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EXECUTIVE SUMMARY

This report contains the results of an evaluation of the vertical Bunsen burner
test method as specified in appendix F of the Federal Aviation Regulations (FAR)
Part 25. Burner fuel, flame placement, and flame temperature were evaluated.

The currently used burner fuel, B-gas, was compared to methane gas. Test results
show that burn length and flame time are similar for both gases when the gases are

fresh. However, a chemical reaction occurs with aging in B-gas between carbon
monoxide and the iron in the steel cylinder, making it difficult to consistently
regulate flame height. This problem is eliminated with the use of methane gas.

Flame placement was evaluated for test specimens ranging up to 1 inch in thickness.
It was found that placing the flame at the midpoint of the lower edge of the front
face resulted in a more realistic and severe evaluation of the test specimen's
flammability properties. This applies to all specimens regardless of thickness.
With the exception of foam, burn results show that it is necessary to test both
front and back faces of test specimens 1/2 inch and greater to ensure a realistic
assessment of surface flammability.

Flame temperature experiments were carried out using various thermocouple gauge
sizes. Test results show that an inverse relationship exist between flame tempera-
ture and thermocouple gauge size. Therefore, a minimum flame temperature specifi-
cation is meaningless without specifying the thermocouple gauge size.



INTRODUCTION

PURPOSE .

The purpose of this report is to present the results of an investigation of the
vertical Bunsen burner test method as specified in appendix F of the Federal
Aviation Regulations (FAR) Part 25.

BACKGROUND .

In 1951, Federal Specification CCC-T-191b, '"Textile Test Methods" was issued for
government procurement purposes. It included a horizontal flammability test for
cloth, Method 5906, and a vertical flammability test for cloth, Method 5902, whose
general apparatus and procedures were eventually used in Federal Aviation Admini-
stration (FAA) regulations.

In 1967, Amendment 15 for FAR Part 25 was issued by the FAA. This Amendment did
not reference the CCC-T-191b methods, but instead, documented the test procedure
with reference to Method 5902 in appendix F of FAR 25.

In 1968, Federal Test Method Standard (FTMS) 191 replaced CCC-T-191b. Method 5903
replaced Method 5902 which was dropped at the time of this change. Method 5903
differed from Method 5902 in that it specified a particular gas mixture for use as
burner fuel.

The vertical Bunsen burner test method has evolved into a certification and quality
control flammability test for a wide variety of aircraft interior materials (honey-
comb, composites, plastic sheets, foams, fiberglass insulation, etc). It has been
proven to be an effective and convenient test procedure. Nonetheless, over the
years, a number of problem areas have arisen, some traceable to the originial test
procedure being intended for cloth materials, that create inconsistencies in data.
This report presents an investigation of several of the most pertinent problem
areas with the aim of producing a more clear and concise test procedure that will
reduce the likelihood of ambiguous or inconsistent data.

DISCUSSION
BURNER FUEL.

Appendix F of FAR Part 25 specifies a particular gas mixture for use as Bunsen
burner fuel by reference to FIMS-191 - Method 5903, "Flame Resistance of Cloth;
Vertical.” This specific gas mixture is commonly referred to as B-gas. However,
it is sold by different trade names, depending on the gas producer. As an example,
Matheson Gas Products call the gas mixture "Flame Resistance of Cloth Test Gas."
Components of the gas mixture are specified as follows:

Hydrogen 55 + 1%
Methane 24 + 1%
Ethane 3 %1%
Carbon Monoxide 18 + 1%

Many testing facilities have stated that B-gas produces inconsistent flame charac-
teristics from cylinder to cylinder. Furthermore, this inconsistency is reflected



in variable test results. Evaluation of the B-gas has verified that inconsistent
flame characteristics do indeed exist from cylinder to cylinder. Figure 1, photo-
graphs a, b, and c, show actual B-gas flames from three different cylinders of
various ages (age listed under each photograph). The characteristics of the three
B-gas flames are vividly different. Photograph c¢ shows an especially elongated and
intensely orange-spiked flame while a double cone formation is shown in photograph
b. Laboratory evaluation of both flames confirmed the presence of an iron oxide
compound (Fey O3) emanating from the flame. Fep 03 is a product of the

reaction:

