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ABSTRACT

Flammability tests specified in Federal Aviatiom Regulatioms (FAR's) were

conducted on used narrow—and wide—body jet
unregulated airline-furnished items. Some
and cushions exceeded the FAR flammability
samples remained compliant. Loss in flame
polyurethane foam seat cushions than their

aircraft cabin materials and
previously certified seat fabrics
criteria; however, the carpet
resistance was more pronounced for
covers. The foam flammability

characteristics were shown to depend on the sample cut taken through the
cushion cross section. Some of the pillows, blankets, and headrest covers
tested met the latest FAR flammability criteria, although these materials are

currently unregulated.
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INTRODUCTION

PURPOSE.

The purpose of this study was to determine the flame retardant characteristics
of used commercial transport aircraft interior materials by measuring their
flammability using specified Federal Aviation Administration (FAA) test methods
and comparing these results with original certification criteria. Of concern
is whether cabin materials lose some degree of flame retardance as the result
of inservice usage. A secondary purpose was to measure the flammability

of unregulated, airline-~furnished materials, such as blankets, pillows, and
headrest covers, using the flammability test methods specified for regulated
interior materials.

BACKGROUND.

Under special conditions to the Federal Aviation Regulations (FAR), materials
used in the interior of the three wide-body, jet-type aircraft (DC-10, L-1011
and B-747), which were certificated prior to the most recent regulations, were
required to show compliance with these rules (FAR Part 25, Amendment 25-32,
effective May 1972 (reference 1)). Basically, wide-body cabin materials must
"self extinguish" in a vertical orientation after exposure to a Bunsen burner
flame within an allowable burn length and flaming time. '

Tests previously performed at the National Aviation Facilities Experimental
Center (NAFEC) on samples, primarily fabrics, removed from wide-body aircraft
involved in fire, indicated that some materials do not retain their certified
flame retardant capabilities after experiencing service usage. The accidents/
incidents included: (1) a 707 at Los Angeles International Airport, January
16, 1974 (reference 2) (Although this type aircraft is not required to comply
with Amendment 25-32, the materials had been updated by the airline to the
latest regulations.); (2) An L-1011 involved in a ramp fire at Boston's Logan
Airport, April 20, 1974 (reference 3); and (3) A DC-10 at Los Angeles Inter-
national Airport, March 1, 1978 (reference 4).

All of the fabric samples tested from these three aircraft failed with
varying degrees to meet the May 1972 FAR requirements. For the first two
aircraft, which were from the same airline, it was demonstrated the water
used during firefighting had leached out the fire retardants. However,
subsequent tests on new and used fabrics identical in composition to those
used in the accident/incident aircraft demonstrated that those fabrics
treated with a topographical fire retardant experienced a degradation in
fire resistance, apparently resulting from abrasion of the material from
service usage. However, the fabrics from the DC-10 had not been exposed to
water or any other type of extinguishing agent, nor experienced any fire
damage in the accident.

Other service and maintenance factors may influence the permanency of flame
retardant treatments used in cabin materials. For example, Woolley (refer-
ence 5) observed from foam mattress tests that a cold-cured flame retardant



polyurethane foam showed a marked deterioration in fire performance after

an accelerated aging process. This process involved 60,000 passes with

a 225-pound roller and subsequent autoclaving of the foam. Also, one airline
has experienced a deterioration of fire retardency in "PFR" nyloms dry-
cleaned with other materials that have their topographical coatings leached
out and deposited on the nylon. This creates a "lattice" which increases

the exposure time of nylon to a test flame (The nylon normally melts rapidly
and drips away from the flame before ignition can occur.) This phenomenon
has been demonstrated in tests at NAFEC using a single asbestos thread sewn
into the nylon material to create the "lattice."

