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Advanced crash impact and emergency egress concepts, equipment, 
and techniques which have application to crew and passenger life support 
and crash safety in Air Force high-wing and low-wing air transport 
aircraft have been evaluated. An analysis of Air Force C - 1 3 5  and C - 1 4 1  
ircraft accidents was made. Seventy-four state-of-the-art concepts 
nd systems have been analyzed from a systems engineering viewpoint. 
comprehensive evaluation of the airbag inflatable restraint system 
nd smoke-hood concepts was conducted, with additional investigation 
f developments relating to aisle and evacuation path markers and 
illumination; passenger warning and public address systems; passive 
restraint systems; egress including slides, slide/rafts, and telescape 
ystems exit area ablative coatings; emergency inflight egress concepts, 
nd high-energy emergency egress systems. It was concluded that use of 
resent rear-facing seat systems in Air Force transport aircraft offers 
ore reliable impact protection than does the current state of the art 
f airbag inflatable restraint systems. The use of the Schjeldahl smoke 
ood with septa1 neck seal was found to offer the best current protec- 
ion against smoke, toxic fumes, and fire, reported to be the major 
ause of military air transport fatalities in survivable accidents. High 
nergy emergency egress systems were considered to represent the most 
romising advance for improving emergency egress. 
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SECTION I 

STUDY OBJECTIVE 

The o b j e c t i v e  of t h i s  s tudy  was t o  i n v e s t i g a t e  new 
c r a s h  impact ,  e scape  and s u r v i v a l  equipment,  and t echn iques  
which have a p p l i c a t i o n  t o  crew and passenger  l i f e  suppor t  
c r a s h  s a f e t y  i n  A i r  Force t r a n s p o r t  a i r c r a f t ,  w i t h  p a r t i c -  
u l a r  a t t e n t i o n  t o  two t y p e s  of c u r r e n t  a i r c r a f t :  t h e  
C-141 ( t y p i c a l  high-wing t y p e  a i r c r a f t )  and t h e  C-135 
( t y p i c a l  low-wing type  a i r c r a f k ) ,  Cons ide ra t ion  was 
g lven  t o  c u r r e n t  and advanced s t a t e - o f - t h e - a r t  develop-  
ments i n c l u d i n g , b u t  n o t  l i m i t e d  t o ,  the  fo l lowing  concep t s :  

a ,  I n f i a t a b l e  a i r b a g  p a s s i v e  r e s t r a i n t  systems.  
b. SchjeSdahJ smoke hood and o t h e r  p r o t e c t i v e  mask 

d e v i c e s ,  
i, A i s l e  and evacua t ion  markers .  
d .  Passenger  warning and p u b l i c  a d d r e s s  systems.  
e .  Other  a v a i l a b l e  o r  c u r r e n t l y  a n t i c i p a t e d  system 

developments and technology which cou ld  enhance 
c r a s h  impact ,  e scape ,  and s u r v i v a l  i n  USAF 
a i r c r a f t .  

BACKGROUND 

During t h e  p a s t  few y e a r s  t h e r e  has  been an i n c r e a s e d  
emphasis on s t u d i e s  r e l a t i n g  t o  c r a s h  impact p r o t e c t i o n ,  
emergency e g r e s s ,  and s u r v i v a l ,  r e s u l t i n g  i n  developments 
which have g r e a t l y  advanced t h e  s t a t e  of t h e  a r t .  Some 
of t h e s e  advances have r e s u l t e d  i n  s p i n - o f f s  from aero-  
space  technology,  o t h e r s  have been s p u r r e d  by i d e n t i f i c a t i o n  
of s p e c i f i c  d e f i c i e n c i e s  through a n a l y s i s  of c u r r e n t  a c c i d e n t  
expe r i ence ,  and many have r e s u l t e d  from e f f o r t s  of t h e  
Department of T r a n s p o r t a t i o n  t o  improve occupant  p r o t e c t i o n  
i n  ground v e h i c l e  a c c i d e n t s .  However, no s i n g l e  do cum en^ 
has  p r e v i o u s l y  a t tempted  t o  b r i n g  t o g e t h e r  and e v a l u a t e  
s y s t e m a t i c a l l y  t h o s e  clevelopments i n  t h e  s t a t e  of t h e  a r t  
which might have e s p e c i a l  a p p l i c a t i o n  t o  crew and passenyer  
c r a s h  s a f e t y  i n  A i r  Force t r a n s p o r t  a i r c r a f t ,  

Major r e s e a r c h  and development of p a s s i v e  r e s t r a i n t  
systems havebeen conducted w i t h i n  t h e  p a s t  t h r e e  y e a r s ,  
due t o  e f f o r t s  t o  d e s i g n  and manufacture automotive 
v e h i c l e s  which must comply t o  proposed F e d e r a l  S tandards  
r e q u i r i n g  t h e  i n c l u s i o n  of such d e v i c e s  by 15 August,  1974, 
f o r  1 9 7 5  v e h i c l e s .  "Pass ive"  r e s t r a i n t  a p p l i e s  t o  any 
system which does  n o t  r e q u i r e  occupant  a c t i o n  f o r  i n i t i a -  
t i o n .  The most common of  t h e s e  d e v i c e s  a r e  i n f l a t a b l e  
( " a i r  bag")  r e s t r a i n t  systems.  Examples of  o t h e r  methods 
of ach iev ing  t h i s  o b j e c t i v e  i n c l u d e  dep loyab le  n e t  r e -  
s t r a i n t ,  " b l a n k e t ,  " and head r e s t r a i n t s .  The requi rement  
f o r  a  p a s s i v e  system has  r e s u l t e d  from f i n d i n g s  t h a t  t o o  



few au tomot ive  o c c u p a n t s  wear 2 r c s k n C  prateccl-ve r e s t r a i n t  
sys tems  and i s  based on a dec i s ion  t l a t  a n o r e  a u t o m a t i c  
sys tem i s  n e c e s s a r y  to solve  t h i s  proSit::, Although 
deve loped  f o r  au tomot ive  impacz, w~lecn involves q u i t e  
d i f f e r e n t  c r a s h  profiles In r e r ~ e s t  t o  magnitude, v e c t o r  
d i r e c t i o n s , a n d  t i m e  d u r a t i o n ,  %an i n  ~.yp;lca2 aircraft 
a c c i d e n t s ,  there  has been interest kn z p p l i c a t i o n  t o  
a i r c r a f t .  E a r l y  tes t s  o f  a ? t ~ - ~ l n ! E a t e d  a i r b a g  d e v i c e  
i n  t h e  FAA c r a s h  t e s t  of a 9C-7  t ranspsxet  i n  1 9 6 4 ,  and i n  
a s e r i e s  of t e n  d e c e l e r a t - i o n s  at inpect v e l s c . L t i e s  up 
t o  8 7  mph i n  1 9 6 5  i nd i cc  ,cd c o n s l d e r i ? b l e  psocectivc 
c a p a b i l i t i e s ,  b u t  it was aZsc evident taat a cab in  f u l l  
of a i r b a g s  pos t - impac t  s o u l d  create major evacuation 
problems.  S i n c e  then sach syskerr~s have Seen g r e a t l y  
r e f i n e d ,  and a new analys~s ac tn:.s %is3ze Meems justifi-ed. 

Space t echno logy  bas also resulked, i n  many c o n c e p t s  
and t e c h n i q u e s  which m i g h t  have a,pp4.i.cc~b$.on to increased 
a i r  t r a n s p o r t  c r a s h  safety and passenger l i f e  s u p p o r t .  

. , 
An example af p o t e n t i a l  appil ,cakron sf space technology 
t o  a i r  t r a n s p o r t  cra,sh:--f i:i-e :p:co~tecicaien i s  i l l u s t r a t e d  
by t h e  Apo l lo  spaeecraf.2 devel , s :~mcr~t  arf f i r e - r e t a r d a n t  
m a t e r i a l s  such  a s  ~ o l y i s o c ~ ~ a n u r a t e  foam ar?,d an imtumes- 
c e n t  p a i n t  which a c t s  OK. abL3.t.l.li.c: ~:!1:j..a!,ci.~,2es t o  provide! 
a d d i t i o n a l  thermal.  .pre?tec:!:.ir:::. '.?he:. sorr~cept 9:" p r o v i d i n g  
a means of emergency in--f  ?:-g:nt egress in air t r a n s p o r t  
a i r c r a f t  h a s  had v e r y  1itt.he attesa.t:bc:n,, a1~'chouglz s e v e r a l  

" .. 
sys t ems  have been proposed, ~ .nc . i~? .dkr$n  r:rxe which 13.mUad 
modi.fy p r e s e n t  operatl.onai. techn.iques o:E a . e r j  al cargo 
d e l i v e r y  f a r  huma.c passenger and crew usage,  I n  a 
t echno logy  which  has expeni.eci ~ :ons : i~de r~b l e  e f f o r t  i n  
d e v i s i n g  methods s f  as-&rcraat~:t. space rese;.le, it would 
seem t o  be wi th i r ?  t h e  state c f  t h e  a.~:'i. .to si .m.i lar ly  
s e r i o u s l y  consider i n - f l i g h t  e9ress sf air t r a n s p o r t  
p a s s e n g e r s  i n  t h e  event of psesem.tly ncln-survivab1.e 
i n - f l i g h t  c a t a s t r o p h i c  ~ t r u c t i ~ r a l  failures, 

A b a s i s  for evaluat1,ng .::h.t p s r t i e u l a r  areas where 
i n c r e a s e d  p r o t e c t i o g  is necass+~yy  I n  a i r  t ranspor t  c r a s h e s  
c a n  b e s t  be detern. ined by ana'l.~ysis of previcus accident 
e x p e r i e n c e ,  Unf o r t ~ n z t e l  y ,  .F;l:-.se a.rsas  of-::^:? r e c e i v e  - 
l i t t l e  a t t e n t i o n  unJr; i l  a major 2l.r a s a s t e r  e ~ ~ p h a s i z e s  
t h e  problem and s-pirrs resea:ci:?~ i c , r  a ~sll.li,"r:ion, An example 
i s  t h e  s e r i o : ~ s  d e f i c i e n c y  of - -  opnt2r..w..csa!cy ,..,., J wa.ria,f..ng and comun-  
icat ioal  sys t ems  which ;~:a:; evi6,~.kt, in t,he ditching of 
a  DC-9 j e t  tzansport ne<%n St, Cxaix, Virgin EsLands, 
In t h i s  d i t c h i n g  the n a i n  c a s ~ ~ ~ i u n i e a t i u n .  system failed 
and no warn ing  ( a f t e r  a I.0-min.izt..e w,raxni,;.;.g) was given 
t o  e i t h e r  p a s s e n g e r s  ar. some crew, resulting in numerous 
i . n j u r i e s  due to unrestra..i:neti ,gasseabgers s t a n d i n g  i n  t h e  
aisles s t i l l .  dslnrlinig !,ife jackets a , t  ..%.he time o f  impact. 



An a n a l y s i s  of c i v i l  a i r - t r a n s p o r t  a c c i d e n t s  from 1957 
through 1967 r e s u l t e d  i n  t h e  e s t i m a t e  t h a t  35 t o  50  
p e r c e n t  of t h e  7 9 4  non-survivors of s u r v i v a b l e  a i r  
c a r r i e r  c r a s h e s  could have been saved had adequate e g r e s s  
been ava . i l ab le  (CIaldera, 1.970), Some t h r e e - f o u r t h s  
of t h e  e x i t s  a v a i l a b l e  were n o t  used ,  due t o  jamming 
from f u s e l a q e  d i s t o r t i o n ,  bl.ockage, f i r e ,  o r  o t h e r  
reaso:ns. ~ n a l y s i s  of C-135 and C - 1 4 1  a c c i d e n t  exper ience  
has a l s o  shown t h a t  : f a t a l i t i e s  have occurred  due t o  
ina.d.equate e x i t s ,  a s  d e t a i l e d  i n  S e c t i o n  11 of t h e  
c u r r e n t  r e p o r t .  SimiLaxly, s t u d i e s  of a i r  t r a n s p o r t  
evacuat ions  dur ing  major c r a s h e s  have shown t h a t  t h e  
primary cause  f o r  f a t a l i t i e s  has  been a t t r i b u t e d  t o  
ia;llnalatian, of smoke, t o x i c  fumes, and f i r e ,  A t  p r e s e n t  
no p r o t e c t i o n  a t  a11 i s  given crew o r  passengers  under 
f i r e  and smoke e g r e s s  condi*t ions .  

I n  1 9 6 9  t h e  Combat Egress Working Group (Reagin, e t  
aL. ,1970)invest igated passenger cargo a i r c r a f t  i n  t h e  USAF 
inven to ry  t o  i d e n t i f y  equipment and p rocedura l  d e f i c i e n c i e s .  
This  r e p r e s e n t s  t h e  most c u r r e n t  a n a l y s i s  of crew and 
passenger c r a s h  s a f e t y ,  and provides  many s p e c i f i c  
r e c o p e n d a t i o n s  f o r  a r e a s  where impravements a r e  necessary .  
E a r l i e r  A i r  Force s t u d i e s  by Brown (1969) and Sawyer (1967) 
had a l s o  pointed  o u t  many d e f i c i e n c i e s  based upon a c c i d e n t  
exper ience .  

I n  1967 an  o v e r a l l  assessment  of t h e  s t a t e  of t h e  a . r t  
of c r a s h  s a f e t y  and crew and passenger l i f e  suppor t  f o r  
a i r  t r a n s p o r t  a i r c r a f t  was independently conducted by 
t h r e e  groups,  The USAF-Industry L i f e  Support Conference 
(1967) a t  Eas Veqas cons idered  a number of recommendations 
t o  r e s p o n s i b l e  agenc ies  f o r  t h e  immediate and long-range 
s o l u t i o n  of many of t h e  most p r e s s i n g  problems and 
requi rements  i n  t h e  l i f e  suppor t  system. Within t h e  
i n d u s t r y ,  a J o i n t  Crashworthiness Development Program was 
conducted by t h e  Aerospace I n d u s t r i e s  Assoc ia t ion  of 
America, Inc.  ( 1 9 6 8 ) .  This  one-year s tudy  r e s u l t e d  i n  
an i n d u s t r y  e v a l u a t i o n  of t h e  s t a t e  of t h e  a r t  a t  t h a t  
t ime of i n t e r i o r  m a t e r i a l s ,  f i r e  suppress ion ,  smoke and 
fume p r o t e c t i o n ,  emergency l i g h t i n g  and e x i t  awareness,  
and evacuat ion  systems. Also i n  1.967 (Roebuck, 1968) 
North American Rockwell Corpora t ion  conducted an a n a l y s i s  
of new concepts  f o r  emergency evacuat ion  of a i r  t r a n s p o r t  
a i r c r a f t  f o r  t h e  A i r c r a f t  Development Se rv ice  of t h e  
Federa l  Avia t ion  Admi.nistration. 



SCOPE OF THIS REPORT 

The f o l l o w i n g  r e p o r t  at tempts t o  2valuaSe t h e  s t a t e  
o f  t h e  a r t  o f  crew and passenger and crash safety l i f e  s u p p o r t  
sys tems .  To o u r  knowledge t h i s  work represents the f l r s t '  
major  e f f o r t  i n  t h i s  d i r e c t i o n  in approximately f i v e  y e a r s ,  

The work i s  p r e s e n t e d  i n  " ~ v e  $arks, T h e  f i r s t  
of t h e s e  c o n s i s t s  of an ana lys i s  sf khe magni tude of t h e  
c r a s h  s a f e t y  and escape problem basec,l on a ~ a z l a b l e  ac- 
c i d e n t  d a t a  ( S e c t i o ~  PI), 3 o t ~  ~ ~ . i L i - h a r y  and clviL 
e x p e r i e n c e  i s  i n c l u d e d ,  The second consists s f  a b r ie f  
d i s c u s s i o n  of o b s e r v a t i o n s  made d u r i n g  ~ i j s i t s  to opera-  
t i o n a l  G - 1 4 ;  and C-135 6 i r ~ s ~ a f - k  ( S e c t ~ u r ;  i I L j ,  The 
t h i r d  a s p e c t  of the w e r k  whle:? La preserated is a d e t a i l e d  
s t a t e - o f - t h e - a r t  e x p l a n a t i o ~  of pasa lve  r es t ra in t  sys tems  
( S e c t i o n  IV) , smoke p r c t e c t i v e  dev-2-ces (Sact ion W )  
a i s l e  and p a t h  markers  (Seceisn V i a ,  emergency warning 
and p u b l i c  a d d r e s s  sys tems  (Sect ion  " b 7 1 1 ) ,  and o t h e r  
t e cnno logy  ( S e c t i o n  VII:) , Th:? 2 w n r ~ i . l  2axt (Section I X b  
a  sys tems  a n a l y s l s  of  the :msact prsi ,est isr~ and e scape  
prob le rnr i s  r e l a t e 6  t o  t h e  su'bject systems, The repor t  
ends  w i t h  c o n c l u s j . ~ n s  acd -ceeoxltv*ea-adaticnn ( S ~ c t i o r z  X) . 

A complete  sys.tems approa.ck; was requ i red  to accompl.ish 
t h i s  p r o  j e e t  # w i t h  cor,sidera%i.ot .  give??, "kg, t h e  e f f e c t s  on 
bo th  t h e  a i r c r a f t  and crew rne~cbe:~:+ i n  accordance  w i t h  MIL- 

* * 

STD-1472A. Z. preliminary anaiysxs i i i  sccordance w i t h  
MIL-STD-78% was cond~acteeci an al.1. c e n c c p t . ~  inc lud .ed  in - 8 t i le  s t u d y  t o  de t e rmine  whi.ch. systens indlc:a,te t h e  h i g h e s t  
r e l i a b i l i t y .  System cog~~on.era,ks ~ru.~sl:, :>e Qsignsa.4 .. 

f o r  rninimum r o u t i ~ e  maintenance and se:rv$cfng by t..echni- 
c i a n s  a s s i g n e d  t o  t h e  usi.ng   nit. and, f i e i d  ~ a j ~ n t e n a n c e  
a c t i v i t i e s ,  and for major repaLrs by d e p o t  Level mainte- 
nance ,  i n  acco rdance  with ?s%IL-S?~D,=-4'70, In a d d i t i o n ,  
a  p r e l i m i n a r y  Haz~xk? .  k lna lys i s    re pared in accordance 
w i t h  XIL-STD-882 t;o evaluak::. sys,:rern 3af c t y  I.s i a c l u d e d .  

" .  
I n  t h i s  respect overa l? . .  systeic:.~ a n t i 2 . y ~ ~ ~ ~  has been 
i n i t i a t e d  w i t h  emphasis orr the even.!.:-or.iented na tu r e  
of t h e  problem of  su.rivivai and. escape frank a c r a s h e d  
a i r c r a f t .  A t ime- sca l ed  ELow c h a r t  o f  t h e  crash and 
e s c a p e  even t  has been devs:!-sped tc form a 2:ra:nework 
for t h e  performance evaEvaCion of ea.ck -,concept s t u d i e d ,  
Th i s  is supplemented by a ticts-:-Led d i s ~ u s s i ~ o n  of f a c t o r s  
i n c l u d e d  i n  the analysis of sy i ;Lex  s s , f e t y ,  r e l i a b i l i t y ,  
m a i n t a k n a b i i i t y ,  humin engineeying aspects ,  and t echno lo -  
g i c a l  f e a s i b i l i t y ,  

Major e~nphasis  hiis be1211 p L a ~ e d  011 evaluation o f  
~ l l f  l i i t a b l c  ( p a s s 3 . v ~ )  I c s t r a i n t  ~ybtcii isb arid smoke-hood 
d e v l c e s  . We belk~ve t h a t  th i s  83J~d4 represents the most 



comprehensive analysis of inflatable (passive) restraint 
systems and smoke mask/hood devices which has been made 
to date, and represents the only known systems analysis 
of the airbag restraint system. Work was also conducted 
within the time and funding lirr~itations of this contract 
on aisle and evacuation path markers and emergency 
illumination systems, passenger warning and public address 
systems, and a number of other devices and concepts 
relating to emergency egress, including slide and slide/ 
raft devices, ablative coating, telescape, emergency 
in-flight egress, and high-energy egress systems. 



A I R  TMTSPORT ACCIDENT EXPERIENCE 

MILITARY C - 1 3 5  AND C-3-41 ACCIDENT BACKPROGgD 

The s t a t e  o f  t h e  a r t  of p.rotection and s u r v i v a l  t e c h -  
nology i s  c o n s t a n t l y  changing as new ~ a a t e r i a l s ,  t e c h n i q u e s ,  
i n n o v a t i o n s ,  and requirements a r e  developed, N e v e r t h e l e s s ,  
t h e  most v a l i d  bas i s  f o r  both  deLernXnLng future r equ i r emen t s  
and p r o j e c t i n g  most e f fec t ive  eonce2ts  i n  c r a s h  impact  and 
emergency e g r e s s  are l a r g e l y  dependent upon p a s t  and c u r r e n t  
f i e l d  performance.  Aceiden t inveski.gatisscr s f  ken r e s u l t s  i n  
f i n d i n g  e g r e s s  problems,  nuxan factors  c o n s i d e r a t i o n s ,  and 
p o i n t i n g  o u t  p o t e n t i a l  areas sf f u t u r e  coccern, Emergency 
equipment and e scape  device p~xformanee under ac tua l  c r a s h -  
f i r e  c o n d i t i o n s  invo lv ing  a i r c r a f t  accupar~ts i n  p a n i c  may 
d i f f e r  cons iderabky  from predic t ions  &eveloped i n  non- s t r e s s  
l a b o r a t o r y  envi ronments .  S i z i I - a r l y ,  concepts which appear  
f e a s i b l e  i n  t h e o r y  may not  be i n  f a @ $ ,  

C u r r e n t  a i r  t ranspor t  crash impact and e g r e s s  problems,  
a s  t y p i f i e d  by t h e  high-wl.ng Liockheed C-141 and t h e  low 
wing Boeing 2-135, were dc%ermlr\ed from :reports of f i e l d  
i n v e s t i g a t i o n  of aec idenks ,  111 addatiar,  )LO review o f  t h e s e  
m i l i t a r y  a i r  t r a n s p o r t  a c c i d e n t s ,  h~rman factars  r e p a r t s  o f  
comparable types  of c i v ~ l . ,  air :ra,Yaspf>r.P.r.s provided a d d i t i o n a l  
v a l u a b l e  baelgrounZ to maze va ; . idly de tcs~mina f u t u r e  needs ,  
and t h u s  more r e a l i s t i c a l l y  asiTsss concepts, A sumary o f  
t h e s e  f i n d i n g s  fo l lows ,  and w i l l .  be rezerred t o  i n  subse- 
quen t  p o r t i o n s  s f  t h i s  sk~ldy as p a r t i c u l a r l y  a p p r o p r i a t e  t o  
r e s t r a i n t ,  a i s l e  or emergency ~ ~ s i t ,  smoke, or a%her impact  
and e g r e s s  considerations, 

A i r  Force  a i r  t r anspo r t  accident everfence f o r  t h e  
C-135 and C-141 aircraft was stL1died a t  t h e  a i r e c t a r a t e  o f  
Aerospace S a f e t y ,  Karton Air Fscce Rase. Accidents were 
i d e n t i f i e d  by three eorn~titer rucs, niade on 3 August ,  
31 August,  and 8 Novelnh~r,  1 9 7 1  by ";ne L i f e  Sc i ences  D iv i s ion .  
Readouts allgwed sel.ect.rpn of :_ardividuah reports f c r  i n t e n s i v e  
review which were aurvivab?-e  e.;d c ~ r x l d  c:o~tr;?sbute impact  o r  
e g r e s s  information, 

A total .  of  14 C - ; 4 l  a c ~ i c ? e ? ~ ~ t s  bmve been r e p o r t e d  t o  
8 November 1971, and these a r e  summarized i n  Table  1. Only 
two of these accidents, however, appeared to involve an a c t u a l  
emergency e g r e s s  s i t u a t i o n ,  and one of thesetwhich crashed 
i n t o  t h e  s e a  on takeoff and was des.l-.rayed, provided l i t t l e  
u s e f u l  i n fo rma t ion .  T h i s  case is s ~ a m a r i z e e  i n  a subsequent  
s e c t i o n  on d i t c h i n q s ,  
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The second c a s e ,  o c c u r r i n g  i n  ik@71, involved a  C - 1 4 1  
wi th  a  crew of  11 and 18 gasnengers ,  two of whom were r a t e d  
p i l o t s .  This  a i r c r a f t  e ~ p e r i e r ~ s e d  a rapi?. decompression a t  
FL 330 ,  cabin  a l t i t u d e  5000 f e e t ,  with subsequent  h y d r a u l i c  
system f a i l u r e .  The a i r c r a f t  commander exper ienced d i f f i -  
c u l t y  i n  donning h i s  oxygen mask because of a p rev ious ly  
broken p l a s t i c  C-shaped suppor t  s t r a p ,  and was fo rced  t o  
ho ld  h i s  mask t o  h i s  f a c e  by hand. The in te rphone  becdrne 
i n o p e r a t i v e  dur ing  t h e  rapid decompression, r e s u l t i n g  i n  
d i f f i c u l t y  i n  c o m u n i c a t i n g  wi th  crew and passengers ,  The 
c o p i l o t  s u c c e s s f u l l y  donned h i s  mask and took c o n t r o l  of  t h e  
a i r c r a f t .  Three passengers  who had beeone s l i g h t l y  bypoxic 
due t o  mask malfunct ion  or improper place~ent were a s s i s t e d  
by a  load  master requipped w i t h  h ~l i ,~a$k-a~~~:bd  b o t t l e ,  who 
a l t e r n a t e d  h i s  mask wi th  them, Passengers were r e p o r t e d  
" i n  s t a t e  of shock" and o v e r r e a c t e d  t o  t h e  emergency i n  
improperly donning oxygen masks,  

An emergency l and ing  was initiated a~ ld  it was found 
t h a t  t h e  decompression e v e n t  had caused damage t o  t h e  lower 
nose s e c t i o n ,  p reven t ing  nose gear  lowering.  Loose items 
were secured .  A smooth Landing was ~nade on %he main g e a r ,  
wi th  t h e  nose gea r  r e t rac ted  and subsequent  nose-down a t t i t u d e .  
Personnel  i n  t h e  cargo compa~tment  e x i t e d  th rough t h e  a f t  
t roop  doors .  Those on the f l i g h t  deck evacuated through t h e  
crew e n t r a n c e  door because when t h e  copilot opened the 
f l i g h t - d e c k  overhead escape hatck: he not iced f i r e .  The 
i n s t r u c t o r  f l i g h t  eng i .nee~  ssed a f i l e  &xt in"guisher  b r i e f l y  
be fo re  evacua t ing  through tile crew entrance Zoor. I t  was 
subsequent ly  determined t h a u  aa S of the pclssengersB MA-3. 
oxygen masks were unservi.acab%c - 

A t o t a l  of 39 C-135  aecldents occurr ing t o  da t e ,  i n -  
vo lv ing  194 crew mexbers and 2 1 4  passengers, were reviewed. 
O f  t h e s e ,  15 a c c i d e n t s  i n v o l v c h n o  i n j u r y  t o  crew o r  pas- 
s e n g e r s ,  11 a c c i d e n t s  were non-suxvlvable and fatal to all 
occupants ,  1 accident could p x c ~ a b l y  be classed as non- 
s u r v i v a b l e  (fatal ts 81 of 83  o c e u p a ~ t s )  3n4  3 a c c i d e n t s  
involved minor t o  major i n j u r i e s .  "3:~I.e 2 sut"kines t h e s e  
a c c i d e n t s .  Nine C-135 acci6e~:z p r c~ r ided  ?b evacuat ion  
performance informat ion  o f  p a r - : c u l a ~  percin9nce t o  e h i s  
s t u d y  and a r c  sum~arized as 1-01 ' a w ~ ,  

Case No. - 1. KC-635A m a l c ~ r q  3-e~gine approach crashed 
s h o r t  of runway with 56 crew and passenge:rs aboard. The a i r -  
c r a f t  was des t royed  by 2ost-impact fire, A ? - l  II passenger 
f a t a l i t i e s  were at.tri.bu"ked t o  a sphyx ia t ion  from smoke i n -  
h a l a t i o n  secondary t o  hypoxia and i n h a l a t i o n  of smoke due t o  
t h e i r  i n a b i l i t y  t o  locate  or e g r e s s  "khrouglz emergency escape 
e x i t s  i n  t h e  confus ion r e s u l t i n g  from f i r e ,  smske, and i n -  
adequate warning of t h e  emergency Landing, Thirty-two pass-  
engers  r ece ived  no i n j u r y ,  3 minor i n j u r y ,  6 major i n j u r y ,  
1 crew member r e c e i v e d  major i . c~ jury ,  1 none, and t h e  two p i l o t s  
minor i n j u r i e s .  
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Passengers  were n o t  b r i e f e d  and t h e  p i l o t  d i d n ' t  even 
know many passengers  were aboard, There was no announce- 
ment t.0 pa.shse11qe~1.s t o  pJcepare for landing. The c rash  was 
unexpected by t he  pilo,trs, s l ~ d  no al,arrn b e l l  was used p r i o r  
t:o crash,  Life  Preserver tTJn.Lt:s (I~PCS')  were not worn by t h e  
p i l o t  and some crew .sl%eli.nj:>ers, and. s r ~ l y  3:1 l i f e  p r e s e r v e r s  w'ere 
worn dur ing  t h e  e g r e s s .  Had t h e  c r a s h  occur red  i n  ocean,  
some 1000Vrsm t h . e  runway, egress frorn t h i s  a i r c r a f t  could  
have r e su l t ed  in mars I.:ives 1os.t. F i r e  broke o u t  i n  t h e  a f t  
sect ion.  auxd t h e  cargo ar:ompart~~ent and flight deck f i l l e d  wi th  
bl.aek smoke and appax:ex~.tly amionia yas, caus ing  pan ic  among 
some passengers, Survi~~~i.rag passengers escaped tln.3-owgh t h e  
crew e n t r y '  door, ertlerge:ney ha tch  over t h e  r i g h t  wing, and 
emergency h a t c h  over ..the 1.ef.h: wing. I t w a s  found t h a t  t h e  
KC-2.35 aj.rccrraft i s  n o t  1proper1.y conf igured  t o  per: T o r n  
passenger s e r v i c e  w i t h  s a f e  emergency e g r e s s  and emergency 
escape i s  i.mpeassibl.c under conditioras of no emergency. l i g h t i n g ,  
i-aaadequate em.ercyency e x i t s  ffo:~: t h e  number of passengers  
c a r r i e d ,  and lack c ~ f  br i -ef ing .  (A.s a r e s u l t  i t  was recommended 
t o :  L i m i t  t h e  number, c f  on K G 1 3 5  a i r c r a f t  t o  t h a t  
n u d e r  t h a t  can s a f e l y  e g r e s s  under s imula ted  emergency 
c o n d i t i o n s  i n  one minute,  us:ing on ly  the three escape ha tches  
i n  the passenger compartment; modify t h e  loud-speaker system 
t o  i n s u r e  pos i t ive  com~nunication between crew and passengers ;  
cons ide r  a d d i t i o n a l  emergency exits o r  enlargement  of e x i s t i n g  
escape  hatches ;  and cons ide r  i n s t a l l i n g  impact-actuated 
emergency l i g h t i n ?  system fa r  emergency e x i . t s ,  ) This a c c i d e n t  
a l s o  i l I ~ ~ ~ t r a . . t e s  t h e  urgent need f o r  improved emergency e g r e s s  
systems such as might be provided by t h e  ELSIE (Emergency L i f e  
Saving I n s t a n t  E x i t s )  concept ,  desc r ibed  i n  S e c t i o n  V I I I ,  pages 
146-151,  Had such a, means of ensuring t h a t  t h e  present.  C-135 
e x i t s  were i m e d i a , t e l y  open and a v a i l a b l e  i n  t h i s  c a s e ,  it i s  
probable  t h a t  f a r  fewer f a t a l i t i e s  would have r e s u l t e d .  
Se r ious  consi .derat ion should. be g iven t o  i n s t a l l a t i o n  f o r  
an ELSIE type system a t  a11 e x i s t i n g  emergency e x i t s  i n  
C-241 and G--135 a i r c r a f t .  F u r t h e r ,  t h e  ELSIE system should be 
i n s t a l l e d  a t  a d d i t i o n a l  Locat ions t o  provide  l a r g e r  and 
more apti-ma1 passenger egress. For the C - 1 3 5  c o n f i g u r a t i o n  
i n  t h i s  a c c i d e n t ,  reeonmended l o c a t i o n s  f o r  a d d i t i o n a l  
E L S I E  e x i t s  have been i.nd.icated on F igure  1. 

The p i l o t ,  c o p i l o t . ,  and boom o p e r a t o r  r ece ived  com- 
p r e s s i o n  v e r t e b r a l  f r ae . tu res  i n  t h e  impact due t o  e i t h e r  
n o t  having t h e  shou lde r  ha rness  on o r  n o t  lock ing  it  p r i o r  
.to landing impact. The n a v i g a t o r  noted. a l l  t h e  equipment 
i n  t h e  compartment above h i s  s t a t i o n  came down on h i s  head 
on impact ,  Egress problems were noted  an t h e  f l i g h t  deck,, 
wi th  both t h e  p i l o t  and c o p i l o t  g e t t i n g  s tuck  i n  t h e i r  re-& 
s p e c t i v e  window e x i t s ,  bloclaing e x i t  f o r  o t h e r  crew, and 
n o t  having time t o  l o c a t e  o r  use  t h e  escape  rope.  Evacuatzion 
was completed i n  45 seconds. The Locat ion of e x i t s  and 
f a t a l i t i e s  i s  shown i n  F igure  I.  Note t h e  p i l e -up  of f o u r  
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Figure 1. Location of Emergency Egress Exits and 
Fatalities in KC-135 Crash, Installation of ELSIE 
Systems a"L1 l  Present E x i t s  and in Additional 
Locations Indicated is Recommended, 



f a t a l i t i e s  which occurred  a f t  0 5  t h e  l e f t  overwing e x i t  due 
t.0 ais1.e bl,cackacye from small cargo, arid t h e  apparent  i n a b i l i t y  
asf those passengers  i n  t h e  a f t  campartrnenlt t o  e g r e s s  t.lirough 
tlne right: sr l e f t  a f - t  escape wi,ndaws, even though one in -  
divi.d7ual. was i den&i f i ed  a s  s i ' t t i n g  i n  t h e  a i s l e  s e a t  adj .oin 
t h e  ]..eft aft:, windaw, In  t h i s  configurat:i.on, 2 6  i n d i v i d u a l s  
used a i r l i n e  type  sea:ts, b u t  six passengers  s i t t i n g  over  t h e  
boom pad a r e a  woml_d have had g r e a t  d i f f i c u l t y  i n  ass.iuning 
t h e  r e c ~ ~ m e n d e d  d.i.tchirmg and ciraskz la .nding p o s i t i o n  a s  found 
in T 0 1 C - 1 3 j R A m . i ,  pages 3 - 5 2 >  even, i f  t h e y  h.ad been prewarned 
a f  t h e  ceraah, Su.:;~vi.v.o.rcs rspox:ted t:ha.t t h e y  had a g r e a t  problem 
i n  att.emptj.ng t o  izvaeua.te through t h e  avail.abjie emergency e x i t s  
from any seated po:3s:%t.i.on., 

Case KO, 2 ,  Ai.rcraf.k: r an  o f f  runway, a b o r t i n g  t akeof f  . 
No f i ? e  o r  smoke. Low impact and a l l  crew used r e s t r a i n t s .  
However, crew had HGV.-~A/@ heirnets b u t  none worn; t h e r e  were 
only  f i v e  sets of s u r v i v a l  g e a r ,  i n c l u d i n g  l i f e  j acke t s !  f o r  
s i x  crew-menbers. There was no p r e f l i g h t  crew b r i e f i n g  
given.  The boom opera. tor  was unable t o  use t h e  rea.r  escape  
hatch  due t o  a i r c r a f t  a l t i t u d e ,  and e x i t e d  through l e f t  
overwing escape hatch.  The alarm b e l l  was a c t i v a t e d  p r i o r  
t o  going o f f  rulzway, Need of irn.pact a c t i v a t e d  l i g h t s  re-. 
iterated by i n v e s , t i g a t o r s .  

Case No. 3. Emergency a b o r t  crash l and ing  on runway on 
s- t a k e o f f .  Pare i n  l e f t  wing a r e a  ex t ingu i shed  and a l l  crew 

evacuated wi thout  i n j u r y .  However, t h e  p i l o t  exper ienced 
d i f f i c u l t y  wi th  t h e  emergency rope which became en tang led  
around his r i g h t  f o o t ,  and was r e l e a s e d  by t h e  I . P . ( I n s t r u c t o r  
~ i l o t )  . D i f f i c u l t y  ir idexl t i fyinq and reaching p i l o t  s 
emergency rope s torage compartments was r e p o r t e d ,  and i t  was 
recommended t h a t  crew wear g loves  t o  p reven t  rope burns ,  and 
t h a t  an addrktional emergency escape rope be i n s t a l l e d  a t  
t h e  crew e n t r y  c h u ~ e .  No alarm b e l l  was used.  

Case No. 4 .  Emergency a b o r t  on t a k e o f f ,  s topped a i r c r a f t  
o f f  rbnway with brake  assembly f i r e .  A l a r m  b e l l  used and 
i n s t r u c t o r  p i l e t  ( I P )  on in te rphone  i n s t r u c t e d  crew t o  
evacuate  a s  soon a s  s topped,  b u t  passengers  had no in te rphone  
c o m u n i c a t i o n ,  Passengers  opened rear exit h a t c h  b u t  c losed  
it due t o  smoke and f lame,  and r a n  forward t o  l e f t  wing e x i t  
ha tch ,  no t ing  jam of people up a t  f r o n t  en t rance  e x i t  l a d d e r .  

Case No. 5. A f t e r  t a k e o f f ,  a i r c r a f t  l o s t  a l t i t u d e ,  
c rashed,  burned and was d e s t r ~ y e d  wi th  major i n j u r i e s  t o  
f o u r  crew members, a f a t a l  head i n j u r y  was rece ived  by a 
Navigator  r i d i n g  in t h e  boom operator 's  s e a t w h o  was n o t  
wearing a sea t  b e l t .  Evacuation was accomplished i n  l e s s  
than  one minute us ing  l e f t  and r i g h t  c o c k p i t  windows. D i s -  
t ance  was 5-6 f e e t  above ground l e v e l  and escape ropes  
were n o t  used. The J.P. g o t  s tuck  i n  t h e  r i g h t  c o c k p i t  window. 
Although none of t h e  crew were wearing helmets  o r  p a r a c h u t e s ,  
t h e  f l i g h t  medical  o f f i c e r + n o t e d  t h a t  parachutes  should  n o t  
be worn on t akeof f  o r  l and ing  because of i n t e r f e r e n c e  
w i t h  emergency escape .  



Case No. 6 .  A i r c r a f t  hydroplaned on i c y  runway and went 
o f f  runway on l a n d i n g  ra41. The p i l o t  a c t i v a t e d  t h e  a larm 
b e l l  pr io;  t o  s t o p p i n g ,  and no f i ke  occurred .  Both t h e  p i l o t ' s  
and c o p i l o t ' s  windows jammed and caul6 not. be used.  The 
p i l o t  escaped through t h e  a f t  emergency escape h a t c h ,  us ing  
t h e  escape  rope.  The c o p i l o t  and navigate?: evacuated  through 
t h e  crew e n t r y  door.  Eleven s t h e r  crew meders were f a c i n g  
a f t  and f o u r  were fac ing  forward, Cf these,  n i n e  e g r e s s e d  
through t h e  a f t  emergency door, f i v e  through t h e  crew emergency 
door,  and one went o u t  t h e  wing emergency e x i t ,  The p i l o t ' s  
shou lde r  h a r n e s s  i n e r t i a l  r e e l  f a i l e d  to l a c k ,  and because 
h i s  l e f t  hand was busy with nose wheel s t e e r i n g  dur ing  t h e  
l and ing  r o l l ,  i t  was recsm.ended t h a t  t h e  p i l o t a s  i n e r t i a l  
r e e l  lock swi tch  be changed from t h e  left f:s right s i d e  
s o  it can be more e a s i l y  locked i n  emergeDey s i t u a t i o n s .  

Case No. 7 .  Qn n i g h t  formation t akeo f f ,  t h e  KC-135 
a i r c r a f t  over ran  an F-4 on the runway ahead, impacting a t  
80 k n o t s ,  and swerving to r i g h t  o f f  rLtnwey on f i r e .  There 
was no b r i e f i n g  whatever s f  t h e  crew p r i ~ x  to t a k e o f f ;  t h e  
tower s u p e r v i s o r  had overs lep t  and was not on d u t y .  The 
alarm system was ac t iva ted  after impact. Three crew c h i e f s  
and a  b ~ o m  o p e r a t o r  e x i t e d  th rough  t h e  over~ging escape  h a t c h ,  
wi th  t h e  l a t t e r  r e c e i v i n g  knee  alad scalp i n j u r i e s  in e x i t i n g .  
The remaining f o u r  crew mevhers evikc~lated through t h e  cock- 
p i t  s i d e  windows. Although t h e  escape rope was used on t h e  
p i l o t ' s  s i d e ,  t h e  Z.P, was unsuccessful i n  getting it o u t  t h e  
c o p i l o t ' s  window. 

Case No. 8 .  Dur ing  i r~s . t rumant  f kicgh-? :cubes ( I R P )  approach 
i n  r a i n  s torm,  irnpa.cted s h o r t  of runway, The  a i r f r a m e  came t o  
r e s t  i n v e r t e d  i n  t h r e e  main s e c t i o n s  and was d e s t r c y e d  i n  t h e  
subsequent  f i r e  and exp los ion ,  There  were 78 f a t a . l i t i e s ;  t h e  
t h r e e  p i l o t s  and two of the t h ree  f1:i.e)-ht-deck crew r e c e i v i n g  
major i n j u r i e s .  Xeat farom f i r e  and smcake i n h a l a t i o n  r e s u l t e d  
i n  95% of t h e  f a t a l i t i e s ,  a"nd it was estimated by t h e  f l i g h t  
medical o f f i c e r  t h a t  i n  t h e  absence of f i r e ,  '70 of t h e  78 
f a t a l i t i e s  would have s u r v i v e d ,  ALL of t h e  s u r v i v i n g  crew 
rece ived  major injuries from zcute chemical snake i n h a l a t i o n .  
Due t o  t h e  i n v e r t e d  p o s i t i o n  of t h e  aircrelt, t h e  s u r v i v i n g  
n a v i g a t o r  was unable %a f i n d  a R  escape exitp and e x i t e d  
from an ernerqency e x i t  cu"t:af.il of +:,he :opil .ot 's  s e a t  by t h e  
rescue  crew. Three pilots a d L  one engineer escaped from t h e  
c o p i l o t ' s  s i d e  window, slthsugh i t  bad jammed and had t o  
be broken o u t  wi th  a crash axe, The crew exper ienced cons ide r -  
a b l e  d i f f i c u l t y  i n  l o c a t i n g  t h e  f l i g h t - d e c k  crash axe, and 
i t  was recommended that it be rcloca-bed n e a r  windows and a 
canopy s h a t t e r i n g  t o o l  be i n s t a l l e d ,  Except f o r  a s i n g l e  t i e r  
of t h r e e  s e a t s  thrown c l e a r  when t h e  fusela.ge brake  up ,  a l l  
s e a t s  remained i n t a c t  in the impact ,  No alarm was g i v e n ,  and 
t h e  r e p o r t  d i d  n o t  s t a t e  whether  any b r i e f i n g  was g iven t o  
passengers  by t h e  crew, 



Case No, 9 ,  A WC135B encountered c o n t r o l  problems on 
t akeor f  and crastzed, 011 right side of runway. The n i n e  crew 
members evacuated  within 45 seconds and were un in ju red .  A 
small, nose-sec t ion  f i r e  was ex,ti.ngui.sl~.ed. The p i l o t  w.sed t h e  
p i l o t s s  escape window wi thou t  us ing  a rape a s  t h e  nose was 
on the ground, and t he  c o p i l o t  and f l . i g h t  eng inee r  went o u t  
the c o p i l o t  i s  window. The na.vi.ga.tol.: c2xited over  l e f t  win~g 
from af,k compartment. The navi.gator r ece ived  s t r a i n  due t o  
t h e  sid, .e-facing positfisn, of h i s  seat .  I t  was recommended t h a t  
'I 'Ol.C-P358-,&, Figu:ces 3-11,., 3-46 I be changed t o  show t h e  
navigator  seated f a c i n g  a f t  in ariy emergency l a n d i n g .  