2 Fe (CO)5 +6 0y ——=> Fey 03 + 9C02 + CO

Iron pentacarbonyl is a colorless to yellow oily liquid and is formed by the
reaction of carbon monoxide (C0) with iron (Fe). The primary source of iron is
the steel cylinder in which the B-gas is contained. In effect, what is seen in
photograph ¢ of figure 1 is the atomic spectrum of iron, while photograph b depicts
an intermediate stage. As the cylinder ages, more iron pentacarbonyl is formed,
ultimately resulting in the flame characteristic seen in photograph c. The forma-
tion of a spike or double cone in the burner flame makes it difficult to adjust the
burner to give a flame of 1 1/2 inches in height as specified in appendix F of FAR,
Part 25. More importantly, as the flame characteristics are altered with age, the
intensity of the flame and the resulting material sample burn characteristics will
also change.

Methane gas of 99 percent purity was tested as a substitute for B-gas. Referring
to figure 2, note the well defined diffusion flame of the methane gas. The blue
reaction zone can be seen on the outside of the luminous carbon zone, and reaches
to the top of the flame. Flame height is well defined and easily regulated as a
result of this well defined flame tip. In order to compare B-gas with methane,
various materials were tested. Referring to table 1, it can be seen that burn
lengths and flame times are very similar for both gases.

FLAME TEMPERATURE .

Appendix F of FAR, Part 25 requires that the minimum flame temperature in the
center of the flame be at least 1550° F for the vertical burn test. This tempera-

ture minimum is also required for the horizontal and 45-degree tests. The 60-
degree test specifies a minimum temperature of 1750° F in the hottest portion of
the flame. A calibrated thermocouple pyrometer 1is specified for temperature

measurement . However, no particular thermocouple gauge size is re quired.

A number of experiments, employing five different gauge size thermocouples, were
performed in order to examine flame temperature in the center of the flame. Flame
height (1 1/2 inches), gas delivery pressure (2 1/2 + 1/4 pounds psi), and all
other re quirements were followed according to the rule. An in-line needle valve
was used to regulate gas flow. The Bunsen burner base had a 1.5 mm orifice
diameter. Other bases with orifice diameters as small as ‘0.67 mm were evaluated
with no significant test result differences. However, the base with the 1.5 mm
orifice produced a conical flame with complete flame impingement around the burner
mouth and, therefore, was used in all testing. The thermocouples were inserted
into the flame horizontally. For comparison, B-gas and methane flame temperatures
were evaluated. From figure 3, it can be seen that flame temperature and thermo-
couple gauge size are inversely proportional to each other. The 36-gauge Chromel
Alumel thermocouple reflects the highest average temperature for both gases while
the lowest average temperature is seen with the 20-gauge thermocouple.

2



TABLE 1. VERTICAL BURN TEST RESULTS

Average of 3 Samples

Flame Time (sec) Burn Length (in.)
SAMPLE DESCRIPTION Methane B—gas Methane  B-gas
Carpet 90/10 2.7 2.2 1.3 1.2
Wool Nylon
Warp Dir.¥
Carpet 90/10 2.4 1.9 1.2 1.2
Wool Nylon
Weft Dir.*
Carpet 85/15 6.1 7.0 2.4 2.7
Wool Nylon
Warp Dir.
Carpet 85/15 3.6 4.0 2.1 2.3
Wool Nylon
Weft Dir.
Upholstery 90/10 1.0 0.7 2.1 1.6
" Wool Nylon
Drapery 35/65 0 0 3.3 2.7
Wool Synthetic
i1 Tedlar Finish
Ceiling Panel Epoxy/Fiberglass Facings 0 0 3.3 3.2
Phenolic/Nomex Core
Sidewall Panel 0 0 3.4 3.8
Tedlar Finish i
Epoxy/Fiberglass Facings
Phenolic/Nomex Core
Partiti Tedlar Finish 0 0 1.9 1.6
thion Epoxy/Fiberglass Facings
Phenolic/Nomex Core
Stowbin Shelf Tedlar Finish 0 0 1.5 1.1
Epoxy/Fiberglass Facings
Phenolic/Nomex Core
Flooring Carbon/Epoxy Facings 0 0 1.6 2.1

Nomex/Phenolic Core

* Tested in warp direction - yarns extended lengthwise
* Tested in weft direction - crossing yarns



It is known that wire (in this case, thermocouple wire) will normally be cooler
than the flame gases, owing to heat losses by radiation, conduction, and convec-—
tion. Thus, as the thickness of the thermocouple wire is decreased, the closer the
measurment to the real flame temperature. There is obviously a limit set by the
mechanical strength of the wire for the smallest diameter thermocouple wire that
can be practically utilized; therefore, nothing finer than 36-gauge wire was
tested.