An in-house study was initiated to determine if wide-body cabin materials,
particularly seat covers and cushions, used by the major airlines (especially
those whose materials had not been previously tested at NAFEC) experienced

a degradation in fire test performance after service usage. The intent was
to determine the magnitude of the problem. Using available resources, it

was felt this could best be accomplished by soliciting materials from the
major airlines with any information pertaining to, “chemical composition,
period of previous service usage, and percentage of usage of each sample.”" In
addition, at the request of Flight Standards Service (FSS), airline-furnished
interior items: pillows, blankets, and headrests were solicited to measure
their flammability characteristics. The FAA does not regulate the flam-
mability requirements of these materials; however, FSS expressed an ‘interest
in a comparison with regulated fabrics and cushionms.

Airline response to the request for test samples was mixed. Information on
service experience also varied conmsiderably; usually, specific information was
either nonexistent or difficult to obtain. Although the letter sent to the
airlines specifically requested used, wide-body materials, many of the samples
received were from narrow-body aircraft. This necessitated a second request
to the airlines for wide-body materials. Although eight airlines were con-—
tacted, only three fabrics and four cushions with confirmed usage in wide-body
aircraft were received. Additional samples were obtained from four uphols-
tered seat cushions from a wide-body jet undergoing refurbishment. These
cushions were purchased by NAFEC for use in the C-133 full-scale cabin fire
test project. The only information available on these materials was the
labeled manufactured date of the seat.

DISCUSSION

TEST MATERIALS. A description of the materials tested in this study is
contained in table 1. Material numbers 301-324 and 327-331 were donated by
the airlines, while numbers 332-340d were taken from the seats purchased by
NAFEC for full-scale fire tests. Numbers 325 and 326 were from an accident
aircraft (reference 4). Service information on donated materials was provided
by the airline. ‘




umouyjun 23e pur Jurvesld
umouyun ade pue Bujueady)
asn 1ajje popiedsiq

uiom %0%
‘gamTy Je13A38 pa3rapune

pajros uaym papiessiq
pa1708 uaym papaedsiq

3311 %S¢
‘samy3 JRIDAS paueai)

1T 16L
‘gowy} [B19A3S paumdd

syjuom gy

92TAIa8 uy gamr] 7 paueald

3311 %08

gieak ¢
“asn pajdadxa [PUOTITPPE

‘gamyy jeiaass paueald Laq

9311 Y07 ‘°07Al13§ uUT syjuom ¢

33171 %09 ‘991A198 uy sieaf

8J711 I€f “@0TAI98 ul 81k 7

23TT %€ “@97A108 uy saeak g

8311 %69 ‘@d7a198 uy saEak ¢*g

3311 %ET “@OTA1d8 U7 syjuow ¢

2371 %09 ‘@>7A198 Uy syjuow g

NOTIVWIO4NI ADIA¥AS

EMWUHSU
19quetg

ase) MOY[Td

ase) MOTTTd
noy1ld

13A0) 1saipesq

aaAa0) 183apeE

19que g

jadie)

uoTysny eas

18A0) UOTYSn) ed§

jadaey

ase) mol1¥d

#o111d

Jauelg
uotysny Ieas
13A0) 3183¥ peB2H

13A0) uoTYysny 13§

IS0 NIFVD

STVIYHLVH 40 NOILAI¥OSAd

o1 <70°0
6 0.0°0
z 110°0
Vi ¢10°0
€T 060°0
o1 0£0°0
8 090°0
9% 002°0
91 005°0
21 S%0°0
19 052°0
) 11070
1 [vA Nt
€T 005°0
21 0£0°0
[A) 050°0
(zp£/20) (1)
IHOTHM SSINADTHL

*T 3T4VL

12137 %007 81¢
1004 L1g
usouNug 91¢
u0310) [18%
1174 12qT4 193183Lj0d 1€
14614 €re
u0330) e
XBUoN TIE
uo1AN %67 “100M %61 o1t
weog eueyjsinkjod 60€
uo1AN %0T ‘T00M %06 80€
(12%34)
o714a3y PATITPOR %001 Log
1331894104
206 “u03110D %0¢ 90¢
1114
193834104 11233104 %001 S0¢
1004 %001 %0¢
asueylaanfjod pain) plod £0€
uodey g0¢ ‘uotdN z0f z0¢
uofey %0¢ ‘UOTAN %01 10¢
NOILISOdWOD TVIIWHAHD *ON
000
REEL




