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INTRODUCTION

PURPOSE.

The purpose of this project was to evaluate and compare the flammability char-
acteristics of selected aircraft interior materials by five widely used labora-
tory fire test methods.

BACKGROUND.

Federal Aviation Administration (FAA) regulations governing the selection of
air transport cabin interior materials based on flammability criteria have
been in existence since 1946. 1In May 1972 the most recent regulations up-
grading the requirements for material flammability were promulgated (refer-
ence 1), With this upgrading, the majority of the cabin materials were
required to be "self-extinguishing." Because this regulation is based on the
vertical Bunsen burner test, it primarily addresses the ease by which a mate-
rial may be ignited with a small flame.

There is a serious question concerning the effectiveness and meaning of the
present self-extinguishing requirements in relation to a postcrash cabin fire.
Under these self-sustaining fire conditions, a flammability test method should
measure flame spread rate and heat evolution, as well as the ignitability of

a material.

Recent tests have revealed other deficiences in the vertical Bunsen burner tests;
€.8., some urethane foams are self-extinguishing by virtue of the rapid smoke
buildup in the ventilation~limited test chamber, and some fabrics are self-
extinguishing because they possess a very low melting temperature, causing the
material to melt away from the flame before ignition can occur. In addition

to these findings, there has recently been considerable controversy between
test laboratories concerning the definition and measurement of burn length.
This often results in a material being categorized as acceptable by one labora-
tory but unacceptable by another. Thus, even a simple test like the vertical
test can often possess operational problems and provide data that is not
entirely objective.

DISCUSSION

GENERAL APPROACH,

The general approach taken was to burn representative cabin materials, utilizing
five of the most popular laboratory test methods for measuring flammability.

The following test methods were employed for this study: (1) ASTM E-162 Radiant
Panel (reference 2), (2) Ohio State Rate of Heat Release Apparatus (RHRA)
(reference 3), (3) Vertical Bunsen Burner Test (references 4 and 5), (4) ASTM
D-2863 Limiting Oxygen Index (reference 6), and (5) Thermogravimetric Analyzer
(reference 7).

1



Twenty materials providing a cross section of physical and chemical characteris-
tics of the more important cabin usage catagories (panels, foams, fabrics,
flooring, and thermoplastics) were tested by each of the selected test methods.
By comparing such measurements as ease of ignition, flame spread rate, and heat
evolution for a series of materials, the intent of the project was to determine
if a relationship existed between any of the test methods.

The chosen materials meet the requirements of the May 1972 regulations and are
currently used in wide-bodied jet (DC-10, L-1011 and B-747) aircraft. They were
received for use on this project through the courtesy of the Aerospace Indus—
tries Association (AIA) member airframe manufacturers as well as a number of
seat and fabric manufacturers. These materials are described in table 1 which
shows the chemical composition, thickness, unit weight, and cabin use. Decrip-
tive information on chemical composition was provided by the supplier.

EQUIPMENT DESCRIPTION.

RADIANT PANEL. A detailed description of the radiant panel can be found in
the ASTM Book of Standards (reference 2). An illustration of the panel taken
from this source is shown in figure 1.

Basically, this is a method of measuring the surface flammability of materials.
It employs a radiant heat source consisting of a 12- by 18-inch panel in

front of which is placed an inclined 6~ by 18~inch specimen of material. The
orientation of the specimen is such that ignition is forced at its upper edge
and the flame front progresses downward. A factor derived from the rate of
progress of the flame front and another relating to the rate of heat liberation
by the material under test are combined to provide a flame spread index (Ig).

RATE OF HEAT RELEASE. A complete description of this apparatus and its opera-
tion can be found in a proposed ASTM standard publication (reference 3). An
illustration of the apparatus is shown in figure 2, The RHRA consists of a

8- by 14~ by 29-inch chamber with a radiant heat source consisting of four elec—
trically energized heating elements (Glowbars) located at the back of the
chamber. A variable transformer connected to the heating elements provides

the capability of varying the heat flux at the surface of the test specimen
from O to 8.3 watts per square centimeter (W/cm2) . Air is metered through

the chamber from the bottom and exhausted through a 4- by 6-inch exhaust duct.
A thermopile arrangement is located in such a way as to measure the temperature
difference of the incoming and exhausted air. This test determines the release
rate of heat from a material as a function of time when the material is sub-
jected to radiant heat alone or radiant heat with forced ignition from a pilot
flame., Materials can be tested in either a vertical or horizontal orientation.

VERTICAL BUNSEN BURNER. The vertical Bunsen burner test apparatus is described
in detail in references 4 and 5. A photograph of the equipment is shown in
figure 3. This is the test method referenced for showing compliance with

Federal Aviation Regulations for the flammability of cabin interior materials
(reference 1). Essentially, this apparatus consists of a draft-free cabinet

12 by 12 by 24 inches high, a specimen holder, a Bunsen burner with the necessary
equipment to meter and regulate gas flow, and a timer for recording the flame
time.
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TABLE 1. DESCRIPTION OF MATERIALS

Chemical Composition

Wool (90%)/Nylon (10%)
FR Treated Nylon
PVC/Cotton (Naugaform®)
Wool (95%)/PVC (5%)
Wool (100%)

Cotton

FR Urethane
FR Urethane

Polysulfone
Polycarbonate

PVF/rigid PVC/PVF/fiberglass—phenolic/
Nomex ® —phenolic honeycomb/fiberglass—
controlled epoxy .

