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INTRODUCTION 

This  paper p re sen t s  an overview of c e r t a i n  a s p e c t s  of t h e  eva lua t ion  of 
t h e  f i r ewor th iness  of a i r  t r a n s p o r t  i n t e r i o r s .  
materials ques t ion  concerning t h e  e f f e c t  of i n t e r i o r  systems on the  s u r v i v a l  
of passengers and crew i n  t h e  case of an  uncont ro l led  t r a n s p o r t  a i r c r a f t  f i r e .  
Second, i t  examines some t e c h n i c a l  oppor tun i t i e s  t h a t  are a v a i l a b l e  today 
through the  modi f ica t ion  of a i r c r a f t  i n t e r i o r  subsystem components, modifica- 
t i o n s  t h a t  may reasonably be expected t o  provide improvements i n  a i r c r a f t  f i r e  
s a f e t y .  Cost and r i s k  b e n e f i t s  s t i l l  remain t o  be determined. 

F i r s t ,  i t  addresses  t h e  key 

Space p e r m i t s  only t h e  d i scuss ion  of t h r e e  s p e c i f i c  subsystem components: 
i n t e r i o r  pane ls ,  seats, and windows. By v i r t u e  of t h e i r  r o l e  i n  real f i r e  
s i t u a t i o n s  and as ind ica t ed  by the  r e s u l t s  of l a rge - sca l e  s imula t ion  tests,  
these  components appear t o  o f f e r  t h e  most immediate and h ighes t  payoff poss ib l e  
by modifying i n t e r i o r  materials of e x i s t i n g  a i r c r a f t .  These modi f ica t ions  have 
the  p o t e n t i a l  of reducing t h e  rate of f i r e  growth, wi th  a consequent reduct ion  
of h e a t ,  t o x i c  gas ,  and smoke emission throughout t he  h a b i t a b l e  i n t e r i o r  of an 
a i r c r a f t ,  whatever t h e  i n i t i a l  source  of the  f i r e .  It  w i l l  be shown t h a t  t hese  
new materials modi f ica t ions  reduce the  f i r e  hazard not  only because of t h e i r  
unique a b l a t i v e  p r o p e r t i e s ,  which he lp  t o  con ta in  o r  i s o l a t e  t h e  f i r e  source ,  
bu t  a l s o  because t h e r e  is a s i g n i f i c a n t  reduct ion  i n  t h e i r  c h a r a c t e r i s t i c  flame 
spread,  hea t  release, and smoke and t o x i c  gas emissions.  

SURVIVABILITY CRITERIA FOR AIRCRAFT FIRES 

S i g n i f i c a n t l y  d e s t r u c t i v e  f i r e s ,  which have been encountered by t r a n s p o r t  
a i r c r a f t ,  can be c l a s s i f i e d  gene ra l ly  i n t o  t h r e e  k inds  ( f i g .  1 ) :  t he  i n - f l i g h t  
f i r e ,  t he  ramp f i r e ,  and t h e  su rv ivab le  pos tc rash  f i r e .  H i s t o r i c a l  surveys 
taken over per iods  of 10 t o  15 years  f o r  a v a r i e t y  of a i r c r a f t  under a wide 
range of ope ra t ing  cond i t ions  have shown t h a t  t h e  pos tc rash  f i r e  accounts  by 
f a r ,  perhaps by a f a c t o r  of 10 ,  f o r  most of t h e  a i r c r a f t  f i r e  dea ths .  A s  ind i -  
ca ted  i n  f i g u r e  1 f o r  a 270 passenger a i r c r a f t ,  t h e  probable  i n t e r a c t i o n  of t he  
37,000 t o  75,000 l i ters of j e t  f u e l  and i g n i t i o n  sources  generated by damaged 
engines  produces a f i r e  source  t h a t  i n t e r a c t s  wi th  t h e  a i r f rame and then wi th  
the  i n t e r i o r  systems t o  in t roduce  t h e  s u r v i v a b i l i t y  f i r e  parameters l i s t e d  i n  
the  f i g u r e .  The i n - f l i g h t  f i r e ,  whatever i t s  source ,  can i n t e r a c t  d i r e c t l y  
with t h e  i n t e r i o r  subsystems t o  i g n i t e  and cause them t o  burn.  
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It is a b a s i c  premise of a l l  subsequent arguments t h a t  any v e h i c l e  
i n t e r i o r  w i l l  become a t o t a l l y  l e t h a l  environment i f  t h e  f i r e  source i s  l a r g e  
enough. It i s  a l s o  t a c i t l y  assumed t h a t  any and a l l  material subsystems of an  
a i r c r a f t  i n t e r i o r  comprising organic  polymeric materials (as shown as f u e l  
load  i n  f i g .  1) can a l s o  c o n t r i b u t e  by means of ( o r  may be l imi t ed  by the  f i r e  
parameters shown) t o  the  formation of a l e t h a l  environment i f  t h e  f i r e  source  
and f i r e  growth rate are s u f f i c i e n t l y  l a rge .  
cons ider ing  t h e  f lammabil i ty  of t h e  a i r c r a f t  i n t e r i o r  whether t h e  f i r e  source 
d e r i v e s  from, f o r  example, t h e  i g n i t i o n  of s p i l l e d  f u e l ,  a cargo bay f i r e ,  o r  
arson.  What i s  important ,  however, i s  how flammable t h e  i n t e r i o r  subsystems 
are and how l a r g e  a f i r e  source i s  encountered. 
human s u r v i v a b i l i t y  and of v e h i c l e  crashworthiness  on t h e  growth of t h e  f u e l  
f i r e  have not  been considered i n  t h i s  paper.  
cab in  temperature and the  concurrent  release of smoke and t o x i c  gas  from the  
combination of t he  f i r e  source  and the  f i r e  involvement of t he  i n t e r i o r  have 
been considered as s i g n i f i c a n t  f a c t o r s  i n  e s t a b l i s h i n g  a l lowable  eg res s  t i m e s  
f o r  passengers and crew members. It has  been a goa l  of NASA's "FIREMEN" pro- 
gram t o  improve t h e  al lowable eg res s  t i m e  by a f a c t o r  of 2 ,  t h a t  is ,  from 2.5 
t o  5 min, by modifying t h e  materials used i n  a i r c r a f t  i n t e r i o r  subsystems t o  
b e t t e r  understand t h e  condi t ions  imposed by pos t c ra sh  f u e l  f i r e  sources .  

It  is r e a l l y  unimportant when 

E f f e c t s  of c r a sh  impact on 

Only the  time ra te  of change i n  

The ground r u l e s  of t h e  SAFER Committee ( r e f .  1) excluded t h e  i n - f l i g h t  
f i r e  case  from cons ide ra t ions .  This  l imi t ed  somewhat t h e i r  s p e c i f i c  recommen- 
d a t i o n s  concerned wi th  t h e  f i r ewor th iness  of a i r c r a f t  i n t e r i o r s  systems, such 
as t o x i c  fume hoods, and f i r e - f i g h t i n g  methods. The Federa l  Aviat ion Regula- 
t i o n  (FAR) burner  f lammabil i ty  t es t  remains as a recommendation which a l l  must 
ag ree  has no t  been r e l a t e d  t o  materials a i r c r a f t  f i r e  s a f e t y .  
t o  i n f e r  from t h e  foregoing t h a t  once an i n t e r i o r  system has  been i g n i t e d  wi th  
a s u f f i c i e n t  f i r e  source  t h a t  t h e  s u r v i v a l  t i m e  f o r  the  i n - f l i g h t  case can be 
c l o s e l y  r e l a t e d  t o  t h e  a l lowable  eg res s  t i m e  i n  t h e  pos tc rash  case. 

It i s  reasonable  

The SAFER Committee has  pos tu l a t ed  t h a t  t h e  evidence from a i r c r a f t  f i r e  
dea th  s ta t i s t ics  makes i n - f l i g h t  f i r e s  r e l a t i v e l y  i n s i g n i f i c a n t  and t h a t  only 
pos tc rash  f i r e s  deserve  immediate a t t e n t i o n .  Pos tc rash  f i r e s  cause about 30 
dea ths  p e r  year ;  r ecen t  congress iona l  testimony ( r e f .  2) sugges ts  t h a t  t h e r e  
have been over 300 f i r e  dea ths  i n  i n - f l i g h t  f i r e s  s i n c e  1969. 
f a t a l i t i e s  are a t t r i b u t e d  t o  su rv ivab le  pos t c ra sh  f i r e s  during the  1969-1978 
per iod  according t o  t h e  s a m e  testimony. This  r ecen t  record  of i n - f l i g h t  events  
should moderate an  exc lus ive  i n t e r e s t  i n  pos t c ra sh  f i r e s .  SAFER made two o t h e r  
assumptions: (I) t h a t  t he  p r i n c i p a l  f i r e  source  i n  a i r c r a f t  f i r e  dea ths  is 
t h a t  a r i s i n g  from i g n i t i o n  of a misted-fuel  cloud r e s u l t i n g  from tank rup tu re  
dur ing  impact; and (2) t h a t  t he  h e a t ,  smoke, and tox ic  gases  produced by t h e  
burning f u e l  are p r i n c i p a l  f a c t o r s  i n  t h e  formation of a l e t h a l  cab in  environ- 
ment. One might conclude, after cons ider ing  t h e s e  two assumptions,  t h a t  t he  
f i r ewor th iness  of a i r c r a f t  i n t e r i o r s  may be a matter of l i t t l e  concern i n  most 
cases, and, indeed, c u r r e n t  ac t iv i t ies  wi th  a n t i m i s t i n g  kerosene (AMK) cor- 
r e c t l y  ref lect  t h i s  hypothes is  and dominate the  SAFER recommendation. SAFER, 
however, d i d  endorse f u l l - s c a l e  s imula t ion  of su rv ivab le  pos tc rash  f i r e s ,  
us ing  a C-133, as a means of a s ses s ing  t h e  r o l e  of t h e  f u e l  f i r e  on human sur -  
v i v a b i l i t y .  Recent r e s u l t s  from C-133 tests ( t o  be d iscussed  below), repor ted  
i n  r e fe rence  3 ,  seem t o  i n d i c a t e  t h a t  t he  f lammabil i ty  of i n t e r i o r  systems may 
be t h e  p r i n c i p a l  f a c t o r  i n  t h e  al lowable e g r e s s  t i m e ,  even i n  t h e  pos tc rash  

About 419 
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f i re .  
( r e f .  4 )  i n d i c a t e s  t h a t  under many condi t ions  t h e  f lammabil i ty  of i n t e r i o r  
systems may b e  s i g n i f i c a n t  i n  pos t c ra sh  as w e l l  as i n - f l i g h t  a i r c r a f t  f i r e s .  
Recent f i r e s  i n  both r ap id  ground t r a n s p o r t a t i o n  and t r a n s p o r t  a i r c r a f t  suggest  
t h a t  under t h e  appropr i a t e  cond i t ions ,  v e h i c l e  i n t e r i o r s  are d e s t r u c t i v e l y  
flammable, independent of t h e  n a t u r e  of t h e  l a r g e  f i r e  source.  