C i v i l  a i r  t r a n s p o r t  accid.ent  exper ience  has  been more 
extensive. than  m i l i t a r y  t o  d a t e ,  and emergency e g r e s s  
s i t u a t i o n s  more numerous. Many c rash  impacts  and subsequ.ent 
emergency evacuat ions  provide  informat ion  v a l u a b l e  f o r  
c o n s i d e r a t i o n  of the  m i l i t a r y  c o n f i g u r a t i o n  a s  w e l l .  I n  
t h i s  r ega rd ,  r e p o r t s  of a11 j e t  a i r  t r a n s p o r t  a c c i d e n t s  have 
been ob ta ined  from t h e  Na t iona l  T r a n s p o r t a t i o n  S a f e t y  Boa.rd, 
a s  well. as prelini. inary accideizt r e p o r t s  f o r  1970 and 1971.. 
This  m a t e r i a l  has  been supplemented by s e v e r a l  s t u d i e s  of' 
evacua t ion  exper ience  by the A i r  Force (Sawyer, 1967; Brown, 
1 9 6 9 ;  C h e s t e f f i e l d ,  1969; Reagin, e t  a l . ,  1970; C-5A 
Report ,  1970 ) r a n d  by FAA i n v e s t i g a t o r s  (Mohler, e t  a l . ,  
1965; Basbrcsok, 1 9 6 2 ;  Gamer  and Bletlnrow, 1966, 19701, and 
e s p e c i a l l y  from t h e  r e c e n t  c l a s s i c  s tudy  of t h r e e  major c rash  
evacua t ions  by Snow, e t  ax. 61970). These d a t a  a r e  s t i l . 1  
be ing  analyzed and will be inc luded i n  a  subsequent  r e p o r t .  
To 1968, some 4 7  c i v i l .  a c c i d e n t s  ( i n c l u d i n g  non- je t  a i r  t r a n s -  
p o r t s )  had been i d e n t i f i e d  as hawing involved emergency 
evacua, t ion sysbems. However, t h e  119; f a t a l i t i e s  r e s u l t e d  
from only  f i v e  a c c i d e n t s  and 1 0 5  of t h e s e  1 1 4  f a t a l i t i e s  oc- 
cu r red  i n  j u s t  t h r e e  a c c i d e n t s  s t u d i e d  by Snow: a  United A i r -  
l i n e s  DC-8 c r a s h  in Denver i n  1961, a United A i r l i n e s  Boeing 
727 c r a s h  a t  Salt Lake Ci ty  in 1 9 6 5 ,  and a TWA Boeing 707- 
331 c r a s h  a t  Rome i n  1-964. 

More r e c e n t l y ,  on 2 7  November 1970, a  C a p i t o l  I n t e r n a t i o n -  
a l  Airways, M i l i t a r y  A i r  Command (MAC) c h a r t e r  McDonnell-- 
Douglas DC-8-63F a i r c r a f t  c rashed dur ing  an a t tempted t ake -  
s f  f i n  f r e e z i n g  r a i n  a t  Elxlelzorage, Alaska ( ~ e r o y  , 197 1) . 
F i r e  occurred  b e f o r e  t h e  a i r c r a f t  came t o  r e s t ,  fol lowed by 
s e v e r a l  exp los ions .  For ty - f ive  passengers  and one cabin  
a t t e n d a n t  d i d  n o t  s u r v i v e  because they f a i l e d  t o  evacuate  t h e  
a i r c r a f t - - a  46th passenger d i e d  t h e  fo l lowing day. One 
hundred seven ty - th ree  passengers  and n i n e  crew members s u r -  
vived t h i s  acc iden t .  

L ~ - 5 ~  Emergency Ground and Di tching Egress  T e s t  Report .  1970 
(Unpublished).  



This a i r c r a f t  i s  normally conf igured  to c a r r y  250  pas- 
sengers  wi th  45 rows of  s e a t s  and a  46th raw s i n g l e  s e a t  on 
t h e  r i g h t  s i d e .  However, when used f o r  m i l i t a r y  c h a r t e r ,  
t h e  c o n f i g u r a t i o n  i s  changed t o  2 1 9  passengers  t o  a l low more 
space between rows. There were 2 1 9  passengers and a crew of  
t e n  aboard,  f o r  a  t o t a l  of  2 2 9  occtapan."ss, Passengers  inc luded  
s i x  dependents;  two women, t h r e e  young females ,  and a  two- 
week o l d  i n f a n t .  

The c r a s h  occur red  without p r i o r  warning, While t h e  
a i r c r a f t  was s t i l l  moving t he  l e f t  ovenfling e x i t  was opened 
and f i r e  came i n t o  t h e  cak in ,  IJpon a second impact ,  major 
s t r u c t u r a l  damage occurred ,  A t  t h i s  time, with f i r e  e v i d e n t  
on t h e  r i g h t  s i d e ,  a  number 0% t h e  m i l i t a r y  passengers  un- 
f a s t e n e d  t h e i r  Pap b e l t s  and r e p o r t e d l y  a t tempted @Q g e t  away 
from t h e  f i r e  a r e a ,  b u t  were c a u g l ~ t  by t h e  t h i r d  impact ,  
which threw them forward and i n j u r e d  a e v e r ~ i .  Some s e a t s  
f a i l e d ,  o t h e r s  found themselves o u t s i d e  the a i r c r a f t ,  s t i l l  
s t r a p p e d  i n  t h e i r  burning seats .  

Five  of t h e  twelve cabin  e x a t s  were n o t  u t i l i z e d  because 
they  were e i t h e r  jammed, blocked, o r  n o t  opened. O f  t h e  two 
main l e f t  e n t r y  doors ,  one was jam.ed and i n o p e r a t i v e .  There 
w a e t w o  g a l l e y  s e r v i c e  doors; one was blacked and i n o p e r a t i v e  
and t h e  o t h e r  p a r t i a l l y  blocked.  The two forward e x i t s ,  
of t h e  f o u r  n e t  escape e x i t s ,  operated e f f e c t i v e l y ,  b u t  t h e  
two a f t  e x i t s  were n o t  opened. Three of @he f o u r  aver-wing 
e x i t s  were opened. The cockpi t -cabin  door was blocked by 
f o u r  f e e t  of d e b r i s .  One of t he  "left--hand fon l~ard  escape  
s l i d e s  ended i n  a  pool  of f i r e ,  

There was a f a i l u r e  aE t h e  einlrgency e x i t  h i g h t s ,  which 
might have c o n t r i b u t e d  t o  some f a i l u r e s  to evacuate .  S ince  
s u r v i v o r s  had been s e a t e d  i n  ax% parts s f  t h e  a i r c r a f t ,  it 
has been termed a s u r v i v a b l e  accident ,  A l l  - -- deaths were a t -  
t r i b u t e d  t o  f i r e  ---- and s ~ o k e  irkhalation, a&$hough cyanide was 
a l s o  found i n  t h e  smoke. Eighteen s f  1 9  blood samples taken 
a t  random from s u r v i v o r s  ebibltad carbon xoRsxide s a t u r a t i o n s  
of  from 17.3% t o  6 & , 6 % ,  An i n t e r e s t i n g  findsng, s i m i l a r  t o  
t h a t  found i n  t h e  S a l t  Lake C i % y  7 2 7  crash ,  was mechanical 
o b s t r u c t i o n  of t h e  t r a c h e a ,  b ronch i ,  and k r o n s h i o l % e s  by a  
b lack  carbonaceous  ater rial e v i d e n t l y  pro6.uced i n  t h e  cabin  
f i r e .  Human f a c t o r s  s tudy  o f  t h i s  c rash  i s  n o t  y e t  complete; 
however, t h e  p a t t e r n  of fatal~ties due t o  fire and smoke 
i n h a l a t i o n  i s  s i m i l a r  t o  that oZ previous major s u r v i v a b l e  
a c c i d e n t s  and emphasizes t h e  ceed Ear an emergency p r o t e c t i v e  
smoke hood and adequate  amergeney e x i t  L i a h t i n g ,  and sugges t s  
t h e  need f o r  improved e g r e s s  exits such as m i g h t  be provided 
by an E L S I E  system. 



Within t h e  p a s t  few months, s e v e r a l  a i r l i n e  non-crash 
evacuat:.i.ons have occur red .  I n  January ,  a D e l t a  Dauglas DCI-9 
r an  o f f  t h e  runway on l a n d i n g  a t  Jackson,  M i s s i s s i p p i ,  coming 
t o  a s t o p  w i t h  both  main gea.rs n i r e d  i n  rwd and t h e  nose clear 
toll-apsed. Five  crew m.embers and 2 2  passengers  evacuated  
wi thou t  i n j u r y ,  I n  May, a Piedmont Bseing 737 w i t h  f i v e  crew 
and 59 passengers  aboard ,  was e,vacu.ated wlaen a f i r e  warning 
l i g h t  occur red  on engine  s t a r t ,  The emergency c h u t e s  were 
employed and passerlgers evacuated  wi thou t  i n j u r y  . 

The p o s s i b i l i t y  of emergency evacuat ron o c c u r r i n g  which 
i s  n o t  i n i t i a t e d  by f li.gh"ecrew ,nor even .w i th  f l i g h t  crew 
aware t h a t  an evacua t ion  i s  i n  p r o g r e s s t s h u u l d  be cons ide red  
i n  miLi tary  a i r c r a f t  un t h e  b a s i s  of  tvtro such r e c e n t  occur-  
rences , ,  I n  A p r i l ,  a TFIA Boeing 727  had landed a t  O'Hare 
I n t e r n a t i o ~ a a l  A i r p o r t ,  but. because a, g a t e  was n o t  y e t  r eady ,  
had t o  ho ld  on the: 3cam.p. The f l i g h t  e n g i n e e r  a t t empted  t o  
s t a r t  t h e  a u x i l l a ~ y  pcvarer u n P b  b u t  unbeknownst t o  t h e  crew, 
flame from t h e  APlJ sta.x:t was observed on t h e  r i g h t  s i d e  of 
t h e  a i r c r a f t  by scme passewlgers and a TWA s u p e r v i s o r y  steward-.  
e s s  r i d i n g  as  a non-revenue passenger ,  A s  a r e s u l t ,  an em- 
ergency evacuatioia was i n i t i a t e d  through the two l e f t  wincilow 
e x i t s  and subsequen t ly  through the rear. s t a i r s .  The t h r e e  
scheduled  s t ewardesses  were no t  aware t h a t  an evacua t ion  
was i n  p r o g r e s s  u n t i l  $;hey saw passengers  l e a v i n g  by t h e s e  
e x i t s .  The f l i g h t  deck crew was completely unaware that.  an 
evacua t ion  was i s ?  p r o g r e s s  (opening .overwing e x i t s  sees n o t  
a c t i v a t e  any cock:pi t  slialming l i g h t s ) ,  They were about  t o  con t inue  
t a x i i n g  when t h e  f o n ~ ~ a x d  s t ewardess  knocked on t h e  cock- 
p i t  door,and c o n c u r r e n t l y  a warning Eight  went on a s  t h e  
r e a r  door was opened. The f l i g h t  deck crew then  s h u t  down 
and adv i sed  passengers  t o  e x i t  through t h e  r e a r  s t a i r s .  :No 
emergency evacua t ion  alarm was sounded. Pour s e r i o u s  and 
seven minor passenger  i n j u r i e s  occur red  i n  jumping from t h e  
l e f t  wing l a n d i n g  edge n i n e  f e e t  t o  t h e  c o n c r e t e  ramp. 

The second case  occur red  on 15 May i n v o l v i n g  a Uni ted  
A i r l i n e s  DC-8, with  45 passengers  and seven crew aboard.  
P r i o r  t o  boarding a t  San F r a n c i s c o ,  t h e  crew had been 
a l e r t e d  t o  a bomb t h r e a t .  A s  t h e  f i r s t  e1zgin.e was be ing  
s t a r t e d ,  a pneumatic a i r  hose broke l o o s e  and began t o  f l a i l  
abou t ,  knocking down t h e  ramp crewman and d i s c o n n e c t i n g  h i s  
interpliome. The e x p l o s i v e  n o i s e  of  t h e  hose p a r t i n g  and 
subsequent  u n i d e n t i f i e d  n o i s e  of t h e  f l a i l i n g  a g a i n s t  t h e  
a i r c r a f t  caused t h e  nervous s t ewardess  to commence evacua t ion .  
Overwing e x i t s ,  r e a r  e x i t  s l i d e ,  and an a f t  e x i t  s l i d e  were 
employed, and t h e  a i r c r a f t  was evacuated  i n  4 0  secon.ds. S i x  
passengers  r e c e i v e d  s e r i o u s  i n j u r i e s  when they  jumped t o  t h e  
ramp from t h e  wings. 



The subsequen t  e v a c u a t i o n  of a Bseing 7 4 7  a t  San 
F r a n c i s c o  h a s  a l s o  p a i n t e d  up problems with emergency evacua- 
t i o n  equipment and shown t h a t  a  new gene ra t3on  s f  e scape  d e v i c e s  
w i l l  r e q u i r e  new t e c h n i q u e s .  Some of  these problems p e r t i n e n t  
t o  A i r  Force  a i r c r a f t  w i l l  be  i n c l u d e d  s u b s e q u e n t l y  i n  t h i s  r e p o r t ,  
t o g e t h e r  w i t h  f u r t h e r  a n a l y s i s  of civil a i r  t r a n s p o r t  evacua- 
t i o n  e x p e r i e n c e .  

J E T  TRANSPORT DITCHINGS 

J e t  a i r  t r a n s p o r t  d i t c h i n g s  are r a r e ,  w i t h  o n l y  one 
i n t e n t i o n a l  c i v i l  i n s t a n c e ,  i n v o l v i n g  a DC-9, r e p o r t e d  t o  d a t e .  
One C - 1 4 1  c r a s h  i n t o  t h e  sea d u r i n g  t a k e o f f  has  a l s o  o c c u r r e d ,  
a s  well a s  one c i v i l  (DC-8) c r a s h  d i t c h i n g  d u r i n g  an a t t empted  
l a n d i n g  however, t h e r e  was no i n t e n t  t o  d i t c h  i n  e i t h e r  o f  
t h e s e  c a s e s .  Because of t h e  r a r i t y  s f  t h i s  c r a s h  impact  and 
e g r e s s  e x p e r i e n c e  p e r t i n e n t  h m a n  f a c t o r s  f i n d i n g s  i n  t h e s e  
c a s e s  a r e  summarized a s  f o l l o w s ,  

(1) A Scandinavian  A i r l i n e s  Systems McDonneU-Douglas 
DC-8-62 c r a s h e d  on 1 3  Janua ry  1969 i n  S a n t a  Monica Bay approxi -  
mate ly  s i x  miles o f f  Eos Angeles I n t e r n a t b a n a l  A i r p o r t .  Th i s  
a i r c r a f t  was a t t e m p t i n g  an  i n s t r u m e n t  approach t o  Runway 07R 
which r e s u l t e d  i n  "an  unplanned d e s c e n t  i n t o  t h e  water ' "  
( N a t i o n a l    ran sport at ion S a f e t y  Board, 1370a) ,  The a i r c r a f t  
was d e s t r o y e d  by impact ,  w i t h  t h e  f u s e l a g e  b r e a k i n g  i n t o  
t h r e e  p i e c e s ,  two of which sank i n  350 feet s f  w a t e r .  The 
t h i r d  s e c t i o n ,  i n c l u d i n g  t h e  wings ,  t h e  forward c a b i n ,  and 
t h e  c o c k p i t ,  f l o a t e d  f o r  about. 20 hours  before b e i n g  towed 
i n t o  sha l low w a t e r  where i t  sank (aad wag l a t e x  r e e b p e r e d ) .  
Of t h e  45 pe r sons  aboard  t h e  a i r c r a f t  3 passengers and. l c a b i n  
a t t e n d e n t  drowned; 9 passenge r s  and 2 cabin a t t e n d e n t s  a r e  
m i s s i n g  and presumed dead; 11 passengers and 6 crew members 
( i n c l u d i n g  t h e  c a p t a i n ,  t h e  second pilot, and t h e  systems 
o p e r a t o r )  were i n j u r e d  i n  v a r y i n g  degrees; and 13  p a s s e n g e r s  
escaped  w i t h o u t  r e p o r t e d  i n j u r y .  There was no Fire. The 
f l i g h t  r e c o r d e r  was r ecove red  and i n d i c a t e d  water had 
o c c u r r e d  a t  155 k n o t s  a i r s p e e d  and  + 1 , 5  G v e r t i c a l  a c c e l e r a -  
t i o n  a t  t h e  C . G . ,  taiLdewn, 

The s i x  crewmember s u r v i v o r s  were l o c a t e d  in t h e  forward  
p o r t i o n  of  t h e  aircraft, w i t h  1.8 passcnges S U T S ~ ~ ~ V O T S  from 
t h e  forward t o u r i s t  c a b i n  t h a t  re~lained aflcat.,  and 6 pass -  
enge r  s u r v i v o r s  from t h e  a f t  c a b l n  scc t ion ,  The c o c k p i t  f i l l -  
ed  w i t h  w a t e r  t o  o n e - t h i r d  dep th ,  Passenger s u r v i v o r s  r e p o r t e d  
o n l y  one impact  which t h e y  described as a very hard Landing. 
The i n p a c t  was fo l lowed  by r a p i d  d e c e $ e r a t i o n ,  Q u a n t i t i e s  
of wa te r  were f o r c e d  up through the cabin $100r, and t h e  c e n t e r  
a i s l e  between s e a t  rows 2-lk were d i s r u p t e d ,  w i t h  p o r t i o n s  
m i s s i n g  e n t i r e l y  and l e a v i n g  openings down t o  t h e  baggage 
compartment. T h i s  c o n d i t i o n  made evacua t ion  d i f f i c u l t .  The 
s u r v i v i n g  crewmembers, a s s i s t e d  by a norirevence capta in  
and s t e w a r d e s s ,  evacua ted  pas senge r s  Cram t h e  cabin o n t o  t h e  
w l n q s  th rough  t h e  overwing e x i t s ,  aaad i n t o  l j f e  r a f t s .  T i m e  from 
~ r n k ) . t < - t  t o  rescue was estimat.ed as from 45 minu te s  t o  1, hour .  



The s u r v i v o r s  r e p o r t e d  s e v e r a l  e g r e s s  problems, mainly 
a s s o c i a t e d  wi th  t h e  p a n i c  c o n d i t i o n s  fo l lowing  t h e  impact .  A 
major problem that:  cou ld  have a f f e c t e d  s u r v i v a b i l i t y  fo l l~owing  
t h i s  a c c i d e n t  was t h e  r e p o r t e d  r a p i d  c o l l a p s e  of two l i f e  
r a f t s  when they  were punctured  by t h e  jagged wreckage ( d e s p i t e  
double tube  cons t r ruc t i c~n) .  I t  was sugges ted  t h a t  an improve- 
men,t; would be t o  compa:rtmen,t;alize t h e  t u b e s  and connect  
them wi th  one-way flow v a l v e s  t o  i n c r e a s e  l i f e - r a f t  r e l i a b i l i t y .  
The "Fas ten  S e a t  B e l t A '  s i g n  was on b u t  t h e  "No Smoking" s i g n  
had. no t  y e t  bec?m.n. t u r n e d  on. All occupants  a p p a r e n t l y  had 
s e a t  be l t s  o n ,  b u e t h e  n a t u r e  and cause  of occupant  i n j u r i e s  
a s  t o  wlzet.her r e c e i v e d  a t  impact o r  d u r i n g  evacua t ion  was n o t  
r e p o r t e d ,  F a i l u r e  of l i f e - j a c k e t  l i g h t s  was r e p o r t e d .  Dif- 
f i - c u l t y  was no ted  i n  :f:inding t h e  l i f e - -mf t  cover  r e l e a s e  p u l l  
s t r i n g .  I n  the darkness  on t h e  wing l i f e  r a f t s  had t o  be t u r n -  
ed  over  s e v e r a l  times t o  l o c a t e ,  and it was sugges ted  t h a t  
l i fe - raf t ,  covers should  have a  b a l l  handle  and/or  luminous 
p o i n t  t o  f a c i l i t a r t e  f i n d i n g  the  l a n y a r d  f o r  t h e  l i f e - r a f t  in-- 
f l a t i o n .  The emergency cab in  l i g h t s  o p e r a t e d ,  a l though  it  
was reported.  they  d i d  mot remain l i g h t e d  long ,  Some of  t h e  
s u r v i v o r s  r e p o r t e d  t h a t  t i l e  s t a n d a r d  s e a t  b e l t s  had e x t r a  
long f r e e  ends which de layed t h e i r  r e l e a s e ,  s i n c e  they  had 
t o  i n t e r p r e t  what t h e  problem was dur ing  a  t i m e  of p a n i c ,  
a s  w e l l  a s  r e q u i r i n g  both  hands t o  r e l e a s e  t h e  b e l t .  

( 2 )  On May 2 ,  1970, an ALM Dutch Ant i l - lean  A i r l i n e s  
DC-9-33F d i t c h e d  29 m i l e s  ENE of S t ,  Groix ,  V.I. very-high- 
frequency omnirange (VOR) i n  t h e  Caribbean Sea.  This  f l i g h t  
depar ted  J,F, Kennedy I n t e r n a t i o n a l  A i r p o r t ,  New York f o r  
S t .  Maartens,  Nether lands  A n t i l l e s ,  w i t h  55 a d u l t  p a s s e n g e r s ,  
two i n f a n t s ,  and a crew of s i x  aboard.  A t  S t .  Maartens,  a f t e r  
a b o r t i n g  one automat ic  d i r e c t i o n  f i n d e r  (ADF) approach and 
t h r e e  c i r c l i n g  approaches ,  they  d i v e r t e d  t o  S t .  Thomas, 
and changed course  t o  S t .  Cro ix ,  due t o  f u e l  s h o r t a g e .  This  i s  
t h e  o n l y  known i n t e n t i o n a l  d i t c h i n g  of  a  scheduled  j e t  a i r  
t r a n s p o r t  a i r c r a f t  t o  d a t e .  Twenty-three occupan t s ,  i n c l u d i n g  
two i n f a n t s  and t h e  s t e w a r d e s s ,  d i d  n o t  s u r v i v e .  

The c a p t a i n  i n s t r u c t e d  t h e  p u r s e r  t o  b r i e f  t h e  passe:ngers 
f o r  a p o s s i b l e  d i t c h i n g  approximately 1 0  minutes p r i o r  t o  
t h e  d i , t c h i n g ,  and t o  have t h e  passengers  don l i f e  j a c k e t s  
a s  a  p r e c a u t i o n a r y  measure, No f u r t h e r  i n s t r u c t i o n s  were 
g iven ,  The n a v i g a t o r ,  wi th  t h e  h e l p  of t h e  p u r s e r  and a  :male 
passenger ,  r e p o s i t i o n e d  t h e  l i f e r a f t  from t h e  c o a t  c l o s e t  
i n t o  t h e  g a l l e y  a r e a ,  w i t h  some d . i f f i c u l t y .  Passengers  rle- 
p o r t e d  d i f f i c u l t y  i n  removing l i f e  v e s t s  from t h e  s t o r a g e  
pocke t s  under t h e  s e a t s .  The s teward  p u t  l i f e  v e s t s  on t:he 
two i n f a n t s  aboard.  

There was no "p repare  t o  d i t c h ' h a r n i n g  g iven by t h e  crew 
p r i o r  to wate r  impact ,  n o r  was a  "brace  f o r  impact"  warniing 
g iven.  Ne i the r  t h e  n a v i g a t o r  n o r  t h e  p u r s e r  had t ime t o  
f a s t e n  h i s  s e a t  b e l t  b e f o r e  impact .  The s t e q a r d  was seatlod 
on t h e  l i f e r a f t  package, f a c i n g  a f t ,  The s t ewardess  p o s i t i o n  
a t  impact i s  u n c e r t a i n ,  Some passengers  were s e a t e d  u p r i g h t ;  



some had assumed a b race  p o s i t i o n ;  o t h e r s  were s t a n d i n g ,  don- 
n ing  t h e i r  l i f e  v e s t s ,  when impact occurred .  There were 
r e p o r t s  of s e a t  f a i l u r e s .  Some'passengers d i d  k@k have - 

t h e i r  s e a t  b e l t s  f a s t e n e d  a t  impact.  Other  passengers  r e -  
p o r t e d  be ing  thrown from t h e i r  s e a t s  d e s p i t e  having f a s t e n e d  
s e a t  b e l t s  (a l though t h e  r e p o r t  does n o t  provide  t h i s  informa- 
t i o n ,  s i m i l a r  i n s t a n c e s  have p rev ious ly  occurred  when long  

b e l t  ends whipped and r e l e a s e d  buckles  i n  t h e  metal-to-web- 
b ing  type  s e a t  b e l t s ) .  One couple r e p o r t e d  t h a t  they  had un- 
f a s t e n e d  t h e i r  b e l t s  p r i o r  t o  impact i n  o r d e r  t o  be  a b l e  t o  
evacuate  f a s t e r .  Evacuat ing passengers  observed unconscious 
o r  apparen t ly  l i f e l e s s  passengers  s-&sequent t o  impa.ct. The 
p i l o t  had a l i f e  v e s t  on a s  w e l l  a s  shou lde r  ha rness  and s e a t  
b e l t .  The c o p i l o t  wore h i s  shou lde r  harness  b u t  no l i f e  v e s t .  
The impact d e c e l e r a t i o n  was r e p o r t e d  t o  be s e v e r e ,  l o n g i t u d i -  
n a l ,  with a  minor l e f t  l a t e r a l  component, 

Post- impact ,  t h e  c o p i l o t ,  navigakox, purse r ,  and steward 
evacuated  through t h e  g a l l e y  door a f t e r  having d i f f i c u l t y  
wi th  t h e  l i f e  r a f t ,  which i n f l a t e d  i n  t h e  g a l l e y  a r e a .  A pass-  
enger  s e a t e d  n e x t  t o  t h e  r i g h t  a f t  o v e m i n g  e x i t  opened t h i s  
e x i t  a s  soon a s  t h e  a i r c r a f t  came t o  rest and e x i t e d ,  fol lowed 
by a t  l e a s t  2 2  o t h e r  passengers .  Two passengers  from t h e  
f i r s t  row e x i t e d  through t h e  c o c k p i t  window, swam t o  t h e  
l e f t  s i d e  of t h e  f u s e l a g e  and opened t h e  left sverwing e x i t s  
from t h e  o u t s i d e ,  and helped a. man and woman passenger e g r e s s .  

None of 5 l i f e r a f t s  aboard was deployed. The Navigator 
found t h e  emergency-escape s l i d e  from t h e  g a l l e y  s e r v i c e  a r e a  
f l o a t i n g  i n  t h e  wa te r  and i n f l a t e d  i t .  Many passengers  and 
t h e  c o p i l o t  congregated around t h i s  f l o t a t i o n  d e v i c e .  L i f e  
r a f t s  subsequent ly  dropped were n o t  l o c a t e d  or could  no t  be 
r e t u r n e d  t o  t h e  passenger area  due t o  rouqh s e a s  wi th  s i x  t o  
e i g h t  f o o t  s w e l l s .  For ty  persona ,  including 35 paqscsgers  and 
f i v e  crew members, survived (Na t iona l  Transpor ta t ion  Safe ty  
Board, 1 9 7 0  C) . 

( 3 )  A c rash  occurred  13  A p r i l r l 9 6 7  i n  Cam Ran Bay dur ing  
t akeof f  of  a  C - 1 4 1 A  a i r c r a f t .  A f t e r  t h e  p i l o t  noted  t h e  con- 
t r o l s  f e l t  "mushy" on t a k e o f f ,  t h e  a i r c r a f t  s t r u c k  t h e  water  
a t  about  1 4 0  k n o t s ,  and was des t royed .  Water e o n t a c t  was i n  
a f l a t  l e f t -wing  low a t t i t u d e ,  wi th  wing f l a p s  extended t o  
7 5 % ,  l and ing  g e a r  full down, and t h e  s p o i l e r s  i n  t h e  ground 
p o s i t i o n .  Seven crew members were f a t a l l y  i n j u r e d  o r  drowned, 
one ( t h e  loadmaster )  received- major i n j u r i e s ,  and one ( t h e  
p i l o t  s e a t e d  i n  t h e  l e f t  s e a t )  r ece ived  minor i n j u r i e s  of t h e  
f a c e  and limbs. The two s u r v i v o r s  were transferred t o  t h e  
h o s p i t a l  1 hour  9 minutes post- impact ,  

I n s u f f i c i e n t  in fo rmat ion  i s  a v a i l a b l e  t o  e v a l u a t e  t h e  
C - 1 4 1  d i t c h i n g  c h a r a c t e r i s t i c s  from t h i s  c r a s h ,  s i n c e  t h e  a i r -  
c r a f t  was n o t  i n  recommended d i t c h i n g  conf igura t ionP- the  g e a r  
was down, f l a p s  i n  approach p o s i t i o n ,  s p o i l e r s  deployed, and 
a i r  speed e x c e s s i v e ,  A l l  cockpi t  s e a t s  were found wi th  t h e  
seat b e l t s  unfas tened and i n e r t i a l  r ee l s  au tomat ica l ly  locked 
(cxccpt  f o r  t h e  c o p i l o t ' s  s e a t ) .  



Both s e a t - b e l t  assembl ies  f a i l e d  ( s i d e - f a c i n g )  t h a t  t h e  
Xoadrnasters were us ing  i n  t h e  a f t  compartment, coming loose  
from t h e  r i n g s ,  

Although t h e  probable  cause of  f a t a l i t i e s  was drowning, 
t h e  i n v e s t i g a t i o n  noted t h a t  t h e  a i r c r a f t  commander and one 
f l i g h t  eng inee r  had head i n j u r i e s  which might have rendered  
them unconscious post- impact .  S i m i l a r l y  ano the r  eng inee r  
r e p o r t e d l y  had, a crushed l e f t  c h e s t  wln.ich could be a t t r i b u t e d  
t o  impact. Although the s u r v i v i n g  p i l o t  was wearing an upper 
t o r s o  r e s t r a i n t ,  t h e  a c c i d e n t  r e p o r t  does n o t  i n d i c a t e  whether 
t h e  f a , t a l l y  i n j u r e d  crew rnember:~ were wearing upper t o r s o  
r e s  t r a i n . t s  . 

The f l igh t -deck  i n t e r i o r  was submerged w i t h i n  seconds 
a f t e r  water  impact.  The p i l o t  (IP was i n  r i g h t  s e a t )  a t tempt-  
ed t o  s t a n d  up b u t  found t h i s  s e a t  b e l t w a s  s t i l l  on. A f t e r  
r e l e a s i n g  it be s t a r t e d  swimming up, was pounded back by t h e  wing 
s e c t i o n ,  and f i n a l l y  climbed on a wooden p a l l e t .  The s u r v i v i n g  
loadmaster  was slammed i n t o  t h e  bulkhead between t h e  g a l l e y  
and f l i g h t  deck e n t r a  ce when h i s  s e a t  b e l t  f a i l e d .  A s  t h e  
a i r c r a f t  was immediately f i l l e d  wi th  water  he g o t  t a n g l e d  
up t r y i n g  t o  s w i m  o u t ,  and f i n a l l y  found a h o l e ,  e i t h e r  t h e  
open t roop  door o r  a gaping h o l e  i n s i d e .  He d i d  n o t  open 
any escape ha tch .  He d i d  n o t  t h i n k  anyone was k i l l e d  by impact 
b u t  r a t h e r  t r apped  and drowned. 

No warning was given t o  any of t h e  crew p r i o r  t o  t h e  
d i t c h i n g ,  al though t h e  s u r v i v i n g  loadmaster ,  who was on i n t e r -  
phone, could t e l l  t h e r e  was some s o r t  o f  emergency from t h e  
c o c k p i t  conversa t ion .  J u s t  p r i o r  t o  impact t h e  p i l o t  t r i e d  
t o  warn t h e  IP. The c rash  circumstances of t h i s  accident .  
p rec lude  any conclus ions  concerning evacuat ion  under normal 
d i t c h i n g ,  excep t  t o  i n d i c a t e  t h a t  t h e r e  may be l i t t l e  e g r e s s  
t ime post- impact .  However, f a i l u r e  of t h e  s i d e - f a c i n g  s e a t  
b e l t  a s sembl ies ,  and t h e  p o s s i b i l i t y  t h a t  two of t h e  f l i g h t  
deck crew were n o t  wearing u p p e r t o r s o  r e s t r a i n t  could have 
c o n t r i b u t e d  t o  l a c k  of  s u r v i v a l .  

The poor e g r e s s  and s u r v i v a b i l i t y  exper ience  r e p r e s e n t e d  
by t h i s  s i n g l e  C - 1 4 1 A  c rash-d i t ch ing  t o  d a t e  had been pre-  
v i o u s l y  p r e d i c t e d  i n  a s tudy  by McInt i re  ( 1 9 6 7 ) .  Using Army 
para t rooper  ~ u b j e c t s ~ e m e r g e n c y  evacuat ion  time i n  t h e  C - i 4 1 A  
was i n v e s t i g a t e d  under s imula ted  d i t c h i n g  c o n d i t i o n s .  Mclrnt ire 's  
review o f  p r i o r  d i t c h i n g  and water -crash  c a r g o - t r a n s p o r t  ac- 
c i d e n t s  showed t h a t  high-wing a i r c r a f t  e i t h e r  head up and 
s i n k  immediately, o r  they  a r e  h e a v i l y  damaged and q u i c k l y  s i n k  
t o  t h e  wing l e v e l ;  i n  both c a s e s  f lood ing  t h e  passenger  com- 
partment  w i t h i n  5 t o  30 seconds. The most r a p i d  d i t c h i n g  
evaucat ion  time r e p o r t e d  i n  t h e  C - 1 4 1  tes ts  was 230  secorlds 
when l i f e  r a f t s  were n o t  deployed, and 337 seconds ( 5 . 6  min) 
when t h e  l i f e  r a f t s  were deployed. The average t ime found 
r e q u i r e d  t o  evacuate  1 1 4  passengers  and 6 crew members and t o  



deploy l i f e  r a f t s  and surv iva l  equipment was 4 8 0  seconds. 
McIntire concluded t h a t  " i f  a high wing t r a n s p o r t  l i k e  t he  
C - 1 4 1  goes i n t o  the  water ,  and i f  t he  cabin remained l e v e l  
and does not  f i l l  with water ,  and i f  t he re  were no i n j u r i e s ,  
1 1 4  passengers and s i x  crew members w i l l  r equ i r e  approximately 
450  seconds t o  escape the  a i r c r a f t  and deploy t h e i r  su rv iva l  
equipment. I n  an a c t u a l  emergency, it i s  reasonable t o  ex- 
pec t  t h a t  t he  escape time w i l l  be longer" ( 1 9 6 7 ) .  Since a 
maximum time of 30 seconds i s  ava i l ab l e  p r i o r  t o  t he  a i r c r a f t  
s ink ing ,  t he  p robab i l i t y  of passenger escape i n  t h i s  s i t u a t i o n  
i s  poor. Note t h a t  these  simulated t e s t s  d id  no t  involve 
f i r e  o r  smoke hazards ,  which could considerably increase  these  
evacuation times. 

The accident  experience r e l a t i n g  t o  @-135, C-141,and 
comparable c i v i l  a i r  c a r r i e r s  which has been summarized i n  the  
foregoing provides a r e a l i s t i c  opera t iona l  background necessary 
f o r  i d e n t i f i c a t i o n  of requirements and problems i n  crash impact 
p ro tec t ion  and egress .  

This opera t iona l  experience a l s o  serves as  a background 
fo r  more ob j ec t i ve  assessment of t he  p o t e n t i a l  e f f ec t i venes s  
of proposed concepts considered t o  be within t h e  cur ren t  s t a t e  
of the  a r t .  
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CONFIGURATIONS 

The Lockheed C-141A S t a r l i f t e r  i s  a  high-wing f o u r  
engine  turbofan--powered f r e i g h t e r  and t r o o p  c a r r i e r  opera t -  
ed  by t h e  M i l i t a r y  A i r l i f t  Command. I t  i s  t h e  f l y i n g  element 
of L o g i s t i c s  Support  System 476L, des igned t o  provide  y loha l -  
range a i r l i f t  f o r  t h e  MAC and s t r a t e g i c  deployment c a p a b i l i -  
t i e s  f o r  t h e  U.S. S t r i k e  Cormnand ( i n c l u d e s  t h e  S t r a t e g i c  Army 
Corps and Composite A i r  S t r i k e  Forces of T a c t i c a l  A i r  Command). 
This  a i r c r a f t  was FAA type  c e r t i f i e d  i n  January ,  1965, b u t  
has  n o t  been c e r t i f i e d  f o r  c i v i l  a i r  c a r r i e r  use .  Maximurn 
c a p a c i t y  i s  138 t r o o p s ,  123 p a r a t r o o p s ,  o r  80 l i t t e r s ,  and a  
normal crew of 5.  

However,several a l t e r n a t i v e  s e a t i n g  arrangements a r e  
used o p e r a t i o n a l l y  and each p r e s e n t s  d i f f e r e n t  problems of 
occupant s e a t - r e s t r a i n t  system p r o t e c t i o n  a s  w e l l  a s  i n f l u e n c -  
i n g  p o t e n t i a l  c rash  impact eva.cuation flow. When t h e  a i . r c ra f  t 
i s  used a s  a  t r o o p  c a r r i e r ,  s e a t i n g  accommodations a r e  provid-  
ed f a r  154 ground t r o o p s  o r  923  para t roops .  A number of 
o t h e r  t roop-ca r ry ing  c o n f i g u r a t i o n s  a r e  a l s o  p o s s i b l e ,  i n  
combination wi th  t h e  s e a t s .  F igure  2 ( A )  shows t h e  t r o o p  
s e a t i n g  arrangement f o r  1.54 t r o o p s  i n  a  maximum d e n s i t y  
c o n f i g u r a t i o n ,  o r  f o r  131 t r o o p s  when a  comfort p a l l e t  i s  i n -  
s t a l l e d .  S e a t s  c o n s i s t  of two outboard  s e c t i o n s  of s i n g l e  
r e a r - f a c i n g  s e a t s ,  and a  medial  row of double ,  r e a r - f a c i n g  
s e a t s .  However, i n  cases  where pa ra t roops  a r e  c a r r i e d  t h e  
r e a r - f a c i n g  s e a t s  a r e  r ep laced  by f o u r  s e c t i o n s  of s i d e - f a c i n g  
n e t  s e a t s  (F igure  2 ,  Sec t ion  AA) capable  of ho ld ing  123 
para.troops wi thou t  a  comfort p a l l e t ,  o r  1 0 4  pa ra t roops  w i t h  
a  comfort p a l l e t  i n s t a l l e d .  There i s  a l s o  a  modi f i ca t ion  of 
t h i s  l a t t e r  arrangement ( C - 1 4 1 A  K i t  W1) c o n s i s t i n g  of one 
row of inboard  f a c i n g  canvas s e a t s  p o s i t i o n e d  a long each 
s i d e  of t h e  cargo compartment. 

When t h e  s e a t i n g  arrangement c o n s i s t s  of 46  t h r e e -  
p l a c e  r e a r - f a c i n g  s e a t s  wi thout  a comfort p a l l e t  138 t roops  
can be c a r r i e d ,  o r  120 t r o o p s  i n  4 0  t h r e e - p l a c e  r e a r - f a c i n g  
s e a t s  when a  comfort p a l l e t  i s  a v a i l a b l e  (Figure  3 ) .  Such 
s e a t s  have e i t h e r  2-inch o r  3-inch l a p  b e l t s  wi th  no shou lde r  
h a r n e s s ,  and a r e  s t r e s a z d  f o r  1 6 G  impact loads .  

F igure  4 i l l u s t r a t e s  a  t y p i c a l  l i t t e r  arrangement.  
The C - 1 4 1 A  i s  capable  of accomodating a  maximum of 80 l i t t e r s  
i n  t h r e e a n d  four-  l i t t e r - d e e p  v e r t i c a l  arrangements ,  w i t h  t h e  
l i t t e r  passengers '  heads f a c i n g  forward. 



A C-141A crew normally consists of a pilot, copilot, 
flight engineer, navigator, and loadmasterjs) when passengers 
are carried, but may also include nurses, corpsmen or flight 
surgeons when litter patients are carried. Figure 5 shows the 
flight-deck crew positions. Up to nine personnel can be 
accommodated on the flight deck, if the collapsible I . P .  
seat, two aft auxillary crew seats, and two seat provisions 
on the lower aft bunk are utilized, The pilot%s, copilot's, 
navigator's, and flight engineer's seats are designed for 
16 G impact, while the I,P. seat (located to the rear and 
between the pilot and copilot seats) and the two aft 
auxillary crew seats are probably not stressed for over 9 G. 
There is no information on design of the two lower bunk 
seat-restraint limits. All flight-deck crew seats are 
forward-facing, except for the navigator's and flight 
enqineer's seats, which are normally side-facing, but which 
swivel and can be placed in a forward-facing (or rearward- 
facing) position. 
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Figure 6. C-141A Location of Emergency 
Escape Routes and Exits. 



C-135 CONFIGURATIONS 

The Boeing C-135 cargo c a r r i e r  o r  t roop  t r a n s p o r t  (and 
KC-135 t a n k e r )  i s  a  low-wing long.. range f o u r  engine a i r c r a f t ,  
p r i m a r i l y  i n  use wi th  t h e  S t r a t e g i c  A i r  Command, wi th  over  
8 0 0  be ing  i n  s e r v i c e .  Normal crew c o n s i s t s  of f i v e ;  a  p i l o t ,  
c o p i l o t ,  f l i g h t  eng inee r ,  navigator1  and Loadmaster. The 
p r e s s u r i z e d  and a i r - c o n d i t i o n e d  cargo compartment has pro- 
v i s i o n s  f o r  s e a t i n g  up t o  a  maximum of 1 2 6  t roops .  M i l i t a r y  
A i r l i f t  Command o p e r a t e s  t h r e e  VC-137B models, ho ld ing  a 
crew of  7 o r  8 and 50 passengers ,  and one VC-137C, with  a  
crew of 7 o r  8 and 49  passengers  which i s  used f o r  t h e  
P r e s i d e n t  and government o f f i c i a l s .  This a i r c r a f t  i s  modified 
from t h e  Boeing 7 0 7  C i v i l  A i r  Carrier ve r s ion .  

Troops o r  personnel  can be c a r r i e d  i n  a l l  c o n f i g u r a t i o n s  
of t h e  a i r c r a f t  a s  s p e c i f i e d  i n  T.0, I@-135A-9. I n  a  cargo 
c o n f i g u r a t i o n  passengers  may be c a r r i e d  s e a t e d  i n  c o l l a p s i b l e  
s e a t s  of nylon f a b r i c ,  suppor ted  by metal  t u b i n g ,  stowed on 
each s i d e  of t h e  f u s e l a g e .  These s i d e - f a c i n g  s e a t s  w i l l  
ho ld  75 i n d i v i d u a l s ,  and each seat  p o s i t i o n  i s  designed t o  be 
equipped with a  l a p  b e l t ,  shou lde r  ha rness ,  and stowage 
bag f o r  a  p o r t a b l e  oxygen b o t t l e ,  

F igure  7 i l l u s t r a t e s  a t y p i c a l  o p e r a t i o n a l  s e a t i n g  
arrangement f o r  65 t r o o p s  which t h e  au thors  observed a t  
Lockbourne AFB. S t i l l  another  c o n f i g u r a t i o n  was p rev ious ly  
i l l u s t r a t e d  i n  F igure  1. I n  both  of t h e s e  cases  t h e  a i r c r a f t  
a l s o  c a r r y  cargo a s  w e l l  as passengers .  A s  shown i n  Figure  7 ,  
t h e r e  a r e  p r o v i s i o n s  f o r  5 5  t roops  i n  folding nylon s i d e -  
f a c i n g  s e a t s  p o s i t i o n e d  d o n g  each side of t h e  fuse lage  and 
i n  t h e  t a i l  s e c t i o n .  These s e a t s  a r e  equipped wi th  shoulder  
ha rnesses  and l a p  b e l t s .  I n  a d d i t i o n ,  t h e r e  a r e  10 r e a r -  
f a c i n g  s e a t s  i n  t h e  a f t  s e c t i o n  of t h e  cargo compartment. 
The s e a t s  have e i t h e r  2-or 3- inch wide lap-be$-ts.  There a r e  
a l s o  f o u r  crew bunks. 

A passenger c o n f i g u r a t i o n  ( w i t h  no cargo c a r r i e d )  c o n s i s t s  
of 4 2  af t -fa .cing track-mounted t r i p l e - s e a t  u n i t s  mounted on 
e i t h e r  s i d e  of t h e  fuse lage  f o r  s i x  ab rea s t  s e a t i n g ;  a  
c a p a c i t y  of 1 2 6  t r o o p s  can be car r ied ,  Where t h e  a i r c r a f t  i s  
u t i l i z e d  f o r  aeromedical evacua t ion ,  4 4  l i t t e r s  and e igh teen  
t r i p l e  a f t - f a c i n g  s e a t  u n i t s  for 54 passengers  can be 
mounted. 
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C-135 AND C-141 CRASH IMPACT AND BNERGENCY EGRESS OBSERVATIONS 

Analysis of USAF air transport crash safety and crew- 
passenger emergency egress previously conducted by Reagin 
et a1. (l970), Brown (1969) , and Sawyer ( 1 9 6 7 )  have 
indicated that serious deficiencies exist In most of the 
aircraft studied. In order to determine the nature of 
current operational procedures and configurations for the 
C-135 and C-141 aircraft, inspection of several aircraft 
considered by Air Force authorities as having typical 
operational configurations was ~onducted~as made avail- 
able. Three C-14lA (MAC) aircraft were examined at 
Norton AFB, California and one KC-L35A (SAC) aircraft was 
examined at Lockbourne AFB, Ohio, This was necessary 
in order to more realistically analyze the previous 
accident experience, and to better evaluate advanced 
concepts in light of current experience and typical 
operational configurations. Since the actual number of 
aircraft inspected was extremely limited, they may not 
validly represent the total Air Force air transport 
inventory for these aircraft. Nevertheless, our ob- 
servations showed that there may be a considerable dif- 
ference between the technical manual (T.0.) for the aircraft 
and field operation in relation to the emergency egress 
items studied. Further, they confirmed for the most part the 
earlier reports of deficiencies by the Combat Egress 
Tdorking Group, as well ziq pointing up some additional 
areas of concern. The followicg sumar lzed  these 
observations. 