PVF/fiberglass—-phenolic/Nomex paper-
phenolic honeycomb-fiberglass batt/
fiberglass~phenolic

PVF/fiberglass—phenolic/Nomex paper-
phenolic honeycomb/fiberglass—phenolic

PVF/fiberglass-phenolic/Nomex~phenolic/
fiberglass~phenolic

PVF/Kevlar@>—epoxy resin/Nomex—phenolic
honeycomb /Kevlar~epoxy resin/PVF

PVF/polyester-chopped glass/Nomex-
phenolic honeycomb/polyester—~chopped
glass

PVF/fiberglass—epoxy/Nomex~honeycomb/
fiberglass—epoxy

Polyester-fiberglass molding compound

Wool carpet
PVC over ABS laminate

Thickness

(in.)

0.052
0.052
0,044
0.036
0,040
0,012

0.500
0.500

0,069
0.083

0.600

0.503

0.505

0.087

0.395

0.525

0.380

0.080

0.250
0.080

Unit Weight
(oz/yd?)

16.6
16.2
36,2
12.3
14.8

3.6

84.5

78.9

89.8
46.8
43.6

100.0

56,5

101,0

Cabin Use

Seat Cover and Drapery
Seat Cover

Seat Backrest

Seat Cover

Seat Cover

Ticking

Seat Cushion
Seat Cushion

Thermoformed Parts
Thermoformed parts

Sidewall

Celling

Stowage Compartment

Sidewall, Window Panel

Ceiling

Stowage Compartment

Sidewall

Ceiling

Passenger Compartment
Service and Lavatory
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LIMITING OXYGEN INDEX. This method is described in detail in ASTM Standard

Method D-2863 (reference 6). A photograph of the equipment is shown in

figure 4, Briefly, the apparatus consists of a test column of heat-resistant
glass tube (3 inches inside diameter and 17.75 inches high). At the base of
the column is a bed of glass beads approximately 3 inches deep to mix and
distribute the metered mixture of oxygen and nitrogen evenly., The limiting
oxygen index (LOI) is the minimum concentration of oxygen, expressed as percent
by volume, in a mixture of oxygen and nitrogen which will just support com-
bustion of a material.

THERMOGRAVIMETRIC ANALYSIS. Thermogravimetric analysis (TGA) is a method which

provides a record of weight changes in a material sample as a function of tem~-
perature while it is being heated in a low-mass furnace. A Perkin Elmer TGS-1
Thermobalance (reference 7) was used in this study. A photograph of the

TGA equipment is shown in figure 5.

The TGS-1 Thermobalance consists of an electrobalance mounted in a vacuum chamber
permitting control of the atmosphere around the sample which is suspended in-
side the furnace from the balance beam. The furnace temperature is controlled
through a Perkin Elmer temperature program control unit and the weight loss of
the decomposing sample is recorded on a calibrated millivolt recorder.

TEST METHOD MEASUREMENTS .

RADIANT PANEL. Radiant panel test results are contained in table 2 and include

the following:
1. Flame spread factor (Fg) where:
Fg=1+1/t3+1/(tg-t3)+1/ (t9-te)+1/ (t12-tg)+1/ (t15-t12)

(t3 « + + t15) are elapsed times in minutes from the start of specimen exposure
until arrival of the flame front at distances from the top of the specimen indi-
cated in inches by the numerical subscripts. The times associated with the
furthest flame front advance are used in computing Fg.

2, The heat evolution factor (Q) is calculated according to the relationm,

Q=0.1 T/8 in which 0.1 is a constant, T is the observed maximum stack temperature
rise at any stage of combustion over that observed from an asbestos cement board
specimen, and B is the maximum stack thermocouple temperature rise for unit

heat input rate from the calibration burner.

3. Flame spread index (Ig) is the product of the flame~spread factor (Fg)
and the heat evolution factor (Q); Ig=FgQ.

4, In addition to the above standardized information required to calculate
Ig, other data collected and reported in the table includes ignition time
(the time observed for the materials to start to burn), time for the flame
front to reach the 3-inch flame front line, and the time to reach maximum
recorded temperature rise,
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RATE OF HEAT RELEASE. Rate of heat release tests were conducted in both the
vertical and horizontal configuration. In the vertical configuration the test -
specimens were exposed to a radiant heat flux at the surface of the specimen of
2.5, 5, and 7.5 W/ecm2. The specimens exposed at 5 and 7.5 W/cm2 were tested with
and without piloted ignition; however, at 2.5 W/cmZ the specimen would not ignite
without the aid of a pilot flame, Horizontal tests were conducted at 2.5 and

5 W/em? with piloted ignition, Self-ignition of the horizontal test specimens

at 2.5 W/em2 could not be obtained, and at 5 W/cm2 ignition was difficult to
determine. Because the nonpiloted specimens burned relatively little, only
forced ignition results are reported.

Results of the rate of heat release test are contained in tables 3 through 8,
The rate of heat release (RHR) is calculated from the recorder millivolt (mV)
reading of the thermopile output, the exposed surface area of the test specimen
and the constant, Ky, obtained from calibration runs, where:

Kp = RHR (Btu/min)
Recorder Reading (mV)

RHR(Btu/min-ft2) = Ky (mV output)
A
A = exposed surface area of specimen (ft2),.