Deta i led  a n a l y s i s  of t h e  f i rewor th iness  of t r a n s p o r t  a i r c r a f t  i n c i d e n t s  

INTERIOR SYSTEMS FROM A FIRE POINT OF VIEW 

There are two i d e n t i f i a b l e ,  d i s t i n c t ,  and s e p a r a t e  thermochemical mecha- 
nisms by which i n t e r i o r  materials systems can i n t e r a c t  w i th  a given f i r e  
source.  
(Containment) and f i r e  involvement. The f i r s t  i n t e r a c t i o n  depends only on t h e  
a b l a t i o n  e f f i c i e n c y  of t h e  material subsystem component; t he  second depends on 
combustion mechanisms t h a t  have been shown t o  depend on t h e  p y r o l y s i s  vapor 
product ion rate and on t h e  composition of t h e  p y r o l y s i s  gases .  

These mechanisms have been def ined  i n  t h i s  paper as f i r e  i s o l a t i o n  

Nee1 e t  a l .  ( r e f .  5) have demonstrated,  i n  a f u l l - s c a l e  test wi th  a n  
i n t a c t  C-47 fuse l age ,  t h a t  t h e  l e t h a l  e f f e c t s  of a complete burn wi th  an  
18 ,925- l i t e r  f u e l  f i r e  source can be  completely excluded from the  a i r c r a f t  
i n t e r i o r  by means of a l igh tweight  organic  a b l a t i v e  foam appl ied  t o  the  air-  
c r a f t  i n t e r i o r  sk in .  No p r o t e c t i o n  from f i r e  pene t r a t ion  is provided by cur-  
r e n t  plastic-bagged fuse l age  i n s u l a t i o n .  A t  p re sen t  t h i s  a b l a t i v e  i n s u l a t i o n  
systems approach has  not  been found p r a c t i c a l  by a i r c r a f t  manufacturers.  
Kourt ides  e t  a l .  ( r e f .  6) have demonstrated i n  f u l l - s c a l e  f i r e  containment 
tests a g a i n s t  s imulated f u e l  f i r e  sources ,  t h a t  a b l a t i v e  foams o r  honeycomb 
f i l lers  and edge c loseou t s  can  effect  as much as a f i v e f o l d  improvement i n  the  
f i r e  containment capac i ty  of va r ious  k inds  of a i r c r a f t  pane ls ,  such as c e i l -  
i ngs ,  w a l l s ,  l a v a t o r i e s ,  and cargo bays,  while  a t  t he  same t i m e  maintaining 
t h e  requi red  s t r u c t u r a l  s t r e n g t h s  without  an apprec i ab le  weight pena l ty .  

Here then is a simple,  a v a i l a b l e ,  and producible  new kind of a i r c r a f t  
panel  concept ready f o r  a p p l i c a t i o n .  It  i s  bel ieved t h a t  i n e r t  a b l a t i o n  e f f i -  
c iency of t hese  new panel  systems may be p a r t i c u l a r l y  e f f e c t i v e  i n  c o n t r o l l i n g  
f i res  i n  unattended areas of t he  a i r c r a f t .  One need only opt imize (modify 
t h e  foam dens i ty )  t h e  a b l a t i o n  e f f i c i e n c y  of t h e s e  pane l  s t r u c t u r e s  t o  provide  
the  requi red  containment t i m e s  t o  a designed back-face temperature ,  probably 
about 200" C f o r  t h e  expected hea t  load from probable  f i r e  sources .  
examples of applying t h e  a b l a t i v e  f i re-containment  method t o  t h e  f i re-blocking-  
l a y e r  concept i n  a i r c r a f t  s e a t i n g  and window systems w i l l  be descr ibed  f u r t h e r  
i n  t h i s  paper .  

S p e c i f i c  

F i r e  involvement, l a r g e l y  dependent on material p y r o l y s i s  and flammabil- 
i t y ,  i s  a somewhat s e p a r a t e  m a t t e r  from a b l a t i v e  f i r e  containment. F i r e  
involvement comprises the  i n t e r a c t i o n  of a number of f a c t o r s  t h a t  c o n t r i b u t e  
t o  t h e  genera t ion  of l e t h a l  cab in  cond i t ions  - ease of i g n i t i o n ,  flame spread 
rate, h e a t  release, and smoke and tox ic  gas  emission. A l l  of these  f a c t o r s  
i n t e r a c t  coopera t ive ly  t o  reduce t h e  p r o b a b i l i t y  e i t h e r  of passengers  escaping 
o r  su rv iv ing  when t rapped.  These p r o p e r t i e s  depend on the  thermochemical 
p r o p e r t i e s  of t h e  b a s i c  polymer out  of which t h e  component has  been cons t ruc ted  
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as w e l l  as on the  s i z e  and i n t e n s i t y  of t he  appl ied  f i r e  source.  Unfor tuna te ly ,  
most u sua l  l abora to ry  f lammabil i ty  tests ( r e f .  7) have been c a r r i e d  out  a t  
cold-wall  r a d i a n t  hea t ing  rates of 2.5 W/cm2 o r  less. 
below, i t  has  been found t h a t  t h e  combustible vapor product ion rate a t  the  w a l l  
of t he  material i s  t h e  c o n t r o l l i n g  rate process  f o r  a l l  of t h e  f i r e  involvement 
f a c t o r .  This  c o n t r o l l i n g  rate is an  i n t r i n s i c  proper ty  of t he  material  and of 
t he  appl ied  hea t ing  rate. A hea t ing  rate of 2.5 W/cm2 i s  much too  low t o  char- 
a c t e r i z e  materials i n  t h e  usua l  f i r e  environment, i n  which case hea t ing  rates 
are found t o  v a r y  from as l i t t l e  as 0.5 W/cm2 t o  as much as 14 W/cm2. 

A s  w i l l  be  d iscussed  

A t y p i c a l  example of an a i r c r a f t  panel  cons t ruc t ion  i s  shown i n  f i g u r e  2. 
Current  f i l m s ,  i nks ,  s u b s t r a t e  f i l m s ,  and f a c e  s h e e t s  are made up of as much 
as 25% of contemporary materials of low char  y i e l d  polymers ( t o  be explained 
below). They are cha rac t e r i zed  i n  t e r m s  of ease of i g n i t i o n  by t h e  s tandard  
l i m i t i n g  oxygen index test wi th  va lues  from 16 t o  23 (percent  oxygen i n  t h e  
i g n i t i o n  mixture  requi red  f o r  sus t a ined  burning wi th  an i g n i t i o n  source  of 
about  1-2 W/cm2). 
f i r e  i m p a c t  of less than  2 W/cm2 and t o  burn wi th  inc reas ing  rates as the  f i r e  
source i s  increased .  

One should expect  them t o  burn i n  a i r  under the  sus t a ined  

Standard panels  of t h i s  kind w e r e  evaluated by Parker  e t  a l .  ( r e f .  8) i n  
a f u l l - s c a l e  l a v a t o r y  mock-up us ing  a 2.5-k_g hydrocarbon f u e l  source ,  wi th  
u n r e s t r i c t e d  v e n t i l a t i o n .  The f i r e  source burned f o r  about 10 min, wi th  an 
average peak hea t ing  rate of about 8 W/cm2, t y p i c a l  of a moderate a i r c r a f t  
t r a s h  f i r e .  The l a v a t o r y  panels ,  when exposed t o  t h i s  c r i t i c a l  f i r e  s i z e ,  l e a d  
t o  f l a shove r  which produces a t o t a l l y  l e t h a l  environment i n  d i f f e r e n t  s i z e  
s t r u c t u r e s  wi th  d i f f e r e n t  materials.  

It w a s  concluded from these  tests t h a t  t he  high vapor product ion ra te  f o r  
low-char-yield materials comprising the  d e c o r a t i v e  s u r f a c e s  and f a c e  s h e e t s  
coupled wi th  t h i s  c r i t i c a l  f i r e  s i z e  combined t o  achieve t h i s  f a t a l  condi t ion .  
Charac t e r i za t ion  of t h e  s u r v i v a b i l i t y  a t  f i r e  s i z e s  wi th  t h i s  l ava to ry  system 
a t  less than  t h e  c r i t i ca l  f lashover  f i r e  s i z e  seems t o  depend on a l l  t h e  fac- 
t o r s  l i s t e d  above t h a t  desc r ibe  the  t o t a l  f i r e  involvement. 

Curren t ly ,  a t tempts  are being made t o  a r r i v e  a t  a "combined hazards  index" 
o r  C H I  ( r e f .  9 )  comprising t h e  l e t h a l i t y  of a material exposed t o  a f i r e  source  
less than the  f lashover  c r i t i ca l  s i z e ;  t h e  index would combine t h e  rate of 
h e a t  r e l eased ,  t h e  smoke obscura t ion ,  and t i m e  t o  i n c a p a c i t a t i o n  due t o  t o x i c  
gas  emissions.  So f a r  t h i s  has  requi red  very  complex t e s t i n g ,  involv ing  
animal exposures ,  v a r i a b l e  hea t ing  rates, and complex computer d a t a  reduct ion  
f o r  f i r e  models which depend on v e h i c l e  geometry and a presupposed f i r e  
scenar io .  

What i s  needed is a simple test f o r  materials s u p p l i e r s  and u s e r s  a l i k e  
which would p e r m i t  t h e  s e l e c t i o n  of polymeric components f o r  des ign  and con- 
s t r u c t i o n  of system components on t h e  b a s i s  of t h e  components' enhancement of 
s u r v i v a b i l i t y  i n  an  a i r c r a f t  f i r e .  Parker  and Winkler ( r e f .  10) showed 
earlier i n  1967 t h a t  t h e  anaerobic  char  y i e l d  could be est imated from the  
polymer s t r u c t u r e  and the  c ross - l ink ing  r e a c t i o n s  of t h e  polymer a t  e leva ted  
temperatures .  It  may be s a f e l y  i n f e r r e d  from the  foregoing t h a t  t he  t o o l s  
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e x i s t  wi th  which t o  des ign  and syn thes i ze  polymers wi th  any set o r  l i m i t i n g  set 
of fire-involvement p r o p e r t i e s  t h a t  t he  a p p l i c a t i o n  demands. 