C-141A: 
(9) No path markers or exit arrows were found in - 

these aircraft, 
(2) There were no emergency instruction cards locat- 

ed in theseyircraf t, 
(3) In one aircraft the sign "EMERGENCY EXIT" inside 

the main (left) entrance door was almost complete- 
ly chipped away by wear, and the edges of both 
zhe sign and exit orange-yellow painted outline 
band had been spray-painted over so that they 
could barely be seen a% close range in daylight. 
They could not have Seen seen from a distance 
or under poor light or smoke conditions. 

(4) The yellow exit outline around aLL escape doors, 
hatches and windows was faded, painted over 
and obscured on two aircraft, and worn on a 
third. 

(5) There were no signs or arrows indicating the 
location of either crash axes or fire extinguish- 
ers. None of the crash axes or fire extinguish- 
ers in any of these aircraft were painted, all 
being bare metal. Figure 1 0  shows a typical 
unpainted, unmarked fire-extinguisher located 
under the inboard-aft crew flight-deck seat. 
The unmarked, unpainted fire axe w a s  heated 
on the wall behind the seat back. 





The emergency rope (and rope  l a d d e r s )  were 
marked w i t h  smal l  l e t t e r s  on yellow s i g n s ,  
b u t  can n o t  be seen  from a  d i s t a n c e ;  some 
ropes were kno t t ed  and some were n o t .  
There were e x c e l l e n t  s l ip -p roof  f l o o r i n g  dev ices  
i n s t a l l e d  a long t h e  cargo f l o o r .  
On t h e  f l i g h t  deck of one a i r c r a f t  t h e  s i g n  
" E x i t  Release P u l l  Handle" a d j a c e n t  t o  t h e  crew 
a f t  roof escape  ha tch  was f a c i n g  t o  t h e  r i g h t  
s i d e  of t h e  a i r c r a f t ,  requiring an awkward 
head r o t a t i o n  i n  o r d e r  t o  r ead  t h e  s i g n .  On 
a  second a i r c r a f t  t h e  " E x i t  Release P u l l  Handle" 
s i g n  was miss ing  e n b i r e l y  from tHbs escape  
ha tch .  
There was no c r a s h  impact in te rna l .  e x i t  emer- 
gency i l l u m i n a t i o n  system i n  t h e  a i r c r a f t  
examined. A t  n i g h t  o r  under smoke c o n d i t i o n s  
e x i t  s i g n s  could  no t  be seen ,  
There was no e x t e r n a l  e x i t  emergency l i g h t i n g  
system. 
No i l l u m i n a t i o n  o r  marking of escape  p a t h s .  
S ide-fac ing webbing t r o o p  s e a t s  a long both  
c a b i n  w a l l s  blocked a19 cab in  s i d e  e x i t s  
excep t  f o r  forward e n t r y  door.  
A number of s e a t  b e l t s  were o l d ,  f r ayed  and 
worn, and i t  would be d o u b t f u l  t h a t  they  
could  pass minimum s t a t i c  load t e s t s  (MIL 
W4088E Revis ion ,  o r  F Revision Type 2 4  f o r  2-inch 
b e l t s  of 5500 Xbs. minimum t e n s i l e  s t r e n g t h  
o r  even under o l d e r  AF Tech Order 13Al-1-2, 
r e q u i r i n g  on ly  2 0 0 0  ( 2 2 5 0 )  I b .  webbing 
s t r e n g t h ) .  A wrde v a r i e t y  a6 both  2-inch and 3-inch 
s e a t  b e l t s  were noted.  
No r e a r - f a c i n g  s e a t s  were found i n  any a f  t h e  
t h r e e  a i r c r a f t  examined. The e x t e n s i v e  use  
of s i d e - f a c i n g  s e a t s  wi thout  upper t o r s o  
( shou lde r )  r e s t r a i n t s  may be campat ib le  wi th  
t roop-cargo loading b u t  i s  t h e  l e a s t  d e s i r a b l e  
of t h e  t h r e e  sea tang  o r i e n t a t i o n s  ( a f t ,  forward,  
o r  s i d e  f a c i n g )  from a human to le rance  viewpoint .  
I n  one a i r c r a f t  it was found t h a t  t h e  s e a t  
( l a p )  b e l t s  provided on t h e  lower crew bunk of 
t h e  f l i g h t  deck were a t t a c h e d  t o  a  b r a c k e t  
which was f ixed  to t h e  bulkhead behind t h e  bunk 
by smal l  gauge machine screws. No load p l a t e s  
had been i n s t a l l e d  behind t h e  i n s t a l l a t i o n .  
Three of t h e  f l i g h t - d e c k  crew s e a t s  could have 
had upper t o r s o  r e s t r a i n t  i n s t a l l e d .  
The main crew e n t r y  door w a s  of a r o l l - u p  
d e s i g n  requi r ing .  two-handed compl-ex motion. 
I t  would appear  t o  be very  s u s c e p t i b l e  t o  jam- 
ming i n  any c a s e  when t h e  f u s e l a g e  was d i s t o r t e d  
i n  a  c r a s h ,  and was of poor human f a c t o r s  des ign  
f o r  emergency e g r e s s .  



(1.1 A wide va r i e ty  of  s ea t  b e l t s  were found,  i n ( - l t r r i i  11s 
bo th  2-inch and 3-inch w i d t h ,  w i t h  mahy seat. b e l t s  being 
f rayed  and worn on crew s e a t s .  

( 2 )  Only a  s i n g l e  emergency e g r e s s  b r i e f i n g  ca rd  
could  be l o c a t e d  i n  t h e  cab in ;  a  second one was 
found on t h e  f l i o h t  deck,  

( 3 )  Th i s  a i r c r a f t  was equipped w i t h  LO r e a r - f a c i n g  
s e a t s  i n  t h e  art p o r t i o n  of t h e  c a b i n ,  b u t  
55 passengers  had t o  s i t  i n  poor ly  p r o t e c t e d  s i d e -  
f a c i n g  f o l d i n g  t r o o p  s c a t s  (see 5 be low) .  

( 4 )  Plywood pgssenger deckiny i n s t a l l e d  d i d  n o t  
c o n t a i n  skid-proof o r  s l i p  r e s i s t a n t  m a t e r i a l .  

( 5 )  S ide - fac ing  t r o o p  s e a t s  a long bo th  s i d e s  of 
t h e  c a b i n  and i n  t h e  t a i l  s e c t i o n ;  a l l  upper- 
t o r s o  r e s t r r a ~ n t s i n  n e a t l y  f o l d e d  i n s t a l l a t i o n s .  
Howeverf the shou lde r  p o r t i o n  was i n s t a l l e d  over  
t h e  r e a r  frame s o  t h a t  if t h e  r e s t r a i n t  was 
worn a s  i n s t a l l e d  t h e  upper p a r t  of t h e  ha rness  would 
be $- inches  t o  6-inches too s h o r t .  Th i s  would f o r c e  
t h e  occupant  t o  loosen o r  extend h i s  Lap b e l t  
g r e a t l y  t o  meet t h e  upper shou lde r  b e l t  a t t a c h -  
ment p o i n t s .  We unders tand from t h e  crew c h i e f  
and a  loadmaster  t h a t  t h i s  r e s t r a i n t  i s  commonly 
worn t h i s  way by unbr ie fed  passengers  s i n c e  it 
i s  easy  t o  g e t  i n t o  and o u t  o f .  However,when 
worn i n  t h i s  manner t h e  r e s t r a i n t  i s  l o o s e ,  
t o o  h i g ~ ~  over  t h e  abdomen ( n o t  p e l v i s ) ,  and could  
undoubtedly cause  i n j u r y  t o  t h e  occupanz i n  a  
c r a s h  impact.  Y e t  i n  o r d e r  t o  wear p r o p e r l y  t h i s  
system a s  i n s t a l l e d ,  t h e  upper h a r n e s s  must 
be f r e e  underneath  t h e  upper s e a t  w a l l  b a r ,  and 
i n  t h i s  c a s e  o f f e r s  ve ry  l i t t l e  upper- torso  
r e s t r a i n t  s i n c e  t h e  a t tachment  p o i n t  i s  near  t h e  
base  of t h e  s e a t .  S e r i o u s  a t t e n t i o n  should be 
g iven  t o  improving t h e s e  upper t o r s o  r e s t r a i n t  
a t t achments ,  

( 6 )  Emergency e x i t  markings and door  o u t l i n e s  con- 
formed t o  recjuLations and were i n  b e t t e r  condi-  
t i o n  t h a n  observed i n  t h e  (2-141 a i r c r a f t ,  b u t  
s t i l l  could  n o t  be observed from some passenger  
s e a t  p o s i t i o n s .  

( 7 )  There were no a i s l e  o r  p a t h  d i r e c t i o n a l  markers 
o r  l i g h t i n g 7  

( 8 )  A l l  axes  and f i r e  e x t i n g u i s h e r s  were unpa in ted ,  
unmarked,and inconspicuously  l o c a t e d ,  a l though  
f a r  b e t t e r  p laced t h a n  i n  t h e  C - 1 4 1 .  

( 9 )  The p i l o t  and c o - p i l o t  c o c k p i t  windows appeared 
t o  be ext remely  smal l  f o r  t h e  e g r e s s  of a  l a r g e  
pe r son ,  o r  one wearing heavy f l i g h t  c l o t h i n g  
o r  equipment.  I t  i s  easy  t o  unders tand a c c i d e n t  



reports noting that crew members have qotten 
stuck during emergency egress. 

(10) The metal frame back to the pilot's or copilotVs 
head rests could be struck by the navigator or 
flight engineer during forward impact if they were 
not wearing upper-torso restraint. 



SECTION IV 

PASSIVE RESTRAINT SYSTEMS 

The o b j e c t i v e  of t h i s  s e c t i o n  of t h e  r e p o r t  i s  t o  
e v a l u a t e  t h e  use  of p a s s i v e  r e s t r a i n t  sys tems,  p a r t i c u l a r l y  
a i r b a g s ,  f o r  impact  a t t e n u a t i o n  i n  t h e  c a s e  of c r a s h e s  of 
t r a n s p o r t  a i r c r a f t .  A major e f f o r t  i n  accomplishing t h i s  
o b j e c t i v e  was t h e  g a t h e r i n g  of background m a t e r i a l  on t h e  
p r o t e c t i v e  c a p a b i l i t i e s  of t h e  v a r i o u s  i n f l a t i n g  occupant 
r e s t r a i n t  systems (IORS) which a r e  undergoing p r o t o t y p e  
development a t  t h e  p r e s e n t  t ime and on t h e  s p e c i f i c  component 
hardware which i s  used i.n b u i l d i n g  up sys tems.  

A h i s t o r y  of t h e  IORS from t h e  t ime of concep t ion  t o  
t h e  p r e s e n t  rule-making a c t i v i , t i e s  of  t h e  Department of 
T r a n s p o r t a t i o n  p r e f a c e s  t h i s  s e c t i o n .  This  i s  fo l lowed by 
a  g e n e r a l  d i s e u s s i o n  of  t h e  p r i n c i p l e s  invo lved  i n  d e s i g n i n g  
a  sea t - res t ra in"cys te :m.  Tlne v a r i o u s  f e a t u r e s  of c u r r e n t  pro-  
t o t y p e  a i r b a g  r e s t r a i n t  systems and components a r e  then  des-  
c r i b e d  i n c l u d i n g  s e n s o r s ,  bag and d i f f u s e r  d e s i g n ,  t o l e r a b l e  
sound l e v e l s ,  human v o l u n t e e r  performance t e s t s ,  and o p e r a t i n g  
t empera tu re  ranges .  T:he s e c t i o n  an p a s s i v e  r e s t r a i n t  systems 
i s  concluded by an a n a l y s i s  of  a l t e r n a t i v e s  t o  t h e  a i r b a g .  

BACKGROUND INFORMATION 

Most s t u d i e s  of occupant  p r o t e c t i o n  c a r r i e d  o u t  b e f o r e  
t h e  e a r l y  1 9 6 0 ' s  were concerned w i t h  v a r i o u s  t y p e s  of b e l t  
systems.  I n  t h e  m a j o r i t y  of c a s e s ,  t h e s e  systems were in tended  
f o r  use  by a i r c r a f t  occupants .  I n f l a t a b l e  r e s t r a i n t  syst.ems 
a l s o  may have been c l o s e l y  a s s o c i a t e d  w i t h  a i r c r a f t  i n  concept-  
u a l  developemrat, Although t h e  " a i r  cushion"  was evolved a t  
Xeast by 1918 a s  a  s e a t  (Mssley, 1 9 1 8 ) ,  and used i n  Webster ' s  
Schneider  cup winner and o t h e r  a i c r a f t .  such a s  t h e  DeHaviland 
Moth, i t s  use  as abdominal s u p p o r t  was sugges ted  i n  1 9 3 3  
by Wing Commander Marshal l  of t h e  Royal A i r  Force ,  who dev i sed  
an a i r  cushion b e l t  f o r  a c c e l e r a t i o n  p r o t e c t i o n .  During World 
War I1 t h e r e  were r e p o r t s  of use  of  premature i n f l a t i n g  of 
t h e  Mae West on l i f e  r a f t s  p r i o r  t o  c r a s h  l a n d i n g s  a s  impact  
p r o t e c t i o n  (one of t h e  p r i n c i p a l  i n v e s t i g a t o r ' s  7-man 
crew d i d  t h i s  dur.ing a  B-25 c r a s h  l a n d i n g  i n  A p r i l  1951) 
(Snyder,  1 9 6 7 ) .  However, use  s f  a  gaseous i n f l a t a b l e  r e s t r a i n t  
system f o r  c r a s h  p r o t e c t i o n  may d a t e  from t h e  work of Pekarek ,  
a  Czechoslovakian e n g i n e e r  wi th  t h e  RAIi", who dev i sed  t h e  
"Pekarek S a f e t y  C e l l "  i n  1 9 4 3 - 1 9 4 4 .  

I n  1952 Jordanoff  r e p o r t e d  a  manually t r i g q e r e d  a i r b a q  
r e s t r a i n t  system, He t r i ck  i n  1952, and l a t e r  Ber t rand in 1955, 
f i l e d  f o r  a p a t e n t  on an a i r b a g  f i l l e d  on manual swi tch  a p p l i c a -  
t i o n  w i t h  automat ic  d e f l a t i o n  a f t e r  a  time d e l a y .  I n  1959 a  
r e s t r a i n t  system u t i l i z i n q  a i r  i n f l a t i o n  was proposed t o  t h e  



A i r  Force by Snyder f o r  a s t ronau t  p r o t e c t i o n ,  bu t  t h e  Chance- 
Vought System was developed in s t ead .  The concept of an a i r -  
bag r e s t r a i n t  f o r  automo.tive occupa.nt crash p ro t ec t i on  was 
probably f i r s t  i n i t i a t e d  a t  General Motors about 1958, 

During t he  e a r l y  1 9 6 0 3  t he  concept o f  an a i rbag  r e s t r a i n t  
system gained a  s t rong  advocate i n  C. Clark,  H i s  e a r l y  
r e p o r t s  were followed by more widely c i r c u l a t e d  pub l i ca t i ons  
i n  Stapp Car Crash Conference Proceedings. The p r e i n f l a t e d  
Martin Ai rs top  system, developed by Clark ,  has been crash 
t e s t e d  i n  s eve ra l  a i r c r a f t  c rash  t e s t s ,  including the  FAA 
crash t e s t  of a  DC-7 t r a n s p o r t  a t  Av-Ser a t  Deer Val ley,  
Arizona, i n  Apr i l  1 9 6 4  (Clark ,  1965a) .  T h i s  was followed by 
a  NASA rea r - fac ing  s e a t  c rash  t e s t  of a  C-45 i n t o  a  h i l l  a t  
80 mph i n  A p r i l ,  1 9 6 5  (Clarlc, 1966b), and a  s e r i e s  of 1 0  
forward-facing crashes  c a r r i e d  o u t  a t  National  Aviat ion 
F a c i l i t i e s  Experimental Center (NAFEC), A t l a n t i c  C i t y ,  i n  
November 1965, a t  impact speeds up t o  87 mph i n t o  snatch wire 
a r r e s t i n g  gear  (Clark ,  1966b),  These e a r l y  a i r c r a f t  t e s t s  
have been more r ecen t ly  fallowed up by a d d i t i o n a l  FAA t e s t s  
and p rop r i e t a ry  stu-dies wi th in  t h e  general  a v i a t i o n  indus t ry .  

The f i r s t  f u l l - s c a l e  t e s t i n g  program involving l i v i n g  
t e s t  s u b j e c t s  (baboons) r e s t r a i n e d  by airbag systems was 
repor ted  by Snyder, e t  a l . ,  i n  1967,  The l e v e l  of p ro t ec t i on  
o f f e r ed  by t h e  air-bag syskem appeared t o  be higher  than f o r  
o t h e r  systems evaluated i n  t h a t  program, Shor t ly  a f t e r  t h i s  
s e r i e s  of t e s t s  was r epo r t ed ,  Ford. Motor Company and Eaton, 
Yale and Towne, Jnc. co l labora ted  i n  a r epo r t  presented a t  
t h e  January 1968 SAE Automotive Engineering Congress he ld  i n  
De t ro i t  (Kemerer ,  e t  a t . ,  1968) The f e a s i b i l i t y  of concept ,  
systems development, performance requirements and t h e  impl ica t ion  
of producing i n f l a t i n g  r e s t r a i n t  systems on a Sarge-scale 
production b a s i s  were discussed and c o n c ~ u s i o n s  were drawn 
such a s :  (1) i n f l a t i n g  r e s t r a i n t  systems can reduce occupant 
load ings ;  ( 2 )  energy absorpti-on must be provided t o  prevent  
excess ive  occupant rebound by aeans of a bag pressure  r e l i e f  
system; ( 3 )  an i n f l a t i n g  r e s t r a i n t  system can be automat ical ly  
a c t i v a t e d  by a  c rash  sensor  and deployed in t h e  s h o r t  time 
between c rash  i n i t i a t i o n  and t h e  second c o l l i s i o n  of t h e  oc- 
cupant with t he  veh i c l e  i n t e r i o r ;  (4) a parameker study i s  need- 
ed t o  determine system performance a s  occupant s i z e  i s  va r i ed ;  
( 5 )  an opera t iona l  c r i t e r i o n  fo r  sensors  i s  needed; ( 6 )  r e l i a -  
b i l i t y  must be demonstrated; and, ( 7 )  t he  e f f e c t s  of no i se  
should be i nves t i ga t ed .  

Later  i n  1968, a p r o j e c t  (Contract  No. F'H-11-6962) was 
i n i t i a t e d  a t  t he  Highway Safety  Research I n s t i t u t e  ( H S R I )  under 
con t r ac t  t o  t he  National  Highway T r a f f i c  S a f e t y  Administrat ion 
(NHTSA)  of t h e  U.S. Department o f  Transpor ta t ion ( D O T ) .  P a r t  
of t h i s  p r o j e c t  was t o  conduct a d e t a i l e d  ana lys i s  of work 
c a r r i e d  ou t  on a i rbag  r e s t r a i n t  systems o t  determine t h e i r  
f e a s i b i l i t y ,  and t h e  remainder was t o  conduct an experimental 
impact-sled t e s t  program involving dummies r e s t r a i n e d  by 
a i r b a g s .  



The t o p i c  of human a u d i t o r y  response  t o  an a i r b a g  i n -  
f l a t i o n  n o i s e  was covered i n  a r e p o r t  i s s u e d  by Nixon i n  
March 1969 and i n  a  f u r t h e r  paper  p r e s e n t e d  a t  t h e  annual  
confer:ence of t h e  American Assoc ia t ion  of  Automotive Medicine 
i n  Novenllaer 1970. A more r e c e n t  r e p o r t  has  been i s s u e d  by 
B o l t ,  Beranak, and Newman, Inc .  i n  A p r i l  1971. This  l a t e s t  
work was sponsored by NHTSA. These r e p o r t s  g e n e r a l l y  
minimized t h e  n b i s e  problem f o r  t h e  g e n e r a l  popu la t ion  
i n  t h e  c a s e  of r i g h t  f r o n t  passenger  a i r b a g  i n f l a t i o n s  i n  t h e  
presence  of human v o l u n t e e r s .  Although e a r l y  i n d u s t r y  work had 
i n d i c a t e d  p ress i l r e s  of 5 p s i  might be expected  (Van Wagoner, 
1 9 6 7 ) ,  subsequent  developments have n o t  v a l i d a t e d  such h igh 
p r e s s u r e s .  

L a t e r  i n  t h e  s p r i n g  of 1969, i n i t i a l  impact -s led  t e s t s  
invo lv ing  p r e - i n f l a t e d  a i r b a g s  r e s t r a i n i n g  50th pereenti1.e  male 
dummies were c a r r i e d  o u t  a t  t h e  Highway S a f e t y  Research I n s t i t u t e .  
Rapidly i n f l a t i n g  a i r b a g s  were i n  use  f o r  a11 s l e d  t e s t s  conduc- 
t e d  a f t e r  June 1969. By t h e  end of t h a t  month t h e  system had 
been t e s t e d  up t o  30 mph i n  f r o n t a l  c o l l i s i o n s  i n v o l v i n g  dummies 
bo th  r e s t r a i n e d  and u n r e s t r a i n e d  by supplemental  l a p  b e l t s .  

Extens ive  a c t i v i t y  was begun i n  government, industr:y,and 
independent  r e s e a r c h  o r g a n i z a t i o n s  on J u l y  1, 1969, a s  t h e  
S e c r e t a r y  of T r a n s p o r t a t i o n  i s s u e d  an advance n o t i c e  of pro-  
posed rule-making on i n f l a t a b l e  occupant  r e s t r a i n t  systems.  A t  
an open meeting sponsored, by t h e  Department of T r a n s p o r t a t i o n ,  
t h e  g r e a t  p o t e n t i a l  f o r  t h e s e  systems was demonstrated a s  w e l l  
a s  po ten t i a l .  problems of an o u t - o f - p o s i t i o n  occupant  and t h e  
danger t o  a  c h i l d  passenger  of i n a d v e r t e n t  a c t u a t i o n .  

During t h e  w i n t e r  of 1969-1970 t h e  importance of supple-  
mental  knee suppor t  was demonstrated and implemented i n  hard-  
ware bo th  by a  low-deploying, knee-ca tching a i r b a g  produced by 
Genera l  Motors Corpora t ion  and by an energy-absorbing lower 
ins t rument  p a n e l  developed a t  t h e  Highway S a f e t y  Research 
I n s t i t u t e  f o r  use  wi th  an a i r b a g  deployed from an automobile  
upper ins t rument  panel., By s p r i n g  1970 s u c c e s s f u l  t e s t s  were 
c a r r i e d  o u t  a t  HSRI a% 4 0  mph impact v e l o c i t y  and i n  r i g h t  f r o n t  
o b l i q u e  impact.  

A conference  h e l d  a t  t h e  Genera l  Motors Provinq Grounds 
i n  May 1970, sponsored by t h e  North A t l a n t i c  Trea ty  6 r g a n i z a t i o l  
and hos ted  j o i n t l y  by t h e  U.S. Department of T r a n s p o r t a t i o n  and 
t h e  U.S. automobile  i n d u s t r y  y i e l d e d  an e x t e n s i v e  document on 
t h e  s t a t e  of t h e  a r t  of p a s s i v e  r e s t r a i n t s  up t o  t h a t  d a t e .  A 
wide range of views and t e c h n i c a l  d a t a  were p r e s e n t e d  by repre -  
s e n t a t i v e s  from government and i n d u s t r y .  This  document remains 
t h e  most comprehensive source  of in fo rmat ion  on i n f l a t i n g  
occupant r e s t r a i n t  systems o u t s i d e  Docket No. 69-7 cover ing  t h e  
c u r r e n t  NHTSA. 



S i n c e  t h e  NATO Confe rence , . t echn ica l  d a t a  have  been p re -  
s e n t e d  a t  s e v e r a l  meet ings  i n c l u d i n g  t h e  1970 S t a p p  Car Crash 
Conference h e l d  a t  The' U n i v e r s i t y  of  Michigan (Gragg, 1970 
and C l a r k e ,  1 9 7 0 ) ,  t h e  1971  SAE Automotive Eng inee r ing  Congress 
h e l d  i n  D e t r o i t  ( I r i s h ,  J o n e s ,  Johnson ,  S t r e e d ,  Hammond, T r o s i e n ,  
and P f l u g ,  1971) ,  and t h e  1971 S tapp  Car Crash Conference h e l d  
i n  San Diego (Robbins ,  Melvin,  C l a r k e ,  M a r t i n ,  1 9 7 1 ) .  
A d d i t i o n a l  r e s e a r c h  w i l l  b e  p r e s e n t e d  a t  t h e  1972 SAE Automotive 
Eng inee r ing  Congress  t o  be h e l d  i n  ~ e t r o i t  (Melvin,  J o n e s ,  
and King, 1972)  . 

S e v e r a l  f i n a l  r e p o r t s  have been s u b m i t t e d  t o  DOT 
d u r i n g  t h e  summer o f  1971  c o v e r i n g  two c o n t r a c t s  (FH-11-6962 
and FH-11-7612). The f i r s t  of t h e s e  was ment ioned p r e v i o u s l y  
and t h e  second cove red  t h e  s u b j e c t  o f  d e p l o y a b l e  head r e s t r a i n t s .  
Authors  i n c l u d e  Robbins ( t h r e e  r e p o r t s )  McElhaney ( t h r e e  r e p o r t s )  
and Melvin (one r e p o r t )  , ( s e e  Re fe rences )  .. 

Bes ides  t h e  a c t i v e  deve lopmenta l  work be ing  conducted  
i n  t h e  au tomot ive  i n d u s t r y  and i t s  s u p p l i e r s ,  s e v e r a l  o rgan iza -  
t i o n s  a r e  c u r r e n t l y  b e i n g  funded f o r  v a r i o u s  s t u d i e s  by t h e  
Department of  T r a n s p o r t a t i o n .  Among t h e s e  a r e  t h e  C o r n e l l  
A e r o n a u t i c a l  L a b o r a t o r i e s ' ,  Wayne S k a t e  U n i v e r s i t y ,  t h e  Daisy 
Track a t  Holloman AFB, Mini-Car,  I n c . ,  Dynamic S c i e n c e ,  I n c . ,  
Southwest  Research I n s t i t u t e ,  and Beta  I n d u s t r i e s ,  I n c .  
Repor t s  c o v e r i n g  t h e s e  s t u d i e s  which have been r e c e n t l y  i n i t i a -  
t e d  a r e  n o t  y e t  a v a i l a b l e .  

PRINCIPLES OF RESTRAINT 

I f  t h e  r i g h t  f r o n t  p a s s e n g e r  o f  an au tomob i l e  i s  n o t  
wea r ing  a  r e s t r a i n t  sys tem and t h e  v e h i c l e  i s  i n v o l v e d  i n  a  
c o l l i s i o n ,  t h e  f o l l o w i n g  sequence  of e v e n t s  i s  observed  t o  
t a k e  p l a c e  i n  many c a s e s .  F i r s t ,  h e  s l i d e s  forward  i n  t h e  s e a t  
u n t i l  t h e  knees  c o n t a c t  t h e  i n s t r u m e n t  p a n e l  s t r u c t u r e s .  Second, 
h i s  t o r s o  p i t c h e s  forward  and t h e  head c o n t a c t s  t h e  w i n d s h i e l d ,  
b r e a k i n g  it. Extremely h igh  G-loadings can  b e  r e g i s t e r e d  i n  
t h e  head d u r i n g  t h i s  p o r t i o n  of t h e  e v e n t .  T h i r d ,  t h e  neck 
and upper  t o r s o  a r e  s topped  by t h e  uppe r  i n s t r u m e n t  p a n e l  
s t r u c t u r e s .  F o u r t h ,  t h e  lower   ort ti on o f  t h e  upper  t o r s o  
c o n t i n u e s  i t s  downward motion c a u s i n g  t h e  head to be  b e n t  
t o  t h e  r e a r  ( h y p e r e x t e n s i o n )  r e l a t i v e  t o  t h e  t o r s o .  The occupan t  
w i l l  t h e n  rebound back i n t o  t h e  seat o r  be  e j e c t e d  th rough  t h e  
w i n d s h i e l d  depending  on t h e  shape  of t h e  i n s t r u m e n t  p a n e l  
s t r u c t u r e s .  

The t h r e e  b a s i c  problems i n  p r o v i d i n g  occupant  p r o t e c t i o n ,  
demons t r a t ed  by t h i s  example,  a r e  p r e s e n t  i n  a i r c r a f t  a s  w e l l  a s  
au tomob i l e s .  The f i r s t  of  t h e s e  i s  t o  r e s t r i c t  t h e  mot ions  of  
t h e  occupant  from c o n t a c t  w i t h  s t r u c t u r e s  c a u s i n g  i n j u r y .  I n  t h e  
case of crew members, t h e  s t r u c t u r e s  would c o n s i s t  of  t h e  myriad 
of equipment and c o n t r o l s  p r e s e n t  i n  t h e  c o c k p i t  of  t h e  a i r c r a f t .  
Occupants of  t r o o p  s e a t s  must be r e s t r a i n e d  from c o n t a c t  w i t h  
t h e i r  neicjhbors.  P a s s e n g e r s  of  r e a r - f a c i n g  s e a t s  appea r  t o  b e  

] F o r  addresses of companies and o t h e r  o r g a n i z a t i o n s  l i s t e d  i n  
t h i s  r e p o r t . ,  see Appendix R .  
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i n  t h e  b e s t  p o s i t i o n  t o  avoid  t h i s  problem provided s e a t  
s t r u c t u r a l  s t r e n g t h  i s  s u f f i c i e n t  t o  r e s i s t  c r a s h  impact l o a d s .  

The second problem i n  p rov id ing  impact p r o t e c t i o n  
i s  l i m i t i n g  t h e  a c c e l e r a t i o n  G-loadings and f o r c e s  a p p l i e d  t o  
t h e  body based on human t o l e r a n c e  d a t a .  The problem faced 
i n  des ign ing  a i r c r a f t  s e a t i n g  has  one f a c t o r  n o t  o f t e n  found 
i n  automotive crashes----vertical G-loading a s  t h e  a i r c r a f t  
f a l l s .  This  i n d i c a t e s  t h a t  s e a t  cushion des ign  f o r  a i r c r a f t  
a p p l i c a t i o n  has g r e a t e r  importance than  i n  t h e  automotive 
c a s e ,  Th i s  problem has  a d d i t o n a l  importance i n  t h a t  t h e  t o l e r -  
a b l e  load ings  i n  t h e  spineward d i r e c t i o n  a r e  lower than  f o r  
f r o n t - t o - r e a r  load ing .  I n  des ign ing  an impact p r o t e c t i o n  
system f o r  a i r c r a f t  u s e ,  it i s  t h u s  a s  necessa ry  t o  c o n s i d e r  
t h e  energy absorbing p r o p e r t i e s  of t h e  s e a t  cushion a s  it i s  
t o  cons ide r  t h e  p r o p e r t i e s  of an upper t o r s o  r e ~ t r a i n t ~ w h e t h e r  
it be a n - a i r b a g  o r  an . A i r  Force h a r n e s s .  There fo re ,  i n  develop- 
i n g  s p e c i f i c a t i o n s  f o r  impact p r o t e c t i o n t t h e  r e l e v a n t  l i f e  
s u p p o r t  system can be d e f i n e d  t o  c o n s i s t  of bo th  t h e  s e a t  and 
t h e  r e s t r a i n t  system. 

The t h i r d  problem i n  p rov id ing  impact p r o t e c t i o n  i s  l i m i t -  
i n g  e x t e n s i v e  motions between a d j a c e n t  body e lements  a s  i n  hyper- 
e x t e n s i o n ,  d e s c r i b e d  i n  t h e  sequence of e v e n t s  p o s s i b l e  i n  
a  c o l l i s i o n .  

A l a p  b e l t  i s  e f f e c t i v e  i n  a v o i d i n g  complete e j e c t i o n  
from a  s e a t  b u t  i s  n o t  capab le  of a v o i d i n g  a l l  p o t e n t i a l l y  
i n j u r i o u s  c o n t a c t s  wi th  o t h e r  a i r c r a f t  s t r u c t u r e s .  This  i s  
p a r t i c u l a r l y  t r u e  w i t h  crew s e a t i n g  p o s i t i o n s  where t h e  
occupant  f a c e s  forward.  I n  t h o s e  c a s e s  t h e  upper t o r s o  must 
be  r e s t r a i n e d ,  This  i s  accomplished s u c c e s s f u l l y  by a  v a r i e t y  
of a c t i v e  b e l t  r e s t r a i n t  systems and can a l s o  be  accomplished 
by p a s s i v e  r e s t r a i n t  systems such a s  t h e  a i r b a g .  The l a p  b e l t  
may be e l i m i n a t e d  t o  y i e l d  a  p u r e l y  p a s s i v e  r e s t r a i n t  system 
provided p r o v i s i o n  i s  made t o  a a t c h  t h e  knees and lower p a r t  of 
t h e  t o r s o  by s u i t a b l e  energy-absorbing s t r u c t u r e s .  This  can 
be accomplished e i t h e r  by a d d i t i o n a l  p a s s i v e  bag deployment 
o r  by c r u s h a b l e  pane l s .  

Current  g e n e r a t i o n  a i r b a g s  and upper t o r s o  b e l t  systems 
do n o t  p rov ide  t h e  s o l u t i o n  t o  t h e  r e s t r a i n t  problem i n  s i d e  
G-loadings. Dummy t e s t  s u b j e c t s i n  s i d e  impact ,  r e s t r a i n e d  
by s t a n d a r d  l a p  b e l t s  and s i n g l e  d iagona l  h a r n e s s e s ,  have been 
observed t o  s l i d e  under t h e  b e l t s  and end up a lmost  e n t i r e l y  
o f f  t h e  s e a t  (Robbins, 1971a) .  The l a p  b e l t  i s  i n s u f f i c i e n t  
t o  r e s t r a i n  t h e  p e l v i c  r eg ion  and t h e  shou lde r  h a r n e s s  doles 
n o t  p reven t  t h e  upper t o r s o  and head from c o n t a c t  wi th  s t r u c -  
t u r e s  a d j a c e n t  t o  t h e  s e a t  i f  t h e y  a r e  p r e s e n t .  Although 
t h e  a u t h o r s  have n o t  seen  s l e d  test  r e s u l t s ,  it seems 
l i k e l y  t h a t  t h i s  problem could  be exper ienced wi th  t h e  t r o o p  
s e a t s  observed i n  a i r  o p e r a t i o n a l  KC135A a i r c r a f t  dur ing  t h i s  
p r o j e c t .  



Some i n s i g h t  i n t o  t echn iques  f o r  p r e v e n t i n g  motions t o  
t h e  s i d e  were ga ined i n  s tudy ing  t h e  p r o t e c t i v e  p o t e n t i a l  of 
c h i l d r e n ' s  r e s t r a i n t  systems (Robbins, 1970) .  I n  t h i s  c a s e  
s i d e  impact t e s t s  were conducted on a  Volvo c h i l d  s e a t  which 
provided padded s t r u c t u r e s  a t  t h e  s i d e  of t h e  u s e r .  This  
e f f e c t i v e l y  reduced s i d e  motions and d i s t r i b u t e d  t h e  load ings  
over  t h e  body.  his concept  of  s ide-impact  p r o t e c t i o n  was 
a l s o  i n c o r p o r a t e d  e f f e c t i v e l y  i n  a  p r o t o t y p e  i n t e g r a t e d  s e a t -  
r e s t r a i n t  system b u i l t  and t e s t e d  a t  t h e  Highway S a f e t y  
Research I n s t i t u t e  (Robbins , 1971a) , 

The major problems i n  r e a r  impact  p r o t e c t i o n  a r e  load  
d i s t r i b u t i o n  and p r o v i s i o n  f o r  head r e s t r a i n t .  These f e a t u r e s  
have been e f f e c t i v e l y  inc luded  i n  r e a r - f a c i n g  s e a t s .  A supple-  
mental  l a p  b e l t  i s  n e c e s s a r y ,  however, t o  p r e v e n t  ramping up 
t h e  s e a t  back (Melvin, 1971) and rebound a f t e r  impact .  

To summarize, t h e  t h r e e  b a s i c  problems i n  occupant  
p r o t e c t i o n  have been d i s c u s s e d  w i t h  r e s p e c t  t o  t h e i r  e f f e c t  
on a i r c r a f t  crew and passenger  s e a t i n g .  The problems a r e :  
(1) e j e c t i o n  from t h e  s e a t i n g  p o s i t i o n ;  ( 2 )  a p p l i c a t i o n  of 
e x c e s s i v e  f o r c e s  t o  t h e  body; and,  ( 3 )  t h e  occurrence  of l a r g e  
r e l a t i v e  motions between a d j a c e n t  body segments.  

SYSTEM COMPONENT D E F I N I T I O N  

An i n f l a t i n g  occupant  r e s t r a i n t  system can be d e f i n e d  a s  
c o n s i s t i n q  of f o u r  b a s i c  components: (1) s e n s o r - i n i t i a t o r ;  
( 2 )  gas  s o u r c e ;  ( 3 )  t h e  dep loyab le  bag;  and ( 4 )  t h e  d i f f u s e r .  

Each of t h e s e  components has  i t s  own s e t  of p r o p e r t i e s .  Many 
of t h e  s m a l l  s u p p l i e r  companies f o r  t h e  automobile  i n d u s t r y  
c o n c e n t r a t e  t h e i r  e f f o r t s  on one o r  a n o t h e r  of t h e  components. 

The s e n s o r - i n i t i a t o r  c o n s i s t s  of some s o r t  of i n e r t i a l  
swi tch  o r  o t h e r  d e v i c e  capab le  of s e n s i n g  t h a t  a  c r a s h  i s  about  
t o  o r  has  begun t o  o c c u r .  The s i g n a l  from t h e  s e n s o r  i s  t h e n  
f e d  t o  an i n i t i a t o r  which t r i g g e r s  a  supply  of gas t o  t h e  
deployable  bag. I n  t h e  c a s e  of pyro techn ic  gas  s o u r c e s ,  t h e  
i n i t i a t o r  i s  an i g n i t e r  whereas f o r  t h e  s t o r e d  gas sys tems,  
t h e  i n i t i a t o r  i s  an e x p l o s i v e  s q u i b  which f r a c t u r e s  a  diaphragm 
s e a l i n g  t h e  s t o r e d  gas  b o t t l e .  I n  a l l  c a s e s  t h e  necessa ry  
e l e c t r i c a l  s i g n a l  i s  provided by a  power source  such a s  a  
b a t t e r y  a l though a  d e t o n a t i n g  cord  has  been proposed by one 
s u p p l i e r .  

S e v e r a l  t y p e s  of gas  s o u r c e s  a r e  be ing  proposed a t  t h e  
p r e s e n t  t ime.  The most commonly used i s  a  b o t t l e  of s t o r e d  
a i r  o r  n i t r o g e n .  The b o t t l e s  a r e ,  of c o u r s e ,  bulky and heavy,  
weighing up t o  20  l b s .  i n  t h e  c a s e  of a  s i n g l e  r i g h t - f r o n t  
automobile-occupant r e s t r a i n t  system. The second gas  source  
sy:;tem i s  pyro techn ic  and,  because of t h e  s o l i d  f u e l  u s e ,  i s  
I ~ I ~ I C - I I  l i ~ j l l t ~ r  and compact. However, i n  some cases t h e  gases 
, \ I . ( \  : i ( l i ~ \ r \ ~ l l t ~ C  c l a n g e r ~ u ~  t o  brea the ,  A t h i r d  sys ten1 i s  i.1 h y b r i d  
I 0 1  111 cotnl, itlixlq t h e  two. Most of ten t h i s  c o n s i s t s  of a pyro- 
t.ccllnic dcvicc p rov id ing  r a p i d  i n f l a t i o n  supplemented by s t o r e d  



gas delivered over a specified period to provide some potential 
for protection in multiple impacts. Aspirator systems, 
representing an extension of the techniques used to inflate 
escape slides, are also undergoing early prototype development 
at present. 

A variety of materials have been proposed 
flating cushion itself. Among these are coated 
films. Coated fabrics have been selected in a1 
to the present authors because of high strength 
weight. Fabrics such as nylon, dacron, rayon, 
cotton, have been studied with nylon most common 

for the i n -  
fabric and 
1 cases known 
and favorable 

glass, and! 
ly adopted. 

CRASH SENSORS, A variety of crash sensors have been 
proposed and studied during the current activity surrounding 
inflating restraint systems. Generally these can be grouped 
into four categories: (1) electro-mechanical; (2) inertial 
guidance; (3) radar proximity; and (4) sonar proximity. 

Three commerciaLly available crash sensors have been 
evaluated in detail at HSRI in the course of fulfilling the 
requirements of DOT contract No. FH-11-7612 (Melvin, 
1971). One of these was developed by Eaton Corp. and the other 
two by General Motors, 

The Eaton Autoceptor Crash Sensor (see Figure 11) is an 
uniaxial mechanical spring-mass system which fires when the 
mass is displaced a predetermined distance. The spring holds 
the mass against an end of the sensor in order to produce 
a bias force against the mass. 

The Delco Electronics Mechanical Crash Sensor Model 8-1000 
(see Figure 12) is a ball sear type mechanism fired by 
displacement of a mass which is restrained by magnetic force. 
The sensor is essentially omni-directional in a plane and 
nominally set to trigger on an 11 G ,  80 msec haversine shock 
wave which is a rough representation of an average rear end 
automobile collision. 

The Delco Electronics Safety Sentinel 4 Electronic Crash 
Sensor (see Figure 13) is omni-directional in a plane. I:t 
consists of a ball restrained by magnetic force. A fixed ring 
surrounds the ball which can be displaced by deceleration until 
it contacts the ring,thereby energizing the firing switch. 
The system is double redundant, self-diagnostic and is set 
(at delivery) to trigger on a 16 G I  60 msec haversine 
shock wave. 

". - -A"- -- 
The Eaton and DeLco sensors have been subjected to tests 

at HSRI. Each of the sensors was mounted on the ram of a 
Plastechon high-speed universal testing machine. This 
hydraulically actuated, electronically servo-controlled machine 
was programmed to subject the sensors to a variety of acceler- 
ation-time profiles. A Setra Model 110 sacelerometer was 
mounted on the ram to measure the acceleration input to the sensor 



Electrical 
Contacts 

r Trigger Mass 

Mars DispkKement 
to Trigger 

Figure 11. Eaton Autoceptor Crash Sensor, 



[ 1 ] Dccelercltion is applied. 
(2) Mars moves bredti- magnetic field. 
(3) Unrestrained balls move into plunger. 
(4) Spring forces pl down. 
15) C h i t  it c l o d  a d  airbag fires. 

Figure 12. Delco Electronics Mechanical Crash Sensor. 
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[ I  ) Deceleration is applied. -- -- 

(2 )  Ball breaks magnetic f i d  and roils on surface. 

(3)  Contact between two dixs cbbes circuit and 

fires air bag. 

Figure 13. Delco Electronics Safety Sentinel 4 
~lectronic Crash Sensor. 



The acce le romete r  o u t p u t  was f i l t e r e d  through a  Burr-Brown 
f i l t e r  meeting SAE 5211 channel  c l a s s  180 s p e c i f i c a t i o n s .  
An automobile  12-vo l t  b a t t e r y  was t h e  power source  f o r  t h e  
s s a s o r s ,  Typ ica l  r e s u l t s  a r e  shown i n  F iqure  1 4 .  I t  shoulcl 
be notccl t h a t  f o r  t h e s e  30 G p u l s e s  which a r e  t y p i c d l  of Lhc 
i n i t i a l  s h e e t  meta l  orush i n  a  motor v e h i c l e  b a r r i e r  c r a s h ,  
t h e  a i r b a g  would have been t r i g g e r e d  i n  from 10 t o  1 4  msec. 

T e s t s  were performed on t h e  Eaton s e n s o r  t o  e s t a b l i s h  
t h e  e f f e c t  of o f f - a x i s  a c c e l e r a t i o n  on t r i g g e r  t ime.  Two d i f -  
f e r e n t  ampli tude (11 G peak and 2 4  G peak) a c c e l e r a t i o n - t i m e  
p r o f i l e s  were used.  The s e n s o r  was s u b j e c t e d  t o  t h e  same p u l s e  
each t i m e  a t  angu la r  increments  of 1 0 '  o f f - a x i s , s t a r t i n g  a t  0 
and i n c r e a s i n g  u n t i l  t h e  s e n s o r  would n o t  t r i g g e r .  For t h e  
11 G p u l s e ,  t h e  G-switch t r i g g e r e d  a t  24 m s .  A t  20' o f f  c e n t e r ,  
t h e  t r i g g e r i n g  was de layed a t  33 m s .  and t h e  s e n s o r  would n o t  
t r i g g e r  f o r  l a r g e r  o f f - a x i s  ang les .  I n  t h e  c a s e  of t h e  2 4  G 
p u l s e s ,  t h e  sensor  t r i g g e r e d  a t  15 msec f o r  a  d i r e c t  f r o n t a l  
p u l s e .  Th i s  was de layed t o  2 0  rns f o r  a  30' ob l ique  p u l s e .  
The system d i d  n o t  f i r e  f o r  l a r g e r  a n g l e s  (See F igure  1 5 ) .  

