated to employ pulp insulated, lead flexibility point, known as the serving

sheathed cable in the local distribution area interface (SAI), to provide at least

plant and to meet customer demand for ser- two copper pairs to each customer living

vice. The cable was lashed to steel sup- unit.

port strands suspended between poles.
Splices were made by twisting and sleeving In a typical SAC plant, feeder cable
mating conductors and were enclosed in pairs from the central office (CO) termi-
wiped lead sleeves. Cable pairs were nate at the SAI. From there, distribution
available for service at binding posts backbone or subfeeder cables are extended
housed in pole-mounted cabie terminals along an area centerline or backbone to
served through a lead sheathed cable stub connect front or rear lot distribution
which was spliced to selected cable pairs, lateral cables extending toward customers
Cable pairs appeared at several locations premises. The backbone cables step down-
to provide both private and party line ward in size away from the SAI to minimize
service. This type plant met the needs of waste due to cut-dead ahead pairs. Once a
the nation through the late 1950's when backbone pair is cut and spliced to a lat-
1/2 the U.S. households had private lines, eral pair, the remainder of that backbone
1/4 had party lines and 1/4 had no service pair to the end of the cable ahead of the
at all. splice point is unused. Also, in each

lateral the pairs beyond successive ser-
B. Ready Access Concept vice cable splice points are unused. The

service splice points are protected in a
The Ready Access Concept followed in buried splice closure or above-ground ped-

the early 1960's to employ polyethylene estals.
insulated, aluminum/polyethylene sheathed
cable and to meet the increased demand for Generally 1.2 to 1.5 feeder pairs from
telephone service. Cables were lashed Or, the CO are terminated in the SAI to serve
self-supported in aerial plant or buried the 2 dedicated pairs to each living unit

directly. Splices were made with individ- thus minimizing feeder plant investment.
ual conductor, connectors and were pro- First line services are established and
tected in plastic or metal closures. All never disconnected. Second lines are con-
cable pairs were exposed and available for nected to designated feeder pairs as sub-
assignment in pole mounted terminals or, scribers demands change. Changes of resi-
above ground pedestals. dences generate a great deal of second

line a~tivity since one in five households
This type plant was easy to build and in the U.S. moves each year.

assign initial service. However, the in-
creasing demands for telephone service, APPENDIX B. First Cost Comparison - SAC
the inward/outward movement of service and vs FMC
the ease in changing pair assignments led
to a cable pair administration problem. A. Distribution Plant Model
This in turn greatly increased operating
and maintenance costs. A simple distribution plant model was

developed to compare installed first costs
C. Dedicated Outside Plant Concept of FMC plant against SAC plant from the RT

or SAI connections to the customer NIU.
The dedicated outside plant concept It permits examination of copper-only,

was intended to avoid the assignment pro- fiber-only, joint copper, and fiber (copper
blems of ready access plant by dedicating and fiber, cable in a common trench) or
a cable pair from the central office to composite 2opper/fiber plant (copper pairs
each living unit. The cable pair was as- and fiber, in a common cable).
signed and never disconnected except by
heat coil or protector, removal at the cen- The model serving area resembles a
tral office main frame. The assignments region of middle to high income family
were recorded in ink instead of pencil as homes and consists of 600 living units on
used earlier'. 200' x 200' lots along streets with 60'

right-of-ways and 28' wide pavement. The
The almost complete lack of flexi- Lots are arranged in 20 lot blocks. The

bility in cable pair movement became a serving RT or SAI is centered in the area.
problem in meeting a growing and changing
demand for second line services. The various plans to be examined fall

Craftpersons were forced to take trouble into two categories, the traditional SAC
causing steps to move cable pairs to pro- type (see Figure B1) and the new FMC type
vide this service. (see Figure B2). Both types may be imple-
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mented as either front lot (FL) or, rear cable; labor and material costs for
lot (RL) feed as shown in the figures. service termination splices (2 fiber,service cables/splice for FL and 4

To facilitate comparison of installed fiber, service cables/splice for RL)
first cost and features, the number' of and backbone splices (4 laterals/
variables between various plans is mini- splice) including rotary connectors
mized. All metallic circuits to sub- and closures; and material and labor
scriber premises consist of five copper costs for' terminating the distri-
pairs and all fiber consist of one single bution cables in the RT and the
mode fiber'. All fiber, and connections are fiber service cable in customer net-
made with rotary connector's. All copper work interface units with rotary
and fiber, circuits entering a customer' connectors.
service closure, group termination cabi-
net, SAI or RT are terminated except for Copper Joint With Fiber (SAC) -
the instance where installation of fiber Costs for' placing additional sheath
cable and connection of fiber' is delayed resulting from the joint burial of
to defer costs. All lightguide cables are the fiber network with the copper
Lightpack® cables. All splices are network.
b u ried.

Fiber Only (FMC) - Prices for' buried
B. Material and Labor' Cost Items fiber' service cable and Lightpack ®

backbone cable; contractor, charges
The material and labor cost items in- for placing additional sheath; esti-

clude prices, contractor charges and oper- mated installed cost for group termi-
ating company labor costs. Together they nation cabinet and material and
yield the installed first cost to the oper- labor costs for terminating fiber in
ating company for installing a particular the RT, group termination cabinets,
type of distribution plant. The items and and customer, network interface
their associated unit costs are explained units.
below.

Fiber' Ready (FMC) - Prices for non-
Trenching and Placing One Sheath gopher, composite distr'ibution ser-
FMC.SAC)- Contractor charges for vice cable, ASP copper distribution
service trenches (typically 4" wide cable and Lightpack

®  
cable; contrac-

x 24" deep), lateral and backbone tor' charges for placing additional
trenches (typically 6" to 8" wide x sheath; estimated installed cost for
36" deep), and the placement of one group termination cabinet; and labor
sheath, e.g., one cable, in each and material costs for terminating
trench, copper and fiber in the RT/SAI,

group termination cabinets and cus-
Splice Pits (SAC)- Contractor tomer network interface units using
changes for digging and filling in rotary connectors.
splice pits for' service closures
(typically 2' x 4' x 3' deep) and Fiber' Ready (FMC), Deferred Cost
backbone closures (typically 4' x 4' Items - Material and labor, charges
x 3' deep). for installing 1" conduit to permit

later installation of backbone fiber'
Copper, (SAC) - Prices for, nongopher 2able; price for' Lightpack®  

backbone
service wire (0.100 wF/mi) and ASP cable (deferred); and material labor
type distribution cable for' laterals costs for' terminating the fiber in
and backbone; contractor charges for tne RT, group termination crbinets,
placing additional cable in a trench and customer network interface units
containing one cable; labor' and mate- using rotary connectors (all de-
rial costs for service termination ferred).
splices (2 service wire/splice for
FL or' 4 service wires/spice for' RL)
and backbone splices (4 literals/
splice) including connectors and
closures; and labor costs for' ter'mi- Registered trademark of AT&T
nating the distribution cables in
the SAI and the service wires in the
customer service closure to a pro-
tector or network interface unit.

Fiber Only (SAC) - Prices for' buried

fiber sevi'e cable and Lightpack"
lateral and backbone cables; contrac-
tor charges for' placing additional
cables in a trench containing one
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METHODS OF DIFFERENTIATING AMONG PTFE FINE POWDER RESINS

oohn Bednarczyk and Pankaj Mehta

E.I. du Pont de Nemours & Co. (Inc.)

Summary Methods of Differentiation

Wire insulated with polytetrafluoro- There are several ways to differ-
ethylene (PTFE) resins are used in entiate among PTFE fine powder resins.
aerospace, computer, military and ASTM D 1457-83 is an excellent reference
industrial electronics and other demanding on this subject. This specification covers
applications. PTFE resins are well suited six types of PTFE resins generally used
for these applications due to their unique for compression molding ram extrusion or
balance of electrical, thermal and paste extrusion with a volatile processing
chemical properties. However, distinct aid. The following discussion is about
differences among PTFE resins do affect resins described as Type III in ASTM D
processing characteristics and end-use 1457-83.
performance. In some cases for example,
PTFE insulation has cracked during service Type III resins are divided into four
due to improper manufacturing conditions grades by characteristics such as:
or improper resin selection. The combi- average particle size, melting peak
nation of processing technique and resin temperature, extrusion pressure, standard
properties will ultimately determine the specific gravity (SSG), tensile strength
quality of the finished wire insulation, and elongation. Additional procedures are
This presentation will discuss the various provided in the appendix of ASTM D 1457-83
methods available to differentiate among for further characterization of the
PTFE resins. Two new methods, which resins. These methods include: dimensional
directly relate to the stress-crack changes during molding (shrinkage and
performance of the material, are growth); size and distribution of size of
presented. In addition, these tests allow particles or agglomerates; yield behavior
for improved sensitivity over current and tangent modulus at rupture; heats of
methods. These new methods can improve the fusion and crystallization; el~ctrical
resin selection criteria to meet demanding properties; and tensile creep.
end-use requirements.

Each grade is further divided into
three classes to indicate performance in
the test for extrusion pressure. The
extrusion pressure ranges are listed in

Discussion Table I.

Today, many types of PTFE resins are
available. A number of physical and Table I
electrical properties of PTFE resins are
generally Similar. These properties
include outstanding chemical resistance, Extrusion Reduction
high-temperature resistance, low-flame and Class Pressure (psi) Ratio*
low-smoke properties, excellent dielectric - ------
properties, outstanding resistance to
weather, anti-stick characteristics and A 1,410 ±610 100:1
high purity. However, there are distinct
differences among the resins that will B 3,500 ±1,500 400:1
affect their processing and end-use
performance characteristics. The remainder C 8,000 ±3,000 1,600:1
of this paper will focus on resin
selection criteria to optimize both
processing and performance. *Reduction ratio is the ratio of the

cross-sectional area of the preform to
the cross-sectional area of the die.
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Choosing the proper PTFE resin is an The results of MIT flex testing
important consideration for manufacturers illustrate the d:amatic relationship of
of insulated wire. This choice is governed SSG to mechanical properties. This test
by the available processing equipment, the measures the 2 folding endurance of a 5-mil
wire construction to be produced and the film sample. The commercial resins
specific end-use requirements. The resin available for wire and cable span a wide
with the optimum balance of properties range in crystallinity (SSG 2.14 to 2.24).
will provide the wire processor with The low end of this range would have a
efficiency of operation while maintaining flex life two orders of magnitude greater
the highest quality insulated wire. than the high end.

It has been shown that processing Thermal instability index (TII) is a
efficiencies can be derived from resins measure of molecular weight stability at
that exhibit better lube acceptance, elevated temperatures. A resin with higher
broader reduction-ratio capabilities, TII will show a higher degree of molecular
lower extrusion pressure at high reduction weight degradation at elevated
ratio, narrower extrusion pressure ranges temperatures. The decrease in molecular
and/or faster sintering capabilities, weight is reflected by an increase in
Resins with better lubricant acceptance crystallinity. TII measures this change in
will require less aging time before resin crystallinity due to thermal
processing. Broader reduction ratio exposure.
capabilities will allow the use of a resin
in a wider variety of wire constructions. The TII test procedure is described
Resins with lower extrusion pressures at in ASTM D 1457. SSG and Extended Specific
high-reduction ratios may allow the use of Gravity (ESG) must be determined. ESG
larger diameter extrusion barrels, which specimens are sintered similar to SSG
will yield longer runs and reduced scrap. specimens except that the hold time at
Resins that sinter faster will allow 3801C is 360 minutes versus 30 minutes for
higher line speeds with a given setup for SSG specimens. The thermal instability
improved productivity. These can result in index is calculated as follows:
reduced fine powder inventory
requirements. TII = (ESG - SSG) x 1000

Along with processing efficiencies, a TII is not used to differentiate
PTFE resin must also provide a finished among PTFE resins in the present ASTM
insulation that meets the end-use specification. ASTM D 1457-83 specifies a
performance criteria. Resin properties maximum TII of 50 for all PTFE fine
already identified as being important to powders. A number of PTFE resins have a
end-use characteristics, such as TII that is much lower than 50. These
resistance to cracking, include molecular resins are more thermally stable. This
weight, crystallinity and thermal stability can provide an important benefit
stability. Crystallinity and thermal for the wire manufacturer and end user
stability can be measured using test alike. Often, PTFE insulated wire will
methods specified in ASTM D 1457-83. encounter additional thermal exposure

during secondary manufacturing operations,
Standard specific gravity is a such as printing and stripping. Resin with

measure of resin crystallinity. ASTM D a lower TIT (higher thermal stability)
1457-83 separates Type III resins into will experience less molecular weight
four different grades with varying ranges degradation due to the additional heat
for SSG. Grades and SSG ranges are listed history. This will provide a wire
in Table II. insulation that maintains a higher level

of integrity.

The new fine powder specification,
Table II which will replace ASTM D 1457-83,

contains proposals for new classes and
grades submitted by resin manufacturersGrade Specific Gravity that list TII maxima of 15 to 50. This

change will enhance resin differentiation

1 2.19 - 2.24 through the use of TIH.

2 2.14 - 2.20 New Methods of Differentiation

Improved understanding of polymer
3 2.17 - 2.23 fracture mechanics has provided additional

techniques to differentiate further among
4 2.14 - 2.23 PTFE fine powder resins. The Crack
-.------........--------------------- Susceptibility Index (CSI) technique war
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presented in a technical paper to the 35th measured for a number of PTFE fine powder
International Wire and Cable Symposium. resins to illustrate the broad scale of
CSI measures the tendency of a PTFE resin differentiation offered by this test.
to form voids when stressed in tersion. Twelve resins made by five different
Void formation has been suggested as a manufacturers were compared. All of these
mechanism in the st resins were Type III as defined by ASTM D
different polymers. " ' , , Based 1457-83. The specific gravity (SG), SG at
on this mechanism, there are two stages to break, SVI and percent voids are listed in
crack formation: initiation and Table III.
propagation. Once a critical crack size
has formed, propagation is very rapid. Table III
Therefore, the crack formation time is
controlled by crack initiation. One of the
factors affecting crack initiation is the Resin SG SG at Break SVI % Voids
tendency of a resin to form voids.
Mechanical stresses over a long period of
time can result in voids in some polymers A 2.151 2.140 11 0.5
and these voids can eventually lead to
cracks. B 2.148 2.079 69 3.2

The CSI technique was described in
the technical paper entitled "PTFE Resin
Selectiy for High Performance Wire and D 2.178 2.072 106 4.9
Cable." By stretching test specimens at
high strain rates, microvoids are
nucleated throughout the specimen.
Specimens of compression molded resin are F 2.178 2.031 147 6.7
stretched to break on a tensile testing
machine. The change in specific gravity G 2.163 1.957 205 9.5
between the unstrained and the strained
specimen is a measure of the void
formation in the resin. Percent voids is
calculated as follows: I 2.182 1.947 235 10.8

% Voids = (unstrained SG-strained SG) J 2.177 1.921 256 11.8

unstrained SG x 100 K 2.194 1.923 271 12.3

The difference between unstrained and
strained specific gravity is multiplied by
1000, as in the TII test, to yield a
measure we termed the Crack Susceptibility
Index (CSI). The equation is as follows: Additional refinements to the SVI

test were explored to further improve its
CSI = (unstrained SG - strained SG) x 1000 ability to differentiate among PTFE fine

powders. The origina2 SVI test only
Increasing CSI denotes an increased included a mechanical stress component to
tendency for void formation. differentiate among resins. To combine

thermal stability and mechnical stress,
CSI has been renamed Stretching Void the SVI test was performed in combination

Index (SVI) by the ASTM subcommittee that with the TII test. We have called this new
is responsible for revising ASTM D 1457-83 technique the Thermal Stretching Void
to better reflect what is actually being Index (TSVI) test. It was found that TSVI
measured in the test. Additional resin offers an even larger scale for comparison
classifications have been submitted with of PTFE fine powder resins.
maximum SVI levels to improve further
resin differentiation in the new PTFE fine Specimens for SVI measurement are
powder specification that will replace sintered using an SSG temperature cycle
ASTM D 1457-83. described in ASTM D 1457-83. The hold time

in the SSG cycle is 30 minutes at 380 0 C.
The SVI test offers a much wider By using the longer TII temperature cycle

scale for comparing different PTFE resins (hold time of 360 minutes at 380*C), the
than SSG or TII techniques. The SSG range thermal stress on the TSVI test Fpecimens
(2.13 to 2.24) covered by ASTM D 1457-83 is significantly increased.
is only 110 units (Specific Gravity Units
x 1000) wide. The TII scale presently has TSVI specimens are stretched to break
an upper limit of 50 for all classifi- on a tensile testing machine as in the
cations. SVI offers a scale of more than original SVI test. The change in specific
400 units. The Stretching Void Index was gravity between the unstrained and the
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strained specimen is a measure of the void are a result of the higher crystallinity
formation in the resin. Percent voids is of the specimen on extended thermal
calculated as in the SVI test. The treatment. Resins that degrade the most
equation is listed below: have higher crystallinity and,

consequently, a larger increase in the
% Voids = (unstrained SG - strained SG) TSVI test. This can be seen by comparing

the SVI, TII and TSVI. Resin C with an SSG
unstrained SG x 100 of 2.177 has an SVI comparable to Resin E.

However, the higher TII of resin E is
reflected in its much higher TSVI compared

The difference between unstrained and with Resin C.
strained specific gravity is multiplied by
1000, as in the TII and SVI tests, to Table V
yield the measure we termed the Thermal
Stretching Void Index (TSVI). The equation
is as follows: SG SG at Break

Resin (TII chip) (TII chip) TSVI % Voids

TSVI* = (unstrained SG - strained SG) x 1000 Rchid

* Specimens are prepared using the TII A 2.156 2.134 22 1.0
temperature cycle. The test procedure is
listed in the Appendix. B 2.171 2.098 73 3.4

C 2.188 1.992 196 8.9
The TSVI of specimens prepared in

this manner is considerably higher than D 2.191 1.983 208 9.5
the SVI. The range of values obtained by
the TSVI test is approximately twice as E 2.226 1.582 644 28.9
large as that of the SVI test.

F 2.229 1.682 547 24.5
Table IV shows SVI results for

several more fine powder resins. Specific G 2.246 1.322 924 41.1
Gravity (SG), strained SG (SG @ Break) and
percent voids are also listed.

Table VI
Table IV

Resin SSG TII SVI TSVI
Resin SSG SG at Break SVI % Voids

A 2.152 4 11 22
A 2.152 2.141 11 0.5

B 2.156 15 46 73
B 2.156 2.110 46 2.1

C 2.177 11 142 196
C 2.177 2.035 142 6.5

D 2.175 16 87 208
D 2.175 2.088 87 4.0

E 2.184 42 140 644
E 2.184 2.044 140 6.4

F 2.177 52 258 547
F 2.177 1.919 258 11.8

G 2.213 33 400 924
G 2.213 1.813 400 18.1

TSVI test results are shown in Results in the SVI and TSVI tests
Table V for these same resins. The SG of demonstrate the expanded scales these
the TII chip, strained SG (SG @ Break) and techniques offer for comparing different
percent voids are also listed. As can be PTFE resins. The TSVI test offers a scale
seen, the TSVI range of values is greater than 900 units.
approximately twice as large as that of
the SVI range.

Table VI contains the SSG, TII, SVI
and TSVI results for the resins shown in
Tables IV and V. The higher TSVI indices
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Conglusion 11. "PTFE Resin Selection for High
Performance Wire and Cable,"

Better methods for differentiating Conference Proceedings, 35th
among PTFE resins will help wire International Wire and Cable
manufacturers and end users select resins Symposium, November 18, 1986 Reno,
that are best suited to their particular Nevada, Baillie, R.L., Bednarczyk,
needs. PTFE resins wit lower TII can J.J., Mehta, P.M.
withstand temperature extremes with less
molecular weight degradation. Resins with
low SVI will experience less void
formation when stressed. A low TSVI index Appendix
indicates that a resin offers a
combination of thermal stability and
higher resistance to void formation. These Test
types of resins should be better suited
for applications where mechanical and/or Determination of Thermal Stretching
thermal stresses on wire insulations are Void Index (TSVI)
of greater concern. The TSVI measurement
combines TII and SVI techniques to Apparatus
effectively differentiate among PTFE fine
powder resins. 1. Hydraulic Press

References 2. Temperature Programmed Oven

1. American Society for Testing and 3. Tensile Testing Machine

Materials Volume 8.01 Plastics (I):
(D 1457). Procedure

2. "A Contribution Toward Improved
Quality and Consistency of PTFE 1. The die shown in Figure 1 of ASTM D

Insulated Wire," Conference 1457 shall be used for the molding of

Proceedings, Third SAE AE-8D test specimens. Place flat aluminum

Aerospace Electrical Interconnect disks, 0.08- to 0.38-mm (3- to
Syrse Confernc, Setembronne19815-mils) thick and 76 mm (3 in.) inSystem Conference, September 18, 1985 diameter, on both sides of the resin.
St. Louis, Missouri, Dr.-Ing. Horstdimtronbhsdeofheei.StLouis, Mis , rThe test resin should be near ambient
Kuettner, P.E. temperature prior to molding.

3. Williams, J.G., Fracture Mechanics of
Polymers, Ellis Horwood Ltd. 2. Screen 29 grams of PTFE resin through
(Publishers), 1984, p. 123 a No. 10 sieve into the die. Adjust

4 1. the lower plug so that the resin can
4. Kramer, E.J., "Microscopic and be leveled by drawing a straightedge

Molecular Fundamentals of Crazing,' in contact with and across the top of
Advances in Polymer Science 52/53, the die cavity. Insert the die in a
Advancesi Plyer Science 5suitable hydraulic press and apply
Springer Verlag, (1983). pressure gradually (500 psi/min)

5. Kinloch, A.J. and Young, R.J., until a pressure of 6.9 MPa (1000

"Fracture Behaviour of Polymers," psi) is attained. Hold this pressure

Applied Science Publishers, (1983). for 2 min., then increase the
pressure to 13.8 MPa (2000 psi) and

Fracture," hold for an additional 2 min. Remove6. Kausch, H.H., "Polyrrer Frcue"the disk from the die.
Springer Verlag, p. 282 (1978).

7. Wendorff, J.H., Polymer 21(5), 553-8, 3. Sinter tne compression molded disk in
(1980). a temperature programmed oven

according to the TII temperature

8. Argon, A.S., Pure and Applied Chem., cycle stated in ASTM D 1457-83,

43, 247, (1975). Procedure F, Table III.

9. Wellinghof, S. and Baet, E.J., 4. Remove all flash from those portions
Macromol. Sci., B4(3), 1195, (1977). of these specimens that will be used

for determination of specific
10. Pabinowitz, S. and Beardmore, P., CRC gravities so that no air bubbles will

Reviews in Macromol. Sci., 1, 1, cling to their edges when the
(1972). specimens are immersed in liquid

during these tests.
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5. Determine the specific gravity of the
samples prepared above as per ASTM D
792. This is the unstrained specific
gravity of the sample.

6. Cut tensile specimens from the
sintered disk using the microtensile
die shown in Figure 14 of ASTM D
1457-83.

7. Clamp the specimen in a tensile
testing machine, with essential equal
lengths in each jaw. The initial jaw
separation shall be 12.7 +0.13 mm John Bednarczyk received his B.S. in
(0.5 ±0.005 in.). Chemical Engineering from Rutgers

University in 1981. He joined Du Pont in
8. Strain the specimen at a constant 1981 and worked in the Photographic and

rate of 5.08 mm (0.2 in.) per min. Electronic Products Department. In 1984 he
until it breaks. This strain rate and joined the Polymer Products Department,
initial jaw separation yield a strain Specialty Polymers Division where he is
rate of 40%/min., based on the responsible for technical support for
original gauge length of the fluoropolymers used in the wire and cable
specimen. If elongation at break is industry.
less than 500%, discard the result
and repeat this step.

9. Cut off a portion of the stretched
part of the specimen. Determine,
according to ASTM D 792, the specific
gravity of this strained specinn
(Strained SG or SG at Break). Care
should be exercised to avoid air
bubbles on the surface when measuring
weights in water.

10. Calculate percent voids as follows:
Pankaj Mehta received his Pa'helor's

% voids = (unstrained SG - SG at break) Degree in Chemical Enginee.-ing from the
University of Bombay in 1981. He received

unstrained SG x 100 a Masters in Chemical Engineering from the
University of Delaware in 1983. He joined

11. Calculate the Thermal Stretching Void Du Pont in 1983 as a visiting scientist at
Index (TSVI) as follows: the Company's Experimental Station. He

joined the Polymer Products Department in

TSVI = (unstrained SG - SG at break) x 1000 1984 where he has concentrated his efforts
on basic fluoropolymer research.
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CPARACTFRIZATION O POLYOLEFIN 'ATERTALS USED AS TELECOMMUNICATION CABLE JACKETS
BASEI, ON THEIR TOUGHNESS RF.ATED PROPERTIES

VIENEY B. MASCAREEPAS WILLIAM H. ENGLEHART

INSULATFD CAILE ENGINEERS ASSOCIATION, P.O. BOX P, SOUTH YARMOUTH, MASS. 0266A

ABSTRACT INTRODUCTION

The prime interest was to arrive at a relationship The first line of protection to any outside plant
between material's physical properties, the cable communicatlons cable is its jacket. Once

3acket thickness, and the ability cf the cable penetrated, the inner components are exposed to
jacket to strvive the hazards of installation, conditions that can deteriorate the electrical
The first step was to characterize various poly- and physical performance of the cable.

ethylene jacket materials by varying degrees of Preservation of the jacket integrity is a prime
density and types, to be followed ly evaluation of concern in the development of a cable design.
cable jacket performance and thte recommendations This concern is evident in the various physical
of appropriate thickness dependent or material performance requirements placed on the cable to
properties, insure that the sacket will remain intact

throughout the cable's installation and service
Puzing the first stage of the study twelve diffe- life. Cable bend, low temperature fracture and
rent materials uere evaluated and characterized impact testing are just a few examples of these
using the following parameters: density, melt requirements imposed to insure acceptable
flow index, ternsile strength at yield (at three performance.

temperatures), yield elongation (at three diff-
erent temperatures), tensile at break, elongation Two factors that contribute to these performance
at treak, modulus of elasticity (at three diff- requirements are the material and thickness of
erent temperatures), thermal analysis (peak melt, the jacket. Because of this the industry has
crystallinity, heat of melting, heat at crysta- also adopted certain jacket thickness require-
Ilization), abrasion resistance, notched low ments. In addition they have established minimum

temperature brittleness and compression cut- material performance requirements. With the
through resistance. development of various materials over the past

ten years the criteria used to establish material
The material properties were analyzed by grouping and thickness requirements may no longer be
ther by density and by type. Then each group and appropriate. Most material suppliers have
type were characterized by their respective per- published data on their polyolefin materials

formance in each testing parameter. This was done suitable for jacketing, but this is relative to
in spread sheet form so that quick comparison their own product lines. Example of these type
between groups and types could be done. Addi- of studies are given in references I through 5.
tionally, the results were graphically assembled Performance of some materials has also been
to enhance the comparison capability. These studied by some users (references 6, 7, 8). In

techniques allow for easy determination of trends 1982 the Communications Section of the Insulated
within each group and type depending on which Cable Engineers Association (ICEA) decided to
physical parameter is being evaluated. The evaluate varno. s polyethylene jacket materials.

conclusion drawn from these analysts were compared The objective of this evaluation was to charac-

to existing explanations of material performance. terize these materials by several physical
Wheic discrepancies existed, attempts were made to parameters that could be related to installation

clarify the measured performance. Results are or environmental hazards. This characterization
presented with recommendations for rating the was necessary because existing data from the

different materials for further performance material suppliers are limited to typical pro-
studies, parties used for quality control purposes.

All of the information presented is the product of Therefore the first order of activity was to
the activity under Working Group 592 and their determine what physical tests could be used that

point of view. It does not represent an official would relate to field performance. In terms of
ICEA position on any aspects of this study. installation practices, several concerns are

evident. These are:

i. Tearing or splitting of the jacket during
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pulling or bending of the cable. Thermal Charocteristics The jacket maturials
2. Tearing or wearing of the jacket due to were thermally chracterized by Differential

rubbing across coarse surfaces or sharp Scanning Calorimetry (DSC) where their peak melt,
objects, crystallization, heat of melting, hear of

3. Splitting or puncture of the jacket due to crystallization, crystallitre onset, ard melt
irpact. onset temperatures were determined dynamically at

4. Deformation of the sPcket due to heat and the programiec rate of 10C/minute from the
pressure, thermograms.

A number of, then active, manufacturers of black A sample of jaclet material 5 to 8 milli4.rems was
polyethylene compounds were contacted for samples weighed or an electronic microbalance and sealed
to cover most commercially available materials. in a standard aluminum pail. The sample was

heated in a DSC cell under a nitrogen atmosphere
These materials were obtained and identified by a to 175'C to remove prior heat history and then
letter code and are listed in Table 1. subsequently cooled and reheated at a programmed

rate of !0°C per minute. This prccedure was
All samples were collected by rce of the partici- chosen for its simplicity and tc provide the
pating laboratories, coded, and distributed to the necessary thermal transition temperatures of the
other laboratories. After due consideration, the jacket materials. A relative degree of
Working Croup decided on seven tests (as shown in crystallinity can be obtainen from the heat of
Table 2). Taking into consideration the time crystallization; however, an individual
required and the expense of doing all tests by isothermal procedure wouid be necessary for each
each participating laboratory, the Working Group jacket material for quantitative results.
agreed to split the testing between laboratories in
a manner that each test was done by three labora- Notched Brittleness - This testing was done per
tories (as shown in Table 2). A brief description ASTY D 746 with the samples notched to a depth of
of each test is provided here. A more detailed 0.02 iitches usixig r notching jig. The notch was
write-up of the non standard test methods can be necessary because most of the materials tested
obtained by written request to the authors, would not fail impact at the lowest temperature

of the equipment in an unnotclwd condition. As
Density - This was the controlling property used documented by Yanizeski, et a! I the effects on
to group the 12 materials evaluated relative to impact results due to the notch geometry can be
the above characteristics. Testing was done per dramatic. There was also concern about the
ASTM D 1505. influence on results due to notch sensiti-

vity. However, this test method does
Melt Flow Rate - This testing was done per ASTM provide relative iagnitude of impact resis-
D 1238. 7t does not directly relate to tance and does provide an indication of cold
performance but was included to further temperature performance.
categorize the various materials used.

Abrasion Resistance - The testing was done per
Stress/Strain Picperties ASTM b 3389 except that the abrasive wheels were

CS-17 and the load was 1000 grans. There were
I. Tensile Strength at Yield and Break - All #wo, 500 revolutions cycles with a wheel cleanirg

testing was done per ASTM D-638. These pro- between each cycle. The only other standard test
perties were measured at three temperatures, method for abrasion resistance on solid plastic
23C, 43°C and 63

0
C. The use of elevated material is ASTM D 1242. This was not considered

temperatures was for the purpose of deter- because of its complexity and lack of available
mining loss of strength due to heat exposure, equipment. The method used did yield results
Because of test equipment limitations only that gave some indication of the resistance to
tensile strength at yield could be measured wear against coarse surfaces.

at the elevated temperature.
Compression Cut-Through - This was a special

2. Elongation at Yield and Break - This pars- test developed by the Working Group. It involves
llels the tensile properties and is measured a curved sample on a wooden dowel being
during the same test. It, along with ten- compressed by a 0.015" thick blade. Contact
sile, can be used to determine toughness. It between the blade and a copper strip located
Is also a good indicator of flexibility or under the sample idicate total penetration. The
brittleness. Because it is part of the force required to cause penetration is a Food
tensile test the yield was also measured at indication of the material ability to withstand
the same three temperatures, compressive loads by sharp objects.

3. Modulus of Flasticity - This property is RESULTS
more commonly referred to as tangent modulus
since most plastics do not have a true In general the study reaffirmed existing concepts
elastic modulus. Again this property was of polyethylene published in various literature
measured at 23*C, 43C, and 63*C per ASTM and supplier data. As the density of the poly-
D-638 with the dual purpose of determining ethylene increases so does its tensile strength,
retention of stiffness and changes in modulus, melt characteristics and cut through
toughness. resistance. On the other hand elongation tends
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to decrease with increasing in density. There this condition. This is in agreement with results
were several non classic responses that required reported by Lawler, Rossi and Virkes 7 In their work
further analysis. The most noticeable were the on medium density jacket materials . At least
behavior of the two linear low density materials, from the study, if there is a need for high yield
the various medium density materials, and the strength at elevated temperature, one needs to
response to the cold impact testing, start with a proportionally higher strength

material at room temperature.
One of the two linear low density polyethylene
exhibited performance along the lines of the Elongation at Break - This was one of those
standard low densities (Material E). The other tests that resulted in considerable scatter of
linear low (Material D) had properties that, for data between testing labs. There appears to be
the most part, approached the medium density two levels of performance. The LDPE materials
range. The two medium density blends show pro- along with one LLDPE fall in a range between 600%
perties that, although similar to the non blended and 730%. The other LLDPE, the MI)PE and HDPE
medium densities, were distirctly lower in per- materials are in the secord group between 750%
formance. However in terms of their performances and 950%. The behavior of the various materials
relative to their densities they do follow the relative to each other is very similar to the
expected path. tensile strength at break. Again material M

showed lower than expected values due to the
All of the data was organized by looking at each delamination effect.
material per a given property and the three
laboratories doing the test. Table 3 is a com- Elongation at Yield - This follows classic
nlete representation of the data used in the material behavior for materials of similar
analysis process. in addition to the tabulatior, chemistry. As the tensile values increase the
graphs were constructed comparing the results of a corresponding elongation decreases. The high
given, property .ersus the various materials density polyethylenes with their higher tensile
tested. Accuracy and agreement between yi,;id values have a correspondingly lower elonga-
laboratories was good on most tests based on ASTM tion at yield as compared to the low density
guidelines. The special tests not covered by ASTH materials. What did not follow classic behavior
rrocedures gave the most variability. The was the response to elevated temperatures. A
following are the working group's interpretation 20*C rise in temperature caused the low and
of the results and their significance to linear low density materials to increase in
performance, elongation between 3507 and 425%. However the

medium and high density materials increased at a

Melt Flow Rate - The data clearly demonstrates much lower percentage, running between 35% and
that this property is not a function of density 80%. On the other hand a L0*C increase in
alone. It is also obvious that this property can temperature invokes a slightly different
not be used to judge the relative physical response. The elongation at yield of the low
performance of material. This holds true whether density materials increases between 415 and 5407.
the materials are of the same density or of The linear low between 410% and 450% and the
different density ranges. All tLat can be said medium blend between 310% and 370%. This time
for this property was that it was the only one in the straight medium density and the high density
which all three testing labs had good agreement on only increase between 75% and 100%. It is
all raterials. possible that the low and linear low density

polyethylene, having a low degree of

Tensile Strength at Break - Allowing for some crystallinity, react to the higher temperature by
significant variation in results, the behavior of intermolecular slippage. Increasing the
the varicus types of materials was as expected, temperature further does not result in as
The LLDE showed Improved strength over the LDPE. dramatic an increase in elongation because the

lhe n-DF were even stronger. Surprising, was the mechanism is the same. The high density and
drop i, strength of one of the HDPE (Material M). straight medium density polyethylenes, with their
This same material was the only one whose yield higher order of crystallinity, tend to maintain
strength was fo.nd to be higher than its break their rigidity at the elevated temperatures.
strength. It was noted that this raterial ex- Apparently even the 63*C test temperature was not
hibIted delaz'nation which could result in pre- sufficient to overcome the crystallization forces
mature breaks and deceptively low values. Figure so that intermolecular slippage could occur. The
I is an examiple of this type of fracture, medium density blends, being part low and part

high density showed resistance to the A3C
Tensile Strength at Yield - This test showed good temperature but reverted to the low density
response in terrs of increasing yield strength behavior at 63C. This fe probably due to the
with increased density. The LLDPE do not show as 'Amited influence of the high density crystalline
much of an Improved strength over LDPE as was the structure above 43 C.
case with strength at break. A significant fact
was the near uniform reduction in yield strength Modulus of Elasticity - The modulus results
with Increased temperature fer all materials. A tracked fairly close to the tensile yield values.
20%( rise in temperature results in a 247 to 40% As expected the higher the density the stiffer
drop in yield strength. A 40'C rise results in a the material. Again one of the linear low
45% to 61 drop. Figure 2 contains the graphs at density materials showed higher rigidity than the
all three temperatures and clearly illustrates other one. The response to increase In tempera-
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ture was significant but not unusual. At a 20*C indicators. Differences in crystallite
increase the modulus values dropped between 30% nucleation during quenchinp can also affect the
and 601. At a 40"C increase they dropped between brittleness temperature. The blending of co-
65% and 80%. Figure 3 shows the graphs at the polymers can affect these conditions and enhance
three temperatures. nominally brittle polymers to a higher level of

impact resistance.
Thermal Characteristics - The correlation of the
thermal transition temperatures and caloric Abrasion Resistance - From the scatter of data
information for the jacket compounds between the within and between labs it was obvious that this
three laboratories conducting the tests was not test method needs considerable refinement.
very good; however, within the same laboratory the However it did yield comparative results indicat-
relative distinction of the four polyethylene ing a relationship to density. The higher the
types is evident. The discrepancies of the actual density the more resistant to this type of abra-
transition temperature is probably due to sion. Another property that would probably
variations of calibration, instrument design and correlate well with abrasion would be hardness.
temperature control variables. Since hardness is dependent on the degree of

crystallinity and hence density, the degree of
In general, the DSC thermal transItions determined hardness should parallel the degree of abrasion
within a laboratory can group the jacket materials resistance.
into the four polymer types. The data shown in
Table 4 from Laboratory 3 lists the heat of Compression Cut Through - Based on the data this
crystallization cal/gm, polymer type and a rela- is clearly a function of density. The abtlity to
tive degree of crystallinity. The crystallization penetrate the material is going to depend on its
onset temperature shown in Table 5 categorizes the hardness and how easily it yields under stress.
polymer types and also correlates with the average Therefore the higher density, stiffer materials
yield strength within each polymer type. As the will resist cut through more than lower density
onset temperature Increases so does the yield flexible materials.
strength. This also appears to be the case with
heat of crystallization and degree of crystallin- With all of this information on physical per-
ity. The DSC thermograms of the jacket compounds formance the question arises as to what all of
are quite distinctive and can provide valuable this data has tc do with jacket thickness. It
information to categorize the polymer type and to is possible that materials, of higher strength,
identify the jacket compound. This study shows better heat resistance and equal flexibility at
that a simple computerized DSC system provides room and cold temperatures, can be used as
sufficient information to thermally categorize a reduced thickness without sacrifice in per-
polyethylene jacket compound. It further shows formance. In fact it is normal practice in other
that relative physical performance can be pre- Industries to down-gauge when higher strength
dicted based on the thermal transition tempera- materials are utilized. The concern that exists
tures and caloric information. A representative is how well these "better properties" trans!pte
group of DSC curves, one for each type of into finished cable performance.
material, are included in the appendix to help
illustrate the rethodology. Each figure has two SUNMARI
graphs. The one on the left is developed fron
cooling the materfal down past its crystallinity This study provided a good understanding of
point. The graph on the right occurs during variouts properties of polyethylene jacket mater-
reheating past the melt point. Figure 4 covers ials. It also provided an understanding cf the
material A which is a low density polyethylene, relationship oi density lind crystallinity to
Figure 5 is material D vhich is a linear low strength and stiffness. Other properties such as
density polyethylene. Figure 6 represents abrasion and impact are not as clear cut but they
material H which is a medium density blend, too are better quantitied from this study.
Figure 7 is material J which is a straight medium
density polyethylene. Figure 8 covers material M In addition to conflrring that strength and
which is a high density polyethylene. stiffness increase with density it was also

demonstrated that low temperature brittleness is
Notched Brittleners - The original intent was to not necessarily an offsetting penalty. One area
mold in the notch to insure uniformity. Due to that was not addressed was the effect of cold
the unavailability of the dies and timing it was tevirerature on btrength and stiffness. There is
decided to notch the samples with a notching jig. concern that the hipher density materials may
This may have exaggerated the discrepancy between become too stiff at lower temperatures. Such
labs. Even with the large differcnce in results stiffness could Impalr installation or result in
between labs, the trend between materials was fractures at ncrmal bendin f conditions.
somewhat consistent at each lab. it would
normally be expected that the lower strength. As with an,- study on material properties the
lower modulus, higher elorgation materials would proof is in the performance in an intended
have better impact characteristics. Based on the application. that is the next step in our work
results of ail three labs the opposite took and one we hope to address in the near future.
place. Brittleness temperature depends on What is desired is to constimct several different
several other factors, of which the degree of cables using the variovs materials of this study.
crystallinity and thus density are important Vithin each cable type and material, .nryiln
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1lBLE 3

HMATERIALS
A B C B E 8 M I . K L M

PROPERTV
LA8-4 0.933 0.935 0.934 0.938 0.932 0.944 0.935 0.949 0.949 0.948 0.910 0.959

DENSITY LAB-6 o.930 V.931 0.9S3 0.934 0.930 0.941 0.942 0.949 0.949 0.949 0.958 0.952
LAB-7 0.934 0.934 0.935 1.938 0.934 0.944 0.947 0.952 0.950 0.950 0.963 0.956
AVG. 0.932 0.933 0.934 0.937 0.932 0.943 0.941 0.950 0.949 0.949 0.960 0.956

LAB-4 0.261i 0.2'3v 0.225 0.625o v.551
0  

0.367u 0.1500 0.6120 0.5170 0.5090 0.2610 0.2750
MELT FLOI LAB-7 0.2829 0.2923 0.236v 0..064 0.5445 0.3356 0.1209 0.6271 0.5229 0.580 0.2650 0.2464
19.10 sin) LAB-IV 0.2722 0.2856 v.2452 0.6217 0.5032 0.3522 0.1307 0.6519 0.5342 0.5955 0.2649 0.2633

AVG. 0.274v 0.283. 0.2354 0.6184 0.5596 0.3516 0.1339 0.6303 0.5247 0.5906 0.2636 0.2616

TEN. SIR. LAD-I 2628 2657 2157 3457 2914 3571 3628 3665 4257 --- ---- 2743
0 6REM LAB-3 2565 2533 2342 3301 2672 3438 3440 2757 4261 2000 4355 3125
23C LAB-5 2572 2480 2219 3221 2 ,35 3263 3775 295 392o 4686 3835 2173
'PSi) AVG. 2188 259 2239 3326 2740 3424 3614 3325 4146 3343 4095 2680

ULTINATE LAb-I 72v 'ov 580 90u !7U 960 87U 950 890 ---- .... 650
ELOMNTION LAB-; 65. 714 024 832 686 832 750 750 916 670 1000 750

1' LAB-5 706 089 610 875 731 930 850 830 870 too 932 870
AVG. a94 721 805 869 729 907 823 890 859 836 966 753

TEN. SIR. LAB-I 1330 lil1 1300 164 %W uv, 2271 2771 260 ---- ---- 3182
f fIELD LAB-, 1279 1365 1258 1592 1442 2077 228a 2049 2722 2613 3460 3146
23L LAB-S 134S 138; 1:04 17o 1323 20 6 2445 2572 2675 3692 3436 3182
IFSI AG. 1321 1380 1281 137 1387 2059 2334 2731 2666 3152 3448 3170

TEN. SIR. LAB-I 046 98a 933 108 986 1428 1571 2028 1926 ---- .--- 2285
ShIELD LAB-3 98 993 977 1205 1v39 1509 1.52 2056 2204 1852 2480 2615
43C LAB-5 809 926 894 1158 1028 1471 1779 1873 1930 1904 2581 2227
'Psi) AVG. ;44 962 935 1150 Io8 1489 1867 1986 2021 1878 2531 2376

TEN. SIR. LAB-I 693 694 861 743 710 Q41 1051 1327 1264 ---- ---- 1529
f IELD LAB-3 4i, 517 557 780 732 959 1104 1383 1305 1232 1743 1606
O.3 LAO-5 712 681 677 774 863 975 1210 1;62 1322 1207 1663 1663
,PSI, AVG. 60Q 631 632 768 ',8 958 1124 1357 1297 1220 1713 15"

' IELD LAB-I ----. --.- .- --. ---- .---. -.-- .--.- .--. .---- .-- - ..--- .- .-

ELONGATION LAB-, 10.8 11.0 11.8 8.4 10.6 8.0 9.4 7.4 7.4 8.5 7.2 7.7
231 LAOS 1. 1v5 14.0 I.0 II.v 10.8 8.2 8.7 8.0 7.7 9., 9.7 8.1
ill AVG. IV.; 12.5 11.2 9.1 10.7 8.1 8.6 7., 7.6 9.1 6.5 7.9

VIELD LAB-! ----. -.-- .- -.. ---. .---. .--- ..--- .-.- .---. .-- - .---- ..--

ELONGATION LAB-3 45.0 48.4 46.0 30.0 4.7 13.0 14.v 11.3 13.0 11.7 10.3 13.0
43 LAB-5 65.2 65.3 71.3 29.1 59.0 13.; 13.9 13.0 13.7 14.4 12.6 13.3
'j, AVG. 55.2 56.9 56.6 29.. 51.4 13.2 13.9 1.7 13.4 13.1 11.4 13.2

ViELD LAb-I ---- ---- ----.. ... .... .... .... .... ....
ELONGATION LA-3 53.2 55.0 62.4 43.1 54.1 31.4 36.6 14.6 14.7 15.0 13.0 12.4

63C LAB-5 71.9 74.v 80.5 55.5 .2.5 35.4 43.6 15.2 15.4 19.4 16.4 14.9
11) AVG. 62.5 64.5 71.4 49.3 58.3 33.4 40.1 14.9 15.1 17.2 14.7 13.7
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1ABLE 3 (CONI)

'lATER 141.

A 8 C G 8 6 I J 5 L I
PRIOPERTY
MDULUIS OF LA8-I 40200 37700 30800 57250 37475 76450 80525 104150 99425 96525 142385 124875
ELASTI.ITV LAS-3 30425 41693 28754) 50000 43891 69910 81625 100727 102103 108307 141026 118250

2S LAB-5 32515 39776 24083 56412 34803 5960b 78241 98666 10458b 111416 18)959 113428
PSI AV6. 34380 39724 29544 54554 38723 68655 80130 101181 102038 107740 155123 114851

NODULUS OF LAB-I i0750 21085 20095 32575 22930 47940 52115 73865 70540 560 95335 89285
ELASIICITY LA8-3 12385 14263 17172 29946 15686 45487 52371 41928 58054 40493 58670 76305

4m LA-S 14625 14414 134,) 23902 17260 20386 35604 52421 49957 49411 13272 73824
PSI) AV6. 15920 16594 16772 288e 18428 40754 46697 56071 59717 49657 75759 79805

MODULUS OF LAS-I 10870 10535 8990 16385 1384o 24810 2025 4420v 38970 32415 52730 48475
ELASTICITV LAB-3 7043 7341 0786 9418 7044 16534 160-7 25290 15860 2D279 27089 27952

61C LAB-5 8481 7103 .318 12501 9734 23249 30070 34115 30819 23794 3862 52575
IPSI) AVG. 8796 932, 7365 127o8 10206 21538 24997 34535 28550 25563 39494 43001

PEk MELT LAB-3 IS Iv9 JOe 110,119 108,119 125 110,124 127 125 124 127 128
TEMPERATURE LAB-5 100 107 110 115 125 112,125 130 130 130 125 128 135 130

(C) LAB-Il 1v1 101 100 94,111 100,113 117 102,117 120 118 117 1L1 128
AVG. 103 104 10 113 113 124 117 12o 123 123 123 123

CRYSTALLINITY LAS-S 102 103 101 iv9 110 114 113 116 115 114 117 116
ONSET LAB-5 169 115 1)0 133 115,125 120 124 135 11 123 124 12o
C LAB-1I 101 105 98 10 112 11 114 116 114 t14 117 114

AVS. 104 IDS IOv Li1 II1 116 Ili 122 1i1 117 119 107

LAS-3 21.D 20.u 19.v 21.0 25.u 26.v 29.u 37.0 
3
7.v 26.0 37.v "I

He LAS-5 22.0 28.0 32.0 31.0 22.0 35.0 55.0 40.u 44.0 ---- ---- 31
icillqo LAB-Il 25.0 25.1 23.u 2.0 25.8 33.0 35.v 37.o 34.u 40.o 45.3 43

AV6. 22.7 24.4 24.7 26.3 24.3 31.3 39.7 38.2 41.3 3;.3 41.1 37.v

LAB-* 2a.5 27.2 2,.5 31.6 '7.7 3.5 38.3 41.1 39.4 34.u 48,3 44.2
H-crys. LAB-S 18.v 19.0 29.u 21.0 3o.o 29.v 20.0 4Q.0 39.v ---- ---- 25.0
qcIq) LAB-Il 19.1 19.v 17.6 2v.8 10.q 25.5 28.1 33.4 31.4 34.0 40.v 37.2

AYE. 21.2 21.7 24.4 24.5 27.5 30.3 31.5 38. 36, 34.v 44.1 30.5

ABRASION LAB-2 0.0703 0.0819 0.0924 0.0404 0.07,, 0.0384 0.Q334 0.0348 0.v29u 0.v62v Q.1)2v 0.0378
RESISTANCE LAB-2 0.06q 0.0828 0.0935 0.0493 0.00,7 0.0441 0.0561 0.04,4 0.D4 A Q.0470 0.094 0.04,7
114,rew LAB-Il 0.v119 O.013 0.059 0.0059 u.0103 O.07 Q.013 0.011t ;.0v38 0.0v47 v.QMt V.,v20

AVG. .05t,4 0.0594 0.0673 D.031q 0.059 0..09 3 D.v333 0.8387 0.0252 0.j302 0.0393 0.028

NOTCHED LAB-2 -30 -24 -24 -59 -43 -49 -36 -76 -69 -63 -64 -76
P ITTLENESS LAD-7 -33 -28 -23 -49 -43 -52 -53 -55 -54 -55 -55 -55

ikq.C LAS-Il -12 -11 -Q -30 -27 -27 -12 -24 -27 -Il -62 -27
AVG. -25 -21 -19 -46 -30 -43 -34 -52 -59 -45 -11 -53

COMRESSION LAS-6 8.4 9.9 6.6 I.1 9.8 14.7 11.2 12.3 15.9 8.9 II.6 13.8
CUT-TIOIJSS LAb-II 8.8 8.6 5.1 10.2 8.9 12.4 10.9 13.7 13.3 11.7 12.9 13.5
4IS.f.Siel) LA-1I1 10.v 10.1 9.2 14.1 8.5 12.3 11.8 12.4 13.3 10.5 12.8 12.a

AV6. 9.1 9.5 8.0 t.5 9.t 13.2 11.3 12.0 14.2 u.4 12.4 13.3
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REDUCED EMISSIONS PLENUM CABLE TELEPHONE JACKET COMPOUNDS
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-- .....

c' -a* act cr i a c1)bles for As a 'lL-91 control, we tested
<i , i M itod manner .h twen y-five pair commercial poly-

'ab' 3 v 'a t"el f r f'a me sp'read thyienechlorotrifluoroethylene (ECTFE)
, he de'aree of 'o-1, t'nuat inn by insulation core, used in the RE-POdC

s'oke par 'a>' An allowance of 5. tes, jacketed with a commercial
etmax imumn in 'me srea and a polyvinylidienefluoride (PVDF) resin: ~~~~~~~~~~~ n i<i.~ i e .:n ty (H ? nd - ( - acompound. UL-91O results on this

k , t: ( of 0. construction are presented in Figures 3
, s S' e i 4 As expected, complance wth

'," a ma ed. ai found. The overall

'r o0rMance level average s to about
,, ,s t t for the experimental cable, Flame
'st at i e s A ws reduced in the control ti,

-ee' but the average optical

] ws at twice the value obtained

-. w a wt.e e:.:perirental cable. The latter
.... o v-a r'on suo'gests that the total. ., .t" , visible smoke emitted from

.ni P C-O construction will be

., n "-i relative to certain commercial

PVDF

RE PO AJ 5 UL 910 TEST DATA(
a )

UL 910 TEST DATAa

MAX FS 3.6 MAX FS 2.3 ft.
STIME - S.)" .TIME (rins.) 14

3 
'0

0 0 2 4 6 8 10 12 14 16 6 8 2
0 2 4 6 o 10 '2 14 16 18 20 Time (Mnutes)Tote (M,nutes) 

Figure 3

FIGURE 1
05 PVOF

0 RE-POCJ o UL 910 TEST DATA (a)

Ut 910 TEST DATA
(

a)

4 MMOD' 0.136
TIME (mlns.) 

- 11

TIME (,ins.) 10 2' 01 AOD 0.050
01 AOD 1.026

020

01
T

0 0
S 0 -- 3 4 6 A 10 4 If C, A1 2C

0 2 4 6 a 10 12 14 16 IA 20 !- (.-r
Tnei 1AMnlosl Figure 4

FIGURE 2 (a) 14 moil PVOF jacket over 25 pair Poly (ECTFE).
1)5I mil. RE-POCJ over 25 pair Poly (ECTFE), 5.5 Tmll 5.5 oil over 24 AWG Copper Core
nor 24 Awi Copp#,r Fore
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u Characterization of REPOCJ

The L-910 results on visible MOKE nATA

smoke contain a component from the

insulation core used in the test.