Later, Kourt ides  ( r e f .  11) and van Krevelen ( r e f .  12) showed t h a t  t h e s e  
char-yield r u l e s  could a l s o  be appl ied  t o  c a l c u l a t i n g  the  l i m i t i n g  oxygen index 
(LOI) of thermoplas t ics  i n  a d d i t i o n  t o  t h e  thermoset system descr ibed  by Parker  
and Winkler ( r e f .  10 ) .  Kourt ides  e t  a l .  ( r e f .  13) took advantage of t h i s  r u l e  
by developing c r i te r ia  f o r  s e l e c t i n g  thermoplas t ic  molding components f o r  air- 
c r a f t  a p p l i c a t i o n s  by c o r r e l a t i n g  a l i n e a r  combination of f i r e  involvement 
p r o p e r t i e s  w i th  t h e  measured anaerobic  char  y i e l d .  It  w a s  a l s o  found t h a t  when 
atoms such as c h l o r i n e ,  bromine, s u l f u r ,  f l u o r i n e ,  o r  n i t rogen  are contained i n  
t h e  polymer, a simple c o r r e c t i o n  i n  t h e  p r o p o r t i o n a l i t y  cons t an t  r e l a t i n g  char  
y i e l d  t o  LO1 could account f o r  t h e  v a r i a t i o n  i n  f lammabil i ty  p r o p e r t i e s  of t h e  
nea t  polymer. A s  f a r  as polymer s e l e c t i o n s  are concerned, F i sh  and Parker  
( r e f .  14) f i r s t  showed t h a t  as long as the  polymer d id  no t  m e l t  and flow ( a s  
do, f o r  example, epoxides ,  u re thanes ,  and phenol ics)  a l l  of t h e  s i g n i f i c a n t  
f i r e  involvement p r o p e r t i e s  of t he  bulk  polymers, such as flame spread rate, 
ease of i g n i t i o n ,  smoke obscura t ion ,  and tox ic  gas  product ion,  vary  i n  a regu- 
lar  way (usua l ly  l i n e a r l y )  w i th  t h e  vapor product ion rate of the polymer being 
heated.  Moreover, F ish  and Parker  showed t h a t  t h i s  re la t ive  vapor product ion 
rate can be accu ra t e ly  determined by the  simple thermogravimetric a n a l y s i s  of 
t h e  anaerobic  char  y i e l d .  

y i e l d  can r e a d i l y  be used t o  rank t h e  f i r e  involvement c h a r a c t e r i s t i c s  of i nd i -  
v idua l  polymers f o r  s e l e c t i o n  of candida tes  f o r  t he  f a b r i c a t i o n  of i n t e r i o r  
system components. It t u r n s  out  t h a t  t h e  materials f lammabil i ty  p r o p e r t i e s ,  
such as n e t  hea t  r e l eased  and t h e  amount of smoke and gas generated a t  a f ixed  
hea t ing  ra te  ( r a d i a t i v e  cold w a l l ) ,  are a l l  unique and r e g u l a r  func t ions  of 
t h i s  e a s i l y  measured o r  c a l c u l a t e d  anaerobic  cha r  y i e l d  va lue .  I t  should be 
pointed ou t ,  however, t h a t  what one i s  concerned w i t h  i n  e s t ima t ing  the  proba- 
b i l i t y  of s u r v i v a b i l i t y  i s  the  rate of t h e  product ion of t hese  l e t h a l  products .  

I n  f i g u r e  3 i t  can be seen  t h a t  t he  s i m p l e  and s i n g l e  va lue  of t he  char  

Even though t h e  char  y i e l d  as def ined  i s  more o r  less independent of t h e  
appl ied  hea t ing  rate, the  rate of char  formation and the  r e l a t e d  f lammabil i ty  
p r o p e r t i e s  are determined by the  a b l a t i o n  rate, which i n  t u r n  inc reases  wi th  
inc reas ing  hea t ing  rate. Because the  material  w i l l  encounter a v a r i a b l e  heat-  
i ng  rate,  depending on scena r io ,  SAFER ( r e f .  1) has  recommended t h a t  t hese  
r e l a t i v e  rates should be determined i n  t h e  Ohio S t a t e  hea t - re lease  ca lo r ime te r ,  
i n  which t h e  hea t  release and o t h e r  rates can be measured a t  v a r i a b l e  hea t ing  
rates. Presumably these  rates then can be used t o  cons t ruc t  any d e s i r e d  heat-  
ing  rate curve t o  estimate t h e  time-dependent rates of h e a t ,  smoke, and gas  
product ion.  Since these  rates may be expected t o  vary  wi th  the  thermal h i s t o r y  
of t h e  sample and wi th  t h e  n a t u r e  of t h e  flame chemistry,  w e  have p re fe r r ed  t o  
use  a propane burner;  t he  burner  can a c c u r a t e l y  s imula te  the  a c t u a l  t i m e -  
dependent hea t ing  rate func t ions  wi th  a reasonable  s imula t ion  of t he  f i r e -  
source flame chemistry.  
pane l  sources  a t  a f i x e d  average hea t ing  rate a t  5-10 W/cm2. The measured 
rates i n  rad ian t -panel  tests r e l a t e d  t o  a rea l  and v a r i a b l e  hea t  source  can be 
determined by a propane gas burner  preprogrammed t o  s imula t e  the  time-dependent 
hea t ing  rate encountered wi th  a real  f i r e  source.  For most cases t h a t  involve  
t h e  f u e l  f i r e  sources  encountered i n  a i r c r a f t  f i r e s ,  t he  f lammabil i ty  of 

I n i t i a l  sc reening  of samples may be done wi th  r ad ian t -  
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materials systems can  be compared by means of a r a d i a n t  pane l  providing an  
average hea t ing  rate of 5-8 W/cm2, wi th  p i l o t  f lame i g n i t i o n .  
can be c o r r e l a t e d  wi th  t h e  measured anaerobic  cha r  y i e l d ,  which u s u a l l y  g ives  
a reasonable  measure of the  combined hazard index. Cor re l a t ions  wi th  cha r  
y i e l d s  have been repor ted  i n  many s t u d i e s ,  and Hilado e t  a l .  ( r e f .  15) have 
s t a t e d  t h a t  t h i s  method i s  adequate  i n  90% of t h e  cases s tud ied .  On a char- 
y i e l d  scale from zero  (polymethylmethacrylate) t o  100 ( g r a p h i t e ) ,  most contem- 
porary a i r c r a f t  materials are ra t ed  a t  less than 23, whereas the  advanced 
materials o f f e red  i n  t h i s  paper a l l  have va lues  g r e a t e r  than  35. The la t te r  
are v i r t u a l l y  nonflammable i n  a i r  and produce l i t t l e  o r  no smoke o r  t o x i c  gas.  

The a b l a t i o n  e f f i c i e n c y  i n  the  f u e l - f i r e  environment of bu lk  polymers and 

These r e s u l t s  

t h e i r  component d e r i v a t i v e s  i s  a d i f f e r e n t  matter, as shown i n  f i g u r e  3 .  I n  
t h i s  case t h e  a b l a t i o n  e f f i c i e n c y  inc reases  w i t h  inc reas ing  char  y i e l d  from 
about 23% t o  about 50%, a f t e r  which it  decreases  ab rup t ly .  Although most of 
t he  f lammabil i ty  p r o p e r t i e s  cont inue  t o  decrease  a t  char  y i e l d s  g r e a t e r  than 
50%, i t  has  been found t h a t  materials wi th  cha r  y i e l d s  between 45% and 60% g ive  
t h e  b e s t  combination of f i r e  containment and f i r e  involvement p r o p e r t i e s .  
Since i t  i s  probably t r u e  t h a t  t h e  a b l a t i o n  e f f i c i e n c y  is t h e  p r i n c i p a l  param- 

rates, as these  rates vary  wi th  appl ied  hea t ing  rate,  i t  i s  not  s u r p r i s i n g  t h a t  
t h e  polymers, such as phenol ics ,  bismaleimides,  and o t h e r s  w i th  char  y i e l d s  i n  
the  range of 45 t o  60, show very  low rates t h a t  change very  l i t t l e  over an  
appl ied  hea t ing  rate range from 3 t o  10 W/cm2. I f  i t  w e r e  poss ib l e  t o  restrict  
t h e  choice  of advanced a i r c r a f t  materials t o  t h i s  char  y i e l d  range,  which g ives  
t h e  b e s t  combination of f i r e - r e s i s t a n t  p r o p e r t i e s ,  c o r r e l a t i o n  of e x i s t i n g  
l abora to ry  tests wi th  f u l l - s c a l e  performance would be h igh ly  s i m p l i f i e d .  

- eter t h a t  governs t h e  change i n  h e a t  release, smoke, and t o x i c  gas product ion 

A r a t h e r  s imple c o r r e l a t i o n  of t h e  f i r e  a b l a t i o n  e f f i c i e n c y  of experi-  
mental  a i r c r a f t  pane ls  i n  which t h e  f a c e  s h e e t s  have been modified by choosing 
high char  y i e l d  r e s i n s  i s  shown i n  f i g u r e  3 .  The test method has  been 
descr ibed  by R i c c i t i e l l o  e t  a l .  ( r e f .  16) .  Here, comparable pane ls  are exposed 
t o  a combined r a d i a n t  and convect ive source ,  which has  been found t o  c o r r e l a t e  
w e l l  wi th  a f u l l - s c a l e  f u e l  test .  I n  the  f i g u r e ,  t h e  t i m e  t o  back-face t e m -  
p e r a t u r e  rise has  been p l o t t e d  as a func t ion  of t h e  exposure t i m e  i n  seconds. 
The t i m e  requi red  t o  reach  a back-face temperature  of 200" C has  been s e l e c t e d  
t o  complete t h e  re la t ive  f i r e  a b l a t i o n  e f f i c i e n c i e s  of t h e  candida te  panels .  
It can be seen,  as a n t i c i p a t e d  by t h e  gene ra l  t rend  i n  f i r e  a b l a t i o n  e f f i c i e n c y  
of t h e  face-sheet  matrix resin composites,  t h a t  t h e  low-char-yield epoxies  and 
t h e  highest-char-yield convent iona l  polyimides,  w i th  cha r  y i e l d s  of 23% and 
70%, r e spec t ive ly ,  gave t h e  s h o r t e s t  t i m e s  t o  back-face temperature rise t o  
200" C;  t h e  bismaleimides and phenol ics  w i th  cha r  y i e l d s  of t h e  o rde r  of 45% 
t o  60% gave t h e  b e s t  performance. 