Referring to figure 3, both the B-gas and methane flames show an average tempera-
ture of 2300° F in the center of the flame when measured with the 36-gauge
thermocouple. According to Hassian and Russel, theoretical flame temperature for
methane exceeds 3000° F (reference 2), thus, the measurement was reasonable and,
perhaps, still below the true flame temperature.

FLAME PLACEMENT.

According to appendix F of FAR Part 25, the flame for the vertical burn test must
be applied to the center line of the lower edge of the specimen. This is an
ambiguous statement since it does not specify a point, but a line.

While initially a cloth materials test, the vertical burn test now encompasses
interior aircraft composite materials such as class partitions which can range over
one inch in thickness. For this reason, flame placement must be clearly identified

Interior ceiling panels, wall panels, cabinet walls, structural flooring, etc., are
generally sandwich composites. The composites are fabricated by bonding resin
systems such as epoxies or phenolics to a honeycomb core material with an adhesive.
While core materials such as balsa, glass, and aluminum are used in certain
applications, core material used in aircraft composite panels 1is primarily an
aromatic polyamide sold under the trade name of Nomex™. Testing with the Bunsen

burner has shown Nomex honeycomb core to be self-extinguishing.

At the present time, the burner is positioned under the geometric center of the
bottom surface of the test specimen. This is common practice in most test facili-
ties. However, testing has shown that placing the flame on the midpoint of the
lower edge of the front face produces test results that best represent the
specimen's overall flammability properties. Figures 4, 5, and 6 depict various
panels of different thicknesses burnt with the flame placed in the geometric center
of the bottom surface and also on the midpoint of the lower edge of the front
face.

No distinguishable difference in burn length can be seen for the thin specimens
shown in figure 4. However, the differences are obvious when viewing the thicker
panels shown in figures 5 and 6. For samples 1/2 inch and greater, geometric
center flame placement does not give test results representative of the material's
total flamability properties. This is due to flame impingement primarily on the
self-ext inguishing honeycomb core.

Referring to figure 7, note the absence of flame impingement on the back face of
the panel. While flame placement on the midpoint of the lower edge of the front
face gives more realistic test results, it was found that it 1s necessary to test
the back face as well for samples 1/2 inch and greater. One test specimen, how-
ever, may be used for both front and back face testing.



According to appendix F of FAR, Part 25 thick foam parts, such as seat cushions,
must be tested in 1/2-inch thickness. Referring to figure 8, flame placement on
the midpoint of the lower edge of the front face resulted in a melting away of the
material. However, the burm length is the same as the sample with geometric center
flame placement. For foam test specimens, it is not necessary to separately test
front and back faces. Unlike composite materials or carpets with different back-
ings, polyurethane foams are homogeneous.

SUMMARY OF RESULTS

1. Burn length and flame time values are similar for both B-gas and methane
when used as burner fuel if the B-gas flame characteristics have not been altered
by aging. It appears that the change in the flame characteristics of B-gas with
aging 1s a result of chemical reactions with the iron in steel storage cylinders.

2, Flame height is much easier to regulate with methane as opposed to B-gas due
to methane's reproducible flame characteristics.

3. Placing the flame on the midpoint of the lower edge of the fromnt face of
composite test specimens produces more realistic and severe test results than
placing the flame in the geometric center of the bottom face.

4. With the exception of foam, flammability properties of test specimens 1/2 inch
and greater in thickness are best represented by testing the back face in addition
to the front face (one test specimen may be used for both tests).

5. An inverse relationship exists between the measured flame temperature and
thermocouple gauge size.

CONCLUSIONS

1. Methane gas can be used as a replacement or alternative to B-gas as Bunsen
burner fuel because it produces similar flame characteristics and does not experi-
ence an alteration in flame characteristics as a result of storage cylinder aging
effects.

2. Placement of the burner flame at the geometric center of the specimens bottom
edge does not give a realistic and severe assessment of surface flammability for
composite materials.

3. With the exception of foam, all test specimens 1/2 inch and greater in thick-
ness should be tested on both front and back faces in order to asses surface
flammability.