These r e s u l t s  l e a d  t o  two o b s e r v a t i o n s  which may be made 
concerning s e n s i n g  an a i r c r a f t  t r a n s p o r t  G-pulse. F i r s t ,  t h e  
p u l s e  i s  n o t  e s t i m a t e d  t o  be u n i d i r e c t i o n a l  a long t h e  l o n g i -  
t u d i n a l  a x i s  of t h e  a i r c r a f t .  Ra the r ,  bo th  h o r i z o n t a l  and 
v e r t i c a l  components of t h e  impact w i l l  be p r e s e n t .  The 
v e r t i c a l  component may be a s  g r e a t  o r  even g r e a t e r  than  t h e  
hor izonta l .  component i n  some c a s e s .  Second, a  u n i d i r e c t i o n a l  
s e n s o r  which i s  used f o r  s e n s i n g  one component of an a i r c r a f t  
impact must n o t  be s e n s i t i v e  i n  i t s  o p e r a t i o n  t o  a c k e l e r a t i o n s  
i n  d i r e c t i o n s  o t h e r  than  t h e  d i r e c t i o n  of i t s  a x i s .  The Eaton 
s e n s o r ,  f o r  example, could p o s s i b l y  " s t i c k "  due t o  f r i c t i o n  
when impacted from t h e  s i d e .  Omnidi rec t ional  s e n s o r s  would be 
necessa ry  f o r  use  i n  an a i r c r a f t  c r a s h  i n c i d e n t .  

The s e n s o r s  t e s t e d  a t  HSRI can be modif ied t o  f i t  a 
range of d i f f e r e n t  c r a s h  p u l s e s .  Thus, it i s  p o s s i b l e  t h a t  
c u r r e n t  des igns  could  be modif ied f o r  A i r  Force a p p l i c a t i o n .  
This  could  be done by modifying t h e  G b i a s .  I n  t h e  Eaton 
system, t h i s  would r e q u i r e  s t i f f e n i n g  o r  s o f t e n i n g  t h e  s p r i n g  
element  t o  e i t h e r  i n c r e a s e  o r  d e c r e a s e  t h e  b i a s .  I t  would 
be necessa ry  t o  modify t h e  magnetic  c h a r a c t e r i s t i c s  i n  t h e  
Delco systems.  The mass d isplacement  l i m i t  i s  a l s o  var ia .b le  
i n  t h e  v a r i o u s  c a s e s .  This  would a f f e c t  t h e  t ime d u r a t i o n  of 
t h e  G-pulse r e q u i r e d  t o  t r i g g e r  t h e  bag i n f l a t i o n .  

A l l  of t h e  commercial s e n s o r s  e v a l u a t e d  were of b a s i c a l l y  
s imple des ign  al though t h e  Delco sensors  had s o p h i s t i c a t e d  
e l e c t r o n i c  components a s s o c i a t e d  w i t h  them. The s e n s o r s  were 
p o t t e d  i n  tough p l a s t i c  and h e r m e t i c a l l y  s e a l e d  t o  such am 
e x t e n t  t h a t  t h e  e f f e c t s  of environment and tampering on t h e  
b a s i c  s e n s o r  components a r e  minimal. Normally, t h e y  a r e  
mounted by screws on t h e  f r o n t  f i r e w a l l  of t h e  v e h i c l e .  

S e v e r a l  o t h e r  s e n s o r s  and s e n s o r  t echn iques  have been 
developed which were n o t  a v a i l a b l e  f o r  t e s t i n g  a t  H S R I .  
These i n c l u d e  a system developed by Toyota,  a  concept  f o r  us inq  
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Figure 14. Crash Sensor Response Tests. 





the outputs from an inertial guidance system, and several 
anticipatory sensors. 

A sophisticated sensor has been developed by Toyota 
(Yamada, 1970) which calculates and predicts the collision 
before it occurs by sensing relative speed and distance between 
the car and the object of the collision (see Figure 16). 
The sensor includes an oscillator, circulator, detector, 
amplifier, and computer. A microwave is continually emitted 
which can sense an object. The Doppler effect by reflection 
of the wave triggers the TORS, This system is not G-dependent 
and requires only that an object be within a collision 
envelope around the vehicle. It is commonly known in the 
auto industry as the "radar sensor.'" 

An additional system which is being investigated for its 
feasibility is the inertial navigation system (INS). In 
this case onboard gyroscopes and accelerometers which are 
already part of this system could be monitored by a special 
hazard predictor logic circuit to sense emergency situations. 
This could be coupled with onboard radar equipment to give a 
rather complete picture of the aircraft's safety status 
relative to impact. Data on INS have been obtained from the 
Delco Electronics Division of General Motors, The INS system 
is currently used on commercial jet transports such as the 
Boeing 727 and 747 and are retrofitted on some Roeing 707's. 
This system has also been installed in one operational EC-135 
according to AC Electronics. 

A comprehensive examination of anticipatory sensing 
devices has been carried out by the Transportation Systems 
Center for the National Highway Traffic Safety Administration 
in order to determine basic system constraints and required 
operational characteristics (~opkins, 199:). Two promising 
methods, including microwave radar and ultrasonic sonar, 
were selected as deserving further s t u d y .  

The radar sensor, consisting of stand.ard microwave compon- 
ents and solid state circuitry, was fabricated in an early 
prototype form and installed on a test vehicle for study. 
See Figures 17 and 18, 

This sensor triggers when the automobile on which it 
is mounted encounters a sirnuhated target of large size at 
velocities greater than 1 5  mph. This was routinely shown 
by running into large cardboard boxes covered with aluminum 
foil. A sensitivity potentiometer can be adjusted to give 
various threshold target sizes. Adjustment for triggering 
can vary the minimum size of an aluminum foil patch from 
less than 10 square inches to more than 260 square inches. 
Far a target of given size, triggering is both a function of 
sensitivity and a function of position. The large target 
causes triggering farther from the auto than the small 
target. 
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Figure 16. Toyota Radar Senso 
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Figure 1 7 .  Microwave System Block Diagram 



Figure 1 8 .  Microwave System on Vehicle 
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To measure system response to real and false signals, the 
auto is rolled up to various objects and the Doppler signal 
recorded. Among the subjects have been trees, concrete 
posts, telephone poles, other vehicles, concrete walls, and 
a corrugated metal roadway. With the exception of the 
corrugated roadway, all targets gave large magnitude signals 
when compared with the normal road surface. ~iscrimination 
depends strongly on antenna pattern and electronic circuit 
parameters and it has been recommended that much more 
data be collected to better define optimum prototype designs. 

Integrated microwave packages have been developed 
for use in systems such as described. These contain the 
microwave diode source, power samples, antenna terminals, 
and detector diode all in one small rugged package. 

The sonar approach is a translation of the radar 
sensor into acoustic form. A transmitter and receiver are 
mounted on the front of the auto. A 4 0  KHz oscillator 
provides the signal and the receiver feeds this back to an 
amplifier and mixer providing the Doppler output signal, 
A 12-volt battery provides power. Schematics of the circuit 
and vehicle mountings are given in Figures 19 and 20. 

Laboratory tests were conducted to study sensitivity 
and target discrimination. These showed that ultrasonic 
waves were relatively insensitive to the composition of 
several target materials (metal, plywood, plexfglass, 
cardboard, and ceramic), A substantial signal has also 
been measured for a human body moving toward the system. 
Only early protdtypes, subjected to vehicle tests, have 
had difficulties in electronic circuitry and demonstrated 
susceptibility to other high frequency noise present 
during driving. 

SENSOR RELIABILITY. The primary function of a 
sensor is to notice the beginning sf a crash event and to 
present an electric signal which will initiate bag inflation. 
This electric signal must be produced within a very short 
critical time period in order for the restraint system to 
exercise its protective function. if there is a failure 
of performance in either of these aspects of sensor function, 
the restraint system will be useless. Late firing of the 
airbag could even be injurious. 



1 

Figure 19. Acoustic System Block Diagram. 



F i g u r e  20.  Acoustic System on Vehicle* 
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What inforrc~at ion  must a  sensor  o b t a i n  i n  o r d e r  t o  function? 
In t h e  c a s e  of G s w i t c h e s ,  t h e  i n f o r m a t i a n  i s  concerned wi th  
"she  l e v e l  o:E d e c e l e r a t i o n  o r  accelera, t i .on.  I n  o r d e r  t o  d:iscrim- 
i.x~a,te between t h e  o r d i n a r y  bumpi.ness s f  f l i g h t  and a c r a s h  
impact i t  i s  necessa ry  t o  p rov ide  dcu.al in fo rmat ion  on t h e  d e c e l e r -  
a t ion ,  l . eve l  and ti.:rne dura t ion ,  s f  t h c  p u l s e .  

Informat ion  i s  c u r r e n t l y  be ing  ga the red  t o  more c l e a r l y  
d e f i n e  t h e  c r a s h  d e c e l e r a t i o n  p u l s e s  f a r  automobi les .  This  
infsrma:ti.on i .s a.bso1utel.y necessa ry  i n  o r d e r  t o  d e s i g n  a :re- 
s t r a i n t  sys,tern which w i l l  n o t  depl.ajr when you h i t a  potho:Le 
in th.e road, o r  barlg a  fen.der i.n t h e  pa rk ing  l o t ,  b u t  which w i l l  
deploy as needed i..n rnc:,xe s e v e r e  impacts. I t  i s  s t i l l  easy  
t o  begin  a hea ted  c o n t r o v e r s i a l  arg~;n~.ent. concerning s e n s o r s  a s  
t h e y  r e l a t e  ko a;utomob~iles even "c.isugh a g r e a t  d e a l  of develop- 
mental  resea.raeh bas  been c:ond.~~c"Ced in t h e  I.ast few y e a r s .  

Unfor tuna te ly  l i t t l e  in fo rmat ion  on c r a s h  G-levels  i s  
a v a i l a b l e  for: a i r c r a f t .  None has  heen ga the red  on l a r g e  - t rans-  
p o r t  a i r c r a f t  such a s  t h e  C-135 and C - 1 4 1 .  Some very  rough 
es t imat .es  may be p o s s i b l e  u s i n g  c r a s h  r e p o r t s  i n v o l v i n g  t h e s e  
a i r c r a f  " c 1 o u . t  t . h i s  information,  would be i n s u f f i c i e n t  t o  des ign  
a r e l i . a b l e  sen.sor ,  

There a r e  two a l t e r n a t i v e s  t o  a G-sensing c r a s h  s e n s o r .  
The f i r s t  of t h e s e  i s  a r a d a r  s e n s o r  which observes  l a r g e  
o b j e c t s  i n  t h e  v i c i n i t y  of t h e  a i r c r a f t ,  p r e d i c t s  an imminent 
c o l l i s i o n ,  and then  t r i g g e r s  t h e  r e s t r a i n t  system. This  system 
has  t h e  advantage t h a t  i t  i s  automat ic  and a l s o  t h a t  it i s  
n o t  dependent on d e c e l e r a t i o n  d a t a  which i s  n o t  y e t  a v a i l a b l e .  
However, much development work remains t o  e s t a b l i s h  an a c t u a t i o n  
envelope and t h e  Level of r e l i a b i l i t y .  The second a l t e r n a t i v e  
i s  a c t i v e  deployment of t h e  r e s t r a i n t  system by t h e  a p p r o p r i a t e  
member of t h e  f l i g h t  crew when a c r a s h  s i t u a t i o n  i s  l i k e l y .  

The conc lus ion  which can be reached from t h i s  d i s c u s s i o n  
i s  t h a t  only  sketchy in fo rmat ion  i s  a v a i l a b l e  f o r  t h e  s e l e c t i o n  
of a r e l i a b l e  s e n s o r  system f o r  t h e  deployment of i n f l a t i n g  
occupant  r e s t r a i n t  systems i n  j e t  t r a n s p o r t  a i r c r a f t .  The d a t a  
g a t h e r e d  i n  automobile c r a s h  t e s t i n y  i s  n o t  d i r e c t l y  a p p l i c a b l e  
because of d i f f e r e n c e s  i n  c r a s h  p u l s e  (automobile  p u l s e s  a r e  
s h o r t e r ,  more v i o l e n t ,  and wi th  a h o r i z o n t a l  a c c e l e r a t i o n  v e c t o r  
component). 



INFLATION GAS SOURCES. Four b a s i c  types  of systems 
have been i d e n t i f i e d  and cons idered  i n  t h i s  s tudy :  s t o r e d  
a i r ,  augmented a i r ,  py ro techn ic  and a s p i r a t o r .  Some of t h e  
companies a c t i v e  i n  t h i s  a r e a  a r e  Ol in  Corpora t ion ,  A l l i e d  
Chemical Company, Thiokol Corpora t ion ,  Eaton Corpora t ion ,  
Rocket Research Corpora t ion ,  Ensign-Bickford Company, and 
o t h e r  domest ic  a s  w e l l  a s  f o r e i g n  manufacturers ,  

I t  i s  concluded t h a t  t h e r e  a r e  seven genera t ions  of i n -  
f l a t i o n  systems which have been developed o r  a r e  under develop- 
ment today.  These a r e :  

1. S to red  gas  system. This  system provides  a  r a p i d  
supply of non- toxic  gas f o r  any s i z e  bag system. The s t o r e d  
gas system i s  by f a r  t h e  h e a v i e s t  and most bulky of t h e  systems 
being cons idered  f o r  i n t r o d u c t i o n  i n t o  motor v e h i c l e s .  The a i r  
b o t t l e ,  a  th ick-wal led  c y l - i n d r i c a l  p r e s s u r e  y e s s e l  wi th  s p h e r i -  
c a l  caps a t  t h e  ends ,  has  a  volume of 1 6 0  i n  and a  f i l l e d  
p r e s s u r e  of 3500 p s i  f g r  a  r i g h t  f r o n t  passenger i n s t a l l a t i o n  
wi th  a  volume of 1 0  f t  . Represen ta t ive  systems have a  weight 
of approximately 20  l b s .  Because sf t h e  p r o p e l l a n t  p r o p e r t i e s  
of t h e  b o t t l e ,  a  s u b s t a n t i a l  s t r u c t u r e  i s  r e q u i r e d  t o  suppor t  
it dur ing  bag i n f l a t i o n .  The system has  t h e  advantage of a  coo l  
o p e r a t i n g  tempera ture  and nontoxic  gases ,  

2 .  S to red  gas  system wi th  modulated flow. This  i s  t h e  
same a s  t h e  s t o r e d  gas system wi th  t h e  excep t ion  t h a t  t h e  gas 
d e l i v e r y  va lve  r e g u l a t e s  Elow t o  provide  a  g e n t l e r  s t a g e  of 
i n i t i a l  i n f l a t i o n .  This  reduces the i n f l a t i o n  sound l e v e l  and 
t h e  impact of t h e  bag on an ou t -o f -pos i t ion  occupant.  

3 .  Augmented a i r  system, This  c o n s i s t s  of a  s o l i d  
p r o p e l l a n t  which, when i g n i t e d ,  h e a t s  a smal l  volume of s t o r e d  
a i r  and then  i n f l a t e s  t h e  bag. The s i z e  of t h e  package i s  much 
smal le r  than  a  s t o r e d  gas system b u t  t h e r e  i s  some danger of 
t o x i c  fumes. The system proposed by Ol in  Corporat ion supple-  
ments p r o p e l l a n t  energy wi th  s t o r e d  a i r .  A prime advantage 
of t h i s  system i s  smal le r  s t o r a g e  yolurne. S p e c i f i c a l l y ,  a  t e n  
cub ic  s o o t  bag r e q u i r e s  only  6 0  i n  of s t o r a g e  compared wi th  
L60  i n  f o r  a pure  s t o r e d  gas system. Ol in  has chosen aluminum 
a l l o y  f o r  system f a b r i c a t i o n .  A s  a  r e s u l t  t h e  Olin system 
compares f avorab ly  from t h e  viewpoint  of weight  wi th  t h e  pure 
pyro techn ic  dev ice .  An a d d i t i o n a l  advantage i s  t h a t  t h e  gases  
genera ted  by t h e  augmented a i r  concept do n o t  p r e s e n t  a  t o x i c i t y  
problem. However, when combined wi th  t h e  smoke which could be 
p r e s e n t  i n  an a i r c r a f t  c r a s h ,  t o x i c  l e v e l s  would develop more 
qu ick ly  than  would be t h e  case  when a  pure a i r  system i s  used. 
An a d d i t i o n a l  advantage over  a  pure pyrotechnic  system concerns 
bag s u r f a c e  tempera tures  which have been measured t o  n o t  i n -  
c r e a s e  more than  70' F above t h e  t e s t  ambient a i r  temperature.  
An augmented a i r  system of t h i s  type  appears  t o  have some 
advantages over  e i t h e r  a  pure s t o r e d  air o r  a  pyrotechnic  in -  
f l a t i o n  device .  



4 .  Augmented a i r  system wi th  s t a g i n g .  This  i s  t h e  same 
a s  ,the a u g m ~ t h e  excep t ion  t h a t  no t  a l l  t h e  
p r o p e l l a n t  i s  i g n i t e d  i n  low l e v e l  impacts t h u s  l e a d l n g  t o  a 
s o f t  bay f o r  low l e v e l  impacts  and a hard  bag f o r  high l e v e l  
impacts .  S tag ing  has  a l s o  been proposed a s  a  concept  t o  d e a l  
wi th  t h e  problem of m u l t i p l e  impacts .  S tages  of i n f l a t i o n  
could be added f o r  each impact.  This  concept  has  been proposed 
in fo rmal ly  by Eaton Corpora t ion  i n  t h e i r  a c t i v i t i e s  wi th  
Rocket Research Corpora t ion .  

5 .  Liqct id-coolcd,sol id -- p r o p e l l a n t  gas  g e n e r a t o r  system. 
A s o l i d  p r o p e l l a n t  provides  t h e  gas source  which i s  then  
l i q u i d  cooletl ,  u s u a l l y  by f reon .  Al-though t h e r e  i s  s d e f i n i t e  
saving of weight ,  t h e r e  may be problems wi th  t o x i c  fumes due t o  
t h e  f r e o n .  

The use  of a  pure-gas g e n e r a t i o n  i n f l a t i o n  system has 
s e v e r a l  advantages a s  w e l l  a s  d i sadvan tageswhen  compared t o  a  
s to red-gas  system. A t y p i c a l  system i s  approximately 1 2  inches  
long and has  a d iameter  of 3 l J 4  i n ,  The shape i s  roughly 
c y l i n d r i c a l .  The weiglit of p ro to types  i s  approximately 7 l b s .  
o f f e r i n g  a considerab1.c advantage over  t h e  s tored-gas  systems. 
During i n f l a t i o n ,  t h e  gas g e n e r a t o r  o p e r a t i n g  p r e s s u r e  i s  
3000 l b s .  which i s  comparable wi th  .the s tored-gas  system. A 
p o s s i b l e  d isadvantage  i s  t h e  bag s u r f a c e  tempera ture  which can 
e a s i l y  exceed 200" J' .  Because of tlze f a c t  t h a t  a  p r o p e l l a n t  
i s  r e q u i r e d  f o r  a c t u a t i o n  of t h e  system, c e r t a i n  f e d e r a l  r egu la -  
t i o n s  must be met i n  t h e  t r a n s p o r t  of sys tems,  e i t h e r  i n  bulk 
p r i o r  to assembly i n  a  v e h i c l e  o r  by t h e  v e h i c l e  owner h i m s e l f .  
The l e g a l  problems i n  i n s t a l l i n g  gas g e n e r a t i o n  systems i n  
motor v e h i c l e s  have n o t  y e t  been completely so lved.  Addi t iona l  
con t roversy  a r i s e s  over  t h e  presence  of t o x i c  gases  r e s u l t i n g  
dur ing  i n f l a t i o n .  The major problem appears  t o  be carbon monoxide. 
Most of t h e  gas g e n e r a t i o n  systems appear  t o  be  minimally accept -  
a b l e  r e l a t i v e  t o  carbon monoxide. Se r ious  c o n s i d e r a t i o n  must be 
given t o  t h e  t o x i c i t y  problem because of t h e  f a c t  t h a t  t h e  a i r -  
c r a f t  could  p o s s i b l y  be f u l l  of smoke due t o  t h e  c r a s h .  Any 
a d d i t i o n a l  t o x i c  fumes i n  a  marginal  environment could  p r e s e n t  
a  s e r i o u s  problem, 

6 ,  S o l i d - c o o l e d , s o l i d  p r o p e l l a n t  gas g e n e r a t o r  system. 
This  l i g h t  system i n  t h e  e a r l y  s t a g e s  of development appears  
t o  avoid  t o x i c i t y  problems wi th  t h e  a d d i t i o n  of a mechanical 
f i l t e r  f o r  s o l i d  p a r t i c u l a t e  m a t t e r  and a chemical  f i l t e r  f o r  
t o x i c  fumes. See F igure  2 1 .  

7 .  A s p i r a t o r  systems. Three types  of systems a r e  under 
e a r l y  development, I n  t h e  f i r s t  of t h e s e  a i r  i s  mixed wi th  t h e  
p r o p e l l a n t  gas  t o  f i l l  t h e  bag wi th  c o o l  gas .  I n  t h e  second,  t h e  
suppor t  s t r u c t u r e  f o r  t h e  bag i s  i n f l a t e d  by a  gas  g e n e r a t i o n  
system and t h e  remainder of t h e  bag by a s p i r a t i o n  of cab in  a i r .  
The major concern i s  t h a t  t h e  amount of  ambient a i r  used d e c r e a s e s  
a s  i n f l a t i o n  t ime dec reases .  For  a j e t  t r a n s p o r t  t h e  a v a i l a b l e  
i n f l a t i o n  t ime i s  probably s u f f i c i e n t  t o  make t h i s  system p a r t i -  
c u l a r l y  a t t r a c t i v e ,  See F igure  2 2 .  
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A t h i r d  a s p i r a t o r  system i s  t h e  se l f -dep loyed  a i r - i n -  
duc t ion  i n f l a t i o n  system which has been proposed by Rocket 
Research Corpora t ion .  I n  t h i s  system a s e r i e s  of  about  20  
smal l  t h r u s t e r s  a r e  a t t a c h e d  t o  t h e  bag m a t e r i a l .  The t h r u s -  
t e r s  a r e  i g n i t e d  by t h e  s e n s o r  and a c t u a l l y  push t h e  bag o u t  
whi le  drawing a i r  i n t o  t h e  bag. The mass of t h e  i n d i v i d u a l  
t h r u s t e r s  i s  very  low and t h e  t h r u s t  f o r c e s  a r e  d i s t r i b u t e d  
over  t h e  air-bag m a t e r i a l .  There fo re ,  i f  an occupant  would 
c o n t a c t  t h e  system d u r i n g  deployment, t h e  l o c a l  mass con- 
c e n t r a t i o n s  should  n o t  be l a r g e  enough t o  cause  i n j u r y .  A 
c o n s i d e r a b l e  weight  sav ing  i s  i n h e r e n t  i n  t h i s  system because 
t h e r e  i s  no need f o r  s t o r e d  gas o r  f o r  a  d i f f u s e r ,  A rough 
e s t i m a t e  of t h e  weight  of i n f l a t i o n  hardware i s  2 l b s .  The 
weight  of t h e  gas  source  a lone  i n  t h e  o t h e r  augmented a i r  systems 
and i n  t h e  pure  pyro techn ic  system i s  7 Sbs . ,whi le  t h e  weight  
of t h e  a i r  b o t t l e  i n  t h e  pure a i r  system i s  about  20  l b s .  
Rocket Research Corpora t ion  i s  aiming t o  draw 80 t o  9 0 %  of 
t h e  i n f l a t i o n  gas  r e q u i r e d  t o  f i l l  t h e  bag from t h e  v e h i c l e  
i n t e r i o r .  This  obvious ly  w i l l  r e s u l t  i n  a  lower over-pressure  
i n  t h e  v e h i c l e  which would be a  g r e a t  advantage when many 
systems a r e  deployed. No d a t a  have yet been ob ta ined  concerning 
deployment accuracy of t h i s  system. I f  p r o t e c t i v e  performance 
equa l  t o  t h e  o t h e r  systems i s  a v a i l a b l e  and t h e  low percentage  
of gases  a r e  found t o  be non- toxic ,  it would be a  l i lce ly  can- 
d i d a t e  f o r  use  i n  USA@ t r a n s p o r t s ,  provided problems of h e a t  
where t h e  t h r u s t e r s  c o n t a c t  t h e  body of t h e  occupant a r e  so lved.  

AIREAG DESIGN. S e v e r a l  f a c t o r s  should be cons idered  
from t h e  viewpoint  of t h e  des ign  of t h e  bag i t s e l f .  Among 
t h e s e  a r e  bag s i z e ,  baq shapes  m a t e r i a l ,  and use of v e n t s .  

The s i z e  o r  volume of t h e  bags which have been des igned 
f o r  automotive use  i s  very  dependent on t h e  occupant p o s i t i o n  
w i t h i n  fhe  v e h i c l e .  A d r i v e r  bag may have a volume a s  smal l  
a s  1 f t  whereas a  r i g h t - f r o n t  passenger  I O R S  u s u a l l y  has  
a  volume of 10 -12  f e e t 3 .  I n  a t r a n s p o r t  a i r c r a f t  a p p l i c a t i o n ,  
t h e  hack of t h e  s e a t  i n  f r o n t  of an occupant i s  much c l o s e r  
than  t h e  ins t rument  pane l  and windshield which would be i n  
f r o n t  of a r i g h t - f r o n t  a u t o  occupant .  Because of t h i s  it i s  
l i k e l y  t h a t  a bag used i n  a  je t  t r a n s p o r t  could be s m a l l e r ,  
p o s s i b l y  on ly  h a l f  t h e  s i z e  of its automotive c o u n t e r p a r t .  

The shape and deployment of t h e  bag f o r  a i r c r a f t  use  
would be governed by approximately t h e  same p r i n c i p l e s  which 
app:Ly t o  automotive use .  A bag deploying from a p o s i t i o n  
i n  f r o n t  of t h e  o c c u p a n t ' s  knees would p rov ide  a cushion f o r  
t h e  knees and f o r  t h e  t o r s o  of t h e  occupant .  A bag deploying 
a t  c h e s t  l e v e l  from a p o s i t i o n  i n  t h e  s e a t  back i n  f r o n t  of t h e  
occupant would have t o b e  supplemented by an  energy absorbing 
s t r u c t u r e  des igned t o  minimize motion of t h e  l e g s .  Both of 
t h e s e  d e s i g n s  have been t e s t e d  widely and can provide  e q u a l l y  
h igh  l e v e l s  of p r o t e c t i o n .  The high deploying bag concept  



h a s  s l i g h t  advan tages  i n  t h a t  t h e  bag can  b e  deployed  more 
r ap . id ly .  

S e v e r a l  f a c t o r s  have governed t h e  s e l e c t i o n  o f  f a b r i c  
r n a t e r i a . 1 ~  a s  a b a s e  f o r  an a i r b a s  r a t h e r  t h a n  a f i l m  
m a t e r i a l  ( S t r e e d ,  1 9 7 1 ) .  Among t h e s e  a r e :  (1) t h e  need f o r  
a h i g h  s t r e n g t h - t o - w e i g h t  r a t i o  f o r  t h e  m a t e r i a l  due t o  t h e  
neces s i . t y  of u s i n q  a s  t h i n  and f l e x i b l e  c o n s t r u c t i o n  
of  m a , t e r i a l  a s  p o s s i b l e ,  i n  o r d e r  .to meet compact packaging  
reqwiresnents;  ( 2 )  t h e  ~ z e c e s s i t y  f o r  t h i s  c o n s t r u c t i o n  t o  be  
a lmos t  i n s e n s i t i v e  t o  t e m p e r a t u r e  o f  s t o r a g e  and deployment;  
and,  ( 3 )  t h e  need. f o r  u l t i m a t e  r e l i a b i l i t y  i n  r e s i s t i n q  
snags  o r  t e a r s  coupled  w i t h  minimal  t h i c k n e s s  and t e a r  r e s i s t a n c e ,  
s i n c e  t e a r  r e s i s t a n c e  i s  t h e  most ou t s . t and ing  p r o p e r t y  of  a  
woven f a b r i c .  

Three f a c t o r s  govern t h e  u s e  of  c o a t i n g s  on most f a b r i c s  
which have been chosen f o r  a p p l i c a t i o n  i n  a i r b a g s .  The f i r s t  
of  t h e s e  i s  t h e  a b i l i t y  t o  c o n t r o l  t h e  g a s  p e r m e a b i l i t y  of  
t h e  f a b r i c ,  Second, a  c o a t i n g  s e r v e s  t o  p r o t e c t  t h e  f a b r i c  
and occupant.. from h e a t  i f  a  py ro t ec l ln i c  i n f l a t i o n  d e v i c e  i s  
used .  T h i r d ,  a  c o a t i n g  on t h e  f a b r i c  g i v e s  t h e  d e s i g n e r  more 
f l e x i b i l i t y  i n  t h e  d e s i g n  o f  t h e  a i r b a g  s l n c e  it p e r m ~ t s  
seams w i t h  any c o n t o u r ,  t h a t  a r e  a s  s t r o n g  a s  t h e  f a b r i c  i t s e l f ,  
a s  compared t o  t h e  l i m i t a t i o n s  imposed by t h e  u s e  of  an  
uncoa ted  f a b r i c  w i t h  i t s  need f o r  sewn o r  a d h e s i v e  bonded 
seams, 

F a b r i c  r equ i r emen t s  a r e  based  on h i g h  s t r e n g t h - t o - w e i g h t  
r a t i o  and maximum e l o n g a t i o n ,  minimal w e i g h t ,  t e m p e r a t u r e  i n -  
s e n s i t i v i t y ,  h i g h  c o v e r  f a c t o r ,  and c a p a b i l i t y  of  c o a t i n g  by 
commercial  p r o c e s s .  Cand ida t e  m a t e r i a l s  a r e  n y l o n ,  d a c r o n ,  
r ayon ,  g l a s s ,  and c o t t o n .  The most  d e s i r a b l e  p r o p e r t i e s  seem 
t o  be  embodied i n  a  5 . 5  oz .  r i p s t o p  nylon .  

Air-bag sys tems  may be  e i t h e r  v e n t e d  o r  unvented .  
G e n e r a l l y  d r i v e r  bags i n s t a l l e d  i n  t h e  s t e e r i n g  column a r e  
unvented whereas  t h e  r i g h t - f r o n t  p a s s e n g e r  sys tems  employ v e n t -  
i n g  t e c h n i q u e s .  One of t h e  main f u n c t i o n s  of a  d r i v e r  bag 
i s  t o  d i s t r i b u t e  t h e  l o a d  un i fo rmly  o v e r  t h e  c h e s t .  Energy 
can  be  abso rbed  d u r i n g  c o l l a p s e  o f  t h e  ene rgy  a b s o r b i n g  (EA) 
column. Pas senge r  bays  o f  c u r r e n t  d e s i g n  r e q u i r e  some t y p e  
of v e n t i n g  p r i m a r i l y  t o  a l l o w  energy  a b s o r p t i o n  and t o  
p r e v e n t  p o t e n t i a l l y  dangerous  rebound of  t h e  occupan t  i n t o  
t h e  s e a t  back .  P r e s e n t  v e n t i n g  sys tems  c o n s i s t  o f  e i t h e r  
p l a s t i c  p a t c h e s  which blow o u t  a l l o w i n g  g a s  t o  e s c a p e  from 
t h e  bag o r  porous  p a n e l s  which a l l o w  t h e  g a s  t o  e s c a p e  th rough  
t h e  bag m a t e r i a l  i t s e l f .  Both o f  t h e s e  t e c h n i q u e s  have been 
employed i n  p a s s e n g e r  bags  which have been e x t e n s i v e l y  t e s t e d  
on t h e  impact  s l e d  a t  BSRI. No l a r g e  d i f f e r e n c e s  i n  
performance have been no ted  when a  50 th  p e r c e n t i l e  male dummy 
i s  used .  I t  i s  p o s s i b l e  t h a t  t h e r e  may b e  some advan tage  i n  
u s i n g  porous  p a n e l s  i n  t h a t  p a t c h e s  have been obse rved  t o  
blow o u t  d u r i n g  t h e  r a t h e r  w i l d  c o n t o r t i o n s  obse rved  i n  an 
a i r b a g  d u r i n g  deployment p e r m i t t i n g  premature  v e n t i n g  of  
g a s  from t h e  bag. I n  o t h e r  words ,  it i s  p o s s i b l e  t h a t  t h e  



porous pane l s  could be designed t o  provide  more c o n s i s t e n t  
performance than  i s  p o s s i b l e  w i t h  blow-out pane l s .  

DIFFUSER DESIGN. The d i f f u s e r  i s  t h a t  component of 
t h e  system which d e l i v e r s  t h e  gas  supply t o  t h e  deploying bag. 
A s  such it c o n t r o l s  t h e  r a t e  and d i r e c t i o n  of flow i n t o  t h e  
bag. There fo re ,  t h e  des ign  of t h e  d i f f u s e r  i s  c r i t i c a l  i n  
providing a  s u c c e s s f u l  deployment. 

Most d i f f u s e r  des igns  wi th  which t h e  a u t h o r s  a r e  
and which a r e  used i n  r i g h t  f r o n t  i n f l a t i n g  r e s t r a i n t  systems 
c o n s i s t  of a  c y l i n d r i c a l  s t e e l  tube  wi th  a  s e r i e s  of v e r t i c a l  
s l o t s  through which t h e  gas supply can flow. One impor tant  
v a r i a b l e  i s  d i f f u s e r  d iameter  ( a s  d iameter  i s  i n c r e a s e d ,  s l o t  
a r e a  i s  a l s o  i n c r e a s e d ) .  I n i t i a l  air-bag t e s t s  a t  HSRJ were 
conducted us ing  a  d l r f u s e r  wi th  a  d iameter  of 2 i nches .  I t  
was found t h a t  a  smal l  ou t -o f -pos i t ion  dummy occupant p laced 
c l o s e  t o  t h e  bag exper ienced p o t e n t i a l l y  dangerous 6-loadings 
on t h e  head and t o r s o  due t o  bag i n f l a t i o n  a lone .  When t h e  
d iameter  of t h e  d i f f u s e r  was i n c r e a s e d  t o  3 i n c h e s ,  t h u s  r e -  
ducing t h e  i n i t i a l  v e l o c i t y  of t h e  deploying bag,  t h e  G-load- 
ings  were reduced t o  accep tab le  l e v e l s  based on c u r r e n t  
human t o l e r a n c e  d a t a .  

Another a s p e c t  of d i f f u s e r  des ign  which i s  being 
s t u d i e d  a t  H S R I  i s  t h e  e f f e c t  of t h e  s l o t s  on sound p r e s s u r e  
l e v e l s  ( N i c h o l l s ,  1970) .  The gas dynamics of t h e  r e s e r v o i r  
blowdown-bag i n f l a t i o n  process  have been cons idered  and char-  
a c t e r i s t i c  va lues  of t h e  more impor tant  parameters  have been 
computed by t h e  use of a  somewhat s i m p l i f i e d  mathematical 
model of t h e  system. A s e r i e s  of s teady-f low t e s t s  have been 
made over  a range of p r e s s u r e s  t o  determine t h e  n o i s e  l e v e l  
produced by v a r i o u s  t y p e s  of s l o t s .  S c h l i e r e n  photo- 
graphs ( s t i l l  and high-speed movies) have been taken s f  t h e  
flow from t h e  s l o t s .  The p re l iminary  d a t a  i n d i c a t e  t h a t  
i n t e r f e r e n c e  e f f e c t s  between the  i n d i v i d u a l  j e t s  l eads  t o  
h igher  n o i s e  l e v e l s  than  would be expected from an i n c r e a s e  
of mass flow r a t e s  a lone .  F u r t h e r  steady-flow t e s t s  of 
va r ious  s l o t  c o n f i g u r a t i o n s  have been planned. It i s  a n t i c l -  
pa ted  t h a t  t h e s e  s teady-flow t e s t s  w i l l  be compared wi th  
p r o j e c t e d  blowdown t e s t s  of a  t y p i c a l  air-baq system i n  o r d e r  
t o  d e f i n e  t h e  c h a r a c t e r i s t i c s  of t h e  major n o i s e  genera t ing  
mechanisms and the reby  i n d i c a t e  t h e  techniques  most l i k e l y  
t o  r e s u i t  i n  r educ t ion  of peak n o i s e  l e v e l s ,  

S O U N D  FROM INFLATING RESTRAINT SYSTEMS 

The most complete and d e t a i l e d  s tudy of t h e  sound emana- 
t i n g  from an i n f l a t i n g  r e s t r a i n t  system has been conducted by 
B o l t ,  Beranek, and Newman, I n c .  (Allen e t  a l . ,  1 9 7 1 )  under 
c o n t r a c t  wi th  t h e  Nat ional  Highway T r a f f i c  Sa fe ty  Adminis t ra t ion  



(Cont rac t  No. DOT-HS-086-1-006). The t h r e e  purposes  of 
t h e i r  s tudy  were t o :  (1) e s t a b l i s h  t e n t a t i v e  c r i t e r i a  f o r  
exposure t o  a i r b a g  n o i s e ;  ( 2 )  f i n d  t h e  n o i s e  l e v e l s  ex- 
pec ted  i n  motor v e h i c l e s  ; and ( 3 )  e s t i m a t e  t h e  pe rcen tage  
of t h e  p o p u l a t i o n ,  i f  any,  whose h e a r i n g  might be permanently 
a f f e c t e d  by widespread exposure t o  the n o i s e  of i n f l a t a b l e  
r e s t r a i n t  sys tems,  I n  a d d i t i o n  t h e y  have reviewed and d i s -  
cznssed, i n  d e t a i l ,  p rev ious  e f f o r t s  such a s  t h o s e  of Nixon 
(1969, 1 9 7 0 ) .  

These purposes  were accomplished and t h e i r  t e n t a t i v e  
conc lus ions  a r e  summarized i n  t h e  fo l lowing .  They have 
e s t i m a t e d ,  based on t o l e r a n c e  d a t a  developed dur ing  t h e  pro- 
j e c t ,  t h a t  exposure t o  a  f u l l  complement of motor v e h i c l e  
a i r b a g s  i n f l a t e d  s imul taneous ly  could  l e a d  t o  h e a r i n g  damage 
i n  1 5 %  t~ 30% of t h e  exposed pe r sons .  This  i n d i c a t e s  a  
considerab1.e problem w i t h  a i r b a g s  of 1970 v i n t a g e .  A f t e r  
i n t e r p r e t i n g  t h e  limited a v a i l a b l e  in fo rmat ion  they  concluded 
t h a t  v a r i o u s  s p e c i a l  groups (young, aged,  i n f i r m ,  o r  t h o s e  
w i t h  h e a r i n g  r e l a t e d  problems) a r e  n o t  s u b s t a n t i a l l y  d i f -  
f e r e n t  from t h e  normal popu la t ion  and t h e r e f o r e  could  be i n c l u d -  
ed i n  reconmendations based on t h e i r  g e n e r a l  t e n t a t i v e  c r i t e r i a .  

The p o s s i b i l i t y  of r educ ing  t h e  sound l e v e l s  t o  more 
a c c e p t a b l e  l e v e l s  us ing  a v a i l a b l e  a c o u s t i c a l  e n g i n e e r i n g  
t echn iques  has  been p o i n t e d  o u t  and recommended. For example, 
they  e s t i m a t e  t h a t  a  r e d u c t i o n  of 15 &. i n  air-bag n o i s e  
would i n s u r e  t h a t  e s s e n t i a l l y  t h e  e n t i r e  exposed p o p u l a t i o n  
would be p r o t e c t e d  from h e a r i n g  damage. 

Because of t h e  t e n t a t i v e  n a t u r e  of t h e i r  n o i s e  c r i t e r i a  
t h e  fo l lowing  r e s e a r c h  s t u d i e s  should  be conducted:  (1) psycho- 
a c o u s t i c  s t u d i e s  of t h e  temporary t h r e s h o l d  s h i f t  produced by 
p u l s e s  of n o i s e  and/or pure  t o n e s  a t  t h e  f r e q u e n c i e s ,  l e v e l s  
and d u r a t i o n s  a n t i c i p a t e d  f o r  air-baq deployment; ( 2 )  ana lyses  
of t h e  n o i s e  s i g n a l  a s  a  f u n c t i o n  of f requency,  d u r a t i o n ,  and 
occupant  p o s i t i o n  f o r  each of t h e  s e v e r a l  sources  of n o i s e  
i n  a deployment of a  r e a l i s t i c  a i r b a g ;  and ( 3 )  complete 
l i t e r a t u r e  survey cover ing  a11 t y p e s  of  impact n o i s e  exposure 
a long w i t h  t h e  p h y s i c a l  and c l i n i c a l  a s p e c t s .  

The d i f f u s e r  system most prominently employed i n  de- 
l i v e r i n g  gas  t o  an air-bag system ( a  manifold wi th  s l o t s )  has 
been s u b j e c t e d  t o  a  l i m i t e d  s e t  of t e s t s  a t  The u n i v e r s i t y  of 
Michigan by N i c h o l l s  (1970) .  The n o i s e  l e v e l s  were determined 
f o r  one-, two-, and three-manifo ld- type  s l o t s  on a  s teady-f low 
b a s i s  over  a range of p r e s s u r e s .  S t i l l  and high-speed 
S c h l i e r e n  photographs were t aken  of t h e  f low from t h e  s l o t s .  

The p r e l i m i n a r y  d a t a  have i n d i c a t e d  t h a t  i n t e r f e r e n c e  
e f f e c t s  between i n d i v i d u a l  j e t s  l e a d s  t o  h i g h e r  n o i s e  l e v e l s  
t h a n  would be expected  from i n c r e a s e  of mass flow r a t e s  a l o n e .  
The conc lus ion  reached i s  t h a t  t h e  manifo ld  s l o t  c o n f i g u r a t i o n  



i s  capable  of producing ve ry  h igh  n o i s e  l e v e l s ,  when a  
l a r g e  number of s l o t s  a r e  s u p p l i e d  w i t h  expected  o p e r a t i n g  
manifold p r e s s u r e s .  Although t h e  c o n f i g u r a t i o n  of t h e  
r e s e r v o i r s ,  t h r o a t , a n d  t h e  manifold e n t r a n c e  s e c t i o n  may, 
d i r e c t l y  o r  i n d i r e c t l y ,  c o n t r i b u t e  t o  t h e  o v e r a l l  sound l e v e l ,  
t h e  p o t e n t i a l  f o r  n o i s e  r e d u c t i o n  appears  t o  be g r e a t e s t  i n  
t h e  a r e a  of manifold " s l o t "  des ign .  Both automobile manufac- 
t u r e r s  and s u p p l i e r s  a r e  working on t h i s  problem wi th  some 
apparen t  p r o g r e s s .  

I t  i s  a p p a r e n t  from read ing  t h e  few r e p o r t s  a v a i l a b l e  
on t h i s  s u b j e c t  t h a t  on ly  a beginning has  been made on t h e  
two fundamental problems r e l a t i n g  t o  n o i s e  from a i r b a g s :  
(1) What i s  human t o l e r a n c e  t o  n o i s e  genera ted  by a i r -bag  
systems? and,  ( 2 )  What des ign  f a c t o r s  are involved i n  reduc- 
i n g  n o i s e  l e v e l s  by a p p l i c a t i o n  of  a c o u s t i c  eng inee r ing  
p r i n c i p l e s ?  A good d e a l  of r e s e a r c h  remains t o  be accomplish- 
ed  i n  t h i s  s u b j e c t  a r e a .  

HUMAN VOLUNTEER PERFORMANCE TESTS 

A v a r i e t y  of t e s t  r e s u l t s  have been r e p o r t e d  dur ing  
t h e  p a s t  yea r  where human v o l u n t e e r s  have been used t o  examine 
v a r i o u s  a s p e c t s  of air-bag perfoamme. The tests were w- 
r i e d  o u t  on t h e  Daisy Track a t  Hollornan A i r  Force Base under 
both  A i r  Force and Department of T r a n s p o r t a t i o n  sponsorship .  
P e r t i n e n t  r e p o r t s  have been i s s u e d  by Gragg ( l 9 7 0 ) ,  Bendixen 
( 1 9 7 0 )  , McElhaney (1971) , and t h e  Department of T r a n s p o r t a t i o n  
(1971). A v a r i e t y  of conc lus ions  have Seen made based on 
t h e s e  t e s t s  which a r e  q u i t e  f a v o r a b l e  f o r  a i r b a g  performance. 

The p r e i n f l a t e d - b a g  t e s t s  r e p o r t e d  by Gragg (1970) 
may have a ~ p l i c a t i o n  t o  j e t  t r a n s p o r t  a i r c r a f t  i n  t h a t  
t h e r e  may be a  s h o r t  t ime b e f o r e  a  c r a s h  occurs  f o r  t h e  oc- 
cupant  t o  p o s i t i o n  himself  i n  t h e  r e s t r a i n t  system. The con- 
c l u s i o n s  were a s  fo l lows :  (1) ths l e g s  a r e  a b l e  t o  t r a n s m i t  
c o n s i d e r a b l e  f o r c e  dur ing  an impact v e r i f y i n g  t h e  work of 
o t h e r  i n v e s t i g a t o r s ;  ( 2 )  the bag i s  most e f f e c t i v e  when t h e  
occupant i s  i n  c o n t a c t  w i t h  it p r i o r  t o  impact s o  t h a t  he 
loads  t h e  bag b e f o r e  t h e  b e l t  e l i m i n a t i n g  t h e  phase l a g  which 
can occur  between b e l t  and bag Loading; ( 3 )  a v e r s i o n  of t h i s  
type  a i r b a g  would reduce t h e  inc idence  of head and t h o r a x  
c o n t a c t  w i t h  hazardous i n t e r i o r  s u r f a c e s  dur ing  c r a s h  landings,  
m a t e r i a l l y  reducing t h e  f a t a l i t i e s  and trauma r e s u l t i n g  from 
such impac t s ;  ( 4 )  t h e  a i r b a g  gave t h e  s l e d  s u b j e c t  a  r e l a x e d ,  
c o n f i d e n t  f e e l i n g  p r i o r  t o  impact and they  were e n t h u s i a s t i c  
i n  t h e i r  acceptance  of t h e  dev ice ;  and (5 )  it was d i f f i c u l t  
t o  c o n t r o l  t h e  amount of b r a c i n g  of t h e  s u b j e c t s q  l e g s  ( t h i s .  
f a c t o r  appeared t o  be r e l a t e d  t o  t h e  s u b j e c t s '  emot ions ) .  