This variable was not a part of our NBS E-662 (0.125 in.)

laboratory development study. in our
development work two established test D, Flaming 190 688 801

methodologies were used. We evaluated Non-Flaming 160 527 582

performance using ASTM-E-662-83

a o Bureau of Standards Smoke DS  (1.5 min.) F 4.0 15 161
Chamber) procedure6 and the Smoke Index N-F 1.4 2 6
value obtained in Mil-C-24643. The NBS
"eth,J was chosen for its ubiquity in Ds  (4 min.) F 105 532 606
the fire hazard assessment community N-F 19 8 143

and the existing data bank on Smoke Index 10 150 25
7 tCera s. The Smose Index (SI) was (Mil-C-24643)
studied because it deals directly with
wc.o and cable application into an area Thus far, the discussion has

n-t far romoved from plenum cable, focused on visible smoke. if this typE

. al. Additionally, w. re the only concern then, for example,

7t S1 heavily weights smoke produced a sightless person would oe expesei tc

f::sm noerials in the early stages of a no cmoke related hazard in a fire. '.
!Ire, hence it places a premium on know this not to be the case. Tne

illwwntg -time for escap. e. American Society for Testing and

Materials (ASTM( defines smoke as a
The dta set fcrth in Table I are complex mixture of "the airborne solid

the results from testing a typical and liquid particul d gas
materil following the standard evolved when a material undergoes

ro.edres for the methods. For pyrolysis or decomposition." " ith this
a r i sn smoke values determined in mind, we studied RE-POC' materials

'.r the same conditions are reported for their smoke toxicit" and smoke

non-smke suppressed corrosivity characteristics.

L V -.n-an m:.-y faeretarded no y-

ef~n an.dl flayre* varded polyvinyl- .E-FOCJ Yaserial - Smoke Toxicit,
.ni: ride <: cker 7 funds . Clearly a

lowering The most contr...!r " c¢_.t _n
accom- of fire safety, smoke (combust on)

r:" :L.w wih the RE-POCi material. toxicity, was officially recoonzed for
ay noteworthy is the very low its importance by the National Fire

o REPOJ material. Prevention Association (NFPA) in 1982.

As mentioned earlier, the UL-910 testing

procedure used for cable in plenum does
not address this aspect of smoke.

Recently for shipboard wires and

cables the U.S. Navy introduced, through

Mil-C-24643, a toxicity component

expressed as an index. in addition the

State of New York, with the issuance of

Article 15,
8 

will begin to measure and

compile a data bank on fire gas toxicity

for wire and cable materials. To put
perspective on thb RE-POCJ development,
we evaluated its performance using these

established procedures.
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Examples exist today whereTabe I eprts th smke following .extensive corrosive gas tire
toxicity data obtained on RE-POCJ floigetniecroiegsrr

damage direct action has been taken to
compound from the tests in Mil-C-24643 limit future losses. In Japan, Nippon

and N.Y.S. Article 15. Relative to

existing data on other materials used Teeagaya Tokyo teTecomunlcai.s

as wire and cable jackets the RE-POCJ
network fire in 1984, acted with the

material exhibits outstanding issuance of directives for the

performance. In both tests RE-POCJ ranks Issuance of dietielor the

among the best polymerics for which data develpmnt of n-h oen ca lretardant materials for trelecorstun ica-
exist. tions application. In a similar vai,

TABLE i following their analysis of the damane
from shipboard fires, first the U.K

COMBUSTION TOXICITY RE-POCJ Royal Navy and then the U.S. Navy acted
to limit halogen and other strong acits

Value gas producing elements from the
Toxicitv index Method Value Ailow materials of construction in wires an':

cables. In these instances theU.S. Navy Mil-C-24643 0.76 5.0 dweetkn vr
cited were taken even tl .cuQh -ut

N.Y.State U.of Pitt. 77.1 NA. c .mercial substitute m a' 'a-

Art. 15 yet exist.

A common aro ume n* t

F-sOJ Material - Smoke Corrosivity support the app ir at r-. f
halogenated materials i4 t-

While smoke toxicity is the most recognized resistance -o i
important life safety aspect of a fire a corrostvitr and to.

event, smoke corrosivity ranks high as particularly -n 
0

he -as- of I
te cause of property loss. Depending hydrocarbos, an - r: r

0 n the type equipment in the fire oxidative comust ma
environment it can easily be the largest o n. isS e. M'-r te ha n , - ,

ntrir t4ng factor to property loss. nly requ rement r *-he r -

-- e elements contained in conventional copious corroiv a . *t:.:ic
fre resistant polymerics contribu t. ing radiant eneroy. 'ec :n Le r-

7 st o corrosivity are acid oas enery as a failiar Fr

g, generally halogen contaznina

n o s anr resins. On pyrolysis RE-PCJ te
on ion the acidic fire gases its thermal behav'::r anj sr al

- -duce! Farticular]v tn combination gas release uh..r c-iv
r, continue their corrosive analysis (T 3 A) an i J .

: n l ng after the fire is determinatto n r c: e I"r:, 1 .

x -: en s i. During the fire event Mil-C-24643. A i i
-- rrcsive gases present a real hazard to carried out or: no 7 7' 1 .

- cuit ntegrity of the fire control jacket 7orp n .
s, ncludina alarms, control in

testina . I :r,1:* -.
summartoe tohe r s: " , .. t" -" .

.va I ua t i on .
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'ha rlt act 4: tlce ,ab s UJc-' --I i .
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-1 ~retYork, 1981
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n o6,

EXRUE TP Parr'an M a' (:! 'oi in J p

PROFIL tsnbiar 2*., A9-

Screw 1.!-5
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a o A7
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conler7 'Iyn

- pe n3' i"'to 0 eq ~ ea

L. .~ne Mn .Aac c Anhocaten th1e~i n PoyofhD it. ln:

Chemist ry fromA 'ttdo Csvpwy H,.
PE '.C'SChas K eetn i n vo (I i n r ese;a rch a nd

product Jove loptrrnt for wire and 'ah:-
appl icat ion fo r thirteen y ear s. Hie

'T-i S ta nda rd( for Tes,-t Met hod holds over forty CkS. patent s i n !h i
r V i re a nd S monke and related areas.
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REDI'CFIJN -FIRL ibAZARD D1 t') CABLES FITTED TO WARSIII I'S

%lR T A [oWNALI, ILAD JF CABLE SECTION

>IINISI'RY )i- Di- NCE- (NAVY) UK

Abstract

The incentives leading to a chant e in the fire character- FIG 1
istIc requirements of cables to liK warships is briefly

reviewed. How these reductions in fire hazards associated Incidence of large fires in Destroyers,/TFrigates

with cables was defined in a new set of performance ,luring eriod 19/'4 to 1983
specification is outlined. The adoption of the generic

term Limited Fire Hazard (LFH) type cable is explained

The technical assessments that led to the adoption of INCIDENCE OF LARGE FIRES III DESIROYERS rRIGAIES
the stated performance limits Is surveyed and the cable DURING PERIOD 1974 TO 1983
constructions that comply with these (LFH) limits are KEY

given. The ongoing problems being experienced with this J M -Mis

new cable construction during manufacture, warship [ lMuJOmrtnS

construction, equipment design and in-service are 39 rMEnIM PIrs

illustrated in some detail. The corrective measures M^Jonrinr$

modification and development of special tools that have nOt nGrripEn 0

proved necessary in order to incorporate these cables T

Into a reliable power and/or communication network on

a warship are discussed, and future development tasks Nor

predicted. The cost of procurement of these cables is I AnGE rAnES

compared with earlier types, and the conclusion drawn

that the enhanced safety of a warship during and after

a fire justifies the higher cost.

14 nTS i I i s II o w11 a, 2 63

-The hazards involved in a fire on a warship
are well documented in history. The singeing of
the King of Spain's beard when Drake set fire to FIRE HAZARDS
opain's Armada in Cadiz, and more recently in

the Falklands when FDIS SHEFFIELD was lost due
to uncontrollable fires. Certain measures have 2. These can he briefly summarised as:

always existed to reduce fire hazards, but the
allocation of materials and resources has always a. Heat.

needed a political or dramatic incentive. The
Falkiands gave that incentive and the UK are 1. Smoke and fumes.

introducing cables of a type known as Limited
Fire Hazard (LFH) on all new construction The intensity of these hazards depends

warships. But to alter the materials used in upon:

the construction of' a cable is not a sufficient
quantum charrge to justify the cost. the whole M Volume and weight of the

cable system as part of' a power and combustibles.

communication network has to be subject to
srutiny for tire risk. There is little virtue (ii) Calorific value of

ic reducing the fire hazards caused by polymer's combustibles.

if thereby the connrectors arid terminal blocks
overheat and increase tire risk of arr electrical (iii 'Materials of the combustibles.

farl t inritiating rr fire. (iv) Availability of air or oxygen
to support combustion.
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FIG 23. 1 Volume anid Weight

Weights of Polymers on cables of similar copper Some 71) to 601 of' cablcs fitted to a
cross sectional area. modern warship have cores less than 2. m

(d*Q1)?Ajf ) copper cross section. Th'le
ratio of insulation area in proportion to

WEIGHTS OF POLYMERS ON CABLES thre copper area is aiso high, thus a
- reduction in insuiation weight andi volume

No OF OD 0 O S OF OLYMEF on these small cables makes a cuni;derable
CABLE NSN TYPEt OE CORE SHEATH OF iNU' 11 mprovement in the combustibles in any

CORSHS IT. I W . warship compartment. Jhese wires are

________- -specified in pert',rmance terms in the
Defence StandardI 61-12 Part 16.

LFH
743-0503 NESS25 1 1.85 925 1.RS 1.4 92 DeTcuto ncr i eiilsti

______________ _____ cble liome ter to k ;,roputionalIly
cc juced mlakinog a far:ther saving in tn ,

S1~~~ A . 1. combost ille sticatf, lj aokt int US;A
521-879 GS21 7 .0 16 1. 1.5 157terminolovy) materials instal l,,r in Fi

warshLip.

EPA -
521-8431 DGS212 7 2,7 124 11.4 0.88 145

Anal Nsis of' wire .:opper cross -- T i )nai ar- i
______ ___________ ____________ ca) IIi ttrci to a typ~ical Pnigato.

Os L 2 F.1, woe,,h o1 two LUFi type

1 t :1 s imi 1,ar t', e sabies of I
oar -. troct 2 1c:- ranco :1 to2.5c

IABIE t FFFFI .FFFF RATHI) v COPPER (SA

F 1. It, IIII 4

FVIA. FnF -P .1 AII

"t 14 l IFT Space save'l I y 11 h', a FF11. jIT C1 .1 H oat,

F P compared witi car Tel- Fn tvl-

F. F 1 FIR 1,11,,' PFF '?F . "IT FF1 I I'l IF

C Nt p-s t , v ABL I 1 i,-

i it ha: 2F "lK i I.0 teFi. i to a .1. . in in

TF, t FF; Fsper~tFF. IFFO t02 orm I iStili te.1

:tPi cIFFI5I t the 1 iflit o ill. o 11 ie

1Fa lSgncnn Lan ajrds I NES':; ar FF1 iIFFIC

AiF at rev iltil.
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( aloriric- Value iteit ion. S;moke under thre influence of
air preisure differences canl easily

dIl is has not been spec if*ieJ Ii any le t ai I 'irrietrate poorly des ignedj cable souls.
inl the applicable perf'ormance IlrrerV' lr) e th le- C IrPCuIarP profVilIe ofr a cabl 1e
spec if'icat ions, since thle re learse orlt i:; spec7if jel inl oIrer thlat the MulItitple
is s o vastl dvepenifent uipon fle leakage pathis apparent in every bul kne-ad
availability of Oxygen. lreo oxy genl ile \ , sill not a 1low smoke or fire to firort~tilgate
andi the temperature indecx of' materials aire aloneg them. Diespite tris jCrlose
chtecede for thle sheath in ac or'fance s iti colerri'irig of' thle Cable circujlarity,'
specif' icat ions Navno bug inoeinr ort lv abuOtlt tW.') tycOf ii laitfo are SMrOKIe'
ore' rficartiort 714, 115 . los. t hese ire, aItli water-tight bef'ore and titer' a
tests ont small samples relate to the rip e,. loots have firuve I thuat glotinat

re''rmnein ani ac-tal fire is at true c"rjlint ill thle commercial worf I ti' re

,:Ier~ l !:::t ttr ri' corrjes-t~tr'e water-tight will1 riot perorm
sratisfactorily" ulnder warshtip irrivtr '71m.,r1ral

Materias rid i ion. I a I seal irig mar ri a is 1ii
t foi, et t Li e %aiit'ios L~ii shear rr

iri inhersee r.V' it ma erlii u r; rlner's aini I, li s rsjre'tell tilat sine

't 1i,0's -' sue1.1 :I y wit h tile >t l eal " '% eT

it' l ii ire isi lei'err 'S~ :l ' 1(

-I ~ ~ ~ ~ Z 1r; -st-1r7%'rrliecon

Ie T tr d . r a s c

v Iesitage pourl-i rIut i;leI transz i t tv-c'

SHEATH MATERIAL APIAL

FEATURE 
APIBL

CSP PVC LFH SPECIFICATIONI

MOE450 92 ,20 MAX NS 711

TOXICITY SI' >10 S MAX NS 7 13I

TEMPERATURE iNDEX * 250 NA 250 MIN NS 115

OXYGEN iNDEX 29 NA ZI MIN i EE 7'14

IPROPAGATION A NE NE Il MX INS701
GS40X6 PP 3

*EIGH'T OF POLYMER Al50 ,.,1506:co

PER METER Ii IIS1-8431

14 CIREL ASE 29 LEK9. YSL E11 0 J~L Sh S P E

*ALE. FOE PROROGATION FACTORS ' Wii u'irfP ir i: a ;Il nner--

Air Sir'''
fr'o'tiw I , is 'o ,rr -111 !n ! li t S

Inc Ilidijri i n airp will1 lie, r'iuke art-I i t wrir i 'I !I;,' I f wa left :t! P I!-,e fI lfii' it

this factor which was sio riuLiowral lv fip-ip, '; ad f tort ilait iiir f''tkiri7 ha turf ;
lighited in the Valklaloi eofliet. A-f rii r- a 11- . -deafI er'. Imrtnr'cie to us riaI tte
that can be s;een is; ni I ofrWgiN i f'i illnr cv ru 'ni1ittr:i ef iirce IL uic tfi' re-

warship, givi'ri t nit f
t
ie fire filif. ir,, l-'fsirr ';1b1' runls riliul eartor ri' ,is lt iiir

teamsu ciiimerit is; fri'tlhirini. fIn Ii ht ihufi ri' nc c !'i th i' lrilii tsr

past, thist is i' f" ,' Irew ;iope''t;o'i'ril ,I rife nIsi, 'rust- I.;i':i f ieI";;
design that line3 v-' it-I liftlir 'etail'r 1 ' i-ci

600 International Wire & Gable Symposium Proceedings 1987



* I C l N. ,, L!Iil fIat isaii '

A r ioul t iigit ile flow 1ti ill I Ivioiil lailiage iril ictel oil straid dt :

illsilated Lt J, Wi res 01IVS t !!at1 1 iliii coiitor. by iricoirect 71etti istrippirig
.v 1 roistiriet lin i i ise by omilri iiilat iifl.

1'e::1,iVe anr JUI ilt ci' 2o t i-14i lt riot t he i fili. v

No 2iri5 t tend ii' s ai; a ni auei
ila IItI'z ct l IC is. , _Is.. t I ,is St t l;I .I

Sio eas i Lo: !,It "r ii ip I, it I, Iit :!I

t ie "o i l nt,, I : t , , Si ill tx ; t ) t, Ir

1!vsta 1-1 it irstaip I

I7 1r i i s : ! tii\ I ;, I

-v I ! 1 !

* Z~ vI 1! !I t S ;I..i.!

iri I' DA AG 0UET

1,,~~~~i !1;t le "l-!IN U AT O

:I~~~r ti n nSRPPN T O

IltS i ii' it,'ii t . i r-shi2 commitii , S t'tii~ii

all t till Iu ir nn Ili oial weap~on control

fiinc t. ion. ['le nonfat ic seal ensuring
t:it tis idiyi tles tlot, rene trate )t tie Cable

THN WALL INSULATED WIRE SPECIAL STRIPPING TOOL ins o IeI~ a ti ght tolerance rit or the

itsSIii at iOn Or eveCr. ta tin These tiermat ic
s;eals have had to be redlesignedl to

accoiniodato tie th in wall inua tiol
coliti tor typos.
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FIG 11 J.4 sCommercial Aspects

Circular connector with LFI] cable and Heat Cores, cables, terminal strips,
Shrink hack-end. terminat ions, glands all f'orming, part. of

the cabl~e system onl a warship or a
su bmarine have to be comp rehen ded and Oie
developmenlt Costs funded when a new cable
type is introduced i nto) a warshi p. I'ho UK
has still not developed a compie te range
ofI LI'H cables F(the elimination of' smoke
from polythene used f'or the co-axial type
cables is a difficult probtem). Private
venture f'unding of' developments is the
pref'erred option, but this is3 only
possible when the cable company canl
envisage an expanding and continuouis
market in which it call recover the
development costs. Development of' special
cables or termi nations has to be funded by,
the llinistry andi then thle production
offrered tlor competitive tendier. Tb is
process car, be iongthy, anJ resource

Iiited . Flence a K warship P'u Ily
compli ant w itt tile policy of f'itting
voeuied l ire hacari type cab les t hrouchi-
O-ut y et to be0 launched.

S ibmar inc lb I shea.] lentetrat ionls Il

Fihe integrity of' sublmarine lolkhea]do moot able snowing~ re'jlot ion of, I'll calel Cost since
Oc, t be compromised even under tole worst F otodo )I to of osp ttion, 'oore]C wito

oond it ions of fire, f'loodi ani a.ercianical 0 i t-II ahllo;
damage. Chis is achieved by terminatinog
rabiles at a tbulkilea1 in a sintered glass COST COMPARISONS 4's PER KILOMETRE
seal arrangement. provitog that tole new

,lJFH cables woold survive thle shokYARrsP1CHS
fit t ig and production rizours passe] by CAM III 11

toe earlier CSP type ,ables was another I91. 19d 1 1964 1.8.
On-co)st thot had. to Ile fort e] when thle 0516 521681

* trfte] tire hlarl] type cab~les were 3 11. -- I
nt rolice] to a submarine. EPA 11. Al t ISp Sill 11110 2/i 1 .445 1 493 1 b12

11-1I 121 9206

lenietrator Sointered GlIass Sht rowinoc
Ik 98 1163 1 1282 1 1810,,nonect ion to, catlo. 611lilhll 1611Or PSl 11111o

N0 16 1600 2920
t ...I ?iqI .Lil -Z0?lll AA11 0141~

11111 * IS.SSSl 6 41 511

l ii 1 lit inIa -:1eoe tt ,I' Th. It' :i ty
'ads o:ic otii YFtOC otll

4*;SQSMerlt of' the relc11-t ion in fiacrarIs Nrio-I
no iogs i n spare atid we] i l-. iF he T",l i %y

I e t l 1 inI i s tv is t , It i ::Iat, 0e I' lit IF-.Fl I
'al t -IoL IIIP troIghoo 10 11J jIIII( 0 Ii I ; e tste1o't ion

warsti ip.;. 1'lis- p d i cv is letinc.] ill a S)I"tone

'-tneii ttrilet itti
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5. My thanks are extended to colleagues in 12. NES 523 - Guide to the Installation of
the Ministry and in the cable industry for Thin-Wall Insulated Limited Fire Hazard
technical assistance and loan of slide Equipment Wire and Electrical Cable.
material. My formal thanks are extended to the
Ministry of Defence Procurement Executive for 13. British Standard 4066 - Flame Retardent
giving me access to the resources that have Characteristics of Electrical Cables.
enabled me to write and illustrate this talk.

14. VSEL Report "An Investigation into the
NOTE Vibration Performance of LFH Cables.

This Document has been approved for public 15. BR4569 - Pattern 608 Connectors.
release or sale; its distribution is unlimited.

16. ERA Report 86-0135 "Tests to Determine

Current Carrying Capacities for NES 525 in
21 July 1987 - In Draft form Multilayer Groups".

17. ERA Report 86-0057 "Tests to Determine
the Current Carrying Capacities of LFH Cables
Installed in Free Air".

18. ERA Report 86-0136 "Procedure for
Selecting Cable Sizes in Multi-layer Groups".

19. NES 526 "Requirements for Cables Electric,

Rubber Insulated, Limited Fire Hazard Sheathed
for General Services".

REFERENCES 20. VSEL Report "Electrical tests on submarine
Bulkhead penetrations (sintered glass type) at

1. YARD report No 2970 "Report on the review Falcon Testing Laboratories" Ref S/EL/DES405/
of Fire Incident Records (CONF)". 1987.

2. CB.8362(2) "Operation Corporate Ship
Damage Reports - Detailed Reports". (SECRET)

3. Defence Standard 61-12 Pt 18 "Wires, Cords
and Cables. Equipment Wires Low Toxicity".

4. NES 518 - Requirements for Limited Fire
Hazard Sheathing for Electric Cables.

5. NES 525 - Requirements for Electric Cables
Thin Wall Insulated - Limited Fire Hazard.

6. NES 711 - Determination of the Smoke Index J A Pownall after graduation joined Industry
of the Products of Combustion for small and was responsible for the 1.5 MW turbo-
specimens of materials, generator designs for the early nuclear

submarines. Subsequently, he designed the
NES 713 - Determination of' the Toxicity 1.25 KVA generators coupled to various diesels

Index of the Products of' Combustion for small for the DL6, T42, Nuclear support ships along
specimens of materials, with commercial designs. After a short spell

designing )ower station generators up to

8. NES 714 - Determination of the Oxygen 900 MW he returned to the Marine environment
Index of small samples of materials, by joining the MOD where he has variously been

employed as a specialist in switchgear,
9. NES 715 - Determination of the Temperature documenting support, submarine battery and
Index of small specimens of materials, more receitly cable and termination expert

as head of that section. He will shortly retire
10. NES 502 - Requirements for Electrical and devote all his time to raising bees and
Installations. house DIY activities to the general chagrin

of his long suffering wife.
11. NES 503 - Requirements for Electrical
Installation cabling Diagrams and Associated J A Pownall is Head of ME313, Room 102,
Data. B Block, Foxhill, BATH BAI 5AB, ENGLAND.
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OPTICAL FIBERS IRRADIATED WITH 3800 RADS X- OR GAMMA-RAYS
SHOW LARGE ATTENUATION DIFFERENCES

B. H. W. S. de Jong

Corning Glass Works, Corning, NY, 14831

60Co gamma-ray and x-ray irradiated more damaging at equivalent total dosage.
optical fibers show very different degrees We shall show in addition that there is a
of attenuation at equivalent total dosage. pronounced dose rate dependence on the
The reason for this lies in two different, observed attenuation in fibers irradiated
uncoupled, mechanisms of energy absorption with x-rays. Finally we shall address
by fibers exposed to these two types of issues related to why x-rays are more
irradiation. Fibers irradiated with damaging vis a vis qamma-rays, and what
gamma-rays show primarily a linear in- the nature of the defects sites is in
crease in 1300 nm attenuation affecting irradiated fibers.
the vibrational states of the fiber. The
principal contributors to this type of Experimental
attenuation are Compton and Rayleigh
scattering. X-ray irradiated fibers show Two hundred meters of hioh NA, multi-
the samo phenomenon, but in addition, a mode, 62.5/125 fiber was wound into either
strong coupling to the fiber material 3 or 8 inch diameter coils and put on an
resulting in substantial generation of E' aluminum tray in a GE industrial x-ray
centers. The principal contributor to cabinet with maximum settings of 225 kV,
this type of ittenuation is photoelectric 10 ma. The irradiated coil of fiber was
absorption. The generation of E' centers attached to a longer reel of fiber, kept
shows a strong dependence on dose rate. outside the x-ray cabinet, and used as a
Both energy absorption mechanisms are a reference standard. The x-ray source was
function of temperature. calibrated using a Victoreen rate meter

with probes capable of sampling 25 to 2,50n
Roentgen. A Laser Precision Corporation
TD-9950 OTDR was used to measure fiber

Introduction attenuation at 1300 and 1550 nm. Cali-
bration of this instrument against a

The effect of adverse environments on spectral attenuation bench showed readout
the transmission characteristics of optical differences on the order of 0.01 dB.
fibers is an area of active study (e.g. Higher temperature experiments were carried
Friebele and Griscom, 1986). Such studies out using a standard hot plate, the
address the effects on fibers of natural sidewalls of the aluminum tray being
environments with low levels of radiation insulated by cotton and the top covered
as well as nuclear environments with very with a sheet of mylar.
high radiation levels.

Results
The characteristic tests for radiation

hardness, i.e. the resistance to attenu- The results of our experiments are
ation variation as a function of radiation, collected in Figures 1, 2, 3, and 4.
are commonly carried out using high-dose- Figure 1 shows the reproducibility of our
rzte 

6 0
Co gamma-ray radiation. It is experiments on four 62.5/125 fibers from

tacitly assumed that testing fibers with different productions, after exposure to
such high energy radiation will give a 3,800 Rada at a rate of 70 Rads/minute for
conservative estimate of their radiation 8 inch or 3 inch diameter coils at room
resistance relative to other forms of temperature, 1300 nm. In Figure 2 the
radiation, e.g. Siegel, 1984. differences in attenuation are shown

between 62.5/125 fiber exposed to 3,800
We shall show in this paper that the Rads with dose rates varyina between I and

assumption that 
6 0
Co gamma-ray radiation is 467 Rads/minute, together with qamma-ray

the most severe test of fibers for radi- data, whereas in Figure 3 the attenuation
atlon resistance is incorrect and that spectra after high x-ray total dose are
intermediate energy x-rays are substantially illustrated. Finally in Figure 4, vari-
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at ion in1 at tenUatiOn as a1 funct ion of Mass absorption coefficients, which are a
temperature is shown, function of wavelength, are illustrated in

Figure 6 for germanium, silicon, and oxygenf
Discussion (Jenkins and do Vries, 1972). This figure

shows that beams with relatively large
We shall start the discussion asking why wavelength will adsorb, substantial amounts

gamma -rays and x-rays show such a large of radiation whereas beams with wavelength
difference in damage. We shall question at or below 0.1 Angstrom are almost not
if these differences can be explained in attenuated at all. In order to illustrate-
terms of variations i mass absorption this more clearly, we have calculated the
coefficients or if some other mechanism mass absorption coefficients for a 62.5/125
plays a role. Next we shall discuss the multimode graded-index fiber with a peak
effect of irradiation rate on attenuation concentration of 38 weightoi G 02 at differ-
and show that the radiation response ent wavelengths. The results of this
curves for 

6 0
C, jiand x-ray: radiation are calculation are shown in Figure 7. Thus,

i~ mi1 r i sap an cn e aurxiat in the x-ray regime maximum mass absorpt ion
1.,a :irst order rate laiw for a defect coefficients vary between 64 and 0.2

species and a li man ,ontribution. Next cm 2
/gram. in the gamma-ray regime or. the

we shalIl show that differences 11. "(C) other hand the man;s abs oriotion coefficienrts
gamma-ray. d~ose r ite, do not seem to h ive a are below 0.1 cm

2
/gram. Thus, in such

igni1_;icant( int ne' o:atteuaition. fiber, x-rA',.- will be absorbed at peaik
% , e shill suggest ar al ternaitive' value exu(-64t) tires more thar g'nirui

exp. I mtlu. -ol thet geo"mtry 0i In F
7etruinq ali ii iti Harti'ee 1ok ;lcu- Another -onlsideration is that the vilue

L1 ol '" th 11S10 "ol ecill of the mass absorpt ior. coefficients liffor,
as SA funTction Of wavelIength , for th, thro'-

X ra e row en"i- 'At''-c emonH!t s considoeed in this stuc''. '71- eso'
differences ire l arge for the.( x r~l, i gm

~ - l C- g -n -ri-iespecially at 1 .1 Angistrom where gc rm in il.r
tha t tho 1ittt r 1 olr oUhron r !i: In hi;, his ani absorpt ion edoge and, is il lustritel;

i~'~ ti s", ' er S,iv lei~gt!b T
5
0 in Figure 6, tend to bccome Jnsig" i e nt

,h irao,"tertte inter. finer ion n at very small walvelengith. Thus, it ain L
wiee r, c on 1 -pcr -- ra'. s(irco 1!; in ferredC that though X-r I'S May, show

gal, re a lr: po i s, enhanced (!mue "~ to the presencos o
asoooi r, st! h u1, an!C;:ir oh grmaniai in a ile r, the same is.
cmpose i '. onore oc..t ro rh necessar ily true, for qimma-ravs.
l)remsntt;hl lni. 'ph.i, s~giCr~ t -
icconi . ir t;oat 10 e'ricont t

0
:, t- T "he *raTi.slFre-nc-. of- ortical fibers for

~''te tesi':au !'in i garma-ri':o wouldt suggest that no attienu-
r'Igo ,.. -nun; Wcoin ii .o t1 ation wo-il ,(,oi-ierved in fibers exposed
%."ltAigc ascii, Ljet'con 1.1 A*i' in).0-'Ags o to, ver: high- r ,diatinn inses. Given the
sirt!,. it ixinraround, 0 .5 Argo_- ro7: . 7!1"' enorm'ous; !' if firence in mass absorl t ion, it

r0( qami-r r.' na-hiat ion, vlqhn th,, is surprisina, that the atternuation (iffer-

re la t; yei ', smalIl .We, therefore, loeo''-
Ab-rt o fra1dianTt on,.ng': h; mteri - for an al ternit ive ext lana-t ion to ai', o !t

mls ineso twol nuAn efftst, trueI( Or for the olservedl d; ffonences in attenai
photoelectric ahsorpt ian, incoherent or :it ion between x-rays and' gamma-r,,s
Compt on , aind coherent or lka'.l eigh scat-
torinog. Photoel1ectric absorption predom i- In ra-d iat ion , the, un it of ad'sorbed diose
niat('s in the lotng and intermoedliate x-na':. is the radl. This unit is defimed as the
wavelength range, whereas Compton and1 ahsorpt ion cof 100 engcs of enerogy per gram
Payig.-(ih scattering predominate in the of target miter ial. I!n our x-ray experlI-
small, less than 0.041 Angstromr, wavelength Ments, with maximum dlose rate of -,0-
r loge. Radsq /m inu ti the max imuim amount i-f eneray

per minute impinging upon a fiber is
The absorption of beam intensity passing 50,500 ergs on .021 Joule fmnite.gnam).

thri ugh matter depends on the amount of Whereas, In gamma-ray experiments typically
matter and its chemical Co-mpos it io(n . R~id i- ton t imes as muich energy i s imp ing inrg upon,
amtion transmission is expressed in terms the target'. With the room temperature
of the mass absorption coefficient, o, heat capacityI. of amorphous Ge0 2 and SiO-) o!
which is equal to the total linear ahm- 44.38 and 37.1).1 Joule (molo.K) respectivoely'
sorption coefficient divided by the density (Rohie et al ., 1070); an average core
of the absorber, the material thickness, t, chemical comrnposit ion of the fiber of 18
the emergent, 1, and incident, beam I0, by moleq o02 And 82 mole;4 SiO2; and a total
the following relation: mass of fiber/km of 27 grams, one can

calculate the degree of heating of the
I = Io exp(-olt) f iber . Carrying out this calculation for

0 317 meter (about Igram of glass) of fiber
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indicates that 0.57 Joules are needed to of absorption comes from comparing the
raise the fiber one degree in temperature, attenuation of fibers before and after
Thus irradiating 37 meter of fiber for 2 irradiation as illustrated in Figure 8.
minutes at a dose rate of 5,000 Rads/minute In this figure the ratio ot the attenu-
would increase the temperature by one ation before and after irradiation is show!.
degree. This heating effect is not likely as a function of wavelength. Rather than
to affect the gamma-ray experiments showing a straight horizontal line, i.e. j
discussed here markedly because of the homogeneous decrease in transmission of the
short, less than 9 minute, exposure to fiber upon irradiation, this figure shows
gamma-ray radiation. a wavelength region around 1100 nm where,

this ratio is smallest. At the smaller
To test heating effects on attenuation, wavelength side, as well as the longer

we decided to warm a 62.5/125 fiber on a wavelength side, damage due to irradiation
hotplate and determine at what temperature increases. For comparison, a straight
the fiber attenuation due to x-ray irradi- horizontal line is drawn in Figure 8
ation would become comparable to that due depicting homogeneous complete recover:
to room-temperature gamma-ray irradiation, after irradiation. The increase -f loss
The dose rate used was 70 Rads/minute and in the short wavelength region is, as is
the total dosage 3,800 Rads. The results well known, due to the formation of color
in Figure 4 indicate that the attenuation centers affecting the UV edge of the
after exposure to 3,800 Rads of x-rays at spectrum. This non-linear part reflects
a temperature of 601C is about 3.6 dB/km, the generation of E' centers and follows
about 2 dB lower than that found for fibers a first order rate law of l-exp(-t) . For
exposed to 6OCo gamma-rays for the same the longer wavelength side, this result
total dose. Linear extrapolation of our is surprising. It indicates that viira-
x-ray data to 6 dB loss suggests that if tional states are affected by radiation.
one heats a fiber between 30' and 40'C; Comparing this with the 

6 0
Co attenuation

and irradiates the fiber with a dose rate curve in Figure 2 shows that these vibr-
of 70 Rads/minute at a total dosage of tional states are predominant- affected
3,800 Rads one will get an attenuation by gamma rays. As the three 'aCo gamma-
comparable to that of gamma irradiated ray attenuation results in Figure 2 show,
fibers with variable dose rate at the same these states are dependent on total dosag,,
total dosage. but not on irradiation rate.

Attenuation Processes in Fibers Exposed to Additional evidence for these two types
Gamma and X-ravs of absorption mechanisms comes from com-

paring attenuation at 1300 and 1550 nm as
The difference between gamma-ray and illustrated in Figure 9. Here we show,

x-ray experiments are most clearly seen in that at a high x-ray dose rate, the attenu-
Figure 2. The attenuation versus total atian at 1300 nm is higher than at 1550 nm,
dose curves in this fiber can be broken up to a total dose of 3,800 Rads. However
down into two contributions, one of which at a low dose rate, the attenuation at 1550
has a linear dose dependence and the other nm increases more rapidly than that at 1300
, higher-order dependence. nm. The attenuation crosses over after

exposure to 2,100 Rads (3.7 Rads/minute)
Inspection of Figure 2 shows that the and 120 Rads (1 Rad/minute). W;e infer from

x-ray attenuation as a function of total these results that, at low x-ray dose rates,
dose approaches a straight line at low Compton and Rayleigh scattering become more,
dose rates. In addition, at higher doses prominent visa vis photoelectric ab-
such linear dependence persists with an sorption.
increasingly greater slope. Surprisingly,
the single gamma-ray experiment for which A consequence of the differences in
we have attenuation data as a function of attenuation mechanism between fibers
time during irradiation also shows a irradiated with gamma-rays and x-rays
straight line which nearly coincides with might be that recovery rates are different.
the limiting line of the x-ray experiments. However this turns out not to be the case
We postulate that this linear dependence as Figure 10 illustrates. In this figure
reflects the scatuering contribution to the recovery rates are illustrated for gamma
overall absorption of radiant energy, and x-rayirradiated fibers. The recovery
whereas the non-linear part indicates the rates of the gamma-ray irradiated fibers
"true" or photoelectric absorption. This are similar to one another and to those
assignment of the non-linear contribution observed for the x-ray irradiated fibers.
to photoelectric absorption is based on the This reflects a similarity in time de-
known predominance of this type of ab- pendence of the relaxation process.
sorption for intermediate wavelength x-rays,
and the observed attenuation curves in The Nat ire of the E' Center
Figure 2 for x-ray irradiated fibers.

As discussed above, x-ray attenuation
Supporting evidence for these two types depends on dose rate, exhibits primarily
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photoelectric absorption, and is the Summary and Conclusions
primary agent for the generation of E'
centers. In order to get some better Attenuation of optical fibers upon
insight into the nature of these defects, irradiation is caused by photoelectric
we carried out some Hartree-Fock calcu- absorption and Compton and Rayleigh
lations on a H6 Si2 07 molecule. scattering. Photoelectric absorption,

primarily associated with x-ray irradiation,
The current model regarding E' defect causes substantial attenuation upon

centers in silicas entails the removal of irradiation, and is strongly dose rate
a bridging oxygen atom from Si-O-Si or dependent. Compton and Rayleigh scattering
Si-O-Ge linkages. Concomitant with this increase linearly with total dosage and
removal of an oxygen atom, one of the are primarily associated with 6 0 Co gamma
silicon atoms moves into the plane of the irradiation. Recover- curves show that
three remaining oxygen atoms becoming gamma-ray irradiated fiber and x-ray
trigonally coordinated. The other silicon irradiated fiber recover at similar rates.
atom remains approximately in its tetra- It is also possible that E' centers may be
hedral position. The unpaired electron generated by formation of metal-metal
resides on the latter atom (Griscom, 1986). bonding between silicon or germanium atoms.
As we ha-ve shown previously (do Jong and More calculations need to be carried out
rown, 1980) , bending of Si-O-Si linkages to confirm this conclusion.

actually decreases repulsion between
s. iicon atoms resulting in metal-metal Acknowledgements
cond formation. In order to test this
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for a total dose of 3,800 Pads, Tho neutron x-ray.,s for a total dlose of 3,800 Pads.
flux for the mixed neutron and gimma-ray
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RAI)IAI'ION RESISTANT OPTICAL GI CABLES

Akira I INO, Masayuki NIhIMI1A, Ilirotaka OIAYASHI , Ilidehlaru YOSINO, and Sliintaru SENFSC I

IHEFURI'A1s'A ELECTR IC CO)., LTD. , I ch ihara , Ch iba, 290 Japan

Suramarv~

Cermanium-doped optical fibers free from Metal

impurities such as phosphorus cir alkal ies were Monochromator or

found to1 have g-ood resist ivity to - -rav exposure. LED PD

tbe induced- losseS wore dependent on the dJose rate,
and a Similar behaViour to those of miiiti-mode

fibers With pure silica cores, Flie germianiulm-doped Recorder Optical fiber

raild-idexoptical fibers having highJ radiation
re-sist ivitv and bandwidth c,,uld be easily fabri- L

cited liv VADl process, which alIlowed obtaining oI -ray source

radiation resistant cable-s used for transmission

sstems withI large ifrmat ion caliac itv in reasona- Stabilized electric source
blIe cost . In practice tile ,,radedl-index fibers were

put into a optical cable which possessed the resis-

tance to beating test of 21,106 hours, and tile I:ig . I .3climat ic diagram of the- apparatus ior the-

m inmicd hend- loss increasevs were investigated. Meas;urementL of thle - -ray induce-d-I 's,

3. Results and Iliscussion

1. -Introduct ion
- 3.1 Radiation-resistant graded-index fibers

ReetILrauusvici-ion sy'stemTS with optical fibers

have 11 an I Ipp t ri sC oct rol ill nucrlear MuIt i-mode step-index f ibcs in which core and

power plaInts. InIl the opt ical fibers employ' ed for c laddinig comupos it ion were pure silica and boron,

the ytes the, multi-mode step-index design fluorine co-doped sil ica respectively had the

hav ing pur,, si I lea c!i ass core was pireferredh for the, highest resistivity against I' -ray in si I ira fibers.

T r- aons of high radiat ion resistivity and enough Increaise of the r -ray induced-loss was depenident

a),ndwi dth to t rans.i it the informat ions in local on dose rate, and verv small even uinder the high

i171a. FutU ore opt icalI fiber systems used for thle dose exposuire inl the step-index fibers as slhownt in

ri: Iiat ionl environm-.ents, however , will require Fig. 2. But the bandwidth (- 3(1 Mll.kin) in tile step-
aeinlform it ion c apac i t v thanl thioseeCMplO as utidex fibers was mchcl sinaI Icr than that 1 - .3 Glix

invent iona I step)-index opt ical fibie rs with pure kmingae-defbrs

xI cors . For the increase of information

-pa citv, tIt, radiat ion resist ivitv of germanium- 10,

d ne1d raded-indeX fiberis is significantly improved4
iu tie p re sen t pitpe r mui( those f ibers hav ing cclih Dose rate;I1.XI10'rad/h

lir iidw.idtlu thran tlit ii inu It i-ciodc stepl-iiidex

fi!)tsI "All ieu 1' x iii f i!uril teId ii. k'AV process. 11

I~ it t op a L il er 11 1 plos in: the raidial ion-resi stantll!Lra/

' r led-index fibers with nim imdpdcrsis

&s.crihvd. .21l~adl

ID-i r-ray

Sspu: utiliX O~rd/h0.85,um

1 I. lie cr,'th It Lte indlucei-loss it II.8lin Dose (rads)
misiseaxr,. "-in xii u- diiriiic

6  
i rrid iat ion at 1:i g.2 litereixe of Itle 4- -rayV iiiduced-Ioss of Lithe

H1 - iC i,- I ij~lit i tl ens, its- iiij in tile I iLhers st (up)- i uideOX (llUi Iti i-modelI I i he r wi i pu ) tre
1 MS ,ii I' " x i - cor
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.ltl\Ilt ho ottveitt joint I gradc'd- iride: f ite rs wift M~e Ilthtrait erist ii 0f T -r i indluced-loss iii

ge rrmanLitr-doped cores slutwed low loss aind high f irst gradtiltitttltx I iltur was ,ltiad to result ill

batndwidth at 0.8-) andI 1 . 3qt , the radiaition resis- the structural chtange of Sii-I( (t rt glass 131e

I iit Il'l those I ibers had been reported to be to, ti1 presencce of phosphorus thal-t OuLter iritti

muj~ch lower thanU that Of the, step-inidex fibers with tile resist ivite against p r ix, with eetron spin

pure, s ilIica cores . lo im prove the clharacter ist ics, resonance-. 2 , i IhUt in~ducI vIII osv inl se t t~d

three kinids of gc'rttliiitttdoped l, raded- index f il)&i> graded-index fiber with gernmani tt-doped corec~r

Sco re andI cladding diameter; 311 and 125 t n rcs- and natutralI sil ica c ladding 1 )a wtere a sii Iiar

pectIi ve I %, * 1 .0) iWere fabricated, ad irridi- behavior- t' that of first graded-index fiber

atc'd he ,- -rav . First grstded-indx fibehr with al though no p~htsphttros was relmt-incd in St &ond

Itc'rnititOm and phospho~rus coI-dope)d ctrc fahricated filbers. Somic imipuritie lsWhich p1layetd ;Irolc

he [Sl y pIVD rocess shtowed the induced -loss-tnt re tses similar to phosphoruIs were therefo'rc' issumed to

1:1 proptttion tco dose, Wih ich Were indete ndettt ''it Cs \iSt in thll germian i-doped core part Of sc I Otto

tlte close rate ais shown itt Fin . 3. tltc initted- fibcer with natuLLral silican cladding. ImIi ur itIitcs i n

l osses in sccond g rmdcd- itt1dCex fibcr , Wili ch1 tottiS 1L S natu t iIttnd S'%'tttltc't iuI sil ia t, Iubes Wee duC 11 ,r incied

otI ge'rmanium dopcd core pairt fabricatied tx' VA t c a ot tav sadaomcas' ttt

)tt'.'tc'~~~~ ss Iti c Ia)inpatf ike dnor)set rotu,'I ry I s s tmmnia r ized it n l 'I 1 e 1 ' :0t1C L1t ra-

i:i tulic , a rc' shown i n Fli t,.3i. Itee irc als t iO of n11i'il impuritites suiclt as soniurm, potassiumti,

,tj)tt'Xi1tat clv troptrt ittmi tol doste ai1d S icitIV aindi tltam-iitiUM int tlc' f.'rtntr was mult itightcr thtant

tlctc'itd'ttt Ott iosc' rate, h1lilt iltrI c radc'd-ittde'X t lt t in thte lattcer. Addit~iontllx tite mnitration of

fi'r With thel Stitc' gcr"'ttttti'"i u~)- Orc' lart inputritmcs I rttin th'e jaIckt td natttrali silica tubt-

f,itriucmted hei% %Al ptrocess tind It kc'tcd witht s'tlt t '- tv seTttli~ t/ct) cp'atr t was invcstig;atedl be

tic' si Iiul tithte as Claddotl Fitt .1liOcud -rae setondirv ion mass sitettn'ttryt-. Sub tue of

ittdnc'tl-.'ss-ttcrt.tst' vntti-' oit-pr'port itl s lii tttd j)tttISiLlt Wats t,'Und itt the core part of

t o .~se and d,'ptttdlit L'ill dosec rite as s0%ltoict setcond 'radc-index fibtcr jackceted ii ni atuiral

itt I It'l l t 111 it i ItC lt)' I , (it- t c d in tha t of thtird

ray L~~~.r-tded-tinevx f i ber jackctcd .itli ssu1it eiu siI icaI

I0c 1 X10'rad/u I lt . 1 Ilc' iMputr i t it's Wcerce 'resumed to i) tec

',1 .i ,Ii rLed be illeci t it1t4 dulring,, the drawing process.
I ," 11' [le 'Scite'' "f alkali lerivrits ill Sitit-licit core

// 7'lassioli ilso) C.toI c Ltt structural change to

10 l SO,-e0,P~0 ~ ~ 't~-rtiltI, riii'i resistivity.

tn V20rad/lt ' -- P:0.l2mnI

fAD GI SiO,,Oe0' core
.~~' ,x~i. 20rad/h -) natural silica cladding .n, i-tot.f -pr t titrt

102 10' 10, lot 106 Dose (rods) Iprte pm

1" .1, 1 1 t, iild- , I Type
i ' I- i, d- :1'.t 1) ia ic- 11 Al Ti Fe Co Cr Na K Cl

N0 i1 atura 25 5 0.20 < 0.02 < 0.10 3.5 1.0 3

Silhic '0,04 <( 1 0.15 < 0.02 < 0. 10 0.04 0.001 1000

cc101 rad/h Na. Cl :actuvation analysis
to, Other elements: atomic absorption spectrometry

Sflrad/h Y-ray

ic irea s t 11 i rd ,radcd - intdex\ f iber w ithI clIaddIfing

-2 3rad/h ta rt otf j ac kettd seittrliet i c sitI i ca t ttltc frec f ron
thei inripu r i t i u S showed T -rae itiduCed- loss increases

whticlh wt-rt dJCpT~dntL cttt tilt disc iatc ttad a s imi I .r

t- --- I0 --- 10bt0hlti ir t.' those of pure nil ica core fibers as

1, 1, 14 10, 10, shttici in) Pig.2 mid 4. lIbis storied to 1 l'ic-stil teId

Dose (rads) f rtti tl1ic S.ni en11 I 'C vV )t s itIc( nt an d gtcrr'tt l) i i: I or

I li I s' -IIos ol t 11. itt glass network.

ri i It~: iItt-cs witli co-it iirr'outt -rtttilt, alitw' rt'S11t Its 'll,' g'mi tn-lt

ii'' r-I ~ t i I om .bi L- 1tw VAIL ito .. 's 'Ild graided-i ode: I iter I i'ee fro tittIli itputti i Us ticht
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found to show good resist ivi t 'v ago ins' p ray. 3.2 p'erformance of rodiat inn-resistant optical
The d eenencee f p-rav irldUCed-lOSS at 0.85 1!11 cable
after 10' cad of the irradiation oin the dose raite

,rhwnPg in third graded-index fiber. Bly A tin-1:1ktalIit: type cable in whlich the radiat ion
the ext rapolIated curve, negligible loss increases resistant graded- index fib ers Ivere put hias been
at 0.85 um are expected eveai after 104 rod of cxper imentalIly manufactured. Cross sect lanai Iviews
r-ray irradiation in the radiation environments of this cable is shown in N,,.? 7.All cable
of dose rate of less than 1 rod/hour. In add ition maoterialIs were flame retardant. 6 nylion coated
the loss spectra after ' x 1 03 rod of P--ray fibers and spacers were stranded together arCLund al
irradiat ion ore sthown in Fig .6. The -ray induced- 2 .5 mm diameter FRI' on which flame retardant non-
loss at I . 3 pm 7 was decreased about one order of corros ivc PVC was sheath. _utcr diameter of
niagn itude compared to that at 01.8-5 p in in third cablIe was I 1 mm and the weight was 100 kg! em.
g4raded- index fiber. The use of 1 .3 pm hand is Transmission loss Change during cable -sanufactur-
thr refore of greater advantage than that of 0. 

8
53pm ing process -.,;s negl gibo small as shown in rin..

in optical transmi ss ion svSt ems for the rod iation
environentsof high dose rate of more than 10-

rad/nour.