Candidate phenol ic  and bismaleimide pane l s  s e l e c t e d  from t h i s  sc reening  
s tudy  w e r e  evaluaced by Williamson ( r e f .  1 7 ) ,  i n  f u l l - s c a l e  f i re-containment  
tests i n  which a v a r i a b l e  propane burner  w a s  used t o  s imula t e  t h e  e f f e c t  of 
a c t u a l  burning of a i r c r a f t  t r a s h  bags.  It w a s  found t h a t  t he  b e s t  f i r e  
r e t a rded  epoxy panels  as b a s e l i n e  wi th  face-sheet  r e s i n  char y i e l d s  of 23% 
reached a back-face temperature  of 200" C i n  about  5 min, whereas t h e  b i s -  
maleimide and phenol ic  pane ls  w i th  a peak hea t ing  rate of 6.5 W/cm2 contained 
t h e  s imulated f i r e  f o r  as much as 15 min a t  a back-face temperature  of 200" C .  
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On the  b a s i s  of t hese  tests, a f u l l - s c a l e  wide-body t r a n s p o r t  l ava to ry  
w a s  f a b r i c a t e d  of phenol ic  pane ls  ( f i g .  4 ) .  The f i re-containment  c a p a b i l i t y  
of t h i s  l ava to ry  wi th  t h e  door c losed  and wi th  t h e  normal v e n t i l a t i o n  rate w a s  
evaluated i n  t h e  Douglas cabin  f i r e  s imula tor  (CFS). 
reached a peak hea t ing  rate of 12  W/cm2 i n  10 min, w a s  s t a r t e d  i n  the  l a v a t o r y ,  
us ing  s imulated a i r c r a f t  t r a s h .  The f i r e  burned i t s e l f  ou t  i n  about  1 h r .  The 
e f f e c t  of t he  f i r e  on t h e  l a v a t o r y  i s  shown i n  f i g u r e  4 .  The only evidence of 
any l a c k  of containment i s  shown i n  t h e  f i g u r e  as a s l i g h t l y  scorched area 
along t h e  door edge. It i s  be l ieved  t h i s  s l i g h t  f i r e  p e n e t r a t i o n  w a s  a r e s u l t  
of t h e  l imi t ed  f i r e  containment of a s m a l l  amount of polyurethane foam used a t  
the  edge of t h e  door ,  a problem t h a t  can be e a s i l y  co r rec t ed  by r ep lac ing  t h e  
polyurethane wi th  phenol ic  foams. 
f i r e .  
t u r e s  i n  excess  of 200" C over most of t h e i r  su r f aces .  

A sus t a ined  f i r e ,  which 

The s l i g h t  damage d id  not  propagate  t h e  
Otherwise the  pane ls  d id  n o t  burn through o r  reach back-face tempera- 

No s i g n i f i c a n t  t ox ic  gas w a s  observed i n  t h e  ad jacen t  cab in  area, as evi- 
denced by t h e  s u r v i v a l  t h e r e  of an  animal (rat) test s u b j e c t .  A completely 
su rv ivab le  environment ex i s t ed  wi th in  the  cab in  f o r  1 h r ;  animal s u b j e c t s  sur- 
vived t h a t  per iod without  adverse e f f e c t s .  

It can be concluded t h a t  t h e  pane ls  f a b r i c a t e d  from the  phenol ic  r e s i n s  
d id  an  adequate job  i n  conta in ing  a s u b s t a n t i a l  compartment f i r e .  However, t he  
f a c t  t h a t  most of t h e  l ava to ry  o u t e r  su r f ace  d i d  no t  reach t h e  des ign  tempera- 
t u r e  of 200" C sugges ts  t h a t  t he  f i r e  p r o t e c t i o n  a b l a t i v e  system w a s  no t  f u l l y  
explo i ted  i n  t h i s  test .  It  is clear from v a r i o u s  s t u d i e s  t h a t  t he  burn t i m e s  
and peak hea t ing  rates are con t ro l l ed  by the  v e n t i l a t i o n  rate and t h e  amount 
of f u e l  and i t s  d i s t r i b u t i o n  i n  t h e  compartment. One might say t h a t  t h e  s i z e  
of t h e  f i r e  i n  t h e  test  ( f i g .  4 )  w a s  conserva t ive .  The s imula t ion  r e s u l t s  wi th  
the  propane gas  burner  support  a conclusion t h a t  t hese  pane ls  could be expected 
t o  con ta in  a compartment f i r e  of a much g r e a t e r  s e v e r i t y  f o r  3 t o  5 t i m e s  as 
long as t h e  s tandard  epoxy panels .  The phenol ic  pane ls  should be a b l e  t o  pro- 
v ide  a margin of s a f e t y  a t  least 3 t i m e s  g r e a t e r  than the  epoxy panels .  This  
is e s p e c i a l l y  important s i n c e  s i m i l a r  panel  cons t ruc t ion  i s  used throughout 
t h e  a i r c r a f t  i n t e r i o r  where more severe f i r e  sources  (pos tc rash  f i r e s )  may be 
encountered, f o r  example, i n  cargo bays and s i d e  w a l l  and c e i l i n g  panels .  

The e f f e c t s  of face-sheet  mat r ix  r e s i n  type  on the  t i m e  requi red  f o r  com- 
p l e t e  f i r e  involvement i n  a s imulated cabin compartment w e r e  evaluated i n  a 
l a rge - sca l e  f l a shove r  f i r e  test  f a c i l i t y  ( f i g .  5). A f l a shove r  f i r e  test  
f a c i l i t y  w a s  cons t ruc ted  as a modi f ica t ion  of t he  corner  test descr ibed  by 
Williamson ( r e f .  1 7 ) .  A c e i l i n g  ex tens ion  pane l  cons t ruc ted  of t h e  s a m e  m a t e -  
r i a l s  as t h e  w a l l  pane l s  w a s  included.  The propane burner  shown i n  the  corner ,  
which had been c a l i b r a t e d  wi th  a i r c r a f t  t r a s h  bags by meter ing t h e  propane gas  
flow, w a s  used as a f i r e  source.  The hea t ing  rate changes w i t h  time, as mea-  
sured .by  ca lo r ime te r s  i n s t a l l e d  i n  the  w a l l s  and c e i l i n g ,  dup l i ca t ed  those  of 
t he  a i r c r a f t  t r a s h  bags. An a r b i t r a r y  f lash-over  c r i t e r i o n  w a s  adopted as the  
t i m e  f o r  t h e  c e n t e r  c e i l i n g  thermocouple No. 57 t o  reach 500" C. I n  a b a s e l i n e  
test wi th  T r a n s i t e  (noncombustible and thermally i n e r t ) ,  500° C w a s  reached i n  
about  2 min; t h i s  va lue  is  represented  i n  f i g u r e  6 as T3. With c e i l i n g s  and 
w a l l  pane ls  cons t ruc ted  of s tandard  epoxy, t h e  c r i t i ca l  temperature  of 500" C 
w a s  reached i n  less than 30 sec (TO) as observed on thermocouple No .  57,  t h e  



process  being accompanied by l a r g e  amounts of dense smoke, shown i n  a s e p a r a t e  
tes t ,  t o  be l a r g e l y  due t o  t h e  epoxy r e s i n  component of t h e  panel .  Next, a 
f i r e  r e t a r d a n t  epoxide panel  w a s  evaluated which extended the  f l a shove r  t i m e  
t o  more than  50 sec (Tl) .  A s  expected w i t h  f i r e - r e t a r d a n t  a d d i t i v e s ,  enormous 
amounts of dense b lack  smoke were generated from t h e s e  pane ls  almost immedi- 
a t e l y ,  bu t  t h e  f l a shove r  t i m e  w a s  extended by a f a c t o r  of 2. 

S i m i l a r  cons t ruc t ions  w e r e  t e s t e d  us ing  t h e  s a m e  phenol ic  and bismale- 
imide panels  as those  used i n  t h e  f i re-containment  tests descr ibed  by 
Williamson ( r e f .  1 7 )  u s ing  the  same f i r e  s cena r io .  Very l i t t l e  smoke w a s  
observed i n  e i t h e r  test. The phenol ic  pane ls  gave a c e i l i n g  temperature  of 
500" C i n  60 sec (TZ), and t h e  bismaleimide gave a f lash-over  t i m e  g r e a t e r  than  
90 sec (T3), t h e  bismaleimide panel  being somewhat less r e s i s t a n t  t o  t o t a l  
involvement than t h e  i n e r t  T r a n s i t e  panels .  I n  t h i s  t e s t ,  an  improvement by a 
f a c t o r  of 3 f o r  t h e  t i m e  t o  f u l l  f i r e  involvement w a s  observed i n  comparing 
the  s ta te -of - the-ar t  epoxy panel  wi th  t h e  advanced bismaleimide panel ;  more- 
over ,  t h e r e  w a s  v i r t u a l l y  no smoke obscura t ion .  It remains t o  be seen if a 
similar r e l a t i o n s h i p  w i l l  hold f o r  f u l l - s c a l e  t e s t i n g  of t hese  advanced panels  
i n  t h e  C-133. 

It i s  of i n t e r e s t  t o  see i f  t h e  f lashover  t i m e s  i n  t h i s  test  can be 
c o r r e l a t e d  wi th  t h e  anaerobic  char  y i e l d s  of t h e  c o n s t i t u e n t  r e s i n s  and t h e  
r e spec t ive  oxygen ind ices .  A b e s t  c o r r e l a t i o n  w a s  ob ta ined  by p l o t t i n g  t h e  
Product of t h e  t i m e  t o  f l a shove r ,  T. and t h e  app l i ed  h e a t i n g  rate observed a t  
t h a t  t i m e  due t o  t h e  burner  f i r e  source,  as a func t ion  of t h e  observed anaero- 
b i c  char  y i e l d  o r  l i m i t i n g  oxygen index. The change i n  t h e  shape of t h e  f i r e  
response curve approaches t h e  l i m i t  f o r  t h e  i n e r t  T r a n s i t e .  It i s  i n t e r e s t i n g  
t o  n o t e  t h a t  t h e  in t e rmed ia t e  char-yield materials, t h e  bismaleimide and t h e  
phenol ic  (45-60%), show t h e  same relative ranking i n  t h i s  test as t h a t  observed 
i n  t h e  fire-containment case. This  sugges ts  t h a t  n o t  only t h e  char  y i e l d  bu t  
a l s o  t h e  f i r e  a b l a t i o n  rate of char  formation (slower i n  t h e  case  of t h e  b is -  
maleimides a t  these  h e a t i n g r a t e s )  are f a c t o r s  i n  t h e  t i m e  requi red  f o r  f u l l  
f i re  involvement. 
l i t t l e  observable  smoke and presumably low levels of t o x i c  gas ,  t h e  b e s t  pane l  
as determined i n  bo th  f i re-containment  and fire-involvement s t u d i e s  s e e m s  t o  
be t h e  one der ived  from t h e  bismaleimide. 