4. A minimum temperature specification is unnecessary and meaningless without a
thermocouple gauge size specified.
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GEOMETRIC CENTER MIDPOINT-LOWER
FLAME PLACEMENT EDGE-FRONT FACE
FLAME PLACEMENT

SIDEWALL PANEL
THICKNESS-'s INCH

GEOMETRIC CENTER MIDPOINT-LOWER
FLAME PLACEMENT EDGE-FRONT FACE

CEILING PANEL FLAME PLACEMENT
THICKNESS-' INCH

FIGURE 4. EFFECT OF FLAME PLACEMENT ON COMPOSITE BURN RESULTS
(THICKNESS 1/8, 1/4 INCH)




GEOMETRIC CENTER MIDPOINT-LOWER EDGE-
FLAME PLACEMENT -FRONT FACE
FLAME PLACEMENT
FLOORING
THICKNESS - 34 IN.

GEOMETRIC CENTER MIDPOINT-LOWER EDGE-
FLAME PLACEMENT -FRONT FACE

FLAME PLACEMENT
STOWBIN SHELF
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FIGURE 5. EFFECT OF FLAME PLACEMENT ON COMPOSITE BURN RESULTS
(THICKNESS 3/8, 1/2 INCH)
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GEOMETRIC CENTER MIDPOINT-LOWER
FLAME PLACEMENT EDGE-FRONT FACE

FLAME PLACEMENT
CEILING PANEL

THICKNESS-34IN.

GEOMETRIC CENTER MIDPOINT-LOWER
FLAME PLACEMENT EDGE-FRONT FACE
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FIGURE 6. EFFECT OF FLAME PLACEMENT ON COMPOSITE BURN RESULTS
(THICKNESS 3/4, 1 INCH)
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GEOMETRIC CENTER MIDPOINT-LOWER EDGE-
FLAME PLACEMENT FRONT FACE

FLAME PLACEMENT
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FRONT FACE

GEOMETRIC CENTER MIDPOINT-LOWER EDGE-
FLAME PLACEMENT FRONT FACE
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FIGURE 7. EFFECT OF FLAME PLACEMENT ON COMPOSITE BURN RESULTS
(FRONT FACE, BACK FACE)
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FIGURE 8. EFFECT OF FLAME PLACEMENT ON FOAM BURN RESULTS
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BeF. GOODRICH TECHNICAL
F.0, BOX 122
AVON LAKE, OHIO

INSTITUTE
Naelds

20034

CENTER

Q4G 2

MATTHEW FINUCANE
ACTION FROJECT

Mk .
AVIATION CONBUMER
Fafly ROX 17029
WASHINGTON, DO 20034
OUINTIERE
STANIARDSE

R, JAMES G,
NATIONAL EBUREAU OF
BLIDG. 224, RM. i
WASHINGTYON [

ME. LEO FISHER
CREST FOAHM
100 CARDL

MOONACHIE: NJ

PLACE

97074
HE . & ABE00.
860 VISTA
REDWOOD

BTaM MARTIN
ODRIVE
DIVY . CALIF. 94042
MR, PHILIF J.
FROFESSI0NAL

Fa.D, BOX 444

OaK RIDGE. TN

T ME NN
LOSE CONTROL .

LT
FIBI0

MR« . L BRIDOMARN
GENERAL ELECTRIC GO
FLASTICE TECHNOLOGY
1 FLASTICE AVENUE
FPITTEFIELD, WA L2201

BEFT.

COLLEGE FARKy MI

MR, JaMESs A,

DEFARTMENT OF
ENGINEERING

UNTVERBITY 0OF

MILKE
FIRE PROTECTION

MARYLAND

20742

MR WALTER T.
CLARK ENGINEERING

12 E. M&IN STREET
LANSCASTER, TEXAE 735144

CLARK: JR.
SERVICE

MR. JOHN F. REESE
AERDSPACE INDUSTRIES
OF AHMERICA, INGC.
172% DBESALES STREETs N.W.

WASHINGTONs D.0. 20034

ASSOCTATION

COMMANDING GENERAL

.5, ARMY TEST & EVALUATION
COMMANTD

ALt iDRSTE-AD-A

ABERDEEN FROVING

(.
GROUNI

CONLEY)
M. 21064
MR. WILLIAM R. KANE
SYSTEM ENGINEERING
AST/ENFEF

WRIGHT-FATTERSON AFER:

GROUR

OHIO 45433

WHs KIRKHAMy FHI. MDy AAC-114
notT/Fan CAMI

AERDONAUTICAL CENTER

F.0. BOX 23082
OKLAHOMA CTITY» OKLAHOMA 73125
PR. #&sJds CHRISTOFHER

ROYAL AIRCRAFT ESTABLISHMENT
MATERALS DEFT.