Spacer

Optical fiber

Tension mernber

(PVC sheathed FRP I

Q.~( 5~s. ~ Wrapping
co- Buffer layer

a f, ' ' os Seathltlame retardantafter t10i rads espolsuoe noncorroswve PVC)

ri~ ross sectional viciss of experimentallyv

Dose rate (rad hbourl

p,:, c- nc o f the- i nduIfced -lIo sses I tt erI

Ut' r'Ids c sposIiro on% th ho ( rat'.
1he dlashed cuie represents, tnc50.-

leses c-It tipol

Coated Stranding PVC Sheath
- nital Fiber

Do-s .ate.50 ,ad a iO I- ic.8 Tirsmission loss change during

Sciin o nufacturjng process

- In case of applying optical fiber cables to radi-
:L ation environments, some other characteristics were

L needed excelt for the initial transmission and

Iradiation characteristics. Heating, flame retar-
* 1 5dant , and mechanical tests were carried out in the

Waselriqts.InIradiation resistant optical cable.

(;) Hleating test; the cable sample of 300 m in

Pig. 6 Loiss spectra of the graded- index length was heated at 121 'C for 168 hours. Tite
fibers with synthetic Sio-,-C(, core accelerated deterioration conditions correspond to
and Si O, clIadd ing -the life time of a commton nuclear power plant. The

obtained reselts are showrn in Table 2. The bend-
loss increases were less thtan 0.07 dBl/kn at 0.851om.
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Ilible. 2 toss inceases after f ile httiog

-,(on,- Io u.tons

ito present studv his shown that - -rav indhii-i-
Loop D) NO. loss increase at 0.85,Im 1osses in ge rrrrn itin-dojiod grcided- i des fi her. j

ronn e tat impturities were dependent on the ds

rate. Violoss ircsaeS at 0.8-) '1 M were -r imnot I
10.07 d B ,Km to ihe negl igihlv stril I even after Q4rid of the

rrtd iaition if thet german i m-doped f ibers were
xposed to 7r -rnv of dose rite of less t han Irid /

2 0.03 d B Kmn ou . lien the grided- index fibers having hit
ocindwidtt and radiation resist ivitv were pt in to

tihe opt in! cil and sulijected to thle hit tog tes t

at ipi o ,I tttr, t il-rs *'f 121'(C, 168 tours, the matxiumn hend-loss intreaose
wis less than 0(.07 dfi/kri it 0.85,t Sr. meIL opt iC,1
cahies would alilow design of transmission ytn

kii Ve rt i ca Itrctv flI ame test; t;-0AI it ;tle I tgwi t I .II io i T formrat i on ixipie i t v inI rid itII OTt

or t mc in length wais mtsottd on tile vert icit
rciv ftlimc toest aipparaituis as shtowntitnt Vig.9. Ithe

metotid e::ip loved WiS in aiccordtnce iiith I 1/1/183-1 914.
Te cabhie wins inipi ired to 0.7 0.9 ri itt I cngit

,ioOVL the torch after the tlm wan. s set onl. 1
inem wi tit the opt til .ih Io inhowver, d id trot Refrroos

rech tire tipper end of it and disaippeaired itselt
whnen propante gas ittt rdiCL in t trchn wis turned 1) K. Yatltgi (Ed.)I, 'Fttor o1 i anmd th. is
0ottf. IThe Othtainod ro t t ,-t iSf i- t11e AroVe .ttpt icat ions icr tieI teir potwer plitnt 5"

stattdantrd . ( tipinesc ) , J . At . The rgv S oc . lapin I,'

ptr.768-8)3, 198]1

li ii ) Mctitrict i tests atiI s tentItoil, Vi irt-
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EVALUATION OF HYDROGEN GENERATION FROM OPTICAL FIBER CABLE

Irene Plitz and Paul C. Warren

Bell Communications Research, Inc.
Red Bank, N. J.

pedestal and direct buried plant might be more
ABSTRACT exposed to the outside environment. Therefore, the

issue of long term stability of cable components
Hydrogen contamination of optical fiber can cause with regard to hydrogen generation In the local
Increased transmission loss due to enhanced H 2  loop is likely to be of great importance to those
and/or -OH absorptions. It might originate planning such installations in the future.
inside a cable from either electrochemical
reactions of metals of from degradation of organic Although there are scattered references to hydrogen
compounds. This work is confined to the latter generily by organic materials within optical
pathway, which could hate long term implications on cables - , the experimental conditions, results
fiber reliability, particularly In harsh loop and conclusions vary widely and consequently are
environments. Hydrogen outgassing was determined confusing. For instance, some investigators have
by gas chromatography _Vith a lower limit of measured hyd[8.en on cast films rather than actual
detectability of 2 x 10"  ul. Cable components coated fiber 1 1, while others have determined
such as UV-cured acrylate protective coatings and the gas at temperatures that do not even closely
waterproofing filling compounds emitted small but simulate actual cable environments. Since the
variable amounts of hydrogen when heated in air. reported measurements of hydrogen evolution range
We believe that the primary mechanism of over several orders of magnitude, it is difficult
degradation is thermal oxidation, and suggest that to decide whether or not significant accumulations
hydrogen is the product of a little-known will occur over the life of installed cable. On
intramolecular reaction of peroxides to split out the other hand, several research groups have
the gas in moderate yield. We conclude that exposed glass fiber to hydrogen-containing
organic materials that are well stabilized against atmospheres and carefully measured transmission
thermal oxidation might be protected against losses as a fun$ tion of time ap I partial pressure
hydrogen outgassing as well. of the gas.

6 " ,3,14 Rush , et al., for

example, have determined that a lower limit of 0.1
atmosphere of hydrogen would be required for any
long term increase in attenuation of a single mode
optical fiber. Accordingly, we wanted to determine
whether that minimum would be approached or

INTRODUCTION surpassed by any cable constructions currently on,
or destined for, the market.

It has been established that internal components of In most cases the emphasis on possible hydrogen

optical fiber cables can generate hydrogen gas, sources has focused on the organic protective

either from electrochemical corrosion of metals o coating over the glass fiber itself, probably

thermal deterioration of organic materials.
1 3  because the problem first surfaced with certain

The latter pathway is of particular concern because silicone coatings. We were more concerned.

few of the chemical details have been worked out. however, with all organic materials within typical
Since It is known that hydrogen can diffuse into optical cables, lacluding not just the UV-cured

glasia phenomenon known to increase transmission acrylate coatings but also the waterproof filling
loss " 

-, the long term reliability of Installed compounds, buffer tube materials and other plastic

optical fiber could be affected. There are two supports, substrutes, and core wraps. To what

distin§t types of hydrogen-related absorption extent do they participate In filling the cable

losses , namely, (I) those resulting from with small amounts of hydrogen over long lengths of
molecular hydrogen trapped at interstitial sites in time? Do any of these polymers show induction

the silica network and (2) those due to chemical times, where larger amounts of the gas might arise

reaction of hydrogen with oxygen atoms to sometime later rather than those encountered in

form -OH groups. Although the first mechanism is short term, high temperature screening tests? What

reversible, the second Is permanent and becomes is the mechanism of hydrogen formation and can ways

significantly more pronounced at higher be devised to minimize it? For all these reasons.

temperatures. The operating telephone companies we have examined optical cables from various

are currently Installing optical cable along major manufacturers, as well as several random polymeric

trunk routes and eventually will extend It to the materials, In order to decide whether long term

local loop. Long distance and trunk installations hydrogen contamination might be a potential field

are usually protected from the weather, but aerial, problem.
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EXPERINIENTAL were analyzed by mass spect.....etry. The technique
consisted of placing a weighed amount of each

Samples sample in a quartt chamber, evacuating the system
to better than 10

"  mm, and heating to 1000 C

Coated glass fibers and filling compounds were for ten minutes. The evolved gases were collected
obtained from a variety of manufacturers, generally and analyzed. Sampling continued until a constant
in the form of optical cable. Samples were removed hydrogen level was reached or no more H12 could be
from the cable for testing unless otherwise noted, detected.
While most of the samples examined are commercially
available, they may or may not represent actual The effect of oxygen on the rate of hydrogen
products used in the current market. A random evolution from fiber C and filling compound F,
selection of polymers and long chain alkanes was which generate relatively substantial amounts of
also examined. All cable components tested are H 2 over a short period of time, was monitored.
listed in Table I. Samples were placed in standard head space vials

and one set of samples was kept in a N 2
environment and another in 0. At the beginning
of the test period, each viai contained at least
95% of the desired gas as determined by GC.

TABLE I

Identification of Samples Analyzed for H, Generation

RESULTS AND DISCUSSION

Optia Hvdroeen Analysis
A typical chromatogram of the headspace above a

1. , cable Field Installed coated fiber which had been aged for three weeks at
2. B cable -ninstalled
3. C cable 100

0
C is shown in Figure I. It shows the

4. D cable presence of two sharp peaks with retention times
5. F cable separated by only 0.15 minutes. Peak I was
6. F cable

G cable tentatively i ftntified as helium. Published
5. IF cable chromatograms of fiber coatings aged in He also
9. I rib,, saample
I0. J fib,, sample showed two peaks separated by that same retention
II. K fiber sample time. The chromatograms from the control samples

which contained air or bare fiber exhibited a
Fillina Compounds similar peak. Eten an injection of 500 ul of

1. A petrolatum (silicate filled) laboratory air yielded a peak with a comparable
2. B oil exteaded TPR retention time, accounting for 0.04/o of the total
3. C oll extended TPR area. In a few cases, the He area fraction bas as
4. D silicone oil based

5. E 1aw molecular aeight policobutene high as 0.3/a, although there is no obvious
6. F petrolatum (silicalte filledl explanation why this number should differ from the

above control samples. In fact, one would not
expect to see this peak at all since lie only
occupies 0.0005% of total air volume. This

Hvdroeen Analysis apparently anomalous finding is not understood by
us at present.

Hydrogen generation was monitored by withdrawing
500 microliters via syringe from the headspace of
300-500 mg samples contained in 2. 5, or 50 ml
vials. The vials were sealed by crimping with
polytetrafluoroethylene-lined silicone septa. Sample
Empty vials as well as those containing an - Optical fiber PEAK 2 AIR
equivalent amount of bare glass fiber were sampled - 3 weeks at 100C t
concurrently with vials containing coated fiber Detector Z
samples to serve as controls. The syringe full of -Thermal conductivity
gas was injected into a Shimadzu GC 9A gas Column
chromatograph equipped with a thermal conductivity - Molecular sieez
detector (TCD). The analysis was performed under Q
the following conditions: column, 6 feet by I/8 C0rriefgas
Inch SS packed with 5A molecular sieves or 80/100 - Argon U
mesh Carbosphere at 350 C and an Argon carrier
gas flow rate of 30 ml/min; detector, 1250 C;
injection port, 1250 C. Hydrogen was Identified
by comparison of its retention time with that PEAK 1
obtained from samples of pure H (AItech
Associates Calibration Gas; 100% H 2, 1000ppm H 2
in N 2, and 100ppm H 2 in N 2 ). The peak was
further confirmed by changing the carrier gas from
argon to helium to look for changes In the relative TIME-
thermal conductivity of the hydrogen peak. A
sample of optical fiber and one of filling compound FIGURE 1
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Peak 2 was ascribed to hydrogen by comparison with TABLE 2
the retention time of of a known sample. The
minjmum detectable amount was determined to be 2 x
10-N ul. To further verify the assignment, a A -oo, f) o3 H, C.oI,,d .11c opAJ.fl 1C00'C
change of carrier gas from argon to helium resulted
in the expected diminution of the area of Peak 2
and reversal in its direction. An independent mass
spectrometer analysis also confirmed that the t.,. .3308' C
headspace sample contained hydrogen, although it 3 7 Is 23 31 38

was quantitatively ambiguous because the method
itself generated background h)drogen. COATINGS

A 04 09 136

C 1 75 204 334 466 399

E <3 34 69 -..

G 73 - 02

Gel D. 1001C for 2000 hr 1 03 02 02 7

J NO ND ND NO ND NO
250

FILLING COMPOUNDS

A .ND NO ND ND ND ND

B ND ND NO ND ND ND
C 200-

20 C ND ND ND ND ND NO

Z F 04 06 11 49 13' '0

00. r Yelowed F 0 3 O 331 728 478 473

IND . No1 Decled (< 2x10
"3 

u1)

z
3L 00

0

50

other two, however, evolved close to I ml/g, which,
when combined With the fact that relatively large

0 200 amounts of this ingredient are incorporated into
0 200 400 600 800 1000 the cable, could represent a serious source of the

TIME AT 230C (hours) contaminant.

Table 3 compares the results of this work with
FIGURE 2 others in the literature. The most noteworthy

conclusion is the great variability in numbers.
For example, the data published by Aoki 

1 0, et al.
were much larger than the others Seg., 730 vs. 0-56
ul/g), while those from Okagawa , et al. seem
markedly smaller. Presumably these differences

Hydrogen Outeassing from Organic Materials result from dissimilarities in experimental
Figure 2 illustrates a problem that was never fully conditions, materials, cable geometries and
solved, namely, the slow escape of hydrogen from analytic techniques. Especially interesting is the
the septum-sealed glass containers. Accordingly, large difference In the amounts of hydrogen
our reported amounts of the gas are probably generated from cured films on glass slides relative
understated from those that were actually evolved, to those from analogous materials on coated fiber.
The volumes of gas generated from optical fiber While there Is no apparent reason for this
coatings were varied but small, depending on the discrepancy, it illustrates that meaningful data
cable manufacturer, design and vintage. Table 2 need to be Lollected from "real world" samples.
shows that as little as no (0.01 ul/g) to as much
as several hundred ul/g were measured for coated Randomly selected plastics and low molecular weight
fibers aged at 1000 C for time periods up to hydrocarbons were also aged at 100 °C and their
about one month. In a few cases, hydrogen was evolution of hydrogen with time was monitored. As
generated initially but subsequently ceased shown in Table 4, very small or undetectable
evolution. In others, an induction time was amounts were evolved in most cases, but In two of
necessary before the gas was detected. The table them the opposite was true. A C 24 straight chain
also lists the quantities of hydrogen produced by hydrocarbon and polyisobutylene both showed
several waterproof filling compounds. They were significant hydrogen evolution. We conclude that
all based on either petrolatum, thermoplastic the potential for hydrogen evolution is highly
rubber or silicone oil, and three of the five did dependent on the chemical structure of the organic
not give off any detectable hydrogen. One of the material.
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TABLE 3

Amount (udig) of Ht2 Evolved by Fiber Coatins anssd Filling Comspounds

as Reported in the Literature

Agitng Conditios

Temperature SO*C IO*C 1 20C

Atmosphere air ail sor 02 N 2  "tr ai 02 N2  ai,

Fibers

Aoki1 730 36-

Okqgaial 4 1

A 2.4A

G ND <1 56 2 2-

B <3 -4 136

C N D~. ND 9o~ 0 1 .04 30 20

Fill[.$ Compound.

ok.g.S - 1 03 < 002 -

Okiges- 2 02 <0D02 -

Be. [ 60 9

Yellow F 2 -224 320 -

IF c: I -<1 D ND <I1 11 - - -

o ~ 03 __ ND <2

ok. 0 .. - 0026 0003- - -

Partial Pressure of lisdroeen within Optical Cables cable components such as polyethylene, polyester,
Hlydrogen evolution in Units of ul of gas/g of filling compound. etc. would not significantly
polymer had to be convrerted to partial pressure impede diffusion of the small hydrogen molecule.
within a cable to predict whether the accumulation Table 5 lists the results of calculations of
w ould ultimately affect transmission. I n order to partial pressure of hydrogen in several optical
make a simple conversion we made the following two cables, where the worst cases of hydrogen evolution
a~sumplions: (1) Since many cables are sheathed from Coatings and filling compounds were utilized
swith metal, any accumulated hydrogen would be from Table 3. In all cases, the coating
retained within the cable, and (2) other plastic contribution was well below the minimum 0.1

atmosphere hydrogen concentration. Itoweser. the
filling compound cootribution accounted for

TABLE 4

Amounet Jul g) 1t2 Erobed from %S~ctisrleareos motp.o.d, TABLE 5

rCsbIl~d Puna]s P"sssu" (ami) oftH2 Foundi. aWe,., Cate An~~,l, of so Optical FEke, Cable

COIPOI 21O il 2" At411 16!k_ ___

.4NO .54 2.09 11.45 -ProbPese rj---

I OFF NO .22 A4l .75 99 soisl C0m.s Eiffive Corsoned (able Tors

HDPF NO .5B .42 q1 I'D A 002 04.59 042. 092

%)o D .0 .9 .1 .6C 009 No 009

E <se0t 0 49 0 49
EMM~A %O .14 .56 %D

0006 SID 006
Prisobtltese .9 Is B 4.55 20.33 14'0 - - -- -- --- -

Fposthetase %O 1.5 SB %O ND ND0 Not Deted
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possible concentrations of 0.5 atmosphere, well this intermediate appears unlikely in our low
above this minimum. While we do not believe that energy 9  thermal experiments. Nevertheless.
half of the cable volum- would ever be filled with Barnes , et al. hate proposed such a mechanism as
this contaminant, the order of magnitude of the source for the contaminant:
accumulation is clearly similar to the threshold
value. Since most current optical cable
constructions contain such waterproof filling
compounds. it is essential to understand the
reasons for hydrogen evolution from these H*+RH - H2+R

materials.

Mechanism of Ihdroeen Formation
Several studies"

' l u  
have shown that hydrogen It is not obvious how this mechanism explains the

generation is greater in an oxygen atmosphere than observed sensitivity to oxidation. We therefore

that in an inert environment. Our results, suggest that hydrogen in this Instance is a product
summarized in Table 6. are in agreement with those of peroxides. which are known to yield the gas .

findings. Samples of waterproof compounds aged in an intramolecular cyclic transition state.
oxygen or air atmospheres generated substantially Liquid sec-butyl peroxide, for example, is reported
more hydrogen than those under nitrogen. Often an to give hydrogen in 30% yield when aged at 100
induction time was esident before hydrogen w as °c:

observed; this %as especially true for filling
compounds. Both coatings and filling compounds
always seemed to turn color to yellow or amber

before hydrogen was observed; such discoloration is

typical of oxidation products such as quinones and

other conjugated systems. In one instance we 0 0

extracted a filling compound with methanol and R / R' 0
reduced the induction time from >3 months to 48 C. /

hours. All of these observations suggest that C " H 2+RC- +R'C-
hydrogen formation correlates with oxidation. The

implication is that materials that are

well-stabilized against thermal oxidation w ill also H
be protected from outgassing of hydrogen.

Organic peroxides are known to be termination

TABLE 6 products of oxidation that arise from the coupling
of peroxy and alkyl radicals. If the amount of

hydrogen measured over some time period were, say,

250 ul/g, and the reaction yield were 30%, then the

A~~n ~~ 3~ ~~ 1 ~ .. ~.~accumulated concentration of peroxide precursor
would have to be at least 0.04 mmoles/g, too small

an amount to detect.

Temperature Depenlenee of IhNdroeen Formation
.. ,...-Wc ... Recently published work has revealed that at

u elevated temperatures (>25 °C). permanent
transmission loss rapidly becomes more significant

5.. "1 O "a ' "2 " 2 '1 ' 1. ' with irresersible formation of -Oil groups in the

msc 2 ,5 1 - - , silica network. This is of concern because many of

.- .D 24 the optical fiber installations in the loop will be

aerial, and temperatures of 50 OC or higher are

regularly encountered in this configuration. ,hile

ND -o, D--d much of our laboratory work was conducted at

IO0°C, recent experiments at 80 OC have shown

that hydrogeti is produced at this temperature as

well, albeit much more slowly.

There are relatively few references in the CONCLUSIONS

literature to reactions of organic materials which

yield hydrogen. As mentioned earlier, some I. A relipble method has been found to analyze

silicone polymer coatings produced hydrogen but optical cable components for the esolution

they degraded by unique mechanism that does not hydrogen. with a minimum sensitivity of 2 x 10
-

apply in this case . Ilydrogen often appears as a ul.

by-product of gamma or electron beam irradiation of
polymers because of formation of II" radicals, but 2. The amounts of h)drogen generated from optical
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fiber cable components varied over a wide range
depending on cable materials, design and vintage.
In no case was the amount eiolsed from protectite
coatings on fiber sufficient to cause long term
transmission loss. On the other hand. some
waterproof filling compounds produced significant
amounts of the contaminant after long term aging,
s hich, in one case. demonstrated that increased
attenuation might be a real possibility.

3. The mechanism for h)drogen formation is thought
to be related to thermal oxidation of alkyl
hydrocarbon chains in the coatings and
waterproofing gels. A mechanism based on the
thermal decomposition of di-secbutyl peroxide, Irene Plitz is a Member of Technical Staff In the
which splits out hydrogen in 30% yield. was Polymer Chemistry and Engineering Research District
proposed as a precedent for the source of optical of Bell Communications Research. Inc. She received
fiber hydrogen contamination, her B.S. in Chemistry from Morgan State University

in 1970 and then directly joined Bell
4. It is clear that optical cables can be Laboratories. Since transferring to Bellcore in
manufactured with components that gile off 1984 her interests hate centered on the chemical
virtually no hydrogen, and it is equally clear that and structural analysis of degraded organic
the opposite is also true. materials.
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MODAL NOISE DUE TO SECOND MODE INTERFERENCE
IN S1INCLEMODE FIBER SYSTEMS

Max Brand tner
Dieter Schicketanz
Chris Eoll

Siecor Corporation
489 Siecor Park (RD)
Hickory, NC 28603-0489

SUMMARY 2. LP11 MODE AND CUTOFF WJAVELENGTH

In a singlemode fiber system, the second mode At lower wavelengths, singlemode fibers behave
L- P11 - is generated either at a transmitter like multimode step-index fibersand more than one

with overfilled launch conditions, or at an mode can be excited. To find an estimate of the
imperfect connection. If the [P11 mode is lowest possible wavelength for singlemode
Coupled back into the fundamental mode at a transmission - the cutoff wavelength - procedures
subsequent connection, interference may Occur with two spectral scans using two different bend
and noise may result. To avoid Modal Noise diameters (dl =280 mm / d2 =60 mm) or a single
problems, the LPIl mode must be sufficiently bend (d = 280 mm) and a inultimode reference are
attenuated before it reaches the next standard (EIA draft FOTP-80).
connection. With a matched clad fiber, a bend
of shott length does the job. For a depressed At this cutoff wavelength, Xc, that is associated
clad fiber, a significant fiber length is with one loop having an (arbitrary) diameter of
required to achieve sufficient attenuation of 280 mm, the [P11 mode has a defined 'attenuation of
the [.P11 mode. =20 dB /8/. At shorter wavelengths the

attenuation of this mode is lower; at longer
wavelengths this mode will see a higher
attenuation.

1. INTRODUCTION

Due to the bending loss characteristics of matched
In a sioglemode fiber system, the second mode clad fibers, the attenuation of the LP11 mode
[11 is generated either at a transmitter with depends on bend diameter: the larger the diameter,

overfilled launch conditions or at an imperfect the longer the effective cutoff wavelength. By
c onnec t ion with coupling between the fundamental reducing the diameter of a single loop from 280 mm
mode and the LPIl mode. If the LP11 mode is to 80 mm, measurements on several fibers have
coupled back into the fundamental mode at a shown shifts in the effective cutoff around 80 nm.
subsequent connection, interference occurs if the In contrast, the [P11 mode attenuation for
difference in optical path length of the two modes depressed clad fibers is approximately constant
is less than the coherence length of the light, over a broad range of diameters.
Slight variations in laser wavelength vary the
phase difference between the interfering waves, The different bending loss characteristics of the
and Modal Noise results. However, no Modal Noise two fiber designs can be explained by considering
is induced in the system at a perfect subsequent how bending stress affects the refractive index
connection where no power is transferred from one profiles and the effective indices of refraction
mode to the other /I/. of the [P01 and the [P11 modes. Figure 1 shows

the refractive index profile of a matched clad
singlemode fiber and the effective indices of
refraction of the [P01 and LPll modes below cutoff
wavelength without fiber bending.

elf L 1[1 "eff LI1 1
Fig. I Profile of a Matched Clad Fiber along

with Effective Indices of Refraction of
the [P01 and [P11 Modes (X(Xc)
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The index of refraction of the cladding goes down At the upward step on the right-hand side of

on the outside of a bend. The local effective Fig. 4, the local effective index of refraction of
index of either mode also decreases by an amount the LP1l mode crosses the profile at the same

that is proportional to the distance from the radius for a certain range of bend diameters. Thus

fiber axis; however, the change in the effective the attenuation of the LP1I mode is approximately
index is larger than the change in the cladding constant within this range and the effective
index. Leakage of power from either mode will cutoff wavelength is approximately independent of
occur where the cladding index exceeds the local bend diameter. Cutoff measurements using single
effective index of refraction /10/, and the closer loops in 2 m of fiber have shown that bend
the crossover to the fiber axis, the greater the diameters from 280 mm to 60 mm lead to effective
leakage. The net effects of these changes in cutoff wavelengths that range within -10 im.
index are shown schematically in Fig. 2, where, (Fig. 5) /3/.
for si'plicity, the effective indices are shown as
horizontal lines.

E

re, Le,
.PS-80 matched clad

Fig. 2 Profile of a Matched Clad Fiber
with Bending Stress (Outside of bend 0 60 120 200 28C
is to the right) Bend diameter in mm

FOTP 81
The sharper the bend, the higher the leakage of
powei, the higher the attenuation for the Fig. 5 Shift of Effective Cutoff Wavelength for
LPtI mode and the shorter the effective cutoff a Single Loop in 2m of Fiber (6n-0.35%)
wavelength.

Even though the measurements shown in Fig. 5 were
A different behavior is observed for singlemode made on fibers with a delta of about 0.35%, the
fibers with depressed cladding. Without bending character of the curves is the same for other
stress, the refractive index profile and the typical fibers.
effective indices ot refraction for the LP01 and
LPl modes are shown below:

3. SIMULATED REPAIR SECTION

The following set-up was used to simulate a repair

f LP,, section and to determine the power penalty caused
by Modal Noise (Fig. 6). Bit-Error-Rate (BER)
measurements using this set-up are described in

Fig. 3 Profile of a Depressed Clad Fiber the next section.
with Effective Indices of Refraction

of the LP01 and LPll Modes (X(Xt) [] St 2nd

As in the case of matched clad fibers, the r e n
refractive index of the cladding on the outside of N eg
a bend decreases under bending stress (Fig. 4). transmilter .4- L- rece ver
But the local effective index of each mode
decreases even more, and leakage o power will
occur where the cladding index exceeds the local
effective index of refraction for a given mode. LR

rl~
le, f , Pol LO 1

L P Fig. 6 Simulation of a Repair Section

Fig. 4 Profile of a Depressed Clad Fiber
with Bending Stress (Outside of bend is
to the right)
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A shoit repair length L (matched clad or depressed 4. BIT-ERROR-RATE MEASUREMENTS
clad tibet) is connected using splices of high
transmission loss between two lengths of matched Measurements were made using the set-up described
clad fiber. To simulate long lengths, bends with in the previous section. The matched clad and
25 mm diameter attenuate the LPlI mode in the depressed clad fibers used as repair lengths had
first and third fiber lengths. Therefore, only the cutoff wavelengths of 1304 nm and 1302 nm,
fundamental mode can reach the first splice and respectively. Bit-Error-Rate (HER) was measured as
the receiver. The loss at the second splice was a function of offset at the first splice, bend
3 dB in every case. diameter in the repair length, and distance

between the splices, all at a wavelength of
Due to the misalignment at the first splice, the X = 1275 nm. The computerized set-up consisted of
LPII mode is generated: then, because of the a Northern Telecom laser source, a Lasertron
misalignment at the second splice, the I.Pll mode receiver and a Tautron HER analyzer.
is coupled back into the fundamental mode. If the
length of the fiber between the splices is short
enough for the difference in optical path length 4.1 Distance between the Splices
ot the two modes in that section to be less than
the coherence length of tile light, interference is Measuring interesting HER values as function of
generated at the second splice, distance between the splices requires the use of

light with a coherence length that is longer than
A short length of straight matched clad fiber or a the difference in optical path length of the two
tiutficiently short length of depressed clad fiber modes tor the distances involved. The laser

dyes not significantly attenuate the LPlt mode, so transmitter available for this study allowed
rast of its power reaches the second splice where lengths 01) to approximately 0.7 m only. By cutting
par t of the power is coupled back into the back a fiber, no Modal Noise could be measured
fundamental mode. Due to small changes of the until the fiber length was <0.8 m.
laser wavelength, the relative phase of the two
modes and the interference at the second splice
.'aies, and Modal Noise is induced (see Appendix). 4.2 Offset at First Splice
It the I.Pll mode was somehow attenuated, only tire
fundasenarl mode would reach the second splice: no Using precise stepping motors, the fiber offset at
(onstrtctive or destructive interference could the first splice was adjusted in 1-pm steps within
occur and no additional noise would be added to a range of .3 us. Transmission and attenuation
the ',stem. with these offsets are shown in the figure

below for the matched clad case using a half loop
Meisrir ements ol matched and depressed clad filters of 280 mm bend diameter, so that the effective
have shown different slopes for the attenuation of runoff wavelength in the repair section was
the LPII mode vs. wavelength /2,3,4,9/. "Slopes" 1310 nm. (This is, of course, an unrealistically
of =24 nm,decadeldBj and =68 nm/decade[dg] were large diameter for applications in the field.)

rieasvi ed here and e Isewhere for matched clad
libels and depressed clad fibers., respecti'ely

(Oce th cutoff wavelength is known. the
atteni ait inn of the , Pit mode car' be calculated for
-in;' l, -'v.elentth i llows: ci

isIt f i 10
Xc( x" xC)- -,," 3 : ",

wherei X ald Xc ate the operat ing and cutoff
wa,.'elengths itn ntt, respectively, "slope" is in
nm/dncnde[dBl, m11(X) is the attenuation of thbe
I,Pll mode in dB/m and onl(X ) is tIre attenuation
of tie LPl mode at its cutoff wavelength as
meas:ucd under standard condition i.e. an
atteniation r i approximately 201 dB divided by tIe
length of filber undet bend (n x i.280 m here) for Fig. 7 Splice Loss lue to Fiber Offset
sat ched clad fibers, orl Iby the total f ibei length Matched Clad Filter

2 i here) lot dep essed clad I ib'et. 1275 nm Laser Wavelength
Both Fundamental
modes mode onI

Bend Iiai e t er (1m) 28() 61
ElIective Cutoff (nm) I I)i 1200
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When the matched clad fiber between the splices __._

was mote severely bent (d 60 mm, one loop), the XX
IPll mode no longer reached the second connection
(Fig. 7, fundamental mode only). No such trans- i0

mission loss measurements were made using the
depressed clad fiber because the LPlI mode in that C 10 - -- 3p Ol.e
fiber has about the same attenuation for the two L

bend diameters used. 2 7

When the fiber ends at the first splice are 2 r

aligned perfectly, no additional noise can be seen m 10h
8 

No Of'set
at the receiver output (Fig. 8, center trace).
After misaligning the fiber ends in either 10 9
direction, additional noise can be observed in the -33 31 9
'I' states. Because of the 100% laser modulation, Level [dBm]
no such noise is seen in the '0' states (Fig. 8,
upper and lower traces). Fig.9 Bit-Error-Rate as Function of Offset at

the First Splice, Second Splice 3 dB
Matched Clad Fiber
1310 nm Effective Cutoff Wavelength
1275 nm Laser Wavelength

280 mm Bend Diameter, half Loop

The next section will look into results for
realistic bending conditions within a repair
section.M 4.3 Power Penalty vs. Bend Diameter in Repair

The fiber between the splices (0.7 m for each
fiber design; see section 4.1) was bent in single

loops with different diameters, and BER as a
function of bend diameter was measured. The

Fig. 8 Modal Noise as Function of Fiber Offset different behavior of matched clad and depressed
in pm (top to bottom): clad fibers can be seen clearly in Fig. 10 which
.3, .2, +1, 0, -1, -2, -3 shows power penalty as a function of bend

Matched Clad Fiber diameter. For realistic bending conditions within

1310 nm Effective Cutoff Wavelength repair lengths (bend diameters of, for example,

1275 nm Laser Wavelength 60 mm to 100 mm), the Modal Noise power penalty

280 mm Bend Diameter, half Loop for the matched clad design was zero. This is in
sharp contrast to the results for the depressed

For each fiber type, BER as a function of offset clad design. The traces correspond well to the

and receiver power level was measured with the shift in cutoff wavelength as a function of bend

automated set-up described above, and lines were diameter as shown for each fiber type in Fig. 5.

fitted through the measured points by the
computer. To obtain an effective cutoff wavelength
slightly above 1300 nm for the matched clad fiber, m

an unrealistic bending condition within the repair - 3
section of a half loop of 280 mm diameter had to

-92
be used. As shown in Fig. 9, for low BER (10

-
) 2 -matched clad -

the curves spread out and high power penalties are depressed clad
measured. Equivalently, as also expected from c _
theory /6/, the BER cannot be improved by higher
input power at the receiver if the power of the
LP11 mode at the second splice is too high. 0 _0-

0100 200

Similar curves were obtained for the depressed Bend Diameter [mm)

clad fiber when the length of that fiber was Fig.lO Power Penalty as Function of Bend Diameter
chosen so that its effective cutoff wavelength was
also slightly above 1300 nm. BER = 10

-

3 om Offset
Cutoff wavelength: 1302 nm Depressed Clad

1304 nm Matched Clad
Laser Wavelength: 1275 nm
Fiber Length: 0.7 m
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5. CONCLUSION 9 A. Tomila. L G Cohen

'Leaky-mode loss of the second proparrat.ng mode in sing;,.,node

To prevent Modal Noise in singlemode fiber ibers with index well profiles'

systems, the LP11 mode must be attenuated before Appi-ed Optics. vol 24. no 11. June 1985

it reaches the second connection of a repair

section or the connection to a pigtail that is 10 1G Cohen. D. Marcuse. WL Mammef

attached to a transmitter using overfilled launch 'Radiating leaky-mode losses in singlemode hghtguides with

conditions. depressed index claddings'
IEEE Journal of Quantum Eiectrc"cs. vo CE-18. ro 10, 0 !

A sufficient attenuation can be achieved: 1982

in matched clad fibers by moderate bends over

short lengths; Appendix

in depressed clad fibers by significant fiber Heckmann /I/ was the first to describe Modal Noise

length only, over a wide range of bend at splices in singlemode fiber systems. Prior work

diameters. related to multimode fibers where it is difficult
to quantify this issue. Heckmann assumed that a
first splice would generate an LP11 mode that

would interfere with the LPOI mode at a second

REFERENCES splice and generate Modal Noise if system

parameters changed (Fig. 6). While slow changes
such as in temperature or in cable position are
absorbed by a receiver's automatic gain control

eS r'nni Fb~rcircuit, fast changes like mode partitioning of

fftdlc Nc w Sog'eode F,bers operated s'ght/y aboie the laser /6/ degrade system performance. In /6/

C,.tO if a so -called k-factor for mode partitioning was

E ect'rcc Levt-'s vc 7's '4. page 499. July 19S! introduced. Its value is zero for perfect lasers

and a maximum of 1 for "bad" lasers. This factor

2 KAH van Leewen. NT N 1s usually increases with bit rate, so, even with

Measurement of hgher order mode attenuat, n in sinoemode improved lasers, the use of higher bit rates will

f,bers ef'ectve Cut-Off wavelength' probably keep t'e value of k in the range from 0.2

Optic Leters. vol 9, no 6. June 1984 to 0.5.

3 KAH van Lee.we". HT N n.us Because the type of laser to be used in a system

Lergth and curvature dependence of effective Cut-Off is not usually known ahead of time, worst case

oa~e.'ength and LP!t-mode attenuation mi s;nglemode fbers Modal Noise should be assumed; the LP11 mode

Tech-ca D:ges:. Syr"pos .m on Optical Fber Measureneris should be attenuated sufficiently to handle the
198,. Bcuder, page I! worst case situation. Heckmann /I/ assumed no

attenuation for the second mode. This is not

VS Shah realistic. Including LP11 attenuation in his

Efectve Cut-Off wavelength for singlemode fibers theory, the following overall transmission

The combned effect of curvature and index prof le' efficiency for the LPOI mode for the system

Tec-rcal D~gest. Symposium on Optical Fiber Measurements presented in Fig. 6 can be calculated:

1984. Boulder. page 7

4 L Wei. C Saravanos. R S. Lowe -U,
'Practical upper limits to Cut-Off wavelength for different T V 1 010
singlemode fber designs' T Iii IIlI ll 0 1
Technical Digest. Symposium on Optical Fiber Measurements (x 1

L

1986. Boulder, page 121 O20
+ 2 Vi iiI, , 2 10 CoS((I)) (At)

5 D G Duff. F.T. Stone
'Measurements of modal noise in siglemode lightwave systems'
OFC 85. TU 01. page 52, 1985

6fRl Power Transmission Efficiency of LP01 Mode at Splice 1
6K Ogawa. P S. Vodfhanel ll

Measurements of mode partition noise of laser diodes' 11 Power Transmission Efficiency of LPI Mode at Splice 2
IEEE Journal, GE-18. page 1090-1093. 1982

7al G Power Coupling Efficiency from LPD to LPi  at Spice 1

7.F M Sears. I A.Whte. S.P. Gentry

'Cable Cut-Off wavelength and attenuation of the LPI -mode' 2 Power Couphng Efficiency from LP 1 1o LP 11 at Sphce 2
OFC 86. TUL 19, page 66. 1986 QCIl Attenuation of the LP I Mode in dB m

8 W T Anderson. T A. Lenahan (Alteruation of the LPo Mode is assumed negg,ble)

'Length dependence of the effective Cut-Off wavelength in
'singlemode fibers' L Length of Repair Seclion in m

Journal of Lightwave Technology, vol LT-2. no 3 , June (= (11 - i L Phase Difference of LPl and P Modes

1984 "1 ItSing I
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Let us assume that, for splices with less than For depressed clad fibers, a special fiber with a
2 dB of loss, most of the power lost by the first low Xc (Xc=1200 nm) is commonly used to reduce
mode is transferred to the second mode. Let us Modal Noise where the pigtail length is less than
also assume that, at splice 2, the coupling one meter.
efficiency from LPOI to LP1I is at least
approximately equal to that from LP11 to LP01.
Then Eq. (Al) can be rewritten as (cf./5/)

tiT= nnI + (1-n)(1-n) 10 1 L
L

+2 J Ti(1-Ti)(1_Ti,) 10 20 COS(dj) (R21

where, n1(112 ) is the transmission efficiency of
the LPO1 mode at splice 1(2). The last term is the
time varving term that generates the so-called
Modal Noise.

The worst case S/N-ratio can be calculated as in
/1/ using Eq. (A2):

for TI >0.5 or (t, L>10dB

+ L

S'N = 2(1_Ti)(l-Ti) 10 20 (A3)

CorrespondinglyS

S/N

U1 1 L = 20 log:,M i, ) (84)

2(1 -T, )(1 -Ti)

A S/N-tatio or about 15 dB will lead to a system
powe penalty of only 0.02 dB, while 11 dB will
add I dB of penalty /4,5,7/ . One could multiply
these S/N ratios by the k factor /5/, but in
general it is safer not to do so.

Splice losses up to I dB (n>0.8) and a Modal Noise
S/N-ratio of 15 dB imply that the second mode must
be attenuated by about 20 dB. At a wavelength
equal to the effectiwe cutoff wavelength of the

repair section, the second mode is attenuated by
IQ.3 dB: therefore, the Modal Noise penalty will
be negligible as long as the laser wavelength is
approximately equal to or greater than that
effective cutoff wavelength.

To simulate an overfilled jumper, one may take the
splice transmission efficiency of the first
"splice" to be 0.33; this implies that the second
mode contains twice as much power as the first.
Thus, if the connector on a laser pigtail has a
loss of 1.5 dB, the LPll mode in the pigtail must
be attenuated by 27 dB to overcome the overfilling
jEq. (A3)l. This implies that the effective
cutoff should be lower than the operating
wavelength. For a matched clad fiber, a loop of
60 mm in diameter in the transmitter pigtail would
provide plenty of margin in a system operating at
1250 nm and using a fiber with a measured Xc of
1i30 nm (per FOTP-80).
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LOSS SPREAD IN SINGLE-MODE FIBERS DUE TO OH-ION CDI3KENTRATION
AND TRANSKITER-WAVILEWPH PLUCMATIONS

R. Draz de la Iglesia, D.J. Lao Soriano,
E. Tobfas Azpitarte, J. Rueda Garcra

TH..EFONICA. Subdirecci6n General de Tecnologfa
3, Beatriz de Boadilia. 28040-Madrid (SPAIN)

ABSTRACT better fibre performance, in this paper it is

hypothesized that a limited amount of OH content

is not detrimental but beneficial from a prac-
The influence of hydroxyl ()H) on the atte- tical viewpoint.

nuation average X) and std. deviation (1) of
3eO2-doped fused silica single-mole fibres are This paper investigates both: a) the influen
evaluated by a Monte-carlo sampling proccess. The ce of OH ion content in reducing the attenuation
results take also into account: (1) the laser fluctuation due to source wavelength variations;

source wavelength distribution, and (2) the and, b) the influence of OH fibre contents in
allowed intervals for the optical source wave- the discrepancies araising when fibre attenuation
lengtl. Ns the main results it has been found is described by using either a statiaticall
tha- absortion peaks of 2 dR!Km, and even more, (i.e., average and std. deviation) or a worst-
at the 1.3q microms hydroxyl band could be bene- -case value within a wavelength operating window.

f icial for decreasing the fibre attenuation
sprod. In addition, a practical criterium is For testing that hypotesis we limit our sco-
propose-i to quant ify the maximum acceptable OH pe to silica based GeO 2-doped single-mode fibres
contonts in fused silica fibres. operating at the 1.3 /im region. Using a Monte-

-Carlo technique the fibre attenuation is statis-
tically described (in terms of averge and std.
deviation) and related to three independent varia

Introduction bles: the OH fibre content; the source lasing wa-

velength distribution, and, the wavelength opera-
The optical attenuation of fibre paths bet- ting window. We have made some assumptions: the

ween re-peaters suffers fluctuations due to the OH contents is in the range between 10 to 70 ppb;
changes in the sourco lasing wavelength and the the average laser wavelength is between 1300 to
non-flat performance of spectral fibre atte- 1310 nm, showing a standard deviation between 3.3
nuation. Wavelength variations of most presently to 13.3 nm. Finally, the wavelength operating re-
available laser sources fall within 60 to 80 gions considered was 1285-1330 and 1280-1340 rm.
nanoeters, r-sulting in wavelength related power

and loss measurement errors (see Figure 1).

As main results we have found:
Both, sour ce wavelength and fibre atte-

nuat ion variations lead to an uncertainly (Fig. 1) some quantity of OH - ion content leading
2) in optical paths attenuation which have prac- to 1-2 dB/Km (or even larger values,
tical implications from a number of viewpoints, depending upon the nature of source wave-
including: power budget desing; acceptance tests length variations) absortion at 1.38 pm
d-ring optical cable deployment and system insta- is beneficial for decreasing the atte-
Ilation; and, later on, in measurements performed nuation uncertainly (see figs. 6-8).

for maintenance. As a result, the desing, insta-
llation and maintenance phases may be impacted. 2) the maximum acceptable OH content should

be that at which the attenuation at the
Most of the extrinsic reasons, introduced upper-side of the wavelength operating

during fibre manufac-turing, influencing the region (i.e. 1330 or 1340 nm) aquals that
spectral fibre attenuation have been reduced as at the lower-side (i.e. 1285 or 1280 nm).

low as to get them undetectable except for the OH Otherwise, discrepancies as large as 10%
ion absortionl-

4 
. Under manufacturing conditions and even larger may arise between a sta-

OH fibre contents in the range from 10 to 70 ppb tistical or a worst-case description of
are achievable, leading to a median attenuation the fibre attenuation within the wave-
figure around 0.35 dB/Km ( 1.3 pm) in single- length operating window.
mode silica based fibres'

Contrary to the general line of thinking The following sections describe the purpose
which dictates that the lower the OH contents the and the study method, the results, and some final
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FIBER
ATTENUATION OH ABSORTION PEAKS(dB / Kmn) t // "I1

SI (nm)
PROBABILITY OF

\1 "s X2  LASER LASING

WAVELENGTH

+- -- (nm)
ALLOWED LASER OPERATING WINDOW

Figure 1 Variations in the lasing wavelength of lasers and in the
spectral attenuation of silica fibres.

S R

LOSSES BETWEEN S-R -*

ii t
UNCERTAINLY ==S- 10 %

Figure 2 - Uncertainly of fibre attenuation between repeaters.
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remarks. Under the later section is given a reco- lasing wavelength is due to the manufacturing

mendation to quantify the maximum acceptable OH processes. Employing a LPE grow process, a wave-
quantity in fused silica fibres for telecomunica- length distribution of + 3.2 nm within a wafer

tion. has been recently reported" . However, from
wafer to wafer the variations may be one order of
magnitude larger. For the purpose of our study we

Purpose and study method assume the lasing wavelength distribution to be
in the range from + 10 nm to + 40 nm (+ 3 x o.)

interval). In addition, we assume the distribu-
Objetive and scope tions show a Gaussian shape as proposed by Sears

et al.4 (see last paragraph under discussion
In this paper it is hypothesized that a heading).

limited quantity of hydroxyl (OH) impurity is
beneficial for reducing the attenuation fluc- Finally, we consider two particular wave-
tuations due to the optical source lasing wave- length windows around 1.3 pr: one from 1285 to
length variations. In addition, we will explore 1330 nm and other from 1280 to 1340 nm. This is
to what extent the quantity of OH impurity im- because such windows are receiving particular
pact on discrepancies which may arise when fibre attention wthin some large national and inter-
attenuation is described either statistically or national standarization bodies, engaged with

by employing a worst-case approach (worts value works on fibre optic digital line systems, such

within a given wavelength operating region). as the EIA or the CCITT-COM XV.