A comparison between l a p  b e l t ,  A i r  Force ha rness , and  
air-bag r e s t r a i n t  systems was a l s o  r e p o r t e d  by Gragg (1970) .  



The a i r b a g s  were deployed upon impact f o r  t h i s  t e s t  s e r i e s .  
I n  a d d i t i o n  t o  sirni1,ar r e s u l t s  r e l a t e d  t o  s u b j e c t  b r a c i n s ,  
t h e  foLlowing conc lus ions  were reached.  F i r s t ,  t h e  l a p  
belt pl,us a i r b a g  lowered both  impulse and peak f o r c e  
loadi.ngs t o  t h e  p e l v i s  when compared t o  t h e  l a p  b e l t  onlv 
(obvious ly  because t h e  loadj.ny i s  d i s t r i b u t e d  between two 
dev ices  dur ing  t h e  a i r -bag  t e s t s ) a .  Second, t h e  A i r  Force 
harness  produced s l i g h t l y  l e s s  r e d u c t i o n  of t h e  p e l v i c  
loading when compared t o  t h e  l a p  b e l t  only  (when t h e  s t i f f  
b e l t  system i s  ssaraq, a s  was t h e  c a s e  i n  t h e s e  t e s t s ,  t h e  
occupant t ends  t o  i n t e r a c t  w i t h  t h e  l a p  b e l t b e f o r e  reach ing  
p e a k  i n t e r a c t i o n  w i t h  t h e  s o f t e r  b a g ) .  Thus t h e  bag,  
a s  c u r r e n t l y  used ,  can do l i t t l e  t o  reduce p e l v i c  o r  knee 
loads .  The combination of an energy-absorbing l a p  b e l t  i n  
combination w i t h  t h e  a i r b a g  can be shown t o  a i d  i n  over-  
coming t h i s  problem i n  phas ing t h e  f o r c e s  a p p l i e d  t o  t h e  
occupant .  T h i r d ,  t h e  l a p  b e l t  p l u s  a i r b a g  i n c r e a s e d  t h e  
f o o t  load ing  s i g n i f i c a n t l y  when compared ta t h e  l a p  b e l t  
only  and "ce Air: Force ha rness .  Because of t h e  p o t e n t i a l  of 
t h e  l e g s  f o r  c a r r y i n g  impact loads  t h i s  r e d i s t r i b u t i o n  of 
load ing  i s  d e s i r a b l e .  

McElhaney ( l 9 7 1 )  conducted an a n a l y s i s  of d a t a  ga the red  
i n  a  t e s t  program conducted by Bendixen (1970) a t  t h e  Daisy 
Track,  Holloman AFB. The d a t a  ga the red  i n  t h e s e  t e s t s  i s  
summarized i n  Table 3 .  Tha a n a l y s i s  i n d i c a t e d  t h a t  a  l a p  
b e l t  p l u s  a  r a p i d l y  i n f l a t i n g  bag performs s i g n i f i c a n t l y  
b e t t e r  t h a n  t h e  l a p  b e l t  a lone  because they  reduced:  
(I) l i n e a r  and angu la r  head motion; ( 2 )  l i n e a r  head a c c e l e r a -  
t i o n ;  ( 3 )  shou lde r  motion; ( 4 )  p e l v i c  p a i n ;  ( 5 )  f o o t  pan 
load ;  and (6) sea t -back rebound load .  Most of t h e s e  observa-  
t i o n s  a g r e e  w i t h  t h e  r e s u l t s  of Gragg. 

The most r e c e n t  d a t a  a r e  i n  a  r e p o r t  i s s u e d  b  t h e  
Department of   rans sport at ion (1971) t o  i t s  Docket 68-7 
concerned w i t h  Motor Vehic le  S a f e t y  Standard  No. 208 
on occupant  p a s s i v e  r e s t r a i n t .  The t e s t s  were des igned 
t o  be "mechanical ly e q u i v a l e n t  t o  i n a d v e r t e n t  i n f l a t i o n  
0 2  an a i r b a g  i n  a  v e h i c l e  (moving) a t  c o n s t a n t  v e l o c i t y . "  
The s u b j e c t s  were i n  v a r i o u s  p o s i t i o n s  and p o s t u r e s  i n  t h e  
body buck, Quoting from t h i s  r e p o r t :  

" S t a t i c  e v a l u a t i o n  t e s t i n g  was t e rmina ted  on February 
1 7 ,  1971. During t h e  t e s t  s e r i e s ,  one s u b j e c t ' s  appreherlsion 
about  a d d i t i o n a l  exposures ( t h e  s u b j e c t  r e c e i v e d  marked 
a b r a s i o n s ,  c o n t u s i o n s ,  edema, and erythema t o  t h e  r i g h t  
s i d e  of h i s  c h e s t  on h i s  second exposure)  caused him t o  be 

2Note:    em arks i n  p a r e n t h e s i s  a r e  o b s e r v a t i o n s  based on 
HSRI  air-bag r e s e a r c h  such a s  t h a t  r e p o r t e d  by Robbins (1971) .  
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rep laced .  But,  it can be s t a t e d ,  w i t h  q u a l i f i c a t i o n s  ap- 
p a r e n t  i n  t h i s  and t h e  fo l lowing  pa ragraphs ,  t h a t  no s e r i o u s  
i n j u r i e s  were recorded on any of t h e  s u b j e c t s .  S u b j e c t s  
were exposed t o  a l l  p o s i t i o n s  a s  d e s c r i b e d  i n  t h e  p r o t o c o i  
wi th  t h e  excep t ion  that: no s u b j e c t s  were p o s i t i o n e d  c l o s e r  
t o  an undeployed system i n  t h e  Lea.ning s e r i e s  t h a n  a  thorax-  
hor izola ta l  ang le  of  61' ( t h i s  showed a  d i s t a n c e  from f a c e  
padding t o  f o l d e d  a i r b a g  of 11.93 i n c h e s ,  from f a c e  padding 
t o  ins t rument  pane l  of 6 . 6 7  i n c h e s ) .  Also ,  i n  o r d e r  t o  g e t  
t o  these l i m i t s ,  t h e  folS.owing p r o v i s i o n s  of the.  p r o t o c o l  
were used: 

'Addi tonal  d u p l i c a t e  t e s t s  may be  conducted a t  t h e  
d.i .sc~cetion of t h e  ,medical i n v e s t i g a t o r .  ~ l k e w i s e ,  
:in o r d e r  t o  con t inue  c o l l e c t i n g  Kinematic d a t a ,  means 
o f  p r o t e c t i o n  may be used as r e q u i r e d . '  

A more exact d e s c r i p t i o n  of t h e  means of  p r o t e c t i o n  u t i l i z e d  
t o  a t t a i n  t h e s e  limits, espec j -a l ly  of t h e  ' h a n d s  on t h e  dash '  
and t h e  ' l e a n i n g  forward '  p o s i t i o n s ,  w i l l  be inc luded  i n  
t h e  f i n a l  r e p o r t ,  a s  adequate f a c e  p r o t e c t i o n  was used i n  
a l l  of t h e  l e a n i n g  t e s t s  and under-arm p r o t e c t i o n  was used 
f o r  a l l  arms forward t e s t s  f o r  thorax-humerus ang les  from 
74' th rough 68' . " 

"Sub jec t  P on t e s t  SF-74, l e a n i n g  a t  68' , complained 
of headache and immediate pos t - run  d i s o r i e n t a t i o n  and con- 
f u s i o n .  Sub jec t  M on t e s t  SF-76 ,  a l s o  l e a n i n g  a t  68O, 
developed a f r o n t a l  headache which p e r s i s t e d  f o r  t h r e e  days .  
S u b j e c t  E on t e s t  SF-88, l e a n i n g  a t  6 1 ° ,  developed a  mild 
concussion,  The l e a r n i n g  , t e s t s  were then  t e rmina ted  by t h e  
medical. i n v e s t i g a t o r  a t  a  t h o r a x - h o r i z o n t a l  ang le  of 61' be- 
cause  i n  h i s  opin ion f u r t h e r  t e s t i n g  would have imposed an 
undue i n j u r y  hazard  t o  t h e  s u b j e c t s . ' "  

Most of t h e  d a t a  p r e s e n t e d  i n  t h e  p rev ious  paragraphs  
a r e  f a v o r a b l e  t o - t h e  a i r ~ b a q  r e s t r a i n t  system. I t  does appear ,  
however, t h a t  a d d i t i o n a l  work must be conducted t o  f u l l y  
e v a l u a t e  t h e  e f f e c t s  of t h e  a i r b a g  on a  poor ly  p o s i t i o n e d  
occupant ,  A s  a d d i t i o n a l  in fo rmat ion  on t h e  human t e s t  pro-  
grams conducted a t  HoLloman becomes a v a i l a b l e ,  it should  
be used t o  ampl i fy  and complete t h i s  a n a l y s i s .  

OPERATIONAL TEMPERATURES 

Limited informat ion  i s  a v a i l a b l e  d e s c r i b i n g  t h e  temper- 
a t u r e  range over  which air-bag r e s t r a i n t  systems may be expect -  
ed  t o  o p e r a t e  due t o  t h e  f a c t  t h a t  most dev ices  a r e  i n  t h e  
p ro to type  developmental and t e s t  s t a g e .  A v a r i e t y  of s t o r e d  
a i r ,  augmented a i r ,  and pyro techn ic  i n f l a t i o n  sources  have 
been s t o r e d  a t  tempera tures  ranging from 180° F-300° F 
wi thout  any decrement i n  performance. These sys tems,  i n -  
tended f o r  automotive u s e ,  must be expected  t o  r e s i s t  r a t h e r  
extreme tempera tures  because of p o t e n t i a l  p o s i t i o n i n g  i n  t h e  
ins t rument  pane l  a r e a  of a  motor v e h i c l e .  



Although most r e p o r t e d  t e s t  i n f l a t i o n s  have been 
conducted a t  70 O F t h e  augmented a i r  system developed by 
Olin has been s u b j e c t e d  t o  o p e r a t i o n a l  temperature extremes 
wi thout  s e r i o u s  performance decrement. A range of -25O F 
t o  180 O F was covered. 

Most air-bag f a b r i c s  have s a t i s f a c t o r y  mechanical 
p r o p e r t i e s  i n  t h e  temperature range of i n t e r e s t  b u t  t h e  
c o a t i n g  m a t e r i a l s  show more v a r i a b i l i t y .  M a t e r i a l s  such a s  
neoprene show e x c e l l e n t  s t a b i l i t y  and s t r e n g t h  r e t e n t i o n  a t  
tempera tures  a s  high a s  200 O F  t o  2 2 0  O F. A t  t h e  lower end 
many c o a t i n g  m a t e r i a l s  became r a t h e r  b r i t t l e  a t  -20  O F. 
Neoprene may p o s s i b l y  be s a t i s f a c t o r y  t o  -50' F and n a t u r a l  
rubber  t o  -70 O.  

ALTERNATIVES TO INFLATING RESTRAINTISYSTEMS 

Both Nissan Motor Company, Ltd. (Maki, 1970) and 
Hamill Manufacturing Company have proposed pass ive  n e t  r e s t r a i n t  
systems f o r  automobile occupant p r o t e c t i o n .  General Motors 
i s  a l s o  known t o  be a c t i v e  i n  t h i s  a r e a  b u t  publ ished d a t a  
a r e  n o t  known t o  be a v a i l a b l e ,  Deployable n e t s  have both  
advantages and d isadvantages  when compared wi th  a i r b a g s .  It 
should a l s o  be noted t h a t  both  types  of systems r e q u i r e  t h e  
use  of a  c r a s h  s e n s o r ,  t h e  problems of which have been 
desc r ibed  p rev ious ly .  

Net m a t e r i a l  i s  h igh ly  s u i t a b l e  a s  a  r e s t r a i n t  m a t e r i a l .  
~t i s  l i g h t w e i g h t ,  can be f a b r i c a t e d  wi th  e x c e l l e n t  
shock-energy-absorption p r o p e r t i e s ,  and 1s s u f f i c i e n t l y  s t rong .  

Conf igura t ions  have been t e s t e d  invo lv ing  both  f r o n t -  
and r e a r - s e a t  automobile occupants  a s  w e l l  a s  t h e  d r i v e r .  
Gross body motions were observed t o  be a r r e s t e d  b u t  c e r t a i n  
biomechanical d e t a i l s  w i l l  r e q u i r e  f u r t h e r  s t u d i e s .  One of 
t h e s e  i s  t h e  l o c a l i z e d  load ing  of t h e  mesh on t h e  s k i n  of 
t h e  occupant.  Mesh s i z e  appears  t o  be an impor tant  v a r i a b l e  
i n  system des ign.  Another problem i s  t h e  obse rva t ion  of 
whiplash a s  occupant motion i s  a r r e s t e d .  I t  appears  t h a t  a  
n e t  must be des igned wi th  mechanical p r o p e r t i e s  which vary 
w i t h  t h e  impinging occupant body segment. For i n s t a n c e ,  
t h e  head should  be allowed t o  p e n e t r a t e  t h e  n e t  t o  a  g r e a t e r  
e x t e n t  than  t h e  c h e s t  a t  a  lower load .  

Net r e s t r a i n t  systems a r e  f r e e  of t h e  n o i s e  and p r e s s u r e  
problems o c c u r r i n g  wi th  a i r b a g s .  The mechanism i s  simple 
and fo l lowing s o l u t i o n  of t h e  biomechanical problems t h i s  
system should be a t  l e a s t  a s  compet i t ive  a s  a i r b a g s  f o r  
a p p l i c a t i o n  i n  j e t  t r a n s p o r t  a i r c r a f t .  



SECTION V 

SCHJELDAHL SMOKE HOOD AND OTHER MASK PROTECTIVE DEVICES 

BACKGROUND 

The need f o r  p r o t e c t i o n  of passengers  and crew from 
t h e  e f f e c t s  of t o x i c  fumes, i n h a l a t i o n  of  smoke and flame 
has been i n d i c a t e d  i n  i n w e s t i g a t i o n s  of both c i v i l  and 
m i l i t a r y  j e t  t r a n s p o r t  a c c i d e n t s .  Smoke i n h a l a t i o n  has 
been shown t o  be a  s i g n i f i c a n t  f a c t o r  i n  t h e  i n c a p a c i t a -  
t i o n  of passengers  r e s u l t i n g  i n  t h e i r  i n a b i l i t y  t o  
evacuate  t h e  a i r c r a f t  p r i o r  t o  i t s  d e s t r u c t i o n  by f i r e .  

A review of  s u r v i v a b l e  USRF passenger c a r r y i n g  a i r -  
c r a f t  a c c i d e n t s  r e s u l t e d  i n  t h e  conclus ion  t h a t  f i r e  was 
a  prime f a c t o r  i n  1imit . ing t h e  s u c c e s s f u l  e q r e s s  of t h e  
passengers  (Reagin, e t  a l e ,  1 9 7 0 )  . S t u d i e s  by Sawyer (1967) 
of 196 ca rgo- t ranspor t  a c c i d e n t s  invo lv ing  1899 occupants  
o c c u r r i n g  from 1962 t o  June 1967, i n d i c a t e  t h e  o v e r a l l  
inc idence  of f i r e  was 35%. O f  t h e s e  6 9  USAF ca rgo- t ranspor t  
a c c i d e n t s  invo lv ing  f i r e  dur ing  t h i s  p e r i o d ,  16 r e s u l t e d  
i n  major o r  f a t a l  f i r e  i n j u r i e s ,  74% ( o r  139) of t h e  189 
f a t a l i t i e s  were a t t r i b u t e d  t o  f i r e ,  r e s u l t i n g  i n  " t h e  r i s k  
f o r  a i r c rew was 3 4 % ,  whereas 93% of a l l  passenger  f a t a l i t i e s  
were due t o  f i r e "  (Sawyer, 1967) .  Reviewing 40  s e l e c t e d  
USA3 passenger-car ry ing a c c i d e n t s  from 1964 through 1968, 
Brown (1969) found t h a t  many f a t a l i t i e s  occurred  even though 
t h e  c rash  i t s e l f  was su rv ivab le .  This  was confirmed by a  
r e c e n t  review by t h e  au thors  of 30 C-135 a c c i d e n t s  occur r ing  
from 1964 t o  d a t e ,  and 1 4  C - 1 4 1  a c c i d e n t s  from 1968 t o  d a t e .  
I n  one case  invo lv ing  a  C-135 a c c i d e n t ,  a  smal l  o n ~ o a r d  
a u x i l l a r y  power u n i t  caught  f i r e  upon impact ,  and 11 pas-  
sengers  d i e d  from smoke i n h a l a t i o n  when they f a i l e d  t o  
evacuate  i n  t ime.  I n  t h i s  a c c i d e n t  30 passengers  were 
uninjured .  

I t  has been found t h a t  t h e  c o l l a p s e  through smoke 
i n h a l a t i o n  of  only  one passenger  can have a  d i r e c t  and very 
d e l e t e r i o u s  e f f e c t  upon passenger evacuat ion  f low, p a r t i c u l a r -  
l y  when t h e  a f f e c t e d  i n d i v i d u a l  i s  l o c a t e d  a t  a  c r i t i c a l  
p o i n t ,  such as i n  t h e  a i s l e ,  o r  b locking an overwing emer- 
gency e x i t .  I n  t h e  t y p i c a l  j e t  t r a n s p o r t  a c c i d e n t s  which 
have been i n v e s t i g a t e d  t o  d a t e ,  d e c e l e r a t i v e  f o r c e s  a r e  
o f t e n  found t o  be  r e l a t i v e l y  low and s t r u c t u r a l  deformation 
impeding escape minimal. I n j u r i e s  a r e  q e n e r a l l y  minor and 
s u s t a i n e d  dur ing  escape r a t h e r  than  a t  ~ m p a c t ,  y e t  it i s  
n o t  unusual f o r  a l l  dea ths  and major i n j u r i e s  t o  be caused 
by smoke and f i r e .  



Exper imenta l  f i r e  t es t s ,  conducted by t h e  A i r  L ine  
P i l o t ' s  A s s o c i a t i o n  (ALPA), of i n s t rumen ted  a i r c r a f t  o u t f i t t e d  
w i t h  c u r r e n t  i n t e r i o r  m a t e r i a l s  i n d i c a t e  t h a t  smoke d e n s i t y  
approaches s a t u r a t i o n  i n  two t o  two and one-half  minutes  
(Heine,  1 9 6 6 ) .  I n  t h e s e  exper iments  t empera tu re  rise 
approaching i n t o l e r a b l e  l e v e l s  (480° F)  o c c u r r e d  a t  t h e  f i f t h  
and s i x t h  minu te s ,  fo l lowed c h a r a c t e r i s t i c a l l y  by a  f l a s h  
f i r e  w i t h  t empera tu re s  r i s i n g  i n  exces s  o f  1600° F i n  one 
o r  two minutes .  Smoke d e n s i t y  and t empera tu re  measurements 
i n  o t h e r  t e s t s  i n d i c a t e  s t r a t i f i c a t i o n  and l a c a l i z a t i o n ,  w i t h  
f l a s h  f i r e s  r e p o r t e d  t o  t r a v e l  th rough t h e  f u s e l a g e  a t  a  
r a t e  of  68 f e e t  p e r  minute  (Marcy, 1 9 6 5 ) .  

I n  o r d e r  t h a t  e v a c u a t i o n  may be accomplished b e f o ~ e  
t h e  c a b i n  o r  f l i g h t - d e c k  a r e a s  become u n i n h a b i t a b l e  due t o  
e l e v a t e d  t e m p e r a t u r e s ,  t h e  p r o t e c t i o n  of  t h e  human res- 
p i r a t o r y  system i s  of  c r i t i c a l  importance.  The occupant  must 
remain mobile  and i n  a  consc ious  s t a t e  pos t - c r a sh  i n  o r d e r  t o  
e f f e c t i v e l y  evacua te .  C l i n i c a l  i n v e s t i g a t i o n s  have shown 
t h a t  shock may n o t  be  an i m p o r t a n t  f a c t o r ,  a ccoun t ing  f o r  a  
low (20%)  f a t a l i t y  i n  burn  c a s e s  ( P h i l l i p s ,  1960) , w h i l e  
r e s p i r a t o r y  t r a c t  t rauma,  w i t h  o r  w i t h o u t  superimposed 
r e s p i r a t o r y  t r a c t  i n f e c t i o n ,  may account  f o r  n e a r l y  50%. 
Yet where f a c i a l  burns  a r e  i n c u r r e d ,  more t h a n  t h r e e - f o u r t h s  
o f  t h e  v i c t i m s  may deve lop  r e s p i r a t o r y  d i f f i c u l t i e s  due t o  
i n h a l a t i o n  of f lame.  I t  h a s  been r e p o r t e d  t h a t  i f  t h e  lower  
r e s p i r a t o r y  t r a c t ,  c o n s i s t i n g  of  t h e  t r a c h e a ,  main b r o n c h i ,  
and secondary b r o n c h i ,  i s  burned,  a  f a t a l i t y  i s  u s u a l l y  
i n e v i t a b l e  ( C o r n e l l ,  1960) .  

Carboxyhemoglobin d e t e r m i n a t i o n s  performed on v i c t i m s  
of t h r e e  (DC-8, 727, 707) j e t  t r a n s p o r t  c r a s h e s  s t u d i e d  by 
Snow, e t  a l . ,  1971, may s e r v e  a s  one index  o f  t h e  o v e r a l l  
l e t h a l i t y  of t h e  t h e r m a l ,  as opposed t o  gaseous ,  e lements  of 
t h e  a c c i d e n t  environment .  I n  a  DC-8 c r a s h  o c c u r r i n g  i n  Denver 
i n  1961, 16 pas senge r s  d i e d  o f  carbon monoxide po i son ing  wh i l e  
a t t e m p t i n g  t o  evacua te  subsequent  t o  a  low-force impact .  A 
pos t - c ra sh  f u e l  f i r e  o u t s i d e  t h e  c a b i n  g e n e r a t e d  a  l a r g e  
volume of  dense smoke and noxious fumes which were funneled  
through t h e  pas senge r  c a b i n  a s  soon a s  t h e  e x i t s  were opened 
(Hasbrook, e t  al., 1962) .  I n  t h i s  c a s e  t h e  carboxyhemo- 
g l o b i n  d e t e r m i n a t i o n s  were a l l  above 30%,  t h e  l e v e l  a t  which 
d e f i n i t e  symptoms of  CO po i son ing  such a s  v e r t i g o ,  s h o r t n e s s  
of  b r e a t h ,  and impairment of  judgment normally  appear  

' 

(Henderson and Haggard, 1943;  F l i g h t  Su rgeon ' s  Manual, 1962) .  
Some t h r e e - f o u r t h s  o f  t h e  c o n c e n t r a t i o n s  found exceeded 508, 
t h e  t h r e s h o l d  o f  c o l l a p s e  and unconsc iousness ;  and i n  severa l -  
v i c t i m s ,  t h e  l e v e l s  were g r e a t e r  t h a n  80%,  i n d i c a t i n g  t h a t  
t h e y  may have d i e d  of CO po i son ing  before f i r e  reached  them. 
High  c o n c e n t r a t i o n s  o f  carboxyhemoglobin, i n d i c a t i n g  r e l a t i v e -  
l y  long  exposure  times, occu r red  i n  t h e  DC-8 c r a s h  where f i r e  
was n o t  p r e s e n t  w i t h i n  t h e  cab in .  I n  a Boeing 727 c r a s h  
t h e r e  was f i r e  on board  th roughout  t h e  evacua t ion  and the  



intermediate CO Hgb valbes in the BBeing 707-331 crash, 
where the thermal element predominated, were relatively low, 
indicating extremely sl~ort exposure .time with fire and bla.st 
as the principal lethal agents. 

Civil airlines are required by Federal Air Regulation 
to demonstrate that all passengers (maximum passenger capa- 
city) can be evacuated within 90 seconds to the ground or 
ramp steps using only the exits on one side of the aircraft 
(FAR 25.803(c)). Vet in actual emergencies even this short 
time span required for evacuation may be insufficient. Life 
Sciences recornmendations as a result of one C-135 accident 
included a recommendation that the number of passengers should 
be limited to those able to evacuate in one minute from three 
exits. Intensive human factors investigations of civil jet 
air transports have been conducted (Hasbrook, et al., 1962; 
Carroll, 1952; Snow,et al:, 1971). The problem of smoke as 
a major factor in evacuatson was pointed up dramatically 
by the crash I n  Rome of a Boeing 707-331 (snow, et al., 
19711, in Salt Lake City of a Boeing 727 (United Airlines, 
1966; Snow, et ale, 1 9 7 1 )  and in Denver of a Douglas DC-8 
(Hasbrook, et al., 1962; Snow, et al,, 197L), in which 105 
of 261 passengers aboard died in attempts to escape during the 
one to three minutes prior to the build-up of a lethal thermo- 
toxic environment with the cabin. Figure 23 shows the dense 
smoke and flames typical of post-crash fires. This crash on 
December 28, 1970, a Boeing 7 2 7  at St. Thomas, V.I., involved 
46 passengers, 2 infants, and a crew of 7, with 2 fatalities 
(National Transportation Safety Board Press Release 71-31, 
1971). If passengers in this type of accident can be protected 
from the immobilizing and incapacitating effects of inhalation 
of smoke, toxic gases, and flame, for only one to two minutes 
of additional evacuation time prior to the buildup of intolerable 
temperatures within the cabin, i-t seems that a significant 
increase in passenger survival. can be attained. In some 
situations, however, even m o m  evacuation time may be required. 

A recent Air Force study of emergency escape and 
survival from transport aircraft has concluded that "a 
simple lightweight bag-shaped smoke hood...would lengthen 
the survival time by providing three to four minutes of 
clean air to breath inside the hood. In addition, the hood 
would provide adequate visibility enabling the passenger to 
see escape hatches and allow mobility to complete the 
evacuation of the aircraft. By providing additional sur- 
vival time and visibility, the evacuation and survival would 
be enhanced. Individual smoke hoods can be made available 
by attaching a hood to each seat in the aircraft." (Reagin, 
et al., 1.970), 

The Schjeldhal smoke hood is the most prominent of 
protective devices developed to offer respiratory protection. 
~lthough patents (No. 3,562,813 and 3,521,629) are held by 





t h e  G. T, Schje ldah l  Co. , N a r t h f i e l d ,  Minn. 55057 (Reynolds ,, 
1970; Or ige r ,  19711, i n i t i a l  r e sea rch  and development was 
apparen t ly  as a r e s u l t  of an inven t ion  by E,B. McFadden, Chief 
of  t h e  ,"c;ucvival Eqluipmcrlt R@search, P r o t e c t i o n  and Surv iva l  
Labora to r i e s ,  C i v i l  Aexonaedical I n s t i t u t e ,  FAA, i n  
Oklakaorna Ci ty  (McFadden,, 1966) .  A s  a  r e s u l t  of  i n v e s t i g a t i o n  
of t h e  S a l t  Lake C i t y  Baeing 727 crash  evacua t ion ,  11 November 
1965, McFadden cons t ruc ted  s e v e r a l  working models of poly- 
e thy lene  bnon-f lane r e s i s t a n t )  hoods t o  t e s t  f e a s i b i l i t v  
of t h e  concept .  Learning t ha t  Dupont Chemical Company i a d  a  
polyimide f l ame- rex i s t an t  afl.d t r a n s p a r e n t  p l a s t i c  f i l m ,  he 
con tac ted  t h e  Schjc;Bdali:% company i n  December, 1965 t o  fab-  
r i c a t e  f i v e  polyimide I~oeds,  However, i n  t h e s e  e x ~ e r i m e n t a l  
hoods t h e  adhesive was of i n s u f f i c i e n t  s t r e n g t h .  By May, 
1966, t h e  d e f e c t i v e  ddhesive lioods were rep laced  by f i v e  
more us ing  a Sch je ldah l  p r o p r i e t a r y  adhes ive ,  and were fol lowed 
i n  September, 1966 by Schjekdahl  f a b r i c a t e d  hoods wi th  
m e t a i l i c  coathnqs (Reynolds, 1 9 6 6 ) .  

The r e s u l t s  of t h e  i n i t i a l  s tudy (McFadden, e t  a l . ,  
1967) and a  r e c e n t  comprehensive m u l t i d i s c i p l i n a r y  i n v e s t i -  
g a t i o n  (McFadden and Smith, e d s . ,  1970) r e p r e s e n t  t h e  most 
exhaus t ive  s t u d i e s  publ ished t o  d a t e  of t h i s  p r o t e c t i v e  
device .  I n  1968 a s u b j e c t i v e  p r o p r i e t a r y  s tudy of  t h e  
Schjeldahl.  smoke asod and o t h e r  smoke p r o t e c t i v e  devices  was 
completed by t h e  Aerospace I n d u s t r i e s  Assoc ia t ion  of America 
( 1 7 2 5  De S a l e s  S t r e e t ,  N . W . ,  Washington, D . C . )  under a 
Crashworthiness Development Program, Technical  Group Report 
(Aerospace I n d u s t r i e s  Assoc ia t ion ,  1968a; 1968b) ,  and i n  
October 1969 s e v e r a l  French t e s t s  of t h e  e a r l y  type  "D" 
model. were conducted (Mouton and Armond, 1969) .  

TEST DATA 

I n i t i a l  development and t e s t i n g  of t h e  smoke hood was 
conducted a t  t h e  C i v i l  Aeromedical I n s t i t u t e  (MI) l a b o r a t o r i e s  
a t  0kla.horna Ci ty  under t h e  d i r e c t i o n  of E.B.  McFadden i n  1966, 
and t h e  fo l lowing summarizes t h i s  work (Mc~adden,  e t  a l . ,  1967) .  
Experimental t r a n s p a r e n t  hoods were f a b r i c a t e d  under c o n t r a c t  
by t h e  G.T.  Sch je ldah l  Company. Primary des ign  c r i t e r i a  
involved : 

E .  Design and o p e r a t i o n  s i m p l i c i t y .  
2 .  Smoke i n h a l a t i o n  p r o t e c t i o n  f o r  a l i m i t e d  

( 2  1/2-53 min.) d u r a t i o n .  
3. Omnidi rec t ional  v i s i b i l i t y  and donning. 
4 .  Lightweight  and compact i n  s i z e .  
5. Device should n o t  mel t  o r  b u r s t  i n t o  flame 

when worn on t h e  head o r  f a c e .  
Secondary des ign  c o n s i d e r a t i o n s  were determined t o  be :  

6 .  To preven t  i n h a l a t i o n  of flames and r e s p i r a t o r y  
damage. 

7. To p r o t e c t  t h e  f a c e  and h a i r  from d i r e c t  c o n t a c t  
wi th  f lames.  

8. To provide  p r o t e c t i o n  from conduct ive  and r a d i a n t  
h e a t .  



9. To ex tend  passenger  escape  t i m e  by main ta in ing  
passenger  m o b i l i t y  and c o n t i n u a t i o n  of evacua t ion .  

1 0 .    st he tic c o n s i d e r a t i o n s  i n v o l v i n g  p r e v e n t i o n  o f  
d i s f i g u r i n g  f a c i a l  burns .  

* 
These hoods were c o n s t r u c t e d  of  "Kapton," a  h igh  

tempera ture  polymide f i l m ,  and s e l e c t e d  because of  i t s  
nonflarnmabil i ty ,  t r a n s p a r e n c y ,  and i t s  c h a r a c t e r i s t i c  of 
n o t  m e l t i n g  when exposed t o  extreme h e a t .  Char l e v e l s  
f o r  Kapton a r e  s t a t e d  t o  exceed 1472 F.  Kapton a l s o  e x h i b i t s  
a  high t e n s i l e  s t r e n g t h ,  f o l d i n g  endurance,  low s h r i n k a g e ,  
and i n s o l u b i l i t y  i n  o r g a n i c  s o l v e n t s , a n d  i n e r t n e s s  t o  f u n g i .  
Conventional  h e a t - s e a l i n g  t echn iques  could  n o t  be  used t o  f a b r  
t h e  hoods s i n c e  polyimi.de f i l m  has  no m e l t i n g  p o i n t .  One i n -  
i t i a l  s e r i e s  was f a b r i c a t e d  u t i l i z i n g  h igh- tempera ture  ad- 
h e s i v e s .  A second s e r i e s  was f a b r i c a t e d  w i t h  a  t r a n s p a r e n t  
r e f l e c t i v e  m e t a l i z i n g  c o a t i n g .  Some 21 samples of polyimide 
f i l m  were s u c c e s s i v e l y  coa ted  wi th  v a r y i n g  t h i c k n e s s  of 
go ld ,  s i l v e r ,  and aluminum, w i t h  and wi thou t  a p r o t e c t i v e  
c o a t i n g  o v e r  t h e  meta l .  Eva lua t ion  was made f o r  i n f r a r e d  
e m i s s i v i t y  and r e f l e c t a n c e ,  h e a t ,  and o p t i c a l  t r a n s m i s s i o n .  

The normal volume of t h e  hood was ca lcuPa tcd  t o  be 
about  18 .5  l i t e r s  e x c l u s i v e  of t h e  volume occupied by t h e  
w e a r e r ' s  head. Human t e s t i n g  was conducted wi th  s u b j e c t s  
wearing t h e  c l e a r ,  uncoated ,  amber-colored, polyimide hoods 
and t h e  coa ted  s i l v e r  polyimide hood f o r  e i g h t  minukes of  
i n f r a r e d  r a d i a t i o n  exposure w i t h  t h e  f i l a m e n t  of t h e  lamps 
l o c a t e d  2 2  i n c h e s  from t h e  f r o n t  s u r f a c e s  of  t h e  hood. The 
m e t a l i z e d  polyimide f i l m  was showmito develop up t o  90% i n f r a -  
r e d  r e f l e c t a n c e .  When t h e  c l e a r  hood was used,  s k i n  temper- 
a t u r e s  of  115-117O~ approached t h e  l i m i t s  o f  v o l u n t a r y  h e a t  
t o l e r a n c e .  A maximum s k i n  t empera tu re  of  100' F r e s u l t e d  
under t h e  same c o n d i t i o n s  whi le  s u b j e c t s  wore t h e  coa ted  
s i l v e r  hood. When t h e  h e a t  s o u r c e s  were moved t o  a  p o i n t  
6 . 5  i n c h e s  from t h e  i r o n t  s u r f a c e  of t h e  hood (lamp l e n s  
w i t h i n  1 - 2  i n c h e s  of  c o n t a c t )  forehead s k i n  tempera ture  
averaged 106°F. Some r e d u c t i o n  i n  v i s i b i l i t y  w i t h  bo th  
c l e a r  and m e t a l i z e d  hoods was found. I t  was c a u t i o u s l y  
concluded from t h i s  i n v e s t i g a t i o n  t h a t  t h e  S e h j e l d a h l  smoke 
hood had p o t e n t i a l  usage f o r  s h o r t  term emergency p r o t e c t i o n ;  
however , add i t iona l  tests  and development were r e q u i r e d  
" p r i o r  t o  any s p e c i f i c a t i o n  f o r  o p e r a t i o n a l  use  i n  a i r c r a f t "  
(McFadden, e t  a l e ,  1967) 

I n  a  subsequent  s tudy  by t h e  C i v i l  Aeromedical 
I n s t i t u t e ,  FAA, ( e d i t e d  by McFadden and Smith,  1970) j u s t  
r e l e a s e d ,  s p e c i f i c  i tems were e v a l u a t e d  a s  sugges ted  by t h e  
r e s u l t s  of  t h e  i n i t i a l  t e s t s .  This  combined m u l t i d i s c i p l i n a r y  
p h y s i o l o g i c a l ,  medica l ,  and psycho log ica l  i n v e s t i g a t i o n  
examined l eakage ,  t o x i c  e f f e c t i v e n e s s ,  v i s i o n ,  a c o u s t i c  

~ E . I .  duPont de Nemours Corp.,  Wilmington, Delaware- 

i c a t e  



c h a r a c t e r i s t i c s ,  e f f e c t s  o f  s a f e t y  b r i e f i n g s ,  and s imula ted  
evacua t ion  t e s t s  through dense smoke. 

The i n i t i a l  t e s t s  r e p o r t e d  i n  1967 (McFadden, e t  a l . ) ,  
a s  w e l l  a s  t h e  FAA F l i g h t  S tandards  f u l l - s c a l e  evacua t ion  
t e s t s  (Federa l  Avia t ion  Admin i s t r a t ion ,  1 9 6 8 ) ,  and s t u d i e s  
c a r r i e d  o u t  by t h e  Aerospace I n d u s t r i e s  Assoc ia t ion  
Crashworthiness Development Program Technical. Group ( 1 9 6 8 )  
had revea led  s p e c i f i c  des ign  d e f i c i e n c i e s  i n  t h e  o r i g i n a l  
p ro to type .  The primary d e f i c i e n c i e s  noted  were: 

I. Neck Seal. Passengers  and crew evacua t ing  from 
j e t  a i r c f a f t  cou ld  n o t  be r e l i e d  upon t o  cons i s -  
t e n t l y  t i g h t e n  t h e  d r a w s t r i n g  neck s e a l ,  
Vision, While polyimide s u r f n c e  a l u m i n i z a t i o n  was --" 
slmwn t o  provide  exce . l l en t  r a d i a n t  h e a t  r e f  1ecta:nce 
and s u f f i c i e n ~ b  t r ansparency  f o r  adequate v i s i o n  
under normal ill~ln~irmatioaa 1 e v e l s  , it was found 
t h a t  evacua t ion  t e s t  s u b j e c t s  exper ienced v i s i o n  
d i f  f i c w l t i e s  when ese~osed t o  t h e  ,05 foot -candle  
emergency i l l u m i n a t i o n  a s  provided i n  j e t  t r a n s p o r t  
a i r c r a f t ,  

3. Use fu l  a i r  sup*. L i m i t a t i o n s  i n  t ime d u r a t i o n  
of hood ef  f ec t i . t~&ness  i n  r e b r e a t h i n g  ( p a r t i a l l y  
due t o  neck s e a l ) .  

The c u r r e n t  s t a t e  of  t h e  a r t  of  t h e  S c h j e l d a h l  smoke 
hood i s  t h u s  r e p r e s e n t e d  i n  t h e s e  a r e a s  by t h i s  1970 
e v a l u a t i o n ,  which was des igned t o  i n v e s t i g a t e  (1) t h e  degree  
of p r o t e c t i o n  a g a i n s t  i n c a p a c i t a t i n g  a g e n t s  provided by t h e  
hood; ( 2 )  t h e  hood l i m i t a t i o n s  i n  terms of u s e f u l  a i r  supp ly ,  
v i s i o n ,  and a u d i t i o n ;  and ( 3 )  t h e  u t i l i t y  of t h e  hood. The 
s p e c i f i c  f i n d i n g s  of t h e s e  s t u d i e s  a r e  summarized a s  fo l lows :  

1. Leakage Evaluat ion  (Mc~adden,  e t  a l . ,  197Q) -. - -. 

A s  a  r e s u l t  of  t h e  e a r l i e r  f i n d i n g s  concerning poor 
neck s e a l  wi th  t h e  d r a w s t r i n g  hood ("Type D l s ) ,  a  new neck 
s e a l  c o n s i s t i n g  of a  s e p t a 1  (membrane) of h e a t - r e s i s t a n t  
u re thane  was developed ("Type S " )  which f i t s  c l o s e l y  about  
t h e  neck upon donning. The o b j e c t i v e  was twofold;  t o  d e t e r -  
mine l i f e - s u p p o r t  c a p a b i l i t i e s  w i t h  r e s p e c t  t o  q u a l i t y  of 
t h e  con ta ined  a i r  supply and t o  t h e  metabo l i c  r a t e  of t h e  
wearer .  

Ten hoods of each type  were t e s t e d  u t i l i z i n g  t e n  
male and t e n  female na ive  s u b j e c t s .  Temperature exposure 
was l i m i t e d  t o  140". Resp i ra to ry  r a t e  was cont inuously  
monitored w i t h  an impedence pneumograph which a l s o  provided 
e s t i m a t e s  of r e l a t i v e  t i d a l  volume ( i . e . ,  t h e  volume of a i r  
b rea thed  i n  and o u t  i n  a  s i n g l e  b r e a t h ) .  Oxygen consump- 
t i o n ,  carbon d i o x i d e  p roduc t ion ,  h e a r t  r a t e  (ECG), 
hydrocarbon c o n c e n t r a t i o n ,  and l o s s  of a i r  were measured. 



The most marked d i f f e r e n c e  between t h e  s e p t a l  and 
d r a w s t r i n g  hoods was t h e  o b s e r v a t i o n  t h a t  C 0 2  accumulat ion 
and 0 r e d u c t i o n  i n  t h e  s e p t a l  type  (S )  tended t o  p r o g r e s s  
i n  a  $ e l a t i v e l y  uniform l i n e a r  f a s h i o n ,  whi le  w i t h  t h e  draw- 
s t r i n g  ( D )  hood t h i s  tendency was i n t e r r u p t e d  when t h e  C02 
c o n c e n t r a t i o n  reached a  l e v e l  which induced h y p e r v e n t i l a t l o n .  
This  i n c r e a s e  i n  depth  of  b r e a t h i n g  (pumping a c t i o n )  
c h a r a c t e r i s t i c a l l y  r e s u l t e d  i n  a  g r o s s  leakage  and l e v e l i n g  
o f f  of C 0 2  c o n c e n t r a t i o n s  wi th  t h e  e a r l i e r  d r a w s t r i n g  (D) 
hood. O v e r a l l  leakage  of t h e  d r a w s t r i n g <  (D) v e r s i o n  was 
markedly g r e a t e r  than  wi th  t h e  'septa1 hood ( S ) .  However, it 
was noted  t h a t  r e p e a t e d  usage of  t h e  s e p t a l  s e a l  ( S )  hood 
r e s u l t e d  i n  a  t r e n d  toward g r e a t e r  leakage  ( f a t i g u e  of  t h e  
e l a s t i c  po lyure thane  s e a l )  which could  be a  f a c t o r  i f  hoods 
were t o  be  donned r e p e a t e d l y  dur ing  d r i l l s  o r  p recau t ionary  
e v a c u a t i o n s ,  and it was recommended f o r  t h i s  reason t h a t  
s e a l s  be r e p l a c e d  a f t e r  each usage. 

These i n v e s t i g a t i o n s  p o i n t  o u t  t h a t  t h e  r e s u l t s  of  
t h e s e  t e s t s  i l l u s t r a t e  t h a t  no hood which i s  des igned t o  
meet t h e  c r i t e r i a  of a c c e s s i b i l i t y  and economy of  s t o r a g e ,  
can be expected  t o  p rov ide  a b s o l u t e  p r o t e c t i o n  and l i f e -  
suppor t  f o r  i n d e f i n i t e  p e r i o d s .  A C02  c o n c e n t r a t i o n  of 5 %  
was reached i n  s e p t a l  s e a l  ( $ 1  hoods w i t h i n  1 . 4  t o  4 . 0  
minutes ,  depending on t h e  tempera ture  and degree  of  p h y s i c a l  
e x e r t i o n .  A p r o j e c t i o n  t o  8 % ,  t h e  g e n e r a l l y  accepted  
minimum a l lowable  c o n c e n t r a t i o n ,  i s  reached i n  3 minutes 
under e x e r c i s e  c o n d i t i o n s  and 6 , 4  minutes under r e s t  "coo l"  
c o n d i t i o n s ;  i n  2 . 2  minutes under e x e r c i s e  and 4 . 9  minutes 
under r e s t  " h e a t "  c o n d i t i o n s .  

Informat ion  concerning metabo l i c  r a t e s  of serni- 
h y s t e r i c a l  people  a t t empt ing  t o  escape  a  burning a i r c r a f t  
a r e  n o t  known; however, t h e s e  a u t h o r s  b e l i e v e  t h i s  should  
n o t  exceed t h e  O 2  consumption of t h e  e x e r c i s i n g  s u b j e c t s .  
They conclude t h a t  t h e  8% t o l e r a n c e  t ime of approximately 
1 2 0  seconds o b t a i n e d  f o r  t h i s  group seems a  c o n s e r v a t i v e  
e s t i m a t e  of  t h e  t ime d u r i n g  which t h e  average evacuee could  
b e n e f i t  from t h e  hood, and t h a t  t h e  newer s e p t a 1  s e a l  ( S )  
type  hood p rov ides  e x c e l l e n t  fume p r o t e c t i o n .  