Even though both face-sheet ma t r ix  resin systems produce 

A t  p re sen t ,  t h e  phenol ic  r e s i n  system i s  t h e  one of choice  mainly due t o  
r e s i n  c o s t s  and p r o c e s s i b i l i t y .  Anderson e t  a l .  ( r e f .  18) have shown t h a t  a 
p o s i t i v e  c o s t  b e n e f i t  can be der ived  from us ing  t h i s  phenol ic  pane l  system. 
This  r e p o r t  d e t a i l s  t h e  r e s u l t  of a c o n t r a c t u a l  program w i t h  the  Boeing 
Commercial Ai rp lane  Company t o  examine t h e  f i r e  c h a r a c t e r i s t i c s  of sandwich 
panels ,  us ing  labora tory-sca le  test  procedures.  
o b j e c t i v e s  of improving f lammabi l i ty ,  smoke emission,  and t o x i c  gas  emission 
c h a r a c t e r i s t i c s  of sandwich panels  without  s a c r i f i c i n g  manufac tu rab i l i t y  o r  
mechanical o r  a e s t h e t i c  q u a l i t i e s  of t he  pane ls .  

The program had the  mult , iple  

F igure  2 shows a t y p i c a l  conf igu ra t ion  of a sandwich pane l  considered i n  
t h e  Boeing program. 
these  pane ls  are a l s o  shown i n  t h i s  f i g u r e .  
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A f u l l  matrix of t e s t i n g  w a s  acomplished and the  test r e s u l t s  w e r e  com- 
bined mathematical ly  wi th  material and f a b r i c a t i o n  c o s t s  t o  arrive a t  a rela- 
t ive  ranking of t h e  candida te  materials. The mathematical  procedure u t i l i z e d  
a weight d i s t r i b u t i o n  of parameters ( f i g .  7 ) ;  t h i s  ranking method i d e n t i f i e d  
phenol ic  as the  p re fe r r ed  r e s i n  system. 

F igure  8 shows the  c o n t r a s t  between f lame-retardant  epoxy r e s i n  and phe- 
n o l i c  r e s i n  sandwich panels  wi th  respect t o  f lammabi l i ty ,  smoke, and t o x i c  gas  
emission c h a r a c t e r i s t i c s .  
e x h i b i t  over  t h e  b a s e l i n e  epoxy system. 

It  i l l u s t r a t e s  t h e  improvements t h a t  phenol ic  r e s i n s  

F igure  2 i s  a n  example of a sandwich panel  cons t ruc ted  wi th  a phenol ic  
r e s i n .  This  cons t ruc t ion ,  s i m i l a r  t o  t h a t  of a 747 p a r t i t i o n  panel ,  u ses  
Tedlar  (polyvinyl  f l u o r i d e )  as t h e  decora t ive  su r face .  

Phenol ic  r e s i n s  have subsequent ly  been developed f u r t h e r  and w i l l  be  used 
i n  t h e  new genera t ion  commercial a i r c r a f t  ( e .g . ,  757 and 7 6 7 ) .  They w i l l  be 
u t i l i z e d  i n  a sandwich panel  composite conf igu ra t ion ,  bu t  i t  w i l l  be a crushed- 
co re  des ign  concept.  
wich panels  while  a l lowing more i n t r i c a t e  contours  t o  be achieved.  

This  provides  f o r  u s e  of t he  weight advantages of sand- 

Figure 9 shows an  example of a crushed-core sandwich pane l ;  t h e  pane l  
shown i s  similar t o  t h a t  which w i l l  be  u t i l i z e d  on the  757 and 767 a i r c r a f t .  

ADDITIONAL REMARKS ON PANEL SYSTEMS AS CEILINGS 

The r e s u l t s  of t he  pos t c ra sh  f i r e  s imula t ion  wi th  contemporary materials 
i n  t h e  C-133,  which w i l l  be d iscussed  below, focus  a t t e n t i o n  on t h e  r o l e  of 
t he  f lammabil i ty  of c e i l i n g  panels  i n  propagat ing the  f i r e ,  once the  f i r e  is  
s t a r t e d  by burning seats. I n  f i g u r e  2 ,  i t  can be seen t h a t  i n  a d d i t i o n  t o  the  
composite f a c e  s h e e t s ,  contemporary panels  a l s o  comprise a decora t ive  s u r f a c e  
system t h a t  c o n s i s t s  of an  ou te r  l a y e r  of clear polyvinyl  f l u o r i d e ,  PVF, and 
i n t e r l a y e r s  of a d d i t i o n a l  PVF, a c r y l a t e  i nks ,  and adhes ives .  A l l  of t h e s e  
materials are h ighly  flammable. They are p resen t  i n  such s m a l l  amounts i n  
comparison wi th  t h e  composite mat r ix  r e s i n  t h a t  they c o n t r i b u t e  very  l i t t l e  t o  
t h e  t i m e  t o  f lash-over  i n  the  tests a l r eady  descr ibed .  However, as mounted 
h o r i z o n t a l l y  above t h e  seats,  they i g n i t e  and d r i p  as flaming d e b r i s  and pro- 
mote t h e  r ap id  propagat ion of t h e  f i r e  throughout t h e  a i r c r a f t  i n t e r i o r .  Even 
if the  new f i r e - r e s i s t a n t  seat i s  not  i g n i t e d  d i r e c t l y  by t h e  i n t r u s i o n  of t h e  
f u e l  f i r e ,  d i r e c t  con tac t  wi th  t h e  c e i l i n g  s t r u c t u r e  may spread t h e  f i r e  
r ap id ly .  

Durable,  t r anspa ren t  t h i n  f i lms  - easy t o  process  by e x i s t i n g  decora t ing  
methods and wi th  t h e  same e x c e l l e n t  m a i n t a i n a b i l i t y  c h a r a c t e r i s t i c s  as con- 
temporary materials - have been exceedingly d i f f i c u l t  t o  f i n d .  Although 
research  a t  Ames has discovered a l a r g e  number of high-char-yield t r anspa ren t  
f i lms  t h a t  are f i n d i n g  wide a p p l i c a t i o n  i n  a i r c r a f t  windows and m i l i t a r y  
canopies ,  none of them has t h e  combination of p r o p e r t i e s  requi red .  New poly- 
m e r  r e sea rch  a t  Ames has i d e n t i f i e d  s e v e r a l  candida te  polymers gene ra l ly  
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r e l a t e d  t o  p o l y e s t e r s  and polycarbonates  t h a t  may be long-term s o l u t i o n s .  
new high-char-yield polyether-ether-ketone (PEEK) ( r e f .  19) now being developed 
i s  an  outs tanding  candida te  t o  r ep lace  t h e  e x i s t i n g  polyvinyl  f l u o r i d e  f i l m  
component. The PVF f i l m  has  been found t o  g ive  as l i t t l e  as 18% char  y i e l d  
wi th  a l i m i t i n g  oxygen index of 16%, whereas t h e  new polyether-ether-ketone 
g ives  va lues  of 45% f o r  t h e  cha r  y i e l d  and a l i m i t i n g  oxygen index of 37%, 
p r o p e r t i e s  t h a t  are t h e o r e t i c a l l y  ve ry  c l o s e  t o  i d e a l  from a f lammabil i ty  po in t  
of v i e w .  This  new f i lm ,  intended f o r  a t  least c e i l i n g  a p p l i c a t i o n s ,  has  been 
a l s o  found t o  e x h i b i t  e x c e l l e n t  maintenance c h a r a c t e r i s t i c s .  It w i l l  have t o  
be appl ied  wi th  f i r e - r e s i s t a n t  adhesives  and inks .  
discovered which may se rve  t h i s  purpose. New f i r e - r e s i s t a n t  i n k  and adhesive 
systems based on phosphorylated epoxides and tetrabromoepoxy a c r y l a t e s  are 
being developed by Kourt ides ,  Parker  et a l .  ( r e f .  20) t o  m e e t  t h e s e  s p e c i a l  
requirements .  I n  t h e  s h o r t  term, f i r e - r e s i s t a n t  bismaleimide composites,  
decorated wi th  a n  a b l a t i v e  coa t ing  o r  wi th  no decora t ive  system, may be 
requi red  f o r  t h e  h igh ly  f i r e - s e n s i t i v e  c e i l i n g  gases .  

A 

Two new polymers have been 

Summarizing t h e  pane l  research  and technology program developed under t h e  
NASA "FIREMEN" program a t  Ames Research Center ,  w e  have shown t h a t  t h e  theory,  
materials, l abora to ry  tes ts ,  la rge-sca le  tests, and production-ready panels  - 
with  which i t  would be p o s s i b l e  t o  screen ,  s e l e c t ,  and provide advanced panel  
systems - are a v a i l a b l e .  And i t  is known t h a t  t he  advanced panels  have a rea- 
sonable  p r o b a b i l i t y  of enhancing human s u r v i v a b i l i t y  when t h e  i n t e r i o r  system 
of a t r a n s p o r t  a i r c r a f t  i s  subjec ted  t o  a s u b s t a n t i a l  f i r e  source ,  whatever i ts  
o r i g i n .  What remains t o  be done t o  e s t a b l i s h  t h e  f i r ewor th iness  of these  
advanced panels  is t o  eva lua te  them i n  a l l  f u l l - s c a l e  tes ts  of a cabin i n t e r i o r  
system i n  t h e  FAA C-133 s imula tor ,  us ing  the  impact of a real f i r e  threat drawn 
from l i k e l y  scena r ios .  On t h e  b a s i s  of h e a t ,  smoke, and tox ic  gas  evolved, 
inc luding  the  t i m e  t o  f u l l  f i r e  involvement, i t  i s  a n t i c i p a t e d  t h a t  t h e  
inc rease  i n  a l lowable  eg res s  t i m e  w i l l  be determined. 