We have limited our scope to silica based

C*e 2 -doped single-mode fibres operating at wave- Model of the wavelength dependance of fibre

length windows around 1.3. pm. attenuation

An acurate equation which would describe
Stidy method the wavelength dependance of fibre attenuation is

required to perform the Monte-Carlo simulation.
For testing the above hypothesis, the atte- In the following lines it is indicated the nature

nuation average (X) and the std. deviation (S) of those factors which influence the spectrum of
was determined as a function of the hydroxyl (rIH) fibre attenuation and, then, a specific aquation

quantity in Ce0 2 -doped silica based fibres. Such is proposed for describing the total loss of high

statistical parameters (X and S) were determined silica fibres. Emphasis is given to the hydroxyl
employing a Monte-Carlo sampling process' . The (OH) impurity absortion.
CH quantity has been taken as an independent
variable. The study considers two addit ional

independent variables: the statistical distribu- Impurity Hydroxyl (OH) absortion. Both, tran-
tiin of the source lasing wavelength, and the sition metals and Hydroxyl (OH) ions may rise to

allowed operating wavelength window (see fig. 3). strong absortion peaks. In the first stage of

developing low-loss fibres, the transition metal
Some assumptions have been made. The range ions were major loss origings. However, by using

of hydroxyl quantity explored has been limited up the "soot process", it is no longer a serious
to the one which produces an absortion of 2.5 problem to reduce the transition metal impuri-

dB/Km at the 1.38 Pm band. That is reasonable ties. In recent low-loss glasses, the absortion
1ecause in current fibre plants hydroxyl quantity due to these ions can not be detected. The major

,f fibres is well under 70 to 10f ppb. reason of the success is that halides of S i , and

dopants, are used as the raw materials of glass:
Dealing with the source lasing wavelength, the halides of transition metal are easily

we assume 3 population average in the range froxm removed from the raw materials of glass by a
13) to 1310 nm. For lasers available from stock, single destilation.

most manufacturers offer products made from VPE

or LPE showing a nominal lasinq wavelength of The hydroxyl (OH) ion in silica glass gives

1I00 nm. More recently, a number of mnufactirers rise to strong absortion't at 2.72 pm, which

at.' producing lasers showing a wavelength average is assignee to fundamental stretching vibrational

more' closely located to the nominal zero-disper- mode. The overtones and the combinations tones

sion wavelength of fibres. Being zero-dispersion with S i - 0 - S i bending vibration mode were

q',nerally specified with a nominal valie near to observed"''', including those at 1.38 and 1.24

131' nm. y m which may influence the fibre performance

when operating at the 1.3 micrors wavelength
The sourc, lasing wavelength may change due region. The nature and magnitude of OH formation

to a number of reasons, including: manufacturing, oppeared to depend in a very conplicated way of

ageing and temperature. Ageing variations have the particular type of silica, its past history,

been reported ' to he of some few nanometers, in and the conditions of an eventual treatment with

addition in most situatiors the lasers operate H 2 . Analysis of the spectral shape of the OH

under controlled temperature environment. There- Raman and 1R absortion bands in pure sili-

fore, the more significant cause of changes in ca,'", indicated that the bands consisted of
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several unresolved components that could be asso- Rayleigh scattering loss is the major in-

cieted with different types of sites for OH for- trinsic source of loss in the range of 0.6 -1 .6
mation within the glass. Mim. The scatering intensity is strongly affected

by the doping element and the quantity because
The absortion peaks shift sligtly by doping the fictive temperature decreases with doping,

the pure silica with other oxides. Measurements therefore, the density fluctuation will decrease.
of OH formation in doped-silica showed a OH

absortion spectrum which includes an additional Using the data reported by" for 0e02 -doped
overtone absortion peak centered at 1.41 im in silica, the Rayleigh scattering loss, ARS, as a

0e0 2 doped silica 
1

. More recently, the absor- function of wavelength and refractive index
tion peak at 2.86 jim of Ge0 2 glass has been difference has been expressed

2
' by

reported, as well as a peak shifting to longer

wavelength (from the 2.72 Jjm peak in pure ARS = (0.51 A + 0.76)/N 4 (dB/Km) (3)

silica) when increasing the GeO 2  doping con-
tent . Total loss model of high silica fibres. Summing

up above descrirtions, the spectral attenuation
In addition, when OH is formed by "'2 of GeO 2 -doped silica single-mode fibres may Ie

treatment of fibers, it is found that the Ge (OH) described in the 1.3 ;jm region by
increases more rapidly than the S i (OH). Further-
more, the amount of OH formed depends on the A, = ARS + NJV + AOH (4)
phosphorous concentration"

Multiphonon absortion coefficient is not
relevant (cfr eq. (1)) when fibres operate at 1.3

Intrinsic absortion factors. Under this paragraph um region. ARS is given by eq. (3). In the &IV
it will be considered the multiphonon and the contributioin w assume that fibres show a

ultraviolet absortions, and the Rayleigh scatte- refractive-index differende about 0.3%. There-
ring loss as well. fore, from eq. (?) the ANjV  shows a roughly

constant performance equal to n.025 dR/Kmn at the
The phonon and multiphonon absortion pro- 1.3 microms region.

cesses increase fibre attenuation in SiO 2 based
fibres. The multiphonon absortion coefficient of For modeling the AH contribution we employ

pure silica shows strong absortion bands at 4.1 the representation proposed by Walker
2 

which, in
jm, 12.5 jim and 21 pm. At shorter wavelength tho spite of their complexity, is to xir knowledgspiteio coofcin thei comlextn istorkoweg
absortion coefficient is given the most accurate model proposed to date. in par-

ticular, the 1.24 and the 1.38 a m OR absortion
= '.1 x 1011 exp (-4..14/) (dB/Km) (1) bands are described by

where , is the wavelength. AOH C, x ex p 2 - 2 (5

being the 1.3R jim absortion band represented by a
In Oenj-doped fused silica, the multiphonon quadruple Caussian equation, and the 1.24 jm

absortion spectrum is not a simple superposition absortion band by a double caussian equation.
of that of ri

0
2 and CeO2 , but broader and sore Coefficients i and (I i are given in table 1 .

diffuse. However, the spectrum of 10 wt% 3eO 2 - Coefficients C i  depend on the hydroxyl (OH)
-doped fused silica is almost the same as that of quantity. Figure 4 shows the C i  coefficients

nondoped silica except for a slight shift of the when eq. (5) is fitted to measured results of a
absortion peaks to longer wavelength. In P 2 (5 and fibre showing some 0.56 dB/Km OH absortion at
R2 3 -doped silica the absortion spectrum shifts 1.38 Mim. Figure ' shows the t-tal spectral atte-
to shorter wavelength as compared to the pure nuation measured at 10 nm intervals. Note that

silica . these values include both ultraviolet absortion
and Rayleigh scattering loss contrihutions. For

Another wavelength-dependant intrinsic larger AOH (1.38) absortions, we assume in the

ahsortion fenomena deals with the ultraviolet calculations that the C i coefficients are propor-

region. Four strong absortion bands were observed tional to those indicated in Figure 4 (which

in silica" attributed to excitonic transition correspond t, a A,,H (1.38) equal to 0.5r dR/Km).
and to the conduction band. The absortion tails
of doped silica glass are changed by the dopping

element and the quantity. The absortion tail of Results

GeO2 -doped silica shifts toward longer wavelength

region, and its absortion coefficient has been The influence of hydroxyl (1H) on the art -
expressed"' by nuation average (X) and std. deviation (S) of

GeO2 -doped fused silica single-mode fibres were
ArIV = 1542 *,/(446A + 6000) x computed by a Monte-Carlo sampling process. The

x 10
-
2 exp (4.63/A ) (dr/Kin) (2) results take also into account: (I) the lasing

source wavelength distribution, and (2) the
where i Is the refractive-index difference of allowed intervals of the optical source Wave-

doped silica and pure silica, length.
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Figur's t to A show the influence of Concerning the equation for todel i nq the
hydrxyl (0H) contents in the sproad of fibre fibre spectral attenuation, we have noticed that
at enuat ion. 5,uch spread is measured by the 3-/X a very precise model is requi red to W- t in
(k) ratio. Figures o to '4 deal with a 3 x 0 s accurate statistical description of fibres atte-

value of In, 30 and 10 nm respectively. nuation. In spite of its complexity, the equation

we have employed shows a larger potential
Figures , to A also show the infloence, in accuracy than the equations previously proposed

the fibre attenuation spread, of the lasing by Cohen-' and by Ishida et al.
24  

. Purthermore,
average wavelength (1300 to 1310 nm) as well as those analytical expresion proposed by Cohen

theimpacts of limiting the operiting wavelength ( a double Gaussian function ) and Ishida
to within the 1255-1330 or to the 1280-1340 nm (Morentzian functions) were really empirical and
windows, had litle definite physical basis. However,

equation (5) relies on a physically justificahle
Diverqences which arise due to OH content, structure for OH absortion peaks as has shown

when fibre attenuation is described either by a Stone and Walrafe
I: "0  

using Raman and lP
staitistical value (X + K.S dR/KM) or by tle spectra . Their preference for Gaussian over
worst-case spectral value, within the al lowed Lorentzian funct ions is based on the response of
ope rat ing wavelength interval , are shown i , decoupled OH oscil lators to the randm structural
figo:r-s 0 and in. distorsions present in amorphous fused silica.

igr- I deils with th, wave lengt'i interval Dealinq with the source lasing wavelength,

frm, 1-95 to 1330 nm, and ftguro il considers the it in recognize-d that improved yunufacturing pro-
12H0 to 1 341 nm wini w. In both figures, the sta- cfsses such as the MNOo'Vl may produce lasers wi-1
tistical (\ I 2.O1 S di/Kn) and -1- wnrs

t
-- ; ; vo ry narrw laning wavel ength distribution

s: .'t l r1 -1nat ion ar' cmpi r 1. The )t! ab, r- which, in addt ion, may shows a shape far fr To
tin ,vert n t (1. 3Q ) cover ime frn ' -ivissian. However, based ulpn preliminary call-

2. B' litioqs, .' have tentitively concluded that the
nirrower the lasino wavelength listrib' iron Ih

lesser relevant (trm the vi ewpo i nt olf 'Ot s

-i-rema r's -It11y) hoe lt" actual listriho'l ton ship" ohi~

11.o,-n los-.[i scuss ton

Pecomendaet io n

Ion ] iLonri-, lua nior n S to o nit i re, 'r-. Rl soe i uf) results giver , i fTh t ( i s - a7nd1 1

Ho-we-ver, figure t -I sO '"n if -;j~f-- ted- 1~ co dr ii; ab-o iscsto, we c%-ag 1-st

hy~rxv ( H qu nt ty s i~ i 111 o in 1,it 1-1 pact i- gi ii fo r limi ins the, -oce

cilar, upi to 2.' r 
0

S'onano' o 1-is p il , ' A! roy 1" ,;vo)x ntents in fosol 1 1,, 4o edI
1 .3 4 poI liaonl (toll, e ve P mo)reo I leooolni ir- I silica fibres- couldi be: T-atf (o)Ip I 11lant I t-v) at
laser-source) ma, be benof t-ci fi Io to Y l Io 1i 7i1 ifh the it 'nl i i,)n he ((sie t-S id'- of the
heroi: the attenua- ton sproid! a-r tooe at enoto' in, wivelenrqt' poeratinq window (ij.'., I3(Wlor 1 3401

averige a,;w -Ill ever I dini . opl 'tic; ow tI s that it tie lowo1-sT'- ij e tIq u

reogion aroiund I, Ineas -hat si Iiar ton --'<-
be inerstood as a 'flact nIg" offct in t,,
fibre sectrl-attenuat ion caus-d by the ,il rrin-

lon in the laspr- soirro lininq wivlenql . tn
other wor-is, exist ing mantft -ur in torances of

nolicIngqit tointl modeo lasts loidsa i s- 'in-

.n.t iron effect 'of the hyrioxyl ibsort ion 1un-Is
tn 

t
te 1.3 pm region.

5
igures and 1n sugq's a very tnter-st ino

consirderation dealing which what could toe a prac-
tical guide for limiting the, admisible hydroxyl

absort ion. If the wrst-cao,' spe-tral atteniat ton
(within a qiven wavelongT h wi qeow, let saiy
12RI"A-10 or I2q)-I1n rm) relies on the Ray!ePigh

abso rt ion tail , the hydr,,xyl absort ion impa -t a by

some 1% (or even less, se fiq. 'a) in tprms of

the divergonce betw,'n rh' worst-cas,, valiie il,
the star it itcal value (if f ibre at t enuat ioin.

iowever , if the Ima x im ,im va lie oof the f ur,-
qpect ral -attenuat ion rel i es -n th,' ta i of t fie
1. p u m absort ion band, that divergenceo may lx.
oie significant (that sitotat io, is shown in

fig. 1I0 for a A,), (1.3 ) larler than to di ' m)
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A NOVEL EVALUATION TECHNIQUE AND REFRACTIVE INDEX PROFILE CONTROL IN THE VAD METHOD.

S. OKUBO W. NAKAGAWA S. ASARI

TATSUTA ELECTRIC WIRE & CABLE Co., Ltd.

ABSTRACT file parameter ( a ) of the refractive index distribution and the 6
dB bandwidth (a is calculated by the least squares method). The
refractive index, determined in the process of transparent

The GI optical fiber stabilizes the group delay between modes preform, varies from 20 to 80% of the maximum refractive index
by controlling the refractive index profile which provides a wide in the core.
bandwidth for data transmission. A mismatch of refractive index
may degrade the 6dB bandwidth or harm the baseband frequency 2000 I ' I
response. .,= 1.3'm

The refractive index profile of a GI fiber made by the VAD pro- M
cess is formed over the whole core simultaneously in soot
preform synthesis. This effect has often provided the fiber with a
smooth distribution of the refractive index but the refractive index
profile in the peripheral area of the core has tended to assume /
the shape of a Gaussian distribution.

By adopting a new method to estimate the refractive index -
profile, the authors have determined the requirements for GI opti-
cal fiber. By improving the technology for controlling the refrac- C 1 o
tive index profile, we have also developed a fabrication technique 1
for GI optical fiber preforms with the optimum distribution of refrac- o/o
tive index over the core. s/S

1. INTRODUCTION

0 p I n I
The G1 optical fiber has low losses and a wide bandwidth, and 1.8 1.9 2.0

offers easy connection for short and middle-distance communica- Profile Parameter a
tions.

The refractive index profile of a GI fiber made by the VAD pro- Fig. 1 Relation between profile parameter a
cess is formed over the whole core simultaneously in soot
preform synthesis. This effect provides the fiber with a smooth and 6 dB bandwidth
distribution of refractive index and has the advantage of reducing Aware of these relations, the authors have examined a meth-
the refractive index dip at the center of the core -this improves od to control the distribution of the refractive index during the pro-
the transmission bandwidth. cess of manufacturing soot preforms, and have estimated the 6

But some optical fibers made by the VAD method degrade dB bandwidth after fiber drawing. Although estimating the 6 dB
the baseband frequency response, which may make the perfor- bandwidth after fiber drawing is easy for transparent preforms.
mance unstable when it is processed for cabling, this method is not accurate enough nor does it allow us to predict

The authors have determined how to estimate the distribution whether the baseband frequency response will deteriorate.
of the refractive index and have found that fluctuation of The authors have examined a new method for estimating the
baseband frequency response can be attributed to an uneven dis- distribution of the efractive index, based on the assumption that
tribution of refractive index outside the core. On this basis, it has the problem is caused by deviation of the actual distribution from
been possible to form a refractive index profile that is ideal for G the calculated a.
optical fiber. The transmission characteristics of an optical fiber
made by this method are excellent. 3. Improved method for estimating the refractive index profile

2. Problems with the conventional way of estimating the refractive The conventional method of estimating the refractive index
index profile profile determines a in the range of 20 to 80% of the maximum

variation in the refractive index of the core. This method has the
In the G1 optical fiber, a suitable refractive index profile is following problems which are yet to be resolved:

used to make the group delay between modes suitable. Figure 1. (1' A mismatch of refractive index profile outside the range used
for a wavelength of 1.3),m, shows the relation between the pro- to determine a cannot be estimated.
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(2) The estimated bandwidth, based on the data on its statistical 3.2 Examining the method for estimating the baseband frequency
relativities. does not allow the baseband frequency response response.
to be estimated from an actual refractive index profile. The authors have used the given refractive index profile of a

Because of this. we have examined a new method to improve the transparent preform to develop a method for estimating the
estimation of a refractive index profile. baseband frequency response.

Figure 4 is a flow chart indicating this method. The distribution
3.1 Improving the conventional method. of the refractive index is first divided into layers at determined in-

Making an estimate near the outside of an optical fiber core tervals of refractive index, then the light path length and the aver-
(part equal to or less than 20% of the difference in maximum age refractive index are determined consecutively from the lower
refractive index), where many modes are set up outside the modes to the higher ones using a light-tracking method. Next, a
range used to determine (and which is not estimated in the con- signal frequency is introduced to each mode and the baseband
ventional method), is done as follows: frequency response is calculated at the end of light emission.

Kin) = [D(n)- I n)]/lI(n) x 100
Where. at a refractive index difference of n%.
Kin): Deviation from the calculated refractive index profile Multilayer Division

( a curve)
Din): Diameter of actual distribution of the refractive index of the actual refractive index
I(n): Diameter of the calculated refractive index profile

( a curve) in the axial direction of core

A coefficient of correlation (R) given by the least squares
method is used to determine matching of the calculated ,t curve
and the actual distribution of the refractive index between 20%
and 80%.

Figure 2 shows an example of refractive index profile of a
preform for a conventional VAID optical fiber. K(n). and R.

Calculation

INDEX 
PROFILE

+0,17 for the light paths

Alpha = 1.915 Alpha = 1.908 from 0th to Nth mode

K(18) = 0.4 K(18) = 0.7

K(12) = 2.5 K(12) = 2.5

K(6) = 42 K(6) = 4.3

K(0) = 5.8 K(0) = 5.6

R = 0.9993 . R = 0.9994
............... . . ........... ..... .................. C alculation
-20 002 +20

for the baseband frequency
RADIUS (mm)

Fig. 2 Example of Refractive Index Profile response by each light path

Figure 3 shows the relations between K(1 2) and R of a trans-
parent preform whoseais from 1.90 to 1.95. These results show Fig. 4 Flow Chart
us that K(112) is related to R in a primary correlation and that.
when K(112) is greater than 2.5, the baseband frequency response
begins to deteriorate and deviate. When R is equal to or less
than 0.9990. the 6 dB bandwidth value is degraded. Figure 5 shows that baseband frequency response estimated

in this way correspond well to the actual ones. This method also
shows that the deformation of baseband frequency response

1.0000 waveform increases as the mismatch around a core. K(12). in-

creases.

Ct ~10,
0

0
80.9995- 0 0 8

.50 Beginning
o 0

zt o
o 00 deviate 0 6 Experimental

- 0

T 0
o/0 0 c

0 7 lap -
00.9990 0. 0 .

0 Narrow Bandwidth
o. Calculated

01 2 3
Deviation k(12) (%) 0

0 200 400 600 800 1000

Fig. 3 Relation between Deviation k(12) and Frequency (MHz.km)

Coefficient of Correlation Fig. 5 Baseband frequency response
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4. Improving the refractive index profile Figure 7 shows the relations between the mixing rate of the

To manufacture a GI optical fiber with good baseband fre- material and the deviation K(). From this figure, we can say *hat

quency response at 1.3 mm. three requirements must be satisfied: adequate mixing of materials minimizes the values of K(0) The

(1) The value of a must be between 1.85 and 1.95. VAD process, which does not allow K(0) and K(12) to be mini-

(2) Mismatch around the core must be small (0 < K(12) < 2.5). mized at the same time, first minimizes K(0) before correcting the

(3) The refractive index profile must be well matched (R > remaining mismatch around the core in the consolidation process

0.9990).

Obviously, these requirements can be satisfied only under a small I I u I
range of conditions.

Next, the authors decided to improve the technology for con-

trolling the refractive index profile. In examining the distribution me-

chanism of GeO 2 used for this procedure, we have taken into con-

sideration the following points: 0

Ia) Reducing the unevenness in the refractive index distribution - 10
IVAID process)

(b) Correcting the refractive index profile around the core (con- a
solidation process)

4.1 Reducing the unevenness in the refractive index profile in the

VAD process a

Figure 6 outlines the VAD process. The reaction in the VAD
process can be expressed by equations (1) and (2); the distrib-
ution of the refractive index formed by this reaction can be con-

trolled by tempeiature distribution on the soot growing surface.

the set point of the burner, and the mixing rate of the raw

material and gas. The mismatched distribution of refractive index

around a core depends largely on the mixing rate of the materials 0 100 200

of first layers (SiCl4 + GeCI4 ) and of second layers (SiCI4 ) sup- 2nd Layer SiCI4 (Ar-cc/min)

plied to flame burner. Fig. 7 Relation between mixing rate of the material and

Deviation kMO)

4.2 Correcting the refractive index profile around a core in the

consoida tfion process

Soot Preform The consolidation process obtains a transparent preform from
the soot preform and removes hydroxide from it at the same time.

The conventional method uses a desiccant such as C12 for the
soot preform but adding C12 accelerates this dehydration and

Surface Temperature reverse the reaction (See Equation (2)). These effects change
Distribution the refractive index profile formed in the VAD process.

Figure 8 shows two refractive index profiles that can be ob-

tained by adding 02 (a) and C12 (b) to the consolidation atmos-
Spacial Diffusion of phere. As these two distributions show, the C12 affects the entire

SSiC1 4 3nd GeCl Gas soot preform and changes the refractive index profile throughout

\'\Xi" the core.

Special Position
of Flame Burner" 

(a)/ Iner Ga

(b a) Inert Gas

Cwihwith C02IbI Inert Gas.A\

SiCI4 + 02 - SiO, + 2CI2 (1)

642- -> poe +Fig. 8 Refractive index profile obtained by

consolidation Atmosphere
Equation of reactions
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Only the outside of the core can be corrected for faulty refrac- 5. Characteristics of the optical fiber
tive index profde as Figure 7(a), so the authors think that, if a Ge-
removing agent with high reactivity to GeO 2 can be found , Ge We used transparent preform as shown in Figure 10 to make
ca, be reduced strongly from the outside of a core, and any mis- optical fibers for testing. We made a cable to estimate its fiber
matched refractive index profile around the core will be corrected preformance, The fiber are coated with a silicon resin and
effectively. jacketted with nylon resin. Six of these fibers are wound tightly

Equation (3) represents a Ge reduction eaction using thlonyl around a steel wire to make a six fiber unit. These units are

chloride, where the Gibbs energy at 10000C is calculated to be wound with interstitial material before being covered with a water-

77kcal/mol. This value is extremely low compared to the Gibbs resistant laminated aluminium-polyethylene sheath. The finished

energy -6kcal/mol of reversing the reacti-n as shown in equation cable is shown in Figure 11.

(2). and allows us to estimate how far the reaction goes.

GeO., + 2SOC1., GeCI4 + 2SO.I (3)

Equation of reactions 6 Fiber
Cores Unit

Figure 9 shows the relation between the amount of thlonyl Tension Member

chloride added to the consolidation process atmosphere and
K( 12). In this case. where the K(O) of the soot preform in the Wrapping Tape
VAD process is set to 0%, a transparent preform with an op-
timum profile can be obtained by adding enough thlonyl chloride to
make K(12) 0%.

Al Laminated
PShath

2

Fig. 11 Construction of 24 Fiber Cores Cable

The fiber parameters and transmission characteristics of this
• cable are all satisfactory, as indicated in Table 1. The bandwidth

characteristics, which are particularly important, are very stable
at all stages as shown in Figure 12.

Table 1 CHARACTERISTICS OF FINISHED

0 OPTICAL FIBER CABLE

ITEM DATA (AyE)
FIBER PARAMETER CORE DIAMETER (ArnI 502

0.05 CLADDING DIAMETER (ini) 1252
0.05 0.1 CORE CONCENTRICITY (i 23

Partial Pressure of SOCI2 I%) CORE NON-CIRCULARITY (%i) 12
Fig. 9 Relation between reductant ratio REFRACTIVE INDEX DIFFERENCE 1 00153

and Deviation k(12) OPTICAL LOSS (dB/kmr 049

CHARACTERISTICS 6 dB BAND WIDTH (MHZ.km) > 1000
Figure 10 represents a preform obtained in this way, with an I 3RACI

ideal refractive index profile throughout the core. K(12) and R in
the refractive index profile are nearly 0% and more than 0.9995
respectively. The authors' examination of these results indicated
that the improvement of refractive index profile is effective. 10

INDEX PROFILE

1 0 17 0 8

Alpha = 1.923 Alpha = 1.933o 6
0

K(18) = 0.2 K(18) = 0.1

K12) = 0.2 K(12) = 0.3 10

K(6) = 0.1 K(6) = 0.2 m

R =o9996 R 0.9995
f44.({- .(H -. q,-.l.-Ht 0 200 400 600 800 1000

20 -002 +20 Frequency (MHz.km)

(( ADJILS (nun I

Fig. 10 Optimum Refractive Index Profile Fig. 12 Baseband frequency response
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6. Conclusion Saburo Asarl
Tatsuta Electric Wire

The method described in this report for determining the refrac- and Cable Co., Ltd.

tive index distribution specifies the conditions under which a GI 2-3-1 Iwata-Cho,

optcal fiber has good baseband frequency response. Higashi-Osaka City,

To meet these conditions, further investigation was made into Osaka. 578 Japan

the manufacturing conditions of the preform. The resulting

preform acheved the ideal refractive index profile over the whole

core.
The optical fiber characteristics of the preform obtained by

this method provide better baseband frequency response than

those available by conventional methods.
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Fiber/Metallic Service and bistributin Media

E. R. Campbell
F. 3. Mullin
W. C. Reed

AT&T bell Laboratories
2000 Northeast Expressway
Norcross, Georgia 30071

Abstract Nevertheless, the benefit of an all
fiber' communication network will cause

Fiber/metallic service and distri- these challenges to be met.',
,
'' Digital

butior, media are being developed for' use transmission over' fiber will allow full
in subscriber loop distribution systems. realization of an Integrated Services
Combining copp-" and lightguide in common Digital Network.'

, 2  
Service upgrades will

structures permits the early placement of be accomplished electronically thus avoid-
fiber to customer premises, provides in4- ing premature plant obsolescence. Service
tia service over, copper and prepares for possibilities will be limited by man's
the implementation of wideband service imagination rather than system bandwidth.
over fier.

The subscriber loop distribution plant
These products are existing multipair can be prepared for fiber now as copper

copper structures with one pair, (or more) faci lities ire installed by serving each
replaced by a reinforced buffered single- none- "ver a -iber/Metallic Distribution
mode fiber, unit. Dual media versions of ";ervx'r aole. These composite cables are

gopher and non-gopher buried wire and ae,'- :t :f tnis paper. The Fiber/
ial wi,e are planned. t t all" rn',pt fore conomically intro-

inr~ C . into the local buried distri-

Introduction ' 1, y ploying composite media
'.6 . : :. 0 a companion )aper.

Lightwave transmission systems are
wiJely deployed in high-capacity long- '':J. '-r liber/Metallic Media
nail , interoffice and subscriber loop
feeder applications. The system archi- Xir , t ll ic Distribution Service
t uctcres comoine low loss fiber ard reli- an,"s a'' , si: .g 2 AWG multipair, aer-
ible nigh-performance devices to provide Ii ," Lien cpper wires with one or
onrous information carrying capacity at more t w t , pairs repliced with a rein-

relatively low cost.''
2  orced buffered single-mode fier unit.

f:oe fiber un i and t wi sted pai rs have

Single-mode technology nas become the -xchange cable transmission character-
fir*st choice for, these systems and is pre- istics. The resulting transmission range
ferred for future local distribution of seven miles permits its use in a vari-
.systems.''' Single-mode fiber, exhibits ety of plnt applications and archi-
- wer l'ss and has a bandwidtn potential lectures.
of scout 25,000 gigahertz.

Composite cables are primarily an eco-

Lightwave subscriber loop distribution nomical mens for placing fiber to resi-
systems, now being developed to provide dences whiLo installing copper service
fier, to the home, face challenges not facilities today. The early placement of
encountered in the deployed long-range fiber in aerial or buried service cable
,ystems. Distribution cables branch down- will facilitate the later, transition from
ward in fiber count to supply one or two a metalli, to an optical operating system.
fibers to each home causing a corre- Obviously, the first cost for installing
.3ponling increase in cable sheath, place- fier to customer premises is minimized by
cent, and splicing costs per, fiber,. Fiber this approach. Initial service is over
termination at the home requires a dedi- the copper, pair's while future widetand
cated end-point electronic device which is service over, fiber awaits the arrival of
not easily shared. Utilization of' distri- the fiber network and development of asso-

ci on system capacity depends upon the c i5a ed hardware and electronics.
arrival of the optical networ<, develop-
ment o f end-point electronic devices and With the Fiber/Metallic Distribution
generation of new services. Service Cable in place, service will
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evolve from the copper, pairs to the mm) is needed to match that r'equirec ro'
optical fibers. Plain-Old-Telephone- successful plowing of buried wire. This
Service can begin immediately over a is a supported bend for, the unit inside
copper, pair. Other copper pa 's may serve the wire structure. The unit may expeni-
as second lines or, alarm circuits. ence bending to the minimum radius during

termination but installation radii will e
At a later date, more sophisticated grleater than 1 1/2 inches (38 mm).

offerings requiring more bandwidth and
customer interaction such as electronic Even though the unit must bend, some
newspapers and mail, catalogs and shop- stiffness is required so that the fiber,
ping, banking and business activities, unit does not follow the twists and turns
data and computer, functions and cable tele- of neighboring twisted pairs. The fiber,
vision may be served over" fiber through a should remain as str'aight as possible to
remote terminal . For this application, minimize bend losses.

copper pairs may provide power to
on-premise electronics or serve as control The unit must also withstand compr'es-
circuits. Still later, all offerings may sive loads which develop in the cable ianu-
be provided over, the optical fiber with facturing process and during cable instal-
on-premise electronics powered by the lation. The highest load is loU pounds
power or telephone operating company. The per" inch (263 N/cm) which is the static
copper pairs are also useful for" circuit load 'quivalent of repeated impacts by
maintenance, vehicles on structures laid across road-

ways durng installation.
Fiber Unit Design Criteria

An outer, diameter, of approximately
The Fiber/Metallic Distribution 0.120 inches (3 mam) is desired to permit

Service Cables -an b r manufactured on toe unit to replace a single twisted p:l".

copper cabling facilities by combining the Tnis is approximately toe liamete' of I;:
",einforced buffered fiber unit with the circular space needed for, the twisted pi>
nost copper wi-e. The finer unit must of buried Jistribution wire conductors
survive the cioling process without spe- which are insulated to a diameter-over-
cial nandling. The unit must be sized to cielectric of 0 05b inches (1 .b mm).
replace a single pair of insulated 22 AWG Matching the sizes of these media elements

istribut ion wire conductor s to permit a permits a va iety of unit and pair comni-
variety of fiber, unit and pair comoina- nations wi,;hin a given sheath.
tions for each cable sheath. The unit
mus' nt degrade the perforoance of the Tne unit must be water" resistant to
:ost structure. prevent fiber, damage due to wate" incuced

crack propagation or freezing and tn main-
Such composite cables will be haJled tamn the water resistance of the host

and placed by the same methods anJ ins'al- structure. Water, blockage is accomplished
lation personnel as their" all-copper by employing a solid jacket, a solid Duff-
counter parts. Accordingly, tne fiber er'ed fiber, impregnated fimer glass
unit must be ,obust enough to withstand strength members and filling cormpound in
plowing and treoching or, aerial stringing the remaining space. The filling compound
of tne nost structure and be capable of is selected for proper viscosity and shear
survival outside the nost structure In a atrengto to maintain the optical fiber in
separate run to a finer- storage or" termina- a rela~ively low state of stress.
tion point.

The unit should accommodate either
A tensile load capability of approxi- cingle-mode or' multimode fiber , but

mately 130 pounds (4-5N) is equired for sin le- ode ,iner is preferred.
the fi er unit to survive in a buried dia- ingle-mode finer b as a large bandwidth,
t,'ibution wire structure. Buried wires per-mitting upgrades of subscriber'
have minimum breaking strengths of 1s ofe-ings ithout plant replacement or'
pounds (6667N) with onset of damage occur- reinforcement . It decreases the number of
,ring neair 00 pounds (4451) . Loads near fi bers ji r d I h,'ighout tne d ist "i bu-
00 pounds (445N) may develop on rare occa- plant fc!' each s bscriner. The

sions during wire plowing and are local- 3irla-odr fiber unit shoAid meet Iie
iZed to a r elatively short section of win- m xinim indivi lJual fi r In ss !equl-ement.
Toe high tensile stiffness str'ength mere- fo, exchange ca le, c.',7 di6/em at 310 n
bers of the unit, which are required to and ).oc dc/km! - o0 nm.
protect the fimer', will accept most of the
cable tensile loads. In self supported Toe i it msot be mateialy compatible

aerial wi-e structures, the unit will bnewith tr host str'ucture. Tie presce of
signly Indulated causing the wir e he unit must not affect th e flao retar-
strengtn members to accept the full lcad, dance of the completed cable wcich con-

t cts cuInmers premise s. The unit must
minimum be nd r'adi is of I inch (25 not b, ad 'V.roc1y atfectId by tone fI Ime
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I r ' 
n wI'- o tF 1 1 ig , mp OinJ . rne unit Th" filling comp Irid is a 1:Iql

al.t r
,
: -gr Ide ' ei o rans r. ssi1n lorf or' pa'tiol -fill d gr ase s, 1 t '

maIn0 " 'e .-:pper, pairs. The mat,er ials tively block entry of water n tn '.r"
'" o
- 

4 i .3s ir/d -i , st r It ur 1 mist n t wh i le minimizing the added lIass t no
e,.'lve or su pprt g.,lvani: action Io pro- unit . The grease does not adverseLy
I I ya""g n iii 4uan 

t
itie that will affect the prope'ties or th" unit over, tr e

rffot Cf Dew" loss operat i ng temperature range and is re Ia-
tiv ly free of syner'esis over tris 5a:-

T n cap Ie "d r'iuct ure oust operate range. The mater, al nas a relatively oIw
I y V'3 rangeo - 40F to 15 8 shear modulus to maintain the optical

-. to - ). o buried wire, at a fier, in a relatively low state of 3tr rss
ipt o o Jb:t e fet .m), the typical and minimize microbenoing loss.

rang i ... ... ...... 13 11
0
C), reaohing

95 F ( 3U ) inSe-" pavemnnt. However, The unit jacket is a selected nylon.
aurird abl" IaI on Iop of the ground for Tnis nylon has a relatively nigh mod il1s
ner,'8e ny ',' i'" later burial and aer- which contributes to impact and compres-
I .aAl ey e1 the full tem, per- siO resistance yet. allows t-ln unit to De

at ure 'ag . flexible. It has ,'-latively low shr'inKag"
and low mistur abso,'ptian wqico provide

Fiber Unit Design dimensional stability for good loss per'for-
manc".

A desi gn for a rei nfarced buffered
fib", unit wich meets 'he above criteria Tne capability of" thia fiber unit de-
is shown n Figure . This design con- sign to m"t tae above design criteria was
sists "f buffered a;ngl"-mose fiber in'-ne verified in a series of tests. A partial
cente of a triangula, shaped cavity list of the tests and representative test
fored by s'anIing thre flat streng r re sults are given in Appendix A.
'remb"rs about the bufferec fic ,. Filling
ca mp" ind s 1leaded 1 ntoJ "hI c avity can- uried Fiber/Metwllic Cable - Nongopher
aining th" iuffered f iber, anJ -v r "
iss~mcied t"iaigIla," core. Tin" fl '"d-'' Buried Finer/Metallic Distribution

P 3 "ni spd iith a nyl n ' .Ior'vi c Cable for us" in nongopher arPas
2 :5 b"n nanrufactur'ed and is shown in
Figur" 2. -h" cacle is available in
sh.ath sizes which accommodate three, four
o, fly" t ansmssion mdI*a elements. The
fiber elements are the reinforced buffered
fiber, units. The copper elements arew , sw te d pai-s of individually insulated 22

A.- I 2I cappAr cndu ctors. A water anc flame
.1.EG-11 ,""tardant thermoplastic filling compound

"'capsilates the pair's and units after
rl: .~~- , which toey ar- enclosed by a polyester

ore wra. The outer surface of the
wrapped core is covered by a second appli-

" cation of filling compound. A corrugated
...... - ',~ 5 bronze shield is formed over, the wrapped

I. cor" . Th" oiuter sur'face of the shield is
flooded with a flame ,etardant flooding
compound. A black vinyl jacket is applied
directly over the flooded shield and a

rIGUpE RElNtOvcED BUtttREDBER UNT jacket slitting cord to complete the

: t r ud t u r'e .

Th finer buffer is a polyester elas-

tomer wqi.' iSo cspati:l) with toe filling
,eampaund ind iffords excellent impact pro- tOAD AEARDANT FLOOIG
*-c n t - he fide-. The buffer J iamet r PVC JACKET

.WJh inch ( I. m) the sam" diamte r, 2A* A-TRUTIC PAR
as buiIIrig casl" bufferd fibes, to per,-
:-I I a w i 1" sel"ction ) f ri ber, t 5 a a a -,s

The otr'engtn members are impregnat'd I " -"-EFf
b glass ra-vings. lmpr'gntat ior pr,'-

tOcts the fi b , glass fi larmnts from ab ra- CODMlAFTOPR SL FLAMERETARDANTF&LLNGCOMPOUND
sinn inI uc d flaws by neighbor ing fila- POLYPROPYLENE DINDR P tESTERCORE WRAP
menits, causes filament flaws to b"Lr'idgd, ist.'ibItes tensil" lada Iv fnly FIGURE2 BURIEDFIERMETALLICCABLE(NON-OOPHER)

v r" all filaments and blocks wat r;
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E3u r i d F it) r/MNIt Ie i I I'm -4 C'At

E3 ?I ed f i n'/:m ta Ii 2 ~ t' II I

3.vqic' cable f ,r aa in I n): I"' is G ;3 1 i

b e ing develIoped and : 3 sno,,w n :0ig . .32:i fl

Thne cable shoatn siz'S wil a'4 r2 1 it.".i T- vV
the v fo , or f ive- 'dis .0I IfI I' .n rs n'z

mda elI m -ntIs iand ain inn J i' -- i r, j i

sIi tti ng co-rd an' 'nca-ipsul at~~ 12 tn -. 3r;.
fIa-a reard;ia nt f iI I;n g nomc sm is:
Pnl yo-thnylcn e j a c K-t rpy' p I ad 

3
tj>-

l.'ss stI 1 i rno0" is3 n I ia 1 y 'ap' J a-r

h" Ja cRK.'t d 20"' . A nL' c. i n. I'-' t. 3i 14.3' 1- V I

is apld v -r Ia s, n." I2'- 11 I
Jc It sltig2n 2cmlt" :" iin:o

PVC JACEUT 22AWO ACTRarCE PC an ;'3

fin' V 1 A7 1 1: 2 3'
REWsFORtOD FIERE WRITj I ins' a 1io:?:rl n

AIOPs CseU0 n i a na t 2 a n vI a 7 epnj.- i j-

FCA.RE 3. "JAED FeERMETALLIC CABLE (GOPIERI A4c K now d "-gmnnt:

Ari LaI Lmet, 'al Ie Cal is ti nit n~t 1M-ji i'Im J dv 'Iop- by

i f /:nn Li sb - ra tm i a n Arsl' T~chno.gies-
it~ W K 1yS-m

.xs' in I n tyrg' '4 rl. calbl' isa

-~~~ ?L pv ig, I a n a~ m :
."n~~ ~~ nnt. ia ' i!- ftn"""a:

CnI wil scn dt e t hne, four, no Liv
* . i-rrs.nta. Tm" nnppr elen~nta an"

,!;,I Iinnf Iati nit p,-Iy v in y Ic nIo- Id,
I"yen! p 111y- t hylI me. This3 i nasilIat io'n co mbi -
naioinn al1I1, ss tn wi ;re to, mee t trains-
niss 1-)n , w eath ir a b ili t y, flIa mmna b iIity andA
fu sijng r- q uir'nent s. The core i s wnapped
wIi th a polye, erT core w4ra P. A jacket
sIi t tiJng an,'S is laid along The wrapp-c

oeto) facilitate jacKet str ip p ig. A

b k finl jj~ f rm tne " F gjr 61

s FEL SUPPQO

P VCCET VICOF'O OvAL HIUATIEO 22CO R

*OLYMPYLFW @""q POtYESTER COP* WRAP

FIGURE A AE~fAL lFIEWALLIC CABLE
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.EIA FGTP-lu4 F"r Opt iC Cable

__________ yclic Flex~ng Test

hus ll ?. 7' olt , "Evol Ij n of" Units sibjected to 2 uO cyc ls of

in hiril Tl'pn, n lou d gree bends a'ound a 1 nch
N. wc , ,'r "Jp'i0s Magaine, (25 mm) radius mandrel nad added

"a; ':uniso.'. 530s of lss than '0. d ib at IcI
art 1 1"150 nm and displayed rio

ne mpac t of vis4 b l damage.
v - s ' u re and

,-g l" : -It rna -4 ire . Si FOTP-25 Impact of FiLer tic

ir. . n ' ,m p n'ng s-5ion Cacles and Caole Assemblies
7";' i:: ." f rcnrn~ogy,

v ila i c, n on our Units impacted 200 times at a 1.

" 1 so:. ft-ID (1.36 N-m) energy vel
displayed no added loss at 155 nor.

inr. -ln
" :,[.,, ? b ,: '' < s ,t c . E A F T - 1 Cnmpre-ssiv Loading f

if , " , . [" i"m n* 41i l f 1 2 ij, i ,n{ ,
,

i n.!, pt i C a '1 -

, ' ' ' ir"] so'. its - mpressec :y 6SO pounds5
( (c,,J7N) applied cv 4 n Inchs 1

SI, I 1 -:3 -o L ightwave in: ) of length show d no added lss

-y) .5 ,Ilr cnncal a 0 nm after" 5 minutes jnd r
,*rii tir'' ecruary 1d7. o nd a return to the original

loss after the load was removed.
. . l. Xu li r,, A. i . ". C0I' and 0.
.;,2 r. 111y, ?ib r, I I 'll f. IA F0TP-82 Fluid Penetr ation Test

S 4tr'iut ion" I a r tn oft o otn fr Filled Finer Dptic Ca-Ie
In ernt 1'r il ! Oat'-

71ymosi , _o' gs, Novmoer One meter lengths of unit witn a
1 Th;, on meter water'head applied at on-

end continues to block water flow

. iihai I . a g s an IIarshall i. after over six months.

:neceer , " - ''-g a'd (ib er, lss
Yarn for' e' ofo'ing Cider ;tic g. EIA FOTP-81 Compound Flow rip)
<aole-," nrna'ioni .. and Test for Filled Fiber Optic Caole
:aole Symposi" CmP'oceedings,

Nove oer 1 um No sat eri a) s cumulated below 12

nour 35 .rmm) unit samples woich
had been suspended vertically in a
chamber at 158'F (700C) for, 24

nour s .

h. Temperature Cycling Test

Appendix A. FIER UNIT PERFORMANCE

The added losses at extreme
Toe capability of toe reinforced buffered op-rational temperatures are not
fi er unit to meet ,

0
acn of toe 'design greater than 0.2 dBi/Km at 1310 and

criteria was verified in a series of tests. 1550 nm for calee cycle-d from 72%F

Fol4ing is a partil list of the tests (221C), the reference temperatue,
along with representative results, to -401F (-401C), the low extreme,

to 158 F (70 C), the high extreme.
a. EIA FUTP-33 Fi Der Optic JaLIle

Tensile Loading ind Bending Test i. Optical Transmission Tests

Units subjected to a I10 omnd The absolute loss for, the unit in a

na!N ) tensile load exibit;ed no comosite cable was typically less
added loss at 1J1 and 155 nm and than .5 dIB/Km at both 1310 nm and
no strength member or Fiber br ,'s 150 nm..

a t loads of 4'0 pm inds (173UN1.

5. Cold Wrap Test

Units conditioned for four fnours a
t

-1%' (oF t) lisplayedl no jacket

cracks or fioDr, breaKs in fiv-
coIioplete "rap,3 ar-und a 1 l rin (5
7m) diame-t,-r mand,,l which nad be'-n

simi larly conditio ned.
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uSk.'-ka, Y(okoh amra, 244, Japan

Alst ac t varies case by case. In the other hand. the condition of

1t)'s! dIlmaitds for composite cable containilng the installation and tile jointing method must be also

,it i,'I fihers andi multi cpper pairs have been increas- considered to design the composite cable.

i1sc for tile saving if dart spaces and the reduction of Lately me have developed too kinds of composite

Istallat ilt costs. We base studied the suitable design cable ahich satisfied different requirements of the

of tile composite cable %hich satisfies various require- system. In this paper, me mill discuss the detail of the

eatsand bave deopt tao kinds of comitosi te cable, design, the characteristic and the jointing of their

ths' transmission loss changes of the cables during each composite cables.

manuifacturing process mere not observe, mechanical

characteristics ere very stable, because optical fibers

aere protected b the grooved plastic spacer. We also

confirmed that the tension %as loaded on not only the 2. Cable Construction

'enter strength member but also pairs of copper conduc e t tsf cgcsi te cable

tor. On the composite cable jointilug, it was possible The requirements of the oampisits a.l

to use the conventional closure. optical fibers and multi i-oipir pairs ti-i.

(I) The overall diameter of ti , .i. ' .

smaller. and its wfigli I Kh'..

1. Introduction (2) luring maiufa, 'll lo. I

It Japan the use of the optical fiber cable has dat Iiii if il-M

Spr'ead more and more. IlII a part of them. demands for -. ',o'

the composite table containin opt ical fibers and mult i It Ih, * .

copper pairs have been increasing fir tbe salog ,,f ,I.t

spaces and the retnictiin of Instal lat tnt iis. It, ,a

binat ion of tile nouml r if itw iraI f i to s u;, ,, i

pairs is decided a( ,,idiot It th,I, m .i i

sit the is! s'ii! (,l ' , slia i,,,, i m f.
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2.2 Cable construction 1 .

The constructions of two kinds of the composite "r

cable are shown in Fig.( and Fig.2. , p" r

Type I. 12 SN fibers and 0.aaX30pairs

This cable is installed over 200u without jointing.

So to make the cable diameter smaller for the saving

of duct spaces, the grooved plastic spacer which

accommodates 12 single mode fibers is placed in the Wi pht : 80k/k.,

center of this cable. The fiber is 0.9 am diameter F Typ abI. cr

and has the tight buffer coating. 30 pairs of 0.9mm (4 Cl 1zh.r: ,,1 'A.(hrn X f- pr!'

copper conductor are stranded around the central Type I cable is designed that the optical grooved spacer

spacer. The cable core is covered with the LAP (Lam- is placed in the center of this cable, so the overall

inated Alminium Polyethylene) sheath of 2.0mm thick- diameter is smaller. On the other hand. Type 2 cable is

ness. designed that the optical grooved spacers are placed in

Copper condluctor pr the outer layer, so the optical jointing is easily.

ptical fiber ,It is possible to select Type I or Type 2 composite

.. / i r"o ,.pl t.> t c sp, e'l-T" cable, according to the demand of every system.

3. Transmission loss in manufacturing processes
wrapping o

The transmission loss changes of two kinds of the
LAP shonth

composite cable during each manufacturing process were

Diameter 31cm
Weight 8

7
0kg/km measured. The results of measured are shown in Fig.3.

F' .! Typ" I cablt, structure These changes are kept within measurement error range,
(2 Z fib, rs and 0.0mm X 30 pairs) because optical fibers are protected by the grooved

Type 2. 24 G1 fibers and 0.65mm X3Opairs spacer from lateral pressure of copper conductors.

This cable is used in the system of 2k. distance.

and jointed together in the center of 2ka length. M0.8.

24 graded index optical fibers are placed in the L :00.6 Type 2 cable (I)

slots of 3 grooved plastic spacers. 10 pairs of

0.65mm copper conductor are stranded into a unit. 0.4
Type I cable (SM)

Considering the jointing. 3 grooved plastic spacers E

z:0.
2  

O

and three IO-pair units are stranded around the

0
central strength member. The cable core is covered oibor Unit Cabe S heath

cor o e

with the LAP shea,h of 2.Omm thickness. Fig.3 Transmission loss in manufacturing process
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4. Mechanical characteristics of composite cable

4.1 Tensile Test
'2.4

The length of sample cable was 5 meter, both ends of

the cable were secured. While the cable was tensed up to . z t I

1500kg. the change of the transmission loss and the .

elongation was measured. The results shows that the

transmission loss of two composite cables doesn't change u.1 u

up to the load of 1500kg. The results of the elongation ,
"o o

of Type 2 cable are shown in Fig.4. T

The dashed line in Fig.4 shows the calculated F'p,.4 T ,nsion- lo vi ati,h , -t .re" t ,

values. (however. without regard to the stress distribu-

tion of copper conductors). The difference between two

lines in Fig.4 is considered to be due to the stress

distribution of copper conductors. Young's modulus of 4.2 Bending Test

copper conductors is given by The sample cable was bended around the mandrel whose

E(Cu) T I T2 radius was 6 times and 10 times as large as the outer

diameter of the cable. The test was repeated for 10
E(Cu) :Young's modulus (kg/ mi')
TI Tension of composite cable at . (kg) times. The results shows that the transmission loss
T2 Tension of composite cable aitout

copper conductor at Ab (kg) didn't increased at 6 and 10 times mandrel. The bent

S Cross section copper conductor (am)
. Cable length (am) area of the cable didn't show visible evidence of the

AC Elongation (mm) fracture.

The calculated value of Young's modulus of copper con-

ductors using above formula is 6.5 x 10 kg/ of. 4.3 Torsion Test

So in case of the composite cable, the allowed tensile The length of sample cable was le. and both ends of

strength can be designed to deliberate both Young's the cable were secured. While the cable was weighted

modulus of the strength member and copper conductors. 50kg and the lower was twisted left and right 180 * the

However. Young's modulus of copper conductors is con- change of optical loss was measured. When composite

sidered to change with the stranding pitch and the cables were 1%isted to the right, optical fibers were
insulationisedto thickness.cl fbes er

insulation thickness. elongated. The results shows that the optical loss does

not increase when the cable is twisted to the left and

r i ght.
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4.4 Squeezing Test 5. Jointing of composite cable

As shown in Fig.5. both ends of cable were secured We examined the jointing of tao kinds of composite

under loads of 250ks and 500kg. the cable %ere bended in cable. Type I composite cable has optical grooved

a 90" at a radius of 250... We measured the change of speacer in the center, so tao jointing methods were

the optical loss and the insulation resistance of copper considered.

conductors. If the cable is squeezed, the insulations of Case I After optical fibers were spliced and accommo-

copper conductors may be damaged by grooved plastic dated, copper conductors %ere jointed around

spacers. The results shoos that the optical loss and then.

insulation resistance are not changed. After this test. Case 2 After optical fibers mere taken out, copper con-

the sample cable was dismantled, and we checked each ductors were jointed, and optical fibers were

component of the cable. However, there meren't damages spliced and accommodated beside copper jointing.

on the surfaces of optical fibers and insulations. Case I method has the problem that the closer is larger.

So. on case 2 method, optical fibers must be protected

from lateral pressure of copper conductors then these

%ere take out from the copper jointing. And also the

jointing operation is difficult and it #ill take a long

time.

On the other hand, in the case of Type 2 cable. as

the optical grooved spacers are stranded around the

central strength member together with the copper units.

optical fibers taken out can be easily. It is possible

that optical fibers are spliced and accommodated beside

the copper jointing. So. it *as able to use the conven

tional closure as shown in Fig.6.

.............

Fig. . (losure structure
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6. Conclusions i Shin Shimada

, Sumitomo Electric

We have developed two kinds of the composite cable Industries. Ltd.
1. Taya-cho,

containing optical fibers and multi copper pairs. Sakae-ku. Yokohama
Japan

We comfirmed that the composite cable can be manufactur-

ed stably and have satisfactory mechanical characte-

ristics. Now the composite cables developed was inslall-

ed. and used in each system.
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DESIGNING COMPRESSION RESISTANCE in LOOSE TUBE CABLES

Paul E. Novem, Jr. and William S. Hatten

Sumitomo Electric Research Triamgle. Inc., Research Triangle Park, Nozth Carolima. 27709

ABSTRACT

The relative contribution of each component where f = material constant, 1 = the length of the

in the cable to resist compression was determined tube in cm, id - the internal diameter, od - the

from the results of compression experiments. An external diameter. The term containing the outer

equation which relates the dimensions and material and inner diameters is dimensionless and will be

composition of the element in the cable to considered, for discussion purposes, as the

compression performance is described. The geometric factor,

intrinsic compressive resistanca of several (od - id)E

materials were determined from this equation. (od + id)E

Also discussed is how the stranding pitch and The parameter. f. can be found by

other cable parameters affect compression experimentally determining, P, the yield point of

resistance. the material in a stress-strain curve. The first

step in the process is to determine the dependence

I. INTRODUCTION of P on the length, 1, keeping the size of the

One of the primary functions of a loose tube tube , and hence, GF, constant. By plotting P vs.

cable is to resist compressive forces which may I the slope of the line is equivalent to the

cause attenuation losses or worse permanment fiber remaining terms in the equation:

damage. These compressive forces can either by fn (od - id)-
m(1) = - . Equation (3)

those externally applied ,r, more insidiously, the 3 (od + id)E

forces exerted by the central strength member The next step in the analysis is to plot the

against the loose tubes during installation. In slopes of this equation from various sixes of

order to protect the fiber, a cable design must tubes of the same material vs. their geometric

have the right material in the right configuration f GF. The slope of this curve is

to oppose these forces. In addition, it is proportional to the following:

important to be able to predict what changes will

occur in a cable's ability to resist compression m(2) = Equation (4)3
when materials or component dimensions change. To

our knowledge these issues have not been Therefore, by multiplying the slope. m(2), by 3/r,

previously addressed in manner which might allow the material constant, f, can be derived:

prediction of a trend in the cable performance. m(2) a 3f = Equation (5)

II. EXPERIMENTAL

A. Theory B. Pethodology

The general equation for an external All samples were tested using an Intron with

circumferential pressure is a 5 kN load cell and a 10 cm by 10 cm compression

ffl (od - id)
s  pad. The results were plotted an a chart

p - - od Equation (1)
3 (od + id)l recorder. The internal and external diameters of
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the tubes were determined with a Nikon V-12 In an effort to identify the most critical

Optical Comparator. component in resisting compression a typical loose

C. Materials tube cable was carefully taken apart and the

The three materials tested were commercially components tested for their compression

available linear low-density polyethylene used in resistance. Shown in Table I are the results of

the cable sheath, and polybutylene terepthalste this investigation.

and nylon 12, used in the loose tubes. Table I. Compression Resistance of Various Loose

III. RESULTS mnd DISCUSSION Tube Components

A. Factors Affecting Compression Component Compression

Resi cance in Loose Tube Cables. Resistance (N/cm)

1. .-- Jral Considerations ----- - ....

P is obtained from the stress-strain curve of
Full Shesth (steel armor) 122

tubes placed between the compression pads of a

standard Instron. A typical curve with the Outer PE Sheath + Steel Armor 59

characteristic regions are shown in Figure 1. In

region A. the stress rises quickly until the yieid inner PE Sheath 33

point, P is reached. Bore, in region B. the tube
PBT Loose Tube 162

FIGURE 1. As can be seen from the table, the loose tube

STRESS-STRAIN CURVE itself contributes over approximately one half of
of the compression resistance of the cable. Because

TYPICAL COMPRESSION TEST of the nature of the dependence of geometry on
71 compression resistance small changes in the

LA- / dimension of the much smaller loose tube affect

/ the compression resistance greater than small

U changes in the dimensionally larger sheath. For

this reason the discussion will now focus on the

V) loose tube which plays a major role in both

external and internal compressive resistance.

II 2. Material.

In order to determine the parameter. f, in

Equation (1) various tube sizes of PBT were made.

First, the compression resistance for a particular

tube size was plotted against the length of the
tube. The results for the different tube sizes

STRAIN are shown in Figure 2. By taking the slope of

these curves and plotting against the geometric

begins to deform. In region C, the top and the factor, the length dependence is removed, and the

bottom inner wall have contacted and the stress is material constant, f, is obtained. The graph,

seen to rise quickly. Typically, the Yield Point shown in Figure 3. yields an f-value of 2558 N/cm.

was used for the value, P. and was determined by Shown in Figure 4 is a comparison of nylon and PET

taking the intersection of the slopes of regions A tubes whose sizes are essentially the same. As

and B. In some cases, as will be explained below, can be seen the compression resistance of nylon is

this was not possible, nearly half that of PBT.
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FIGURE 2. FIGURE 4.