Some c a u t i o n s  were a l s o  expressed .  Pentane gas  was 
s e l e c t e d  a s  t h e  s i n g l e  model agen t  a s  a  compromise between 
gases  of h i g h e r  and lower molecular  we igh t ,  f a t  s o l u b i l i t y ,  
and o t h e r  chemical  p r o p e r t i e s ,  a s  w e l l  a s  because of  s a f e t y  
up t o  t h e  f l ammabi l i ty  l i m i t  o f  1 . 4 %  c o n c e n t r a t i o n .  But t o x i c  
gases  wi th  g r e a t e r  d i f f u s i o n  p o t e n t i a l s  than  Pentane may occur  
i n  a i r c r a f t  f i r e s ,  i n c l u d i n g  HCN,  CO,  MCL, and aldehydes.  
F a i l u r e  of a  p a r t i c u l a r  dev iae  can occur  even under t h e  b e s t  of 
manufacturing c o n t r o l s  a s  w a s - p a i n t e d  up by an i n ~ $ d e p & ; g @ @ ~ r t e d  
by t h e s e  i n v e s t i g a t o r s .  " A n  E x g @ r j e ~ g e d  i n v e s h i g ~ t o r A A  
wearing approved, (Bukgau of ~ i n e s )  f u l b f a c e  r e g a J i 3 r w i t h  a 



a i r  supp ly ,  became i n c a p a c i t a t e d  by a  leakaqe  of 
lachrymator  gas  w h i l e  s e r v i n g  a s  a  s a f e t y  man f o r  a n o t h e r  
i n v e s t i g a t o r  who was wearing a t y p e  S s e p t a 1  s e a l  
smoke hood. The man equipped w i t h  tho' hdod df sdovered 
t h e  a c c i d e n t  and l e d  t h e  v i s u a l l y  i n c a p a c i t a t e d  " s a f e t y  man" 
from t h e  chamher" (McFadden, e t  a 1  . , 1970, p. 1 5 )  . Anot.he:r 
possibl..e r i s k  i s  t h a t  can, indi ,v id ,ua l  who i s  abnormally i n -  
s e n s i t i v e  t o  CO,, nzay s u f f e r  from insj.di.ous hypoxia when t h e  
O is;  consumed ?normal. i n d i v i d u a ? . . ~  will . ,  be fo rced  t o  remove 
t8e hood by the sensation of s u f f o c a t i o n ) .  

2 .  Toxic Environment Ef fec t iven .ess  (McF'adden and Gibbons, 1970) ll̂ __l_̂ _--l*.__ p,'.--~-"--s*---m--- 

The o b j e c t i v e  of t h i s  s tudy  was t o  de termine  t h e  e f f e c -  
t i v e n e s s  of t h e  newer s e p t a 1  s e a l  ( S )  p r o t e c t i v e  smoke hood 
i n  p r e v e n t i n g  i n h a l a t i o n  s f  t o x i c  subs tances  s i m i l a r  t o  t h o s e  
produced i n  t h e  conbust ion  o f  a i r c r a f t  f u e l  and cab in  i n t e r i o r  
ma te r i . a l s .  Test subjee.ts were exposed to a heavy b l a c k  
smoke environment c o n s i s t i n g  o f  s i g n i f i c a n t  q u a n t i t i e s  of 
carbon ~nonoxi,de (60 conc::ematra.ti.orz from 450  t o  950  ppm) and 
s o o t  p a r t i c l e s  r e s u l t i n g  from eomkustion of JP-4  f u e l  and 
water -soluble .  o i l s .  Se;ven.;addL.t .. i.2' male,  , 3  female)  s u b j e c t s  
were t e s t e d  i n  an oc tagona l  maze smoke chamber i n  a  c lockwise  
d i r e c t i o n  whi le  con.duc"t.ing a swi tch ing  t a s k  u n t i l  they  had 
been exposed ,to a"Lleas,.t 9 0  seconds of t e s t .  

This  s tudy  was based on t h e  w e l l - e s t a b l i s h e d  a f f i n i t y  
of b lood f o r  carbon nzenoxide ( C O ) ,  which i s  s e v e r a l  hundred 
t imes  g r e a t e r  f o r  CO than  02. Since  i t  i s  more e a s i l y  pass-  
s e d  through membranes due t o  i t s  smal l  molecular  s i z e ,  it i s  
p a r t i c u l a r l y  impor tan t  t h a t  t h e  smoke hood p r e v e n t  i n h a l a t i o n  
of t h i s  gas .  During t h e  chamber exposure s u b j e c t s  t r a v e r s e d  
l i n e a r  d i s t a n c e s  of 1 0 8  t o  2 2 6  f e e t ,  which were cons ide red  
t o  exceed t h o s e  r e q u i r e d  i n  t h e  movement t o  emergency e x i t s  
i n  a i r c r a f t ,  and were a b l e  t o  perform a  r e l a t i v e l y  l a r g e  
number ( E L  t o  2 5 )  d i s c r e t e  swi tch ing  o p e r a t i o n s  under t h e s e  
c o n d i t i o n s ,  This  s tudy  c a n f i m ~ e d  t h e  e f f e c t i v e n e s s  of t h e  
s e p t a 1  s e a l  ( S )  smoke hood ire. a  t o x i c  environment under evac- 
u a t i o n  c o n d i t i o n s  r e q u i r i n g  both  movement t o  e x i t  a r e a s  and 
a k i l i t y  t o  perform manipula t ion  o p e r a t i o n s .  

3. Vis ion  - (Lewis,  1970) 

S ince  t h e  e a r l i e r  FAA t e s t s  examined o p t i c a l  t r a n s m i s s i o n s  
of  t h e  S c h j e l d a h l  smoke hood by s p e c k r ~ p h o ~ o m e t r i c  measurement, 
and found d e f i c i e n c i e s  i n  v i s i o n  under emergency l i g h t i n g  
1.05 foo t -cand les )  c o n d i t i o n s ,  t h e  purpose a f  t h i s  s t u d y  was t o  
e v a l u a t e  t h e  o p t i c a l  t r a n s m i s s i o n  o f  t h e  hood by v i s u a l  photo- 
metry and determine  t h e  a f f e c t  on v i s u a l  a c u i t y .  

Nine male and t h r e e  female s u b j e c t s  were t e s t e d ,  
u t i l i z i n g  bo th  t h e  hood wi thou t  a l u m i n i a a t i o n  (from type  S )  
and t h e  a luminized w i t h  a c l e a r  band (from type  D). The 



v i s u a l  a c u i t y  t e s t s  were designed t o  r e p r e s e n t  a  worst-  
case  s i t u a t i o n .  Thus s u b j e c t s  were adapted t o  an i l lumina-  
t i o n  i n  excess  of  t h a t  provided by normal a i r c r a f t  i n t e r i o r  
l i g h t i n g ,  and was s e t  a t  30-foot-candles measured a t  s e a t  
l e v e l ,  and exceeding t h e  15-to 25-foot-candles provided by 
a i r c r a f t  r ead ing  l i g h t s  and t h e  5 - to  15-foot-candles g e n e r a l  
i l l u m i n a t i o n  a t  a rmres t  h e i g h t .  Simulated emergency i l lum-  
i n a t i o n  was ob ta ined  by a d j u s t i n g  t h e  v o l t a g e  of a  tungs ten  
lamp t o  provide  0.05-foot-candle i l l u m i n a t i o n .  Test proced- 
u re  involved t h e  s u b j e c t  s e a t e d  1 0  f e e t  from t h e  t e s t  t a r g e t  
and adapated  t o  normal i l l u m i n a t i o n  f o r  1 minute,  Basal  
a c u i t y  was measured, a f t e r  which s u b j e c t s  were i n s t r u c t e d  t o  
don t h e  smoke hood a f t e r  l i g h t s  were t u r n e d  o f f  and read  
each t e s t  ca rd  a s  r a p i d l y  a s  p o s s i b l e ,  Matched t e s t s  were 
conducted wi thou t  t h e  smoke hood, and each s u b j e c t  made e i g h t  
r u n s ,  f o u r  i n  each c o n d i t i o n .  

R e s u l t s  showed t h a t  v i s u a l  a c u i t y  i n  t h e s e  t e s t s  was 
reduced under emergency i l l u m i n a t i o n  t o  0.68 wi thout  t h e  
smoke hood, compared t o  a f u r t h e r  r educ t ion  t o  0 .55 whi le  
wearing c l e a r  smoke hoods ( t y p e  S ) .  With aluminized hoods 
( type  D) v i s u a l  a c u i t y  was reduced t o  a  l e v e l  below t h e  
measurement c a p a c i t y .  I t  was r e p o r t e d  t h a t  c l e a r  smoke hoods 
( t y p e  S )  have o p t i c a l  t r ansmiss ions  of about  75-808 ( s i m i l a r  
t o  t r ansmiss ion  of o p t i c a l  g l a s s  s u n g l a s s e s ) .  A d i f f e r e n c e  
of 5 %  between t h e  uncoated patch t e s t  samples and t h e  c l e a r  
a r e a s  from aluminized samples was cons idered  t o  be due t o  
t h e  c o a t i n g  used. t o  p r o t e c t  t h e  al-urr~inized s u r f a c e .  While 
v i s u a l  c a p a c i t y  was r e p o r t e d  t o  be s i g n i f i c a n t l y  a f f e c t e d  
by wearing c l e a r  hoods an i n c r e a s e  i n  emergency i l lumina t ion  
would compensate. I t  was found t h a t  type  D aluminized hoods 
reduced v i s i o n  under c o n d i t i o n s  of emeryency i l l u m i n i z a t i o n  
t o  t h e  e x t e n t  t h a t  they  were " v i s u a l l y  unusab le , "  

4 .  Acoust ic  At tenua t ion  - (Tobias ,  1 9  7 0 )  

The purpose of t h i s  s tudy was t o  determine t h e  e x t e n t  
t o  which t h e  smoke hood may a c t  a s  a  b a r r i e r  t o  t h e  t r a n s -  
miss ion  of sound. This  i s  of e s p e c i a l  importance I n  an 
emergency eva.cuation i f  passengers  axe unable t o  h e a r  crew 
i n s  t r u c t i a n s  , 

T h i r t y  male and female s u b j e c t s  were each t e s t e d  t w i c e ,  
once wi th  and once wi thou t  wearing t h e  hood. Each s u b j e c t  
wore t h e  hood f o r  two p e r i o d s  of 1 0 0  seconds each. I t  was 
concluded t h a t  t h e  SchjeLdahl ( t y p e  S1 smoke hood does n o t  
i n t e r f e r e  wi th  t h e  t r ansmiss ion  of sound waves. A b a r e l y  
d i s c r i m i n a b l e  maximum threshol-d s h i f t  of 3dB a t  5000 H2 was 
r e p o r t e d .  



5. S a f e t y  - B r i e f i n g  E f f e c t s  --- (Smith, 1970) 

T h e  u t i l i t y  of t h e  smoke hood d u r i n g  an a c t u a l  evacua t ion  
p r i m a r i l y  depends upon t h e  passenger  o r  c rew ' s  s u c c e s s  i n  us ing  
i t  and it was cons ide red  t h a t  t h i s  i s  probably a  f u n c t i o n  of 
t h e  e f f e c t i v e n e s s  of t h e  p r e f l i g h t  s a f e t y  b r i e f i n g .  This  
psychoZogical s tudy  was t h e r e f o r e  des igned t o  de termine  
t o  what e x t e n t  docs i n c r e a s i n g  tQe amount. s f  in fo rmat ion  
p r e s e n t e d  durrng safety b r i e f i n g s  i n f l u e n c e  t h e  degree  s f  hood- 
donning success as rnea~iured by both  e a s e  and speed of donning 
and t h e  e x t e n t  of hood i n f l a t i o n ,  i n c i d e n c e  of  p o s i t i v e  arid 
n e g a t i v e  f e e l i n g s  dbout hoods, and w i l l i n g n e s s  t o  use  them. 
I n  a d d i t i o n  i% was cons ide red  irt-.portant t o  a s c e r t a i n  (I) !how 
much of t h e  in fo rmat ion  p$8sE%ted l d t l r i n g - b r e i f i n g s  is  r e t a i n e d ,  
a s  a f u n c t i o n - o f  t h e  amount p r e a s s t e d ;  ( 2 )  t h e  e f f e c t i v e n e s s  
of demonstrations ; 9 h&od~.-dbhnisaq a b i  J t t y  d i f f e r e n c e s  ; 
and ( 4 )  whether p r a c t i c d  wi51 r e s u l h  i n  a  a i q n i t d c a n t  
pe r f  osmance irnpsove~nent . 

Naive s u b j e c t s  used were 35 females and 68  males 
between ages 1 7  and 31; 22 o b s e r v e r s  were p r e t r a i n e d  f o r  be- 
h a v i o r a l  o b s e r v a t i o n s .  The s tudy  was conducted i n  an a l r c r a f t  
cabin  wi th  s e a t i n g  modif ied t o  a l low o b s e r v e r s  t o  d i r e c t l y  
observe  s u b j e c t s .  A pocket  c o n t a i n i n g  a  compactly f o l d e d  
Type S smoke hood (611 X 7" X 1 I J 2 " )  was f i r m l y  t aped  on t h e  
sea t -back i n  f r o n t  of each s u b j e c t ,  and p o s i t i o n e d  s o  t h a t  
t h e  upper p o r t i o n  wou163 t e a r  o f f  when a s u b j e c t  p u l l e d  on 
e i t h e r  of  two red ta.bs l o c a t e d  a t  t h e  upper  c o r n e r s  of t h e  
pocket .  A t a p e  r e c o r d i n g  p r e s e n t i n g  s i x  v a r i a t i o n s  i n  b r i e f -  
i n g s  provided a  g r e e t i n g ,  s t a t e m e n t  of emergency e x i t  l o c a t i o n s ,  
d e s e r i p t i o n  a f  t h e  use  of  oxygen, and s t a t e m e n t  of  t h e  loca-  
t i o n  and purpose of t h e  s a f e t y  hood. Each subsequent  b r i e f -  
i n g  (wi th  a d i f f e r e n t  group of s u b j e c t s )  i n c r e a s e d  t h e  amount 
of in fo rmat ion  given about  t h e  smoke hood, a l though t h e  s teward-  
e s s  gave t h e  same demonst ra t ion  d u r i n g  a l l  b r i e f i n g s .  A t  t h e  
conclus ion  o f  each b r i e f i n g  t h e  s u b j e c t s  were t o l d  t h a t  on a  
s i g n a l  they  were t o  don t h e  smoke hoods l o c a t e d  on t h e  backs 
of t h e  s e a t s  i n  f r o n t  of them a s  q u i c k l y  a s  p o s s i b l e .  

R e s u l t s  of t h e  hood-donning e f f i c i e n c y  i n d i c a t e d  t h a t  
s u b j e c t s  ( 9 5 . 2 % )  f e l t  t h a t  t h e  i n s t r u c t i o n s  were c l e a r .  Ob- 
s e r v e r s ,  howeverr no ted  t h a t  90.3% of t h e  s u b j e c t s  encountered  
some s o r t  of  a problem i n  donning t h e  hoods,  a l though  a l l  
were r e p o r t e d  t o  have g o t t e n  t h e  hood on bo th  q u i c k l y  and s a t i s -  
f a c t o r i l y .  F inding and s p r e a d i n g  t h e  neck s e a l  and completely 
i n f l a t i n g  t h e  hood s o  t h a t  it would c o n t a i n  a  maximum amount 
of a i r  seemed t o  p r e s e n t  t h e  b i g g e s t  d i f f i c u l t i e s .  I t  was 
judged t h a t  g i v i n g  i n s t r u c t i o n s  about  g e t t i n g  t h e  hood over  
g l a s s e s  could  be  h e l p f u l .  

Some 73 .4% demonstrated s a t i s f a c t o r y  r e t e n t i o n  of s a f e t y  
in fo rmat ion ,  wi th  no d i f f e r e n c e  i n  r e t e n t i o n  r a t e s  between- 
demonstrated and non-demonstrated items ( i n  f a c t  it was .  



r e p o r t e d  t h a t  s u b j e c t s  i n  f i v e  of t h e  sia qraUps d id  bet.rter on 
non-demonstrated than  demonstrated i t e m s ) .  S u b j e c t s  d i d  
p o o r e s t  i n  r e t e n t i o n  of informat ion  r e l a t e d  t o  e x i t s ,  and 
on how long t o  wear t h e  hood. Previous  hood donning ex- 
p e r i e n c e  was found t o  s i g n i f i c a n t l y  reduce t h e  time of don- 
n ing  a s  w e l l  a s  problems encountered.  I t  was sugges ted  
t h a t  passengers  s e a t e d  n e x t  t o  windows may have more d i f -  
f i c u l t y  i n  hood donning than  a i s l e  passengers  due t o  space  
l i m i t a t i o n s .  

I t  was concluded by Smith t h a t  i n c r e a s i n g  t h e  amount 
of in fo rmat ion  p r e s e n t e d  d u r i n g  b r i e f i n g s  about  t h e  use 
of p r o t e c t i v e  smoke hoods had l i t t l e  e f f e c t  on donning t i m e  
b u t  r e s u l t e d  i n  l e s s  problems i n  donning over  g l a s s e s ,  
b e t t e r  i n f l a t e d  hoods,  and more p o s i t i v e  f e e l i n g s  about  
t h e  hood use .  A l l  s t a t e d  they  would use  t h e  hood i n  an 
emergency a l though some expressed  r e s e r v a t i o n s  about  a  
shor tage  of a i r  i n  t h e  hoods. 

Recommendations r e s u l t i n g  from t h i s  i n v e s t i g a t i o n  were 
r e p o r t e d  a s  fo l lows :  

1. General  s a f e t y  b r i e f i n g s  should  probably c o n t a i n  
more in fo rmat ion  about  t h e  use of s a f e t y  dev ices .  

2 .  The p o r t i o n  of t h e  b r i e f i n g s  d e a l i n g  wi th  s a f e t y  
hoods should  i n c l u d e  mention of  t h e  adequacy 
of a i r  supply .  

3. The opening i n  t h e  type  S hood% s e p t a 1  s e a l  neck 
should  be modif ied t o  make it e a s i e r  t o  f i n d  
(perhaps by o u t l i n i n g  i n  a  c o n t r a s t i n g  c o l o r ) .  

4 .  Cons ide ra t ion  should  be g iven t o  u s i n g  a l a r g e r ,  
l e s s  compact hood package, wi th  p o s s i b l e  e n c l o s u r e  
of  s e l f - d i s t e n d i n g  dev ices .  

6, Dense-Smoke Evacuation (McFadden, l97Qb)  

This  f i n a l  i n v e s t i g a t i o n  i n  t h e  1970 FHA s tudy  of t h e  
smoke hood was des igned t o  determine t h e  r e a c t i o n s  o f  a 
na ive  group of s u b j e c t s  t o  smoke-hood use dur ing  s imula ted  
evacua t ion  i n  t h e  presence  of heavy smoke. 

The t e s t  evacua t ions  were coazdtzcted i n  an 2-749  
C o n s t e l l a t i o n  Cabin, wi th  motion p i c t u r e  a n a l y s i s  (smoke 
completely obscur red  v i s i b i l i t y ) ,  sound record ings  by means 
of a  t a p e  r e c o r d e r ,  and w i t h  one escape s l i d e  i n f l a t e d  and i n  p lace  
and t h e  exit door ( a t  l e f t  r e a r  c a b i n ) p a r t l y  open p r i o r  t o  
t e s t s .  The smoke-hood packet  was i n s e r t e d  i n  t h e  seat-back 
pocket .  The type  B d r a w s t r i n g  hood was used i n  t h e s e  t e s t s .  
One group of 6 4  s u b j e c t s  evacuated  wi thou t  smoke and wi thou t  
us ing  t h e  hoods, then  i n  a  second t es t  used hoods i n  dense 
smoke t o  evacua te  upon a c t i v a t i o n  of an audio  alarm. A 
second group of  6 4  s u b j e c t s  made t h e i r  i n i t i a l  evacuat ion  
under smoke c o n d i t i o n s  whi le  wearing a smoke hood, and a 
second t e s t  wi thou t  t h e  presence  of smoke o r  wearing hoods. 



Smoke was produced by means of a  t h e a t r i c a l  smoke g e n e r a t o r  
t o  an ex ten t  t h a t  v i s u a l  cues were v i r t u a l l y  e l i r r ~ i n a t e d .  'Phis 
s e r i e s  of t e s t s  was in tended  t o  measure t h e  flow of a  lnaxirl~uin 

number of passengers  through only  onr c x i t .  

It was found t h a t  t h e  presence  of smoke was t h e  primary 
v a r i a b l e  i n f l u e n c i n g  speed of  evacua t ion ,  a l though t h e  use  
of hoods a lone  was reponted  t o  have had l i t t l e  s i g n i f i c a n t  
e f f e c t  on evacua t ion  rate. S u b j e c t i v e  q u e s t i o n n a i r e  r e s u l t s  
i n d i c a t e d  t h e  exper ience  ga ined i n  evacua t ing  wi thou t  smoke 
was b e n e f i c i a l  when s u b j e c t s  subsequent ly  evacuated  under 
smoke c o n d i t i o n s .  

The s i x  r e c e n t  s t u d i e s  summarized in t h e  fo rego ing  
i n d i c a t e  t h a t  c u r r e n t l y  a v a i l a b l e  smoke hood d e v i c e s  do 
p r o t e c t  t h e  i n d i v i d u a l  from t h e  r e s p i r a t o r y  e f f e c t s  of  
smoke and p rov ide  him wi th  an a i r  sample which i s  r e l a t i v e l y  
uncontaminated and adequate  f o r  evacua t ion  from c u r r e n t  
c i v i l  je"cranspor"cs.  However,there s t i l l  remain some 1 i m . i . t -  
t a t i o n s ,  p r i m a r i l y  t h a t  t h e  hood does n o t  i n c r e a s e  v i s i b i l . i t y  
i n  srrioke o t h e r  than  preven. t ing  eye  i r r i t a t i o n ,  and t h e  a i r  
supply i s  l i m i t e d .  The s e p t a 1  s e a l  neck of t h e  new t y p e  S 
hood has  been shown t o  be a  d i s t i n c t  improvement over  t h e  
o l d e r  d r a w s t r i n g  t y p e . D  i n  p r e v e n t i n g  t h e  p e n e t r a t i o n  of 
noxious subs tances  i n t o  t h e  hood a i r  sample. S e v e r a l  problems 
p o i n t e d  o u t  r e l a t i n g  t o  t h e  passenger  l o c a t i n g  t h e  s e a l  f o r  
do i~n ing ,  and ,the decrement of t h e  s e a l  through r e p e a t e d  us'age 
a r e  s o l v a b l e .  R e s u l t s  Erom t h e s e  b r i e f i n g  tests  i n d i c a t e  
t h a t  even wi th  a minimal b r i e f i n g  most passengers  should  be 
a b l e  t o  use t h e  hood adequa te ly .  The major improvement, which 
i s  be ing  exp lo red  i n  sul2sequent exper imenta l  developments,  
would be  t h e  i n c o r p o r a t i o n  of a s e l f - c o n t a i n e d  oxygen supply  
and carbon d i o x i d e  removal agen t .  Pm view of  t h e  fo rego ing  
s t u d i e s  t h e  FAA f e l t  t h a t  development of  a  s a f e  "get-me-out" 
smoke p r o t e c t i v e  d e v i c e  had p rogressed  t o  t h e  p o i n t  where 
i t s  use i n  c i v i l  a i r  c a r r i e r s  should  be  mandatory. 

I n  January 1 9 6 9 ,  a Not ice  of Proposed Rule Makinq was 
pub l i shed  i n  t h e  Federa l  R e g i s t e r  which would amend P a r t  1 2 1  
of  t h e  Federa l  A i r  Regula t ions  t o  r e q u i r e  t h a t  p r o t e c t i v e  
smoke hoods be c a r r i e d  an  a l l  c i v i l  a i r  c a r r i e r s .  C i t i n g  
r e s u l t s  of e a r l i e r  s t u d i e s ,  t h e  "FAA concludes t h a t ,  i f  
p r o t e c t i v e  smslce hoods were provided i n  l a r g e  t r a n s p o r t  
a i r p l a n e s ,  t h e  p r o b a b i l i t y  o f  occupant  s u r v i v a l  i n  a i r p l a n e  
c r a s h e s  would be  s i g n i f i c a n t l y  i n c r e a s e d ;  t h a t  t h e  economic 
burden 0 2  f i t t i n g  a i r p l a n e s  wi th  such hoods i s  reasonab le  
i n  r e l a t i o n  t o  expected  b e n e f i t s ;  and t h a t  p ro to type  hoods 
have been t e s t e d  and e v a l u a t e d  t o  a  s u f f i c i e n t  e x t e n t  t o  
j u s t i f y  a requi rement  (wi th  a reasonab le  implementat ion 
p e r i o d )  a t  t h e  p r e s e n t  time." ( P r o t e c t i v e  Smoke Hoods.., 
1 9 6 9 ,  p. 466). 



The FAA r e c e i v e d  2 3  comments a s  a  r e s u l t  of  t h i s  Not ice  
of  proposed Rule Making, Of t h e  major a v i a t i o n  a s s o c i a k i o n s  
which commented, t h e  A i r l i n e  P i l o t s  Assoc ia t ion  suppor ted  
t h e  p r o p o s a l ;  however, the A i r  T ranspor t  A s s o c i a t i o n ,  Aerospace 
I n d u s t r i e s  A s s o c i a t i o n ,  A i r l i n e  Stewards and Stewardesses  
Assoc ia t ion ,and  t h e  A i r l i n e  Dispa tchers  Assoc ia t ion  were 
s t r o n g l y  opposed. The F l i g h t  S a f e t y  Foundation (FSF)  opposed t h e  
r u l e  on a  b a s i s  of  a  medical  e v a l u a t i o n  submi t t ed  by consul-  
t a n t s  of t h e  A i r  T ranspor t  Assoc ia t ion  of America, a  
s u p p o r t e r  of  t h e  FSF, The Na t iona l  T r a n s p o r t a t i o n  S a f e t y  
Board ( N T S B )  concurred i n  t h e  FAA i n t e n t ,  b u t  expressed  concern over  
a  p o s s i b l e  i n c r e a s e  i n  evacua t ion  time and l i m i t a t i o n  of 
a v a i l a b l e  oxygen w i t h  use .  The major comments involved 
q u e s t i o n s  of hood s a f e t y ,  i s  it p r a c t i c a l ,  would it slow down 
evacua t ion  time, and are t h e  * s p e c i f i o a k i o n s  SLsted j&sb$b&able? 
A s  a r e s u l t  of a n a l y s i s  of t h e  comments r e c e i v e d  r e l a t e d  t o  
t h i s  proposed r u l e ,  t h e  FAA withdrew Notice 6 9 - 2  i n  Sspkamber 
1 9 6 g 2 ,  d e s p i t e  t h e  s t r o n g  o b j e c t i o n s  of t h e  FAA O f f i c e  of 
Avia t ion  ~ e d i c i n e  which claimed t h a t  conc lus ions  were based 
upon c o n j e c t u r e  and i n  some i n s t a n c e s  t aken  o u t  of c o n t e x t .  
I t  was f u r t h e r  noted by t h e  Q f f i c e  of Avia t ion  Medicine, FAA, 
(OAM) t h a t  a  person who was a c t u a l l y  a  s u r v i v o r  i n  t h e  S a l t  
Lake C i t y  Boeing 7 2 7  c r a s h  was s t r o n g l y  i n  f a v o r  of t h e  smoke- 
hood concep t ,  a s  were 9 of 13  s u r v i v o r s  of Na t iona l  A i r l i n e s  
F l i g h t  1 0 6  which exper ienced an emergency evacua t ion  due t o  
smoke on 23 March 1969 and responded t o  an NTSR q u e s t i o n n a i r e .  

I n  view of t h e  s t r o n g  d i f f e r e n c e  of opin ion expressed  
between t h e  medical  and r e g u l a t o r y  arms of t h e  Federa l  Avia t ion  
Adminis t ra t ion  concerning t h e  va lue  o f  t h e  smoke hood concept  
i n  pos t -c rash  emergency e v a c u a t i o n ,  t h e  b a s i s  f o r  r e j e c t i o n  
of t h e  1969 FAA proposed smoke-hood requi rement  f o r  C i v i l  
A i r  C a r r i e r  a i r c r a f t  should  be reexamined both  i n  r e l a t i o n  
t o  m i l i t a r y  a i r  t r a n s p o r t  a i r c r a f t  r equ i rements ,  and wi th  
c o n s i d e r a t i o n  f o r  subsequent  advances i n  t h e  s t a t e  of t h e  a r t .  
I n  t h i s  r e g a r d ,  t h e  r e s i l t s  of  s e v e r a l  r e p o r t s  b e a r i n g  upon 
t h e  q u e s t i o n s  posed seem p a r t i c u l a r l y  p e r t i n e n t  and a r e  sum- 
marized a s  folbows,  

1. The "Ri ley  Report." Appended t o  t h e  A i r  T ranspor t  
Assoc ia t ion  sf America (ATAA) comments on t h e  p r o t e c t i v e  
smoke hoods f o r  emergency use by passengers  and crew members 
(Docket No. 9 3 4 4 ,  Notice 69-2) were o ~ i n i o n s  expressed  by 

D r .  Richard L. R i l e y ,  P r o f e s s o r  and Chairman, Department of 
Environmental Medicine, The Johns Hopkins School of Hygiene 
and P u b l i c  Hea l th ,  and D r .  S o l b e r t  Permut t ,  P r o f e s s o r  of 
Environmental Medicine i n  t h e  same department ,  c o n s u l t a n t s  
t o  t h e  ATAA. They were of t h e  opinion t h a t  t h e  e a r l y  CAM1 
s tudy  f a i l e d  t o  g i v e  adequate  c o n s i d e r a t i o n  to t h e  hazard  of  
hypoxia c r e a t e d  by t h e  smoke hood i t s e l f ,  and t h e r e f o r e  t h a t  
t h e  smoke hood "does c r e a t e  a  s i g n i f i c a n t  hazard  i n  i t s e l f . "  
They were e s p e c i a l l y  concerned w i t h  t h e  p o s s i b i l i t y  of f a t a l  

21+~3clral ! \v ia t ion  Adminis t ra t ion .  1969. F i n a l  P r o j e c t  Report 
or1 tllc U i s p o s i t i o n  of Notice of Proposed R u l e  Making 6 9 - 2  on 
Sruoke Hoods. (Unpublished r e p o r t )  September. 



a c c i d e n t s  o c c u r r i n g  a s  a r e s u l t  of prolonged b r e a t h  h o l d i n g ,  
and c i t e d  an i n v e s t i g a t i o n  by Cra ig  (1961) of e i g h t  n e a r  
drownings and f i v e  drownings i n  which it was b e l i e v e d  t h a t  
h y p e r v e n t i l a t i o n  b e f o r e  b rea th -ho ld ing  and e x e r c i s e  may dellay 
t h e  o n s e t  of t h e  urge  t o  b r e a t h e  ("white-drowning") .  I n  t h i s  
c a s e ,  b e f o r e  t h e  p a r t i a l .  p r e s s u r e  of C02 i n c r e a s e s  s i g n i f i c a n t -  
l y ,  t h e  O2 may d e c r e a s e  t o  a  degree  incompat ib le  w i t h  high-- 
l e v e l  c e r e b r a l  f u n c t i o n .  I n  o t h e r  words,when t h e  i n d i v i d u a l  
h y p e r v e n t i l a t e s  he  d r i v e s  o u t  t h e  C02 and soon uses  t h e  Q2 
f a s t e r  than Co2 b~ilds u p ,  They a l s o  d i s p u t e d  t h a t  everyone 
will remove t h e  smoke hood once t h e  C 0 2  r eaches  a  c e r t a i n  
l e v e l .  The a rgun~cn t s  p r e s e n t e d  i n  t h i g  r e p o r t  were based 
upon a c r i t i c a l  review of t h e  e a r l y  CAM1 r e p o r t  (McFadden, e t  a l . ,  
1967) , a i r c r a f t  evacua t ion  movies, evacua t ion  e v a l u a t i o n  oE 
t h e  Aerospace I n d u s t r i e s  Assoc ia t ion  Yeport ( A I A  Report  CDP-2, 
1968) ,  and inspectiidtl and+donningtof? t y p e  D,and t y p e  S hootls. 

The i r  views were subsequent ly  concurred  i n  by D r .  Fenn 
of  t h e  Univers i ty  of Roches ter ,  F l i g h t  S a f e t y  Foundation (]?SF) 
c o n s u l t a n t ,  who r e a d  t h e i r  r e p o r t  and concluded,"There i s  a 
r e a l  danger i n  t h e  use  of a  gas-proof bag of t h a t  s o r t  because 
it can l e a d  t o  s u f f o c a t i o n  and unconsciousness when t h e  oxygen 
i s  s u f f i c i e n t l y  depletecl" (FSF torments, Not ice  69-2, 1969) . 

2 .  Frenck T e s t s .  I n  October 1969, t h e  Aeroport  de - 
P a r i s  c a r r i e d  o u t  two t e s t s  by t h r e e  v o l u n t e e r s  of t h e  e a r l y  
type  D ( d r a w s t r i n g )  smoke hood loaned by t h e  F A A . ~  Volunteers  
were a l l  p i l o t s  and t e s t s  were c a r r i e d  o u t  i n  a  smoke-f i l led  
cab in  of an o b s o l e t e  S t a r l i n e r  t r a n s p o r t  a t  Or ly .  Although 
t h e s e  tests were l i m i t e d  and of a s u b j e c t i v e  n a t u r e ,  t h e  
conc lus ions  and comments r e s u l t i n g  should  be noted .  

They observed t h a t  t h e  smoke hood was e a s i l y  donned, 
t h e r e  was no smoke p e n e t r a t i o n ,  t h e r e  was e f f e c t i v e  p r o t e c t i o n  
of t h e  f a c e  from flame ( b u t  t h e  p l a s t i c  neck c o l l a r  burned 
when p laced  by i t s e l f  d i r e c t l y  i n  f l a m e ) ,  h e a r i n g  appeared 
normal,  v i s i b i l i t y  was 360Q, and t h e  hood des ign  allowed i d ;  
t o  be donned i n  any p o s i t i o n .  However, they  a l s o  noted  a 
problem w i t h  mois tu re  condensat ion  from r e s p i r a t i o n  w i t h i n  
approximately one minute a f t e r  donning which lowered v i s i b i l i t y .  
I n  t h i s  r e g a r d ,  t h i s  o b s e r v a t i o n  was made a t  c l o s e  t o  normal 
tempera ture  and it was p o s t u l a t e d  t h a t  such mois tu re  might 
n o t  occur  i n  t h e  h e a t  of an a c t u a l  f i r e .  Another c r i t i c a l  
comment involved a l a c k  of a i r  exper ienced  a t  about  75 seconds ,  
and a maximum usage l i m i t  o f  2 t o  2 .5  minutes.  The l a c k  of  
v i s i b i l i t y  i n  a  smoke-f i l led  cab in  was a l s o  no ted ,  a s  w e l l  
a s  t h e  f a c t  t h a t  one of  t h e  t h r e e  masks t e s t e d  t o r e  " r a t h e r  
e a s i l y , "  a l though t h e  r p p o r t  d i d  n o t  s t a t e  where t h e  t e a r  oc- 
cured  o r  under what c o n d i t i o n s .  

3Mouton, L.  and G. Armand. 1969 T e s t  of F i reproof  Anti-Smoke 
Roods, P a r i s .  1 4  October* &UnpubBishedi:rep6rt) . 

+ 



They proposed the combined use of the oxygen mask and 
smoke hood to increase the breathing time, although noting the 
fire danger from use of 02. This report concluded that the 
smoke hood represents considerable progress in fire protection 
and contributes to preventing passenger panic. They suggested 
improvements consisting of: (a) reinforcing plastic collar: 
(b) usinq improved heat-resistant plastic in collar; (c) extend- 
ing hood-below collar to protect it; (d) providing chest 
shielding; and (e) considerinq combining with an oxygen mask 
to provide prolonged survival time. 

-- 

3. National Academy of Science-National Research 
Council Evaluation. 

In 1970, at the request of the Office of Aviation 
Medicine, FAA, to the NAS/NRC, critical evaluations of the 
smoke-hood device (apparently based primarily on the most 
recent FAA studies, McFadden, et al., 1970) were conducted 
by three members of the Space Science Board (NAS/NRC Space 
Science Board Report, 1970). 

In the comments received, several potential hazards 
were pointed out. The narcotic effect of higher C02 concen- 
trations have led to sudden unconsciousness, without warning 
dt 9.2% level C 0 2  (white, et al., 1952), and when asphyx- 
iation to the polnt of respiratory failure is brought about 
by inhaling pure C02, resuscitation has not been successful. 
Hypoxia was also felt to be a serious hazard due to the 
limited supply of oxygen. Another point brought up 
concerned the possibility of an airline havinq a legal 
problem regarding a determination of cause of death in the 
case of a lethally-injured individual found wearing a smoke 
hood following a fire. Hood material deterioration 
characteristics were questioned, as well as reusability. 
The tolerance of hood-wearing on people with cardiac disease 
or pulmonary dysfunction is unknown, and the wearing time in 
egress at higher elevations was questioned, What are the 
problems in fitting infants, children, and people with 
abnormal neck size into the type D or type S hood? 

While one reviewer, experienced in C02 toxicity, stated 
that he doubted he would wear the smoke hood as an alternative 
to evacuating a smoke-filled cabin, other evaluations, while 
cautious, appeared to indicate in general that progress had 
been made. The necessity for ease in donning, a minimum 
of instruction for use, good vision, and a self-contained 
oxygen supply and C 0 2  removal agent was emphasized. This 
report undoubtedly represents the most thorough medical 
critique of the smoke-hood development of the type D and type 
S hood. The more advanced self-contained air supply type of 
hood presently under development appears to meet the most 
serious cirticisms; however, other factors pointed out such 
as deterioration characteristics, legal problems, and effect 
upon cardiac or pulmonary patients, as well as for infants, 
apparently remain unknown. 



4. A l A  Smake-Iiood Evaluati.on. As part :of t11c c ' I ' , I s~ I - -  

w o r t ~ i i r i e s ~ ~ m e n t  Proqram r t h e  Aerospace 1ndustri.c~; 
Association of ~merica-; ,. evaluation and testing of aircraft 
crash-egress smoke masks was conducted in 1 9 6 7 - 6 8  and a 
Limited distribution of results prepared in July 1968 
(Aerospace Industries A.ssociation, AIA. CDP-2, 1968). A 
Boeing McDonnell-D0ugla.s team evaluated prototype "masks" 
at the McDonnell-Dougla.s'~Laboratories at Long Beach and the 
Boeing Company Laborato,ries at Renton, Washington. These 
are the only comparative tests known for a number of proto- 
type devices. In September 1967, 28 companies were sent an 
invitation to participate which described suggested require- 
ments for sn~oke and .fame protective devices which could be 
used for escape from an aircraft fire. As a result, eight 
companies submitted 10 prototype devices: the Schjeldahl 
hood (drawstring (D) version), Eoeing mask, John Hand hood, 
Racine Glove Company hood, Sierra Engineering Corporation hood, 
two Life Support Systems hoods, Scott-O-Vista mask, and two 
Mine Safety Appliance Company devices, as illustrated and 
described in Figure 24. 

Tests included subjective smoke tests, in which a vol-unteer 
subject entered a 340 c .  ft. smoke chamber wearing a 
previously donned and adjusted hood, and remained until 
breathing became intolerable for that individual. White 
irritant smoke was initiated from a smoke bomb device. These 
tests were reported as indicating that small amounts of 
leakage had a significant effect on the wearer, making the 
subject want to remove the mask. One test was conducted i.n a 
noxious environment produced with a 1 ft. sq. pan burning in 
a 15 ft. mock-up utilizing a Boeing mask with a modified 
mouthpiece and nose seal, The rebreather bag of the Boeing 
design exibits a volume of only 2 liters (less than 1/10 
the volume of the Schjeldahl hood) which is initially 
inflated by air from the lungs (containing 3-4% C02 and 
1.6-18% 02). Three exposures of increasing but unspecified 
duration were reported as successfuLly tolerated,but in a 
fourth exposure of a planned 150 second duration, the subject 
lost consciousness at 130 to 140 seconds. It was concluded 
that this resulted from a lack of oxygen. No information is 
available as to the number of subjects, number of tests, or 
number of each hood type tested. Apparently no objective 
testing was conducted. 

It was reported that eight evacuation tests were conducted 
in an abbreviated 727-200 mock-up, using only Schjeldahl, 
John Hand, and Boeing masks due to limited availability of 
other devices. There were smoke and varying illumination 
conditions, instructions were given, and information was 
reportedly obtained by use of motion picture photography, 
questionnaires, and voice recorders. Results indicated that 
donning time ranged from 8 to 14 seconds. Hoods were frequent- 
ly not zipped up or properly tightened and the Boeing mask 
mouthpiece often was not gripped in the mouth. Subjects were 
reported to lift the devices above their eyes to improve 



visibility. Devices used in light smoke and with 0.1 candle 
average cabin illumination resulted in a 30 percent decrease 
in evacuation rate (but the report does not indicate over 
what). Devices used in a dark cabin with smoke were reported 
to be 33 to 52 percent slower when compared to evacuation 
in dark conditions with no masks or hoods. Device usage 
increased when clearer instructions were given in briefing. 
This study concluded that use of the devices tested was not 
satisfactory; that visibility was decreased and evacuation 
slowed about 30%. Although these conclusions were not 
objectively documented by in-depth tests of the devices 
examined, it represented a major attempt to survey the state 
of the art at that time. 



Figure 24. Description of Commercially Available 
and Experimental Smoke-Mask and Smoke-Hood Devices 

1 . Boei ng Mask 

Physical Description 

Two-liter polyimide (Kapton) rebreather bag mouthpiece, 
mounted on polyurethane nose-blockinq pad accordian-folded 
polyimide heat shield, weight 6.5 oz., designed to install 
on seat back with only handle showing. 

How Used 

Grasp handFe, blow up rebreather bag, hold mouthpiece with 
teeth. Pull thermal shield over head, rebreathe air in bag. 



Figure 24, conEt. 

2 .  John Hand Hood 

Physical Description 

"Vinyl-coated fiberglass hood, clear fluorocarhon(Ak1av)- 
f i l m  view window, open-cell foam neck seal, with zipper 
closure, weight 6 oz. 

How Used 

unfold hood and don over head. Position viewing window. 
p u l l  z i p p e r  down t o  join neck seal. 



Figure 24, con't. 

3 .  Raci ne GI ove Company Hood 

Physical --- Description 

Aluminized rayon hood polyimide(Kapton)-film view window. 
Coil-spring holddown in hood lower rim, stainless-steel vent 
screen on hood back. 

How Used 

Remove from container. Automatically unfolds by coil-sprinq 
action. Place hood over head and position view window. Place 
hold straps under arms and fasten down about chest with 
Velcro tape. 



Figure 24, con't. 

4. Sierra Engineering Corporation Hood 

Physical Description - - 
Accordian polyimide(Kapton1-cylinder with flat top, supplemental 
air is vented into top which inflates a toroidal neck seal, 
air supply not yet desiqned, weight 8.3 oz .  (without air supply). 

How Used 

Place hood over head. Activate supplemental air supply. 



F i g u r e  2 4 ,  e o n ' t .  

5 .  L i f e  Suppor t  Systems Hoods 

A. E l a s t i c  Neck S e a l  Type B .  Lanyard Neck S e a l  Type 

P h y s i c a l  D e s c r i p t i o n  - 
A. 1 - m i l  po ly imide  (Kapton) -f i l m  hood, e l a s t i c  neck s e a l ,  
weight  0 . 7  o z .  
B. 1 - m i l  po ly imide(Kap tnn) - f i lm hood, s l i d i n g  b a l l  and 
l a n y a r d  s e a l ,  weight  1 . 3  oz .  

How Used 

A .  Unfold and p u l l  over head. 
B.  Unfold and p u l l  o v e r  head,  push e l a s t i c  b a l l  up l a n y a r d  
t o  form t i s h t  neck s e a l .  
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6. S c o t t - 0 - V i s t a  Mask 

Physical Description - 

Polycarbonate-plastic (Lexanl "bubble" facepiece, set in 
high-temperature-resistant rubber frame. Sealed filter 
canlster for removal of smoke, fumes, G O ,  from inhaled 
air. Mask held to face by elasticized headband, voice 
amplification by a vibratinq resonator, weight 9.2 oz. 

How Used 

Pull seal from canister air inlet. Place mask over face 
and pull band over head. 



Figure 24, con't, 

7. Mine S a f e t y  App l i ance  Company Devices 

A. 881 80 C a n i s t e r  Dev ice 
(commerci a1 l y  ava i  1 a b l e )  

Physical Description 

A. Protects against dust, gases, vapors, but no CO 
removal, weight 24 02. 
B. Removes large smoke particles and CO, weight 18 o z .  

A. Remove or break seal. Place mouthpiece firmly in 
mouth. Put clip on nose. 
B .  Remove or break seal. Place mouthpiece firmly in 
mouth. Put clip on nose. 
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8. North American Rockwell Hood 

Physical Description -- a 

Include three components: transparent hood, neck closure 
system, and compressed air supply. A short-ranae radio 
receiver could be incorporated for jnstruct.ions from the 
crew. 

How Used 

Would be designed t o  f o l d  i n t o  packet on seat hack. P u l l  
hood out of packet, don over head, and pull down i n t o  
position. 
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9 .  North American Rockwell Smoke Mask 

P h y s i c a l  Desc r ip t ion  

A mois t  c l o t h  of s e v e r a l  l a y e r s  Zarqe enouah to cover  t h e  
mouth and nose.  An e l a s t i c  band f i t s  arcund t h e  head.  

How Used 

Sea led  i n  a p l a s t i c  bag,  t h e  mois t  c l o t h  would be he ld  t o  
t h e  mouth and nose bv hand, and bv an e l a s t i c  band over  
t h e  head.  
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lo. Schjeldahl Hood "D" (Drawstrinq) Model 
G.T. Schjeldahl Company, Northfield, Minn. 