€L/l *PIN
uoTjBWIOJUT BDTARIS ON

%1/8 *PIN
uotjeEmIOIUT BITAIIS O

1L/6 *PIH
uoyTjEmMIOJUT 90TA1IBS ON

uoyjemiIoyu] 37TA138 ON

0L61 “PIR

Ty 1
jsea] 1e paueayd Lig

€L/9 "PIR

SL/S "PIH
‘3311 Z0S ‘o8sn sieal ¢

uiom %G/
fgamy] 1B19A28 poueal)

awyl 1 paueayd
saWyl 7 paueaid
{eTI97BU MBN
1{eTi83Em MON
uoyjewIoUT ON

uo737pucd 2jqesodsp
faotAlas siesk g
‘gawy) g pauRaI--pasn

ajqesodsTq

uotjemaoyu] oN

NOTLIVWYOANI ADIA¥AS

13A00) wOTYSN)

19A0) uOTYSN)

13A0) UOTYSNY)
19403 UOTYSN)

uotysny

13A0) uwOTYENH

uotysny

noTyYsny

12A0) UOTYSN)
13A03) UOTYSNYH
19A0) HOTYSN)

19409 uOTYSN)

jeos

jeag

ELETS

je8g

1eas

jeag

IBag

iBag

1e3g

1p0g

jeag

189§

jodaep

uotysn)

19A0) UOTYSNY

B3y

ELE1

ase) MmO1114d

not1itd

asn NIGVD

(penuTiuo)) STVIYALVH 40 NOILAI¥DSHC

91 150°0 umouRug SEe
97 €60°0 usouquf] vee
€1 %00 usouyufy €€t
A4 $80°0 usouyuf} rA%%
€1 0060 wmeog aueylaanijod 1€€
81 $90°0 uokey %0¢ ‘uolAN %0L (115
(91 005" 0 weog sueyilaanfjod 3Ind-p1og 62€
€1 00$°0 wegoq aueyiaanfjod 82t
%1 0%0°0 uofAN 207 “100M %06 (ze
81 GL0°0 uwoAN ‘toop 9z¢
V1A $60°0 1oop 1743
91 $90°0 1oon (14
99 SLz*0 umou Uy £z¢€
41 0060 wgog aueylaankyog [24%
91 $80°0 u0313103 %0% ‘wol4N %09 12€
g1 600°0 umow;uf (1743
- - 1114 12974 123834109 61¢
(zPk720) 3 NOILISOdH0D TVOIHAHD *ON
Io13mM SSANADOTHL 1009
J34VN
*1 A14VL




sueyjaankrog popuedxy
uoT1104§ UOTIBIBOTS
0%€ °ON se suweg uoyysnjy 3eas Lz 006°0 ‘Ovg *ON uoTysny pPo%e

uotjiog
uotaeleold/dTI389n])
Juotiiod jaojumon
. ’ sapn]oul usuiosadg
0Oy¢ °"ON se dueg uotTysny jeag 0¢ 006°0 fO%E *ON uoTysny 20%¢

uoTYsNY
N jo 123ua) woig usjej
uswyoadg ‘3jeoadiyg
o%€ °ON 8B dueg uotTysny jeag 1 006°0 ON *Q¥g "ON uoTysn) qO%¢