COMPRESSION of VARIOUS TUBE SIZES v*. LENGTH 3000, Comporso of Nylon ond P87

Compression Reslstonce

2 3/
/ -/ II /

- " ,a' ... 2000- /
d<// /./' .. ""'" I' S

0 / /- "00
0 </0

-' / ""
/ ~ Z

UT A
C

/ 
GF - 0.0352 U) 1 DOi-

w 1. 2 L - 11 U

7o0 CF ------ --- 5...... L - 52 0 ... pay --A F0.04 stadn -~ LE5T 9-L-59

. ; 0 5 0
0 1C 2C 3C 40 so 0 1o 20 30 40

LENGH (c,) LENGTH (cm)

FIGURE 3.
3. 'Adjacent Tube Support'

200T An experiment was performed utilizing six

COMPRESSION vs. GEOMETRIC FACTOR loose tubes around a central strength member. The

stranding pitch was set at 135 m with the tubes

tightly held in place with hose clamps. Three
150+

C "different stress-strain curves were obtained as
0

shown in Figure S. The first curve was obtained

Z with the hose clamps at least 20 cm from the 10

100O-t cm
1  

testing area. The second had hose clamps

* I adjacent the compression pads. The hose clamps

S ~. o helped prevent the tubes from slipping off the

E central strength member. In the third curve, the0 50
U area to be tested was tightly wrapped with tape.

on.pr...o - 255 * F- 2.73 As can be seen from the figure, the more the tubes

were prevented from being displaced from their

! -V +--4-----4--- -I--- A-- - normal position, the more they aided the tube
2.0 3.0 4.0 5.0 6.0

supporting most of the compression force. In this
GEOMETRIC FACTOR C X iQO way the compression force was dissipated by

Intuitively, the common mechanical adjacent tubes, in addition to the central

characteristic which would contribute the most to strength member.

compression resistance would be flexural modulus. Note from the figure that the yield point

If the f value for the two materials are compared becomes progressively obscure as the amount of

with their respective flexural moduli, a definite adjacent tube support Increases. In this case it

correlation is apparent: the f values for PBT and might be better to use the slope in region 'B' to

nylon are 2558 N/cm and 1404 N/cm, respectively, describe the change in the cores' ability to

while the flexural moduli for the materials are withstand compression.

2600 N/mm' and 1170 N/m
s, 

respectively.

658 International Wire & Cable Symposium Proceedings 1987



FIGURE 5. where D = the stranding diameter (tube o.d. +

c.s.m. o.d.) and a - the angle of the tube with3 T COMPRESSION RESISTANCE

respect to the central strength member. In Table
o F

i 2 below the various stranding angles and their
STRANDED TUBES

corresponding pitches are given using a typical

value of nf.

CURVE I Table 2. Correlation Between Stranding Angle and

cURve3

// Angle, a Strandingw

(degrees) Pitch (mm)
ii ----------------------------------

1" / -
00

5
o  

183

15 60

250 34
0 -- 4 4- 16

0 1 2 3 4 5
850 1.4

STRAIN (.m) 900 0

The reliance on adjacent tube support cannot As a consequence of this relationship, a 900

be understated. Although a full mathematical angle yields a 0 = pitch - a manufacturing

treatment is necessary to fully explain the impossibility - and a 00 angle yields an infinite

dynamics involved, it is clear that a tightly pitch - an undesirable manufacturing possibility.
Despite these practical questions, the experimentdesigned cable will be able to withstand greater

compression than a cable where there is displayed a trend which might not otherwise have

significant clearance between tubes, been assumed.

4. Stranding Pitch.

In order to determine the effect of stranding FICURE n.

pitch on the compression resistance, it was not

possible to simply test various cable cores with Compression RQsios ,nc

different stranding pitches due to the interaction S
4

rnT vs.Sinonding Angiu

of the tubes in the core, i.e., adjacent tube

support. Instead parallel rows of PBT tubes were
E 120-

arranged approximately one cm apart on the

compression pad. On top of these tubes, a 2.7 mw

steel central strength member was placed at 900 to z
O 100

the tubes for the first test and at a 450 angle in 7I
(-n

the second test. The 00 angle was accomplished by W

simply placing a tube by itself on the compression
0

pad. The compression results, shown in Figure 5, u

were normalized to the unit length, cm. P -0.75 . Angle 67

Since degrees are not normally used to 0jt

express stranding pitch. the conversion is as

follows: 0 10 2C 30 40 50 60 70 80 90

w * D ANGLE (degrees)
Pitch - Equation (5)

tan a
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The results of the experiment show that armor, or the type of polyethylene. Given these

compression resistance increases slightly with other factors, it would be difficult to give an

decreasing pitch. This result was substantiated accurate relationship which describes the

in actual cables where the pitches were 100 mm and mechanical characteristics of the individual

85 mm: the cable with the smaller pitch displayed elements of the cable and a predicted value of

improved compression resistance. It must also be compression resistance based solely on the items

remembered that, all other parameters being discussed in this paper.

constant, the space between the tubes decrease CONCLUSIONS

with decreasing pitch. So that while pitch alone The factors which contribute to compression

may help compression resistance, the close packing resistance have been identified and discussed.

of the tubes probably plays a more significant The most important factor in resisting compression

role. appears to be the loose tube itself. Althouh the

As mentioned above this test was performed overall cable design limits the dimensional

using PBT tubes. It is not known what, if any, improvement of the loose tube, the use of new

affect on the curve would be if another material, polymer materials show promise in improving the

e.g. nylon, was used. compression performance by nearly 50% without

B. Designing for Compression Resistance compromising flexibility.

in Loose Tube Cables. A mathematical model which describes the

As the results indicate above increasing the interaction of all the components is now under

tube wall thickness, decreasing the pitch, using a investigation.

material with a high flexural modulus, and placing

the tubes in a core tightly next to each other,

would all improve the compression resistance of

the cable. Changes in these parameters obviously

cannot be made indiscriminantly and must be made

with other design and performance considerations.

Increasing the flexural modulus of the tube. for

example, would make for a sturdier tube, but the

likelihood of problems, such as the tube kinking

in the splice box would increase.

The results from 'Adjacent Tube Support'

point to the important concept of force

distribution in enhancing compression resistance:

the more the force applied to one tube is

distributed along its circumference, the more

force the tube is able to withstand. Taking this

idea to its logical conclusion, having a matrix

with a higher modulus than the typical flooding

compound around the tubes would impart significant

compression resistance.

In addition to the parameters discussed

above, there are a number of other factors which

have not keen taken into account. e.g. the steel
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AN ANALYSIS OF LOOSE TUBE CABLE DESIGN THEORY, COMPATIBLE WITH PHYSICAL MEASUREMENT

I. Houghton, A. Summers, S. R. Barnes

STC Telecommunications, Newport, Gwent, UK.

ABSTRACT The expression can be used in three ways.
Firstly, the fibre strains for given cable

The performance of loose tube cables is strains can be analysed for existing cable
generally governed by two criteria: designs to determine fibre life. Secondly,
The ability of the cable to withstand the when designing new cables, this expression can
mechanical rigours of installation and service, be used to define the minimum excess fibre
and the ability of the cable to perform level - the maximum excess level is determined
over a wide temperature range. by microbending at the environmental extremes.

The expression therefore defines the lower
A model has been developed by STC to predict limit of the fibre excess window. Finally,
the performance of a loose tube cable under the expression can be used to determine how
strain and at low temperatures. variation of materials and process conditions

is likely to affect cable performance,

particularly the environmental response.

1. INTRODUCTION 2. THEORY

ILeign analyses of l'ose tube constructions
rave not previously considered the relations;hip
between manufacturing processes, measurements, The overlength of fibre excess) in the cable

and theory. This has meant that the treatments is oven by th ratio Yeocess) ine fibe
have been of little practical use to optical is give by the ratio Y of unstrained fibre
cable makers. This is because most theoretical length to the cable length at stranding.
treatments have assumed that the mean position Therefore Y U,
of the fibres in the tube is known at some 1)
stage of manufacture. However, in practice -h-t
poiion <f fibres present in excess will vary where is the ratio of tube length atal~n th' rue, nd epermentl dtermna~, nst randiog against the cable l,-ngth at stranding

ai'-ong the, tune, anid experimental determinati,, is i.11 ie y
of the mon position is impractical. This boo se Fig. II, given by:
meant ta

t 
the theories can only be usl to ITT .

deermine cable performance with s)me prior
knowledge of the performance of a cable using
identical tubes. Similarly there is no theory where C - diameter of built up centre memnber
to assist the cable designer to tailor the P - loose tube outr diametr
excess in 'he tubes to a specific roquirement. L lay length at stranding

These limitations can be overcome by a
theoretical treatment in which all the and = W(IHll i

variables used can be determined on the cablel
and components experimentally. by relating wher d ratio of unstrained fibre length at
this to the lay-up tensions of tubes, and m asurement to strained tube leIth ak
given a knowledge of the stress-strain response agmeasurementat measurement
of the tube material, the amount of excess II tulbe strain at measurement
fibre in the cable can then be determined. It
is now possible to use the excess fibre data in

the design analysis, rather, than make an

ausumption for fibre position.

The theory of stranded loose tube cable- de:;ign Th,, maximum alIowable working tension T is

can now be advanced using excess fibre at tube calculated from the increase, in lay length

manufacture as a variable. An expression ii intil the fibres reach their maximum

obtained that contains no indeterminate permissible strain (see Fig. and is

variables.
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When the cable is environmentally cycled, !he

where E is the tensile modulus of the strength fibre radius of curvature decreases. Because
member of the predominantly macrobending effects, the

A is the area of the strength member loss increment will eventually become critical

I is the cable strain at stranding at a radius Re. The design of the fibre is
defined by three critical parameters:

Mt, the lay length at maximum working tension

is given by: = spot size

M = .7(ZYL) -K
2

, (5) = cut-off wavelength

where Z is the maximum allowed fibre strain 0 zero dispersion wavelength
K is the circumference of the strained

outer fibre helix These in turn define the tolerances on
and Y is the overlength of fibre given in refractive index difference Sn and core

equation 11) radius a. Typical ranges are:

9.3 Environmental Performance n = n-m = 0.0045 to 0.0055

Part 1 a = 4.0 to 4.5 microns

The environmental performance of the cable is where n = core refractive index

largely determined by tLe radius of curvature m = cladding refractive index

of the fibres. By considering the fibres on

a drum in an environmental chamber to be in a The tolerances on refractive index difference

helix on a helix !see Fig. 3), the radius of and core radius uniquely define the propagation
curvature R can be calculated from the fibre velocity constant V of a specified wavelength
,xcess using the equation. (see Fig. 4) by the equation:

R _ .3 ('i) V = 7
1

'a 'm . '1
2)19-P "

where B i - The attenuation increment "( due to macro-

o -:s , bending is given by:

8) Y (a\1(V w') exp - ,4Rw
3
mn-, 10

P 2rCs-rsinrcosv- 'rm(., cs; (9)

where R radius of curvature of fibre

S , (10) u,w = scalar mode parameters

The propagation velocity constant can be shown

ind 0 is the point or the helix at which the to be proportional to bend performance (see

c:jrvalure is measured Fig. 5). The highest increment due to bending

. is the laylength on the drum at the is produced with the lowest V value [i). The
test temperature ranges of refractive index difference and core

r is the radius of the helix of the fibres radii produce values of V in the range 1.8557

within the tube to 2.3083, which from Fig. 5 produces a

s is the supporting helix radius dramatic change in bend performance. The

critical bend radii Rc, to ensure a maximum

0 is the number of helixes per lay, where Q is increment of 0.2 dB at 1550 nm for the two

related to the length of fibre 1 in one lay at extremes of V, are:

the test temperature by the integral:

1 r 'sin2Oe +Fs inO9 Gd
I  

(11) -- C

Sd1.8557 21.5 mm

where F = 2rs-;rsfQ (12) 2.3083 10.6 mm

G = sl.rOlQf 2 (13)

and 1 = YL(l.Ct) (14)
3. CONCLUSIONS

where cr is the fibre coefficient of thermal
expansion A theoretical model has been developed by STC

t is the difference between the stranding which allows an optimisation of the critical

temperature and test temperature parameters for both fibre and cable. This in

Y is the overlength of fibre given in turn gives the designer of loose tube optical

equation (1) cables the ability and freedom to select from
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PERFORMANCE CHARACTERISTICS OF
ENHANCED BUFFER TUBE CABLE

R.J. WILLIAMS J.A. ROWE B.P. HURTIG M. PLOUFFE
NORTHERN TELECOM NORTHERN TELECOM BELL CANADA BELL CANADA
OPTICAL CABLE DIV. OPTICAL CABLE DIV. CORPORATE ENG. CORPORATE ENG.
SASKATOON, SASKATOON, TORONTO, MONTREAL,

SASKATCHEWAN SASKATCHEWAN ONTARIO QUEBEC

ABSTRACT unless a definite fault such as a fiber
break or OTDR point discontinuity

This paper presents the design and exists at the damage location.
performance characteristics of a tube
in slot cable construction from the When a puncture in the cable sheath
point of view of lightning withstand exposes optical fibers the potential
capability and the effect of water exists for water to enter the cable.
entering the cable due to lightning In certain areas there will be the
induced damage with subsequent freeze possibility of water freezing inside
thaw conditions prevailing, the cable and for this reason it is

important to evaluate this type of
The optical performance and cable damage for short and long term
logitudinal water propagation within cable performance effects.
the cable is evaluated.

Two areas are of major concern in cable
A new test method for evaluation of freeze thaw cycling,
cable freeze thaw testing is
proposed. i) Expansion of ice within the cable

may cause microbending which will
affect the optical performance of the
fibers,

INTRODUCTION
ii) When a punctured cable sheath is

Lightning strikes to ground in the exposed to a water head that
vicinity of buried optical fiber alternately freezes and thaws, there
cable can cause sheath holing and may be a 'pumping' action which could
fiber attenuation/breakage. It is force cable filling gel longitudinally
hypothesised that a lightning strike down the cable. If this damage is
can damage a cable by crushing, close to a splice enclosure this
thermal effects or arcing between pumping action could force the gel out
metallic components of the cable. As of the tubes eventually allowing water
reported previously (1), some of the to enter the closure.
effects of lightning strikes can be
averted by increasing the dielectric It is necessary to evaluate cable
strength of the cable and by characteristics to determine the
increasing the mechanical cushioning effects of 3 cyclic freezing head of
to the fibers using a plastic layer water on fiber microbending and also to
next to the fibers. In the cable determine the minimum length of cable
design where the fibers are placed in which will effectively block any flow
tubes and the tubes arranged in the of gel/water due to a freeze thaw
slots of a slotted core, the tubes pumping action.
provide additional protection to the
fibers. LIGHTNING WITHSTAND CAPABILITY

OF OPTICAL CABLE CONSTRUCTIONS
Should cables become damaged by
lightning or some other mechanical Various constructions of tube in slot
means, it is clear that in some cases cable were selected for evaluation of
the optical integrity of the cable their lightning withstand capability
will initially not be compromised. using the simulated lightning surge
This damage may not easily be detected test method (as outlined in Bellcore
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TR-TSYO00020 (2)) The test set up is Swellable tape was used as the water
shown in Fig. 1. blocking agent under the middle and

outer sheaths while gel was used in and
Representitive values of the energy or around the tubes in the core.
I2 t are plotted against the test
Lightning current in Fig. 2 for this SAMPLE PREPARATION
configuration.

A 550 m sample of cable was hand coiled
The cable samples were stressed with into an environmental chamber in oval
the simulated lightning stroke. All shaped coils approximately 2 x 3 m in
the fibers in the stressed samples size. The ends of tha cable were
were tested for optical continuity and brought into the laboratory. Two
the cable samples were opened to fibers from each of the three tubes
visually inspect for broken fibers, were spliced together to form two loops
A probabilistic statistical approach of fiber 3300 m long. (Fig. 5) One
was used to estimate and compare the loop was monitored for attenuation
test results for various cable change at 1.3 um the other for changes
designs. at 1.55 um.

The test current range was 60 to 160 A 6.4 mm hole was manually drilled with
KA. The current at which the 0.5% an end mill through the three sheaths
cumulative failure rate occurred is and into one of the fiber tubes
shown for comparison in Table 1. (Fig. 6) at a point 50 m from one end
Estimates for the 95% confidence of the sample.
intervals are also provided. It
should be noted that some uncertainty Attenuations on the two fiber loops
does exist, since it is not practical were monitored during this drilling
to keep all the test parameters process to ensure that the fibers in
absolutely constant, the tube penetrated by the hole were

not damaged. A 1 m head was applied
To put these results in perspective it via a 19 mm copper standpipe with a tee
is emphasized that the probability of at one end. The tee was slipped over
occurance for lightning strikes of the the cable until the sheath hole was
higher current magnitudes is low. aligned under the standpipe. The tee
This is illustrated in Fig. 3 (3). was then sealed to the cable sheath

with heat shrink tube. A solution of
It is important that the whole red dyed water was used to aid in the
installed cable be capable of detection of water paths in the cable
withstanding the lightning surge. at the conclusion of the test.
Hence, the bond clamp assembly, at
splice locations must be able to TEMPERATURE CYCLING
withstand the same lightning surge
current as the cable. Proper bonding The cable was subjected to 54 cycles of
and grounding is thus essential for minus 10 degrees C to plus 10 degrees C
the installed cable. Maintaining with a four hour soak at each
shield continuity and providing temperature extreme. Cable
grounds at repeaters and central temperature was monitored by removing
offices are of the utmost importance one of the fiber tubes from a 0.5 m
from the electrical protection sample of cable and inserting a
viewpoint thermocouple in its place. This short

length of cable was then placed into
CABLE FREEZE THAW TESTING the middle of the test cable coils to

provide an indication of the average
The cable design chosen for evaluation core temperature. A second thermocouple
was the tube in slot construction as was used to monitor chamber air
shown in Fig. 4. temperature at the level of the cable

coils. Ou'put from both thermocouples
The cable contained three, four fiber was recorded continuously with a chart
tubes and two fillers in a 5-slot core recorder.
with a dielectric strength member.
The core was protected by a triple TEST EQUIPMENT
sheath consisting of a polysteelpeth
jacket with rodent protective layer Cable attenuations were monitored with
(ie. core/polyethylene/steel/ the equipment arrangement shown in Fig.
polyethylene/steel/polyethylene). 5. A splitter was used to direct part
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of the output of each laser directly standpipe and microbending the fibers.
to a detector. This was done to This is shown in the OTDR trace Fig.
provide a reference signal for 19. Note that there is no evidence of
correction of laser drift. The any microbending induced attenuation
outputs of the four detectors were losses due to frozen water in the
read by a computer and stored on punctured (ie. green) fiber tube in any
floppy disk at 2 minute intervals of the OTDR traces when the cable is at
during the test. To help minimize minus 10 degrees C.
equipment drift, the lasers, splitters
and the four detectors were all PHYSICAL EXAMINATION
contained in a small environmental
chamber where the temperature was kept There was no sign of physical
within the limits of 21 degrees C plus degradation of the cable sheath in the
or minus 1 degree C. vicinity of the puncture at the

conclusion of the test (ie. no cracking
ATTENUATION RESULTS or bulging). The sheaths were stripped

and water ingress was measured.
The changes in attenuation with time Results are summarized in Table 3.
are shown graphically in Figs. 7 and 8
for the two fiber loops. Change in WATER PFNETRATION TEST
attenuation was calculated using the
following formula. To determine the resistance of a cable

to the pumping action of a
A = 10 x log (Pl/P2) - Al freezing/thawing water head, the

following test was undertaken.
where A = Attenuation change from

start of test Two samples of cable were each prepared
A1= Reference attenuation at with a 6.5 mm hole drilled through the

start of test three sheaths and into one of the fiber
Pl= Reference power level tubes. The first sample was 15 m long
P2= Power level on monitored and had the hole drilled at the 5 m

fiber loop point. The second sample was 35 m long
and had the hole drilled at the 15 m

Essentially no significant change in point. In this way cable lengths of 5,
attenuation was observed at either 10, 15 and 20 m were effectively tested.
wavelength.

A I m water head was applied via a
OTDR RESULTS 19 mm standpipe over the puncture and

sealed to the cable as outlined
The two fiber loops were examined previously.
before and after temperature cycling
with a 1.3 um OTDR and at the Roth samples were placed into the
temperature extremes of the final environmental chamber with the 550 m
cycle with a 1.55 nm OTDR. Results attenuation test sample. Excess length
are shown in Fig. 9-18. The steps on was coiled around the floor of the
the traces are located at the points chamber in oval-shaped coils
where fibers were spliced together to approximately 2 x 3 m in size.
form the loops.

The samples were cycled at the same
The attenuations measured with the rate as the 550 m attenuation sample
OTDR are summarized in Table 2. (ie. 54 cycles of minus 10 degrees C to

plus 10 degrees C with a four hour soak
The 1.3 um OTDR traces show no at each temperature extreme).
measurable effect from the temperature
cycling on either fiber loop. The RESULTS
1.55 um OTDR traces show no difference
in fiber attenuation between the At the conclusion of the temperature
temperature extremes of the test. cycling, the samples were stripped and
These results confirm the attenuation water ingress through various paths was
results gathered by the laer based measured. Results are summarized in
test equipment during the 19 day test Table 3.
period.

There was no evidence of gel being
The exact location of the hole was forced from the ends of any of the
confirmed at the conclusion of the tubeg in any sample during the test.
test by removing the water head
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CONCLUSION

It is possible to design an optical Z
cable with a lightning withstand
capability in excess of 160 KA' with
respect to optical continuity. This
is achieved by utilization of the tube -

in slot cable construction and a
multiple sheath combination.

When a tube in slot cable sheath is -

punctured some ingress of water may
take place which has no significant-
effect on attenuation at either 1.3 um -- ~ -

or 1.55 um on this cable construction-
should subsequent freeze thaw
conditions occur.

The pumping action of a 1 m
freezing/thawing water head on this-
type of cable construction is not I

sufficiently strong to force gel from - yr

the end of a 5 m or longer cable -

s ampl e. 60 7* 0 90 100 1:0 1.20 120 140 1!2 16,

REFERENCES

(1) G. M4cKay, W. Cousineau, 9. Braham PIC. 2 REPUREwTArM v7.Ut'JS or

and J. Rowe, "Qualification 4'c V, I FOR STMUATED LICSTW!NC TESTS

Procedure for Fiber Optic Cable
Design", International Wire and
Cable Symposium Proceedings 1986
pp 307-314.

(2) Bell Communications Research,
"Generic Requirements for
Optical Fiber and Optical Fiber
Cable", TR-TSY-000020, Issue 2, Ti--1-1 -11 1rr TMrrt. T

December 1986. W __ __ _

(3) E.D. Sunde, Earth Conduction---
Effects in Transmission Sytms,-
D. Van Nostrand Company Inc.,- __

1949. -- __-

30 - - - -

Z OCZ~ Da- -C CO-.62RUEPIITo TO ,"CRE1IC1

PI. C'NIOUV PRMS IL ISRBTINO

~CM.Z1rC 1AICWTRIM ST%=~ elms? CU0WCENlS To7 ; ~ i2 0-60 P..*R. BURIED PUPTAILIC OBJECTS

80 OMCIA#G'C WO
w* mETT

A Mo.pEWSTIWWS CETOCTOR
C CAACTOR
a O"CCCa .010A.0

PIC. I tRIMAm LICRWIE
Own BMST ClYB?

670 International Wire & Cable Symposium Proceedings 1987



TABLE I SIMUlATED LIGC7INC SURGE VTITAN CAPADILITI OF 6.4 ,,

TUN IN SLOT OrICAL FiBR CABIES

0 0

-.- ...... ' . . . : , 
l

1:4 0

: FIG. 6 6.4 - HOLE DILLED IWTO CABLE,.se.,*..". ,

€.,: -- 
. ,

P i 1 TUDI IV SLOT C181L1 CONS11VCTIO4. . .. 'l

VIC. 5 SflC OF '12? swhIP IBIM ' -"

International Wire & Cable Symposium Proceedings 1987 671



-~ - I

i

I I S

J 4

I -..

2.

672 International Wire & Cable Symposium Proceedings 1987



TABLE 2 SU KKJLRY OF ATTENVJATION RESULTS FROM OTDR TRACES

; 3 - Loop . -5 u L op
.... ,i Li " . i(BIu*/OrangS Fibers) (Gr-e/Brow Fibers]

"\-. - """' "dB/kAa dB , k. dB/k.m dB km

1.3 um OTDR

\\ EFORE CYCLING . 5

10CO 5 .81 3.219 0.73 2.J5 3.-

-10 C 0.54 1-75 3.219 0.73 2. 34 3.,9

AFTER CYCLING
-10 C 0.53 .1.71 3.21,5 0.73 2.35 3 .215

.. . . . .. . . . . .. . . . . .. . ..I.. . . . . .. . . . .

13LO.5OTDR

o .AFTER CYCLING
.10 C 0.39 1.29 3.313 0.56 2.36 3.323

AFTER CYCLING

-10 C 0.40 1.31 3.311 0.56 1.82 3.2.9

... .,; ,- , 1.., ;; , . .. . . .

In i
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TABLE 3 DISTANCE (IN METERS) OF WATER PENETRATION AT
CONCLUSION OF TEMPERATURE CYCLING TEST

TUBE 'COLOUR' IDENTITFIES THE TUBE PENETRATED
BY THE DRILLED HOLE

----------------------------------------------------------------

I SAMPLE 81 1 SAMPLE 02 I SAMPLE *3
PATH I 5 a I 10 a 1 15 M 1 20 M 1 50 . 500

UNDER RODENT .11 .09 .05 i .36 , .46 .54
PROTECTIVE
SHEATH

UNDER 2ND 0 [ .08 .40 .39 .84 .93
SHEATH i

UNDER IST 1.48 1 1.50 .36 .52 .46 .75
SHEATH
-ALONG RIPCORD

,,!BE GREEN BLUE GREEN
PENETRATION 2.00 1 i.5. .28 .30 1.90 2.25
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A Novel Non-Polyurethane Re-enterable Encapsulant

Compatible with Both Filled Cable and
Polycarbonate Connectors

T.S. Croft, H.A. Haugen, S.P. Hays, T.I. Chen

and G.J. Swampillai

TelComm Products Division Laboratory/3M
Austin, Texas

Abstract an Instron tensile testing machine to obtain a

Cable splices are widely protected from moisture flexure force to failure (breaking) of the module.

penetration by splice closures filled with a re-

enterable encapsulant in order to maintain the The data obtained on the compatibility of an

cable integrity. The present encrnsulants are two encapsulant with the filling compounds and with

part, extended polyurethane gels based on the polycarbonate connectors was related to the

isocyanate compounds. This paper describes the approximate total solubility parameter of the
development of a novel re-enterable encapsulant encapsulant system. This allowed a practical

which is not based on isocyanate compounds. A understanding of the relationship between the two
theory is proposed which can explain and predict to be obtained. It should be emphasized that this

an encapsulant's ability to absorb cable filling is a simplified correlation which does not utilize

materials and its compatibility with the more sophisticated theories.
6

polycarbonate connectors commonly used in cable

splices. Data are presented relating the filling Solubility Parameter

compound compatibility and polycarbonate The solubility parameter concept is an attempt to

compatibility, as seen in accelerated aging tests, quantify the old adage "like dissolves like". The

to the approximate total solubility parameter of a solubility parameter values (represented by 6 )

polyester gel encapsulant system. The result is a are a measure of the intermolecular forces between

new non-polyurethane encapsulant which offers the molecules in a material and are normally given

compatibility both with the cable filling without unit?. However, the values have the units

materials and with polycarbonate connectors. (cal/per CC). Every compound or chemical system

is characterized by a specific solubility

parameter value and materials having similar

solubility parameters tend to be miscible or

dissolve. Solubility parameters car be obtained

Introduction by experimentation or by calculation as reviewed

The development of filled cable, using a grease- by Barton.
6 

Many of the values used in this paper

like composition such as Flexgela around the have been estimated by summation of the effects

individual conductors, has greatly contributed to contributed by the groups of molecular structure,

a reliable, low maintenance outside telephone using available 9roup molar attraction constants

plant. Recent work
1 ,2 

has shown that oily developed by Hoy , not only for the individual

interfaces can develop around these coated components but also for the polymer itself.

conductors when in contact with certain

encapsulants and can potentially lead to water For a plasticized crosslinked polymer system, the

ingress. New second generation encapsulants total solubility parameter would be the weighted

absorb the filling compounds in the cable, arithmetic mean of the value of each component.

allowing the encapsulant to seal around the wires

removing a potential water pathway. This 6 = 6 + d
b b 

+ 6 sI '
.

"

absorption capacity is measured by a coated 
T a a

conductor pullout test
3 

and a filling compound Where t a, . b and p c are the fractions of

compatibility test.
4  A,B, and C in the system, and S a, 6 b, and

6 c are the solubility parameter of the

An encapsulant has been developed using polyester individual components.

chemistry which absorbs the cable filling material

yet passes accelerated aging tests for Compatibility with Cable Filling Compounds

polycarbonate compatibility under which Buried telecommunication cables may be filled with

polyurethane encapsulgnts have been reported to a hydrophobic filling material to help protect

affect polycarbonate. The compatibility testing the cable core from wat r entry. The most common

on polycarbonate connectors with encapsulants cable filler is Flexgel which contains a styrene-

reported in this paper was carried out with ethylene/butylene-styrene block copolymer

accelerated aging tests at 50*C and 60
0
C, similar dissolved in a paraffinic or naphthenic oil, with

to the test outlined in a recent technical 
paper.

5

Polycarbonate compatibility was monitored in one

test following a flexure test outlined in ASTM D-

790 in which connector modules were subjected to aRegistered trademark of AT&T
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polyethylene added for consistency. Other cables Table It - Oil Plasticized Polymer
may have petroleum jelly (PJ) or polyethylene Encapsulant Systema
modified petroleum jelly (PEPJ). Both petroleum
jelly grease and Flexgel filled cables have shown Calc. Total Sol. Coated
oily interfaces when in contact with encapsulants Par ( 6T )b for Conductorc
in cable splices which can potentially lead to Oil Plasticized Pullout
water ingress and subsequent failure of the Extender Polymer Encap. Force (lbs)
closure. 1,2 An encapsulant which is compatible Oil Used System PEPJ Flexgel
with the filling compound in the cable and which Flexon 766 7.8 0.2 0.4
absorbs the filling compounds allows the Tufflo 500 7.86 0.1 0.6
encapsulant to close or seal around the wire, thus Calumet 200 7.9 0.2 1.5
obtaining the adhesion to filled cable conductors. Tufflo 300 7.9 0.2 2.8

Calumet 6100 7.9 0.8 2.1
The encapsulant development work at 3M did not Flexon 391 7.92 2.3 6.7
involve isocyanates. Instead, the base polymer Telura 171 8.0 4.2 6.2
utilized is a polyester derived from poly- Sundex 750T 8.03 4.6 5.7
butadiene. The solubility parameter of pol -
butadiene has been reported to be about 8.20 based aFormulatioi, - 35% polyester derived from
on calculations with Hoy's method7 . Similar polybutadiene, 64.7-64.8% extender oil, 0.2-0.3%
calculations for the polyester derived from catalyst.
polybutadiene resulted in a value of 8.3 which was
then used for further calculation of the total bThe following equation was used to determine the
solubility parameter of the candidate encapsulants total solubility parameter of the oil plasticized
(plasticized polymer encapsulant system), polymer encapsulant system.

A series of encapsulants were prepared with the Z +

base polymer extended with hydrocarbon extender T a a b b
oils (see Table I). The absorption of the filling Where a and bwere the weight fractions of

the polymer and extender oil, respectively and

I - Extender Oils 5 a and 5 b the solubility parameter of the
Table -polymer and extender oil respectively.

Aniline Caic. Sol. Par.
Name Point IF Extender Oila CGeneral Cable.

Flexon 766 223 7.6
Tufflo 500 192 7.67
Tufflo 300 188 7.7 are plotted in Figure 1, and show little
Calumet 200 175 7.7 absorption of filling material if the total
Calumet 6100 160 7.7 solubility parameter was below 7.9. A threshold
Flexon 391 129 7.76 value of about 8.0 must be reached to achieve
Telura 171 117 7.9 adhesion to both the PEPJ and Flexgel cable
Sundex 750T 121 7.94

aThe following equation was used to determine the Figure 1
solubility parameter for the hydrocarbon extender
oils

9
. Ccrrelation ol tie i uioul f,/ch o coated

(ondrctorf, 1, ihe calculatod total Solubility

= 6.9 + 0.02 Kauri-butanol value iaafm- ,' ot oil plcir ttcizecd poymer encapsuart
Syslemn

The Kauri-butanol value was calculated using the Pu:iO,, P,,,l
following equation

10
. Fo , lt -or ,

PEPJ Fexr;..
Coah.l Go1,

C ",r, .' Co. r l,

KB = 21.5 + 0.206 (% wt. naphthenes) + 0.723
(% wt. aromatics)

compounds was measured by a coated conductor
pullout test. Uncleaned conductors from filled
cable were placed in the uncured encapsulant and
the force necessary to pull the conductors after
the encapsulant had cured was measured3 . Table II
details the results of the coated conductor 2. 2
pullout test using conductors from PEPJ and
Flexgel filled General Cables and the calculated
total solubility parameter for each oil
plasticized polymer encapsulant system. The data 77 78 79 80 81

Totl] Srub.; 0 Pa
5
a ete,
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filling compounds, thus establishing the lower solubility parameters for this series of ester
limit of the encapsulants solubility parameter for plasticizers. The results of the pullout force of
compatibility with the filling compounds. uncleaned PEPJ and Flexgel coated conductors from

each ester plastisized polymer encapsulant system
Another method used to quantify the solvating are presented in Table IV, as is the calculated
power of the hydrocarbon extender oil was also total solubility parameter for each.
included ir Table I. The aniline point (defined
as the minimum temperature for a complete mixing Table IV - Ester Plasticized Polymer
of aniline and a petroleum product) is utilized to Encapsulant System'
indicate the aromatic content of hydrocarbon
extender oils. A high number indicates a low Calc. Total Sol. Coated
aromatic content whereas a lower number signifies Par. ( )b for Conductorc
a higher aromatic content. Although not plotted, Ester Plasticized Pullout
a distinct correlation can be seen between the Extender Polymer Encap. Force (lbs)
aniline point of the extender oil used in the oil Oil Used System PEPJ Flexgel
extended polymer encapsulant and the coated Emery 2900 8.0 2.9 3.8
conductor pullout force data (see Tables I and Kodaflex TXIB 8.2 4.7 5.7
11). Adhesion to grease coated conductors with Soybean Oil 8.3 4.4 5.5
the cured encapsulant increased dramatically with Plasthall DTOA 8.4 4.5 5.8
aromatic type extender oils (low aniline point). Flexricin P-6 8.5 4.1 6.0
However, it is well known in the industry that Nuoplaz 6959 8.6 3.9 5.3
extender oils high in aromatic content cause Hatco DOP 8.7 4.6 6.1
stress cracking of polycarbonate splicing Hatco DBP 9.1 4.6 4.1
connectors

1
1. Benzoflex 9-88 9.2 2.2 1.8

Therefore, data was collected utilizing ester
plasticizers to prepare an additional series of aFormulation - 40% polyester derived from
encapsulants with the base polymer. A series of polybutadiene, 59% ester plastisizer, 1.0%

ester plasticizers containing at least two ester catalyst.
groups were chosen with steadily increasing bThe total solubility parameter determined as the
solubility parameters. Table III indicates the b he a r i ic paraoete d ee fi e ach

weighted arithmetic mean of the value of each

Table III - Ester Plasticizers component (see Table II for method).

Name (structure) Solubility Parameter cGeneral Cable

Emery 2900 [di(2-ethylhexyl 7 .8 a The data from Table IV was plotted in Figure 2 to

dimerate] indicate the correlation of the pullout force from
the coated conductor pullout test to the

Kodaflex TXIB [2,2,4- 8 .2a calculated total solubility parameter of each
trimethyl-1,3-pentanediol ester plasticized polymer encapsulant system. A

diisobutyrate]
Figure 2

Soybean Oil 8.311

Plasthall DTDA [Ditridecyl 8.5
a

adipate]

Flexricn P-6 [butyl acetyl 8 .6a .' .
ricinoleate] .

Nuoplaz 6959 [tris (2-ethyl 8 .9a

hexyl)trimellitate] [

Hatco DOP [dioctyl phthalate] .0a

Hatco DBP [dibutyl phthalate] 9 .6a S ,

Benzoflex 9-88 [dipropylene 9.8
a

glycol dibenzoate]

aCalculated by method of Hoy
7

generally constant absorption of both PEPJ and
Flexgel occurred over a solubility range from

about 8.0 to 9.0 with the adhesion of the cured
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encapsulant to PEPJ coated conductors of about 4.2 data plotted in Figure 3. A general constant
lbs/conductor and to Flexgel coated conductors of absorption of Flexgel was noted over a total
about 6.0 lbs/conductor. solubility parameter range of about 8.0 to 9.0. A

similar absorption range was exhibited with both
The absorption by this series of ester plasticized PEPJ and PJ although at a lower level. The fact
polymer encapsulant systems of PJ, PEPJ, and that encapsulants have higher compatibility with
Flexgel has also been measured following the Flexgel thn petroleum Jelly has also been noted
filling compound compatibility test of the previously

1 2

Bellcore reenterable encapsulant specification
4
.

This test consists of determining the percent Why are the cable filling materials absorbed in
weight change of a specified amount of encapsulant this solubility parameter region? We postulate
in contact with a similar amount of filling that the answer lies in the fact that "like
compound at 70*F for seven days. Only the room dissolves like" and the plastisized polymer
temperature test was run due to the volatility of encapsulant system is substantially compatible
some of the ester plasticizers. The percent with major constituents of the Flexgel, PEPJ or PJ
weight changes with the filling compounds to the filling material. For example, each block in the
encapsulants are summarized in Table V and the styrene-ethylene/ butylene-stryene block copolymer

in Flexgel exhibits its own characteristic
Table V - Filling Compound Compatibility at 70OF solubility parameter value and can then be
of Ester Plasticized Polymer Encapsulant Systema individually dissolved by a suitable system.

Table VI indicates the solubility parameters of
Cal c Tota I major constituents in the PJ, PEPJ and Flexgel
Sol Par. ( )b cable filling compounds and an encapsulant with a
for Ester total solubility parameter in this region should
Plasticized Percent Change with interact in some fashion.

Ester Polymer Encap. Filling Compoundc
Plasticizer System Flexgel PEPJ P Table VI - Solubility Parameters

Emery 2900 8.0 7.1 1.0 1.3
Kodaflex TXIB 8.2 9.4 3.2 3.2
Soybean Oil 8.3 6.7 1.9 2.1 Flexgel L..LI
Plasthall DTDA 8.4 6.1 2.6 3.4
Flexricin P-6 8.5 10.8 5.9 2.8 Kraton 165012

Nuoplaz 6959 8.6 5.0 2.5 2.2 Polyethylene/
Hatco DOP 8.7 7.2 4.0 2.2 Butylene Block 7.9
Hatco DBP 9.1 9.5 5.1 1.0
Benzoflex 9-88 9.2 3.1 3.5 -0.6 Polystyrene

Block 9.1

aFormulation - 40% polyester derived from Polyethylene
13  

.8-8.3

polybutadiene, 59% ester plasticizer, 1% catalyst.

bThe total solubility parameter determined as the Grease

weighted arithmetic mean of the value of each Petrolatuma 7.8
component (see Table It for method).

cFlexgel from Witco Polyethylene
13  

8.1

PEPJ, GCI from Witco Polycarbonate
13  

9.3-10.3
PJ, Penreco Cable Filler Base Code 4576

aCalculated as C 6 alkane but solubility parameter

Figure 3 should be broadened since petrolatum is a mixture.

Correlation of the tilling compound compatibility ! Polycarbonace Connector Compatibility
70 F to the calculated total solutility parameter of
ester plasticized polymer eicapsulant system Compatibility with polycarbonate has the opposite

meaning to that of the previous section. Since
absorption of the cable filling materials into the

per. , encapsulant was necessary to obtain adhesion to
," !, I the coated conductors, the total solubility
Cnrnpoind 0parameter of the encapsulant was adjusted to

dissolve some portion of the filling material. An
* encapsulant should be as far as possible, in total

' -- solubility parameter, from that of polycarbonate
to prevent stress cracking, crazing or weakening

0 -- o 0-0-- 0 of the polycarbonate connectors. A solubility
parameter of 9 3 to 10.3 has been reported for
polycarbonate1

3 
(see Table VI).

0 810 ' 8'2 ' 14 ' ;b ' 8' 910 ' '2 Two methods were utilized to test for
compatibility with polycarbonate. The first

Total Solubily Parameler method was to immerse polycarbonate bars in the
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ester plasticized polymer encapsulant systems. utilized 3M MS2TM Super MateTM 4005-DPM module
The total solubility parameter for each
encapsulant, presented in Table IV, is repeated in splicing connectors spliced with the maximum wireTalsVIad II fe 1 asa 2 0  

gauge recommended (22 gauge) emmersed in the
Tables VII and VIII. After 21 days at 122°F encapsulants for 9 weeks at 50

0
C. During and

(501C), the bars were removed from the following the test, the modules were subjected to
encapsulants, conditioned at 230C for 24 hours, the Instron tensile machine to obtain a flexure
and tested for tensile strength at a cross head force to break the modules (flexure force to
speed of 0.5 mm/sec using an Instron Model 1123 failure) following the procedure outlined in ASTM
tensile machine. This data is collected in Table D790. This data is rollected in Table VIII and is
VII and plotted in Figure 4. The second method plotted in Figure 5. See Attachment A and B for

Table VII - Ester Plasticized Polymer Encapsulant method descriptions.
' SystemT Compatibility to_ PolycarbonateBar After 21 Days at 50 C Table VIII -Ester Plastizized Polymer Encapsulant

BaO Systema Compatibility to 3M 4005 DPM

Calc Total Sol. Polycarbonate Module After 63 Days at 50
0
C

Par. ( 6 )b For Tensile

Ester Ester Plasticized Tensile Strength
Plasticizer Polymer Encap. Strengthc as Percent Calc Total Sol.

Used System (N/Cm
2
) of Controld Par. ( 6 )b For Breaking

Ester Ester Plasticized Breaking Force as

Control 6510 100 Plasticizer Polymer Encap. Force Percent of

Emery 2900 8.0 6020 92 Used System _bs)c Controld

Soybean Oil 8.3 6330 97
Plasthall DTDA 8.4 5800 89 Control ---- 121 100

Flexricin P-6 8.5 5420 83 Emery 2900 8.0 128 106

Nuoplaz 6959 8.6 5750 88 Soybean Oil 8.3 123 102

Hatco DOP 8.7 5060 78 Plasthall DTOA 8.4 116 96

Hatco DBP 9.1 4440 68 Nuoplaz 6959 8.6 108 89
Benzoflex 9-88 9.2 4280 66 Hatco DOP 8.7 37 316 Hatco DBP 9.1 26 21

Benzoflex 9-88 9.2 27 22
aFormulation - 40% Polyester derived from

polybutadiene, 59% ester plasticizer, 1% catalyst.

bThe total solubility parameter determined as the aFormulation - 40% polyester derived from

weighed arithmetic mean of the value of each polybutadiene - 58-59.7% plasticizer, 0.3-1%

compoient (see Table 11 for method). catalyst.

cAverage of three samples. bThe total solubility parameter determined as the
weighed arithmetic mean of the value of each

dTensile Strength of Encapsulated Bar After Test component (see Table II for method).

Tensile strength of non-encapsulated bar control. cAverage of three samples.
x100

dBreaking Force of Encapsulated Module After Test

Breaking force of non-encapsulant module control
x 100.

Figure 4
Figure 5

Gorrelation of polycarbonate bar compatibility after
21 days at 50C to calculated total solubdity Coirelalon ol polycatbonate module compatibilty
parameter of ester plasticized polymer encapsulant atier 63 dayf at 50c to calculated total solubility
system parameter of ester plasticized polymer encapsulant

i S t i t','iri Fo- A, 0/
As Percsni C)CQ2l Ot

/0/
Of C-tl' C ntol corl")

7r). C, /

/

860

,'J' q/i , 100
50 0 4 i, Ot 90 92 80 82 84 86 1s 90 92

6 e tal Wi&able ToSaP Solubility Paraenseler
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An examination of both Figures 4 and 5 revealed 3M Brand 4442 High Gel Re-enterable Encapsulant
that to be fully compatible, i.e. non-weakening or The total solubility parameter of 3M Brand 4442
non-stress cracking, the total solubility High Gela encapsulant has been adjusted to fall
parameter of the encapsulant system should be within the window discussed in the last section.
below about 8.3. This would be about one
solubility parameter unit from the 9.3 lower limit When accelerated aging at 600C was carried out
reported to be the solubility parameter of with fully spliced 3M 4005 DPM connecting modules
polycarbonate (see Table VI). This falls midway encapsulated with 4442 High Gel, no change was
in the region reported in the literature

1 4 
to be observed in the breaking force to failure data

the crazing region for polycarbonate and well after 63 days. This would indicate that 4442 High
below the region of solubility parameter range of Gel did not weaken the module under these
9.0 to 10.7 which is the cracking region for condihions (see Table IX for data). A recent
polycarbonate. paper presented data from a similar test on 710

SB1-25 modular connectors in D-Encapsulant and D-

Solubility Parameter Theory Applied to 1000 Encapsulant, both polyurethane encapsulants.
Re-enterable Encapsulant These data have been incorporated into Table IX

The previous sections indicated that a threshold
solubility parameter value of about 7.9 was the Table IX - Flexure Force to Failure Data
lower limit to achieve absorption of cable filler for Encapsulated Splice Modular
and obtain adhesion to the coated conductors. In Connectors at 60

0
C

addition, a generally constant absorption of the
cable filling materials occurred if the total
solubility parameter of the encapsulant had a Aging Breaking Force, lbs.
range of about 8.0 to 9.0. Finally, the Time, Days 4005 DPMa 710-SB1b
accelerated aging test data were interpreted to
indicate that the total solubility parameter of Control 0 128c 136c
the encapsulant should be below about 8.3 to avoid (not
weakening or stress cracking the polycarbonate encapsulated) 7 130 ---
connectors. Therefore, there is a window in which 15 --- 130
the total solubility parameter of an encapsulant 21 129 ---
can be situated where adhesion can be obtained 31 --- 119
without stress cracking the polycarbonate. 63 129 ---

Figure 6 is an idealized representation of the 3M 4442 High Gel 7 130 ---
relationship between adhesion to grease coated 21 130 ---
conductors from filled cables and the stress 63 127 ---
cracking of polycarbonate. Absorption of the

D-Encapsulant 15 --- 92
Figure 6 31 --- 84

Relatlonsmp of soiubdtlty paameter of encapsulani D-1000 15 --- 70
to adhesion to grease coated conductors and 31 --- 75
stress cracking of Ooivcarbona:,

a3M MS2TM Super MateTM 4005-DPM Modules, average

of 3 samples.

Adhe0~7 bData taken from Table IV of reference 5 on AT&T
V^ ,thoul

S,1 -S Cac Technologies, 710 S11-25 modular connector,
/ average of 2 samples.

Coated X clnitial breaking force at 231C.Coatdcor

(Sod Le /Srress
or / b c onate and plotted along with the 3M data on 3M 4442 High

7-.'/ I' Dotted L.e, Gel in Figure 7. Both the 3M and AT&T tests

1obtain the breaking force to failure on the
80 85 9o encapsulated modules following ASTM D 790 after

SC P.oU0y Pa-aIel, accelerated aging, although the duration of the 3M
test is 63 days compared to 31 days in the AT&T

cable filling materials occurred in the range of test sequence.
about 8.0 to 9.0 where the encapsulant was
substantially compatible with the major Examination of Table IX and Figure 7 indicated
constituents in the cable filling compounds. that 3M 4442 High Gel did not stress crack 3M
Stress cracking of the polycarbonate connecting 4005-DPM modules in an accelerated aging test
devices steadily increases as the total whereas D-Encapsulant and D-1000 affected 710-SB1
solubility parameter of the encapsulant goes above modular connectors in a similar test.
8.3 and increases toward the solubility parameter
of polycarbonate at 9.3 to 10.3. aRegistered trademark of 3M.
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Figure 7 3. BellSouth Specification CAO 8735-BS dated May

1, 1985 on "Re-enterable Encapsulants".
Compatiodlty test of encapsulants on
pciycarbonate modules at 601C. 4. Bellcore Technical Advisory TA-TSY-000354

dated February, 1986 on "Re-enterable
Encapsulants".

_ _5. Chapin, J.T. and Sabia, R., Proceedings of
, ,the Thirty-Fourth International Wire and

it4 PH, ' gh Get Cable Symposium, p. 418, 1985

OL IO SS IBrtc s.... , 6. A.F.M. Barton "CRC Handbook of Solubility
0 Donc.psi Parameters and Other Cohesion Parameters",

1983, CRC Press, Boca Ranton, Florida

f3BI' ,11n 710 S1 Er C,p~stWaeI,,. 7. K.L. Hoy, "Tables of Solubility Parameters",
n- roCeL>t. 0o Union Carbide Corporation, 1975; J. Paint

Technol. 42, 76 (1970)

8. Barton, op. cit., pg. 314

' 9. W.W. Reynolds and E.C. Larson, Off. Dig.

Vv-, 60~ Fed.Soc. Paint Technol. 34, 311 (1962)

10. Shell Chemicals, "Solvent Power", Technical
Examination of Table IX and Figure 7 indicated Bulletin ICS (X)/79/2, 1979
that 3M 4442 High Gel did not stress crack 3M
4005-DPM modules in an accelerated aging test 11. M. Brauer, W.J. Downey, F.C. Naughton,
whereas D-Encapsulant and D-1000 affected 710-SB1 J.C. Chao U.S. Patent 4,596,743 (1986)
modular connectors in a similar test.

12. Shell Chemical Company Technical Bulletin
"Kraton G 1650 Thermoplastic Rubber", SC:38-
82

Conclusions
The use of the total solubility parameter of an 13. Barton, op. cit., pg 280

encapsulant provides a practical method for
understanding the encapsulants compatibility with 14. J. Miltz, A.T. DeBenenetto and S. Petric, J.

both cable filling compounds and polycarbonate of Materials Science, 13, p. 2037 (1978)

connectors. Data were presented which indicated a
window in which the total solubility parameter of
an encapsulant could be situated to obtain
adhesion to filled cable conductors without stress Attachment A
cracking polycarbonate connectors. The result is
a new encapsulant based on polyester chemistry Compatibility Testing of Encapsulant with
which offers the first alternative to polyurethane Polycarbonate Bars
encapsulants based on isocyanates. This new
encapsulant does not stress crack polycarbonate 1.1 The polycarbonate bar compatibility with
modules in accelerated aging tests and does not the encapsulent will be tested as follows:
exhibit environmental difficulties normally
reported for isocyanate based polyurethanes. 1.11 This evaluation requires polycarbonate

bars, 5" x 1/2" x 1/8", from General
Acknowledgements Electric, Lexan 141-112 (clear).