Physical Description -- - 
Metalized polyimide(Kapton) hood. Volume 26.5 liters. 
Cylindrical with domed top. Elastic fiber-glass neck draw- 
string. Two-inch vision band. 

How Used -- 
Unfold from container, take breath of air, slip over head, 
draw neckband snugly. 



11. Schjeldahl. Hood "S" (Septa1 Neck Seal) Model 
G.T. Sch-jeldahl Company, Northfield, Minn. 

Physical Description 

Cylindrical with domed top. Volume 26.5 liters. Annular 
neck ring of elastorneric film. Clear hood, except for 
metalized polyimide domed top. 

How Used 

Unfold from container, take breath of air, slip over head. 
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12. Expermental PkA,/Schjeldahl flood (Self-Contiiined. Air Supply) 
G.T. Schjeldahl Cnrnnany, N o r t h f i e l d ,  Minn. 

Physical Description 

Clear cyli.ndrical hood w i t h  metalized po1y1nri.de domed t o u .  
Annular neck rinq of elastorneric film 2 nil (Kacton). 
V-shaped comnressed a l r  cvl~ndes w r t h  r u b b e r  tube into hood; 
lanyard mechanical inltiatlon. Cornnressed z l r  unit snaps 
to hood, stabilized by two shoulder tabs, Air supply duratlon 
can be carried, 4-15 min, 

How Used --- 

Draw over head, pull lanyard. 



13. Westinghouse/Schjeldahl Portable Breathing Apparatus (PRA) 
Hood (Experimental XO units designed and fabricated under 
U.S, Bureau of Mines Contract, 1971.) . 

PBA Chlorate Candle -- .6' BLOW OUT S A F E T Y  PLUG 

GAS CHEMICAL OXYGEN OUTLET 
PURIFICATION 

FILTER 

CWLORA'EE CANDLE 
FIRST 

SCREEN (TYF' . ) 

FIBERGLAS/ALUMINUM 
IGNITER CORE INSULATION, 2 LAYERS 

Physical Description 

Mylar-plastic hood with rubber neck seal, celluloid-lense 
eyepiece, 8" x 7.5" x 3" carrying case with chlorate candle, 
mouthpiece with dual scuba-type air hose, polycarbonate 
heat shroud. 

How Used - 
Place hood and heat shield over head. Bite mouthpiece, 
adjust carrying case with strap. Don helmet (designed for 
mine rescue), 



DISCUSSION 

The main o b j e c t i v e  of t h i s  p o r t i o n  of t h e  s t u d y  i s  
t o  e v a l u a t e  t h e  p r a c t i c a l  u s e f u l n e s s  of  t h e  smoke hood, 
w i t h  p a r t i c u l a r  a t t e n t i o n  t o  p s y c h o l o g i c a l  and phys io log-  
i c a l  e f f e c t s  on t h e  wea re r  i n  a  f l ame ,  t o x i c  fume, and 
smoke p o s t - c r a s h  environment .  C o n s i d e r a t i o n s  of  v i s i b i l -  
i t y ,  e a s e  of donning ,  time of u s e ,  and optimum neck-sea l  
d e v i c e s  are b e i n g  de te rmined  a s  w e l l  a s  o t h e r  smoke-mask 
concep t s  a s  a p p l i e d  t o  pas senge r  and crew-member emer- 
gency e v a c u a t i o n  needs ,  The m a j o r i t y  of t h e  i n f o r m a t i o n  
and t e s t i n g  h a s  been s p e c i f i c a l l y  r e l a t e d  t o  c i v i l  a i r  
c a r r i e r  a p p l i c a t i o n .  Thus,  some of  t h e  o b j e c t i o n s  o u t l i n e d  
i n  t h e  p r e c e d i n g  summary of t e s t  r e s u l t s  may n o t  be  v a l i d  
i n  t h e  m i l i t a r y  environment .  

C i v i l  a i r - c a r r i e r  o r g a n i z a t i o n s  appear  t o  have opposed 
FAA proposed smoke-hood r equ i r emen t s  p r i m a r i l y  on grounds 
of c o s t  ( abou t  $ 1 5 . 0 0  e a c h ) ,  p i l f e r a g e ,  and t h e  haza rds  
of t o o  long  u s e .  Some s u p p o r t  f o r  t h e  l a t t e r  o p i n i o n  
has  been e x p r e s s e d  i.n both t h e  ATA R i l e y  r e p o r t  and i n  
FAA-sol ic i ted comments from NAS/NRC s c i e n t i s t s .  I t  has  
been n o t e d  t h a t  t h e  n a r c o t i c  e f f e c t  o f  h i g h e r  ( 9 . 2 %  l e v e l  
C O Z )  c o n c e n t r a t i o n s  o f  CO can l e a d  t o  sudden unconscious-  

2 n e s s ,  and a f t e r  a sphyx ia t aon  t o  u n s u c c e s s f u l  r e s u s c i t a t i o n .  
S i m i l a r l y ,  i t  has  been s u g g e s t e d  t h a t  t h e r e  i s  a  danger  
of hypoxia  due t o  a  l im.itecl  supp ly  of  oxygen. Both o f  
t h e s e  o b j e c t i o n s ,  a s  w e l l  a s  t h e  conce rns  c i t e d  r e l a t e d  
t o  i n s u f f i c i e n t  time d u r a t i o n  of a i r  supply  i n  t h e  
S c h j e l d a h l  hood, appea r  t o  be solved by t h e  e x p e r i m e n t a l  
FAA/Schjeldahl hood des igned  w i t h  i t s  own s e l f - c o n t a i n e d  
compressed a i r  supp ly .  I n  this sys tem v a r y i n g  d u r a t i o n s  
of a i r  s u p p l y  a r e  a v a i l a b l e  depending upon o r i f i c e  char -  
a c t e r i s t i c s  and c y l i n d e r  s i z e ,  b u t  a  f i ve -minu te  m o d i f i c a t i o n  
has  worked well  i n  p r e l i m i n a r y  t e s t s .  3y u s i n g  compressed 
a i r  i n s t e a d  o f  oxygen, t h e  f i r e  haza rd  from O2 i s  reduced .  

I t  s h o u l d  be  n o t e d  t h a t  t h e r e  h a s  been a g e n e r a l  
d e s i r e  t o  i n c r e a s e  t h e  b r e a t h i n g  t i m e  of t h e  smoke-hood 
p r o t e c t i v e  d e v i c e  from i t s  p r e s e n t  3-6 minute  (FAA t e s t s )  
r e b r e a t h i n g  c a p a b i l i t y  (AIA found Boeing sys tem p rov ided  
o n l y  50 s e c . ,  S c h j e l d a h l  "D'9ohosd k- l /2  m i n u t e s ) ,  t o  
IS minutes  or more. However, it appea r s  ques.tioaaable whether  
a c c i d e n t  e x p e r i e n c e  w i l l  s u b s t a n t i a t e  such a t ime  r e q u i r e -  
ment. The c i v i l  a i r l l n e s  are r e q u i r e d  t o  6emons t r a t e  
t h a t  t h e i r  a i r  t r a n s p o r t  a i r c r a f t  can Se evacua ted  i n  
9 0  seconds  o r  l ess ,  and a s  a r e s u l t  of one C-135 c r a s h  t h e  
USAF D i r e c t o r a t e  of Aerospace S a f e t y  recornended t h a t  
pas senge r s  be l i m i t e d  t o  t h a t  number which can s a f e l y  e g r e s s  
i n  one minute .  FAA burn tes t s  have demons t ra ted  t h a t  a f t e r  
t h r e e  minutes  c u r r e n t  a i r c r a f t  i n t e r i o r s  a r e  no l o n g e r  
h a b i t a b l e  due t o  h e a t .  i f  a  chemica l  g e n e r a t o r  i s  employed 
i n  t h e  smoke hood t o  i n c r e a s e  b r e a t h i n g  t i m e ,  it a l s o  
i n c r e a s e s  complexi ty  of  a c t i o n s  n e c e s s a r y  by t h e  u s e r ,  and 
would r e q u i r e  i n s t r u c t i o n ,  The f i r e  and e x p l o s i v e  haza rd  
i s  i n c r e a s e d  i n  any c a s e s  where e i t h e r  unconf ined  oxygen 



or an inadequate.1~ protect.ed. pure oxygen supply system 
i.s exposed to a. high-.temperat,~~re environment. Thus, 
there  may be a reasonable ax:.gurnent .to dispute a requirle- 
ment for a longer air supply than currently provided in 
th.e Seh jeldahl rebrt;?latizimg hood. The Sch jeldahl smoke 
hood is utilized on the FAA Rdministsat:or~s N1 Jet Star, 
as well as the Grustz;s,n Gulfstream aircraft of " L h e  Federal 
Aviation Administration, A modification by NASA is used 
b y  l.a~,znch "cwer tec;hnicians for flame protection, and it 
is also used by ,vari.ous chexnj.cal companies. 

Attempts to increase time of usefulness have 
involved addi . t i sn  o f  a self-contained oxygen generator (fire 
hazard), and con.sidl:3ratj.on sf a chLorate candle (as in C5A 
Palkt sea.ting system) . The Ciles.tinghc~use/'Sch je1.dahl smoke 
hood, deveioped u,nder the "Cecil M i l l ( ?  Rescue and Survival 
Program,""as a J-shaped canister containing a chlorate 
candle an,d 6'"x 3" lithium hydroxide GO2 absorbent, which 
has apparently enabled subjects to breath for a period 
of one hour, The hood itself was n o t  rigidly tested in 
this program, nor was it designed for aircraft fire 
protectiors. 

Adaptation of the emergency oxygen mask for inflight 
fires and smoke emergencies has generaly not been success- 
ful because the dilution value allows in outside (smoke) 
air. This could also increase the potential fire hazard 
under some conditions. Attaining a cabin pressure of 
14,0QO~(during lass of cabin pressure) automatically 
trips the emergency oxygen system; however, the automatic 
oxygen regulator only provides a minimum of oxyqen flow at 
this altitude (approximately 5.5 liter normal temperature 
pressure dry 7 0 " - - 7 6 0 m  dry (NTPD) , expanding to only a liter 
or so in terms of body temperature pressure saturated, 
37°-amibfe~zt - saturated (BTPS) . At rest an individual 
breathes approxinately 7 liters per minute, therefore the 
difference between approximately one liter and seven must 
be composed of air which may contain smoke and toxic gases. 

The most advanced modification of the Schjeldahl smoke 
hood for air transport passenger egress involves the 
addition sf a self-contained compressed air supply. Pro- 
totype units have been fabricated by Schjeldahl under contract 
to FAA, with cylinders fabricated under contract to U.S. 
Divers. As shown in item 12 on page PO2 this consists of 
an 1180 psig cylinder clipped to the hood at neck level. 
Activation is by pulling a cord which initiates a mechanical 
puncture of the cylinder, allowing compressed air to flow 
directly into the hood. The flow rate can be adjusted by 
changing orifice flow control fittings to provide various 
flows and c?uratians, Experimiental durations of four to 
eight minutes have been tested to date at the FAA's Civil 

'~ureau of Mines, 1 9 7 1  Coal Mine Rescue and Survival System. 
Contract. H O - l O I . 2 6 2 ,  Westinghouse ~iectric Corp. (Unpublished). 



Aeromedical Research I n s t i t u t e ,  Oklahoma C i t y .  T e s t s  
of an o r i f i c e  p rov id ing  a f o u r  minute for ty-seven second 
d u r a t i o n  f low c a l i b r a t i o n  has been found to prov ide  t h e  
fo l lowing  f low r a t e s :  

S t a r t  - 8 . 5  lpm 
1 minute - 5 . 8  lpm 
2 minutes - 3 . 5  lpm 
3 minutes - 1.8 lprn 
4 minutes - 0 . 7  Ipm 
5 minutes - 0 . 1  lpm 

I n  a d d i t i o n ,  t h i s  m o d i f i c a t i o n  of t h e  smoke hood has  
been improved i n  o t h e r  r e s p e c t s .  The hood i s  c o n s t r u c t e d  
of ext ra-heavy Kapton ( 2  m i l )  i n s t e a d  of t h e  s t a n d a r d  
1 m i l  polyimide f i l m  (Kapton) used i n  t h e  s t a n d a r d  r e b r e a t h -  
i n g  hood. This  p rov ides  improved ag ing  c h a r a c t e r i s t i c s  
( s h e l f  l i f e ) .  However, l i t t l e  i s  known of t h e  ag ing  
c h a r a c t e r i s t i c s  s f  t h e  e l a s t i c  polyure thane  f i l m  of t h e  
neck s e a l .  The hood has  been completely m e t a l i z e d ,  excep t  
f o r  a  two-inch v i s i b i l i t y  band. 

Although t e s t s  of t h i s  development a r e  s t i l l  underway, 
some r e s u l t s  a v a i l a b l e  t o  d a t e  show t h e  fo l lowing  charac-  
t e r i s t i c s  when t h e  hood i s  d ~ n n e d  and a c t i v a t e d :  

I .  A f t e r  a c t i v a t i o n  t h e  hood beg ins  t o  i n f l a t e  
somewhat l i k e  a  b a l l o o n .  Once i n f l a t e d ,  t h e  
c y l i n d e r  i s  l i f t e d  up o f f  t h e  s h o u l d e r s .  With 
t h e  hood d i s t e n d e d  v i s i o n  i s  improved. 

2 .  The neck s e a l  a c t s  a s  a  r e l i e f  v a l v e ,  and 
CAM1 measurements i n d i c a t e  o n l y  1 t o  2 mm - 
Hg of p o s i t i v e  p r e s s u r e  can be b u i l t  up 
i n s i d e  t h e  hood, A s l i g h t  eardrum p r e s s u r e  
may be exper ienced ,  s i m i l a r  t o  d i v i n g  f o u r  
t o  f i v e  f e e t  under water. 

T h i s  exper imenta l  m o d i f i c a t i o n  of t h e  S c h j e l d a h l  smoke 
hood appears  %Q o f f e r  a  s o l u t i o n  to a major o b j e c t i o n  t o  
i t s  usage i n  c u r r e n t  c i v i l  a i r  t r a n s p o r t  a i r c r a f t  by pro-  
v i d i n g  a  s e l f - c o n t a i n e d  a i r  supply .  The compressed a i r  
c y l i n d e r  o f f e r s  a rne2ns of i n c r e a s i n g  t h e  a i r  supp ly  t o  
a l low g r e a t e r  e g r e s s  t ime d ~ r a t i o n  c a p a b i l i t y ,  and t h u s  
inproved ~ c c u p a n t  p r o t e c t i o n .  Sowever, t h i s  a l s o  i n c r e a s e s  
t h e  compl3xity of t h e  dev ice  and i r o n i c a l L y  degrades t h e  
s i m p l i c i k y  yof t h e  o r i q i n a l  hood. For s u c c e s s f u l  u s e ,  
b r i e f i n g  o r  t r a i n i n g  becomes more i m p o r t a n t ,  s i n c e  a  manual 
a c t i o n  i s  r e q u i r e d  by t h e  passenger  after donning i n  o r d e r  
t o  i n i t i a t e  t h e  a i r  supply .  On t h e  o t h e r  hand,  even i f  t h e  
wearer  n e g l e c t s  t o  p u l l  t h e  cord  t o  i n i t i a t e  t h e  a i r  supply  
a t  a l l  he s t i l l  has  t h e  same p r o t e c t i o n  a s  t h e  r e b r e a t h e r  
hood.. 

'rile l o q i c a l  follow-on development w i l l  i nvo lve  overcoming 
thcsc i l i ssdvantaqcs  whi le  r e t a i n i n g  t h e  advantayes of a longer 
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Experimental  61evc~;;l.oymnent; of ~2 ~molce hood w i t h  s e l f  - c o n t L ~ i n -  
cd automat ic  a i l  suppl.y i s  being cornsidered by t h e  C i v i l  
Aeromedical I n s t i t u t e  of t h e  FAA a t  OkLahoma C i t y .  However, 
t o  < l a t e  tllis i s  still i n  a concept  s t a g e .  

Table 4 prov ides  a sumn,ary a n a l y s i s  of t h e  S c h j e l d a h l  
s e p t a 1  neck seal (Node1 S j  smoke hood, which has been 
e v a l u a t e d  as the bes t  avacblabl.,e 6evice w i t h i n  t h e  c u r r e n t  
s ta - te  of t h e , , a r t ,  and i s  a p roduc t ion  i t e ix .  Among t h e  
fac tor : ;  whi.ch t e s t s  "c dda,", have i n d i c a t e d  may be probl.ems 
a r e  d e t e r i o r a t i o n  c h a r a c t e r i s t i c s ,  d u r a b i l i t y ,  r e u s e ,  f i t  
on o t h e r  than  a d u l t s ,  donning over  g l a s s e s ,  v i s i o n ,  e f f e c t  
upon cardiac  o r  pul.mornary dysf.unctfcsn p a s s e n g e r s ,  legal.  
problems, C02  b u i l d u p ,  hypoxia ,  and hood fogging.  t lost  of 
t h e s e  problems appear soLvabLc o r  i n s i g n i f i c a n t  f o r  
m i l i t a r y  t r a n s p o r t  emergency use .  (Desp i t e  t h e s e  problems,  
i " c ; k s  s igmifican.t:  t . ~  n o t e  t h a t  t h e  FAA A d m i n i s t r a t o r ' s  
a i r c r a f t  is equipped w i t h  t h i s  pa.r 'c icuiar  smoke hood as 
emergency ecluiprnent, and t h a . t  t h e  F e d e r a l  A i r  Surgeon 
r o u t i n e l y  t r a v e l s  by a i r  w i t h  such a p r o t e c t i v e  dev ice  
c a r r i e d  i n  h i s  b r i e f c a s e )  

A de ta i l ec l  a n a l y s i s  of t h e  system s a f e t y ,  maintenance,  
h a z a r d s ,  r e l i a b i l i t y ,  and human f a c t o r s  of t h e  v a r i o u s  smoke 
hoods and smoke masks a v a i l a b l e  w i t h i n  t h e  s t a t e  of t h e  a r t  
have been made and a smoke-hood mask func t iona l - f low f a u l t  
t r e e  i s  shown i n  F i q u r e  25 .  

I t  i s  concluded t h a t  t h e  c u r r e n t l y  a v a i l a b l e  S c h j e l d a h l  
r e b r e a t h i n g  smoke hood wi th  s e p t a 1  neck s e a l  (Nodel S )  
can p rov ide  s i g n i f i c a n t  p r o t e c t i o n  from smoke, t o x i c  fumes, 
and flame i n  pos t -c rash  f i r e  emergency e g r e s s  and i t s  
demonstrated merits far outweigh any p o t e n t i a l  r i s k s  o r  
problems. It. is recommended t h a t  u n t i l  improved d e v i c e s  
wi th  automatic a i r  s u p p l y  a re  a v a i l a b l e  t h e  c u r r e n t  
SchjeLdahL t y p e  smoke hood be provided a s  a  s t a n d a r d  item 
of emergency equipment f o r  a l l  occupants  gf m i l i t a r y  A i r  
T ranspor t  a i x c r a f t .  



TABLE 4. SUMMARY OF PRELIMINARY DESIGN 
FOR SCHJELDARL SMOKE-HOOD SYSTEM 

.Poly imide (amide) 
f i l m s  capable o f  
p r o t e c t i n g  i n  
excess o f  1400" F. 

.3-8 minutes 02 
supp ly .  

. V i s u a l  a c u i t v  n o t  

.Simple t o  don. 

.Tes ts  show simple 
ve rba l  b r i e f i n g  
. A ~ n ~ ~ a t m  

.Requires no n 
a p t i t u d e  o r  5 
. .  . 

nechanical 
; k i l l .  

I ;;fl;:"" U' "I . I n f r a r e d  

impaired a t  low 0.05- 
foo t -cand le  l e v e l s  of  
i l l u m i n a t i o n  
(models) .  

. A v a i l a b l e  02- when 
C02 c r i t i c a l  l e v e l  
of  about  8% reached; 
sensa t ion  o f  choking 
w i l i  cause s u b j e c t  
t o  remove hood. 

.Requires 1 i t t i e  
t r a i n i n g ,  l i t t l e  
judgement, a b i l i t y  t o  
,....& fo!iow &-.. r e l a t i v e l y  s imple 

. Flammabi 1 i t y  p r o t e c t i o n :  
e x c e l l e n t .  

--a! i n s t r u c -  

.Toxic hazards exce l  l e n t  

t h  Model D). 

",-.,-. . I r r i t a b i l i t y  p r o t e c t i o n :  
e m i s s i v i t y  and e x c e l l e n t  ( w i t h  Model 5) 
re f lec tance  I ' 1 f a i r  t o  DOOI (with b d e i  Dl. 1 

.Simple t o  don 
w i t h  normal use 

i 
of  hands. 

I 
I 

.Can be donned w i t h  1 

one hand w i t h  some , 

difficulty. 

.Requires l i t t l e  
j 

expend i tu re  of  energy. : 
f 

.Readily lea rned  by 1 
demonstrat i o n .  

e x c e l l e n t .  I 
.Hazard l e v e l  ca tegory  I 1  - 

. O p t i c a l  marginal ,  can be coun te rac ted  
t ransmiss ion  o r  c o n t r o l l e d  u i t t i o u t  i n j u r y  
n o t  s a t i s f a c t o r y  t o  personnel o r  ma jo r  system 
w i t h  model R damage (MIL-STD-282). I 
e x c e l l e n t  w i t h  
model S .  

.Some d i f f i c u l t y  i n  
q u i c k l y  l o c a t i n g  neck 
seal  (needs c o l o r  o u t l i n e )  

. i n s t r u c t i o n s  adequate 

.Can inc rease  donning 
t ime and decrease problems 
i n  donning v i  t h  p r i o r  
experf  ence. 

.Present  hood ) . P o t e n t i a l  e f f e c t  j 
cannot  remain i n  ,I o f  improper t a s k  ; 
use beyond 3-6 j performance on I 
minutes.  I systeln o a e r a t i o n  

1 c r i t i c a l .  
.Hazard Leve7 11. I I 

EQUIPMENT RELIABILITY i MAINTENANCE I 

CHARACTERISTICS 1 I s 7  1 (111-570-4701 - -- 1 POTENTIAL VALUE 4 
I 

-- 

M a t e r i a l  : m e t a l i z e d  
o o l y i m i d e  (Kapton).  

.Weight .  Not s i g n i f .  

.S ize  ( s t o r e d )  : pocke 
( i n  use) 16" h igh  
12 "  d iamete r .  

.Volume: 2 5 . 5  1 i t e r s  

.Shape: cy: i n d r i c a l ,  
/ w i t m i  domed top .  

j .C los ing  Model D): 1 E l a s t i c  L ~ e r S l a s s  
neck d r a w s t r i n g  / b e  ) :  A a n i l a r  
r i n g  of  e las tomer ic  I f i l m  ( 3 1 ' ) .  

I . H e a t , r e s i i t p n c e :  j p o l y ~ n l i d e  f ~ l m  w i t h  
r e f l e c t i v e  c o a t i n g  . 

j ? '  v i s ~ o n  Sand 
I (Mo~irl S ) ,  (.leal, 1 l,~Nl,i 

.General - excel  l e n t  
( o n l y  f a i l u r e  determined 
t o  d a t e  occur red  when 
one mask r i p p e d  i n  c o a l  
mine t e s t ) .  

. L i f e  c y c l e  decrement 
undetermiqed.  

A c c e s s i b i l i t y :  e x c e l l e n t  

.Ma!/ be problem w i t h  
decrement w i t h  repeated 
usage (sea l  breakdown) . 

.Per iod ic  i n s p e c t i o n  and 
rep! acement bou l  d  
g rabab ly  be necessary. 

.EFfect on depth and 
frequency OF maintenance 
requirements d t  each 
I ~ v e ' ?  . 

. F a c i l i t i e s ,  support  
equ~pment,  s k i l l  l e v e l s  
and lumber o f  i n d j v i d u a l s  
r e q u i r e d  t o  he determined.  

I 

Tests t o  da te  i n d i c a t e  1 
o f f e r s  e x c e l l e n t  p ro -  
t e c t i o n  t o  head and i 
F a c e i n f l a m a b i l i t y .  ~ 
.Advanced model "St' 1 
sep ta1  neck sea? I 

model o f f e r  g r e a t e r  
p r o t e c t i o n  f rom t o x i c  , 
"urns, saoke, and eye , 
I r r i t a b i l i t y  than 
ear l . i e r  neck draw- 
s t r i n g  "D" model. 

Tests of  " S "  mode! 
c l e a r  hood i n d i c a t e  no I 
s i g n i f i c a n t  v i s i o n  1 
acu i  t y  decrement under 
c o n d i t i o n s  o f  low 
i l l u m i n a t i o n ,  i 
L i m i t a t i o n  o f  3-6 1 
minutes b r e a t h i n g  t ime 1 
can be increased by 
m o d i f i c a t i o n  wl t h  i 
s e l f - c o n t a i n e d  02 
gvbnerator o r  
compressed a f r  sourc r .  

- _-...A 



Figure 2 5 .  Smoke Hosd/Maek P'unctional-Flow Fault Tree 
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SECTION 

AISLE AND EVACUATION MARKERS 

Accident d a t a  from a  number of s t u d i e s  i n d i c a t e  t h a t  
i n  znost "survivable'" j e t  t r a n s p o r t c r a s h e s  t o  d a t e  occupant 
s u r v i v a l  has  been Largely determined a y  t h e  a b i l i t y  of 
u n i n j u r e d  passengers  t o  Leave t h c i r  s e a t s  and f i n d  an e x i t  
b e f o r e  succu~vbing "e ofre o r  smoke. The a i s l e  and evacua- 
t i o n  p a t h  markers ,  p l a c a r d s ,  l i g h t s  and o t h e r  dev ices  t o  
a s s i s t  i n  t h e  e f f i c i e n t  and o r d e r l y  evacua t ion  i n  case  of 
a  c r a s h  emergency must be cons ide red  wi th  r e s p e c t  t o  known 
human f a c t o r s  c o n s i d e r a t i o n s  such a s  s i z e ,  i l l u m i n a t i o n ,  
c o l o r ,  background, form, l o c a t i o n ,  and e a s e  i n  unders tand ing ,  
a s  w e l l  as r e l i a b i l i t y ,  r n a i n t a b n a b i l i t y ,  and system s a f e t y  
a s p e c t s .  

The objective of t h i s  p o r t i o n  of  t h e  s tudy  was t o  
eva1ua.W eaisPe markers and emergency evacua t ion  p a t h  mark.ers 
such as r e f l e c t i v e  t a p e s ,  s i g n s r  ar rows ,  and n o n r a d i o a c t i v e  
luminous s t r i p s  f o r  use  i n  marking evacua t ion  r o u t e s .  In 
a d d i t i o n ,  c o n s i d e r a t i o n  was g iven to produe.ts which coulcl 
be a p p l i e d  t o  f l o o r s ,  wainscoti lags,  and o t h e r  i n t e r i o r  
s u r f a c e s ,  and r e q u i r e  e i t h e r  a s e l f - c o n t a i n e d  power supply  
o r  no power supply a t  a l l .  A i s l e  width  requi rements  were 
a l s o  examined. 

OPERATIONAL DWICIENCI:ES 

Cur ren t  o p e r a t i o n a l  d e f i c i e n c i e s  w i t h  r e s p e c t  t o  a i s l e  
and evacua t ion  p a t h  markers which were observed dur ing  
i n s p e c t i o n  of a  l i m i t e d  number of MAC C - 1 4 1 A  and a  s i n g l e  
C-135A a i r c r a f t  ha.ve been p r e v i o u s l y  noted  i n  S e c t i o n  TI:[. 
If t h e s e  a i r c r a f t  were t y p i c a i  of  p r e s e n t  m i l i t a r y  a i r  
t r a n s p o r t  a i r c r a f t  t h e s e  f i n d i n g s  s u g g e s t  t h a t  t h e  passenger  
(and even crew) has no s i g n i f i c a n t  emergency e g r e s s  a s s i s t a n c e  
from markers d u r i n g  evacua t ion .  Major p o i n t s  r e l a t i n g  t o  t h e  
t o t a l  inadequacy of p a t h  marker systems observed i n  t h e s e  
a i r c r a f t  a r e  : 

I. No p a t h  markers  o r  e x i t  arrows were found i n  
E e s e  a i r c r a f t .  

2 .  There were no emergency i n s t r u c t i o n  c a r d s  i n  
t h e  @ - 1 4 l A  ( t h e  C - 1 3 5  had on ly  one f o r  t h e  e n t i r e  
a i r c r d f t )  . 

3 .  In one C-141A a i r c r a f t  t h e  s i g n  "EMERGENCY EXIT"  
i n s i d e  t h e  main ( l e f t )  e n t r a n c e  door was almost. 
completely chipped away by wear,  and t h e  edges 
of b a t h  t h e  s i g n  and e x i t  orange-yellow 
p a i n t e d  o u t l i n e  band had been sp ray-pa in ted  over  
s o  t h a t  they  could  b a r e l y  be seen a t  c l o s e  range  
i n  d a y l i g h t .  They cou ld  n o t  have been seen  
from a  d i s t a n c e  o r  under poor l i g h t  c o n d i t i o n s .  



4. The ye l low e x i t  o u t l i n e  around a l l  e s c a p e  
d o o r s ,  h a t c h e s ,  and windows was f a d e d ,  p a i n t e d  
o v e r ,  and obscu red .  

5 .  There  were n.o s i g n s  o r  a r rows  i n d i c a t i n g  t h e  
l o c a t i o n  of  e i t h e r  c r a s h  axes  o r  f i r e  e x t i n g u i s h e r s  
(and t h e y  were b a r e  m e t a l ,  unpa in t ed .  

6 .  On t h e  f l i g h t  deck o f  one @ - l 4 1 A  a i r c r a f t  t h e  
s i $ n  " E x i t  Re lease  P u l l  Handle" a d j a c e n t  t o  t h e  
crew a f t  r o o f  e s c a p e  h a t c h  was f a c i n g  t o  t h e  r i g h t  
s i d e  of t h e  a i r c r a f t ,  r e q u i r i n g  an awkward head 
r o t a t i o n  i~ o r d e r  t o  r e a d  t h e  s i g n .  On a  second 
a i r c r a f t  t h i s  e scape  h a t c h  was m i s s i n g  t h e  
" E x i t  Re lease  P u l l  Handle" s i g n  e n t i r e l y .  

7 .  There  was no c r a s h  impact  e x i t  emergency 
i l l u m i n a t i o n  system i n  t h e  C - l 4 1 A .  A t  n i g h t  o r  
under  smoke c o n d i t i o n s  e x i t  s i g n s  c o u l d  n o t  be  
s e e n .  

MIL-A-25165B(ASG), Amendment-L, 2 9  May 1969 s p e c i f i e s :  
" 3 . 5  Emergency e x i t  e l e c t r i c a l  L i g h t i n g  and i d e n t i f i c a t i o n :  
a l l  c a b i n  l i g h t i n g  used t o  i d e n t i f y  e x i t s  shal l -confarm t o  
MIL-L-6503 and MIL-L-25866 and s h a l l  b e  b a t t e r y  powered. 
B a t t e r i e s  s h a l l  b e  s i m i l a r  t o  commercial ly  a v a i l a b l e ,  r e -  
c h a r g e a b l e  nickel-cadmium b a t t e r i e s ,  and s h a l l  be  CFE. 
A l l  e x i t  l i g h t s  must be a b l e  t o  w i t h s t a n d  2 0  y c r a s h  Loads f o r  
0 . 1 0  second ~ u l s e  d u r a t i a n  and t h e y  shall be  e n e r g i z e d  by an 
i n e r t i a  s w i t c h  d u r i n g  a c r a s h ,  a l s o  by t h e  loss  of  normal 
a i r c r a f t  power." 

8 .  There  was no e x t e r n a l  e x i t  emergency l i g h t i n g  system.  
9 .  No i l l u m i n a t i o n  o r  marking of e s c a p e  p a t h s .  

1 0 .  Although s l i p - p r o o f  f l o o r i n g  d e v i c e s  were 
i n s t a l l e d  a long  t h e  C-l$lA ca rgo  f l o o r s ,  i n  two of  
t h e  t h r e e  a i r c r a f t  i n s p e c t e d  no a i d s  t o  f o o t i n g  were 
p rov ided  i n  t h e  C - 1 3 5 A  pas senge r  deck ing .  

11. The emergency r o p e  l a d d e r s  were marked w i t h  s m a l l  
l e t t e r s  on ye l low s i s n s ,  b u t  cou id  not be  seen  
from a  d i s t a n c e .  I t  i s  d o u b t f u l  they  would be  
u s e f u l  a t  n i g h t  o r  un6er  smoke c o n d i t i c ~ n s .  

These ,  and a  number o f  o t h e r  a r e a s  where ope ra t ionwl  
e g r e s s  d e f i c i e n c i e s  were observed, have p o ~ n t e ~  t o  particular 
needs which have been ixsefui ir censlilering a p p l i c a t i o n  a£ 
aclwanced t echco logy  cr eanccpts i8? thssn arezs, 

AISLE WIDTJi 

Due t o  t h e  v a r i a b l e  carg0:passenger c o n f i g u r a t i o n s  
of t h e s e  a i r  t r a n s p o r t  a i r c r a f t  there i s  no s t a n d a r d  
a i s l e  w id th .  For  c i v i l  j e t  t r a n s p o r t s  minimum a i s l e  wid th  
i s  s p e c i f i e d  by Federal A i r  Regu la t ion  FAR 25.815 a s  n o t  
l e s s  t h a n  15 i n c h e s  measured. less t h a n  25 i n c h e s  from t h e  
f l o o r ;  and 2 0  inches measured 25 i n c h e s  or more from t h e  
floor for a i r  t r a n s p o r t  a i r c r a f t  having a seating c a p a c i t y  
of 26 or more passeqqers. A recent incident p o i n t s  o u t  an 



r anan t i c ipa t ed  problem t\ri.th c u r r e n t  (FAR) c i v i l  a i r  c a r r i e r  
a i s l e  wid.klas. A s  a r e s u l t  of i n f  l . i y h t  t u r b u l e n c e  encountjered 
by. a Brseirlg 7 2 7 ,  s i x  p a s s e n q e r s  and one s t e w a r d e s s  were 
h o s p i t a : l i z e d  a.nd 1 5  passengers and one s t e w a r d e s s  r e c e i v e d  
m.inlar i n j u r i e s  IFl . ight  S a f e t y  Focus ,  1971) . I n j u r i e s  were 
caused by f a i l u re  t o  wear sea t  be1.t.s d u r i n g  the t u r b u l e n c e ,  
f a i l u r e  of overhead s torage b i n s ,  and f a i l u r e  of economy seat 
head res,t:s; howeurer, foll.owinq. l.andilzg g rea t  d i f f i c u l . t y  was 
encountexed  5.n raEnnovi.acg i n j u r e d  j lassengers  because  t h e  a i s l e s  
were t ~ o o  nar:row i"i3~: i . '~ i ; . , i i l~da~d stretcl:~ers. 

0x1 military a i r c : r a f . t  minimum a i s l e  w id th  eond i . t i ons  
occrx when maximum c a p a c i t y  seating accomodat ions  a r e  
required f o r  t r o o p  sno~remen.$;, E,camp:les a.re when 154  1:roops 
a r e  c a r r i e d  i n  t h e  maxin~~lrn de r l s i t y  s e a t i n g  ( F i g u r e  2 )  
c o n f i g u r a t i o n  o f  t h e  C m - 1 4 l . A  i n  which f o u r  raws of  s i d e -  
f a c i n g  ny lon  c o J l a p s i h L e  s e a t s  e x t e n d  t h e  l e n g t h  of  t h e  
c a b i n  area. I n  i n s t a n c e s  where t roops  a r e  b e i n g  a i r l i f t e d  
f o r  long d i s t a n c e s  and must remain i n  these cramped q u a r t e r s  
f o r  i o n g  p e r i o d s  of timer signif i c a t  decrement  i n  t . h e i r  
t a s k  per formance  h a s  been  r e p o r t e d  (Knapp, 1971)  . For 
example,  t h e  a i s l e  s p a c i n g  between t h e  i n n e r  and o u t e r -  
facing-  rows,  on e a c h  s i d e  of t h e  c a b i n l  i s  s o  s m a l l  t h a t  
it h a s  been found t h a t  a t  night a p a s s e n g e r  c a n n o t  proceed  
up t h e  a i s l e  "c o comfor t  s t a t i o n  wi . thout  c l in lb ing  o v e r  
(and  waking up) many athers. I n  p r a c t i c e ,  t h e r e f o r e ,  
Kriapp r e p o r t e d  t h a t  passengers c l imbed along t h e  c e n t e r  
nct . t i i?g r a t h e r  .tlzar: use  t h e  crowded a i . . s i e s .  When two 
rows a b r e a s t  crf t r i p l e  a f t - f a c i n g  s e a t s  a r e  used  i n  t h e  
C-135 t h e  a i s l e  wid th  i s  a l s o  r a i n i m a l ,  However, even  when 
c a r g o  i s  c a r r i e d ,  t h e  s p a c i n g  l e f t  a l o n g  t h e  s i d e s  f o r  
p a s s e n g e r s  t o  reach an e x i t  may a l s o  be minimal .  I n  t h e  
c a s e  of  t h e  C-$35  c r a s h  i l l u s t r a t e d  i.n F i g u r e  1, n o t e  t h a t  
t h e  s p i l l a g e  of s m a l l  c a r g o  i n t o  t h e  l e f t - h a n d  a i s l e  e f f e c t i v e -  
t i v e k y  b locked  t h a t  a i s l e  c o m p l e t e l y ,  c o n t r i b u t i n g  t o  t h e  
f a t a l i t i e s  of  four  i n d i v i d u a l s .  I t  i.s n o t  uncommon f o r  
a l r e a d y  narrow a i s l e s  t o  be f ' u r t he r  l i t t e r e d  w i t h  d e b r i s  and 
baggage a f t e r  a c r a s h .  

S i n c e  t h e  a i s l e  w i d t h  s p e c i f i c a t i o n s  of t h e  FAR were 
e s t a b l i s h e d  i n  a 1951 s t u d y  (King), and t h e r e  i s  known t o  
be a  s i g n i f i c a n t  g e n e r a t i o n a l  body s ize  i n c r e a s e ,  c u r r e n t  
ant l r ropornetr ic  data ,  were examined t o  p r o v i d e  a  means of  
comparing a  15- inch  minimum a i s l e  w i d t h  ( a t  25-inch f l o o r  
h e i g h t )  w i t h  t h e  p o t e n t i a l  a i s l e  u s e r .  I n  t h i s  r e g a r d  t h e  
1 9 6 3  a n t h r o p o m e t r i c  su:rvey o f  lJSAF f l y i n g  pe r sonne l1  
shows t h a t  t h e  mean ai:rman h i p  b r e a d t h  i s  13 .88  i n c h e s ,  
t h e  95 th  p e r c e n t i l e  i s  15 .15  i n c h e s ,  and t h e  9 9 t h  p e r c e n t i l e  
i s  15 .84  i n c h e s .  I f  an a l l owance  f o r  c l o t h i n g  i s  made, 
it appears t h a t  a  15- inch  a i s l e  w i d t h  a t  h i p  h e i g h t  w i l l  

 laus user, C .  1 9 7 1  Anthropometr ic  Data  on t h e  USAF F l y i n q  
P o p u l a t i o n  - 1967 ,  Aersspa.c:e Medical  Research  L a b o r a t o r y ,  
W r i g h t - P a t t e r s o n  AFB, Ohio.  Unpubl ished d a t a .  



be a tight fit for much of t h e  potential male Air Force user 
population, and many would be forced to go through this narrow 
a space sideways, which would also slow down evacuation time. 
Females would exceed these male values by an estimated 1 to 2 
inches; however, the most recent public health survey has 
not yet been published for the statistic of hip breadth in 
the general population. 

To assist the passenger in emergency egress, several 
aisle and evacuation path-marker concepts have been proposed. 
These include the application of chemical luminescence for 
emergency signs, direction indicators, egress areas, and 
marking and identifying emergency equipment; ultraviolet liqht 
activation of egress signs or use of fluorescent spray; 
floor-level marker illumination; pulsating indicators; and 
tactile aids. 

VISUAL PATH-MARKER CONCEPTS 

CHEMILUMINESCENCE, Two principal systems which employ 
chemical reactions for the production of visible light ("chemical 
light") have been developed. One system, developed by E.I. 
dupont de Nernours and Co, and marketed by Rernington Arms 
Company, employs a chernilumi-nescent material which upon 
exposure to oxygen in the air ~ r o d w e s  visible liqht. This 
material is utilized in the form of long seal transplant 
plastic tubes for illumination of the side tubes of the escape 
slides carried aboard some civil aix carrier transports, 
Activation of the inflatim system injects air into the seal- 
tubes and therefore activates the material which can produce 
visible light in any width or 1ersg"i. Since only  air is 
required to produce light from this chernrcal, advantages 
appear to be that it can be isolated from other lighting systems 
independently, presents no fire or explosion hazard, is 
reported to be fail safe, is liqhtweight and submersible, and 
has long rnaintainance-free standby life. This system can be 
applied to emerqencv signs, direction indicaters, Life rafts, 
life-lacket devices. egress arez5, escape slides, and other 
devices; and can be used for mar:clng and i d e r i ~ ~ i f y i n q  emergency 
equipment, outlining emergency n x i t  do2rwaysB and illuminatinq 
controls. United Airlines has used chemical 'vrninescence far 
several years ro outline escape siides and to provide some 
ex ter~or illumination. 

"Cyalume," another system developed by the American 
 anam amid co., employs two liquids which when brought together 
produce visible light which may be pipad to various points in 
order to illuminate specific areas. Similarly a two-compartment 
container has been produced which, when squeezed, fractures a 
harrier or ampuaE of one liquid so that when they come in 

2~anufacturers of the various path-marker illumination systems 
discussed in this section are listed in Appendix B. 



c o n t a c t  a v i s i b l e  l i y h t  i s  produced. A v a r i e t y  of concepts  
u t i l i z i n g  t h e s e  m a t e r i a l s  have been pursued.  These includle 
a Reminqton Chemical System suspended in a g e l  base  which 
w i l l  float on wa,tcu: protlucing Ij .ght a l l .  around a l i f e  r a f t  
a r  downed a i r c a c f t .  A p o t e n t i a l  e x i s t s  f o r  development of  
p e n c i l s  i n  a wax base  o r  marker which may be used t o  w r i t e  
on s u r f a c e s  i n  ligF!.t, I t  i s  p o s s i b l e  t h a t  t h e  American 
C:yanarn.id two-1-iquid system can be packaged i n  a two-cornpart- 
men,t a e r o s o l  c:on"cari.ner which, when a c t i v a t e d ,  could  produce a 
cloud of l i g h t  i n  the air, Mary of .these p o t e n t i a l  uses  
are  under curren'c j.nves"l::iqatj.on and development. In g e n e r a l ,  
c%~crn$luani~.esceni:~ fo rm~~.ka , t ions  producing t h e  h i g h e s t  
b r i g h t n e s s  ~alses e x h i b i t  t h e  s h o r t e s t  du.:ra"&on. And t h e  
longer  t h e  d.u.ratiol:~ t h e  lower t h e  in:i.tri.al. b r i g h t n e s s .  

Chemilumineseence was e v a l u a t e d  f o r  t h e  FAA i n  1968 
(Roebuck) and, i t w a s  co:nclwded t h a t  '"rel iabi l i ty  would be 
improved 180 percent" through use  of t h i s  concept  i n  e g r e s s  
path-marking a p p l i c a t i o n s ,  Tesdt d a t a ,  p r o p e r t i e s ,  and 
c h a r a c t e r i s t i s s  a r e  a s  f o l l o w s ,  

The l i g h t  o u t p u t  i s  a f u n c t i o n  of ambient t empera tu re ,  
t h e  humidity of t h e  a c t i v a t i n g  a i r ,  and t h e  form i n  which 
t h e  product  i s  prepared .  Vol?xqe i n f l u e n c e s  b r i g h t n e s s ,  
A 600-volt  eLectrolurninescent  l i g h t  has  a b r i g h t n e s s  of 
about  2 0  foo t - l amber t s .  Dura t ion  of u s e f u l  l i g h t  o u t p u t  
ranges  from f i v e  minukes %e> fou:r hours .  

However, S t ronq in  (1969) r e p o r t e d  emiss ion  l i f e  a s  
between a few minutes and two t o  t h r e e  h o u r s ,  wi th  l i g h t  o u t p u t s  
up t o  35 r n i c r o l a i b e r t s .  The l i g h t  spectrum covers  t h e  
e n t i r e  v i s i b l e  ia.nge, w i t h  a peak i n  t h e  v i c i n i t y  of 500 
namometers wavelength ( b l u e - g r e e n ) .  Approximately 35 c c  of 
a i r  a t  a tmospheric  p r e s s u r e  a r e  r e q u i r e d  t o  completel-y 
o x i d i z e  the a c t i v e  chemical i n  one square  i n c h  of a "chemical 
Light t '  pane l .  Light  o u t p u t  c e a s e s  a f t e r  complete o x i d a t i o n .  
Other c h a r a c t e r i s t i c s  of chemilu~ninescence a r e a s  fo l lows :  

I.. Weight of "chemical l i g h t ' q e v i c e s :  One square  
inch  of l i g h t  a r e a  of a pane l  weighs approximately 
1 / 2  gram. 

2 .  Heat g e n e r a t i o n :  I t  i s  c o l d  l i g h t ,  and i s  n o t  
s u b j e c t  t o  spontaneous combustion. 