doy woag
yout { 03 G° uajey
uswyoadg ‘3e02dT(S

OY€ °"ON se oaumeg uotysny 3Ieag F4 s 00S°0 oN ‘OYE °ON uotTysny BOYE
W 1eoodiyg Aeidsaip
€476 "PJR ‘uoriemiojuy 3dYAII8 Of uoTysny jeag 1 005°0 jueog sueyisinijogd o%E
jeoadyyg Aeadssip
€2/G "PIH ‘uoTlewiojuyl 33TA1d8 ON uojysny jeag Z1 006°0 /meog aueyisandkjod 6€¢E
W jeodadr|g Leadsaap
1£/01 *PIR ‘uoTiemiojuy adTA1as ON uotysny jeasg Z1 005°0 Jueog sueyiainkjod Iy
Jeoodiys 4eadsaig
€L/S °*PIH ‘uoTiemiojuT 2O07A138 O uorysny 1eag A 005°0 jueog aueyisiniiogd LEC
CL/6 *PIR ‘uojlpmiojuy d3TA138 ON 13A0) UOTYSN) 1ea3g (4] £50°0 umouup 9¢¢
NOILVWMOANT HDIA8AS asn NIAVO vah\ucv (ur) NOTLISOdHOD TVOIKIHD *ON
LHOTIM SSANNDTHL 3000
034VN

' (penuTiuo)) STVIYAILVH 40 NOILJI¥YDSHd 1 414Vl




TESTS METHODS.

Two test methods, horizontal and vertical, described in appendix F of FAR part
25, Amendment 25-15, effective in October 1967 (reference 6) and part 25, '
Amendment 25-32, effective May 1972 (reference 1), respectively, were utilized
for this study.

VERTICAL METHOD. A more detailed description of the vertical test method

than referenced above can be found in American Society for Testing and
Materials (ASTM), Standard Method F501-~77 (reference 7) or Federal Test
Method 5903.2 (reference 8). A 2 3/4-by 12-inch test specimen is positioned
vertically in a draft-free chamber and subjected to a Bunsen burner flame

on the lower edge for 12 seconds. Following the burner flame exposure, the
burn length, flaming time, and time that flaming drops continue to burn on the
test chamber floor are recorded.

For the three wide-body jets and any aircraft certificated after May 1972,
seat cushions, fabrics, and carpets are required to be tested by this test
method. In order to comply with the FAR's, these materials must have a
burn length not to exceed 8 inches, the flame must self extinguish within
15 seconds, and any flaming drops may not continue to burn longer than

5 seconds after falling to the test chamber floor.

HORIZONTAL METHOD. The horizontal test method is described in detail in
Federal Test Method 5906 (reference 9). A 4 1/2- by 12 1/2-inch specimen is
horizontally positioned in a draft—free chamber. A Bunsen burner flame is
placed in contact with the open end of the specimen for 15 seconds. The
flame front travel is timed for the 10 inches of the specimen after reaching
the start point 1 1/2 inches from the ignition edge. The burn rate is
determined by dividing the distance (10 inches) by the traverse time.

Prior to May 1972, the FAR's required that seat cushions and fabrics be
tested by this method. The burn rate was not allowed to exceed 4 inches
per minute.

TEST RESULTS

USED WIDE-BODY SEAT FABRICS AND CUSHIONS.

Results for showing compliance to FAR 25.853b, Amendment 25-32, for 10
upholstery fabrics and 8 polyurethane foam floatation-type seat cushions,
known to have been removed from jumbo-jet-type aircraft, are recorded in
tables 2 and 3. The reported results are based on an average of three tests
for each material. The following is a description of the measurements which
were taken. Flame time is the time that the test specimen continued to flame
after removal of the 12-second Bunsen burner ignition source.  Burn length is
the distance from the exposed edge of the test specimen to the farthest
evidence of damage, but not including areas sooted, stained, warped, or
discolored. Dripping flame time is the time that the melting drops from the
specimen continue to burn after falling to the floor of the test chamber.

