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PurEose

The intention of this effort was to (1) study the swmoke emission
characteristics of a salected number of aircraft electrical wiring with
different types of plastic insulation coverings and (2) develop minimum
performance standards from an analysis of the test results and other tech-
nical data that may be useful to Flight Standards Service in preparing a
Notice for Proposed Rule Making (NPRM) limiting the maximum allowable smoke
emission from interior materials within safe and/or reasonable levels,

Background

Electrical wiring in the past was not included in federal safety regu-
lations as a2 cabin interior material, Although cabin furnishings and
interior finishing materials since 1947 have had to meet certain minimum
flammability standards to qualify for the designation of "flame resistant"
(i.e., maximum horizontal burn rate of 4 inches per minute), no flamma-
bility requirements were considered for aircraft wiring. It is only
recently that the terminology of interior materials has been extended to
include everything installed in the cabin, even the wiring. Also, it has
been the practice since 1966 to establish differeant flammability standards
sccording to the classification assigned to the particular material
dependent on its use and location within the cabin. Thus certain materials,
such as floor and ceiling paneling, were required to meet more severe
flammability requirements than others,

The first mention of flammability standards for certification of ajr-
craft wiring appeared in an NPRM 69-33, dated 30 August 1969. This NPRM
established a separate category and test method for wiring which is more
severe than those imposed on any other category. Mawimum allowable burn
length for wiring is only 3 inches compared to 6 or 8 inches for cate-
gories (a) and (b), respectively, for the more typical materials. The
NPRM was finally adopted as Amendment 25-32, Crashworthiness aund Evacuation
Standards: Transport Category Alrplanes - Section FAR 25.1359 and
Appendix F, effective 1 May 1972,



Although present regulations contain restrictions on the dagree of
flammability permitted for the materials, no restrictlions, except those
voluntary on the part of the wmajor airframe manufacturers, have been
extended to include smoke, However, following the experience of the Salt
Lake City B~727 crash fire in November 1965, it became abvious that there
was & need for reducing the smoke and toxic effects on passengers by bura-
ing materials to insure more rapid evacuation and greater survivability in
the event of another cabin fire, An extenslve test program to develop
sultable laboratory apparatus to measure smoke and develop a large body of
data for aircraft materials was initiated and funded by FAA at the National
Bureau of Standards from 1966 to 1968, The results of this study, which
include measurements on some 140 materials of (1) the specific optiecal
index (D.) for smoke and (2) concentratioans of toxic gases in air (PPM) at
the time of maximum smoke density, are contained in Report FAA-NA-68-36
(AD 675513) titled '"Smoke and Gases Produced by Burning Aircraft Interior
Materials,' June 1968. This report which received very wide circulation
both as an FAA report and later as a reprint of an NBS report was followed
by an Advanced Notice for Proposed Rule Making (ANPRM) 69-30, titled
"Compartment Interiors: Smoke Emission,' dated 30 July 1969,

The document had a tremendous impact not only on the aviation industry
but also on the plastics industry in general. Although, in answer to FAA's
request for comments there was some favorable reaction, most of the respond-
ents felt thet a smoke rule would be premature at that time based on the
limited experience with this problem, However, the FAA anncuncement which
forecasted future smoke controls for interior materials stimulated industry
to acquire the NBS test apparatus and use it either in the development of
new low-smoke materials or, as in the case of Boeing and Lockheed, use it
in the selection of materials for the B-747 and L-1011, 1Instead in the
case of Douglas, the Rohm & Haas XP2Z test apparatus was used to select
low-gmoke materials for the DC-10, The state of the art of smoke measure-
ment has rapidly advanced since 1969. This has occurred largely from the
success achieved by FAA in prowoting the WBS apparatus for smoke megsurement,
The number of such apparatus, which was limited to about feour, has grown
during the past 3 years to over 70 since it became commercially available
from an instrument company (AMINCO), Also during the past two vears, 20
different laboratories have taken part in rouad-robin tests under the
direction of NBS to establish the reproducibility of the smoke data as
part of the procedure for obtaining the approval of the test wmethod by a
technical society or government agency.

As various govermment agencies both civilian and wmilitary as well as
users of plastic materials became more consciocus of the smoke problem, an
increasing number of materials specifications began to appear with the
purpose of restricting smoke within certain visibility limits ag determined
by the NBS test method. This was best exemplified by the efforts of the
major airplane companies to select low-smoke materials consistent with
meeting the new flamwability requirements., Based largely on an analysis of
industry data, recommendations for rule making were made to Flight Standards
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Service, These were in accordance with the findings contained in Propulsion
Branch Data Report No, 76 titled "Analysls of Industry Furnished Smoke
Emission Data on New Cabin Interior Materials," January 1971.