Total heat release in Btu/ft2 is determined by integrating the millivolt output
over the time interval of interest.

Total heat release is reported at 3-, 5-, and 10-minute intervals. The time
required to reach maximum RHR is also reported in the tables.

VERTICAL BUNSEN BURNER, Vertical Bunsen burner test results are presented in
table 9, These tests were conducted in accordance with Federal Aviation
Regulations (FAR) 25.853a and 25.853b., Fabrics, foams, and carpets were exposed
to the Bunsen burner flame for 12 seconds; thermoplastics and panels were exposed
for 60 seconds,

The flaming time is the time in seconds that the test specimen continued to burn
after removal of the burner flame.

Burn length is the distance from the exposed edge of the test specimen to the
furthest evidence of irreparable damage, not including damage from soot or
smoke.

All of the materials used in this test program satisfied the applicable FAR
requirements.

LIMITING OXYGEN INDEX. The LOI test results are contained in table 10, The
LOI is calculated by using the formula:

LOI(%Z)=100x02 .
02 + N2

13



°aanjeradwsy a7Tdowisyl asTel 03 39y ySnous sonpoad JouU S30p Inq SIBYPD 817 °Taged (7)
*uoTleIN3TIUOD TEBOTIISA
UT po1S931 39q jou pnod pue IspToy uswroads woiy [T93 soTiseTd pue ‘smeoy oz OTAqed () :SHION

¢GT1E 9/¢T 8/9 67¢ 8% 0€e
191¢ 9TE€T rAXAY €1 6¢L 9272 3utxooTg
629T LL6 662 AR TGE VXA
78¢ 761 49" %9 0L €€T
€€6 €49 19¢€ €11 8/T 62¢
OLYT 096 309 96 L9C 8¢¢
£ve 761 YT 8¢ 68 L7
701¢ %6271 8yl 761 €9y Gzt
8CET L89 €Ty [4°] ¢ol 772
€68T 6811 969 171 A%Y €22 sTaued
- - - - - (T)S€T soT3setd
- - - - - (1T)02¢ —omiayy,
- - - - - (1)ST¢
- - - - = (T)¢TC Sweoq
- - B - B (z)81¢
799 L9Y eve LE 9T¢C 1T
€6y 96¢ Gee oY €€ T1C
%8871 8I¥vT 868 ¢8 LOY 01¢
- - = ' - - (1)602
8%0T €1L T1¢S 8y V194 %02 sotaqeq
utw Q[ uru ¢ utw ¢ (098) (z33-uT/N3g) °*ON TETISIER A10393®)
Amum\:umv g ¥esd osesT9y J®'SH TeTa=31ey
mmmm._..mm ummm ._”.muo,H Qumwm o] wE._“.H MO mum,m &mwm
10T1Id HIIM ‘zWo/M G°7 ‘NIWIDHJS ISHL TVOITYAA ‘SITNSHY ASYTIMM IVAH A0 IV  °*€ TI9VL

14




*97qeTTRAR 30U BIB(Q
*p3YOBal SBM DWI] 9I0ISq POUWNSUOD SEBM TBRIAIIBRK

aT1domwiayl 9stex 03 389y y3nous sonpoid jou ssop Ing SIBYD Q7 OTIqeRJ

aq jou pTnod pue IapJoy usdwrooads 9yl woxj TT9F soT1seyd pur ‘sueoy Q7 OFiqed

€0t

(€)

- T9LT €CTT
- ££9¢ Le61 49
- 90<T 0€0T LOT
- ve8 449 7L
- T6El 916 98
= cest €801 YA
- 699 0 65
- 88%1 G66 OTT
- LL6 66S 7€T
- TZeT 916 S6
- - 618 %¢
- - €v9 8T
- - T7ST 91
- - 7401 9¢
Amvcﬂa 0T (g)umm c utu ¢ (oes)
(z33/mag) gam vesd

9seaTay 3IB9H TB1IOL

yoeay 03 SWL],

*sanjrviadua]
(@)
*uoT3BINITIUOD TBOTIISA SY3 UT Palsol
(1) :SHION
%S 0¢?
28 922 8utI0014d
G9o¢ V44
41 €ec
60% 6¢¢C
VA 8¢¢C
81¢ LTt
LY A4
[A14 %ie
TGy €qC STaueq
- (1)S€T soTaseTd
- (1)0z¢  , -owidyr
- (TSI
- Aﬂvmﬁm sweoq
- (z)81¢
GGe [ANA
L7E 1T¢
£cL 0T¢
= (1)60¢
GGY %70¢ SOoTi1qeq]
Awuwlnﬂﬁ\sumv *ON TBTIA31BK Ax03238)
aseoTdy I1B9H TBI191BYR
Jo 23'y eed
VARG LAY