POSTCRASH FIRE SIMULATIONS I N  THE C-133 

Although planned f o r  ( r e f .  211, t h e r e  are no s a t i s f a c t o r y  models f o r  t he  
pos tc rash  f i r e .  H i l l  and Sarkos ( r e f .  22) have designed an  empir ica l  test t h a t  
i s  based on t h r e e  l e v e l s  of s e v e r i t y  wi th  r e s p e c t  t o  f i r e  pene t r a t ion  and ign i -  
t i o n  of t h e  i n t e r i o r  systems. Thei r  purpose i s  t o  answer the  ques t ion :  
t h e  s e v e r i t y  of t h e  e x t e r n a l  f u e l  f i r e  s o  dominate t h e  a v a i l a b l e  eg res s  t i m e  
t h a t  t h e  inhe ren t  f lammabil i ty  of contemporary systems c o n t r i b u t e s  l i t t l e  o r  
nothing t o  t h e  a v a i l a b l e  eg res s  t i m e ? "  S t a t ed  otherwise: What i s  t h e  cos t -  
b e n e f i t  i n  modifying the  f u e l  system ve r sus  modifying t h e  i n t e r i o r  a i rcraf t  
system? It i s  c e r t a i n l y  n o t  p o s s i b l e  t o  make t h i s  trade-off a t  t h i s  t i m e .  
However, t h e  C-133 tes t  method provides  a means of uncoupling t h e  s u r v i v a b i l i t y  
e f f e c t s  of s p i l l e d  i g n i t e d  f u e l  from those of t h e  i n t e r i o r  materials system. 

"Does 

This  f u l l - s c a l e  mock-up, as descr ibed  by H i l l  and Sarkos ( r e f .  22) ,  i s  
shown i n  f i g u r e  10. It comprises a c a r e f u l l y  s imulated and instrumented C-133 
fuse l age  t o  permit t h e  eva lua t ion  of t h e  e x t e r n a l  pool  f i r e  a t  t h r e e  d i f f e r e n t  
l e v e l s  of f i r e  i n t e n s i t y  w i t h i n  t h e  fuse lage .  A f i r e  r ep resen t ing  an  i n f i n i t e  
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f i r e  course  is c rea t ed  by a 1.2- by 1 .2 -m (4- by 4-f t )  f u e l  pan placed i n  f r o n t  
of t h e  open forward door.  This  opening may s imula t e  some average damage t o  t h e  
a i r c r a f t  fu se l age  during a crash-survivable  f i r e  wi th  an open door and permi ts  
rad ia t ion-only  pene t r a t ion  of t h e  fuse l age  under a zero-wind condi t ion .  
t r a n s f e r  of hea t  and mass from the  f u e l  f i r e  i s  s a i d  t o  be rate-determined by 
the  d i r e c t i o n  and v e l o c i t y  of t h e  wind a t  t h e  door.  

The 

Only t h e  zero-wind cond i t ion  ( t h e  mi ldes t  condi t ion)  w i l l  be referenced i n  
t h i s  paper .  
doorway i s  found t o  decay t o  about 0.5 W/cm2 a t  t h e  a i r c r a f t  c e n t e r l i n e .  
eva lua t ion  of t he  i n t e r i o r  environment i n  the  absence of i n t e r i o r  a i r c r a f t  sys- 
t e m s  suggest  t h a t  between 5 and 10 min are a v a i l a b l e  f o r  t h e  passengers  t o  
escape from the  unfurbished a i r c r a f t .  However, when a s imula t ion  w a s  conducted 
wi th  16 seats i n  t y p i c a l  rows w i t h  panel ing and mock-up thermoplas t ic  occupying 
about 10% of t h e  a i r c r a f t ,  i t  w a s  found t h a t  t h e  f i r e  t h a t  ensued might reduce 
t h e  e g r e s s  t i m e  t o  less than  2 min. 

An eva lua t ion  of t h i s  cond i t ion ,  namely about 14 W/cm2 a t  t h e  
The 

One may draw two conclusions from the  above: (1) t h a t  as f a r  as t h e  qual- 
i f y i n g  materials f o r  t h e  e f f e c t  of p o s t f i r e  environment t h e  bunsen burner  flam- 
mab i l i t y  test does n o t  r ep resen t  t h e  above; and (2) a t  l eas t  under t h e s e  condi- 
t i o n s ,  t h e  f i r e  involvement c h a r a c t e r i s t i c s  of t he  i n t e r i o r  materials p l ay  a 
l a r g e  r o l e  i n  determining the  human s u r v i v a b i l i t y  a t  least i n  t h i s  s cena r io .  

PROPAGATION OF THE FIRE CHAIN I N  THE C-133 POSTCRASH FIRE SIMULATION 

A t e n t a t i v e  mechanism f o r  t he  propagat ion of t h e  f i r e  chain due t o  t h e  
impact of t he  e x t e r n a l  f u e l  f i r e  has been made by Eklund ( r e f .  23) .  It has  
been suggested t h a t  t h e  wool-and-nylon-covered polyurethane cushions n e a r e s t  
t he  door are i g n i t e d  by a r a d i a n t  h e a t  pu l se  wi th  a r a d i a t i v e  inpu t  g r e a t e r  
than 8 W/cm2, even i n  t h e  absence of f r e e  flame. This  th reshold  has  been v e r i -  
f i e d  by H a r t z e l l  ( r e f .  24) i n  s e p a r a t e  r a d i a n t  pane l  tests.  Once i g n i t e d ,  t he  
f i r e  from the  seat reaches t h e  c e i l i n g  panels ;  qu ick ly  t h e r e a f t e r  t h e  so-cal led 

l aye r ,  i g n i t e s  t h e  remaining seats and a complete f i r e  involvement ensues.  
Based on t h i s  s cena r io  s i g n i f i c a n t  a t t e n t i o n  has  been given t o  a short- term f i x  
by applying a f i re -b locking  l a y e r  t o  t h e  outboard seats. It i s  be l ieved  t h a t  
t h e  u s e  of a h igh ly  e f f i c i en t :  e las tomer ic  a b l a t i v e  material ,  used f o r  thermal 
p ro tec t ion  f o r  t h e  extremely flammable ure thane  cushioning,  may be s u f f i c i e n t .  

two zone e f f e c t , "  t h a t  i s ,  downward r a d i a t i o n  of t he  h e a t  from t h e  ho t  gas  I 1  

SEAT DESIGN AND DEVELOPMENT BASED ON COMPONENT RESPONSE TO THE 
POSTCRASH FIRE 

It is  clear from t h e  foregoing 6-133 t e s t  r e s u l t s  w i th  contemporary m a t e -  
r i a l s  i n  a zero-wind pos tc rash  f i r e  s imula t ion  t h a t  i g n i t i o n  and burning of 
t he  outboard seats seems t o  be t h e  p r i n c i p a l  f i r e  source  i n s i d e  t h e  cabin .  It 
has been shown by Br icker  and Duskin ( r e f .  25) t h a t  t he  extremely r ap id  burning 
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of a i r c r a f t  seats is due t o  the  polyurethane cushions of t he  seats. L i t t l e  
b e n e f i t  can be obtained by making t h e  polyurethane f i r e  r e t a r d a n t .  
polyurethane e las t ic  foam must be  replaced wi th  a completely f i r e - r e s i s t a n t  
cushioning foam o r  the  polyurethane must be p ro tec t ed  by a compatible f i r e -  
blocking a b l a t i v e  material. Both of t hese  approaches are being inves t iga t ed  i n  
e f f o r t s  t o  f i n d  ways of breaking the  f i r e  cha in  and r e s t r i c t i n g  t h e  spread of 
the  f i r e  throughout t he  i n t e r i o r  of t he  cabin.  

E i t h e r  t h e  

The a b l a t i v e  e f f i c i e n c y  of foamed polychloroprene (neoprene) as a f i r e -  
blocking l a y e r  t o  p r o t e c t  m i l i t a r y  a i r c r a f t  f u e l  tanks  a g a i n s t  e x t e r n a l  pool 
f i r e s  w a s  f i r s t  demonstrated by Pope e t  a l .  i n  1968 ( r e f .  26). Foamed neoprene 
i s  c u r r e n t l y  t h e  a b l a t i v e  material of choice,  s p e c l f i c a l l y  low-smoke L-203 
neoprene, because of i t s  high cha r r ing  a b l a t i o n  e f f i c i e n c y ,  moderate c o s t ,  and 
a v a i l a b i l i t y .  
much less than 46 kg/m3 (6  l b / f t 3 )  as compared wi th  s tandard  polyurethane a t  
24 kg/m3 (1.5 l b / f t 3 > .  It  has been est imated t h a t  replacement of a l l  t h e  
cabin  seat polyurethane seat cushioning with neoprene foam would impose a 
weight pena l ty  of about 907 kg (2000 l b )  f o r  a wide-body j e t  a i r c r a f t .  Hence, 
the  use  of t he  foamed neoprene as a f i r e  l a y e r  between the  f a b r i c  and polyure- 
thane foam may be t h e  only way i n  t h e  s h o r t  t e n  t o  c o n t r o l  f i r e  propagat ion 
through t h e  a i r c r a f t  i n t e r i o r  of contemporary des ign .  

Neoprene cushioning cannot be  f a b r i c a t e d  a t  u s e f u l  d e n s i t i e s  

It has  been es t imated  from recen t  pre l iminary  tests t h a t  op t imiza t ion  wi th  
regard t o  blocking-layer  t h i ckness  and p o s i t i o n  of t h e  heat-blocked seats i n  
the  a i r c r a f t  could r e s u l t  i n  a weight pena l ty  f o r  the  wide-body t r a n s p o r t  of 
between 68 and 136 kg (150-300 l b ) .  When a neoprene foam i s  used as a f i r e -  
blocking i n t e r l a y e r  i n  a th ickness  of 1 .3  c m  (0.5 i n . )  between t h e  seat cover- 
i n g  and t h e  polyurethane foam, i t  has  been found t h a t  t h i s  conf igu ra t ion  
r e s u l t s  i n  no f i r e  propagat ion a t  a 2 W/cm2 r a d i a n t  h e a t  source wi th  a f ree-  
f lame-igni t ion source  about as w e l l  as an a l l  neoprene seat. 
few i f  any of t he  i r r i t a t i n g  gases  normally expected from the  p y r o l y s i s  of 
chloroprene (e .g . ,  hydrogen ch lo r ide )  have been observed i n  cabin  f i r e  simu- 
l a t o r  tests. It has  a l s o  been observed t h a t  t h e  neoprene f i re -b locking  l a y e r  
covering t h e  polyurethane and covered with wool-nylon f a b r i c  seems t o  s u r p r e s s  
t h e  flame spread ac ross  t h e  f a b r i c .  It may be  conjectured t h a t  t he  low-smoke 
neoprene no t  only p r o t e c t s  t h e  underlying cushioning foam bu t  a l s o ,  through 
char-swel l ing and hydrogen c h l o r i d e  evolu t ion ,  i n h i b i t s  f lame spread of t h e  
f a b r i c  covering. These f i re -suppress ion  mechanisms observed i n  the  c a b i n - f i r e  
s imula tor  may be of cons iderable  importance i n  prevent ing f i r e  propagat ion i n t o  
t h e  a i r c r a f t  i n t e r i o r  c e i l i n g ,  as w a s  observed i n  the  C - 1 3 3  base l ine  test. 