S0UTH FARNBORDUGH

HANTS» ENGLAND

MR. HENRY J. ROUXK

FRODUCT FIRE FPERFORMAMCE
ARMETRONG WORLD INDUSTRIES,
LANCABTER: A, 17604

THNE

MAMAGER

FLIGHT ATTENDANT
WESTERN ATRLINES
A040 AVION DRIVE
LOS ANGELES CALIF.

TRALHING & STANDARD

S000Y

MR, JOHN ED RYAN
NMATIONAL FOREST
50 HORTH FRANKLIN
Fole RBOX 314

HOHORUE» NEW JERSEY

FRODUCTS AS50C.
TURNFIKE

D74273



MR. EVERETT A. TUSBTIN
BOEING COMMERICAL AIRFLANE
F.0. BOX 3707 M8 oF-J4
SEATTLE, WASHINGTON 98124

CoMe BLIERPCEVICH

FLAME DYNAMICS LARORATORY
UNIVERSITY 0OF OKLAHOMA
12135 WESTHEIMER &T.
NORMANy ORKLAHOMA 73049

MR+ R.G., CLODFELTER
AFWAL/FOSH
WRIGHT-FATTERSON
OHID 45433

AFR

MR. LOUIE FRIGCO

WIRE & CABLE DIVISION
RAYCHEM CORF.

300 CONSTITUTION DRIVE
MENLDO FARKy CALIF. 40295

DR, EDWIN SMITH
DHID STATE UNIVERSITY
140 W. 19TH AVE.

COLUMBUS, OHIO 43214

RERNARD GRENDAHL »
AEROSFACE DIVISION
UNIVERSAL OIL FRODUCTS
BANTAMy CONN. 046750

MGR. TECH,

co.

MR,  WILLIAM SNODDY

AMERICAN AIRLINES

F.0. BOX 351009 MAIL STOF #10
TULSAy ORLAHOMA 74131

A, TEWARSON

FMRC

1151 RBOSTON-FROVIDENCE T/PKE
NORWOODs MASS. 02082

MRS, CHARLOTTE GEBHART
ROHM % HAAS CO.

ITNDEFENDENCE MALL
FHILADELFHIA: FA.

WEST
191635

DR. ROSALIND
ARTHUR 1.

ACORN FARR
CAMBRIDGE »

C. ANDERSON
LITTLE» TRNGC.

MAGS, 021490

S5ERV,

COMPFANY

MR, FRED JENKIMNE, OMM-~130L
FEDERAL AVIATION ADMINISTRATION
4344 DOMALL DOUGLAS DRIVE

LOMG BEACH, CALIFORNIA  90BOH

MATTHEW M. MoCORMICK
TRANSFORTATION
TECHNOLOGY

L. 20594

PR
MATIOHAL

BUREAL OF
WASHINGTONS

MR DAM GROSE

B-&&6 TECHHMOLOGY
NATIONAL BUREAU
WASHINGTON, 0,10,

BUTLDING
OF STANDARDS

20234

DELMAN

BURE AU, IMNC.
SERVICES DENTER

FaRR DRIVE

PEW YORK

MR« A.
THE WOOL

TECHNICAL
225 CROSS5WAYS

alad
Li— I ¢ ¥

WODDRURY s A A
DR JAMES M. PETERZON

THE ROEING C(.

MG/73-43
SEATTLE WASHINGTON 98124

R+ L+ BENISER

INTERNATIONAL WOOL SECRETARIAT
TECHNICAL CENTERs WALLEY DRIVE
ILKLEY s WEST YORKSHIRE. LS2§F Orp
ENGLANT

JOHN 0. FPUNDERSOM
E.I, DUFONT De NEMOURSG
F.0. BOX 1217
FARKERSRURGy

DR .