I0TId HIIM ¢,W9/M ¢ ‘NEWIOHAS ISHEL TVOIL¥AA ‘SLINSHY HSVATH IVAH 10 ALVY

15




*3TqeTIRAR JOU BlRQ

aTrdowasyl 9yl astei 03 39U y3nous sonpoad 0u S80p Ing SIBYD QTZ 2TAqed

9q jou pTnod pue IapToy uewrdads syl woxJ TToJ soTiseld pue sweol gQ7 °TIqed

= = 76C1 STI
- 09€z  84ST ¢TI
- ¢I9TT 108 80T

= 8¢91 60TT" 08

- 1399 96¢ €L

- 96eT 688 €Cl

= T9¢ 62¢ Tt

= TO8 ¥€9 69

- - 96¢ 8¢

= - 6¥7Y 00T

- - 0s¢t ¢0T

= - Gy LE
(7)uFn 0T (y)ure g urm ¢ [€EE))

(z33/m349) M Aeed

10TId LOOHLIM ‘ZWO/MG ‘NEWIDHJS ISHL TVOII¥AA ‘SITASHY ASVATHY LVAH 10 HLVE

9seaTay 3®9H [B1IOL

ygoeoy 03 9wWTr[],

()

*poyOB91 SBM SWI] 910F9] POUNSUOD TBTIADIBR
*98e3I10Us TBTIS]RW JO 9snedaq Palsal 10N (g)
*ainjeaodual
@
*uoTleInSLFuod TEOTIIASA SYl UT pPal1sal
(T) :sdION
L09 0394
L8L 927 SutxooTq
- (e)7eC
- (e)tEC
TOY 62¢
60S 8¢¢C
€6l LTT
9% Ge?
TE€T ©?2¢
79¢ €2t sTaued
- Aﬂvmmm soT3setrd
- (1)0¢¢ ~owaayy,
- (T)S1¢
- (T)¢1¢ sSweog
- (2)81C
€6l [ Y4
0L¢ 117
T6S 0T?
- (1)60¢
VAT4 70¢ OTIqeg
ANum1mHE\5umv‘ *ON TBTIAS3EBR Axo3d3je)
9seaTay IJedYy TeTa931ey
JO °3ry Yesd
‘¢ HTIVL

16




*Toas] xnT3 ySIY STY3l I® poise] o1amM STETASIBW JO Iaqunu palTwr] e ‘snjeaedde 3s23 sy3l ol aewep jusasiad of (I) :SILON

8581 16 806 €781 €0T 998 972 3utiooTy
LL6 01T £9% €80T SL 8Ly 877
€80T 0TI VA LL6 9L 6EY cee
6TS 87T 0.2 82S, vl 79¢ ¥7T Toued
€0ET 90T 819 £98T 26 Y26 0Tz oTiqed

(z33/018) (°°s) ¥mg Jead  (g3IFI-UTwW/AIF) (z33/014) (°°8) 4Hd ¥eed (g3F-urw/QOLd) *ON £103931B)
sajnurwm ¢ e Yoeay 03 2wWl] 9SBoT3ay 1BOH selnutuw ¢ e yoeay 03 JUWL] 958919y JE9H TeTi=le TeTaalel

2seaTay '3y TeIOoL JO @3ey Yeaq aseaay Ie8H [BIO] Jo 331y ¥esgq
101Id INOHLIM I0TId HIIM

L0TId LOOHLIM ANV HLIM ,NEo\z G°/ ‘NAWIDHAS ISHL TVOIIYAA ‘SLTNSTY ASVATHY IVHAH A0 FAIVI "9 TI4VL

17



*paydeax

aTTdowwxayy ay3 9sTex

*aTqeITEBAR j0U EBIEB(Q

SeM 2uWl] oYyl 9103F9q paumsuod AT9397dwod sem ferisiey (Z)

*3anjeiadua]

031 3®9Y y3nous 9onpoad jou ss0p Ing sIBYD Q7 OTiqeg (I) :SAION

L6ST GeEYT 299 86 Y 0€e
8567 44X €80T €91 989 9zt 3uti00T4
tect L9 L6 76C 80¢€ vee
€10t 06S T9¢ 86 GSsT €eT
GeLT 08TT €%9 891 993 622
evLT %0L 699 €GT wTe 87¢
8% £0¢ CET 8¢ 08 12T
TIT6T €41t LES ¥8T 88¢ §¢e
00%T 8.9 0LE T8T T6T wie
669t 6€£0T 798 8¢l Lee XA sToued
605 444" LTE Te TIS GET soT3serd
%991 ve9 8€T 80% 4 0zt —ouwiayy
- AR 096 9L 6LY ¢Te
- ¢TIzt 868 19 L9Y €1e sueoq
- _ - B 3 (1)8LC
- ecy L1€ LY VAL AN
- 8¢S 96¢ 1 061 TT¢
- S66 €TL 06 vee 012
= e£10T (A% TTT 493 60¢
- 184 Y% LS 6€¢C %0¢ SOoT1qRg
(z)UTe 0T urm ¢ uru ¢ (098) (z33-uTw/nig) °*ON TRTISIBR Axo3a3e)
(z33/m39) YHE Yead °SBaT3y 3I®B9H TeTaLIen
9SBIT3Y IE9H 1Bl0]1L yoeay 031 [UWLL JO 93®'Y ¥eaq
I10TId HIIM ‘;W0/M S*7 ‘NAWIOEAS ISHL TVINOZI¥OH ‘SITNSTY HSVATR IVHH 40 HIVY  °L T14VL