The authors wish to thank the following people for
their contributions to the paper: Michael C. 1.12 Measure the tensile strength in newtons per
Reese and Karen Staff; and to Doreen Grubicy, cm

2 
of three bars following the tensile test

A.J. Swiderski, Bonnie LeMere and Sue Lytle for method outline in ASTM D638 using an Instron
their help in preparing this manuscript. ten"le -chine at a cross head speed of 0.5

mr, gse values will serves as
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1.13 Let an aluminum tray as: Control-3 weeks
1. Mitchell, D.M. and Sabia, R., Proceedings of an ltreo the above bars i e

ano lace three of the above bars in the
the Twenty-Ninth International Wire and Cable tra These modules will not be
Symposium, p. 15, 1980 enca tilated.

2. Dawes, K. And McNeal, T.E., Proceedings of
the Thirty-Fourth International Wire and

Cable Symposium, p. 402, 1985
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1.14 Label each aluminum tray as: Encapsulant 3 1.16 As soon as possible and before gelling has
weeks. Place three of the above bars in occurred, place each aluminum tray, except
each tray. the control trays, into a pressure pot and

apply an external pressure of 20 psi until

1.15 Prepare the encapsulant to be tested and the encapsulant gels.
fill each tray. except the control tray, so
that all bars are submerged in the 1.17 Allow encapsulant to cure 24 hours.
encapsulant.

1.18 Place all the sample trays in an air-
1.16 Allow the encapsulant to cure 24 hours. circulating oven at 50

0
C.

1.17 Place all the sample trays in an air 1.19 Remove the 1-week tray and allow to cool to
circulating oven at 50

0
C. room temperature. Peel away the

encapsulant from the modules.
1.18 Remove the trays after three weeks and

allow to cool to room temperature. Peel Measure the breaking force following the
away the encapsulant from the bars. flexure test as in 1.12 for three modules.

1.19 Measure the tensile strength of the bars as
in 1.12 for the control and for each 1.20 Remove the control 1-week tray and allow to
encapsulant-3 weeks tray. cool to room temperature. Measure the

breaking force as in 1.12 using three
modules.

Attachment B 1.21 Repeat 1.19 and 1.20 at the 3 week and 9

week intervals.

Compatibility Testing of Encapsulant
with Polycarbonate Modules

1.1 The module compatibility with the

encapsulant will be tested as follows:

1.11 The module evaluation requires thirty
telecommunication connector modules. Each
module will be crimped with the maximum
wire gauge allowed, and the conductor shall
be of solid PIC insulation. This step is
required to impart maximum stress on each
module.

Note: Conductors of the crimped module will
be of any length.

1.12 Measure the breaking force in pounds of
three modules, following the flexure test
ouL'ined in ASTM D790 using an Instron
tensile machine at a cross head speed of
0.5 in/min. (support span of 130 mm, radius
support cylinder of 0.5 inch, nose radius of
0.75 inch). These values will serve as
controls.

1.13 Label three aluminum trays: Control 1 week,
Control 3 weeks, and Control 9 weeks. In
each tray, place three of the above modules.
These modules will not be encapsulated.

1.14 Label three aluminum trays: 1 week, 3
weeks, and 9 weeks. In each tray place six
of the above modules.

1.15 Prepare the encapsulant according to the
manufacture's instructions, and fill each
tray, except the control trays, so that all
modules are submerged in the encapsulant.
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A NOVEL ADHESIVE CLOSURE SYSTEM FOR HEAT RECOVERABLE SLEEVES

Linwood P. Beltz, Thomas J. Bonk, Tsung I. Chen,
Patricia M. Olson, Jeanine I. Zeller-Pendrey

Douglas E. Weiss

TelComm Products Division Laboratory/3M
Austin, Texas

Abstract that enough heat reaches the hot melt layer to
Heat recoverable articles are used extensively in effect adhesive bonding, a thermal sensitive
telecommunications over sheath splice bundles, indicator paint is often coated on the exterior of
often in directly buried applications. This paper the sleeve. Enough heat has been applied when
will describe a wraparound heat recoverable sleeve this paint turns color. After installation the
closure mechanism that consists of a high polyethylene sleeve must provide the same sort of
strength, high temperature resistant acrylic mechanical, electrical and chemical protection
pressure sensitive adhesive tape. Central to the that the original cable sheath imparted. See
performance of this tape is a high adhesion Figure 1 for a typical sleeve construction.
coating which chemically bonds to the adhesive.
Several of the problems involved in the

development of the pressure sensitive tape were Pressure Sensitve
overcome using interesting new test methods. Closure Tape

These accurately predicted some parameters that
are now incorporated into the tape. Finding a
test method that accurately predicted low these 

Outer

tapes would function in actual applicacions was Heat Shrink
central to the success of this projecc. Layer

(Backing)

Some aspects of the polyethylene backing also HotMe.
affect the taoe bond, such as the shrink force and Adhesie
degree of crosslinking. A new way of testing the Layer

backing has led to insights into properties such

as notch-tear resistance.

NN Thermal Sensitive
Introducti on Paint Coated Onto

Heat shrinkable articles for the Backing

telecommunications industry have been in
widespread use for several years. They include
heat recoverable tubes, tapes, end caps, articles,
and wrap-around sleeves. The wrap-around sleeve
concept is particularly useful for sealing tele-
phone splice joints and repairing damaged cable
sheath. These sleeves are generally polyethylene O- PSATape
or one of its copolymers that has been cross- 0 0 000 0 0 PE Backing (Top)
linked and stretched at high temperatures, then 0 0 0 00
frozen into the stretched condition by rapid 00C" 0 0 0 0 TCPaict

cooling. These products are easily installed and 0

may be re-entered at a later time if, for example,
a splice must be re-opened. They are installed by
first preparing the splice and cable, fastening Fig 1 Wraparoundsleeve.
the longitudinal edges of the sheet together
either mechanically or adhesively to form a tube It is important that the installation of the
around the cable, and then heating the sheet to sleeve be as ,simple and trouble-free as possible.
above its softening point, most commonly with a Typical problems that can occur are scorching and
gas torch. Generally a layer of hot melt splitting of the sleeve, splitting of the sleeve
adhesive is coated onto the inner surface of the due to nicks or cuts in the edge or because of
polyethylene backing which melts below the accidentally hitting it with the torch head,
softening point of the backing and provides a difficulty in fastening the edges together, or
tight, waterproof seal to the cable at each end of putting insufficient heat into the material to
the splice. This is vitally important for the melt the hut melt adhesive layer. One of the
success of the installation. In order to insure goals in developing a wrap-around sleeve was
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to eliminate as many of these problems as Top Side
possible. This paper will attempt to describe the

development of a new closure mechanism using a - PSA -

pressure sensitive adhesive tape and some of the Tape

technical problems that were overcome in its
development, including a unique test method that
relates laboratory testing to actual performance.
We will also explore a new way of testing IOverap
experimental polyethylene sleeve backings that I Area

Heat

gives insight into their development and Polyethylene 30
manufacture. Backing

Pressure Sensitive Tape Closure
A crucial element in any heat recoverable wrap-
around sleeve is the closure mechanism that holds
the edges of the sleeve together. It must be PSA

convenient to use and reliable in operation. A Tape

unique way to fasten two edges of the backing
sheet is to use a reinforced pressure sensitive Peelback Areas
tape. This approach has the advantages of being
convenient, allowing repositionability of the
closure, allowing changing dimensions because PelbackAreaRating

only one edge of the sheet is fixed, being easier 0 z BondFailure

to use in close quarters (i.e. in a pit) than a 3 =50% Failure

slip-on mechanical closure, following 
the contour

of bends easier because of its flexibility, and Fig. 2 Test used ro measure PSA taperopolyethylene

allowing reinforcement of specific areas of the backing bond

sheet.

The test specimens are made up of one inch by
The requirements, however, for a suitable tape are three inch pieces of pressure sensitive tape
strict. The tape has to be able to be applied at bonded at each end of a stretched piece of
a broad range of temperatures, has to be resistant polyethylene backing. The tape ends are clamped

to dirt and water contamination, has to have in a set of immovable jaws and quickly heated to
enough initial tack to hold at low aoplication at least 300

0
F, which is well above the softening

temperatures but not loosen at the high point of the backing. The quality of the bond is
temperatures of the torch, must form a bond that determined by how much of the polyethylene is able
can withstand the shrink forces of the to peel away from the tape. A rating scale of 0-6
polyethylene backing as it contracts, must have at is used, with zero indicating complete release of
least a three year shelf life and must be the tape and six indicating the best bond
repositionable if initially misapplied, possible, i.e. complete tape coverage. This test

has elements of shear, peel, and cleavage
In order to achieve all this an adhesion promoter incorporated into the failure mechanism and proved
was needed on the polyethylene backing to enhance to be closely correlatable to real life testing of

the adhesion of the pressure sensitive tape full sheets over splice closures.
adhesive. This adhesion promoter is applied in a
proprietary process that permanently bonds it to One of the first uses of this test method was in
the backing. The pressure sensitive adhesive then determining optimum thickness of the closure
cross-links to itself (internally) to withstand tape. In studying the geometry of a typical heat
the heat of the torch and also bonds to the shrink application, Figure 3, it appears that
backing through the adhesion promoter. The
resulting bond is well able to hold the forces of ,- Stress.,
the polyethylene shrinking under high o,

temperatures. C10 u )

Pressure Sensitive Tape Testing
Original attempts to test the pressure sensitive
closure tape using conventional shear and peel
tests met with mixed results. Data from these
types of tests were ambiguous and did not Cable

correlate well with actually testing sleeves on
splice closures. A new test was needed that could

utilize the shrinking forces of the polyethylene
backing, could be done at high temperatures to
simulate the use of a torch, and could incorporate
the adhesion promoter used in the backing to test
its efficacy. Such a method was developed and is
shown in Figure 2. Fig 3 Geometry of typical sleeve installation
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shear stresses would determine the failure mode. Unfortunately this formula had one major problem -
Shear testing in the laboratory indicated that it slowly cured at room temperature and became
thinner tapes (low adhesive caliper) would resist useless, losing all of its pressure sensitive tack
these forces best. This was not borne out in properties.
actual attempts to install sleeves, however, where
thin tapes gave erratic results. On the other A test method was developed to measure this
hand, peel testing of the tape from the backing increased cross-linking with time called the gel
gave no consistent trends at all. Yet we knew by swell test, which then gave a basis for further
observation that tape caliper was significant to research. The gel swell test gives a swelling
success. However, the new test method which index, "Q", by soaking one inch diameter thin
combined these failure modes, gave the best discs of the adhesive to be tested in a solvent
answer, as shown in Figure 4. It turned out that for twenty four hours, then weighing to give the
increasing caliper gave better results until an swollen PSA weight, which is compared to the
optimum point, after which increased thickness was original weight of the disc before soaking.
detrimental. This allowed an accurate prediction
of the optimum value of pressure sensitive tape The Q is calculated as:
caliper.

Opi,'un, PSA Swelling Index = Q = Ws - Wo.
, cWo

% where Wo is the dry weight of the PSA and Ws is
5- I , the swollen weight. The higher the Q value is,

the more solvent is absorbed and the lower the
4 - crosslinking of the adhesive. In other words, Q

is an inverse measure of the reaction that has

occurred in the adhesive. Figure 6 shows the
3- results of running this test on the original

adhesive.

2 -
FIGURE 6

Gel Swell Test
1- i

Conditions Q Value
__Before Aging 4.6

PSA Caliper
Icreasrg . . Cured 350'F -

4 minutes 2.4
Fig 4 Graph indicating pertormance o PSA tape versus caliper

Aged at 155
0
F

1 day 4.4
2 days 3.3

Pressure Sensitive Adhesive Formulation 3 days 3.2
Perhaps the biggest challenge to the program came 4 days 3.2
in trying to balance the properties of the 6 days 3.4
pressure sensitive adhesive used on the tape. 8 days 2.8
This material must cure quickly under the heat of
the torch during application, but must maintain a Aged at 180OF
shelf life measured in years at ambient 12 hours 3.1
temperatures ranging to 1401F. The initial tape 24 hours 2.5
adhesive formulation is shown generically in
Figure 5. This was the first material developed
that indicated feasibility. It had good initial
tack and was repositionable, yet also cross-linked Full cure is considered to be after four minutes
fast enough at high temperatures to hold the at 350

0
F, and the Q value goes from 4.6 to 2.4

shrinking polythylene backing together. during full cure. Significant curing and loss of
tack occurs at 155

0
F in a matter of a few days,

FIGURE 5 while at higher temperatures the same effects may

Original PSA Adhesive Formulation be measured in hours. At room temperatures this
adhesive slowly lost tack until it was useless

Parts within a few months.
Acrylate Esters 84

Testing variations of the original formula gives
Acidic Monomer 16 the results shown in Figure 7. Here the original

formulation is compared to materials with no
MFX* 3.5 multi-functional cross-linker and with no

reinforcing filler. The multi-functional cross-
Reinforcing Filler 6.5 linker was the key to achieving the quick cure

needed during torching, yet was a liability to
*Multifunctional thermal crosslinker having long shelf life.
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FIGURE 7 and were also tested on actual sleeves after the
Formula Variation of Original Formulation 150OF aging. This data is presented in Figure 9,

A B C D FIGURE 9

Acrylate Q Values

Esters 84 84 84 84 Days Aged
at 150'F E F G A

Acidic Monomer 16 16 16 16 0 Dissolves 13.1 8.0 4.9

MFX 3.5 -- 3.5 -- 5 3.8 11.9 5.3 2.6

Reinforcing 10 3.3 12.2 5.5 2.3
Filler 6.5 .. ..- 6.5 17 3.1 11.6 5.4 2.2

"Q" Results 35 2.9 12.5 5.6 2.2

Original
(no aging) 4.9 30.0 34.1 26.8 Functional Sleeve Evaluation

5 days at 155OF 2.6 34.9 3.3 18.6 Days at
150OF

10 days at 155
0
F 2.3 30.7 2.9 16.2 E F G A

1 HoTds Fails HoTds HoTds
It also was evident from the results of formula D
that the reinforcing filler was having a slight 5 Holds Fails Holds Fails
curing effect on the adhesive. Neither formula B
nor formula D were effective as tapes for holding 10 Holds Fails Holds Fails
a heat shrinkable sleeve together during
torching. Simply scaling down the amount of MFX 35 Fails Fails Holds Fails
(the multi-functional thermal crosslinking agent)
used in the formula was tried but did not give along with data from the original tape. Note that
the long term results that were needed, only formula G lasts the full 35 days of aging at
Fortunately at this same time research on several 150OF in functional sleeve testing. Note also
new crosslinkers was going on. Figure 8 shows that the Q index for formula G drops to an
three formulations typical of the experimental intermediate level after one day of aging and then
materials tried with the new cross-linker, EXP-A stays very steady. This is shown graphically in
which uses a different reaction intermediate than Figure 10.
the MFX. 15

FIGURE 8 Aoe A 150F
Effect of Varying Crosslinking Material A F

E F G
Acrylate 10-

Esters 90 90 90

Acidic Monomer 10 10 10

MFX 2.2 -- 0.5 5
Reinforcing "- --- •.
Filler 4 4 4"A

EXP-A -- 0.1 0.1 0 '

0 10 20 30 40
T-me Day

Swell Index Q
Fac 10 Swelihng results for various formulations

E F G
Not Aged Dissolves 13.0 8.0 Although this has been recounted and abbreviated

in a few paragraphs, in fact the search for the
Cured at 350OF 4.2 12.8 6.2 right combination of cross-linkers took many

months, with many materials being evaluated and
abandoned. The results were well worth it. The

Formulas E and G were both initially effective in finalized tape has an indefinite shelf life at
holding the wraparound sleeve during torching. ambient temperatures, good aggressive tack over a
Formula F, with no MFX did not seem to cure fast wide temperature range, is repositionable, and
enough to withstand the heat. All these formulas performs exceptionally well under torching
were aged at 150OF and tested for gel swell (Q) conditions.

688 International Wire & Cable Symposium Proceedings 1987



These backings may be reinforced at particular stretching, annealing temperature, speed of
areas of the sleeve, for instance where a valve stretching, amount of crosslinking, and backing
needs to be inserted. This is possible because of thickness all play a part. One of the fundamental
the adhesion promoter which acts in concert with questions in the development of the polyethylene
the pressure sensitive closure tape. To reinforce backing was how much to crosslink it. Up to a
around a valve, a hole is cut into a separate point, the more crosslinked a backing is, the
piece of the closure tape, which is then bonded to tougher it becomes but at the same time the shrink
the backing around the valve. See Figure 11. forces get very high. Some minimal crosslinking
This feature allows new uses for the backing which is needed to enable the material to hold together
may not be possible with other types of heat during stretching and installation without melting
recoverable materials, or tearing. The optimum crosslinking level must

be chosen to balance toughness against shrink
force.

In investigating this a slightly different test
34 method was used that increased our understanding

( of the process and pointed to some improvements
that could be made in this type of product. For
simplification we will consider two levels of
crosslinking, a medium amount and a high amount of
crosslinking as measured by the hot modulus of the

material. Using the new test method, instead of
starting the force measurements at high
temperatures, the material was placed cold into

Fig 11 fnstallation ot a valve through a wraparound sleeve the test jaws and the temperature of the test oven

Optimizing the Polyethylene Backing gradually increased to 300
0
F, then allowed to

The manner of fabricating the polyethylene cool. The graphs of the forces generated areThe annr o fabicaingthe olythyeneshown in Figures 13 and 14 for the two levels of
backing, particularly the stretching step, had a crosslinking. Some of the points to note on the

large effect on the success of the tape bond. crves are:

Very large stresses could be induced by not curves are:

controlling the maximum force created during the 1. There is a well defined softening point for
shrinking process itself. On the other hand, some each material (the peak of the curve)
minimum internal forces were necessary in order to
get a material that shrank efficiently. The 2. The softening point of the high modulus
'shrink force" for a stretched material is shown material is slightly elevated.
in Figure 12 and is typically measured on a
tensiometer such as an Instron by grasping both 3. Higher overall stresses or shrink forces are
ends of a strip of stretched backing in the generated with the high modulus material
machines fixed jaws at a temperature above the
softening point of the backing. The forces build 4. Stress relief occurs with the medium modulus
to a maximum as the material is quickly heated material above the softening point, but not
past its softening point, then tail off as stress with the high modulus material. This is shown
relaxation occurs. Obviously the higher this by the shape of the curve past the softening
maximum, the more stresses imposed on the adhesive point. The forces in the high modulus
bond during sleeve installation, material stay essentially constant above the

Shrink Force softening point, while the medium modulus
material resolves the stresses as shown by the
falling force curve.

2 Medium Modulus
Material

Typically Run At 300VF

S .

Smnm 2 minTmme / -0 
• " '

Fg 12 ypcal Shrink force results on a stretched polyethylene backing

150
o  

200' 250 30o
Several factors can influence the amount of shrink OvenTemp.(F)
force in the stretched sheet. For any given Fig 13 Typical force curve generated for a medum

modulus material as temperature is increased to
compound formulation, the temperature of 300F. then allowed to cool
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High Modulus Material Typical Data for MagnashrinkTM Heat

Recoverable Backings
The following is a compilation of typical
performance data for the heat recoverable

*,,. material.

Test Reference flue
Tensile ASTM D412 3100 psi
(ultimate)

Elongation ASTM 0412 600%

(ultimate)

o-,-,. Low Temp. ASTM C509 Below

Fig. 14 Typical force curve generated for a high Flex -40OF
modulus material as temperature is increased to
3401F. then allowed to cool. Heat Bell Labs No dripping

Resistance KS-21766 (4 flowing,
To maintain the lowest stresses on the PSA bond hrs. @ 1501C or cracking
the medium modulus materials were investigated
because they generated lower stresses. Heat ASTM D2671 3100 psi

Resistance (168 hr. 600%

Fortuitously they were also far superior in a at 150'C)
property known as notch tear resistance - that is,
the ability to resist propagating a tear during Water ASTM D570 0.015%
shrinking. This is measured by conducting a test Absorption

similar to the shrink force test, but with a
notched test specimen. This is an extremely Vc'ume ASTM D257 1017 ohm/cm
important property during the installation of a Resistivity
sleeve, when improper trimming by the craftsmen,
or accidentally hitting the hot backing with a Dielectric ASTM 02671 905 kv/cm
torch head, or a protruding edge from a splice Strength
bundle, may cause tearing of the backing and an
unsuccessful installation. When a notch is Corrosion ASTM D2671 Non-corrosive
deliberately put into the high modulus material
immediate failure results, whereas survival of the Testing
medium modulus materials can be anywhere from
thirty seconds to "infinity" (no failure) Stress ASTM D1693 No cracking
depending on the type of notch and other Cracking
properties of the backing. This is possible
because of the stress relaxation that occurs and
that is illustrated in Figure 13. It was also Chemical Resistance
discovered that the optimum stretching temperature
occurs very near the peak of the graphs, The MagnashrinkTM HR Sleeve was evaluated for
especially for the medium modulus materials, chemical resistance per the criteria below with
Stretching below this point introduces "cold the following results:
stretch" forces that are quite high and
detrimental to the pressure sensitive tape closure A. Chemical Resistance
bond. Stretching at temperatures much above this Tensile bar samples were aged for 24 hours at
point allows stress relaxation mechanisms to occur 100°F in the environment indicated below and then
in the material, with loss of ability to fully tested for their physical properties in accordance
recover to the original dimensions. with ASTM D-412.

The final backing represents an optimized blend of Chemical Environments
properties. It puts minimal stress on the PSA 3% H2SO4 (Sulfuric Acid)
bond during shrinking, yet is tough, resistant to 0.2N NaOH (Sodium Hydroxide)
heat and chemicals, and does what it is designed 10% Igepal CO-630
to do - be a satisfactory replacement for the Gasoline (Room Temperature)
cable sheath.
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Chemical Resistance Test Results Conclusion
All components of the wraparound sleeve must

MagnashrinkTM Percent complement each other. The pressure sensitive
Environment Parameter Backing Change closure strip and adhesion promoting layer must
Initial Tensile 2936 lbs. bond properly under highly varying environmental

Elongation 609% conditions and must not release at high
Hardness 56* temperatures. The backing must be formulated and

processed to put minimal stress on the adhesive
3% H2SO4  Tensile 3014 lbs. 2.7 closure bond during application. This system has

Elongation 617% 1.3 demonstrated a useful blend of properties with
Hardness 55.5 -0.89 each component optimized to gain the best overall
Weight Change 0.028 properties.

.2N NaOH Tensile 3046 lbs. 3.7 Acknowledgements
Elongation 616% 1.1 The authors wish to thank the following people for
Hardness 55.3 -1.2 their contributions to the paper: Doreen Grubicy,
Weight Change 0.042 Sue Lytle, Bonnie LeMere and A.J. Swiderski for

their help in preparing this manuscript.
10% IGEPAL Tensile 3204 lbs. 9.1
CO-630 Elongation 629% 3.3
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- __ Table 1 Aplicable Cable
T - -Number of fibers Number of cables

to be enclosed Cable outside
Lt T nt ebrCapSaig1ape Type sige ut- daee m)to be entered

St enghMeb c Sealing cord sige ut. daee m)(each side)
Slee Fber Sheet CouphegBer fiber fiber

aoCable Clamp ____ ____ _______ ________

_ S 30 -

Bck L 60 120 Max. 25

iFor Straight Jointing (Type S,1L) B 100 160 2

Strength Member Clamp LSealing tape -

Sleeve Fiber Sheetj -
(CaseY cowlingBar

Cable Clamp

End Block
Cable Strength Member 'Optical Fiber

ii) For Branch Jointing (Type B)
Type 1(mm) Weight (kg)

5 590 5.3 . - .-

L. 690 1.0 -

8 690 9.5 Unt:m

Fig. I Structure, Dimensions and Weight

rf'r-lI m . F

Sleeve En d
(Narrowed)

Fig.2 Shape of Sleeve End
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Coupling Bar N

Table 2 Airtight test results
Item Test conditions rn Results

Room gas 1.Okgf/c.m5 filled H0 o gas

Fie nclosing Sheet temperature After 30days ___ leakage

Optical Fie (thin patcsf)Temperature gas 1.Okgf/cm
2 filled

(snl)cycling 2cycles/day, 1O0cycles ditto
(I' 0C to +80'c 20

_______ -20*C to + 6O'C 20 ____

Cable bending gas l.Okgf/CM2 filled
*Bending radius =6D 4 dit

(D=Cable diameter) 4 dit
10lreciprocal bend

i) For Single-Fiber (1 or 2 Fiber/sheet) Vibration gas 1.Okgf/cm
2 filled

I 10Hz

CopigBrSupport pitch :50cm 4 ditto
*Single amplitude :5mm

*One million cycles

Hydraulic 72hr

*gas l.Oirgf/CM 2 filled 5 No water
30m-water head ingress

2 20m-water head 4

Crush gas l.Okgl/cnn filled N a
Fiber Enclosing Case 300kg 5 o lekgs

(thinplasic-had) __________ (load speed 10mm/mmn) lekg
Optical Fiber Impact gas 1.Okgf/cm2 filled

(multi Temperature -20'C (lhr 5 ditto
- .. A 1.Okgt weight

/ height of Im(Tensile gas I.Okgf/cm2 filled
'I Cable sheath

_________________________________ *more than 70% of cable 10 ditto

ii) For Multi-Fiber (5 Fibers/case) 2sheath strength
2more than 50kgf 1

Static load gas l.Dkgf/cm' filledFig.5 Fiber Enclosing Method A5kfwih it
*outdoor 6months

TabeO Loss increase test results

Accoisodatiun of Loss increase by accorsodatiuc of excess Below

excess length length oi fiber is the closure 0.021dB

WTemperature -20'C to +60C
cycling 2 cycles/day, 100 cycles ditto

State of accomodation

Vibration 10Hz
Support pitch :50cm

4Single amplitude :5mm ditto
...........- .One million cycles

. . Stet Of uccemodatlon
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Table 4 Environment test results (rubber)
Elongation

Environment (Residual rate)
Itmconditions Initial AfterV r. r

stage test 1

Weather-0-merer 1 cycle .7

OIS-0-0202) (shower 12min 100 100
sunshine 60mm +

2000 hr

Resistance of 4weeks+
plastics to H,0 100 100
Chemical Substances ~210% I4ZS04 100 90 !

CJIS-K-7114) '310% Hcl 100 96r

4' 10% NaOlI 100 96 _________

Thermal ageing - 80, too 91
properties 4weeks 7
(IIS-l-6301)

Table 5 Environment test results (plastic)
Bending Strength

ItemEnvironment (Residual rate)
conditions Initial After

stage test

Weather-O-meter *1 cycle
(JIS-0-0202) shpwer 12min 100 93

sunshine 60 min
2000 hr

Resistance of 4weeks
plastics to -1 1,0 100 98
Chemical Substances '2- 10 % H2S0, 100 05
(JIS-K-7114) 3' 10%1 Ndl 100 83

14 10% NaOH 100 80

Thermal ageing -80* 100 95

properties 4weeks
(JIS-K-7114)

International Wire & Cable Symposium Proceedings 1987 697



f H _ . ... ..

1 1 i '

r. Z ::r . i r,,' i"r ' .: -I r c " . r 1 k :, + :

1., td .n-r , v.

i Wire & C Symposium Poen 197 n

698 International Wire & Cable Symposium Proceedings 1987



A NEW UNIVERSAL SPLICE CLOSURE SYSTEM

D. Kunze, J. Rost, E. Bachel - Siemens AG

G. Boscher - RXS L. Mendat - AMP

RXS Schrumpftechnik
D-5800 Hagen 1
West Germany

Mechanically sealed closures must have a well-
ABSTRACT designed strain relief system. In heat shrinkable

and cast resin closures, the strain relief is

This paper details a new splice closure system inherent to the system. The strain relief system

developed for use in pressurized/nonpressurized for mechanically sealed closures usually involves
buried, aerial, and underground telecommunication several installation steps, as well as components
environments. This closure system was designed to specifically designed for this purpose. These
specific requirements to achieve desired perfor- extra components and installation steps must be
mance in a wide variety of applications, considered a disadvantage, since misinstallation

or omission can significantly reduce the life of

Installation of this system requires no external the installed closure.

power source and minimal tooling. Ease of
installation and reduction of parts are addressed. REQUIREMENTS FOR A UNIVERSAL CLOSURE
A permanent reusable sealing system greatly
reduces reentry cost, and the cable strain relief A. Closures must be easy to install.
system has been integrated into the end cap 1. Installation must be safe and economical.
closing system. The complete product family 2. No special tools required for reentry
provides closures of different lengths and diam- 3. Reusable sealing materials
eters to meet industry requirements for cable B. Closures must be suitable for various
entry, as well as splice capacity. Laboratory
testing simulating outside plant environments has applications.

1. Installed on cut or uncut cable
been performed to determine the long-term 2. Straight and branch splices
reliability of the product. 3. Suitable for direct buried, aerial, and

underground installations

INTRODUCTION 4. Used on various cable types

C. Closures must be pressuretight.

The introduction of plastic sheathed telecommu- D. Closures must be economical to use.

nications cables provided a requirement for new
closures to replace the lead-sleeve type closures The demand for easy reentry of the closure leads
which had been in application for many years. to the design principle that the sealing of the
Worldwide many products were developed which cable entrance is performed by plastic end caps.
utilized installation techniques such as welding, The splice is sealed by a longitudinally split
bonding, and the injection of thermal plastics. plastic tube.
At present, heat shrinkable and mechanically
sealed closures are most prevalent in the industry. Presently, there are two versions of end caps.

These are end caps with precut cable inlets and

When compared with other techniques, mechanically uncut end caps which are prepared on site

sealed closures show advantages, as they can be according to the cable configuration.

installed without an outside power source and are

reusable. Mechanical closures do, however, Years of field experience worldwide has shown
present design challenges. Development of a relia- that on-site end cap preparation is an advantage,
ble sealing system of plastics or elastomers, as as only one end cap is required for a wide variety
well as a strain relief system which is effective of appllcations. It is of no consequence whether
and easily installed, are of great concern, since one, several, or no cables are introduced to the
they are fundamental to the overall performance of closure. The need for washers or enlarging the
the product. The use of high viscosity plastic cable with various thicknesses of sealing tape is
sealing materials would provide an advantage, as eliminated. On-site cutting provides the flexi-
they tend to compensate for rough surfaces or bility of installing cables per the particular
molding deviations in the critical sealing areas, application. Only this principle completely meets
Conversely, elastomeric materials are reusable, the demands of universal application. Therefore,
which reduces user costs and speeds the reentry one of the prerequisites in the development of a
process.
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new closure is that the drilled cable inlets in

which the cables, which are never completely

smooth or circular, are best sealed with an

adhesive durable plastic sealing compound.
Installation on uncut cables requires that end
caps be of a two-piece design. These end caps END CAP

are secured with connecting bars.

The longitudinally slit plastic tube provides easy TENSION DISK

installation and reentry of the closure. Compared
with two-piece covers, this method is of advantage PLANE OF

since there is only one longitudinal seal which CABLE ENTRANCE

can always be brought to the most favorable

position of installation. Tapered clamping bars

have proven effective in securing the cover.

Great importance was placed in the fact that no

special tools should be required for installation

or removal of the clamping bars. To aid in this
process, a reusable elastomer is used to seal the

plastic tube.
END CAP AND

Criteria for the selection of the closure material TENSION DISK

are corrosion resistance, durability, elasticity, SIMULTANEOUSLY
low temperature crack resistance, and compatibil- DRILLED

ity with cable materials, as well as low permea-

tion.

The shield connection is accomplished via industry

standard bonding clips. Sheath continuity is

established with a provided grounding wire.

STRAIN RELIEF SYSTEM
CABLE INSERTED

The strain relief system serves to relieve

external pull, pushing, and torsion forces from

affecting the performance of the cable seal and

the splice inside the closure. This is usually

accomplished by installing jagged metal parts
which grip the cable sheath and are secured with

screws or hose clamps. These supports must be

installed carefully. This procedure is especially

difficult when simultaneously introducing multiple
cables of varying diameters. The splice capacity

is also reduced.

The New Universal Closure provides flexible strain

relief disks which are incorporated into each end TENSION DISKS

cap half as shown in Figure 1. Since the new end PRESSED DOWN
cap design contains the strain relief system

mechanism, custom fitting occurs during the cable CABLE DEFORMED

entry cutting procedure. During the installation

of the end caps the strain relief disks are
automatically pressed on the cables irrespective

of the number or size of cable installed. As

these disks grip the cable, this compression
reduces the cavities in the cable, as well as the

overall cable diameter providing the necessary FIGURE 1 STRAIN RELIEF SYSTEM

strain relief. The increase in pneumatic resis-

tance resulting from this compression is negli-

gible. This system is suitable for use on copper

cables, as well as optical waveguides. Measure-
ments show no decrease in insulation resistance
nor increase in attenuation.
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END CAPS

The two-piece end caps consist of waffles to se.<

the cable entry ports, the strain relief disks,

and the closing system. (See Figure 2.) Each end SPLICE
cap section contains one half of the closing

system. After cutting the cable entry ports,

applying the thermal plastic sealing tape, and
installing the cables, the two halves are bolted

together. During this process the strain relief % -

system is automatically pushed into place via the

metal frame, reducing the possibility of instal-

lation error. Removal is easily accomplished FORCETO OPEN
by removing and placing the closing screws in DELIVERED TBE

the ports designed for end cap removal. TUBE

METAL FRAME

TENSILE RELIEF DISK

FORCE TO CLOSE

TUBE

UPPER END PLATE HALFU

BEFORE INSTALLATION

CORRECT

METAL FRAME

STRAIN RELIEF
ST 

R

% INCORRECT

FIGURE 3 CLOSURE TUBE

UPPER END PLATE HALF

AFTER INSTALLATION

FIGURE 2 END CAP SEALING

The most difficult problem to overcome is the

design of a sealing system, which is further

complicated as the system must be applicable to

CLOSURE TUBE both cut and uncut cable installations. It is of

no consequence what principle of construction is

The plastic tube must be thin, light, and inexpen- chosen. There are always areas in which three

sive to manufacture. It must also be capable of components meet at one point or in one line.,e.g.

withstanding long-term internal pressure, as well the closure tube, round seal, and longitudinal

as external forces such as waterhead. Minimal seal. Subsequently, manufacturing tolerances,

effort should be required to install the tube and thermal expansion, relaxation of the materials,

assure sufficient compression of the elastic smoothness of the molded parts, and compressi-

seals. Optimal design, wall thickness, and rein- bility of the sealing material are important
forcement of the tube were ascertained by testing design issues.

and computation.
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FIGURE 5 SPECIFICATION TESTS FOR UCN

TEST CONDITIONS TESTED UP TO

FLASH TEST 1.1 Bar, 25
0
C/I Hour 16 Hours

STATIC PRESSURE 1 Bar, 25
0
C/24 Hours 48 Hours

WATERHEAD 5 Meters, 26
0
C/20 Days 20 Days

STATIC LOAD 1000N, 5cm
2
, 1 Bar, 25°C/10 Minutes I Hour

BENDING +300, 1 bar, 25oC/10 Minutes 1 Hour

VIBRATION 1.. .12 Hz, +lmm I lOct/min, I Bar/2 Hours 2 HoursVIBRATION12 ... 500 Hz, 5g

TENSILE STRENGTH 1000 N, 1 Bar/15 Minutes 15 Minutes

IMPACT 14 Nm, -20/+40
0
C, .7 Bar, 2 Times -40/+40

0
C 2 Times

STRESS CRACK Surface active liquid 50
0
C, Concentration 10%, 7 Days

TEMP. CYCLING -40/+60
0
C, 8 Hours, .7 Bar, 30 Cycles 50 Cycles

RE-ENTERING Open and Close, 25
0
C, 3 Times 5 Times

TORSION +900, max. 50 Nm, 5 Minutes/2 Cyclhs 5 Cycles
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The sealing system must be elastic, as well as SUMKARY

compressible. Excellent results have been
obtained utilizing expanded elastomers. Upon A new closure system has been developed for use
completion of the seal, high cellular pressure is in the outside plant telecommunications industry,
realized. Due to permeation this pressure has a This system features permanent reusable sealing
tendancy to decrease under long-term loads, materials, integrated strain relief, and an all
However, under the given circumstances cellular plastic exterior to eliminate corrosion concerns.
overpressure corresponds to the internal over- User friendliness was a key issue in the develop-
pressure of the installed closure, producing ment effort. This product has been and continues
almost balanced conditions from the beginning of to be tested to industry standards. At present
the load. this new UCN closure system is in the field

evaluation stage at various operating telephone
CLOSING SYSTEM companies.

Time proven tapered clamping bars are utilized to ACKNOWKDGMKNT
keep each tube seal pressed together on the
installed closure. The use of plastic clamping The authors would like to express their deep
bars eliminates external nuts and bolts and appreciation to the many members of Siemens,

associated torquing, as well as corrosion concerns. RXS, and AMP for their untiring efforts leading
The constructional design and the elastic seal to the development of the new closure system.
make it possible to install or remove the plastic Special appreciation is expressed to M. Heier
clamping bars with a few strokes of a hammer, for providing expert advice and guidance

throughout this development effort.
INSTALLATION PROCEDURE

AUTHORS
Installation steps are as follows:

A. Measure the cables with the provided measuring

tape and cut end caps according to these

measurements.
B. Clean and apply sealing paste and tape to

each cable.

C. Apply one layer of sealing tape to each lower

end cap segment.

D. Install each end cap over the tape wrap,
alternately tightening the bolts.

E. Install connecting bars and internal and

external grounding hardware.
F. Install and apply lubricant to all sealing l

materials.
G. Center the tube over the end caps and install

the clamping bars.

CLOSURE CAPACITIES D. Kunze received his Dipl.-Ing. degree in

physics from the Technical University of Berlin,
Figure 4 outlines the closure family with regard Germany in 1965 afterwhich he joined the

to usable internal dimensions and approximate SIEMENS AG Division for Telecommunication Cables
splice capacities. in Berlin. He worked in the "Technology Problems/

INTERNAL SHEATH PAIR Physics" Laboratory and became the manager of this

UCN DIAMETER(inches) OPENING(inches) CAPACITY division in 1969. He later became head of a group

6-10 6 10 50-400 of laboratories for the construction and testing

6-20 6 20 50-900 of cable accessories. He is now lead of the

8-20 8 20 600-1100 department of outside plant techniques in Munich.

8-24 8 24 1100-1500
8-30 8 30 1100-1800
10-20 10 20 1500-2400
10-30 10 30 2100-3600

10-40 10 40 2700-4200

FIGURE 4

TESTING

The UCN has been tested per the criteria outlined

in Figure 5.
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head of the Department of Export Sales and

Marketing at RXS Schrumpftechnik-Carnituren CmbH,

T %a fully-owned subsiciary of Siemens AC. RXS

manufactures and markets accessories for the

telecommunication and power industries.

From 1961 to 1978 J. Rost worked as an electrical -

engineer in the development laboratories for

domestic appliances and in the planning department

for power cable plants. In 1979 he joined

Siemens AG in Munich. In 1985 he became head of

the research group for testing cable accesjories

in the Telecommunication Cables Division of

Siemens AG, Munich. Leonard R. Mendat is Product Market Manager for

AMP NETCON Division and heads this AMP, Incor-

porated subsidiary's Closure Program. After

seven years working within the outside plant

telephone industry, Mr. Mendat joined AMP in 1976
as an Application Product Specialist. He has been

involved in international product marketing for

the past five years.

E. Bachel studied electrical engineering in Munich.

Since then he has been working as a development

engineer in the department for the construction of

accessories for telecommunication cables at

Siemens AG, Munich.

G. Boscher received his Dipl.-Phys. in physics

from the University of Munich, Germany in 1967.

He joined Siemens AG in 1967 and worked as a

development engineer in the laboratories for

mechanical and climatic simulation. In 1970 he

became head of a development group responsible

for testing accessories in the Telecommunication

Cables Division of Siemens AG in Munich. Since

1985 he has been working as a deputy director and
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VOLTAGE GRAD)IENT CONSIDERATIONS IN COMMUNICATION CAB3LES

J. W. LEVENGOOD

AT&T TECH-NOLOGIES, INC.
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.3

0

Si C
/ V

Figure 3a > .1 2 r RWG

22 2RWG----
x 20 RwG

5 67 89 1t1i2 13 14156 7 18 1920
Insuliation Thickness (mils)

Figure 4

VolItage Dis~tr ibutio presentedl in Figure 1. It should be nioted
Fiue bthat the gradient varies by as inuch as 18c(

over gaugae size at a given insulation thIiick-
tiess and ais much as 160%c ov-er the insulation
lhick ness ran.-e front . to 20 ilsk. Th'l us

there is al ob)vious problem when usi rig on e
voltnige level to test all products.

Voltage Gradient 2.2 PAIR
Figure 3c

Figu re :3 is a1 plot of thle coaxial fieldlet Fgr pentsaloofontnl vtae
lie innrer conductor anitih Ile oliler coniductor. surfse.rian the fieldl lines about a jIair of

With two insulat ions where iheivc c v0V-( cnuct ors in space. Thiis is the c (lassicalI

slat o, Io iilel.in'l~niol i -- eafl, 11,11 text book present at ion whe rc the entire area

lin olI ie utci ris [t in.l;;clioft hse ouitsidle thle condu ctors is assunmed to have
HIMof it, otc isultin. achof thse on e 0 ri iorin dIielectric. Thie shape of' thle vof-
ig i tesIi a t I necl~ar s ~li i Ii how:t age grad icrit along thie axis orft( ieiit er-s (of

.1 a c il(ld view of't lie two coiidlic- t he pair. and lle volta:ge (list rilbution over tie
o rs. ceniter line orft le ai is preseiited in, i''ugre
I plot of' I lie voltage (listrnibitiion 6. Peck " developed thle equnt ion for iel
liet iveitlietW)(1(1 n.al grl~ierit ((Y) bet weenl thle conductors:
:Ia plot of' thle gradient of thle volt age E

III te case of tlie first t wo (-oi figu rat (ios I t( i1(,-+x)( S- 2r )_ 121ti 11 {f1 ~+
g.1ndilrt of, thle volt ag-e is a1 mlaxuiii at t1 Ilie21 1

sirf~ice of, Ilie iiler coiiduictor wlue-enis tie
hird exaiiiple lund t W() peaks ii thle gradient. Eb, = voltage neutral
'lits last examiiple is an ex:1tiiple of' aI gr.1olud S = the distance betwveen

itisiliInt ion used in power cables. 1"1 ii on- ceo ters, of the conductors
iiiiatll*v rthe frt two exampile., a re thle owi" r =the radus of the wires
isui;lllv iisedill coniinliinicat ili (ales ilte apn ra iiloinN.I
lie lfhind exanni1pl(' sigitificaut lv reduices bll Whlat wvouldllaleti niuua o a

niiuxitiuiu g~olenu fr agien oltag leel placed around the wires' We could lirst
let weetin Ie cotid tio oirs. develop t ie( field as we did for Ilie case abiove

ati(l then, assess hiow\ t his field wouldi cimni
A plot of, t lie iui;ixinii ii ii g ;o lieit (gralieiit aIt it thle ini'oulat ing niediuti/nir interface. Since
flie iinner (orid ot or for var1iouls coii(ltuci oi air w~ould have a (dielectric conist ant less thlua
g1;itiges \crsiis. tie tot il iuisnlhit iou t lijekites is :r solid insulat ion thle curlves of coiist ant
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2.3 SHIELDED PAIR

Figure 7 p~resenlts :I a 111(1( or a ,hiIlIvi pair.
From this replresenitat in we -:ili see t hat of)
h le linle biet weellI the t wol conltiuctors tI fl, ield

a11(1 volt age (list riliitioi wvill he similar to t lie
present at ion for a jpair ill ,pav whereas t he
linle ext enldinig froiii thle colrilet or to IIlie

shel vill he s;inililho to tie voaxin vt ii

All f'lux liles will (either leiuiiiaie oil Ikle
shiel or thle couictors or- einiiilate from~ thle

shedor. the conductors. The shlield wvill
have iilcedI onl it tlie ci rent or. clharge (lIs-

FIGURE 5 triblut iol stiIf icienlt to con(htaOin thle fieldI
wait hin the spnaev insille the shlield. Thle

volt age would (liiige (lirct in at the inter- shiel hiigaIc onductor will hecomie aI equi-
fNce in) such a way fiat t hey (ileill) (i.e. potent(ial surface ( e1tl1l)(n will (ifroriii
wvere lu rt her aplart ) aiid as, a coniuis~ieice tie t ie fieldI to insire t his eon figiirit ion.

VOLT- G PND GRRDJIENT DISTRIBUTION IG'HE L7

FIGURE 6 hi ilieleit nc \61vitlaud testii, onie ioiilior

iV slhured to tie -liiel(i andl voltnage allfiplied
volt age gradiiit wold~ lie less. outside ti let w ell one coililict or :1I IiIl te otiler
iisui hit ionl. conid ict or nd~ shieldl. Thie volt age on Ile

if we hnd kept tdie volt age const1aiit Ilw aeei linie hetw\eein tie conduct ors iiiav Still he thle

lie two con(llictors t nen thle volt age di t rili- salii. alt loiigli prohahly not. I lowvevr. tie

ionl and thle volt age gradlient onl thle linle ill conotuctor id~er test auliil thle shiel will Iliai
Cent ers, hetweenl tlie, two couiuluict ors wo(l hIbei thle totail llpressill voltage ble wei i leiii.

siniilar to thle easev jresentedI ill Figure 6i This will appily thle to(t al voltnige across oile

ahov. This also hiapplens to lbe thel area of' t lickness orf iinsuulat ion and will signifienintly

miax i iui grni(l ien t increase thle gradlient iiulosedl onl that iuusula-
I[i l.

What hlappens when t lu- lir is fleil :I
caihle wvitl o(t her Iml.ir Ill general thle total 3. TESTING
fieldl will be (hi an1gel1. I lowever. t lie 1lioN-
inuiini gradlienv ill still l ceitrll onl lie linle 3.1 SPARK TESTING

he aeuthle cliters, ill thle pair. lirovioleil In the 'tntiuulact lining ofialiles thle individual11:1
hat aill the other pairs have the saiiie gaugeV wires are isitnllv plark te-tel(imn t lie

andI insuilt ion thick less orl thle pair iiuiler inuiltinig lnnvve,. Thle paurk I e-t niflies :I
StIiily.
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(oninli volto- i( iLt riltitoil niioii1(1 lie intii- voltnae level lbet weei one' wire inl ai cable \Wit If
hit ed w\ire. klIi is (Ii to t e.,t tie integiit 'v all ot her wi res and( sh ieldsI (ii rtrsent)
ol r liw ilisiilhit e(I \\-if( ile I to i'-dro I Ia it Ielwe sliorte(l toget her. This is ualyinl a Iair
:ii(11 If( liliiiil~ite( t'tect jotis of, Vci'.(oniigl iit iof as is shown inl ri'~iri' 5. We

Tile tlesite to O osi' il vo~ ltn vnig(' I o have seeni thlit thle fieldI plots of' a pair inl

pni~rk testn i ll Nie onii uratis wile sxt illrtie i~xtuig~let i(oiiiiitiiilie. lo(' no a air II't~l laXis het w'eu i lie ('0o1i11.1t01- 1ii(1 t hat thle
C(111ielhil. l(''[ltprovidle a art.,.i ct al niaxiuitum g-radlient occurs at thle -onl-

NNe liook at thle \~l ag I'ilit (liatI (I neit or surrace. The sautle ('oticernis onl mx-
I roi lie u(Iuniitott I or. onle inisiltion over. t lie llilV0t11CnrllVI :ll\ t HI. 2
iiilatiou ratige oft -) iiiils to 20 infls uingilo aiiun t'otar grasin pl o tg.tssa
2500u DC volt w out iii thlit (hit a ini thle 'ol- apidt pr (s~"
lo\\iiug Ibe.

___ _________ 3.3 TEST INDUCED FLAWS

A G Thiickness GradientSA G Mils Volts/mil Spark testing nay lbe iiptliedl at inst it e ait
__________ ________________ tisting andI at jtacketing operations with

20~~~~ _____________ 27pir te(sting performed as a final test. Thluis
21) PBit is possible to aipply high voltag-e gratlients

216 2)(15 to the salte wvire several timeis tltitirig
202501 inati i fact tirin Theire hans beeni cotsiderahle

'Ile at ual lttec io (i t ieiiii'git\of ie evidlence that smell testing may1 'set tip'' inti-
lationl to fail. In faet eahles this tested canIl

iirici k~ liat'tl up ton tl lo it ge g-io;f iil ibseqient ly fail at a r'(l needl voltn:ge level.
aple.\Vlo'ii we( i'e a1 silel level of,',

voltice( For u lift'reiint t hick tosses or iisiiionim. Itisuilat ing- mant etinkls ve intrinsie g railieiit

we' ar' t est iC- to tilifI'eri'ei levels, or ihite i'' .'it blitie t ot it' exceeole iav catise
Attot her porit oif' the whole Story has, to be)1' j )ri'tiitute (1l1111:11e to tilie inlation:10. It ha1S

t':iilili vor lie iiisuilit ioul ('ol 'ii tii'tlie boetn previously rep~ortedl that t Irevitg occurs
w ire. Eae.,h iiiilintion type hias a voltn:g(' gili in iii itisit at ioits, . This is (l('scribe(l as

tli'it epailiv nd hs ttlst e 'oislhi'i'l iiCroseotoc 'liaiini'ls ext endling paitlv or
w Ii('i asignng tet ~oh i~ewlolk. t t olugh a wall of' insilat ionl and)

rvtpi'e('ttig a ('li:1iraetetist ic foriti of' at enl
Vor l'oiir intsulationutli Ilie following t Ibe d:aIage.

linve provenl to Ib' t't'ec ive. As thle a itt hor~s itidicat ed it) tilie pHr "'Tree-
________________________________ _________ing" inl lolYvt hYlenle as a Irellutde to lrenk-

Insulation Maximumi dowii"

Type Voltsent "A ,;triking ('xamplc of tli*. wsias noted 201
volts/Mil years ago i.n. an (xpcrini mt in which a

Solid I Polxeth h lene 7 50 -,9 otlngth, of rubbcr-insulatced wirc
Solid (I ituoroitolY ne 5 was subjctedI to alternating stres.s. Aft(r
Sol1id Pol vvi iivI ('Ii ridle 500 eachi breaikdowin the failure was lifted out
Expanded( (Fonnii) 250

Th'lese littlits oit voltn~ ag rale ts otee (' 't .li1). \V. Kitehet.l 0. "'. 1,1ti0: ''1) ritly In
inisit at inns front) daiiutg iing tests' wlfli' lolyeikyhic (as ai J'clad' to Ilrt'aduii".It

p rivtl rg st licett itarils to h'etect flaws, \\iin'r Ccio'rit Nteetiiil N \r.N' ok

ill Ilie insullatedI wire. tI1rtiiY 2-7. t105S

3.2 PAIR TESTING 1). W\. Michellu. .. ,'i lrcc'in L'ffects in

As a hinal:1 t est ofrI v lie ItI eg rit Iv of a c; 1) 1e t lvt 5\Nsit'ii . t9t)s

ilieleet ne withlst and t est is pli'lto etolt
coui(tit'tor. This t est consists of' npljdii ng
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of water and stress again applied to the
remaining length. Without latent damt-
age the successive breakdowns should 7 thELNGH 2~FE

form ant increasing or at least a nonde-
creasing sequence.

