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FIRE RESISTANT AIRCRAFT 
SEAT MATERIALS 



TYPICAL SEATING ARRANGEMENT 
ON A WIDE BODY JET 



PHASE I MATERIAL TEST PROGRAM 
b . 

f 

MAT ERIAL FAA 
WEIGHT BURN TESTS 
DENStTV + 1 6 5 ~ ~  AGE0 l e 6 0 ~  AGED (MATERIALS LOI 

SPECIMENS SPECIMENS 
T OA 

DIMENSIONS 
AN0 NON- AGED AND NON-AQED THAT MELT) 

I 

FA1 LED FAILED 
ELIMINAT E ELlMlNAT E 

PILL TEST 
IGNITION - AND i 

SCREENlNQ FLASH PER 
TESTS 51579 

FOAMS T EXTIl.Et 
THERMOFORMAIILE ------ PLASTICS - 't 

o ST€ AM AUTOCLAVE 
COLOR FASTNEW 

o HEAT DEFLECTION 
o INDENTATlON LO 

o s r L r c r t o *  (1uf' o FORMAbILIlY 
0 ABRASION o STRESS CRAZlWO 

o COMPRESSION SET o IMPACT OARMUER 
o CORR-ON o ELONOATION T ESTER 
o TEAR o Cr(RROSI0N o TEWLE 
o LOAD V E R W  o CL ZANf4BILlTY 

DEFLECTION 
o T ENSlLE MOO 
o MACHINABIUTY 

SCREEN 
0 COLORFASTNESS 

PER FORWANCE I 

TESTS - NO FUR1 HER TESTINO NO FUR1 HER f €STING SCREEN - NO FURWER 
T ESTlm 

ADVANCED 
TESTS 17 * H M  AND I DATA 

TOXIClW FLASH FIRE 
(MIC 





CPr(DIDAT€ INTER1 NS TESTED 
MATERIAL 
NUMBER 

PRODUCT 
NUMBER SUPPLIER 

COLLINS 6 AIKMAN COClP. 

MATERIAL DESCRIPTION TRADE NAME 

100% NYLON, AIRGARD TREATED 11.4 
12.6 OZIYO~ LANDSCAPE FABRIC 

LANDSCAPE 

H. LELIEVRE, PARIS 52.5% KERMEL/47.5% WOOL 27 7 gm/m2 
- -- 

100% COTTON DOUBLEKNIT 10 * 6% O U  
yo2 (LI  SPEC 33) 

- - - - - 

LANOENTHAL INTERNATIONAL 
CORP. 

100% NOMEX 8.4-9.7 oZIYD' TULSA 
(DRAPERY FABRIC) - 
9096 WOOU109L NYLON FABRIC 12.2 TO 
14.0 O Z / Y D ~  SUN ECLIPSE 

50% KYNOL/50X NOMEX 10.7 02/Yo2 
FABR lC 

TULSA COLLINS & AIKMAN COW. 

SUN ECLIPSE COLLINS & AIKMAN CORP. 

"NO B U R N  
FABRIC 

COLLlNS & AIKMAN COW. 

NYLON GOLD 
I s c n  

NYLON GOLDIVONAR 3 NEOPRENE 
FOAM BACKING 

- -. 

DUPONT DE NEMOURS 

URETHANE 
COATED NYLON 

URETHANE ELASTOMER COATED 
NYLON FABRIC 

REEVES BROTHERS 

NO. 300 
COTTON KNlT 
FABRIC 

COTTON KNlT FABRIC, COLOR 23 
1 JASMIN 

LAtdGENTHAL INTERNATIOWAL 
CORP. 

NO. 340 
COTTON KNlT 
F ABRlC 

COTTON KNlT FABRIC 
SQUARE KNlT 

- - - 

LANGENTHAL I#T€RNAflONAL 
CORP. 

H. LELIEVRE, PARIS KERtM- 39%1WM)l. GI%, COLOR 2 
ROUX FABRIC 676 ahn2 



PRODUCT I ~~~~~L I NUMBER I M A T E R I A L  DESCRIPTION I T R A D E  NAME I SUPPLIER I 

I 1 NO. 1110 70% KYNOL/30% NOMEX PERklANENT KYNOL 1 AMERICAN KYNOL, I I C  
PRESS FINISH 6.2 OUYO~ I 

1 

I NO. 1090 I 70% KYNOL 309b NOMEX 4.6 O Z N V  
WlTH PERMANENT PRESS FINISH I KYNOL I AMERICAN KYNOL INC I 

NO. 24 

1 1 B-104s 1 100% KYNOL BATTING ON POLYESTER rYNOl.- 1 AMERICAN KYNOL, INC 1 
SCRIM-NEEOLE PUNCH 

$0-9010-1 PBI FABRIC NATURAL UNSTABILIZED 
u 

CELANESE FIBERS 
fi 5.1 O Z / Y D ~  2 x 1 TWILL MARKETING CO. 