6
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Four of the ten upholstery fabrics failed to show compliance to the FAR
because of excessive flaming time only. Without the original certification
test data, the change in performance of the four materials that failed cannot
be determined. However, the present test data by itself indicate that the
change in flammability of the fabric in its end-use configuration (as a
complete seat cover) is probably undiscernable. This conclusion is based

on several factors. First, all four fabrics still "self-extinguished" after
removal of the Bunsen burner flame. This implies that a fire would not
spread to any significantly greater extent across the surface of the used
material than when it was new. Secondly, flame time is probably not as good
an indicator of the flammability of a material as is burn length or whether
it "self extinguishes" or not. Moreover, the additional flame time above
the allowable 15-second limit is insignificant for one material (0.l second)
and relatively small for two of the materials (2.6 and 6.6 seconds). Tests
should be performed to determine which vertical test results, if any, trans-
late to a significant increase in seat flammability.

On the basis of the vertical test and the limited variety of materials evalu-
ated during this study, the flammability of urethane foam cushions increases
significantly, compared to fabrics, as the result of service use. This is
evident in table 3 which indicates that eight of the twelve foam samples

do not meet the criteria to which they were originally certified. When
failure occurred, all three measurement criteria: flame time, burn length, and
dripping flame time were exceeded (except for one foam where dripping time

was not exceeded). This is the reason the used foams are considered more
flammable than the used fabrics. However, flammebility of the foams should
not entirely be judged on the pass/failure ratio of table 3. Slipcoat
coatings (e.g., Urespray®) and adhesives can cause the foam sample to fail.
This was probably the case for numbers 337-339, and was definitely true

for number 340. For the latter, different sample cuts were taken through the
cushion cross section (340, 340a - 340d); those samples with Urespray or
adhesive exposed to the burner flame failed, but those samples without
Urespray or adhesive passed (340a, 340b, and 340d). Again, phenomenon involved
appears to be the "lattice" effect described earlier for nylon fabrics.
Documentation has been received showing this behavior of Urespray-coated

foams was brought to the attention of the Western Region during certification
testing. They ruled that the cushion satisfied the intent of the FAR which

is to test the basic core material. Of the seven uncoated (core only) foam
samples tested, only two actually were found not to be compliant with the

FAR. Perhaps more than anything, this excercise revealed the risk of reaching
erroneous conclusions when there is not complete control over an experi-

ment or access to all pertiment informatiom.

PILLOWS, BLANKETS, AND HEADREST COVERS.

The flammability characteristics of the unregulated, airline-furnished
materials were measured with the vertical and horizontal test methods. Table
4 contains the test data and columns indicating whether these materials met
the FAR flammability criteria for seat fabrics and cushioms set forth in 1967
and 1972.
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Of the 13 samples tested, five met the latest FAR flammability criteria.
There was one compliant sample from each usage category (two compliant head-
rest covers). The least flammable category was the polyester fill used in
pillows. One sample had a very small vertical burn length and flame time.
The two samples which did not pass the 1972 FAR criteria were "self extin-
guishing," although one sample failed because of excessive flaming drippings
and the other because of a slightly excessive flame time.

The most flammable materials were the lightweight pillow cases. Of the
four tested, three exceeded the old horizontal burn rate requirement of 4
inches per minute established in 1967 (Only one other airline-furnished
material propogated a horizontal flame--a headrest cover, number 312.).
Surprisingly, there was one pillowcase sample of unknown composition which
was compliant with the latest FAR flammability criteria.

One of the three blanket materials, a Nomex, passed the latest FAR flam-—
mability criteria. The two blankets which failed were constructed of wool.
It is interesting to note that flame retardant treated wool fabrics and
carpets are used extensively in cabin interiors and are, of course, compliant
with the latest FAR flammability criteria.

Two of the three headrest covers passed the amendment FAR 25-32 flammability
criteria. The best material was made of vinyl, which is inherently fire
resistant. The material which failed was made of cotton; cotton is generally
flammable, as was also evidenced by the cotton pillow cases which also failed
the latest flammability regulatioms.