18




) *9TqeTTIRAR 10U ®BIB(]
*se3nuTw (T 210F9(Q DPOUMSUOD aidM STRTISJeW TTV

aT1dowiayl ayz asrtex 031 1By y3nous sdnpoid jou mmov ang saeyo gz 2Tigeg

9¢LT %00T ¢t
$69¢ 18T T¢T
68TT 99/ TET
LSL £6Y €L
9Th1 €€6 8TT
VEAAl 018 98
99/ L9Y 29
6L%T (449 701
LLTT 969 [48
STZT 78L 96
T%CT 194 €T
6LLT L8 68T
291 7/0T 9
£0¢eT he 9
065 L9Y 3
L89 84% 6¢
€101 209 8¢
8¢€eT €00T 7L
969 GLY LS
urum ¢ uTw ¢ Aummv
(2) (z33/m39) dHd Yesd

9seaTsy 1e9H TR1O]

yoeay 03 SWI]

(9]
*aanjeiadwe]

(T) :SHION

TSY 0€?
628 927 8utyoo0Tg

91Y 7€T

T€¢C £eT

LEY 62T

GOt 8¢

961 LTT

6EY Gz

1€ 77¢
qGe €2¢ sTaued
1499 Gee soTaserd
86Y 07t —owrayy,

6£G 1 ¥4
6SY €1 sweoq

- (1)81¢

6€¢C rA N4

To¢ TT¢C

0L€ 01¢

6%7S 602
433 %0¢ 50TIqRg
(z33-uTW/nlg) °oON TeTIo3eR £10833e)
9seaTay 21edy 1eTI01BR

Jo 23vy Yesd

‘g HIGVL

I0TId HIIM ‘;Wo/M ¢ ‘NIWIOHIS LSAL TVINOZINOH ‘SIINSHY HASVATH IVAH I0 AIVYE

19



TABLE 9. VERTICAL TEST RESULTS PER FAR 25.853 (ASTM TEST METHOD F501~77)

Material Flaming Time Burn Length
Category Material No. ' (sec) (in.) Passes FAR
Fabrics 204 14,0 1.9 yes
209 0.5 2.7 ves
210 4,3 2,8 yes
211 4.4 3.2 yes
212 2.1 2.1 yes
218 0.5 4.6 yes
Foams 213 1.0 4,5 yes
215 0.5 3.3 yes
Thermoplastics 220 0.5 3.2 yes
235 0.8 1.1 yes
Panels 223 5.5 5.6 yes
224 0.5 3.6 yes
225 11.8 5.5 yes
227 0.5 5.5 yes
228 4,0 5.6 yes
229 . 0.5 3.1 yes
233 1.7 3.8 yes
234 2.4 2.8 yes
Flooring 226 0.5 1.5 yes
230 0.5 1.5 yes
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where 0o is the volumetric flow of oxygen in cubic centimeters per second
(cm3/sec) at the limiting concentration to just support the combustion of the
specimen, and N9 is the corresponding volumetric flow of nitrogen in cm /sec.

THERMOGRAVIMETRIC ANALYSIS. Results of the TGA tests are summarized in

tables 11, 12, and 13. The results reported in these tables include: (1) tem-
perature at first decomposition, or the temperature at which the-material

began to lose weight because of exposure to heat; (2) the temperature at

50 percent weight loss, or the temperature where 50 percent of the initial
weight of the test specimen was decomposed; and (3) the char yield (Y.), or

the percent weight of the specimen remaining as char or unburned material after
exposure to a temperature of 700 degrees centigrade (°C).

TGA tests were conducted at three conditions: (1) in air at a heating rate of
20° centigrade per minute (°C/min), (2) in air at 160° C/min, and (3) in nitro-
gen at 20° C/min.

TEST RESULTS AND ANALYSIS

RADIANT PANEL ASTM E-162.

The test data contained in table 2 show the following characteristics for the
materials tested by this method.

The fabrics exhibited the greatest range in behavior. Those fabrics containing
polyvinyl chloride (PVC) had the higher flame spread index (Ig); both PVC-con-
taining materials exceeded 200, Wool and a wool/nylon blend had the next higher
flame spread indices at 77 and 78, respectively. It is noteworthy that the

wool blended fabrics, although containing 90 percent or more wool, had signi-
ficantly different ratings, apparently depending on the use of PVC or nylom.

The Fg values of the flame retardant; (FR) nylon and cotton materials were both
very low, indicating that these materials are superior in terms of the radiant
panel test. However, the reasons for these low Fg values are qualified below.

The low melting temperature of the nylon resulted in rapid melting, and the
material flowed away from the hottest heating zone before significant flaming
occurred. Because of the light weight and apparent heavy FR nature of the
cotton fabric, this material charred without producing heat or flame when
exposed to the radiant panel.

The urethane foams experienced rapid surface flame propagation rates and con-
sequently had the highest Fg value of all of the materials -tested. However,

the foams also produced less heat than about 50 percent of the materials tested,
primarily because the foams are significantly lighter in weight.

The thermoplastics, panels, and flooring materials all have a relatively low
Ig. Only two of the 12 materials tested in these catagories had a Ig value
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of more than 50. One of these was a ceiling panel that had a rapid rate of
flame travel (high Fg) and the other was a wool carpet that produced relatively
large amounts of heat (high Q).

RATE OF HEAT RELEASE.

The Rate of Heat Release Apparatus is a test method that is still under develop-
ment. As demonstrated in the following discussion, it can provide detailed
temporal heat release rate data at various exposure conditions. The test data
for this series of tests are contained in tables 3 through 8.