100% KYNOL FABRIC TWILL WEAVE 

d 

KYNOL 

206 

207 

208 

209 

I 

AMERICAN KYNOL, INC 

205 

354020-7 

KYNOL ON 
REMAY SCR lM 
BATTING 

NEOPRENE 
FGAM 

NEOPRENE 
FOAM 

404010-1 PBI BATTING 4 o Z / Y D ~  NATlJRAL CELANESE FIBERS 
UNSTABILIZED FROM STAPLE MARKETING CO. 

BLACK BATTING 4 OZ/VD~ 
(PROPRIETARY) 

RE X A Y  SPUN BONDED POLYESTER 
FABRIC NEEDLED WITH 10096 KYNOL 
FIBER ,.8 OZ/V@ 

1/16 IN. NEOPRENE FOAM WITH 
1.2 OZ/YD* COTTON SCRIM 

2/16 IN. NEOPRENE FOAM WITH DUPONT DE NEMOURS 
1-2 O Z / Y D ~  COTTON SCRIM - 

- 

"FLAMEOUT" 

VONAR NO. I 
INTER LINER 

CELANESE FIBERS 
MARKET INO CO. 

DAN RlVER, INC 

DUPONT OE NEMOURS 



PRODUCT 
NUMBER 

NEOPRENE 
FOAM 

NYLON GOLD 
1902 

MATERIAL DESCRIPTION 

3/18 IN. NEOPRENE FOAM WITH 
1.2 O Z / Y D ~  COTTON SCRIM 

KERMEL 

T RAOE NAME 

VONP9 NO. 3 
INTERLINER 

I KERMEL FABRIC 260 gm/m2 
AMID€-IMIDE 

SUPPLIER 

' DUPONT OE NEMOURS 

UPHOLSTERY DUREf fE UPHOLSTERY FABRIC 

I KERMEL 

DURETTE 

- 
NOMEX 1II 

FABRIC 

SEE559 

I RHOOIA, INC 

FIRE SAFE QROQUCn 

GBNERAL E LECTRlC 
(WATERFORD, NYI 

OUPONT De NEMOURS 6 CO. 

ELASTOMER, SILICONE RUBBER 
S.O. 1.33 

NOMEX 111 ARAMID FABRIC 

400.1 1 

4006 

410-13 

40051 - 

OURETTE BATTINO 

DURETTE DUCK 4.4 02IYdl 

DURE7TE DUCK BLACK 

OURETTE WILL 

OURETTE 

DURliTTE 

FIRE SAFlE PRODUCTS 

f IRE 8AFlt PRODUCTS 

O U R E t t f  

D U R E ~ E  

FIRE SAf t PRODUCT1 

FIRE SAFO PROWCTI 



PREOXlOlZED BATTING 4008 

WOVEN PBI FABRIC HEAT STABILIZED 
4.2 OZ /YD~ ,  2 x 1 WILL MADE FROM MARKkTlNO CO 



Tt MQE&US TFm(coMa> I 

MATE RIAL OESCRlPTlON 

GLASS FIBER BLOCK CUSHION E D Q ~  
ORAtN BLOCKING OF GLASS FIBER8 

APN PHOSPHAZENe OPEN CELL 
FOAM 0.14 glee 

URETHANE FOAM, PLEXlbLO 

SILICONE RUBBER SPONQD 
11 LB/FT~ 

SILICONE RUBBER SPONGE 
i I A LB/CT~ 

SILICONE RUBBER SPONGII 
0 2 1  (m/m 

URETHANE FOAM 0.03 gmloo 

NEOPRENE FOAM, OPEN C%LL - 
NEOPRENE FOAM, OPEN CDLL 
0.14 gm/a 

SILICONE SPONGE 0.4 L U P T ~  

MATERIAL 
NUMBER 

3m 

PRODUCT 
NUMBER 

F02f 6 

TRADE NAME 

... 

APN FOAM 

H W O L  

- 

MOIITCI 

... 