Compared to the extensive smoke data available for a large variety
of cabin interior materials from different test facilitieg, similar date
for wiring are scarce. Much of the work in the area of testing wiring
for smoke emission has been performed by the DuPont Company which supplied
the material and specimen holders used in the NAFEC tests, Although not
a wire manufacturer, DuPont Company supplies high-temperature plastics
such as Tefion and Kynar that are used in aerospace applications as wire
covering,

Test Procedure

The NBS Smoke Densgity Chamber described in NBS Technical Note 708
I1ssued December 1971 was used to conduct tests on 11 different types of
wiring supplied by the DuPont Company. Tests on wiring differ from those
performed on typlcal interior large flat surface materials because of their
peculiar physical dimensions. 1In addition electrical wiring would not only
be exposed to an external fire as other materials but might overload or
short, Thus it has been necessary to vary the method of mounting the
specimen to be tested. In contrast, typical interier materisls present no
problem since these are cut in 3-inch-square test specimens from a repre-
sentative piece of fabric or sheet material in the thickness uged, up to
one-half inch, in the cabin,

The test procedure used to obtain the smoke data was developed by the
DuPont Company. It is only one of a number of possible alternate methods
that could be designed for smoke measurements. The DuPont Company has also
built a fixture which resembles an open cylindrical bird cage 8 inches in
diameter and 8 inches in length arcund which the wiring is wrapped. 1In
this type of test, the heat which produces the pyrolysis of the insulation
and resulting smoke emission 1s supplied entirely from self-heating,
generated by an electrical overload.

The method of mounting the wiring inside the NBS standard specimen
holder is shown in Figure 1, Two different gages of wires were tested,
A 5-foot length of AWG 12 and a 10-foot length of AWG 20 wire were wrapped
separately around a 2 7/8-inch-square open frame backed by aluminum foil
placed inside the 3-inch-square holder, After this operation of mounting
the wiring, the test was conducted under standard procedure as with other
materials.

Test Results

Flammablility and smoke dates obtained from tests on wirlng are presented
in Tables 1 and 2.

The results of the flammability tests obtained by DuPont Company show
that the plastic insulation of the wiring far exceeds the FAA requirements
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in all respects - burn length, flameout time, and absence of drippings.
The most flame-resistant wiring judged by the burn length were those using
fluorinated plastic insulation such as Teflon.

The regults of the smoke tests obtained at NAFEC show an extreme range
of smoke densities from no detectable smoke (Dg of O) to extremely dense
smoke (D, of 678). Except for the PVC insulated wiring in Tests Nos. 10 and
11, much denser smoke was produced under the flaming condition of exposure
ag compared to smoldering combustion of the material. Wiring showing the
least smoke were the Teflon covered wire and most smoke the PVC covered wire,

A plot of smoke accumulation with time of fire exposure for the
different wiring is shown in Figures 2 and 3. The most notable difference
in the wirling smoke curves, compared to curves for the typical interior
materials presented in past reports, is that of the much slower rise in the
smoke levels with time of exposure., Smoke density curves for the high-
temperature fluorinated plastic insulation in Tests 4, 5, and 6, as shown
in Figure 2, continue to show a steep rise in reading even at the end of
20 minutes' testing, which is maximum according to standard test procedures.
Under smoldering conditions of exposure as presented in Flgure 3, smoke is
seen to accumulate at even a slower pace than under flaming conditions,

The test criteria of 1.5 and 4.0 minutes' fire exposure for setting maxiwmum
allowable smoke limits proposed for interior materials are seen to be
inadequate, Under such short-term exposure, very little smoke would be
produced except for the PVC and rubber compound wire insulation.

. Very low smoke accumulation within the first 4 minutes fire exposure
is shown to occur in Tests Nos. 1, 2, 3, 4, and 5 with the fluorocarbon
coated wiring. A desirable Specific Optical Demsity (Dg) of less than
16 corresponding to an attentuation of a light beam in a 3-foot distance
from 100- to 75-percent transmittance has been considered as an eventual
goal in setting standards. The extreme smoke accumulation by some of the
wiring can be better visualized by a conversion of Dy values into light
transmittance levels through a 3-foot optical path. Lowest transmittance
readings caused by smoke obscuration registered only 0.005 percent of the
original light beam intensity.