Table 3 shows the test results for materials tested in the vertical configura-
tion while exposed to a surface heat flux of 2.5 W/cm2 and piloted ignition.
It should be noted that ignition of any of the specimens was not possible at
this low heat flux level without application of the pilot flame.

Foams, thermoplastics, and some fabrics, such as nylon, that melt and fall from
the specimen holder, cannot be tested in the vertical configuration. The
light-weight cotton fabric was also excluded from this test group because it
only chars and does not produce enough heat to raise the thermopile temperature,

The maximum or peak rate of heat release in British Thermal Units per minute
square foot (Btu/min—ftz) appears to be the most useful test data for ranking
materials by this test method. The PVC coated cotton produced a higher heat
release than the wool or wool/nylon blends in the fabric category. This
finding is consistant with the radiant panel results for heat release.

Panels have a wide range of heat release rate values from a low of 70 Btu/min-
ft2 for a light-weight sidewall panel to a high of 463 Btu/min-ft2 for a thicker
and heavier storage compartment panel, Panel thickness, unit weight, or
composition do not appear to have an outward effect on heat release.

The rate of heat release was greater at 2.5 W/cm?2 for the flooring materials
than any other materials tested; 729 Btu/min-ft2 for the wool carpet and

484 Btu/min-ft2 for the vinyl acrylonitrite/butadiene/styrene (ABS) laminate.
The maximum heat release rate from the carpet was reached on a second peak
following the burning off of the nap.

Tables 4 and 5 are the results of the rate of heat release tests at 5 W/cmz,
in the vertical test configuration, with and without piloted ignition. In all
but two cases the rate of heat release was higher when piloted ignition was
used. In all piloted ignition tests, heat release was higher at 5 W/cm? than
at 2.5 W/cem?. However, at 5 W/cm? the specimens were consumed much more
rapidly than at 2.5 W/cm2. For example, at 5 W/cm2 fabrics were completely
consumed in less than 5 minutes, and panels and flooring materials were con-
sumed in less than 10 minutes.

Table 6 contains the results for a limited number of materials tested in the
vertical configuration at a surface heat flux of 7.5 W/cmz, with and without
piloted ignition. Maximum heat release rates were surprisingly close at

5 W/cm? and 7.5 W/cmz, with and without a pilot flame.
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All twenty of the selected materials were tested in a horizontal configuration.
The test specimens were exposed to surface heat flux levels of 2.5 W/cm2 and

5 W/cmz. The reflective metal surface used to transmit heat to a horizontal
specimen precluded heat flux levels above 5 W/cem?.

The advantage of testing materials in the horizontal configuration was that
all materials including those that melt or fall from the vertical specimen
holder could be tested. The pan~like horizontal holder contained the melted
material and allowed it to burn in the liquid state. Because positive igni-
tion could not always be accomplished without the aid of a pilot flame, all
horizontal tests utilized the pilot flame,

For the 2.5 W/cm? tests (table 7), all flaming of the fabric and foam specimens
stopped before 10 minutes; thermoplastics, panels, and flooring continued to
flame past the 10-minute test period. For the 5 W/cm? tests (table 8), all
materials were completely consumed before 10 minutes; therefore, total heat
release was reported at 3 and 5 minutes only. As with the piloted vertical
tests, heat release was higher at 5 W/cm2 than at 2.5 W/cm2. (A urethane

foam was the only exception.)

VERTICAL BUNSEN BURNER FLAME TEST,

Test results for the vertical flame test method are contained in table 9.

As required by FAR 25.853, fabrics, foams, and the one carpet (No. 226) were
exposed to the 1l2-second Bunsen burner flame. Panels, thermoplastics, and
the laminated flooring material (No. :230) were exposed to the Bunsen burner
flame for a 60-second duration,

All of the materials selected for this program comply with the FAR requirements.
One of the FAR requirements, flaming time of melted drippings, was not evident
with any of the materials and, therefore, was not reported.

The wool/nylon blend fabric (No. 204) and a panel (No. 225) used for storage
compartments were the only specimens that continued to flame for long periods
after removal of the Bunsen burner flame. However, for both of these materials,
the flaming times were less than the 15-second allowable limit prescribed in

the FAR, For most materials, the burn lengths and flaming times were well
within the FAR allowable limits.

LIMITING OXYGEN INDEX (LOI).

Test results obtained by this test method are contained in table 10,

The National Aeronautics and Space Administration (NASA) Ames Research Center
(reference 8) has specified an LOI of 35 or greater in their endeavors to select
and develop advanced interior materials for aircraft.

The two urethane foams had the poorest LOL values (both 24.7 percent) of any

of the materials tested. The flooring materials also had low LOI values:
27.3 percent for the wool carpet and 27.9 percent for the PVC/ABS laminate.
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Four of the six fabrics recorded an LOI comparable or greater than 35; however,
the PVC coated fabric (No. 210) and the nylon fabric (No. 209) had low LOI
values of 26.2 and 27.4 percent, respectively. The panels ranged from a low
of 26,7 percent for the ceiling panel (No. 228) to a high of 46.9 percent for
a sidewall/window panel (No. 227).

Although panel No. 227 exhibited an LOI approximately 10 units or more higher
than the remaining panels, it is noteworthy that the gross chemical composition

of this panel was no different than that of any of the other panéls.