We VAo 26102
FUMIHARU SALITO

BUILDING RESEARCH INSTITUTE
MINISTRY OF COMNSTRUCTION
TATEHARA-L OHO-MATHI
TSUKUBA~GUN

ITBARART FPREFECTURES

DR

SAF AN

MR. FETER MEIRKLEW®
CIVIL AILR ATTAUH S(S5AFETY)
BRITIGH EMBASHY
3100 MABEACHUSETTS aAVE,
WASHIMGTON: D0, 2000H

MU

T.F, LAUGHLIN. R,
LOCRHEED-DALIFORNIA CO.
HA98-01ls BAP0-49 A-1
Fo0. ROX 551

BURBAME: CALIFORINA 9

vy g
]G

BAFETY BD.



R CHARLES P« LAZZARA
Us RUREAU OF MINES
FGH. RESEARCH CENTER
F.O, BOX 18070
FITTSBURGy Pa. 15334

KIRKE COMSTOCK

MANAGER OF INTERIOR ENGINEERING
UNITED ATRLINES MAINT. OFER.
EMGINEERING DEPT.

H5AN FRANCISCH
AN FRANDISCO, CALIF. 94128
NR. JOHN LEVERTON

CIVIL REGULATIONG MAMNAGER
CIVIL BUSINESS GROUF
WESTLAND HELICOFTERS
YEOVILs BAZO 2YH
SOMERSET. ENGLAND

LD

D.h, RADICE

MANAGER: FLEXIRLE SALES
PR DTVISTION 0F UPJOHN 0.
555 ALASKA AVE.
TORRENCE, CALIF. 9203503

DR, DALE G. DNDERAK

JOHN SCHNELLER & ASSQCTATES
H019 FPOWDERMILL ROAD

RENT, OHIO 44240

MR, MICHEAL TYLER
AVIATION SAFETY RUREAU
TERANSFORT CanNAalla
OTTAWAy ONTARIO: CAnNADS KIADNE
Ml MIKE BAUCTLO

5. ARMY AVIATION RRO COMMAMD
AVESCOM DRSS AV -G

4300 GOODDFELLOW BLYD.

5T, LOUISy WIGEOURT A3120

MR. CHARLEYZ W. MOCGUIRE
DEFT. OF TRANSFORTATION
400 7TH STREE
WASHINGTON .0,

T
FOEYO

MR. UYTD BABRAUSKAR

BLIG, 2345

WAESHINGTON D.0.

MR, AT, FEACICK

DOUGLAS ATRORAFT COMPANY
INTERNAL MATL QORE 34-41
FEEE LARKEWOODR BLVI

LONG BEACH, Da. 70844

CENTER

INTERMATIONAL ATRFORT

MR FASCAL DRANITSARIS

ONTARIO RESEARCH FOUNDATION
SGHERIDAN PARK RESEARCH COMMUNITY
MISS5TI85ALUGA, ONTARIOQ, TANADA
LOK1E3

MR ERIC W. SIMMONS

ONTARID RESEARCH FOUNDATION
SHERIDAN FARK RESEARCH COMMUNITY
MISSISSAUGA: ONTARIO, CANADA
LAGRK1ER3

MR Volds BALLENGER

DIRECTOR, ENGINEERING AND MAINT.
ALR TRANSFORT ASSQCTATION

170% NEW YORE AVE.s NU
WASHINGTON, .G, 20004

MR. JAMES H. REELER

GENERAL ELECTRIC DOMPANY

(NE PLASTICE AVE.

FITTSFIELDy MASSACHUSETTS 01201

MR e WILLIAM K. GREER

GENERAL ELECTRIT COMFANY

ONE PLASTICE AVE.

FITTSFIELDy MASSACHUSETTS 013201

MR, JIM BROWN

GENERAL DYNAMICS ELECTIC BOAT DIV,
BTAHTION Ca2

EASTERM FOINT ROAD

GROTON: CONN., 046340

MR CHARLES MACALUSGS
8. TESTING

5555 TELEGRAPH RD.
Lefrae L. 20040

MR, JOHN R. PROUERS

DELTA ATRLIMES. INC
HARTSFIELD ATLANTA
INTERNATIONAL ATRFORT
ATLANTA, GEORGIA Z0320

MR, STEVE WaALDRIF

REFUBLIC ATRLINES

7500 AIRLINE DRIVE
MINNEAFOLIS, MINMELSOTA 35450

MR« S5.M. HIOPER
EASTERN AIRLINES
MIAMI INTERNATIONAL ATRPORT
MIaMIs FL. 33148