Surp r i s ing ly ,  

A ske tch  of an advanced seat concept i s  shown i n  f i g u r e  11. This  seat h a s  
been designed wi th  the  b e s t  material opt ions  a v a i l a b l e ,  both wi th  r e s p e c t  t o  
f u n c t i o n a l i t y  and t o  f i r e  r e s i s t a n c e ;  i t  has  been descr ibed  by Fewell e t  a l .  
( r e f .  27).  I t  t akes  advantage of an imide foam wi th  a somewhat lower d e n s i t y  
than s tandard polyurethane b u t  wi th  a much reduced f lammabil i ty .  S ince  t h i s  
low d e n s i t y  polyimide foam may s t i l l  r e q u i r e  some f i re -b locking  p r o t e c t i o n ,  a 
neoprene foam f i re -b locking  l a y e r  has  a l s o  been included.  
r a t h e r  than wool-nylon i s  used i n  t h i s  advanced seat t o  f u r t h e r  reduce the  
flame spread from e x t e r n a l  i g n i t i o n  sources .  

A wool-kennel blend 
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A three-sea t  a r r a y  of t h i s  advanced seat is  shown i n  f i g u r e  1 2 .  It is  
planned t o  eva lua te  seats of t h i s  kind a t  h igher  hea t ing  rates than  3 W/cm2 
i n  t h e  Douglas A i r c r a f t  cab in - f i r e  s imula tor  as a back-up f o r  t h e  f i r e -  
blocking neoprene-polyurethane system, e s p e c i a l l y  f o r  t he  case of outboard 
seats. 

It may be concluded t h a t  t h e  most c o s t - e f f e c t i v e  opt ion  a v a i l a b l e  i n  t h e  
s h o r t  t e r m  t o  break the  f i r e  cha in  generated by t h e  e x t e r n a l  pos tc rash  f i r e  
as it a t tempts  t o  p e n e t r a t e  t h e  i n t e r i o r  system through a damaged fuse l age  o r  
open door may be t h e  use  of a neoprene f i re -b locking  l a y e r  i n  Contemporary 
seats. Neoprene foams i n  t h e  form of vonar and low-smoke L-200 are commer- 
c i a l l y  a v a i l a b l e  and only somewhat more expensive than  c u r r e n t l y  used poly- 
ure thane  cushioning. 
us ing  t h e  neoprene l a y e r  can be minimized by des igning  the  th ickness  t o  
accomodate the  f i r e  sources  encountered i n  a su rv ivab le  pos tc rash  f i r e .  
c i a l  material op t ions  are a v a i l a b l e  us ing  the  neoprene f i re -b locking  l a y e r  
wi th  no s i g n i f i c a n t  weight pena l ty .  
r ia ls  a b l a t i o n  code, CMA, i s  a v a i l a b l e  ( r e f .  28) and is being modified t o  
opt imize these  systems. The r a d i a n t  pane l  f a c i l i t i e s  a v a i l a b l e  i n  t h e  
Douglas A i r c r a f t  cab in - f i r e  s imula tor  and t h e  Ames pos tc rash  f i re  s imula tor  
can be used t o  eva lua te  t h i s  op t imiza t ion  technique. 

It  i s  be l ieved  t h a t  t he  weight pena l ty  incur red  by 

Spe- 

Applicat ion of t he  NASA cha r r ing  m a t e -  

WINDOW SYSTEMS FOR POSTCRASH FIRF, PROTECTION 

It has been repor ted  by SAFER ( r e f .  1) t h a t  t h e  contemporary panels  of a 
wide-body t r a n s p o r t  a i r c r a f t  provide s u f f i c i e n t  p r o t e c t i o n  t o  prevent  f i r e  
pene t r a t ion  of t h e  fuse l age  when exposed t o  an  e x t e r n a l  f u e l  f i r e  of very  
s h o r t  du ra t ion .  However, t h e  p re sen t  a c r y l a t e  window systems sh r ink ,  as 
should be expected, and drop o u t ,  a l lowing d i r e c t  f i r e  pene t r a t ion  long 
before  the  f a i l u r e  of t h e  a i r f r ame  s t r u c t u r e .  Ear l ier ,  Br icker  and Duskin 
( r e f .  25) demonstrated t h a t  contemporary polymethyl methacry la te  windows w e r e  
burned through i n  50 t o  60 sec  under t h e  hea t  f l u x  t y p i c a l l y  encountered i n  
a pos t c ra sh  f i r e .  

Parker  et a l .  ( r e f .  29) have developed phys ica l ly  equiva len t  windows, 
composed of a high-char-yield epoxy trimethoxyboroxine t r anspa ren t  polymer 
system, t h a t  resist burn-through f o r  up t o  10 min. Eklund e t  a l .  ( r e f .  30) 
confirmed t h a t  s ta te -of - the-ar t  windows do indeed s h r i n k  and f a l l  ou t  i n  less 
than 1 min, whereas t h e  high-yield windows do no t  f a l l  ou t  b u t  su rv ive  f o r  a t  
least 6 min. 

A genera l ized  p l o t  of window performance is  shown i n  f i g u r e  13. Here 
the  back-side temperature  change wi th  time i s  p l o t t e d  f o r  contemporary win- 
dows, which burn through (as  shown) i n  1.5-2 min. It can be  seen  t h a t  t h e  
advanced materials provide cont inuing p ro tec t ion  a t  t i m e s  g r e a t e r  than 8 min. 
I n  comparing t h e  s lopes  of t h e  temperature-time p l o t s  t h e  s u p e r i o r  a b l a t i o n  
e f f i c i e n c y  of the  new high-char-forming windows i s  apparent .  I n  order  t o  
apply t h i s  f i r e  r e s i s t a n t  t r anspa ren t  window t o  maximize the  window systems 
f u n c t i o n a l i t y ,  t h a t  is ,  s c r a t c h ,  u l t r a v i o l e t  r e s i s t a n c e ,  e tc . ,  and provide a 
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f i rewor thy  window system des ign ,  i t  has been necessary  t o  apply the  new window 
material  as i n t e r l a y e r  w i th  f i r e  hardened edge attachment as shown i n  f i g u r e  14. 
This  type  of assembly has  been developed i n t o  f u l l - s c a l e  canopies  f o r  m i l i t a r y  
a i r c r a f t  . 

Various opt ions  have been examined t o  apply t h i s  f i r e - r e s i s t a n t  t ranspar -  
e n t  material t o  a convent ional  window system ( f i g .  15).  It i s  now be l ieved  
t h a t  t he  most e f f e c t i v e  and p r a c t i c a l  way t o  use  t h e  epoxy window as a f i r e  
b a r r i e r  i s  as t h e  secondary f a i l - s a f e  inne r  window shown i n  f i g u r e  16. 
course,  s imi l a r  f i r e - r e s i s t a n t  edge-attachment methods as shown f o r  t h e  m i l i -  
t a r y  canopy w i l l  have t o  be appl ied  t o  opt imize t h e  f i r e  performance of t hese  
new candida te  windows. 

Of 

DATA BASE LIBRARY FOR AIRCRAFT INTERIOR MATERIALS 

The purpose of t h e  s tudy i s  t o  provide NASA and the  FAA wi th  several 
design op t ions  f o r  a l i b r a r y  of d a t a  f o r  materials t h a t  are c u r r e n t l y  o r  can 
p o t e n t i a l l y  be used i n  a i r c r a f t  i n t e r i o r s .  

It w a s  recognized t h a t  f o r  many years  t h e  a i r c r a f t  community has  been 
s tudying the  c o n t r i b u t i o n  of materials used i n  a i r c r a f t  i n t e r i o r s  t o  a i r c r a f t  
f i r e  s a f e t y .  Although t h e  f i r e  s a f e t y  record i n  commercial a i r c r a f t  has  been 
cont inuously improved t h e r e  i s  an  ongoing at tempt  t o  a l l e v i a t e  t h e  t h r e a t  of 
severe  a i r c r a f t  cabin f i r e s  w i th  s ta te -of - the-ar t  technology and new material  
developments. It i s  t h e  r e s p o n s i b i l i t y  of government o rgan iza t ions  such as t h e  
FAA t o  r e g u l a t e  t h e  in t roduc t ion  cf new materials t o  a i r c r a f t  i n t e r i o r  use  
based on t h e  material 's  con t r ibu t ion  t o  t h e  f i r e  hazard.  I n  order  t o  e f fec-  
t i v e l y  r e g u l a t e  t h e  use  of new m a t e r i a l s ,  t hese  o rgan iza t ions  must recognize 
and eva lua te  t h e  p o t e n t i a l  b e n e f i t  and a s soc ia t ed  c o s t s  of u t i l i z i n g  them i n  
the  cab in  i n t e r i o r .  However, d a t a  on the  material 's f i r e  performance, c o s t ,  
p rocess ing ,  and maintenance, which must be u t i l i z e d  i n  t h i s  eva lua t ion ,  are no t  
a v a i l a b l e  i n  a c e n t r a l i z e d  r epos i to ry .  

The SAFER Committee recognized the  need t o  select  materials f o r  a i rcraf t  
a p p l i c a t i o n s  t h a t  would provide t h e  h ighes t  performance i n  a f i r e  s cena r io  
while  s t i l l  meeting des ign  and c o s t  c r i t e r i a .  The Committee a l s o  recognized 
t h e  l a c k  of agreed-upon s tandard tes ts  and f i r e  t h r e a t  s c e n a r i o s ,  t h e  propr i -  
e t a r y  n a t u r e  of i ndus t ry  materials d a t a ,  t h e  cont inuing  development of hundreds 
of new materials pe r  yea r ,  and t h e  l a c k  of a la rge-sca le ,  computer-based 
"c l ea r ing  house" o r  d a t a  base f o r  t hese  materials and t h e i r  p r o p e r t i e s .  