THERMOGRAVIMETRIC ANALYSIS (TGA).

TGA results are contained in tables 11 through 13. Analysis was conducted

under three different test conditions: (1) at a heating rate of 20° C/min in

an air environment, (2) at a heating rate of 160° C/min (maximum rate attainable)
in an air environment, and (3) at a heating rate of 20° C/min in a nitrogen
environment, ’

A possible useful method for rating materials is ih terms of the temperature
reached when the material first starts to decompose. Higher temperatures at
first decomposition were obtained with the higher heating rates (except for
panel No. 227) because the environmental temperature was greater than the
sample temperature at 160° C/min, as compared to 20° C/min, because of the
finite time required for the absorption of heat by the sample as the result of
heat sink effects, Therefore, the slower heating rate is a more accurate test
for determining the sample temperature at initial decomposition.

Char yield was found to be dependent on both heating rate and environmental
composition. In air, char yield varied significantly with heating rate (e.g.,
thermoplastics, fabrics, etc.) with no consistent trends. In most cases the
char yield (at 20° C/min) was greater in nitrogen than in air. However, there
were seven materials that were exceptions to this rule, with the urethane foams
the most extreme example. Although the temperature at first decomposition for
the foams was fairly comparable in both environments, the Y. value at 700° C
was considerably less in nitrogen (0 and 0.9 percent) as compared to air (94
and 98 percent).

COMPARISON OF TEST METHODS

The five different test methods were compared in terms of the measurements of
ignitability, flame spread, heat release, or general performance. This was
done primarily by plotting and comparing the measurements of interest by each
test method. Because there were more fabrics and panels tested than other
materials, the results from these two materials catagories were used for com-
parison purposes. In addition to the plotted data, the coefficient of cor-
relation (r) was calculated for each set of plotted results. This calculation
was done separately for fabrics and panels and is recorded along with the
related plot. The coeficient of correlation is a simple way of indicating the
degree of relationship between each pair of variables, and was calculated
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from the formula:
NIXY-(ZX) CY)

r = ‘ Vﬁmz_(zx)z] [mz_(n)?]

where:
N is the number of materials

X is the value from the X axis of the plot
Y is the value from the Y axis of the plot

The value of r ranges from -1.00 to 0.00 to +1.00, with -1.00 and +1.00

indicating perfect relationship between the two variables and 0.00 indicating
no relationship.

Figures 6A through 6F show the plotted data for the results considered to be
related to ignitability. The plotted data and the coefficient of correlation
for the six pairs of ignitability data indicates that there is no apparent
relationship between the various test measurements. The highest correlation
was between decomposition temperature at 160° C/min heating rate and LOI for
fabrics (figure 6D). This pair of variables has an r value of -0.704. Because
the variables here are inversely related, which is contrary to the expected
behavior, it is believed that this relatively high r value is more fortuitous
than indicative of a physical relationship.
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Figures 7A through 7C show the plotted data for the three pairs of test results
related to flame spread. Again, the panels did not show a very good correlation.
However, there appears to be a relationshig for fabrics between the time-to-
peak rate of heat release at both 2N5 W/cm? and 5 W/cm? and the radiant panel
Fg (figures 7B and 7C). :

Figures 8A through 8H show the plotted data for the results of the heat release
category. Some correlation for panels is evident from the RHR results of the
rate of heat release apparatus operating at 2.5 W/cm? and 5 W/cm?2 in the
horizontal specimen configuration and the radiant panel E-162 heat evolution
factor Q (figures 8B and 8D).

Figures 8E and 8F show a good correlation of panels for the radiant panel E-162
heat evolution factor Q versus RHR in the vertical test configuration at heat
flux exposures of 2.5 and 5 W/cm?., 1If panel No. 225 is omitted for these cal-
culations, the r value in both cases would be over 0.9. Char yield, Y., times
unit weight of material in oz/yd2 versus radiant panel E-162 heat evolution
factor Q (figure 8G) also shows good correlation for panels.

Figures 9A through 9J contain the plotted data based on the performance of a
material in terms of the indices or measurements recommended for the individual
test, As shown in figure 9C, the two measurements/indices which exhibited the
greatest relationship to one another were the horizontal rate of heat release
at 2.5 W/ cm? and the LOI (r=0.832 for fabrics, 0.621 for panels, and 0.669 for
fabrics and panels together). The remaining nine pairs of variables show very
little correlation.

Figures 10A and 10B are plots of RHR versus time for three specimen surface
heat flux levels in the vertical test configuration. In figure 10A, a wool
carpet shows two heat release peaks when tested at 2.5 W/cm2. The first peak
corresponds to the burning off of the pile surface; the second peak is reached
following ignition of the heavier base material. There is no discernible lag
time between the ignition of the pile and base material at 5 and 7.5 W/cm2.
The heat release rate profiles are practically identical at 5 and 7.5 W/cm2.
At 2.5 W/cm2 the peak value is lower and occurs later than at 5 or 7.5 W/ cm2,

The panel (figure 10B) also showed nearly identical heat release profiles at

5 and 7.5 W/em2. At 2.5 W/cm? the heat release profile is significantly lower
than at 5 or 7.5 W/cm2.
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Figures 11A through 11D compare the rate of heat release histories for vertical
and horizontal configurations at 2.5 and 5 W/cm?2, 1In the case of the wool car-.
pet (figures 11A and 11B), the curves are very close for both configurations,
with the peak reaching a slightly higher value when tested vertically. The
first peak in figure 11A is a result of the burning pile fabrics, has the

same value, and occurs at the same time for both the vertical and horizontal
tests, Figures 11C and 11D are the vertical and horizontal heat release pro-
files for a panel. At 2.5 W/cm? the burning characteristics are- different

at the two sample orientations. However, at 5 W/cm2 (figure 11C) the burning
characteristics are similar to the carpet material; e.g., a comparable slope-
to-peak value for both sample orientations with the vertical peak slightly
higher than the horizontal peak.