- 
.I 

KAYLON 

7 

SUPPLIER 
1 

EXPANDED RUIIIIQR AND 
PUSTICS CORC. 

, 
FlREIlTONat T I M  & 
RUBIIER CO, 

6 

W, R. (IICACI & CO. 

KIRKHILL RlJbbtR 
COMPANY 

MOSITES RUO8BR CO*, 
INC. 

SILICONB IIVOIIYIIRIMO 
170. BNOUIYO 

t. A. CARPlENTaR CO,, INC 
I 

TOVAO WRr? 

UNIROVAL IMC. 

w 

KIAKHILL RUIII1R 
C 

301 

302 

303 

304 

305 

341 

3M 

309 

R*207060 

9907.1 3 

EXP1408 

14183-8 

NO. 810 

H 4 C  

HL1.7-77 

KAY LON FIRM 

9FR616B 







MATERIALS DROPPED AS CANDIDATES 

MATERIAL 

(200,201,202) KYNOL FABRICS 

COTTON KNIT 
NOMEX FABRIC 
VONAR-BACKED NYLON 
URETHANE-COATED NYLON 
PBI FABRICS 
BLACK BATTING 40-4010-1 
KYNOL NEEDLED TO REMAY 
DURETTE UPHOLSTERY FABRIC 
KERMEL FABRIC 
R-207080 APN PHOSPHAZENE FOAM 
HYPO1 URETHANE FOAM 
14 183-8 SILICONE FOAM 
510 SILICONE FOAM 
KOY LON NEOPRENE FOAM 

PROBLEM 

POOR WEAVE AND COLORFASTNESS 
COLOR AVAILABILITY 
COLORFASTNESS 
COLORFASTNESS 
NO CONGER AVAILABLE 
LOW STRENGTH (TEAR) 
THERMAL SHRINKAGE 
EXTREME TOXICITY 
THERMAL WEIGHT LOSS 
COLORFASTNESS 
THERMAL SHRINKAGE 
LOW STRENGT ti 
HIGH SMOKE GENERATION 
HlGH HEAT RELEASE 
FAILS BURN TEST 
FAILS SMOKE GENERATION 



FUTURE SEAT COMPONENTS 

- - DECORATIVE FABRIC COVER 

SUP SHEET (TOPPER) 

k 1 FIRE BLOCKING LAYER 

CUSHION REINFORCEMENT 

CUSHIONING LAYER 

NOTE: SOME COMPONENTS MAY NOT BE INCLUDED IN 
ALL DESIGNS 



DECORATIVE FABRIC COVER 

KEY REQUIREMENTS - +COLORFAST 
COLOR AVAILABILITY 
RESISTANCE TO IGNITION 
LOW FLAME SPREAD 
WEARABILITY 
LOW TOXICITY 
LOW SMOKE GENERATION 

CANDIDATE MATERIALS - 

(100) ST-7793-29 AIRGARD-TREATED NYLON C&A 
(101) 20787 KERMEL 47 PERCENT WOOL 

53 PERCENT BLEND LELIEVRE 

'GO-NO GO REQlf IREMEN1 



SLIP SHEET 

KEY REQUIREMENTS - LOW WEAR 
LOW FRICTION 
IGNITION RESISTANCE 
LOW FLAME SPREAD 
LOW TOXICITY 
LOW THERMAL SHRINKAGE 

CANDIDATE MATERIALS - 

(214) NOMEX Ill ARAMID 254 glm* DUPONT 
(217) 400-6 DURETTE DUCK FIRE SAFE PROD. 



FIRE BLOCKING LAYER 

KEY REQUIREMENTS -- BURN RESISTANCE 
LOW SMOKE GENERATION 
LOW HEAT RELEASE 
LOW FLAME SPREAD 
LOW TOXICITY 
LOW THERMAL CONDUCTIVITYl 
GOOD CHAR FORMATION 

CANDIDATE MATERIALS 

(203) 13-104 KYNOL NEEDLE PUNCH 
BATTING AMER KYNOL INC. 

(210) VONAR NO. 3 NEOPRENE FOAM INTERLINER DUPONT 
(214) NOMEX Ill NOMEX FABRIC DUPONT 
(216) 400-11 DURE JTE BATTING FIRE SAFE PROD. 