On the basis of this cursory study of a small number of pillows, blankets,
and headrest covers, it is evident that there are materials currently in
service usage from each category, and there are readily available fire
resistant materials which can be used to make these items that meet the
"self-extinguishing" requirements set forth in the latest FAR.

USED CARPETS AND NARROW-BODY FABRICS AND CUSHIONS.

The flammability characteristics of used carpets, apparently from wide-body
aircraft, and seat covers and cushions used in narrow-body aircraft were
measured with the horizontal and vertical test methods. Table 5 contains the
test data and whether these materials met the 1967 and 1972 FAR flammability
criteria. All samples met the 1967 regulations.

The three carpet samples were compliant with the latest FAR flammability
criteria. It is believed these materials were used in wide-body aircraft
(One was unused.). Since carpets may be expected to experience the greatest
service abrasion, at least in some particular areas, it was somewhat sur-—
prising that the two used samples remained compliant.

11



SNOTHSAD NV ‘S¥FA0D IVAS AQOI-MO¥¥VN ‘SIAJ¥VD @ASN 04 SITNSHY ISAL

EEIN ¢ ON
L) 9°C oN
83X 0 89x
83X VAR ON
89% 0 sax
89} o oN
sax 0 sax
s3x 0 sax
sax 0 s9f
£961 (utw/*ut) TL61
avd qLvd qvd
SSVd Nang SSvd
TVINOZINOH

Ly

88

0

0

(s)
THIL
AHY14

ONIddI¥d

33eadate Apoq-aptm woiay A[pajrodax s3yadiedy

[4R¢

¢I<

1<

"9

9°C

g

"¢
Cuny”

HLONAT
Nand

TVOLIEIA

uotTysny 31838 - IS

oTiqeqd - 4
ledaey - 9 :9p0) [BTISBIERH
| A" J5 (443
8°66 08 60¢
[A81 L e
6°69 q 1z¢
(A2 g 81¢
L£°61 4 80¢
8'¢ *J XA
£ el D 01t
61 +0 LOE
(s) 2109 *ON
AWIL TVIJILVA 4dod
HWVTd 03AVN

°G HT4VL

12



Three of the fabrics were "self-extinguishing,” two of these materials met

the latest flammability regulations, and the third material failed by only

0.7 seconds in the flame time requirement. Judging by their chemical compo-
sition, it is likely that these materials are used in wide-body aircraft.

The fabric which did not "self-extinguish" was a nylon/cotton blend. As

noted previously, materials containing large portions of cotton have exhibited
poor flammability characteristics during this study.

The two polyurethane foams were very flammable; both samples burned com-
pletely in the vertical test. Even the horizontal burn rates were fairly
high, although less than the 4 inches per minute requirement of the 1967
FAR's.

SUMMARY OF FINDINGS

The following is a summary of significant findings based on the tests
performed during this study:

1. Some wide-body seat fabrics and cushions exceeded the FAR flam-—
mability criteria to which they were originally certified after a period of
service usage.

2. The degradation in flammability characteristics for used seat
cushions is greater than for used seat fabrics.

3. The flammability of seat foam samples is greatly dependent on
the sample orientation taken through the cushion cross section (Samples with
spray slip coatings or adhesives exposed to the test flame are very flammable.).

4. Some pillows, blankets, and headrest covers which are not regulated
by FAA for flammability were compliant with the latest FAR flammability
requirements and fire resistant materials are available for their comstructiom.

5. Carpets do not appear to suffer any measureable degradation in
flammability characteristics as the result of service usage.

The study to examine the flame-retardant permanency of inservice cabin materials
was undertaken under a NAFEC inhouse project 975-420-002, "Flammable Charac-
teristics of Inservice Materials." The work on unregulated airline-furnished
materials was included by verbal request from AFS-120., The NAFEC Program
Manager is Constantine P. Sarkos. Further information can be obtained from
Elden B. Nicholas, ANA-420, (609) 641-8200, extension 3574.

13
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