Ranking of the 20 materials by each test method is presented in tables 14 and
15. The materials are ranked numerically by material number under each of the
test methods utilized. The material which obtained the best results is ranked
in the first position, with the other test materials following accordingly.
Table 14 ranks the material by the usage category .they represent; e.g., fabrics,
foams, plastics, panels, and floor coverings.

Table 14 illustrates how materials may be ranked differently according to dif-
ferent test methods. The urethane foams and thermoplastics are a good case in
point. Each of these categories contained two materials. In terms of the
seven test measurements or indices, foam No. 213 was ranked first by four tests
while foam No. 215 was ranked first by the remaining three tests. A similar
situation existed for the thermoplastics. Strictly in terms of ranking, it
would be difficult to select the "best" material from either the two foams or
the two thermoplastics. Another example of this anomoly is found with the
fabrics. The cotton ticking material (No. 218) was ranked first by four test
measurements/indices but was also last twice and next to last once.

Some materials within a usage category are consistently ranked higher than
others., This was most prominent in the case of the flooring materials. How-
ever, for the panels the selection process was slightly more difficult. Panel
No. 227 was ranked first by four test methods. In all four cases it was rated
significantly higher than the panel which was ranked second. Although ranked
fourth in terms of flame spread index (Is), its actual rating (IS=8) is con-
sidered good by most standards and comparable to the first-ranked material
(Ig=5.1). Similarly, a ranking of fourth in terms of thermal decomposition at
160° C/min was only 21° C below the material ranked first. Thus, materials
should not be compared on a ranking basis without consideration of the magni-
tude of test measurements or indices. When this type of analysis is performed
for the panels, No. 227 appears to be the ''best" of the panels.

In table 15 all materials were ranked irrespective of usage category. This

table positively illustrates the futility of selecting materials based on a
simple ranking system. The ranking will almost always change for a different
test method or measurement. However, if the actual data is analyzed as tabulated
above for the panels, it may be possible, in some cases, to select materials
which are consistently rated better than others on the basis of multiple tests.
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CONCLUSIONS

Based upon the evaluation of 20 aircraft materials in terms of five widely used
flammability test methods, it is concluded that:

1. There were practically no test methods that correlated either ignitability,
flame spread, or heat release for both fabrics and panels. The only excep-
tion was the Rate of Heat Release Apparatus, for rate of heat release at

2.5 W/cm2 for a horizontal test configuration versus the limiting oxygen

index (figure 9C).

2. Panels show good correlation for heat release between the Rate of Heat
Release Apparatus and the Radiant Panel E-162 heat evolution factor,

3. The Rate of Heat Release Apparatus shows no significant difference in
test results at heat flux levels of 5 and 7.5 W/cmZ.

4, The capability of testing a material in a horizontal orientation in the
Rate of Heat Release Apparatus permits the evaluation of materials which would
normally be precluded because of their melting behavior.

5. In the Rate of Heat Release Apparatus the heat release profiles for
materials that do not melt were similar in both the vertical and horizontal
test configurations.

6. Ordering of materials in terms of performance is dependent on the test
method utilized.

7. It may be possible, in some cases, to select materials based on multiple

test evaluation if consideration is given to the magnitude of the test measure-
ments or indices and not simply to the numerical ranking of the materials.

44



REFERENCES

1. Airworthiness Standards: Transport Category Airplanes, DOT/FAA, Federal
Aviation Regulations, Vol. III, Part 25, Transmittal 10, May 1, 1972,

2. Surface Flammability of Materials Using a Radiant Heat Energy Source,
American Society for Testing and Materials (ASTM), Designation: E-162, Annual
Book of ASTM Standard.

3. Smith E. E., Test for Heat Release Rates for Materials and Products,
Test Method Proposed For ASTM Standard.

4., Flame Resistance of Cloth; Vertical, Federal Test Method Standard No. 191,
Method 5903.2, July 1971.

S5e Aerospace Materials Response to Flame, With Vertical Test Specimen,
American Society for Testing and Materials (ASTM), 1977 Annual Book of ASTM
Standards, Part 25, ANSI/ASTM Standard Method, F501~77.

-

6. Flammability of Plastics Using the Oxygen Index Method, American Society
for Testing and Materials (ASTM), Designation D-2863, Annual Book of ASTM
Standards.

7. Standard Procedures for TGA Using the TGS-1 Thermobalance, Perkin-Elmer
Co.

8. Kourtides, D. A., Parker, J, A,, and Gilwee, W. J., Thermochemical
Characterization of Aircraft Interior Panel Materials, Journal of Fire and
Flammability, Volume 6, July 1975.

45