Summary Remarks

The NBS chamber with the DuPont Company's method of exposing a given
length of electrical wiring to the effects of radiant and flaming combustion
to measure the smoking characteristics of the insulation materials is
considered as a practical test procedure for regulstory action, The test
is judged scceptable on the basis of the wide range in smoke density values
obtained for the different types of wiring investigated. This permits a
meaningful selection and grading of wiring which very dramaticelly illus-
trates the tremendous reduction in smoke made possible by the increased
use of wiring Iin aerospace with high-temperature plastic lnsulation, With
some types of Teflon covered wiring, visible smoke is practically eliminated,
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Smoke accumulation by wiring as reported herein occurs at a slower rate
than it does for the more typical cabin materials, perhaps, In part because
of heat losses by the copper conductor, To correct thisg situation a much
longer test duration of 20 minutes or more appears to be necessary to insure
essentially complete pyrolysis of the plastic covering, A more realistic
test method for generating faster smoke bulldup would be to connect the
wlring under test to an electrical supply to simulate both & normal and
overload condition as desired. This would eliminate the long test periods
needed to reach maximum smcoke density readings and provide an alternate
nethod for testing wiring.

Unlike the experience with some cabin interior materials where 1t may
be necessary to trade off more smoke for less flammability, it 1s comforting
to obgserve that the wiring rated least flammable based on a short burn
length is also the least smoky based on a low optical density reading,
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December 1972

ADDENDUM
DATA REPORT NO. 98

SMOKE EMISSTON BY BURNING AIRCRAFT WIRING

PROJECT NO, 184-732-04X

k&

Prepared by: John F, Marcy

Purgose

The intention of this report was to provide additional smoke dats
furnished by the Lockheed Company on the smoke emission c¢haracteristics
of aircraft wiring insulation. The new test data complements and
extends previcus work at NAFEC in this area of proposing an alternate
smoke test method which utilizes an overload electrical current for
heating the wire specimens instead of an external fire source,

Background

The Lockheed Company furnished the NAFEC project manager, during his
visit on 16 October 1972 to the R & D Rye Canyon Facility, with a set of
smoke emission curves on aireraft wiring with plastic insulation similsr
to that used in the NAFEC tests. Since the size of the wire AWG No, 20,
length of the wire - 10 feet, and method of testing and mounting inside
the 3-inch square holder used in the NBS smoke chamber were identical in
the -MAFEC and Lockheed tests, a comparison of the data between the two
laboratories is possible, The only factor that was different was that
of the type of heat exposure for the wire specimen under test. In the
NAFEC tests, the wire insulation was pyrolyzed using an external radiant
heat source of 2.5 watts/cm2 as well as direct flame impingement. Instead,
in the Lockheed tests, the wire insulation was heated internally by an
electrical overload current of 35 to 45 amps through the AWG No., 20 copper
conductor,

Results

Smoke data curves for six different types of aircraft wiring compara-
ble to the wiring in the NAFEC tests both In physical dimensions and
chemical composition of the plastic insulation are attached herein,

A very wide range in the smoke levels obtained by the different types
of plastics are shown, Pyrolysis of the Teflon/Polyimide type of insula-
tion by the burning of the test specimen from an overload current pro-
duced very low Specific Optical Tondices (DS), while very high smoke indices
were produced by the vinyl plastics,

The value of the overload current used to pyrolyze the plastic insu-
lation was shown to be critical in the range of 35 to 45 amps for AWG
No. 20 gage wire. Pyrolysis of the plastic insulation from an overload
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current In the range selected occurs much more repidly than in the
NAFEC tests using an external radiant and flame source for heating as
specified for the NBS apparatus. This 1is evident from a comparison
of the time base for the two sets of smoke curves obtained under con-
ditions of internal and external heating of the wire insulation. In
the NAFEC tests for the higher temperature fluorinated plastics, no
smoke was registered until after 10 minutes exposure indicating a low
rate of heating of the test specimen. In contrast, in the Lockheed
electrical overload tests, smoke developed within one minute after
application of a current of 45 amps. An examination of some of the
curves representing vinyl plastics show an slmost vertical rise in
smoke indicative of the much greater heating rate of the test specimen.

Although the Lockheed materials lack sufficient identification and
sone of the curves cover too short a time span for heat exposure to
provide closer correlation of the swoke curves, the comparative results
were believed to be of sufficient interest to be included in the overall
test program. The test method provides an attractive alternative for
smoke measurements of electrical wiring.
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