CUSHIONING REINFORCEMENT 

KEY REQUIREMENT - WEAR RESISTANCE 
BURN RESISTANCE 
COMPATIBILITY 
(i.e., ADHESION STIFFNESS CEMENTABILITY) 
LOW TOXICITY 

CANDIDATE MATERIALS - 

(213) SE-559 SILICONE ELASTOMER. GE 
(214) NOMEX 111 FABRIC DUPONT 
(217) 400-6 DURETTE DUCK FABRIC FIRE SAFE PROD. 



KEY REQUIREMENTS - LOW TOTAL HEAT RELEASE 
LOW TOXICITY 
LOW SMOKE GENERATION 
LOW FLASH PROPENSITY 

(LOW WEIGHT LOSS) 
BREAKDOWN RESISTANCE 

CANDIDATE MATERIALS - 

(301) HL 1-7-77 NEOPRENE FOAM TOYAD CORP. 
(300) FG 215 GLASS FIBER BLOCK EXPANDED RUBBER 
(303) EXP 1408 SILICONE FOAM KIRKHILL RUBBER 
* LS NEOPRENE FOAM TOYAD CORP. 
8 9 FR 618 SILICONE FOAM KIRKHILL RUBBER 



HEAT RELEASE RATE TESTING 

PART 1 STANDARD CUSHION LAYER OF GLASS 
BLOCKING WlTH VARIOUS UPPER LAYtRS 

PART 2 SELECTED UPPER LAYERS FROM PART 1 
WITH VARIOUS CUSHION LAYERS 





OSUHEATRELEASEAPPARATUS 



- <  

SAMPLE FORM 

MATERIALS UTILIZED IN THE CONSTRUCTION OF 
MULTILAYER ASSEltlDLIES 

-- 
MATERIAL T FUNCTION IN 

GENLRIC NAME MATt  R I A L  OESCHlPTlON DENSITY MULTILAY ER ASSEMBLY 

FABRIC -- AWIDE.IMlDE - --.- I 62.5% Y EH IEL :47 'h  W3GL 

FABRIC I YRAM1D 1 254 q i " ~ 2  
I 

DECOhA r l V E  COVERING 
LAYER 

OECORATlVE COVERING 
LAYER - - 
SLIP COVER CUSHION 
REIRFOHCEMEKT 

- - 

CHLORIRATED 
W A R ?  I D  

POLYCHLORO. 
PRENE WIT14 
COTTON SCRIM 

CkiL3r;;:;AT EO 
ARAMID 

---..-- -- 
GURET'TE 

FIRE BLOCKING LAYER 

- - 
CUSHION R LINFORCEMENT 



MATERIALS UTILtZED IN THE CONSTRUCTION OF 
fidULTILAVGR AQSEMBLIES (CONTINUED) 

I 

I 

SAMPLE NO. 
I 

8 

9 

10 

11 
L 

12 

- 

13 

MATERIAL DESCRlPTlOlY 
Y 

SAMPLE FORM 

FABRIC 

ADHESIVE -- 

MATERIAL 
OENSITY GENERIC NAME 

FOAM 

1 

FUNCrtOf'r IN  
MllLTlLAYER ASSEMBLY 

ADHESIVE -.- . 
' \'RETHANE --- ---- F:iz p L A s S  

I 

W O E  I POLY lM IUE FOAM - 0,OG g/crn3 CUSHION 

-* 2 

CUSHION R E I h  FORCEMENT 

- I 

CEMENT 

CEMENT 
CUSHION 

SILICONE E LASTOhlER 
ON GLASS FABRIC 
R2332 NF 

.----* 

RTV 133 
- 8 -  -- 

POLYURETHANE FOAM 

14 

GLASS FIBER BLOCK 
CUSHION 

- 
. .. 
- 

--.-_I__- 

0.20 q,cm3 

ELASTOMER S1LlC0islE 

16 

$1 LICONE RUBBER 0.13 q/cn\3 CUSHlON 
SPONGE 

FOAM POLvCHLOF4O- 
i~ntrue 

COW SMOKE NEOPRENE 0.14 
FOAM 





L 

MULTILAYER MATERIALS WITH POLYMERIC FOAM BACKING 

ML SPECIMENS CONTAINED 62.6% KERMELI47.6K WOOL BLEND WlTH NOMEX III SLlP COVER, 

- 

ML SPECIMEN CONTAINED 90% WOOL/109r, NYLON ULENO WlTH FLAME RETARDEO COTTON 
MUSLIN SLlP COVER. 