Data about a i r c r a f t  materials are generated by many members of t h e  m a t e -  
r ia ls  and a i r c r a f t  community, inc luding  material s u p p l i e r s ,  a i r c r a f t  manufac- 
t u r e r s ,  and government o rgan iza t ions  involved i n  R&D, t e s t i n g ,  and t h e  develop- 
ment of s tandards .  While some of t h e  d a t a  are publ ished and t h e r e f o r e  
d i s t r i b u t e d  t o  o t h e r  i n t e r e s t e d  groups,  much of i t  i s  a v a i l a b l e  only t o  the  
group genera t ing  t h e  da t a .  To decrease the  redundancy i n  t e s t i n g  and t o  d i s -  
t r i b u t e  t h e  information requi red  f o r  material eva lua t ion ,  t h e  SAFER Committee 
agreed t h a t  a c e n t r a l i z e d  r e p o s i t o r y  f o r  t h e s e  d a t a  should be e s t ab l i shed  by 
t h e  FAA. 
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I n  a d d i t i o n ,  t h e r e  are c o n f l i c t i n g  viewpoints as t o  which t e s t i n g  methods 
It i s  recognized t h a t  a should be used i n  materials eva lua t ion  and s e l e c t i o n .  

c e n t r a l i z e d  d a t a  r e p o s i t o r y  would provide an improved a b i l i t y  t o  compare test  
r e s u l t s  from d i f f e r e n t  test methods and t h e r e f o r e  f a c i l i t a t e  d e c i s i o n s  about  
the  most d e s i r a b l e  t e s t i n g  methods. 

The s tudy i s  organized i n t o  t h r e e  major t a s k s  aimed a t  gene ra t ing  several 
design op t ions  f o r  t h e  d a t a  base.  
d a t a  con ten t s ,  d a t a  s u p p l i e r s ,  requi red  admin i s t r a t ive  suppor t ,  app l i cab le  com- 
pu te r  sof tware  and hardware, and va r ious  p lans  f o r  u s e r  a c c e s s i b i l i t y .  

The des ign  op t ions  w i l l  be def ined  by t h e  

The f i r s t  t a s k  i s  t o  survey p o t e n t i a l  u s e r s  of t he  d a t a  base and s u p p l i e r s  
of d a t a ,  wi th  emphasis on c h a r a c t e r i z a t i o n  of t h e  d a t a  t h a t  i s  both d e s i r e d  and 
ava i l ab le .  The k inds  of d a t a  p o t e n t i a l l y  t o  be contained wi th  the  d a t a  l i b r a r y  
inc lude  : 

1. Material d e s c r i p t i o n s  
2. F i r e  performance p r o p e r t i e s  
3 .  Phys ica l  p r o p e r t i e s  
4 .  Mechanical p r o p e r t i e s  
5. Processing and maintenance c h a r a c t e r i s t i c s  
6. Cost information 

The second t a s k  involves  fou r  subtasks  aimed a t  e s t ima t ing  the  requi re -  
ments, i n  terms of manpower and c o s t ,  f o r  conf igur ing  a d a t a  base  t o  respond t o  
the  needs of t he  p o t e n t i a l  u s e r  community. Included i n  t a s k  2 i s  a survey of 
app l i cab le  commercial sof tware  and hardware t o  select  those systems which may 
be appropr i a t e  t o  t h e  va r ious  opt ions .  This  t a s k  r e s u l t s  i n  a recommendation 
t o  NASA and the  FAA of the  most e f f e c t i v e  and e f f i c i e n t  l i b r a r y  
conf igu ra t ion ( s )  . 

Task 3 reviews t h e  a n t i c i p a t e d  a p p l i c a t i o n s  of t he  materials d a t a  l i b r a r y  
and w i l l  be  performed i n  conjunct ion wi th  the f i r s t  two t a s k s .  Figure 16 shows 
a n  o u t l i n e  of t h e  t h r e e  major t a sks  and t h e i r  subtasks .  

The s tudy  has  proceeded on schedule  dur ing  t h e  f i r s t  3 months. ECON has  
ind ica ted  t h a t  i n i t i a l  design-option d e s c r i p t i o n s  and c o s t  estimates w i l l  be 
completed by e a r l y  November. 
of the  surveys of p o t e n t i a l  data-bank u s e r s  and d a t a  s u p p l i e r s  and the  screen- 
ing  of commercially a v a i l a b l e  computer hardware and sof tware  t h a t  are now i n  
progress .  A t  such t i m e  t h e s e  i n i t i a l  op t ions  w i l l  be presented t o  Ames 
Research Center and t o  the  FAA T e s t  Center f o r  pre l iminary  review and 
d iscuss ion .  

These des ign  op t ions  w i l l  i nco rpora t e  t h e  r e s u l t s  

CONCLUDING REMARKS 

It has  been shown i n  t h i s  paper t h a t  t h e r e  e x i s t s  a s u b s t a n t i a l  technology 
base f o r  t h e  s e l e c t i o n ,  eva lua t ion ,  and a p p l i c a t i o n  of f i r e - r e s i s t a n t  subsystem 
components t h a t  can reasonably be expected t o  improve human s u r v i v a b i l i t y  i n  
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a i r c r a f t  f i r e s  involving a i r c r a f t  i n t e r i o r s .  This  technology can, i n  t h e  s h o r t  
t e r m ,  e f f e c t  improvements i n  a i r c r a f t  f i r e  s a f e t y  as w e l l  as provide a sound 
b a s i s  f o r  f u r t h e r  long-term improvements i n  new a i r c r a f t .  
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Figure 4.- Laboratory setup in cabin fire simulator. 
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NOTE: 8 61 cm GRID LINES 

(8 THERMOCOUPLE 2.5 cm BELOW COMPARTMENT CEILING 
THERMOCOUPLE 2.5 cm BELOW CORNER ASSEMBLY CEILING --- 1 

Figure  5.- Flashover test f a c i l i t y .  

F igu re  6.- Center p o i n t  c e i l i n g  temperature  as 
func t ion  of t i m e  for T r a n s i t e ,  s ta te-of- the-  
a r t  epoxy, and advanced r e s i n s .  
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* LABORATORY TESTS-WEIGHT DISTRIBUTION 

0 FLAMMABILITY--10% 
0 SMOKE EMISSION-20% 

TOXIC GAS EMISSION-10% 
HEAT RELEASE-20% 
HEAT RELEASE RATE-20% 

0 THERMAL CONDUCTIVITY-4% 
0 MECHANICAL STRENGTH-6% 
0 DENSITY-10% 

* MATERIAL AND FABRICATION 
0 15% 
0 LABORATORY TESTS-85% 

Figure 7.- Ranking procedure. 

BASELINE DEVELOPED 
EPOXY PHENOLIC 

0 PROPENSITY TO BURN (LOI) 
0 FACESHEET 
0 BONDPLY 

29.0 loo+ 
27.7 53.5 

0 SMOKE EMISSION (Ds @ 4 min) NBS 
0 2.5 W/cm2 62.8 2.5 
0 5.0 W/cm2 96.5 8.4 

0 HEAT RELEASE (J/cm2) OSU 
0 2.5 W/cm2 
0 5.0 W/cm2 

177.2 126.0 
512.4 96.3 

0 CHAR YIELD, 800°C, N2, % 38.0 61 .O 

Figure 8.- Flammability and smoke. 
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- 181 fiberglasslphenolic ' 120 f ibe~glass/Ph~nol lC 
Nomex honeycomb (crushed) 

fi ~ r g l a s s / p h ~ ~ o l i c  
Figure  9.- Crushed-core sandwich panel .  

F igure  10.- 6-133 wide body cab in  f i r e  tes t  article. 
( N o t e :  1 f t  = 0.3048 m.) 
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*CONSTRUCTED FROM MOST ADVANCED 
FIRE-RESISTANT MATERIALS AVAILABLE 

*APPROXIMATELY 0.5 kg HEAVIER THAN 
CONVENTIONAL URETHANE CUSHION 
DESIGNS 

LS 200 NEOPRENE FOAM 
CUSHION 0.625 cm 
LAYER (FORWARD SIDE) 

POLYIMIDE FOAM CUSHION 

NOMEX Ill CUSHION 
REINFORCEMENT (ALL SIDES) 

KERMELIWOOL BLEND 
UPHOLSTERY 

LS 200 NEOPRENE FOAM 
CUSHION 1.27 cm LAYER 
(FORWARD AND TOP SIDES) 

\ 

Figure 1 1  .- NASA fire-resistant passenger seat 
cushion construction. 

Figure 12.- Three-seat array of advanced seats. 
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0 2 4 6 8 
TIME, min 

Figure 13.- General data plot of Ames Research Center's 
T-3 f i r e  tes t  results. 

RTV-630 ADHESIVE 

I / : ; :  1 1  I 'FIBERGLASS- 
F4X-28 REINFORCED 

INTERLAYER EDGEBAND 

POLYCA~BONATE I 'PHENOLIC BEARING 
STRUCTURAL PLY STRIP 

DETAILS OF EDGE ATTACHMENT DESIGN 

7 h @  
1.78 cm 

(NOMINAL) 
I 

@ 2.03 em OUTER PLY OF ACRYLIC 

@ 0.813 cm EX-112 PLY DIRECTLY BONDED TO THE ACRYLIC 

@ 0.127 om OF SILICONE INTERLAYER 

@ 0.635 cm POLYCARBONATE STRUCTURAL PLY 

Figure 14. -  Fire-resistant transparent composite. 
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HOLE IN INNER PANE 
TO BE AT OPPOSITE END 

SLOT IN SEAL 

t-l 'SLOT IN SEAL 

DUSTPANEL. 

D-D 

Figure 15.- Air transport passenger window. 

TASK 1 I 

GATHERING SUPPLIERS 

1 I 
I 

I I 

rASK 3 

REVIEW OF 
EXISTING 
MODELS 

1 
RECOMMENDATIONS: 
ASSESSMENT OF EFFECTIVE 
CONFIGURATIONS FOR 
MAT€RIALS PERFORMANCE/ 
COST MODEL 

TASK 2 

SURVEY OF 
HARDWARE 

SURVEY OF 
DEVELOPMENTAL 
GUIDELINES AND 1 SOFTWARE 1 1 SYSTEMS 1 

CONFIGURE 
POTENTIAL 
DATA BASE 

ESTIMATES OF 
ADMINISTRATIVE 

SUPPORT AND 

RECOMMENDATIONS: 
COMPARISON OF 
ALTERNATIVE DATA BASE 
SYSTEM CONFIGURATIONS , 

Figure 16.- Overview of study tasks. 
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