III order I o test thlis hvol isi eea 4
leng-ths of' a PAV insulated wvire wvere t est edI.
TIhese tests Consisted of' placiiig ai wire inl a c
Cornd uctive wateri bath where the vol tag-e wans L
ap~plied bet weeni the Nvat er aind iel corid uc-
tor. The voltage wa ncesd mil break- _______________________

dlown occurred. The sect ion of' the wvire (Coii- a345S7B~iiIi 3~

tainirig the breakdown was l ocat Ied arid SEQUENCE NUMBER

reiroVed froni thie wat e r aid t hie t es I FGURE 8b
repeated . A sequience of lilt en test,, were
com leted oil each wvire a iid t he restilts wr
plot ted versus, (lie test sequence n iriihe. It'
";Oliie rlrIn of latent (liliagev was niot o(c(.lr-
ring- it N~'o1ldl be exeteIthlart lie equierice
p~resentedl inl thle plots would lie a rmoonoonicSMPELNT EE

noridecreasirig furiction oii lbre~ikdlo%%i volt age
gradliernt versuisequenc~rie nuiiiier.s(:iri lbe
Obiserved. this was riot thle case onl any of, thre
wvires. Therefore it musirt be conrcliudedl t liar
Some rlorni of late(nt (laiiiage is occiirririg inl 3

SEQUENCE NUMBER

a FIGURE Bc:

SA PL LEnT SR L LENGT 200EEE

U 1 4LI. L.

SEQUENCE NUMBER 0 a
LU

PFIGURE Ba
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4. SUMMARY 11] Attwood, Step~lin S.. "Electric and
Mlagnetic Fields" Dover lPubllieatil>.,

The use of* a sil-e volt age level as tvst :1 INC.. New York
reqluiremnent iilny ill somle CaseI(s overt (>4 a
w~ire or cal)le (Oil I.rigola iolll whi le Ulllerte(>4- [2] lKraus, .John DiI., " Elc c tromagne tics",
illg ot hers. Thie selectionl o, ((,., volt age level Nlc~raw-l fll Book Comlpanly. line..
shouild l se t lle ,radliellt hillol)>(( oil thle l~l i- New York, 10-43

gurt in a j~illarVconitlr~i lo fo I 'St[3] lPanofskv, Wolfgang K. 11. and Phlil-
le v ek. lips. M~elba. "Classical Electricity and

Th~e test of, tile the( inltegritv of Ile( i ilslll1 ing Magnetism'' 2d ed. Addljsoil-\esley
p~roce'ss is, not the level of volt ag( t hat (%Ill be1 b llIislliilg k ii~n.lw.B~drg
iiljres.,ed upon the( wire or wvire>, il tile( Mafssaicll ii(wtts. 1962
cou figu rat ion. Rat her it is thle g-rad ieilt of'[1 ek .\ r.DilcrcJI nm7(

lie voltagl'e imp lressedl. Thel( cond~lit ion t Iiat ifl High Voltage Engin. 7 ring,
should Ile mnaint ained f'or all coilfig urat ions Ne a- ilIok (oipn.Il.

arinsulation tYpes is that I he gradient New York. 1929.
implressedl onl the coil igo rat ion lbe adeq~u ate 5 Ril.Slil idWiilr.Jh .to (let ect a flaw inl til li an u actutring procesis M lO~all\\liiiieY..~l )I.

pi I h'. pit.t ii nu a ll. 't(. 0 "FIcIlds and Waves in Alodern IRadio",
inot inflict (laullag"e to the insulat ion. It k JonX9 lv -5ii3In e 'ok
plarticuilarly ilot ed tlatl expainded ( foaiu ) *lilsil-
fat ionis shld~i~ have su st alnt inlly lowerI illaN- [6] Scllelk unoff S. A.. 'lctromagn( tic
iflim test votg-radlient thIlil solidl Wl.ll~laves" 1). Vail .Nosflald C oillf:mYl.
I lil s. Inc. .N ew Y~ork, 1913

It las, beenl shlown t flat ovvi-testig Can1 [7] Sinyt he. \Villiani I. St at ic an d
indulce fa ltsi the inslationl t1 fiat . , a, be DYnamic lIectricity'' 2d vd..\cr-
(li>C-veredl at a lat er tile at a lower volt ae. H ill Hook C oilpanlv. Ill(., New\ Yiork.
Thulls Iligl I volt age t (>4 levels, sllold be Set at 19 5)
lo' lowest level to verily ' Iroduclit (jllalitv Intl [8J St ral toli. .J. .A.. ''Llcctrouuigru tic

repet lst i~g houd ~Illlliili/'Il 'Ficory''. N lc~raw\-1 fill. 11)11

Johni \V. Leveng oold hoilds a 11511. degree
f'roiii Vi II vrsit v of' Florida (1950), :11d a

de-ol i'ree f'roni thle Ne\\ York I niver-it v

lY 190. H~e toe-euil , \ \\lrk-- for .\l'k' T'echI-
ilologic.. Ilc, ill ill' l-Jct rollic \ire( nlld
C able D~evelopmlent lDelmlt 1illl ill Atlarnia.
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COMPARISON OF ONE SECONI) AND THREE' SECOND)
DIELECTRIC WVITH1STAND TEST

I.A. lslev

AT&T 'echnologies. [itic.
Omiaha. Nebraska

ABSTRACT statndard dw~ell thn itiC nce IDL doesM not
significantly alter thle effectiveness of our fault

This study compares t he defet ratevs from the dlet etion schieme.
dkWelet n withlstand ( t est uising ofle-sc(ond and
three-secondl dwell t ittic,. Six mthti Isof test A studyV to comtpare the ilfetrviie ini test
results fronm fou r high-volt age test sets-, were effectivenes'~s of' a onti-seconid vs. t Iiree-seconcl
collectedl andc atnial(. Resiults itidicate that high-volt:ge test was cotid 1(1e for a periodl of

he test effect iveiess 5 cotip);rniv for thew six titott s. The st td v which wa, aut horized
two test configurationis .by UL. was conifjined to cust omter p~remtise cabile

:lit(l cettral office ca ble.

INTIOI1 (-lON
The cale in% olved int t hMs At itiy was tested onl

Ilughvoh age dolcl e wit hst anrd testing is three AC test sets and~ one D)( test set.
perfortmed ott all cable mnanufact iired at the Because of' the proxitmity ofr lie( w)( tes~t set to
Omialia \Vorks. 'rle primary ob~ject ives of this the smaill pair size jacket ing lintes, thIiis test set
test are to (let et serious niechianical dlefects handled tlie tmajority of lte small pair size
and~ to entsuire a inininil (dielectrtic st rengthI in cab~les.
case lightntitng should enttr tie, core. No
inferetic an he ttale front the (l i c For thiy stutdy the dwell titmer ott AC' test set
withstanid test withI respiect to th insut~tlationi No. 3 wa:s toill set at three cecotndk and I te
service life. Tlests of thIis natutre are totiiiely (]well timers oii test (tsNo,. I :itid 2 N~erv left
rtin ott high-volt age power cabile where dwell at oie( s'cond. UThis, seiti NhI) a~lt ered. four

tiies ire t tinl esrdi as 1iths ito th aut y bea itf p roblemsi
withI t est set No. :1 .At t hat thline the( dwell

Thie dlielectric withlst and test conitiists of an t itti(' ott No. 2 wNns set at tItre econtds atnd
auitomtat ic application of AC or D)U high thle dwell iter oil Nou. :3 was set bauck to otw(
voltage toi each conductor wit I all other secondl. 'I'lie i well t itter oii thle M)( test set
condutct ors atnd the shield (if atny) groundled. No. I is accessible to t lie opierattor, thIerefore
T he test set operat ion inicludtes thle follwing tWle otte-sctittl vs. t Iirce-ecotti aidjutstmtient
step)s: 1. Apply high votage to a voiitlicor 2. was titatl by thle opetatot alt ettt iting betweet
Start a (Iwell titmer uplont seuisinig the dwell t ittis uise acht tew table \\:I., t estedl.
appropriaite volt age level ott thle contutctor. :3.
Enable the fault (detect circuit. 1. D~isabile thle No special :israitgettietits were madtte to direct a
fault detect circuit atnd disch arge it)hw high specific numtber of cabules or codes to any otie
voltage after thle dwell thitir t ittie owt. and 5. test set. It wa-:s dlecidled t hat a large etnottgh
Step to the tnext contd"iior and~ repueat steps I sattlil Mie ctiilu be ob~taiined lor bh dwell
t hrough 5. t i ties by a I low\itug, a tiortital flow\ of' produtcts

h rotigh I t( ti tet stat ionls. Vigil re I
'rte UiT. documnent onl commiunticatiotn cable, suitiirizc.s t lie product tini obitainied.
siubject I I I (I). callIs for at t Ii ee-second
application of htight volt age (luring the
dielectric withstand test. We contenid that a
onle-second application, which has been our

712 internationat Wire & Cable Symposium Proceedings 1987



'The test result, were (lI erell oil t lhe oplerator's USTTE

log sheet andl I urned in dnl I'lie, operator's 2400 TS

enitry includ~ed tn:g numiiber. cab~le leiigoh. (able 3 SECS
210 1SEC; TEST .c'ode, test set niumbi er, a ('heck mark for

rej ect ion ais requ iredl. and (In umiler of' high- 60711

volt age break downiis if anyv. Theoraron10el
test stNo. Il was inlstructedl to include the 1200

(,,,,t tiuie along NWit i theW te'st set nIumbier
e Tt r. li e opera tor log shieet dI a wvas

entered into0 thle 'omplluter onl a weekly basis
and( a suiiiiiry repsort was thlen gen'erat ed. 300
Thliis report a I owed for verific t ion that an 0w rl
adequate num ber of' cables were being tested A A A A A A A A A A A 1306 B 8 4 B B B B A

2 34 7 911 111 ! 1 1 11 ! 11 2 2 22
-it i le t Iirce-secondl dIwell tinme. 0245 02456890 237

,-ABLE CODE

1'rom thIie t estl resul ts of more thIian 16.000
reels, we dlelet ed t hose codes which Ii ad less

Ithan 30 reels test ed in eithIier the oule-secondl or
li ree-secoull (at egor. .A com parison of the

Iiigh-volt age dIropout rates for the 21I codes FIGURE 2

remai'iing is shown in Figure 2. Nine cable 30HIGs VOLTAGE DROPOUT RATE

codles show a higher dropout rate at the one-30
second test and fifteen show a higher dropout
rate at the three-second test. 240

120j

Aks shown in Figuire 3. 22 of the 2-1 codes : ~~
an alyzed hanve a Iiih r averagev len gthI per reel
for thev thlree se'ond~ test. Tils Would( seem to12

A A A A A A A A A A A B 31 ii 3 3 B
bias the results towardl a hig-her dIropiout rate 2 3 479 1 1 1 1 11 1''1 1 1 1 1 2 222

for thle thiree-second test. To) conifirmi this, a CBECD
correlation a ili, a si as mail e o)11 one of the CBECD

higli-volni mec'lst oiler liremise (-odles (A 10)
Which hiad a large (difference in average length
per reel for t ie two test ('atego~ries. Dri1oout
rate is plotted against cable lenigthI in Figure -1.
T'he abscissa repiresenlts IK feet cable length FIGURE 3

cells onil I lie ordlinate repiresent s thle DIFFERENCE IN AVERAGE TLF/6EEL

normalizied average dropout rate of those 3.0 -

cables tested iii the specific lengthI ceIl
23E

The seat ter plot shows no (correlat ion.
H owever. if thle I K and 2K lengt Ii cells were

discarded, a slight positive correlation can be o
seen. The regression line with a correlation .. ..._________

correlation would( su pport our con11tent ion that -.
the longer cables should 1 i ave a higher d rop~out
rate. Thel( disp~arity at the IK and 2K length -1.5A AAAAAA AAB B998 99

cells mlay be explained by the higher than 2 3 4 7 1 1 1I 1 1 1 1 1 1 1 1 I 2 2 2 2

normal dropout rate for cables whiichi have 02345 E 025OP923
been cut in the fault locate and repair area CBECD

and sent, back through the high-voltage test
stations.
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Fi ;[RE 4
DRCPO, VS. LENC-H
CAP05 CODE A10

3.0 99%

025

2 0

A A A AA -*A ;B B' 'B 6 BB'B '936
0 1 2 39 6 7 9 1 1 1 1 1 179j ' 1 1 1 1 . 1 11 1 2222

Two other miethods of comparing the dropout If a confidence level of 9)0('Y (t- 1.282) were
rates are present ed. The first, shown in chosen instead of q9 0. w Ne can conclude fromn
Figure 5. tests the hypot hesis (2)(3) that there the test results.. of seven cable codes that the
is no (Iifference b~et ween the two dropout d1ropou t rate, is g-reater for the t hree-second
rat es. \V here indlependlen t ;i in pies of size vi dwell t ime. H owever, from t he test results of'
andi A3 (> 29 ) are selectedN at rn (id(m fromn five( dirferent (able codles. we ca.n conclutde
two binomnial populations. the( statistic for that the dlrop~out rate is greater for the one-
t est inga thei (Iiilie r enic e bet ween t he twNo seTond(N dell t jute.
lproport ions is:

The iast nmet 110( of coniparison removes anyv
bias in dirop~out rate which inay be caused bY
t1 li i ~-~te (Ili feorevn ce in c alI)lIe Ilengt hi t ('St ed . A s
sta e, t -('iou si v. thr ia io-nificant

i-fl) iX~t+ (/Ni) differenc(e in average len gthI per ree'l for somie
cab~le codles. Figu re 6 shows the percent

where:lifference of the three-second dropout per
where: million linear feet (NILF) with respect to thle

I - P~roport ion of failures for thle oite- one-seconid dIropout per \ILF.
second Itest

R13 = P roport ion of failures for lie three-
.secondl t e't

R= P roport ion of failures for bothI tests 0D 050S0  
RAEs E M

AI = S, aip~lle size for the one-second tes;t 360

.V3 Saiiiple size for the three-second test 30

~" 240 .-

Our null livpothisk states- thitat thle dropout 180
rate at thIiree second. eqsul I thle dropout, rate ~ 10

'it One SeCOiid (110: R?3 = RI ). The alt ernat ive 12C.

to the null hypot hesis is that the dropout rate 60

ait, three seondls is greater than the d ropouit 0 9,_.

rate at one secondl (fit: 113 > !?i). Using a 00"c -60
confide(nce level we reject t he null hypot hesis '170

if the te(st statistic Z is, greater than :1.326 (t, A A A A A A A A A A A R 6 81 B ; B 8 9 8 B R P

from t (list ribut ion t~ilel). Frmortes5t, 037111 211 3125F202; 56

results,. t he nulli h 'ypot hesis 110 ca;n he rejecte C( 24 R t CO [1

for on ly four caffle c'odes. For ths ics'(odles wve
woouId a(c(ept thle alt erntat ive livpot hesis Ill.
Th~e re'main ing 20 codes show no statistical
b~asis of rejecting the null hypothesis.
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Thirteen of the 2-1 codes show a negative
percent difference. indicating a lower dropout
rate per %ILF for the three second test. .Note
also that two of the customer premnise codes 

-(A 10 and l 1I) whIichi showed a statistical basis
of rejecting- 110 in the previous anal 'ysis have a
lower d1ropoult rate per \ I for thie three-
second test.

Analysis of h rpu rt yIle hypothesis
test shows conflicting results, depending on
whliich ca ble c'ode., are conisidered. .Anal 'vsis of
the dIropout rate per linear feet removes the
reel leng~th variations and shows, essentially no
dIifference in the two tests. In conclusion, the
effectiveness of thle one-secondl aind thle three-
second~ (Iieleetriv Withlst and tevsts are
cornparnaI)le.

James A. Isley received his B.S. degree in
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DIGITAL TRANSMISSION ON CUSTOMER PREMISES WIRING

Stephen B. Pierce

Contel Laboratories
Norcross, GA 30092

ABSTRACT INTEGRATED SERVICES DIGITAL NETWORK

Performance criteria for Integrated Services A digital system has the ability to

Digital Network premises wiring are discussed, reconstruct a signal transmitted over a noisy,

Although economics dictate that existing wiring dispersive medium. A sampled waveform can be

be used to the fullest possible extent, error reconstructed almost exactly if the sampling rate

rates on circuits designed for analog is twice the bandwidth and the bandwidth includes

transmission may become unacceptable when too substantially all the energy in the waveform.

high a rate is transmitted over too long a Ultimate fidelity depends on bandlimiting and

distance. quantization, both of which introduce uncor-

Digital capacity, defined as the product of rectable errors: the first by excluding

bit rate and distance, is limited by crosstalk out-of-band energy, the second by approximating a

and intersymbol interference on the premises continuous variable by a discrete set of

wiring and by other impairments on the exchange levels. While one should be aware of them, noise
loop. The interface between the network and the and distortion are usually of far greater
premises relies on adaptive echo cancellation to importance.

convert between unidirectional and bidirectional
transmission. Transmission noise will appear as Digital Capacity

an uncancellable component at the receiver and
could also hinder convergence of the echo The transmission rate of a digital channel

canceller, carrying signal power P, noise power , and
distortion D, was derived many years ago,P:

INTRODUCTION l/T(b/s) = W'Iog 2(1+P/K(PD+N)) (1)
Factors influencing the suitability of

conventional premises wiring for use in the where, W, the equivalent bandwidth, is the area

Integrated Services Digital Network (ISDN) are under the amplitude characteristic (the cut-off

discussed. The ISDN is an end-to-end, repeater- frequency of an ideal low-pass channel with unit

less digital system operating over a conventional amplitude, for example) and K approaches unity

twisted-pair exchange loop known as a digital for sufficiently complex coding (K = 8 for

subscriber line (DSL). Signal-to-noise PCM). Since transmission distance is implicit in

requirements must account for attenuation and the signal-to-noise ratio, capacity may be stated

noise on the DSL and noise originating on the in terms of the maximum rate over the longest

premises wiring, distance for a given error.

The U-DSL interface is critical to the A relateo definition, the "figure of merit",
ISDN. Uncancellable noise could cause echo F z a /T, is useful where intersymbol inter-

cancellation to fail with resulting breakdown of ference due to frequency-dependent attenuation is

the system. Crosstalk on premises wiring is limiting. The figure of merit is the maximum

expected to be the main source of noise. Digital value the product of bit rate and (distance)a may

crosstalk is modeled for the case where mutual have for a given error criterion. The exponent

induction is negligible. Intersymbol inter- is 2 for metallic media and I for optical fiber

ference due to frequency-dependent attenuation
becomes important for pairs that are well- Digital Sub~criber Line

shielded and optimally twisted. Interference
can be predicted from formulas derived for the The ISDN is an end-to-end digital system

impulse response provided that pulse rise time is operating between the 4s Iscriber terminal and the

much faster than circuit response time. local exchange switch ' . The exchange network
portion is known as a digital subscriber line.
The DSL supports bidirectional transmission on
the exchange pair between the station side of the
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U-DSL interface and the local office. Trans- convolution of the transmitted signal with the
mission on the subscriber premises is unidirec- echo channel response. However, since trans-
tional (4-wire) and requires a hybrid interface, mission noise cannot be referenced, the signal at

the receiver contains an uncancellable compo-

Full-duplex transmission is achieved by nent. Near-end crosstalk is expected to be the
adaptive echo cancellation. Figure I illustrates most significant impairment on premises wiring.
the functions of the U-DSL interface. The hybrid This is because transmitting and receiving
transformer converts 4-wire transmission on the circuits that are not segregated or shielded from
premises wiring to 2-wire transmission on the each other can interfere effectively along their
DSL. Imperfect impedance balancing causes the entire length. Intersymbol interference could
transmitted and received signals to be reflected become limiting if crosstalk is negligible.
into each others channels with amplitudes
depending on the degree of imbalance. The echo Far-end crosstalk, intersystem crosstalk,
of the received signal, having been attenuated by and impulse noise are regarded as DSL impairments
the DSL, has little effect on transmission, but and will not be discussed at length. FEXT is
the echo of the transmitted signal may be at the ordinarily unimportant except for very long
same level as the received signal. Thus, the lines. However, unequal level far-end crosstalk
received signal is a composite of the desired due to the interference of a station relatively
signal, noise, and reflections at the hybrid and near the office with one relatively remote is
at other points on the DSL. similar to NEXT, and the effect is compounded if

the interference is between systems operating at
The DSL is intended to be repeaterless, with different power levels within the same cable.

a range limited to 18 kft or about 40 dB at the Impulse noise due to switching transients coupled
present time . This range restricts the level of between adjacent lines within the office should
interference that can be tolerated if an adequate also be taken into account.
signal-to-noise ratio and a low error rate are to

be achieved. Error Probability

Transmission errors are due to incorrect
decisions at the detector. Hence, error

probability is related directly to the
signal-to-noise ratio at the decision point.
Equivalently, it may be described in terms of the
eye diagram showing all possible pulses within

.. the sampled time slot. Figure 2 shows a fully
open eye diagram for a bipolar pulse. Pulses

-. - above and below the decision crosshairs (CH) are
coded s ones, those between the crosshairs as

S"zeroes

Echo Cancellation

The function of the echo canceller is to
determine the impulse response of the echo
channel, replicate the echo, delay it appro-
priately, and then subtract it from the received
signal. The canceller is adaptive in that it
adjusts its impulse response according to the
difference signal. An ideal canceller may be
envisioned as the inverse of the echo channel in v
tandem with it. Convergence of the replica to
the true response is affected by noise. While A IA , 1 1 M 1PRi l AR

the consequences of nonconvergence may be TRANMlM,1,I0N. F , tWEN

tolerable for speech, data rommunications are T.f DEC PuN kCAIA A-E

more demanding . cop 2 A' 7FP . 11(oE At .

OR P[W 1 2W All i'NU'l. INTL iiI i

(NCUs CA(LPI TF 711IF l (i

Echo cancellation requires the transmitted T14ER[ ,Y INC [ AN',I ll '21k
signal as a reference--the replica is obtained by PNRONA|ILTY.
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Noise and dispersion cause pulse amplitude Average values are appropriate for parallel
fluctuations which reduce the vertical eye pairs. It can be seen that twisting causes

opening. Timing jitter closes the eye positive and negative variations in X, effec-
horizontally. tively reducing the average value to zero. In

this case, X becomes a random variable with zero
The error probability for a bipolar pulse mean and crosstalk becomes proportional to the

with random noise is the probability that the mean-squared value of X.

noise will exceed one-half the pulse amplitude at
the sampling instant: Crosstalk interference depends on the

isolation of transmit and receive pairs from each
Pr(e) = (2/3)erfc(V/G(8) ) (2) other. Isolation is a function of geometry,

shielding, and twisting. Unshielded parallel

where erfc is the complimentary error function, pairs will have strong capacitive and inductive
V is the pulse peak amplitude, and a is the rms couplings while shielded pairs with short twist

noise power. Independent interferences are lengths will interfere weakly.
additive. It may be useful to estimate Pr(e)
when more than one noise is operative but only Capacitive Coupling
one rms value is available. As an example,
Figure 3 shows a plot of the error probability This model illustrates the role played by

versus peak signal-rms crosstalk for four levels pair-to-pair capacitance unbalance
9 .  

The inter-

of intersymbol interference. ference is obtained as the convolution of the
impulse response of the crosstalk path between
balanced pairs (the virtual coupling circuit)
with the voltage on the disturbing pair. The
result is an equation for the signal-to-noise
ratio on the disturbed pair. The interference
voltage is:

V(s) (sC/(s+a))Vo(S) (4)

where s = jw, C = /(C +4C is a ratio of
capacitances, 1/a Rcd C) 4, and

Cd = direct capacitance betweeni paired conductors

cc  = capacitance unbalance
between pairs

The disturbing voltage is modeled as a
trapezoidal pulse with equal rise and fall times:

4 iVo(S) = (/trS 2) M(-e-Str)-e-ST(1-eStr)) (5)

where I/T is the pulse repetition rate and t is
the rise time. This yields the disturbance as a
sum of delayed step responses multiplied by a
ratio of characteristic times, tx/t where tx is

the characteristic time for the virtual crosstalk
A_ _circuit and tc is the characteristic time for the

disturbed circuit:

.......... V(t) = tx/trlu(t)(l-et/tC)-u(t-tr)(l-e(tr-t)/tc)]

-tx /t rlu(t-T+tr)(1-e(T-tr-t)/tC)-u(t-T )

CROSSTALK MODELS (1-e(T-t)/tc)] (6)

Near-end crosstalk may be modeled as an The required signal-to-noise ratio is then

input signal that propagates on a circuit until S 
= 
20log(tr/txU).

it is coupled into an adjacent circuit and then
propagates in the opposite direction: If there are n interferences, each with the

W (3)x same coupli the pulse rise time must be longerrl(w) = j X-exp(- )dx (3) than ntx1OS/ u With the rise time expressed as

f a multiple of the pulse rate, r = T/tr, the

The quantity X=(ZoC/4+M/Zo) is the crosstalk maximum value of the pulse rate-distance product

function, C is capacitance unbalance, M is mutual becomes:

inductance, and V is the propagation constant.
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l/T = I/(rnRCciOS/20 ) (7) This model neglects mutual inductance and
tends to understate near-end crosstalk.

Also, if the duty cycle is 100 percent/d, Inductance may be safely ignored at low
then the maximum rise time is T/2d. frequencies where characteristic impedance is

large. Screening pairs from each other can
Crosstalk interference is illustrated in improve isolation at high frequencies where

Figures 4, 5, and 6. In these figures, the inductance may not be neglected. This might
circuit length is 100 feet, mutual capacitance is require careful pair selection in some existing
25 nF/kft, resistance is 100 ohms, and there are premises wiring, especially long runs of flat
four circuits interfering in phase. Pulse rise parallel-wire undercarpet cable.
is T/5 in Figures 4 and 5 and T/10 in Figuie 6.
The ratio of characteristic times tc/t x is 2 in Magnetic Shielding
Figure 4, 10 in Figure 5, and 10 in xFigure 6.
The signal-to-noise ratio is seen to depend on Induction may be decreased by enclosing the
the ratio of characteristic times. The pair in a shield. The shielding loss consists of
dependence of crosstalk on pulse rise time and absorption and reflection:
circuit response time is apparent.

A+R = 20log(H/H')dB (8)

where H and H' are the magnetic field intensities
(amperes/meter) on the outside and inside of the
shield and:

A 8.686t(wu/2p) dB = 8.686 t/6dB

- ( 2p -skin depth

R = 20log(IK+1I
2
/14KI)dB

K = d(2j) /6

u = permeability = 47rX10 7 (H/m)
- p = resistivity = 2.83X10-

8
(ohm-m)

for aluminum

d = distance of pair from screen

t = screen thickness

f frequency (Hz)

w = 2 rf

For d,!stances in mils an frequency in MHz,
A 2.63tf2dB and K = .42d(jf)

Shielding can offset the increase in
near-end crosstalk with frequency. For df >>2
the requirement is:

A(A+R) = 2.63t(f fo  )+10 10g(f/f0 )>15log(f/f
o )

or

•t > l.glog f/fo)/(f -fo 
)  (9)

Calculated screening losses for 4-mil
aluminum and a pair-screen distance of 100 mils

- -.. . .. are tabulated below. Observed increases in
7 crosstalk isolation with frequency may be

attributed to screening.

0.1 MHz 1.0 MHz 10 MHz

-- K 13.4 42.4 134
A 3.3 10.5 33.3
R 11 20.8 30.4

. A + R 14 31 64
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Twisting of rate and (distance)a, F = la/T(max), for a

Coupling between widely separated pairs is stated error criterion was derived for dispersign
ICaelying te ie y ear pairs s n due to frequency-dependent attenuation

largely inductive since intervening pairs screen Metallic media were investigated in the high
the electric field responsible for capacitive frequency limit where impedance is dominated by
coupling. Since mutual induction is also more the skin effect The model was later extended to
sensitive to twist, crosstalk becomes low frequencies

I .

increasingly twist-sensitive with frequency. The
variation of magnetic flux density of a twisted High Frequency Limit
wire pair as a function of twist period may
illustrate the effect of twisting on magnetic A normalized impulse response was obtained
induction for coaxial cable at frequencies where impedance

is dominated by the skin effect. The figure of
The tabulation shows 8z(dB), the flux merit was then obtained by invoking either pulse

density in the direction of the current, at overlap or rise time criteria. The normalized
points off the axis of the pair as a function of impulse response is:
twist period. Flux is constant for an inter-
mediate range of twists, a short twist is h(x) = x Ag(x) = x-3

12
exp(-I/x) (10)

desirable, and there is a common limiting
behavior for long twists. The geometrical factor where:
governing mutual inductance between pairs is the
cosine of the difference of pitch angles. x = t/A = normalized time
Incoherent phase serves to reduce the average
inductance. In addition, random manufacturing A = (ik/4Zo)2
variations randomize the phase angle sc that its I = circuit length
mean square value governs the interaction. Zo = (L/C) = characteristic

CONDUCTOR SEPARATION impedance

.05 .1 k 
= 

(up) /2rr 
= 
2.342xlO-8/r for

PAIR PAIR copper

T4IST SEPARATION SEPARATION u = permeability 4rxl-
7
(H/m)

PERIOD .1 .2 .4 .2 .4 .8 p 
= 

resistivity =.77xi0
-8 

(ohm-m)
for copper

.5 13 28 54 19 46 92 r = wire radius
1 16 26 41 19 33 60

2 182535 223246 and h(max) .41 at x = 2/3.

4 13 26 33 24 32 42 The figure of merit, F = 1
2
/T, is obtained

from the value of x corresponding to the
8 23 29 34 24 31 39 allowable pulse overlap. Using O.lh(max) as a

16 27 33 32 27 31 38 criterion yields x = 7.715, T = 7.715A, and

32 30 36 35 33 34 38 F = 1
2
/T(max) = 3.8Xlo-

3
(rZo)

2 
= 9.5 (ML/s-km

2
)

256 48 48 49 49 50 50
where the final result is for a coaxial cable

Crosstalk data obtained from available with inner conductor radius of 1.0 mm and
sources is difficult to assess, except for characteristic impedance of 50 ohms. Accord-
specific lengths and frequencies, because of the ingly, this cable should transmit 9.5 Mb/s over a
different test conditions used. In general, distance of 1 km with a maximum pulse overlap of
twisting and shielding individual pairs each 10 percent.
contributes from 5 to 10 dB at ISDN frequencies
and lengths from 50 to 1000 ft. A cable shield For paired wires, k

2
=(up/(r)

2
)/(1-(2r/D)

2
)

has little effect by itself, but a cable shield where D is pair separation. This yields
together with individual pair shields adds tens
of decibels at ISDN frequencies. Since the loop F = 9.44xlO-4(Zor)2(l-(2r/D)')
loss could be 40 dB, crosstalk loss should be = 1.15 (Mb/s-km

2 )
(11)

60 dB to provide a marginal signal-to-noise
ratio. This requirement could restrict trans- and the result uses Z0 = (120)cosh-

1
(0/?r),

mission distance and cable fill for existing 0/2r = 2, and r = .255mm(24 gauge). Accordingly,
premises wiring. an isolated 24-gauge pair should transmit

1.0 Mb/s over a distance of 1.15 km with an error
INTERSYMBOL INTERFERENCE rate corresponding to a pulse overlap of

Intersymbol interference becomes a consid- 10 percent.

eration when crosstalk is negligible. A figure
uf merit, defined as the maximum value of product
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Low Frequency Limit MAXIMUM RISE TIMES (ns)

The model was extended to low frequencies by f(kHz) 10 m 100 m 1 km
using the low-frequency propagation conjtant to
derive the normalized impulse response . The 8 .17 17 1700
respL se was found to have the same form as for 60 .068 6.8 680
the high frequency case: 100 .047 4.7 470

32i000 .031 3.1 310

h(y) = Brg(y) 
=  

y-3 2exp(-i/y) (12)

Bit rate-transmission distance capability
where: may be predicted from high frequency formulae if

rise times are shorter than those shown.
y = t/B = normalized time

B = (Im)2/2w CONCLUSION

a = (wRC/2) = attenuation Digital transmission capability on premises

R,C = resistance, capacitance wiring is limited by near-end crosstalk and
intersymbol interference. Fast pulses reduce

Zo = characteristic impedance = (R/wC) intersymbol interference but increase

crosstalk. Pulse characteristics should be
and the other symbols have their previous optimized for a given system. Crosstalk due to
mean i ngs. mutual induction at high frequencies may be

counteracted by screening. Induction is
As for the high frequency case, the figure increasingly twist-sensitive as the frequency

of merit was based on a 10-percent overlap increases, and optimized twisting and geometry
criterion to yield the result: are desirable.

F = 123f/a
2
(km

2
-Mb/s) (13) Intersymbol interference is limiting where

crosstalk is negligible. This would be the case
where a(f) is in dB/km measured at f(MHz). for individually shielded, twisted pairs with an

overall cable shield. The high-frequency figure
Unfortunately, there was little corres- of merit predicts peak-peak time jitter over a

pond ce between this result and eye distor- wide range of frequencies provided pulse rise
tion. Measurements using pseudorandom NRZ time is much shorter than circuit response time.
(non-return to zero) code over a wide range of
bit rates indicated that 50-percent overlap The suitability of existing premises wiring
(y = 2) could be tolerated for 5-percent for ISDN service is a question that will require
peak-peak time jitter. Although this did not consideration on an individual basis. Circuit
seem reasonable, it could be. rationalized as a design for minimal transmission distance along
rise time phenomenon. with pair selection may be necessary to obtain

the required signal-to-noise ratio.
However, similar measurements identified a

correspondence between pulse overlap and eye ACKNOWLEDGEMENTS
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GEOMETRIC CALCULATION OF LONGITUDINAL WRAPPING TOOLING
USED IN TELECOMMUNICATION CABLE MANUFACTURE

Yuan Zhang

Chengdu Cable Plant, Chengdu, Sichuan
P. R. China

Abstract o(. - the central angle relative to overlap
section.

Longitudinal wrapping technique is in recent years h - the distance between the projection of a cer-
more and more applied to telecommunication cable tain point of L on X-Y plane and X-axis.
in regard to conductor, and jacketing forming Alm- the length of overlap section.
process, especially to the formation of metal tape. 4At- the formation trajectory of a certain point
As for all the materials for butt or overlap wrap- on the tape edge in overlap section.
ping, geometric calculation needs to be considered R' - the curvature radius of formation arc rela-
for longitudinal wrapping model and find the tive to formation angle o< 'in overlap
optimun parameters of formation curves to obtain section.
good electrical and mechanical performances of the Z' - a model length from 0 to o<'relative to for-
wrapping. mation angle in overlap section.

S' - a spatial curve length from 0 to o< relative
This paper presents the geometric calculation for- to formation angle in overlap section.
mula of longitudinal wrapping model in a broad d" - the outer diameter of a half tape when longi-
sense by an example of the overlap longitudinal tudinally wrapped to complete overlap with
wrapping of aluminum tape used as the shield of a the outer diameter d' of longitudinal wrap of
bonded integral sheathed telephone cable, in which the other smaller half tape.
uniform formation model was verified in practice A - the relative elongation of tape edge (%).
and yielded satisfied results in the trial produc- w - the distance between the projection of a cer-
tion of relative products, thus eliminating pucker tain point of Le on X-Y plane and Y-axis.
edge of aluminum tape in longitudinal wrapping (all the lengths expressed in mm)
model determined by experience in the past. Mean-
while it can smoothly fulfill overlap longitudinal 1. Formation Trajectory of a Certain Point on The
wrapping far more complicated than butt longitu- Tape Edge in Butt Longitudinal Wrapping
dinal wrapping. Based on the formulas generated in
this paper, the required butt or overlap longitu- In Fig. 1, one half tape is 01 in width, it
dinal wrapping tooling can be designed out. becomes a semi-periphery 011 when formed by

circular contraction method. The relative arc
lengths 02, 03, remain equal and to 01 during for-
mation. The projection of spatial curve 4 on X-Y

Main Symbols plane can be characterized byp. Combining Fig.3,
it gives: I

4 - the formation trajectory of a certain point 
i v

on the tape edge of the wrapping arc section, R.sinO( =
i.e. formation spacial curve, and

e - the distance between the projection of a cer- ad
tain point of (, on X-Y plane and the origi- 2R. O( = -
nal point. 2

R - the curvature radius of formation arc corres- . d 90d
ponding to formation angle CX in wrapping arc 2 2 sin o( =0 . sino(

section. 3 (d+d,)co i omit-
d the diameter of the butt closure of the ter- The formula '2 (derivation

minal in wrapping arc section. I CK
do - the diameter of the base circle of the car- 4 - cos

dioid curve when the projection of Ic on X-Y ted)
plane forms into a cardioid curve, derived by arc-chord approximate calculation is

Im - the length of wrapping arc section. compared with the formula F = do coseC+ d = d
Z - the model length from 0 to X relative to the (1+0.5708 cosC') obtained by taking projection

formation angle in wrapping arc section. curve as cardioid curve.
S - the spacial curve length from 0 to) crelative

to formation angle in wrapping arc section.
P - the overlap width of longitudinal wrap tape.
d' - the outer diameter of longitudinal wrap tape

with overlap,(the radius expressed by r')
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The errors are shown in Table 1 and the formulas certain point on the edge of butt longitudinal

are all applicable in engineering, wrapping tape in the formation of uniform circular
contraction.

For the convenience of following calculation,
taking cardioid equation, the projection curve 2. Butt Longitudinal Wrapping Section Length with

equation of Ic on X-Y plane can be written as: Working Elongation Satisfied

P = do cosK+ d (1) In materials science, all metal materials with

where, elongation greater than 5% are plastic materials.

d. = 0.5708d They have no evident yielding point. There-
fore, the yielding stress of a plastic material

If the formation of uniform circular contraction is when producing 0.2% plastic deformation is its

to be applied, the angle of tape varies uniformly yielding limit, as normally specified in engine-

(Another shortest formation is described in Section ering. Thus, in order to avoid the yielding ten-

6 for reference), Z becomes the linear function of dancy of a metal material, which produces defor-

From the boundary condition we obtain: mation without increasing its stress, the working
elongation of a plastic material is conventionally

Z = 21- o(2) limited to less than 0.2%. However, some litera-
ture also mentions that the pucker caused by too

Combiningequations (1) and (2), the parametric much tensicn on the edge of an Al foil tape can be

equation is given for le below a cylindrical co- eliminated by controlling the elongation of tape

ordinate as follows: within less than 0.25%. Therefore, the average
elongation of the deformation curve in full length

P= d coso<+ d (3) is confined to less than 0.20%, the maximum elonga-

Z = 2f_ tion of any section not greater than 0.25%.

As the differential formula of arc length is Thus

d dZ
2
+d2 dl _0.002 (9)

S+d+2d.dcoo.O L 1.002t,

assuming € 1.0041-2
kl=  2, 2 L:+2 d2" (4)

k1  -w + +d But from equation (8),

k 2 = 2d.d (5) k1 2d 2

- + Y~~d.d d)2

1 1

The integral from 0 to OK in equation (4) - 7d.d

s(0) = I 1 c (6) .'. 1.0041; 34, + -4.- (do + d
2

) + Yrd, d

It is an elliptical integral, for which there is 2)
no accurate solution, but approximate solution can 2 )(di + d) + 47d. d

be found by series expansion. 0.016

k 2 41 = d X (1+0.5708) 2 +2 'xO.5708
0.016

1 + 1k2cos1 + 1 k2cos8 - 35.5855d (10)

1 2 2 Fquation (10) expresses the necessary length in

-- ~ kcoi butt longitudinal wrap section when using circular
2c 1contraction formation with average working elonga-

Substituted into equation (6), term-by-term inte- tion of 0.20%. At this point, the maximum relative
elongation of any section on the formation curve is

gration gives: 2 2 not greater than 0.25%. Their checking calculation

k 2  k2 N k 2  1  and the graph versus Z-axie are shown in Fig. 7.

S()= 1 [ ksinO - 16 - 3sin2o( 3. Model Parameter For Implementing Butt Longitu-

dinal Wrap

I1o _k12  ik k (7) Butt longitudinal wrap is only applied to wrapping

S 72 arc section. The longitudinal wrapping formation

2 1  for laminated Al shield tape is:
" . d d / ( 2 1. 2

= - + d (8) k= )2 2 + d

Equation (8) represents the trajectory length of a d 2.65" + 1.3258 ; 22.6837d
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2d. d 2x0.5708 d'.002219 7(d +

k2 k kZ 514.5485 509- - 4) 5 d - dt -20

- d' -- 5

Being substituted into equation (7) leads to d d'(5rr+ 1) +20
kk 2  d = 5X

S(o() 1 k1 + 2 sin0 = 1.06366d' + 1.27324 (15)

=22.6837do( + 0.02516d-sino(
Thus, equation (11) - (13) used for overlap longi-

in which, o~is radian value. If degree value is to tudinal wrapping arc section can be expressed in
be used, it should be multiplied by 71 diameter d' of longitudinally wrapped Al tape so

180 that the die parameters for wrapping arc section

Thus, can be indicated in equations (16) - (18)

S(O() = 0.3959d" o<+ 0.02516d-sinO( (11) S(o() = 0.3959d O("+ 0.02516dsinG(

From Fig.2, it can be seen = (0.4211d' + 0.5041).o(X

R + (0.02677d' + 0.03204)sinO< (16)

R(CK) = d + 0.2854 cotO(

d + (7-2)co 2BinO(
R(P() = + ( 2 _0,5318d' + 0,6366

2-m C sin o<

d- o 7 + (0.3036d' + 0.3634) cotc< (17)
= 2sinO( +: c.K

Z(0() = 0.3954-00

. R(O) =d + 0.2854d-cote< (12) = (0.4206d' + 0.5034) 0("
(0 !0(-90°) (18)

Besides, 4.2 Overlap Section

Z(OO) = 2 -.(7<.. 22.6544d .0 Assuming the die length for overlap section be
.35.855, d( because 2r'

90 90 5~ .L.4 04 8
0.3954d -(0. <o(900) (13) = r- r'+ d

Equations (12) and (13) give the axial length Z (o%) or
from the initial point when wrapping arc section is OX= L6-0 0 -
at a certain formation angle and its corresponding

value of the formation radius R(O() respectively. = [22.9183(1 + 3)] °

4. Model Parameter For Overlap Longitudinal WraD Therefore
o<' 20 ,o

4.1 Wrapping Arc Section 4 = d57296(1 + ')) (19)

Butt longitudinal wrapping arc section can be 41- 2 .2+- 2

broken up into an overlap section, for 7 4 
= "  

(0.1 +7-r)
which equations (11) - (13) are approximately 2x35.5855(1.06366d' + 1.27324)
applied. -7

Bonded integral sheathed telephone cable requires x(0.1 + L)
that the overlap bonded width of laminated shield 57,6890
tape should not be less than 5 mm, the width of = 2.4097d' + .d + 51.0776 (20)
overlap being increased with the increment of cable

diameter. Design equation (14) is taken as Hence, the overall axial length of the cable on the
general equation for the relatioship between over- completion of overlapping is
lapped width P and outer diameter d' of longitu-
dinal wrap of laminated shield tape; (m+4"= 35.5855(1.06366d'+ 1.27324) +4

P -L- + 4 mm (14) = 40.2605d' + + 96.3865 (21)
( d5

If the overlap section is considered as a truncated

cone, the completion of the procedure from butt Again, assuming formation trajectory length at a

wrap to overlap should meet: certain point on tape edge in overlap section be
A,, from Fig.3, formation angle 0<-/4 is increased

7rd' + P =Td between the two spatial curves on the left and
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right, both based on 7/2, from equation (16), the then
total length of each spatial curve is ) d d- d' •

l S+S(90+ 0 
2 2 M

2d d - d- ( - )o

(O4211d'+Oo5041)x[90+5o7296(1 +r. :02 2

+(0.02677d+O.03204)xsin 90+5.7296(1+i')0 
d 2-0'

40.3125d'+ 1, +96.5111+(o.02677d' 2 5726+

+ O.0320)xcos[5.729614 ,
2
J (22) (0.5318d' + 0.6366)

- (0.031834, + 0,6366)d' .( o)o

but, 5.72964' + 114.596.o

4= S(900) = (0.4211d'+0.5041)xgO (0o 0<,' ::C 2 (26)

+(0.2677d' + 0.3204) Additionally, by the same reason of equation (16)
it gives:

= 37.9265d' + 45.3994

1+577637 .S(') = (0.4211d' + 0.5041)-,(00)
°

. d5+ (0.02677d' + 0.03204)sino<'

+(0.02677d' + 0.03204)

xcos5.7296 + 114592 0 (23) (0 -<- 4 (27)

Equation (25) -(27) are essential parametric for-
mulas for overlap section when overlap longitudinal

wrap is applied.

As shown in Fig. 4, overlap section being regarded
as a truncated cone, the relationship between for- 5. Correction of The Parameters of Overlap Longi-
mation radius R' IQ') in this range and the die tudinal Wrap Model
length Z' (c') in the overlap section from the
initial point of butt closure meets following 5.1 Transverse Correction
equation d' Should the radius of the formation of the left and

- R d' right half tape be completely symmetric, the tape

d' At- 24 edges at the closure could not be overlapped due to
2 2 head-on joint, transverse correction should be car-

ried out for the parameters so as to make the left
Since the tape should be subject to uniform forma- and right halves different in height when closed.
tion in overlap section, similar to equation (2), The amount of transverse correction depends on how

it generates: big a gap is between overlap sections in process.

Al,. This can be dealt with in the following cases:

5.1.1 Long Tooling for Longitudinal Wrap

It is an integral tooling, good in formation and
in which, 0 gl of the4, or is the formation guiding, applicable to cables of medium or small
angle of the overlap section initiated from OY axis diameter. It can be seen from Fig.5 that the gap
in Fig. 2. 43 on OY axis in conventional formation design is

unequal to that at the terminal of the tape after
But, the completion of overlap, e.g.,43' on O'Y' axis.

LI 21 O,, 'o
4,- f- -:--

As for the telephone cable normally produced in

0 Z'( ') = (0<' large quantity; 04/4 is in 0 _ 5o, the central0 = 7r

or distance 0101 of the final formation circle of the

Z1(oM) =j8(o - 0.39541d0-(x) right and left halves of tape merely occupies
1/20-1/50 of d', the only care should be taken of

- (O.42064' + 0.5034).(O. ' 
)o having enough tolerance for gap4 3 in order that a

laminated shield tape with joints could pass
(0 through continuously and smoothly, so could 4 3.
4 The slight difference in magnitude is negligible.

Equation (25) is substituted into equation (24),
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Brass tape with thickness of 11-0.8 mm can be used meantime, the position for the butt closure of
as the material of long tooling for logitudinal right and left half edges in
wrap. no longer OY axis in Fig. 5, but will bias by an

angle of a certain degree to the larger diameter
The thickness of a laminated shield tape depends on formed, the magnitude of the bias angle will vary
that of the Al tape and the films heat-bonded on with cable diameter. As it is no good to forming
both sides of the tape. technique and brings more trouble in finding the

forming radii at various points, hence not adop-
2 = 0.20 + 2x.05 - 0.3 m table.

Gap 43 = 0.9 mm is taken, 5.2.2 On condition that the half edge of smaller
Thus, diameter formed has working elongation less than

d"" d' + (0.8 + 0.3 + 0.9) = d' + 2 am that available for the other half, the shorter
half model length can be forced with its wrapping

5.1.2 Segment Toolina arc and overlap sections respectively extended
equal to the corresponding sections of the other

This tooling permils reduction of friction between half model, the final state remains the same as
tape and tooling, improves tensile formation and shown in Fig. 5.
makes the device more ingenious, simplifies the
range of tooling size and can be considered to In order that the position of butt closure will not
apply to the cable of medium size and larger. vary with cable diameter, the specific practice is

to increase in proportion the formation angle of
From Fig. 6, thickness Al of overlapped crescent the half edge of smaller diameter merely in over-
guide finger formed on OY axis should be taken into lap section to eliminate the difference in length
account as well as thickness Al 2 of laminated between right and left half models, and let RI(O()
shield tape and gap 4 3, similar to Fig. 5, the and R; (oS') of the half model d' not in the same
correction amount being their sumtotal. In case longitudinal position of the model, to which as
it is difficult to make overlap section, a length previously should be corresponded, but let R2 (0 )
of long tooling for longitudinal wrap can be used
as an auxiliary means for final formation, the and R ( O(C) of the half model d" respectively cor-
correction amount being the same as for the long respond to Z(OC ) and Z'(0/°
tooling by estimate. 2 2'2'

5.1.3 Forming Roll Since the overlap section of either right or left
half model is regarded as a truncated cone, the

The roll is more often used in the butt formation formation radii at the terminals of both wrapping
of thicker tape, sometimes also in the formation arc and overlap sections being known, two straight
before butt welding of tapes, and overlap welded lines can be respectively linked on the model
edges are further folded into a tube. It can also diagram without finding the formation radii at
most possibly be applied to the overlap longitudi- other points in overlap section by calculation.
nal wrapping formation of the shield tape for big- It is apparently easier to use this method for
ger cables without the problem of/il and with the longitudinal correction.
above-mentioned correction principle referred. To
combine this operation with the last half section 5.3 Parameters for Longitudinal Wrap Model
of the long tooling for the completion of overlap
formation will be a very promising process for After the above two corrections, the parameters
cables of large diameter. for longitudinal wrap model of uniform circular

contraction formation ares

To sum up, transverse correction can be concluded 
contraction formation are:

as: on the complection of overlap, if the final 5.3.1 Wrapping Arc Section (0 : 0( C 90 0):
diameter of one half tape is assumed to be dt, then
d' + 2 mm can be taken as that of the other half. 5.3.1.1 The half tape of diameter d'

_________________ =0.5318d' + 0.6366
5.2 Longitudinal Correction R1 (00 = sin+ 6

In making forming toolings, the normal practice is + (0.3036d' + 0.3634)cotO( (17)
to render the lengths of right and left halves

equal, attention is also paid that the half tooling 1 ()CO = Z2 (O)
of larger diameter should also have the relative
elongation of the tape edge not greater than the [0.4206(d' + 2) + 0.5034J* 

°  
(28)working elongation, so longitudinal correction

meeds to be made for model parameters. It involves 5.3.1.2 The half of diameter d"
following two considerations:

5.2.1 On condition that the right and left half R2 s(i) .j°531(d'n + 2) + 0o6366

edges of the tape keep relative elongation equal,
the formation angle of right and left half edges is + 0.3036(d' + 2) + 0.3634 cotD< (29)
not equal corresponding to any position on model Z (C() =[04206(d+ + 2) + 0.5034]. 

0  
(28)

length and keeps a definite proportion, in the 2  0 (
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5.3.2 Overlap Section Z in the shortest formation, corresponding to equa-
tion (2). From equation (34)is listed Table 2 to

5.3.2.1 The half tape of diameter d' compare the variation of the formation angle in
the shortest and uniform formations.