@ ML SPECIMEN CONTAINED 52.5% KERMEL/47.5% WOOL BLEND WlTH FLAME RETARDED COTTON MUSLIN 
SLlP COVER. 
ML SPECIMEN CONTAINED 62.5% KERMELI47.6Y6 WOOL BLEND WITH NO SLIP COVER. 

o MI. SPECIMENCONTAINED FLAME RETARDED COTTON MUSLIN SLIP COVER. 

ti ! F I R :  &LOCI\ 
I 

I 

10' 
1 

E L I ' \  i C r l C E r ~ ~ i l r T  I ADHESIVE 
I 

4 

CUSHION 

i - I - -- 1 R2332NF 
I 

L 1 

1 I @  
1 

I - I 
URETHANEFOAM 
H48C 

- -t-- - 1 R2332NF URETH4NE FOAM 

12 

13 

14 

15 

16 

17" 

1 a4 

1 9" 

1 H46C 
R2332hP OURETTE R A r 1  1 NOMtX 1 1 1  POLYIMtDE FOAM 

400.1 1 

R2332NF 

R2332NF 

R2332NF 

R2332NF 

- 
- 
- 
- 

R2332NF 

- 
OURET TE SATT NOMEK SILICONE FOAM 

400 11 
I 

DURETTE BAT1  NOMEX t I I  SAME AL S-NEOPRENE 
4 0 0  11 FOAM 

DURETTE BATT NOMEX Ill SAME AL SNQWRENE 
400.11 FOAM CORED 

DURETTE BATT NOMEX Ill SAME ALS NEOPRENE 
406.11 - FOAM 

I 

VONAR a3 NOMEX Ill R2332NP #)LVIMlO€ FOAM 
I 

VONAR s3 NOMEX Ill , R2332NF SILICONE FOAM - I 

VONAR 1.3 NOMEX 111 R2332NF AL SNEOPRENE 
FOAM 

- 
.-- 

DURETTE B A n  PBI 40.9031.2 AL &NEOPRENE 
400 11 FOAM 





COMPARISON OF HEAT RELEASE FROM ADVANCED AND 
BASELINE MATERIALS 

0 BASELINE MATERIALS 
0 AbVANCED FIRE REStSTANT MATERIALS - HEAT FLUX @ 1.5 W f m 2  - - HEAT FLUX Q 3.5 w/cm2 / 

/O 

/ 
0' 

/ 
/ 

4' 

/ 
/' 

p" / /D 
I 

/ 0. 
/ 

/ / 
d' - - ~5 d' / 

m 

2 4 6 
TIME, min 



FIRE SOURCE 
DETERMI.NATION 



AIRCRAFT 
SURVEY 



- 

AIRCRAFT OHlGlN 

SEAT NO./LOCATION 

LOCATION RELATIVE 
TO SEAT 

ITEMS COLLECTED 

WEIGHT OF ITEMS 

AIRLINE TRP SH DATA 

AIRPLANE: DC.10 DATE: 2.23-78 

BAG 1 

CHICAGO 

2 2 K  AND L/COACH 

BAG 2 

CHICAGO 

5K/FIRST CLASS 

O N  F LQOR UNDER 
AND REHINO SEAT 

4.44 POUNDS I 1-50 POUNDS 

ON FLOOR REHINO 
SEAT 

NEWSPAPER 
- 7 SECTIONS 

AND ADS 

HEADPHONE BAG 
USED CIGARETTE 

PACKS 
NEWSPAPER 

12DICOACH I UNKNOWN I 12BICOACH 

BAG 3 

CHICAGO 

BAG 4 

LONDON 

ON FLOOll UNDER 
SEAT 

2.15 POUNDS 1 1.62 POUNOS I 0.45 POUNOS 

BAG 5 

LONDON 

2 NEWSPAPERS 
- ONE WITH SIX 

SECTIONS - ONE WITH FOUR 
SECTIONS 

BAG li 

UNKNOWN 

- - 

I LONDON 

28F/COACH 

ON FLOOR I N  
1 FRONT OF SEAT 

NEWSPAPER 
- 8 SECTIONS 

I N  PCIII!;ET OiJ 
BACK OF SEAT 

2 NEWSPAPERS 

I 1.25 POUNDS 

2 HEADSET BAGS 
1 AIRSICK BAG 
1 NAPKIN 

(COCKTAIL SlZLl  
1 AIRLINE MAG 

AVERAQE WEIGHT OF ITEMS: 
1 .a5 POUNDS 