"R 1o; (0.5318d' + 0.6366) In addition,
(0,03183d' + 0,6366)d' 0 (z

- 5.7296d' + 114.592 (;)(26) dS . x(d.)2 + (dy)2 + (d 2

71d d 2+ z

- [0.4206(d' + 2) + 0.5034) -(C0()0 2~) 7- d 2 4(-
(30) t2 + Y4-(- 2  d2

5.3.2.2 The half of diameter dn

R21 o(2) =[0.518(l +2) +3.666)As iS £1.002 , the solution gives:

0OO13d+)OQ d12 4 .'P - 29.4423d (36)
+11.59 vo( (31) 0.01

Z2'(o(') {0.-42Q6(d'+2)+O.5O343.( a2)0  (30) Accordingly, the major parameters for the overlap
longitudinal wrap model in the shortest formation

where in the half tape of diameter d' are as follows:

2 - 5. f. 7 2 9 6 ( 1 20 (19) 6.1 The correction in process not involved;

in te hlf o dimete dw6.1.1 Wdrapping arc section (0 - 0(--90 0)

___ (3)R~) 5318d' + 0,6366
0 !C -< 7296(1 +T- si2c)(

The corresponding relationship of both R;( +(.33 t .63)oO< (7

1(j and 2 v%2 1 ~22K depends on boundary Z(00) .(9t3g0d' + 2,63tRK (7

condition by means of straight-line schematic 
70(.+

method. 6.1.2 Overlap section (0~ --- .-

6. The Shortest Circular Contraction Formation R' ( os) - (0.5318d' + 0.6366)
Model -(0.03183d, + 0,6366)dl (LX)0 (26)

When a tape undergoes circular contraction, forma- 5.7296d' + 114.592
tion angle is not in a linear relationship with the zl(c') .= -l 0+<) 1
model length. Assuming the spatial curve be a 7rg9'C')T+2
straight line and keeping 1, £!-1 .002 then, the 1f
model length would he the shortest. The advantage 7-
is that the relative elongation of any section of ~-Coto<' - I
the tape edge is entirely equal so that material2
characteristics can be brought into ful play to 31.3166d, + 37,4.871 (d
make forming tooling the shortest while the forma- = C(8
tion angle will not uniformly vary with tooling T Cot o(, - 1
lenlgth. But the results would preferrable be veri-
fied by tests. 6.2 Both transverse and 'longitudinal corrections

For the shorteat circular contraction formation, taken into comprehensive account

ther is 1 dT Rd 6.2.1 Wrapping arc section (0 _O(:!, 9j)O)

2 2 (33) 7) 6.2.1.1 The'half tape of diameter d'

4. R 05318d' + 06366
2Z_ _ R1(X() sin o<

+ (0.3036d' + 0.3634)cotLY (17)
hereby z 1(00) = LA

Z tc+2(34) = 68,3810(d'+2)+117.76931tgo(

Equation (34) shows the relationship between and Yttgo(i 2 (39)
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6.2.1.2 The half of diameter d" is in the range of 0 , 7r + __ as shown in Fig.2,

R(CK) =f0.5318(d' + 2) + 0,6366) practically, 0 -. 1o 2 4

(isin
+[0.3036(d' + 2) + 0.36343cotc< (29) Since first-order derivative of function B is

= 98.3840(d' + 2) + 117.76933 tpc< zero at o(= 0 by Roberta Law.2 C tgo( + 2 (39) li--- (.,J = l o sins<
6.2.2 Overlap Section 010 o< = o C 17

(In the half tape of diameter d', 04O0< - i,( sin 0)2
(~4 P 4 CK> 2is defined by equation (19) while in the half of sAso, second-order derivative of function is

diameter d", 0 0( ' , by equation negative by Roberta Law

(32) ) lim d
2  

sin

6.2.2.1 The half tape of diameter d" o(-o dc' L

R'(OD()= (0.5318d' + 0.6366) = lira -" 3
sino°- 20 2

coso<+ 2
0<sinO(1(0.03183d' + 0.6366)d' t o.(-;0 0C4

5.7296d' + 114.592 AI (26) = l Om -O" 2
sinON" 2 O<cosX+ 2 sino<5.79.d + 114.592,1 o(3

Z (oq)= Z20X2) = nm -2sin-Ocos0 + 2 Dsin c

= 31.3166(d, + 2) + 3-4871 (40) 3co
7r--ot 2  1 = lir (-7"--) =.--

2 '; 2' -10<--; 0o
sin O6.2.2.2 The half of diameter d" So function -- yields maximum value at = 0.

R2 'o )
= 
0.5318(d' + 2) + 0.6366 -fmax = 0.0012933 + 0.00111061im sinX

fo_03183(d' + 2) + 0.6366kd' + 2) OK
5.7296(d' + 2) + 114.592 ( 930)

(31) = 0.0012933 + 0.0011106

31.3166(d' + 2) + 37.4871 (40) = 0.0024039 = 0.2404%
-- =7rotO(2,- 1 (e0)

-2 1 The relative elongations of various points in for-
mation section with angle range 0 - 1100 in uniformSo the comparison data for longitudinal wrap model formation are listed in Table 4.

length in both the shortest and uniform circular
formations are shown in Table 3.

In uniform and shortest formations the correspon-Relative elongation ding relationship between the relative elongation
4 of tape edge against tape center in width and

various formation angles along the length of longi-
tudinal wrapping tooling is shown in r'±g.7. The
two curves in the graph are also respectively ap-

In the shortest deformation plicable to the corresponding relationship between
relative elongation and tooling length in the two

~= max = 0.20% = constant different formations.

In uniform formation, substituting the for- 7. Miscellaneous
mula characterized by radian gives 7.1 Base Line of Longitudinal Wrap Model

S(O() = 22.6837d.C'+ 0.0216sino The base line of longitudinal wrap model can be de-

signed as a c:irve that accords with the rule ofZ(CO() 22.65414dD ~gradually contracting formation circle, or as a
= 0.0293 0:02,16 l c  

straight line. As long as the terminal center of22.65" 22.6541 c longitudinal wrap model is ensured to be coincident
0.0012933 + 0.0011106" s- with cable center, it is not quite necessary for

0 9 +the formation circle center of tape to be in coin-____ cidence with the axial line of cable core. As a
0.0012933 + 0.06363 i4 result, the base line of longitudinal wrap model

clo coincides with Z axis so as to simplify the design

In overlap longitudinal wrap, whole formation angle of longitudinal wrap tooling.
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7.2 Tape Width Required for Longitudinal Wrap during longitudinal wrapping to guarantee the
quality of heat-sealing and roll-sizing, it should

7.2.1 Butt Longitudinal Wrap be noted that the top view projection of cable
axial line should be coincident with the base line

When butt longitudinal wrap is applied, the tape is of long tooling and laminated shield tape. Since
rolled up into a complete circle. Assuming tape there is difference in diameters of the left and
thickness be 4 2, it generates: right halves of the latter two after longitudinally

wrapped, the base lines should be plotted at the
b = 7[(d' - 42) (41) point of 7r/2 mm, away from the geometric central

line of tape width, biasing towards the half tape
7.2.2 Overlap Longitudinal Wrap of smaller diameter with longitudinal wrap.

Taking long tooling for longitudinal wrap as an 7.5 Design of Long Tooling for Longitudinal Wrap
example, one half tape will pass through the gap in (in the case of uniform formation)
overlap of the tooling. As previously described,
the outer diameter of laminated shield tape after Besides the fore-mentioned related formulas to be
longitudinally wrapped is d' while that of the used, some other minor parameters need to be found
other half model during overlap longitudinal wrap so that a complete drawing of a long tooling for
is d' + 2, considering the gap of tape will be eli- longitudinal wrap can be provided. Here, special
minated by bonding, sizing and rolling upon the attention should be paid to that what the geometric
completion of longitudinal wrap, the intermediate model of longitudinal wrap expresses is the
status, therefore, should be selected in effect for neutral line position of tape.
the gap of tape in longitudinal wrap, that is:

b IT 7(d' -d;2) + rf(d, -42)7+1, a 7.5.1 Front View

2 2 7.5.1.1 Finding the lengths of toolings corres-
=Ad' -ffh2 +-7L d' -2 + 4 ponding to various formation angles

2 + (
From Fig. 1, according to equations (28), (43) and

3.34d' + 4.57 mm (412) (44) it gives:

Where the thickness of Al - plastic laminated Z2 (0<) = [0.4206(D' + 2 +4 1) + 0.50343 .CK
°

shield tape A 2=0.3 mm = [0.4206(1.02d' + 3) + 0.5034] . ,

7.3 Material Width of Lona Tooling for Longitudi- (46)
na rp0 0 0 0

Find each corresponding Z, when cO 
°  

0 , 5 ,1.

The terminal inner diameter D' of long tooling for 90, (900 +
longitudinal wrap can be a little larger than the 4
outer diameter d' of longitudinally wrapped tape.
When d' - 15 mm, taking D' = d' = 0.5 mm, after From equations (31) and (44),
that, the increment of d' by 5 mm increases D' by
0.1 m, the material thickness of long tooling 04 = 20 1
,A1 = 0.8 mm being known, the inside bore diameter 4 = 5.7296 1.02d'+3 (47)

of one half tooling is

- 15 7.5.1.2 Finding the height of the neutral line on
D' = d' + 0.5 + x 0.1 tooling edge at crimple circle from

5 neutral base

= 1.02d' + 0.2 mm (43) From Fig. 3, based on equations (17), (43) and (29)

and that of the other half is (44) it gives:

R (0) = 0"5318(1.02d' + 1) + 0,6366
D1" -D' + 2mm (44) 1'sin C'(

hereby the material width of long tooling is +[0.3036 (1.02d' +1)+ 0.3634) coto(

r(D' +41) + X(D' +61) +2 (48)
B = 2 2 R2( t = 5318(1.02d, + 3) + 0.6366

+ (D' +41) + 1 + 4 2 sin C06

+t 0.3036 (1.02d, + 3)+ 0.36341 Coto(

" 3.41d' + 10 mm (45)

7.4 Relationship in The Positions of Cable Axial Again, from

Line. Laminated Shield Tape and Lone Tooling h I . 2R1(00 -sin2C< (50)
for Longitudinal Wrah 1

In order to avoid twisting of laminated shield tape h2 = 2R2 (0)" sin
2 
0< (51)

730 International Wire & Cable Symposium Proceedings 1987



find the corresponding h 1 and h2 when 0
° 

= 00, 50, Use formulas
100, ... 900 in wrapping arc section. M1 = RI(O)

From Fig. 4, based on equations (26), (43) and (31) = R •
(44), it leads to:

RI(C 1 ) - tO.531
8
(1.02d' + 1) + 0.63663 to find out corresponding N1and M2 when CX- 450,

(0.03183(l.02d' + 1) 
500, 550° ...90°

- + 0.63663 (1.02d' + 1) )o Use formulas

5.7296(1.02d' + 1)+114.592 M = R5(0())

in which, 5 7 9.*2 0 =

0 :S (0<11)0 4- =- - 5.7296fi 10d+
(53) to find out M; gnd M2 corresponding to the begin-

R (a2) =tO.5318(1.02d, + 3)+ 0.63663 ning and end locations of overlap section. and

(0.03183(1.02d' + 3) MI at the beginning location of overlap section are
in fact respectively equal to the M and M at the

5.7296(-.02d' + 3)+114.592(,Y2
)  

(54) end locations of wrapping arc section.

wheore , cda is determined by 7.5.2.3 Find the distance from the neutral pointwhere, 4 4 i of the two edges of tooling with the terminals

equation (47). overlapped to the vertical axis plane of the
tooling to determine the final overlap position.

Again from From Fig. 2, according to equation (59) and (60),
it gives:

h, 2R;(0N; (55) To cD'+1)4,0.01 1TI = CD' +1) sin-.cos4-

Ill = 2R2(02 }  
(56) = (1.02d' + 1) s( ) 4)2 sin(2x-)59

find h'snd h' corresponding to beginning and and T 21 a Z
locations in wrapping arc section. In practice, 4= D' +L 1 + 

2 )sin-Z-co--
h1 and q at the beginning location of overlap (1.02d' + 3)
section are respectively equal to h; and h! at the 2 sin(

2
x(60)

end location of wrapping arc section. 7.5.3 Left View

7.5.2 Top View It can be plotted out from the front and vertical

views. And plot the formation trajectory of two
7.5.2.1 Finding the distance from the neutral line cardioid curves located on the right and left

on both edges of the tooling at crimping sides of OY axis based on the neutral layer of.
circle to vertical axis plane, tooling tape. In case of need mark o<; and -2at

4 4
From Fig. 3, based on equation (1), (43) and (1), the final overlap location and the thickness(44), it yields: 1

of tooling tape.

Sr 1 cosCK 7.5.4 Sectional View

(1.02d' + 1 )(1+ 0.5708 coscO) •coso< (57)
Plot the cross sectional view at various corres-

W2 = r 2cosoZ ponding tooliug lengths when $N= 0° , 50, 100, ..

S(I.02d' + 3)(1 + 0.5708 coso<) . cos () 900 + -2-O and mark on the view R1, R2 , h1, h2 , WI,
W21 of right and left half tooling in the course

Because the butt closure of left 0and right half of formation, and also tie thickness of the
tooling is implemented as 0"- 900 , we can find the
corresponding W1 and W2 when C(= 0 ,50,I0°,...900, tooling tape, if necessary. After long tooling

e 2 ofor longitudinal wrap is drawn on the scale of 1:1,
W1 + W2 is the width B of tooling when not crimped. notes should be added to illustrate that the graph

sizes are calculated on the basis of the neutral

7.5.2.2 Finding the distance from the profile of layer of tooling tape so as to draw special atten-
tooling bounded by the neutral line of the tion when a tooling model is made in accordance
edge to vertical axis plane of tooling, with the sectional view.
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Table 1 Table 2

3(d+d.):osi 
Formation Angle N

Wsin t'd(1O.5708cos " ,. Model Length
4 - cos o A2 of WAS Shortest Form nf-,

C 1.5703 d 1.5708 d 1.5708 d

1.5696 d 1.5686 d 1.5687 d -0
1.5624 d 1.5621 d 1.5626 d 0

1.5528 d 1.5513 d 1.5528 d 0.1 -23'
"I

7  
1.5390 d 1.5364 d 1.5391 d

1.521, d 1.5173 d 1.5215 d 0.2 L7 2'

1.5C00 d 1.4943 d 1.5000 d

5
°  

!.4750 d 1.4676 d 1.4753 d

S1...462 d 1.4372 d 1.4,170 d 0.4 230

15 1.4142 d 1.4036 d 1.4154 d 0.5 32°36'
,30 1.3788 d 1.3669 d 1.3805 d

55- 1.3405 d 1.3274 d 1.3432 d 0.6 t 43043
'  5..

"C 1.2Q90 d 1.2854 d 1.3020 d 0.7 L 56002
'

S 
.2549 8 1.2412 d 1.2591 d

1.2C82 d 1.1952 d 1.2134 d 0.8 Lx 68030' 72-

5, 1 .591 d 1.1477 d 1.1660 d 0.9o-, 8007
'

3C
c  

1.1030 d 1.0991 d 1.1161 d 07
50 1.0548 d 1.0498 d 1.0649 d 900 9 0

; d d 1.0117 d

Table 3

LW Model Length in Uniform Form (mm) LW Model Length in Shortest Form(mz)

of L. .ape ( ) WAS 0S Total Length WAS CS Total Lengtr

31C.28 76.19 336.5 294.19 88.84 333.C

10 499.55 84.81 534.4 413.29 85.33 498.6

20 378.09 104.64 982.7 726.45 93.4" 319.9

30 1256.63 130.00 1336.6 1039.62 117.32 115o.9

40 1635.17 153.67 1783.8 1352.78 134.32 I.37.I

50 2013.71 177.50 2191.2 1665.95 1l.84 1I10.3

C 2392.25 201.43 2593.7 1979,.11 170.37 2144,5,
Reference:

2.-.asters et alii.Special Issu. .re Anr cat;
Table 4 Xanufacture The western -iectric .ng-neer

-.ole Relative Whole Relative

-i.oe Elongation angle Elongation

.2404 600 0.2222

5 0.2403
I0

o  
0.2398 650 0.2181

50 0.2391 700 0.2148
200 0.2381 750 0.2113

250 0.2369 800 0.2077
.7 0.2354 850 0.2038
35

°  
0.2336 900 0.2000 Yuan Zhang, cable manufacture engineer, graduateo

400 0.2316 950 0.2033 from Electric Machinary Department of Jiao Tong
a.2293 0.2077 University, Majoring in electrical insulation and

500 0.2268 1050 0.2113 cable technology, has been working in the field of
5,0 0.2241 1100 0.2148 design and manufacture process of telecommunication

cable in large enterprise, published a few papers

Note: WAS = wrapping arc section on analysis and studies of product structure, once

LW = Longitudinal wrapping being deputy cheif engincer of Chengdu Cable Plant,

OS = overlap section after advanced study on enterprise management, then

promoted to be plant director.
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Eva!uation of Materials for Improved Life Expectancy of Foam Skin Insulation

Geoffrey I). Brown Lawrence E. Davis

Union Carbide Corpor:tticn Superior Cable Corporation

Commercial foam skin insulations exhibit unexpectedly rapid studies. When the study produced unexpectedl rapid failures of nurterous
ac, elerated aging failures when evaluated with a new cable testing commercial foamskin insulation samples, a technical program ",as
procedure. The filled cable is preaged in an air oxen prior to removal of the initiated to develop improed insulations.
insulated ,sire toroen aging studies. Two failure modes are observed, with

rapid cracking of ductile insulation specimens occuring along with TFST METIIO)
oxidatis e embrittlement. Thermal embrittlement beha,, ior is also evident. The cable aging test is presented in detail in the complementary
The failurerates aregreatl acceleratedby the cable preaging andthis effect paper by L.E.Dav is. "A Global Test Method for Long Term Stability of
is apparent ", ith all filling compounds and insulation materials evaluated. Solid and Foam Skin Insulation." The test method is summarized below:

Esaluations of commercial and experimental polyeth'lene Standard processing conditions and techniques are used to
insulating materials I, ere conducted to determine if improved foam skin insulate the primaries and to assemble these into filled cables. Insulation
insulation life expectancy can be obtained. A major improvement is samples removed from cable as received or after manufacture are identified
demonstra:ed via optimization of the cellular product antioxidant system, as "regular" samples. Additional cable sample is capped and placed into a

circulating air oven for4 wseek conditioning at 70'C. Insulation samples
undergoing this 4 week cable conditioning at 70-C prior to removal are

INIROII_'CTION identified as "preaged" samples. After removal from the cable, the
Foam skin insu!atons have generally pro% idedgood performance insulation samples are thoroughly wiped to remove surface filling

in the 10 years since commercial introduction. This experience compound. Foreach sample, asetof at least20 insulation specimen, about
encompasses a broad range of application including the relatively severe t',co feet long is prepared. With each speci, :n, a first pigtail to place stress
ens ronment. of installations in the souithem and southwestern regions of on the sample is tiirmed by wrapping the insulator about itself. The
the United States. A thermal-oxidative history in these severe climates' insulation specimens are then placed in a vented circulating air oven wx.ith
ispically corresponds to much longer aging elsewhere. Therere, acceleratedovenagingperformedat70' and80 Cconditions, %itb e80
experience to date gives confidence that the majority of foam/skin plant in C condition becoming the standard. After six weeks of oven aging a second
moderate climates will provide good service life. Less certain is the pigtail is formed in each specimen to simulate stresses associated ,ith
continued good pertormance of foam skin insulations in the more severe periodic reworking of commercial installations. In addition. 3rd and 4th
ens ironments. pigtails are respectively formed after 50% and 1001, cracking failure of the

st pigtails to aid in definition of the failure mechanism. Figure 1 illustrates
Previous studies-i'  have extrapolated accelerated aging data to the pigtail formations while Figure 2 shov,,s a testing series deployed in a

predict marginal commercial performance of cellular and foam.skin circulating atr oven.
insulations after cable filler exposure. Because of uncertainties regarding c,', /
Arthentus extrapolation of the elevated temperature data to application
conditions, it is difficult to gauge the extent of fuiure problems (if any'?) irst pigtail
wsith current commercial products. In fact, it is known that complex
mechanisms such as antioxidant solubility and migration can be highly
nonlinear' and even modest temperature extrapolation can be erroneous. Second pigtail forgned

lltr 6, c.ks aging of
Nevertheless, accelerated aging studies with minimal temperature Irt pigtail

extrapolation are generally recognized ' 
as the best method of predicting

long term performance.
Thu'd pigiall li'rme'd

Teafter 50% failure of
The accelerated aging testing methods used in this study were J Iirst pigtail

developed to measure the compability of experimental filler compounds
i tlh commercial insulations. Emphasis is placed upon aggressive

conditioning of cables prior to removal of insulation samples for aging after 100t" laolured
"tfirst pigtail

/
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Figwre 2 Significant variation in relative time to failure for first and second

pigtails was observed. Second pigtails often failed sooner than the first
pigtails. When the six week interval in the oven before forming the second

pigtail was subtracted, second pigtails never survive longer then first
pigtails. This comparison of I st and 2nd pigtail data suggests the presence

of a thermal embrittlement mechanism.

ALTERNATE COMMERCIAL MATERIALS
Commercial insulation materials from various suppliers were

evaluated. Linear low density polyethylene was also included as a skin

material. It has been shown' that chemical blowing agent residuals

subtantially reduce the oxidative stability of cellular insulations.
Therefore, a HDPE cellular insulation containing a 50 percent increase in
AO-1I (Irganox 1010) primary antioxidant level was also evaluated.

'Me test has several significant differences as compared to the Bell

Thermal Oxidative Stability Performance Test' (Bell Pedestal Test) which 'Iable 2A summarizes theresuls obtained from this testcable. The
has become an industry stan dard for evaluating long term aging results aresimilar tothoseachievedwithcommercialcablesamples. Once
performance. Most important is the 70iC four week preaging of cable again, preaging substantially reduced the time to insulation failure. The

samples prior to the removal of primaries for oven aging studies. This increased AO- I primary antioxidant provided only a slight improvement.
preaging simulates commercial applications, since cables often experience

a substantial time/temperature history prior toexposure of the insulation in Table 2B summerizes the 3rd and 4th pigtail testing. All of the
a pedestal environment. Utilizing reduced test temperatures of 700 and preaged samples exhibited ductility at 50% (3rd pigtail) and 100% (4th
80'C w hile providing quantified performance differentiation within a year pigtail) failure of the 1st pigtails. With the exception of the cellular only
is also advantageous in minimizing error from nonlinear temperature insulation (approximately 30% expansion), all of the regular samples were

effects. The technique of stressing the insulation by forming a pigtail has embrittled before 100% failure of the first pigtails. In general, preaged
been used in many studies. For example. "periodic" pigtail stressing and samples exhibited rapid cracking where good specimen ductility remains.
inspection was included in the original Bell Experimental Pedestal Regular samples typically failed after a longer interval due to thermal-

Installation.Complex (EC test) protocol'. The use of 1st and 2nd pigtails oxidative eribrittlement.
to investigate thermal aging phenomena is a more novel approach yielding
interesting data. Use ,f a circulating air oven to accelerate air flow s Environmentalstress cracking %as postulated as a mechanism for
pro%,ides a desirable safety margin relative to the much longer oxidative the rapid failure of preaged samples. It was thought that the absorbtion of

aging of commercial pedestals. With the exception of the air flow cable filling compounds during preaging might introduce a stress cracking
consideration, these features could be readily incorporated into a Pedestal agent. Itwas recognized that classical environmental stress cracking failure
test methodology. is a surface phenomena that doesn't include the filler migration and

swelling of polyethylene. Nevertheless, the character of the ductile
COMMERCIAL CABLE specimen cracking suggested that improved environmental stress cracking

Cables from several manufacturers were evaluated to determine performance should be the priority of the next experimental trials.
variation in test results due to differences in insulation compounds, filling
materials, and manufacturing. This test data is presented in Table IA. EXPERIMENTAL MATERIAL
Preaged samples failed rapidly compared to regular samples. Third and A number of material combinations to improve environmental

fourth pigtail data (Table I B) for the 80'C aging show preaged specimens stress cracking performance were evaluated. Changes in the HDPE skin
were typically ductile 3fter 1st pigtail cracking failure, while the regular(no included use of ethylene-hexene copolymer in place of ethylene-butene
preaging) samples were embrittled. Cables supplied by a single copolymerastheHDPEbaseresin. lnaddition, rubberandnucleatingagent
manufacturershow that a wide range ofcable performance can be expected. additives were evaluated in the skin materials. In the cellular product,
Each manufacturer included produced cables which exhibited early failure. ethylene-hexene copolymer foam was also tested, both with and without a

processing aid additive. The ethylene-hexene foam materials exhibited
Variation in insulating compound, filler material, or preblow due to pilot plant equipment limitations, but it was decided to

manufacturing differences between cablers didn't appear to alter the proceed with cable fabrication and testing. To ensure adequate

general tendency of the foam/skin insulation to exhibit relatively rapid stabilization, these pilot plant cellularcompounds were formulated at 50%
crack failure. An insulating process correlation wasn't apparent since higherantioxidantconcentrationsof boththeAO-landMD-I components.
insulation from supplier B showing gross process variation (highly Acontrolsampleofethylene-butenefoam/skinwasincludedandaportion

elongated cell structure and porosity in the skin layer under microscopic of this insulation was exposed to a 20 megarad electron beam to crosslink
examination) exhibited aging performance equal to insulations with good the high density polyethylene.
cell structure.

Table 3A summerizes 70'C oven aging results. Once again, the
preaged samples failed rapidly compared to regular samples. As before,
preaged specimens were ductile after cracking failure, while the regular

International Wire & Cable Symposium Proceedings 1987 735



samples were embrittled. With the exception of slightly longer time to REPEAT OF HEXENFE HIGH DENSITY POLYETHYLENE

failure for two of the insulation combinations containing the ethylene- COPOLYMER

hexene foam compound. no significant trends were noticed in the data. The Additional trials were completed with ethylene-hexene

only significant difference occurred for the ethylene-hexene foam with an copolymer cellular as summarized in Table 4. The ethylene-butene

ethylene-butene skin which exhibited reduced tensile elongation at the I st copolymer skin and foam control with the standard antioxidant formulation

pigtail 50% failure level. exhibited the best performance observed to date for this combination.
Samples containing hexene copolymer foam with increased antioxidant

Table 3B contains the 80'C oven aging data for this test cable. The performed substantially better then the control. In addition, the ethylene-

three insulation combinations incorporating ethylene-hexene foam show hexene samples showed some embrittlement at failure as indicated by the

slightly improved I st pigtail performance after preaging. In addition the reduced ability to form 3rd and 4th igtails. The time to failure of the 2nd

third and fourth pigtail data shows some embrittlement when 1st pigtail pigtail was also increased to the highest level observed for any preaged

failure occurred. This change from ductile to embrittied specimens at foam skin insulation aged at 80'C. These results established that improved

failure corresponds to a change to classical thermal-oxidative failure. It performance relative to both failure modes could be obtained with the

was thought that improved cellular product quality might provide combination of an improved antioxidant system and ethylene-hexene

additional performance gains. copolymer feedstocks.

The need for improved stabilization was confirmed by WORK IN PROGRESS

measurement of 190' C aluminum pan Oxygen Induction Time for the Asthe better aging performance ofethylene-hexenecellulars with

ethylene-hexene skin/ethylene-butene foam insulation in this testing improved stabilization became apparent, additional experimental cable

series. As Figure 3 illustrates, there was a dramatic decrease in induction was prepared. The focus of this testing series was to better differentiate the

time associated with the 4 week preaging of the cable specimen at 70'C. performance gain from improved stabilization from the gain achieved

Additional depletion of antioxidant occurs during the 80°C oven agingwith through use of an ethylene-hexene base resin.

residual OIT induction time well below 5 minutes at the onset of sample
cracking. Four concentrations of the MD- i antioxidant were evaluated in an

ethylene-butene cellulars which were combined with both ethylene-butene
3and ethylene-hexene skins. Increased MD-I antioxidant concentrations

20' a"Sv: ' e were also evaluated to a lesser extent in the ethylene-hexene skin. Various

combinations of these materials were incorporated into foam/skin
.5, insulations as summarized in Table 5.

The preliminary results show that failure rates appear to
correspond to the MD- I antioxidant concentration in the cellular. Overall,

SA.,the failure rates for all samples including controls appear to be improved
B0°C A,'

over past experimental data. There is a significant trend showing major

A 40 6D " . 2, improvement in oven aging life as the MD-I concentration in the cellular
AGING - DAYS product is increased. The data trends indicate the ethylene-butene cellulars

with improved stabilization most likely provide similar life performance to

C - A Dab .. , ethylene-hexene cellulars.
9- e,p,e.e

3 E-A ......... iy b. S:S '°0 SUMMARY
A b /'. CaD e 6,I.w,

It is well known that polyethylene insulations can fail at

The dramatic decrease in antioxidant functionality as measured by considerable accelerated rates after exposure to cable filling compounds.

oxygen induction time during preaging generated a question regarding the More novel are testing methods and data showing clear evidence of thermal

compatability of the high density polyethylene antioxidants with cable embrittlement and ductile specimen cracking phenomena. These alternate

filler ma.erials. A materials testing method was developed to optimize the failure modes were typically present when cable samples were preaged

antioxidant system for filled cables. This work is summarized in detail in prior to oven aging ofthe insulations. These failure modes were more rapid

the complementary paper "Performance of HDPE Insulation Antioxidants then the thermoxidative embrittlement failures observed in prior studies.

in Filled Telephone Cable Applications." Among the findings was a poor

performance oftheAO-I (Irganox 1010)primary antioxidant after4 week The wide variance in performance of preaged versus regular

cable filler conditioning at 70°C_ Attempts to define alternative primary samples, both in oven aging failure times and in failure mechanisms is of

antioxidants with substantially improved filler compaability were great interes,. Preaged insulations typically exhibit rapid cracking failure

unsuccessful. However, the study confirmed that the MD-I (Irganox 1024) with retained specimen ductility. In some respects, this cracking behavior

metal deactivator currently in use is well suited"
0 for filled cable is characteristic of environmental stress cracking, with good retention of

applications. Because this antioxidant also provides primary antioxidant specimen ter,sile strength, tensile elongation and ductility. However.

functionality, it assumes the major role for stabilization after extended filler

exposure. The bench study demonstrated the ability to increase the MD- I

concentration to provide dramatically improved stabilization after filler

immersion.
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extended filler contact. The bifunctional metal deactivator/hindered Polyethylene Insulations," 21st International Wire and Cable
phenolic. MD-I, provided much better functionality retention after filler Symposium, 1972, pp. 329-341.
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stabilization by increasing the MD-I concentration. 2. Baxter, G.D.. Farango, M., and Gouldson. EJ., "Foam-Skin, A

Composite Expanded Insulation for Use in Telephone Cables,"
The failure mechanisms for preaged insulations apparently 21st International Wire and Cable Symposium, 1972, pp. 158-

include a strong oxidative synergism, since antioxidant system 172.
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interesting that the antioxidant optimization also provides a change in 3. Gesner, B.D., Shea, IW., and Wight, F.R., "Establishing
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antioxidant show substantially longer life but are more likely to be Measurements on Polyolefin Insulations," 22nd International

embrittled at failure. This suggests that further antioxidant system Wire and Cable Symposium, 1973, pp. 7-10.
optimization might provide additional gains in aging performance.
although the cost/benefit of any such improvement should be carefully 4. Schmidt. G.A.,"MethodsforLifePredictionoflnsulationsofAir
evaluated. In addition, it appears that the thermal embrittlement behavior Core Cables and Filled Cables." 22nd International Wire and
contributing to the faster failure of second pigtails can be minimized by Cable Symposium, 1973, pp. 11-22.
antioxidant optimization. Although these second pigtails continue to fail
at slightly faster rates, the relative magnitude and importance of the 5. Kuck, V., "Critical Temperature for Soluability of a Phenolic
difference is reduced by the significant increase in insulation life. Antioxidant," Polymer Additives. editor Kresta, I.E., 1984, pp.

103-110.
Work is continuing to quantify the relative insulation aging

performance of ethylene-butene versus ethylene-hexene high density 6. Kokta, E. T., "Comparison of Test Methods for Determination of
copolymers. Preliminary results indicate that these feedstocks w ill provide Stability of Wire and Cable Insulation," 24th International Wire
comparable performance if properly stabilized, and Cable Symposium, 1975, pp. 220-224

This study was pragmatic, with a primary objective being 7. Bell Communications Research, "Generic Requirements for
demonstration of commercial methods to substantially improve life MetallicTelecommunciationsCables,"TechnicalReference TR-
performance. A solution was identified by study of polyethylene materials TSY-000421, Issue I, December 1986, pp B I-B2.
and antioxidant systems. It is known that other variables such as chemical
blowing agents and cable fillers materials also exhibit a major influence 8. Gilroy, H. M., "Thermal Oxidative Cracking of Polyethylene
upon insulation aging performance. The presentation of test methods Insulation on Telephone Ccnductors," 23rd International Wire
provides a useful tool to further investigate these variables, and Cable Symposium, 1974, pp. 4 2 -45 .

CONCLUSIONS 9. O'Rell, D.D., and Patel, A., "Oxidative Stability Studies on
A cable testing method incorporating features simulating the Cellular High Density Polyolefin Insulation for Communications

commercial application was utilized to optimize foam/skin insulations to Wire" 24th International Wire and Cable Symposium, 1975, pp.
provide improved long term aging performance. A twofold improvement 231-236.
in the accelerated aging performance was demonstrated via optization of
the cellular product antioxidant system. Installed foam/skin insulations 10. Patcl, A., "A Bifunctional Antioxidant/Metal Deactivator for

have generally performed well for ten years, and this substantial Polyolefin Wire Insulation", 26th International Wire and Cable
improvement should increase confidence relative to the 40 year service life Symposium, 1977, pp. 83-86.
desired for all applications. All insulation material suppliers and cable
producers have the incentive and ability to rapidly implement improved
cellular product stabilization as a result of this publication.
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Table 1A

24 Gauge Foam Skin Commercial Cable
(Weeks to 50% Pigtail Failure)

Cable 70'C 80C

Supplier Preaged Regular Preaged Preaged Regular Regular
1" Pigtail 1P Pigtail 1" Pigtail 2' d Piqtail 1" Pigtail 2' Pigtail'

Al 60 61 28 27 58 50

A2 26 59 8 11 56 48

81 27 66 14 13 26 27

B2 26 72 14 12 46 42

C1 26 41 10 10 61 48

C2 17 52 13 11 24 18

D 22 45 9 15 36 38

El 18 -- 7 9 35 41

E2 -- 28 20 --.

Note: 1. Time to failure for 2 pigtail includes aging time in oven before formation of 21 pigtails

Table lB

24 Gauge Foam Skin Commercial Cable
(Can Make Pigtails without Cracking)

80°C

Cable Preaged Regular

Supplier 3 Pigtail 41h Pigtail 3'd Pigtail 4" Pigtail

Al yes yes no no

A2 yes yes no no

B1 yes no yes 19/20

B2 yes 17/20 no no

C1 yes yes no no

C2 17/20 18/20 no no

0 yes yes yes no

El yes yes no no

E2 yes no -"
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Graph ICumulative Failure of Commercial Cable
Graph 1Preaged at 700C and Aged at 801C

(% Failure vs. Weeks)
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Table 2A

Commercial Materials
(Weeks to 50% Pigtail Failure)

Foam Skin 70°C 80*C

Preaged Regular Preaged Preaged, Regular Regular'
Material Supplier Material Supplier 1' Pigtail I Pigtail 1 Pigtail 2 - Pigtail 1' Pigtail 2a Pigtail

HOPE A LLDPE A 27 42 9 8 19 14

HOPE50% A LLOPE A 29 51 12 12 23 22
Increase

Anboxdant

HOPE A PP B 23 66 10 10 27 26

HOPE
50% A PP B 26 76 13 11 30 32

Increase
Anboxidant

HOPE
50% A 21 44 10 9 18 20Increase

Anboxidant

HOPE
50%

Increase A HOPE A 33 53 23 35 27
Anborant

HOPE A HOPE C 30 82 13 12 40 24

HOPE A HOPE D 30 72 12 10 28 16

Note: 1. Time to failure for 2n' pigtail includes aging time in the oven before formation of 2' pigtail.

Table 2B

Plasticity Measured by Fornnation of 3d and 41 Pigtails

Foam Skin Preaged Regular

3dnP 41h Pigtail 3  Pail 4" PigtailCn Can Make Can MaeCan Make
Material Supplier Material Supplier (%) (%) (N) (M)

HDPE A LLDPE A 100 100 0 0

HOPE50% Increase A LLDPE A 100 100 95 0
Antoxdant

HOPE A PP B 100 100 0 0

HDPE
50% Increase A PP B 100 100 0 0

Antoxidant

HDPE
50% Increase A 100 100 100 100

Antlo.,dant

HOPE
S0% Increa A HDPE A 95 100 0 0

AntloXdant

HOPE A HDPE C 100 100 0 0

HOPE A HOPE D 100 too 0 0
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Table 3A

Experimental Materials
70,C Aging

Insulation
EthyleneCptre Preaged Four Weeks at 70tC Regular2

Initial
Weeks to Proaged Elongation Weeks to Elongation

Skin Foam 509/6 Failure Elongation at 509/ W1,/ Failure at 50%/
HOPE HOPE 1st Pigtail (*/) Failure (9/) 1st Pigtail Failure (1/)

Bulene Butane 32 460 380 72 < 25

Hesene Butene 34 490 480 80 < 25

Hesene Experimental 44 410 410 x82 < 25
- Hexene- ____

Hexene Experimental
with Hexene with 34 380 390 82 < 25

processing processing
aid aid

Butene Experimental 46 390 170 80 < 25
Hexenep- -

Butene
with B~utane 30 480 475 74 . 25

nucleating
agent

Butene Bulene, 32 380 330 78 < 25
and Rubbher

Note: 1. The stabilization package for the Butene materials was 0 1% antioxidant and 0.1% metal
deactivator. The Hexene stablization package 0.15%/ anlioxidarl and 0.15%/ meta
deactivator.

2. Wire was bile when removed trom oven.

Table 3 B
Experimental Materials

W0C Aging

Preaged Four Weeks at 70'C Regular
Insulation

Ethylene Copolyr wa Pigtale that % Pigtsa that
Wks to 50% Failure Could 8. Made Weeks to 50% Failure Could B.r Made

Skin Foam let 2nd 3rd 4th let 2nd 3rd 4th
HOPE HOPE Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail

Buta Buaene 14 tO 100 as 34 20 0 0

Henene Butane 18 10 85 100 40 22 0 0

Hexnne Experimental 22 12 0 0 45 26 0 0
Hexne

Haeen Experimental
with Hexane with 20 12 0 0 36 24 0 0

processing processing
aid aid

Buta Experimental 20 12 0 0 42 26 0 01 Hexene

Butene

With Butane 16 10 100 100 40 24 0 0
nucleating

agent

Butene
and Butane 12 8 1OO 100 38 20 0 0

Rubber

Butane 0  Butene' 15i 14 too 100 38 ,40 0 -
ri-linked ri-linked

Note 1 The stabilization package for the Heonne was 0 15% antioxidant and 0 t 5% moral deactivator
The stabilization package for the Buta materials was 0 1 % antioxidant and 0 1% metal deactivator

2 X-linked by electron beam of 20 mega rad
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Table 4

High Density Polyethylene - Hexene Copolymer Repeat
Preagecf Four Weeks at 70 C

80 C 70 c
Material ____Can Make Can MakeWeek$ to S0% Failure % Weeks to 50% Failure %

Skin' Foam 2 1st 2nd 3rd 4th let 2nd 3rd 4th

Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail Pigtail

Bwtene Butene 28 16 88 52 60 22 92

Hexne Butene 40 16 100 40 64 32 96 92

Hoene Hexene 48 42 84 0 Note 3 54

He-one He.xooe 52 42 68 4 Note 4 58

a'oc,,ss -g
agcer!

Note 1 The skin materials contained 0.15% metal deactivator and 0 18% antioxidant.
2 The Butene foam contained 0 1% metn! jeactivalor and 01 % antioxidant.

The Hexene foam contained 0 150 5 netal deactivator and 0.18% anioxidant.
3 36% failure at 68 weeks
4 8% falure at 68 weks

Table 5

Comparison of Stabilization Package at 80'0
After 40 Weeks at 80 0C

Hexene Skin Butene Foam % Failure

Antioxidant % Metal Antioxidant % Metal
% Deactivator % Deactivator lst Pigtail 2nd Pigtail

0.18 0.15 0.10 0.10 80 100
0.20 0.15 0.10 0.10 16 76
0.15 0.25 0.10 0.10 16 56
0.20 015 0.15 0.15 0 0
015 0.25 015 0.15 0 0
0.20 0.15 0.15 0.20 0 0
0.20 0.15 0.15 0.25 0 0
015 0.25 015 0.25 0 0
0.15' 0.15' 0.10 010 72 100
0 15' 0.15' 0.10 0.10 100 1002
0.15' 0.15' 0.15 0.15 0 0

Note: 1. Butene skin
2. 100% failure in under 16 weeks
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ACTIVE TRANSCEIVER CABLE FOR LOCAL AREA NETWORKS

H. YOKOSUKA Y. KOBAYASHI K. ARAI K. KARAI 0. WATANABE

FUJIKURA LTD. 1440 MUTSUZAKI SAKURA-SHI CHIBA-KEN 285 JAPAN

Summary to add workstations.
Traditional transceiver units are separated

A small and light weight active into three parts, a big coaxial cable tap,
transceiver cable has been developed and a big transceiver circuit box with a
introduced into practical use for local transceiver cable connector and a trans-
area networks. The active transceiver ceiver cable. When they are assembled and
cable was designed to be compatible with hung from the coaxial cable on the wall, it
the standard IEEE 802.3. It consists of a needs a much space to be installed and it
coaxial cable tap, a transceiver module and looks bulky. In a contemporary and neat
a transceiver cable, office these kind of a over-size

The transceiver module, the transceiver transceiver units are often seen under
cable termination and a female connector of desks or around the corner of the room.
a coaxial tap are mounted on a metal frame The newly developed transceiver unit
and are molded into a body with a plastic consists of a coaxial cable tap and a
resin. The all transceiver circuit is transceiver unit which includes a
molded into a small chip and mounted on a transceiver cable termination. When these
printed circuit board. The module, the two are assembled they are compact and make
transceiver cable and a coaxial tap are a fine configuration suitable for a modern
joined on this board. office. In this paper the assembled unit
Since the hybrid IC in the module are very of a coaxial cable tap and a transceiver
fragile to the molding pressure, many unit with a transceiver cable, is called an
techniques were employed to achieve a active transceiver cable.
successful injection molding. The outer dimensions of the active trans-

On the top of the transceiver unit, the ceiver cable are much smaller than that of
coaxial cable tap block is fitted. Tne tap the traditional one. In order to realize
block consists of two halves: a connection the new active transceiver cable unit, two
block and a clamping block. The connection important technologies were necessary.
block has a signal probe and ground probes They were a small transceiver module and a
on the cable trough . The coaxial cable is PVC injection molding technique. In
gripped with a bolt and the tap block is Figure I the new transceiver cable and its
attached to the transceiver unit with two installation method are shown in comparison
bolts. The installation can be done in a with the traditional one.
short time. When this is all assembled it
makes a fine configuration suitable l'or use
in any modern office. Transceiver Module

The outside view of the new small
Introduction transceiver module and its principal

dimensions are shown in Figure 2 and Table
Recently local area networks have been I respectively. All transceiver circuits

widely used for office automation, factory shown in Figure 3 are packed densely in
automation and laboratory automation in our the module. As standardized by [EEE802.3
modern information society. Among several and illustrated in figure 3 the module
types of these networks, the Ethernet which has the following functions.
is standardized as [EEESO2.3 is one of the
most popular networks because of its simple (l)Transmitting signals to medium
and easy expansion, inexpensive cost, and The module receives differential signals
high transmitting speed. from data terminal equipment with the DO

The growth of networks brings a need terminals and sends out signals to a
for development of small and fine coaxial cable by the driver. Among the
configuration transceiver units as well as signals it receives; negative signals
fast. and reliable means of tapping cables having a pulse width less than 7 ns,
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(NL

Figure 1. New Active Transceiver Cable and Figure 2. New Small Transceiver
its Installation Method Module

positive pulse signals having a pulse width Table 1 Principle demensisn
160 ns and above, and signals having their
peak level less than -175 mV shall be Discription Dimension
eliminated by a noise filter circuit.

(2)Receiving signals from medium Outside dimension Plastic mold: 34x36x13 mm

Signals received from the tap will be
transmitted to a differential line driver Number of pins 24 pins
through an amplifying circuit and a
filtering circuit. At this time, the Power supply 10-16 V 150 mA
signals are compared with the reference
voltage by the carrier detector and only DielectrAc strength AC 500 V I min.
good signals are transmitted to the driver.
Then the signals are sent out to data
terminal equipment through a pulse Transmitting output 1.8 V p-p

transformer from the DI+ terminals.
Receiving differential output +700 mV

3)Collison detection
During transmission the module will detect Collision detecting DC level -1.56 V
a collision in the medium when other
workstations on the network start
transmitting. Signals received are SQE test Possible

compared with the collision detecting
reference level and if they are found below (I)A regular DC/DC converter of this
the reference, 10 MHz collision signals capacity has the same volume as the
will be sent out to a data terminal from transceiver module. The minimization of
the terminal CIt through a differential the volume was achieved by improving
line driver and a pulse transformer. conversion efficiency and by eliminating a

noise problem caused by the efficiency
(4)Jabber control improvement.
In order to protect the medium from an
extraordinarily long message, the jabber (2)When all the devices shown in figure 3
time controller monitors the DO+ operation are mounted using the existing mounting
and detects transmitting signal method, the transceiver module will become
irregurality. It stops transmitting when more than twice the volume of the new
an active state of the transmitting driver module. A .new mounting method was employed
lasts over 26 ms of jabber time. to make the small hybrid IC chip.

(5ISQE test
The module makes a signal quality error Active Transceiver Cable
test at the end of a transmission. At this
time, 10 MHz signals will be sent out from The active transceiver cable has on its
the CI+ terminals. one end, a plastic molded transceiver unit

As noted in table I the transceiver which makes a complete shape with the
module is very small. In order to make coaxial cable tap block. And it has a
the smallest module, the following two key D-sub connector with 15 pins at the other
techniques played an important role. end. The whole outside view is shown in
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Filiure I., Block IDiagramn 1: the Transceiver Circ uit

tigure I, The transceiver unit including
a coaxial cable tap is shown in figure 5 Figure -1. Active Transceiver Cable

and figure b.
very fragile, the plastic molding pressure

Designing considerations must not be loaded on this modul. In

In order to realize the small, light- order to protect the module from the
weight and one-body configuration, the injection molding the following techniques

following items were taken into designing were employed:
considerations: (I)Low pressure high melt flow PVC resin

(I)In order to make a fine outside view, was selected.
all parts are arranged to make the unit as (2)The mold was designed not to raise the
thin as possible. molten PVC pressure at the final stage of
(L)In order to be stable when installed on the injection. The location of the gate

the wall or floor, the back of the unit has was carefully studied not to load the high

been kept flat. pressure directly on the module.
(3)In order to make the tap installation (3)Thc- module is protected againt the
-impic, the tap block is separated into two pressure and sealed not to allow the high
parts and the ground probes are bedded into pressure resin flow inside by a box.
one of the halves.
Il)To keep total capacitance of the tap and
active circuitry small, the distance Coaxial Cable Tap
between the female tap connector and the
module has been kept to the minimum. The coaxial cable tap is shown in

figure 7. It consists of the two halves
Structure of the transceiver unit of the tap block. The center conductor

As shown in figure 5, there is a metal probe and ground probes protruding into the

common frame in the molded transceiver cable gripping hole are attached on one
unit. On the frame there are a transceiver side of the half. The back of the center

module, a transceiver cable termination and conductor probe is a male tap connector

a female connector of a coaxial cable tap. which is connected to the female one of the
The module is mounted on the printed transceiver unit.
circuit board and the board is fixed on the After checking the cable gripping force
Frame being electrically isolated. The and testing the tapping for repeatability,
transceiver cable and the tap connector are the outer dimensions of the tap block were
connected to the module through this decided so it would fit in the upper groove
circuit hoard, of the transceiver unit. The outside

surface of the tap block was then covered

Plastic molding with a firm insulation coating.
When the transceiver module, the

coaxial cable tap receptacle, the
transceiver cable and the power source LED Reliability Test
light are fixed on the frame andi connected
with wires, the next process is an Various kinds of tests were carried out.

injection molding, to confirm long term stability of the
Since the small hybrid IC module is transceiver cable. These tests and their
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results are listed in table 2. The test
conditions are based on the JIS (Japan
Industrial Standard) testing method of
,electronic components.

Coaxial Cable Tap Block

-Transceiver Unit

Female Connect.or

', ,* ."Figure 7. Coaxial Cable Tap Blocks

t -., Power Supply Light

Table 2 Reliability tests
Transceiver Module

Test Types Conditions Pesuits

Common Frame Thermal Shock Test CIS '7022 A-3 Passed
7 100°c-*0"c.5 cycles

Thermal Cyclic JIS C7022 A-4 Passed
Test -25"c-25* c-85",5 cycles

Damp Heat Cyclic CIS C7022 A-5 RH95% Passed
Test -10'c -65c I0 times(2 patterns)

Mecnanicai ShocK jIS 07022 A-8 3 times Passes
rnnsceaver Cable Test 75 cm drop on maple woed

Fl -'urr 5 Structure 3t tfhe Transceles r Vii Vibration Test CIS 07022 A-I Passed
F vie02. 000z., 10G, 5hrs.( y,-

Non-stop Endurance jlS C7022 S-1 Passed
Test 70'c 1.000 hrs.

Start-stop Test CIS C7022 B-2 Passed
90 mn. on-- 30 min.off 1,000 hrs9 0High Temperature IS -7022 5-3 Passed

' Test 80 c 1,300 hrs.

Low Temperature jtS C7022 9-4 Passed
:- - -Test -C l.O00hrs.

Humidity Test JIS C7022 B-5 Passec
40"cRHO%,SOOhrs.

Coaxial Cable and +90 degree. 10 times. r=O0 tm
Tap Bending Test

Connection and central conductor probe and

Disconnection Test ground probe, 100 tomes

Figure 6 . 'rr ns ceiver Unit
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Installation Procedure

The installation procedure of the
coaxial cable tap is shown in figure 8.
The coaxial cable is gripped with a tap
block by a bolt and the cable is drilled by
the tap block attaching tools. The
connector plug is screwed into the tap
block and the tap block is fixed to the
transceiver unit firmly by two bolts. The
whole installation job is finished in just
a few minutes. 8.1 Tap blocks and coaxial cable

Conclusion

A new type of transceiver unit for LAN
has been introduced and complies with
standard IEEE802.3. The new active
transceiver cable has a transceiver unit
including a coaxial cable tap at one end
and a D-sub connector at the other end.
The outer dimensions of the transceiver
unit including the tap block and the
transceiver cable termination are about 8.2 Drill the coaxial cable
half of the smallest existing transceiver
unit. The transceiver unit has a small and
fine configuration. Its convenience makes
it very useful in any modern office.
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