3 .  Ligh t  s t a b i l i t y :  Not a f f e c t e d  by exposure t o  
v i s i b l e  l i g h t ,  

4 ,  S t o r a g e  l i f e :  I n  i t s  s e a l e d  c o n t a i n e r ,  and wi th  
s t o r a g e  tempera ture  below 120' F, "chemical l ight:" 
can be s t o r e d  f o r  about  two y e a r s ,  

5 .  Chemical c o m p a t i b i l i t y :  I t  i s  compat ib le  w i t h  
i n e r t  m a t e r i a l s  such a s  s a t u r a t e d  hydrocarbons,  
ny lons ,  t e f l o n ,  mylar.  

6 .  T o x i c i t y  of a c t i v e  i n g r e d i e n t :  The amount of 
exposure t o  t h e  a c t i v e  chemical  which w i l l  occur  
w i t h  normal use  of a "chemical l i g h t "  d e v i c e  w i l l  



have no harmful. effect. However, if a large 
quantity of the active chemical contained in 
such a devaice is ingested, or placed on the 
skin or in the eyes, and allowed to remain 
for a long period of time, or if a concentra- 
tion of its vapors is inhaded for a long 
period of time, mild temporary irritation may 
occur. Irritation can be avoided by washing 
out the chemical (or inhaling fresh air) 
immediately after such overexposure. 

7. Testing of chemical-light devices: It is not 
necessary to turn on a "chemical lisht" 
device to determine whether it is i~ operating 
conditoon. A "passive" check can be made with 
ultraviolet liqht. 

8. The characteristics which make "chemical light" 
useful in solving unusual. lighting problems 
are the following: 
.(a) unlimited variety of shapes and sizes in 

flexible or rigid form 
(b) requires no power supply 
(c) isolated system; submersible 
(d) long standby life 
(e) lightweight and unbreakable 

9. Reuse: Requires replacement of sealed bags. The 
check for capability to light is pexforrned by 
exposing to ~ltxavi~let Lamp and i s  inexpensive, 

10. Duration: Can be produced fox variable times, 
sufficient for most crask  egress requirements, 

11. Crashworthiness: Excellent. 
12, Toxicity: No toxic effect reported, 
1 3 .  Vision: Greatly improved. 

Chemical light could also be useful in marking emergency 
evacuation routes. While it has been reported to be very 
effective in increasing visibility under conditons of 
darkness, no infornation on visibility under smoke conditions 
has been noted. 

Reflective arrows have been szaqgested CBrown, 1969) as an 
aid to emergency egress indicating passsngc- direction to the 
nearest exit. These could be nlaced  on t h e  cabin walls or 
along the aisles on the floor, Bowever, this technique requires 
a liqht source fcc  reflective Fllumlnatisn in the dark. Such 
arrow markers could be painted. wlth a fluorescence paint or 
other techniques discussed could be used such as c5emical 
lighe, to be seen in conditions of low visibibity.. However, 
retrorelfective materials which reflect light (they do not 
glow or emit light) are only useful as lonq as a light source 
is available. 

ELECTROLUMINESCENCE SYSTEMS. Electro1uminescence operates 
an alternating current (A.C.) and reportedly operates best 
at 75 to 175 volts at 400 cycles most common in aircraft. 
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envelope. The inner surface is coated with a zinc sulfide 
phosphor (McFadden et al., 1965). Radioactive bombardment 
of the phosphor produces visible light. This assembly is 
embedded in a lucite envelope and since Tritium is primarily 
a Beta radioactive emitter there is no detectable radiation 
at the surface of the unit. If broken, the liqht Tritium 
gas dissipates into the atmosphere very rapidly. It is 
postulated that for an individual to absorb significant 
quantities of radiation through such a source, he would have 
to breathe the gas for a number of hours in a very confined 
area. Self-luminous life-raft sources have been developed 
for life rafts to aid in boarding and detection. The principal 
disadvantage is the relatively low level of illumination 
provided without exceedingly the allowable quantity of Tritium 
as permitted by the U.S. Atomic Energy Commission. A detail- 
ed radiation safety analysis has been made and published 
in the Federal Register (12 September, 1961) prior to the 
granting of a general license for use of Tritium self-luminous 
devices in aircraft (AEC, 19621, Recent developments have 
produced units with double the brightness of former units. 
Duration of luminescence is primarily a function of the 
half life of Tritium ( 1 2 . 6  years). The Tritium self-luminous 
light sources exhibit a very distinct advantaqe of reli- 
ability in that no external ssurce of energy is required for 
activation. They operate continuously and do not require 
external mechanical and electrical. devices for their activation. 
They also are insensitive to environmental extremes. Both U.S. 
~adium Corporation and Conrad manufacture radioisotope markers 
and make phosphors, 

PHOSPHORESCENCE MARKERS. Phosphorescence involves the 
property of a material to emit light in the visible spectral 
range after all outside excitation of the material has ceased. 
Phosphorescent materials which a.re exposed to a light source 
(incandescent, fluorescent, sunlight, e t c . ) ,  will. continue to 
glow in the dark for extended per iods  of time after the removal 
of the light source. Such materials are basically available 
in the form of paint or plastic film with pressure-sensitive 
adhesive, Thsre are two basic types: that with a blue color 
contains CaSnS pignent providing a low initial glow and low, 
long afterglo-,J; the green-colorcc?. phosphorescence contains 
ZnS pigment which characteristiczh?y ~ r s v i d c s  a high initial 
slow 2nd some types ha.ve a long,  Isw afterg2,cw. These paints; 
have been used in some aircraft. dials and. v in .y i  pressure- 
sensitive signs have been used by some air carriers (Strongin, 
1969). They are applicable to exit signs where a power 
failure' occurs, b u t a r e  dependent upon prior excitation by an 
independent Light source. 



INCANDESCENT SOURCES, Incandescent sources are used 
extensively for qeneral cabin illumination, specific illun~in- 
ation level requirements for aisles, and general illumination, 
as well as aver emergency exit signs and spot illumination 
near exits. Most of these systems utilize rechargeable 
batteries ateach source. These bat.teries are trickle- 
charged by the aircraft electrical system and are activated 
by a drop-out 8witch upon failure of the main aircraft 
system. The inertial switchi.nq system is no longer ,~ztilized 
extensively in air-carrier aircraft, Incandescent sources 
are also u t i l i . a e d  .to :;,.Pl.urninate escape pa.thways on the w i r i q  
by installation of l igh.i .  fixtures in "she rear junct.ion with 
the wing. Escape sl. ides may also be il.luninatec3 by incan-- 
descent fuselage-installed light sources to meet requirements 
for il.l.umination of the escape slide and t .he ground atthe 
end of the slide. Small wiriny harnesses utilizinq miniature 
"wheat bulbs" were developed wh.ich may be affixed to the 
upper surface o f  the escape slide in order to illuminate the 
upper surfaces and define {:he georne.try limits and attitude 
of the slide. 

GASEOUS DISCHARGE SYSTEMS. Xenon strobe lights powered 
by small batteries have been developed and extensively 
utilized as survivor. locato:r lights. In general these lights 
emit approximately 100,000 lumens per flash at a rate of 
from 50 to 60 flashes per minute. Small units emitting 
approximately I million lumens per flash have been developed 
for use on rife rafts by A . C , R .  Electronics and other 
companies. This type of unit was evaluated in the FAA crash 
tests of transport aircraft carried out in Phoenix, Arizona 
in 1965. The unit was installed between the panes of the 
emergency exit windows as an aid in locating the exits from 
the outside of the aircraft in rescue. It was noted that 
even after the exits had been covered with about two inches 
of water foam the flash of the strobe light was clearly 
visible through this material under bright desert sunlight 
conditions. 

FLOOR-LEVEL LIGHTING. Emergency evacuation environments 
involving degraded visibility due to smoke or darkness suysest 
that floor-level lighting could greatly assist passengers 
by speeding up egress time, since smoke least obscures the 
area of the floor. This lighting could be battery powered 
and automatically energized in case of loss of the main power 
supply, or activated manually by the crew. If liqhting 
consisted of floor-level, flood lightinq, fluorescent or 
incandescent lamps could be mounted on walls or seats to 
illuminate aisles or exits, or electroluminescent lamps could 
provide illumination for pathway markings. Due to the 
variable cargo-passenger configurations in the C-141 and C-135 
type aircraft, such a system might not be as practical as 
for a standard civil air-carrier aircraft. 



DIRECTIONAL AISLE AND EVACUATION ON-OFF LIGHTS. In 
this system progressive on-off timed lamps provide an 
impression of movement (similar to segmented automobile 
turn lights, neon outdoor advertising signs, or runway land- 
ing light systems), which may catch the passenger's attention 
and direct them toward emergency exits. The lamp could 
be located on the ceiling, side of the fuselage, on the 
sides of aisle seats, or in other locations where they would 
be most visible during emergency evacuation conditions. 
These emergency lights can be controlled by heat sensitive 
sensors or impact sensors, as we31 as by the crew manually 
to indicate the best exits and provide best passenger flow. 
In this respect this system reportedly has the capability to 
increase exit and egress route visibility, distribute 
passengers to various exits, and assist optimum evacuation 
flow by directing passengers by control of Light motion. By 
using heat sensitive sensors, lights on the side or in an 
area involving Eire would not activate, leaving only pulsat- 
ing lights on the nonfire side, 

This concept could be manualLy operated by the crew or 
used in automatic mode. Crew control panels would consist 
of on/af f (each uni t )  , directional control (each unit) , 
test control, and manual override. This permits the crew to 
manually control the initiation of the system and control the 
direction 05 the signal for control of passenger flow as well 
as test the system or use it as part of the preflight briefing. 

For automatic operation, the system cozld be equipped 
with sensors which detect conditions requiring evacuation 
(g-load or heat) and unusable exit cocditlons (heat, structural 
deformation). This would permit the system to activate on 
detection of excessive impact and fire and then to select pro- 
;ler motion direction as re la ted  to the heat or structural d.arn- 
aqe to primary exits. 



The d i r e c t i o n a l  s i g n a l s  would be l o c a t e d  on t h e  w a l l s ,  
p o s s i b l y  a long t h e  molding o r  luggage r a c k s ,  a s  w e l l  a s  on 
t h e  c e i l i n g  and f l o o r  f o r  c o n d i t i o n s  o f  poor v i s i b i l i t y  o r  
a i r c r a f t  a t t i t u d e  o t h e r  than  normal, Another use would be 
i n  t e r m i n a l s  where t h e  s i g n a l s  could f u n c t i o n  both  t o  d i r e c t  
boarding passengers  and f a m i l i a r i z e  them wi th  t h e  s i g n a l s .  The 
s i g n a l s  can be composed o t  s t a n d a r d  lamps o r  e l .ec t ro lumines-  
c e n t  materia:l . ,  The l a t e r  ws~Uld. permit  inconspicuous i n s t a l l a -  
t i o n  u n t i l  actuated. The lamps would momentarily 
i lLuminate jprogressiveLy ,toward t h e  p r e f e r r e d  e x i t ,  
thereby s e r v i n g  bo th  as a d i r e c t i o n a l  i n d i c a t o r  and e x i t  
l o c a t o r  a i d .  Y1he i n t e n s i t y  and f l a s h  r a t e  of t h e  lamps 
could be such a s  t o  permi t  t h e  pe rcep t ion  of movement and, t o  
i n s u r e  v i s i b i l i t y  i n  expected degraded v i s i b i l i t y  c o n d i t i o n s .  
These magnitudes would have t o  be s e l e c t e d  by l a b o r a t o r y  
t e s t s .  I t  has been proposed t h a t  a s lower f l a s h  r a t e  could  
be used f o r  boarding and deplaning urider normal condit ions 
than  would be used f o r  t h e  emergency c o n d i t i o n s .  

241.1. of t h e  conlponents of t h i s  system concept  a r e  w i t h i n  
t h e  c u r r e n t  s t a t e  of t h e  a r t .  Although no r e a d i l y  adap tab le  
ur l i t s  have been i d e n t i f i e d  a s  a v a i l a b l e ,  no f o r e s e e a b l e  
problems a r e  e v i d e n t  a s  development d i f f i c u l t i e s .  Maintenance 
and r e p a i r  c o s t s  could be reLativeLy low i f  h i g h - r e l i a b i l - i t y  
s o l i d - s t a t e  t imlng and c o n t r o l  dev ices  a r e  used. F a i l - s a f e  
l o g i c  f o r  c i r c u i t r y  could be  t h e  g r e a t e s t  problem, and sensor  
r e l i a b i l i t y  i s  a l s o  c r i t i c a l .  A smal l  e f f e c t  on a i r c r a f t  
s t r u c t u r e  and i n t e r i o r  decor  i s  foreseen;  however, space 
requirements  a r e  negligib1.e.  

This  p u l s a t i n g  l i g h t  o f f e r s  a s i g n i f i c a n t  i n c r e a s e  
i n  in fo rmat iona l  c o n t e n t  both  a s  t o  e x i t  l o c a t i o n  and recom- 
mended d i r e c t i o n  f o r  e g r e s s  over  c u r r e n t  t echn iques .  The 
s e l e c t i o n  of f l a s h  r a t e  and i n t e n s i t y  i s  impor tant  f o r  
e f f e c t i v e n e s s  i n  p o t e n t i a l  evacuat ion  c o n d i t i o n s  of reduced 
v i s i b i l i t y  caused by darkness ,  smoke, o r  flame i l l u m i n a t e d  
a r e a s .  Elec t ro luminescent  d i s p l a y s  would r e q u i r e  c a r e f u l  
e v a l u a t i o n  i n  t h i s  r ega rd .  The c a p a b i l i t y  f o r  manual opera-  
t i o n  by t h e  crew must be c a r e f u l l y  cons idered  t o  i n s u r e  
o p e r a b i l i t y  and a b i l i t y  f o r  c o r r e c t  s e l e c t i o n  of d i s p l a y s  
and d i r e c t i o n s .  This  must inc lude  de te rmina t ion  of c o n t r o l  
l o c a t i o n ,  v i s i b i l i t y  of crew, and awareness of cond i t ions  
( e x t e r n a l  f i r e  o r  hidden s t r u c t u r a l  damage) which can 

determine t h e  c a p a b i l i t y  ka o p e r a t e  t h e  system. For t h i s  
reason,  t h e  proposed system should be p r i m a r i l y  designed f o r  
automatic  o p e r a t i o n .  



An e v a l u a t i o n  of t h i s  sys tem f o r  t h e  FAA was conducted 
by North American Rockwell (Roebuck, 1968) and a t  t h a t  time 
it was concluded t h a t  such a sys tem would p rov ide  a s i g n i f i -  
c a n t  improvement i n  pa s senge r  ennergency e v a c u a t i o n  f low under  
a v a r i e t y  of  e g r e s s  condi . t ions .  I t  was c o n s i d e r e d  t o  be  
compa t ib l e  w i t h  e x i s t i n g  sys t ems ,  and e s t i m a t e d  t h a t  i n  c a s e s  
of  e x i t  b lockage  o r  crowding t h i s  concept  cou ld  improve f low 
by 1 0 %  o r  30% " i n  s i t u a t i o n s  r e q u i r i n g  r e d i r e c t e d  f l o w , "  

TACTILE AISLE IMARKERS 

The purpose  of  t a c t u a l  i n d i c a t o r s  would be t o  p rov ide  
a means of S i r e c t i o n a l  i d e n t i f i c a t i o n  of emergency e x i t  l o -  
c a t i o n  and/or  e q u i p n e n t  under  c o n d i t i o n s  i n  which v i s u a l  
i n d i c a t i o n  i s  n o t  a v a i l a b l e .  By r e f e r e n c e  to f e e l  a l o n e  
such  markers  c o u l d  p r o v i d e  u s e f u l  i n d i c a t o r s .  O the r  advantages  
o v e r  o t h e r  p a t h  marker concep t s  a r e  t h a t  t a c t i l e  i n d i c a t o r s  
would be ava i l abLe  no m a t t e r  what t h e  a i r c r a f t  a t t i t u d e ,  and 
independent  of any power r equ i r emen t s  o r  env i ronmen ta l  
c o n d i t i o n s .  Markers cou ld  be  p l a c e d  on t h e  f l o o r  ( t o  p rov ide  
d i r e c t i o n a l  i n fo rma t ion ) ;  t h e  c e i l i n g  ( f o r  when a i r c r a f t  i s  i n  i n -  
v e r t e d  a t t i t u d e ) ;  s i d e s ,  b a c k s ,  ox t o p s  of s ea t s ;  o r  on w a i l s  
t o  l o c a t e  emergency equipment ,  Such i n d i c a t o r s  c o u l d  be 
l o c a t e d  t o  p r o v i d e  a con t inuous  s o u r c e  sf cues from any s e a t  
p o s i t i o n  t o  e x i t s  or emergency equipment .  

Limited r e s e a r c h  and developrr~ent h a s  been done on t h i s  
concep t .  The i d e a  h a s  been  advanced o c c a s s i o n a l l y  i n  t h e  
l i t e r a t u r e  ( A v i a t i o n  Week and Space Technolagy,  l 9 6 6 ) ,  and 

-m-..--.-----~ 

d e s c r i p t i o n  of  t h e  concep t  was i ne luded  x n  t h e  FAA e v a l u a t i o n  
of emergency e v a c u a t i o n  concep t s  (Roebuck, 1 9 6 6 ) .  From t h i s  
r e p o r t t h e  E o l l o w i ~ g  t a . c t u a l  i n d i c a t o r s  laere sugges t ed :  

( a )  Wire ,  c o r d  o r  o t h e r  r u n n e r s  P a r t i c u l a r l y  u s e f u l  on 
w i t h  p e r i o d i c  d i r e c t i o n  c e i l i n g  where t h e  p o s s i -  
i n d i c a t o r s  (a r rows  ) b i l i t y  o f  i n t e r f e r e n c e  

with e q r e s s  i s  minimum. 
Techniqxe a l l ows  c o n t i n -  
uous and t h e r e f o r e  v e r y  
r a p i d  .use. 

( b )  Za i sed  b u t t o n s  o r  beads  
w i t h  p o i n t e d  sides i n -  
d i c a t l n g  direction o r  
p e r i o d i c  a r row,  

Th i s  t e c h n i q u e  i s  p a r t i c u l a r -  
Ly u s e f g l  an f l o o r  a r e a s  f o r  
c r awl ing  o r  where cont inuous  
hand c o n t a c t  c an  be ma in t a ined  
and where minimum d i s t u r b a n c e  
of  s u r f a c e ,  c a r p e t  o r  uphols -  
t e r y  i s  r e q u i r e d .  



( c )  Se r i e s  of d i r e c t i o n a l  
arI:.ows r a i s e d  t o  provide 
a "cactuak u t i l i z a t i o n  
c a p a b i l i t y ,  

T h e s e  a r e  s i m i l a r  t.o technique 
( h )  . P o t e n t i a l l y ,  they could 
he combined with ulut raviol .e t  

chemical l i g h t  i n d i c a t o r s  
bu t  should be system developed 
and evaluated t o  i n su re  qu i ck ,  
r e l i a b l e  u t i l i z a t i o n .  

( d )  Grids o r  o the r  s p e c i a l  
t a c t u a l  i n d i c a t o r s .  These a r e  u se fu l  i n  i nd i ca t i ng  

a r r i va l  a t  e x i t  o r  equipment 
l oca t i on ;  a l s o  u se fu l  on top 
sf s e a t  t o  i nd i ca t e  a i s l e  w i t h  
e x i t .  These would b e . s e l e c t e d  
shapes proven unambiguous. 

( e )  Raised numerical This technique could be u se fu l  
i n d i c a t o r s  t o  i n d i c a t e  dumber of f e e t ,  
(1) s t e p s ,  o r  s e a t s  t o  equipment 

o r  e x i t .  

( f )  Raised name, symbols, This technique could be usefu l  
o r  abbrevia t ion i n d i c a t o r s  t o  i n d i c a t e  what i s  a t  end of 

. -- 
s e r i e s  of t a c t u a l  i .ndicators .  

( f i r s t  a i d  k i t )  



( l i f e  r a f t )  

The t a c t u a l  sys tem would be des igned  a s  a  backup 
system t o  t h e  v i s u a l  d i s p l a y s  u t i l i z e d  f o r  emergency e g r e s s .  
I t  would be most u s e f u l  where v i s u a l  cues  a r e  back ing ,  such 
a s  a t  n i g h t  w i t h  no emergency l i g h t i n g ,  o r  i n  c o n d i t i o n s  
of  heavy smoke. S ince  it would b e  a p a s s i v e  sys tem however, 
it i s  p r e s e t  and cou ld  b e  i n  c o n f l i c t .  w i t h  o t h e r  t h a n  normal 
e g r e s s  p a t t e r n s  when pas senge r s  must be r e d i r e c t e d .  I n  t h i s  
l i m i t e d  c a s e  it might  a c t u a l l y  slow up evacua t ron .  The 
concept  was r a t e d  a s  having v e r y  good c a s t  e f f e c t i v e n e s s  and 
was e s t i m a t e d  a s  improving chances  f o r  s u r v i v a b i l i t y  by 5 0 %  
i n  c a s e s  where poor  v i s i b i l i t y  i n f l u e n c e s  emergency e g r e s s .  

The Aerospace I n d u s t r i e s  A s s o c i a t i o n  (1968) conducted 
t e s t s  of t h e  u s e  of t a c t i l e  a i d s  f o r  l o c a t i n g  e x i t s  d u r i n q  
a d v e r s e  v i s u a l  c o n d i t i o n s .  Po~larteen s u b j e c t s  were i n d i v i d u a l l y  
t e s t e d  under  smoke c o n d i t i o n s ,  u s i n g  t h e  a c c u r a q  
of  t h e  d i r e c t i o n  i n d i c a t e d  and l a t e n t  response  c r i t e r i a  t o  
e v a l u a t e  e i g h t  d i f f e r e n t  t a c t i l e  shapes .  These forms were 
e v a l u a t e d  f o r  two d i f f e r e n t  t h i c k n e s s e s ,  L/8 and l / 4  i n c h e s .  
Thus 16 d i f f e r e n t  t e s t  c o n d i t i ~ n s  were e v a l u a t e d .  The 
t a c t i l e  cues  u sed  i n  t h e s e  t e s t s  a r e  i l l u s t r a t e d  i n  F igu re  26 ,  
The expe r imen ta l  d e s i g n  r e q u i r e d  t h e  s u b j e c t  to p l a c e  h i s  l e f t  
hand i n t o  a box t h a t  h e i d  t h e  pLywood t a c t i l e  form and,  by 
f e e l i n g  t h i s  f o r m f i n d i e a t e  i t ! s  d i r e c t i o n .  T h i s  was done a s  
r a p i d l y  as p o s s i b l e  by t u r n l n g  a knob an a d i s p l a y  board  
at t h e  t o p  o? a Sax with t h e  r i q h t  hand and subsequen t ly  
p r e s s i n g  a  b u t t o n  t o  ohrat o f f  the t im ing  device. None of 
the tactile forms in the box were v i s i S l e  t o  t h e  s u b j e c t .  

Figure 2 6 .  Shapes of ' 1 /8  afd 1/4 I n c h  
T a c k i i e  Cues Used i n  AIA Test,? 



Resu l t s  of ,tizese t e s t s  w i t h  i n d i v i d u a l s  ind ica - t ed  tha t .  
t h e  teardrop-shaped (13-16) and elongated-trianqle-shapcii 
(5 -8 )  forms were s i g n i f i c a n t l y  b e t t e r  shapes i n  i n i i i c a t i n q  
d i r e c t i o n .  Th i s  was found i n  r egard  t o  q u i c k e r  response  
times, r e s u l t e d  i n  s i g n i f i c a n t l y  fewer e r r o r s  and fewer 
r e v e r s a l  e r r o r s  (180" o u t  of  phase ) .  The t h i c k n e s s  v a r i a . t i o n  
( 1 1 0  t o  1 1 4  i n c h )  made no d i f f e r e n c e ,  and a s u b j e c t  p r e f e r -  
ence was i n d i c a t e d  f o r  l a r g e r  forms. The two-inch e longa ted  
t r i a n g l e  was recomnended as t h e  b e s t  tactile form t e s t e d .  
However, when groups of people  were t e s t e d  under evacua t ion  
sirnillation it  was found t h a t  t a c t i l e  cues were r e l a t i v e l y  
i n e f f e c t i v e .  Subjects used them i n f r e q u e n t l y ,  p r e f e r r i n g  
t o  i9old o n t o  t h c  person ahead,  and a d d . i t i o n a l  t ime was 
l o s t  i n  us ing  them. 

OTBER CONSIDERATIONS AND REQUIREMENTS 

In some a c c i d e n t s  it has  been found t h a t  crowding wi th  
d i s a s t r o u s  r e s u l t s  may occur  when too  many people  t r y  t o  use 
t h e  same e x i t "  This  occurred,  f o r  example, i n  t h e  DC-8 
a c c i d e n t  a t  Denver, t h e  C-135 a c c i d e n t  w i t h  11 f a t a l i t i e s ,  
and i s  observed through t h e  numerous i n s t a n c e s  where only a 
few of t h e  a v a i l a b l e  e x i t s  a r e  used ,  such a s  i n  t h e  r e c e n t  
DC-8 M i l i t a r y  C h a r t e r  c r a s h  a t  Anchorage (a l l .  d i s c u s s e d  i n  
S e c t i o n  11). Thus,a direct ioniaL a is le-marking system should 
c o n s i d e r  t h e  d i s t a n c e  t o  t h e  n e a r e s t  e x i t .  

New FAA s t a n d a r d s  have r e c e n t l y  been p u t  i n t o  e f f e c t  
r e l a t i v e  t o  emergency l i g h t i n g  under FAR:25.812,Federal 
Avia t ion  Regula t ions  1971. This  new s t a n d a r d  on emergency 
l i g h t i n g  systems i n c l u d e s  emergency e x i t  marking and l o c a t i n g  
s i g n s ,  s o u r c e s  of g e n e r a l  cab in  i l l u m i n a t i o n ,  e n t r a n c e  
l i q h t i n g  i n  emerqency e x i t  a r e a s ,  and i n t e r i o r  emergency 
l i q h t i n q  independent  of  t h e  main l i q h t i n q  system. Each 
passenger -ex i t  s i g n  and each e x i t - l o c a t i n g  s i g n  must have 
whi te  l e t t e r s  a t  l e a s t  one-inch h igh on a  r e d  background 
a t  l e a s t  two-inches h i g h ,  which c a n p b e - i n t e r n a l l y  i l l u m i l ~ a t e d  
e l e c t r i c a l l y  o r  by o t h e r  t h a n  e l e c t r i c a l  means w i t h  an i n i t i a l  
b r i g h t n e s s  of a t  l e a s t  1 6 0  microlan?berts.  The average  
i l l u m i n a t i o n  a long t h e  c e n t e r  line and t h e  a i s l e s  a t  40- 
inch  i n t e r v a l s  must n o t  be l e s s  than  0 . 0 5  f o o t - c a n d l e s .  The 
passageway f l o o r  l e a d i n g  t o  t h e  emergency e x i t  must be l i g h t e d .  
I n  a d d i t i o n ,  e x t e r i o r  emergency l i g h t i n g  must be  provided 
wi th  i l l u m i n a t i o n  n o t  l e s s  than  0 . 0 2  foo t -cand les  a t  f i r s t  
s t e p  o u t s i d e  t h e  c a b i n ,  n o t  l e s s  than  0 . 0 5  foo t -cand les  .€or a 
two-foot w i d t h - a l o n g - t h e  3 0 %  af  t h e  s l i p - r e s t r a i n t  escape  
r o u t e  r e q u i r e d  t h a t  i s  f a r t h e s t  from t h e  e x i t ,  i l l u m i n a t i o n  
of a t  l e a s t  0 . 0 2  foo t -cand les  on t h e  ground s u r f a c e  a t  each 
overwing e x i t  (wi th  g e a r  extended)  , and i l l u m i n a t i o n  of ,not 
less than  0 . 0 3  foo t -cand les  a t  t h e  ground from each non-over- 
wing  emergency exit. This  FAR f u t t h e r  s p e c i f i e s  t h a t  the 
energy supply  t o  each emergency-l ight ing u n i t  must p rov ide  
t h e  r e q u i r e d  l e v e l  of i l l u m i n a t i o n  f o r  a t  l e a s t  1 0  minutes .  



I n  c a s e  of a  c r a s h  l a n d i n g  where t h e  f u s e l a g e  i s  s e p a r a t e d ,  
t h e  emergency l i g h t i n g  sys tem must he  des igned  s o  t h a t  
" a f t e r  any s i n g l e  v e r t i c a l  s e p a r a t i o n e q  n o t  more t h a n  25% 
of  a l l  emergency l i g h t s  a r e  r ende red  i n o p e r a t i v e .  Emergency 
s l i d e  l i g h t i n g  i s  exc luded  from t h e s e  r equ i r emen t s ,  b u t  must 
s e r v e  one s l i d e  o n l y ,  be  independent  of t h e  main emergency 
l i g h t i n g  sys tem,  and be  a u t o m a t i c a l l y  a c t i v a t e d  (arnmendment 
25-28; 25 September ,  1 9 7 1 ) .  

The FAA a t  p r e s e n t  has  no  a i s l e  and e v a c u a t i o n  pa th -  
marker r equ i r emen t s  a s  such f o r  c i v i l  a i r  c a r r i e r s .  However, 
FAR a i r w o r t h i n e s s  s t a n d a r d s  f o r  t r a n s p o r t  c a t e g o r y  a i r p l a n e s  
( P a r t  25 :81 l )  r e q u i r e s  emergency e g r e s s  markings f o r  e x i t s  

which have s e v e r a l  r e l a t e d  items. P a r t  25.811(b)  s t a t e s  t h a t  
"the i d e n t i t y  and l o c a t i o n  of each  pas senge r  emergency e x i t  
must be r e c o g n i z a b l e  from a  d i s t a n c e  e q u a l  t o  t h e  wid th  o f  
t h e  c a b i n . "  I f  a p p l i e d  t o  t h e  C-135A, t h i s  d i s t a n c e  would 
be  1 0  f e e t  9 i n c h e s ,  o r  l i t t l e  more t h a n  t h r e e  rows of  pas-  
s e n g e r  s e a t s .  Th i s  appea r s  t o  be  comple te ly  i nadequa te  f o r  
t h e  C-135 m i l i t a r y  c o n f i g u r a t i o n s  i n  p a r t i c u l a r 1  due t o  t h e  
d i s t a n c e  between emergency e x i t s .  For  example,  on t h e  l e f t  
s i d e  of t h e  passenger -cargo  a r e a  t h e r e  i s  o v e r  45 f e e t  d i s -  
t a n c e  between t h e  r ea rmos t  pas senge r  p o s i t i o n  and t h e  l e f t  
overwing e s c a p e  h a t c h .  I t  i s  v e r y  d i f f i c u l t  a t  p r e s e n t  t o  
v i s u a l l y  s e e  e x i t  s i g n s  and d i r e c t i o n s  u n l e s s  t h e  pas senge r  
i s  s e a t e d  a d j a c e n t  t o  an e x i t  a r e a ,  o r  h a s  been c a r e f u l l y  
b r i e f e d ,  

S o c i e t y  o f  Automotive Engineers  (SAB) aersnautFcaA recon-  
mended p r a c t i c e  for emergency p l a c a r d i n g  (A3P547A,  1963; 
3 . 3 . 3 ) ,  i n  c o n t r a s t ,  s u g g e s t s  t h a t  emergency e x i t  " i n s t r u c -  
t i o n s  shou12 be  l e g i b l e  from a minimum d i s t a n c e  of 72 i n c h e s  
w i t h i n  a  substende6. a n g l e  of a t  l e a s t  45', . , " Thi s  appea r s  
t o  be  one of  t h e  few i n s t a n c e s  in which an SAE recommendation 
may b e  exceeded by an FUi r equ i r emen t  ( f o r  l a r g e r  a i r c r a f t )  . 
ARP-503B [ p u b l i s h e d  J u l y ,  1971) , r e l a t e s  t o  emergency il- 
lumina t ion ;  however,  c i v i l  r e q u i r e r n e ~ t s  d ~ f f e r  froan t h o s e  of  
m i l i t a r y  s t a n d a r d s  ( a s  s p e c i f i e d  i n  MIL-L-6503 and MIL-A- 
2 5 1 6 5 ) .  C i v i l  emergency e x i t  xa rk ing  i s  specified i n  
FAR 25.812. M i l i t a r y  s p e c i f i c a t i o n  MIL-A-25%65B(ASG) con- 
ce rn rng  i d e n t i f i c a t i o n  s f  a i r c r a f t  emergency e scape  systems 
does n o t  s p e c i f y  a d i s t a c c e  o r  v i s u a l  a n g l e  a t  which emer- 
gency e x i t  ~dentification must b e  seen  by t h e  p a s s e n g e r ,  
a l t hough  l e t t e r  s i z e  i s  spec i f i ed  ( 3 , 8 , 2 )  a s :  

"Size - 'EMERGENCY EXIT' s i g n s  i n s i d e  t h e  a i r c r a f t  
snaLl  be p r e f e r a b l y  two i n c h e s  h igh .  The B e t t e r i n g  
of  i n s t r u c t i o n s  s h a l l  be  approximate ly  % i n c h  h i g h  
where ( s i c )  p r a c t i c a b l e ,  and s h a l l  i n  no c a s e  be less 
t h a n  1/2 i n c h .  "EXIT R E L m S E h s i g n s  on t h e  e x t e r i o r  
of t h e  a i r c r a f t  s h a l l  be a t  l e a s t  1 i n c h  h i g h , "  

Types of markers  mentioned i n  t h e  m i l i t a r y  s p e c i f i c a t i o n  i n  
1nclud.e use  of deca l fa rnanias ,  r a d i o a c t i v e  luminous markers ,  
and r e f l e c t i - ~ e  m a r k i n g s  and emblems, b u t  spec i f ies  t h a t  
r a d i o a c t i v e  p a i n t s  shal-1 n o t  be  used.  



Emergency e x i t  s i g n  size was recommended i n  t h e  
Aerospace I n d u s t r i e s  s t u d y  t o  have a  b r i g h t n e s s  h igh- to-  
low c o n t r a s t  r a t i o  no g r e a t e r  than  3 t o  1; a  background- 
to- legend c o n t r a s t  r a t i o  of a t  l e a s t  1 0  t o  1; and it was 
found t h a t  f l a s h i n g  e x i t  s i g n s  a r e  n o t  more e f f e c t i v e  
( A I A ,  1968) .  

I n  view of xhe  apparen t  f a c t  t h a t  t h e  c u r r e n t l y  
o p e r a t i o n a l  A i r  Force t r a n s p o r t  a i r c r a f t  c o n f i g u r a t i o n s  s t u d i e d  
do n o t  have any d i r e c t i o n a l  markers o r  in fo rmat ion  a v a i l a b l e  
t o  t he  passenger  regardim9 h e a t i o n s  of emergency e x i t s  exceeding 
t h e  a b i l i t y  of t h e  i n d i v i d u a l  t o  v i s u a l l y  r e a d  t h e  e x i t  s i g n s ,  
a i s l e  and evacua t ion  markers would p rov ide  major passenger  
emergency evacua t ion  a s s i s t a n c e .  Ai.sle and evacua t ion  
markers would r e s u l t  i n  a marked improvement i n  passenger  
evacua t ion  f low,  r e s u l t  i n  f a s t e r  e g r e s s ,  and 
reduce  pos t -crash  confus ion.  Some concepts  would aLso 
of Zer a means of f i n d i n g  an e x i t  where no v i s i o n  i s  p o s s i b l e  
( t a c t u a l )  o r  where smoke o r  darkness  have reduced normal 
v i s u a l  cues ( d i r e c t i o n a l  p u l s a t i n g  l i g h t s ) .  The p r e s e n t  
s t a t e  of t h e  a r t  o f f e r s  s e v e r a l  f e a s i b l e  and p r a c t i c a l  means 
of g r e a t l y  improving evacua t ion  through imjroved marker 
systems.  



SECTION VII 

PASSENGER WARNING AND PUBLIC 
ADDRESS SYSTEMS 

The primary purpose of passenger and crew warning sys- 
tems is to permit eitlher the aircraft commander or any crew 
member to inform all other crew members and passenqers in- 
stantly and simultaneously of an existing or impending air- 
craft evacuation. The alarm system currently utilized in 
~ i r  Force transport aircraft is manually activated from the 
pilot's station. Normally this consi~ts of a guarded tog le 
switch within reach of the pilot or copilot. The ~andboox of 
Instructions for Aircraft Design (HIAD) (AFSCM 80-1; H . 4 . 3 . )  
specified that signal lights and aiarxn bells be installed in 
Air Force aircraft according to MIL-L-6503 and international 
military standardization programs (AI0.L.l). S&andard 
alarm bell signals are: 

1, Immediately after takeoff: 1 long ring - brace 
for impact. 

2. Inflight crash landing or ditching: 6 short 
rings - fasten belts securely, 1 Long ring - 
brace for impact. 

3. Infbight bailout: 3 short rings - don parachute, 
L long ring - bail out. 

4. On the ground: 3 short rings - prepare to 
abandon, 1 long ring - abandon aircraft. 

Previous evaluation of this alarm system by ~ e a g i n  et a1 . 
(1970) in studying emergency escape f r o ~ i  35- transport 
aircraft concluded: ,.the use sf the emergency alarm bell 
was found to be practically worthless, In five of the 
accidents reviewed, the use of the alarm b e l l  was a signifi- 
cant factor, It b7as used successfuLly in only one impending 
accident in which 30 minutes warning time was available for 
preparation of the landing. Ln two eeses, the alarm bell 
definitely contributed to the panic of passengers, In 
another case, it was stated that it was used; however, the 
surviving passengers did not recall hearinr it. And in the 
fifth atteapted Llse, only two rings of the 5e1l could be 
accomplishe2 prior to impact. In the majority of the accidents 
where the alarm bell was not used, time and the priority of 
crew duties precluded its effective use.?' 

Only two of 14 C-141 accidents involved crash emergencies. 
In a case of a crash into the sea on t akea f f ,  the pilot didn't 
realize a crash was eminent until just before striking the 
water, and in a second case of an emergency landing following 
nosegear failure,subseguent to a rapid decompression, alarm 
bell use is unknown. Thus in only one C-141 accident to date 
was there probably an opportunity to use an alarm bell, but 
the preliminary acc iden t  report did nod state whether the 
~11~3ri11 bell was or was not used. 



Review of  t h e  C-135 a c c i d e n t s  l i s t e d  i n  Table 2 (page 9 )  
indicate t h a t  t h e  a larm b e l l  was u t i l i z e d  i n  on ly  f i v e  of t h e s e  
c a s e s ;  however , fu r the r  a n a l y s i s  i n d i c a t e s  t h a t  on ly  t e n  of 
t h e s e  involved a crash- landing s i t u a t i o n  where an a larm b e l l  
would have been expected  t o  be  used.  Thus i n  C-135 a c c i d e n t s  
a t  l e a s t ,  t h e  alarm b e l l  has  been used i n  approximately 50% 
of t h e  c a s e s  where a  c r a s h  l and ing  and emergency e g r e s s  
were eminent.  T h c  major r easons  f o r  nonuse, a s  were a l s o  
found i n  t h e  r e p o r t  of Reagin et a l . ,  were l a c k  of s u f f i c i e n t  
warning of impending c r a s h  eventancrl. crew d u t i e s  i n  c o n t r o l -  
l r n g  t h e  a i r c r d f t  a t  a c r i t i - c a l  p o i n t  i n  t h e  f l i g h t  p a t h .  
I n  two c a s e s  where t h e  alarm was n o t  used t h e  c r a s h  occur-  
r e d  on Landing approach and was t o t a l l y  unexpected by t h e  
p i l o t s ;  i n  two c a s e s  t h e  c r a s h  Landing occur red  dur ing  
t akeof f  wi th  i n s u f f i c i e n t  warning,  and a f i f t h  c a s e  i n v o l -  
ved c o n t r o l  problems r e q u i r i n g  t h e  p i l o t ' s  f u l l  a t t e n t i o n .  
While t h e s e  r e p r e s e n t  only  a l i m i t e d  number of a c c i d e n t s  
invo lv ing  onl:y two t y p e s  of a i r c r a f t ,  t h e s e  c a s e s  do sugges t  
t h a t  t h e  a larm b e l l  has  been an e f f e c t i v e  dev ice  i n  t h e  
p a r t i c u l a r  c i rcumstances  where used. I n  a11 f i v e  c a s e s  t h e  
a larm b e l l  was r e p o r t e d  t o  be heard  by occupants ,  and was 
t h e  primary pre-crash  source  of warning,  even though i n  crne 
c a s e  t h e r e  was a  communications f a i l u r e .  

Alarm b e l l  exper ience  i n  c i v i l  a i r  c a r r i e r s  i s  more 
d i f f i c u l t  t o  e v a l u a t e  and has  been v a r i e d .  Apparently 
c r a s h e s  dur ing  l and ing  o r  t akeof f  phase ,  when p i l o t s  a r e  
f u l l y  occupied wi th  crew d u t i e s ,  o f t e n  occur  suddenly andl 
p rec lude  a c t i v a t i n g  an alarm. The r e c e n t  c r a s h  of t h e  MAC 
c h a r t e r  DC-8 a i r c r a f t  opera ted  by C a p i t o l  i n t e r n a t i o n a l  A i r -  
ways, d u r i n g  an a t tempted t a k e o f f  i n  f r e e z i n g  r a i n  a t  Anchorage, 
A l a s k a , i s  a  case  i n  p o i n t .  More p u z z l i n g ,  a r e  c a s e s  where 
t h e  alarm system i s  n o t  used when t h e r e  i s  adequate t ime f o r  
p r e p a r a t i o n .  The d i t c h i n g  of t h e  Dutch A n t i l l e a n  A i r l i n e s  
DC-9 i n  t h e  Carr ibean Sea,  f o r  example, was a n t i c i p a t e d  by 
t h e  c a p t a i n  f a r  i n  advance of t h e  a c t u a l  even t .  Although 
he i n s t r u c t e d  t h e  p u r s e r  t o  b r i e f  t h e  passengers  f o r  a  
p o s s i b l e  d i t c h i n g  LO minutes p r i o r  t o  t h e  a c t u a l  d i t c h i n g ,  
no f u r t h e r  warning o r  a larm,  v i s u a l  o r  a u r a l ,  was g iven 
p r i o r  t o  t h e  impact.  This  r e s u l t e d  n o t  on ly  i n  many un- 
r e s t r a i n e d  and unprepared passengers ;  b u t  even t h e  crew was 
unprepared ,  wi th  t h e  nav iga to r  and p u r s e r  both  u n r e s t r a i n e d  
a t  impact ,  A s  a  r e s u l t  of t h i s  S t .  Croix Douglas DC-9 t r a n s -  
p o r t  c r a s h , d e f i c i e n c i e s  i n  t h e  passenger  warning system were 
e v i d e n t  which has  spur red  f u r t h e r  s t u d i e s .  In  t h i s  a c c i d e n t  
t h e  r e g u l a r  p u b l i c  address  system became i n o p e r a t i v e  p r i o r  t o  
impact and some passengers  were s t i l l  s t a n d i n g  up whi le  
donning emergency equipment a t  t h e  time of impact.  Because 
no one-minute warning was r e c e i v e d ,  many passengers  undoubtedly 
r e c e i v e d  i n j u r i e s  which might have been prevented  w i t h  an 
adequate emergency s i g n a l  system. The FAA i s  c u r r e n t l y  
cons ide r ing  proposing r u l e s  r e q u i r i n g  an emergency p u b l i c  
address  system which would be operab le  p r i o r  t o  t a k e o f f .  



Besides  t h e  a l a rm b e l l  used by t h e  A i r  Force and most 
c i v i l  a i r  c a r r i e r s ,  o t h e r  t e c h n i q u e s  proposed i n c l u d e  f l a s h i n g ,  
s t r o b o s c o p i c ,  and con t inuous  l i g h t  warning sys tems ,  wh i l e  
a u d i b l e  p u b l i c  a d d r e s s  systems i n c l u d e  warn ing  h o r n s ,  b u z z e r s  
and b e l l s ,  a s  w e l l  a s  v e r b a l  p u b l i c  a d d r e s s  systems and b u l l -  
h o r n s .  I n  t h e  e v e n t  of  a  f a l s e  a l a rm,  a v e r t e d  emergency 
s i t u a t i o n ,  o r  t o  reduce  t h e  n o i s e  and p a n i c  l e v e l  once a l l  
occupants  have been warned of an emergency, adequate  means 
must be a v a i l a b l e  t o  c a n c e l  t h e  warning.  Audible  s i g n a l s  
must be e a s i l y  d i s t i n g u i s h a b l e  from any o t h e r  f l i g h t  deck- 
c a b i n  s i g n a l  b u t  n o t  a l a rming  t o  pas senge r s  c a u s i n g  undue 
p a n i c .  

One f a c t o r  which may skew t h e  s t a t i s t i c s  r e l a t e s  t o  
crew t r a i n i n g .  I n  a  t y p e  of long  range  a i r  t r a n s p o r t  oper -  
a t i o n  where a c c i d e n t s  a r e  r a r e  and p i l o t  p r o f i c i e n c y  i n  
emergency p rocedures  a r e  a l s o  compara t ive ly  r a r e ,  one might 
e x p e c t  l e s s  use  of an a l a rm sys tem when a  c r i t i c a l  c r a s h  
emergency o c c u r s ,  t h a n  i n  a n o t h e r  command o r  mi s s ion  where 
cont inuous  p r a c t i c e  of  engine-out  l a n d i n g s ,  o r  emergencies  
a r e  s i m u l a t e d ,  under  t h e  same p o t e n t i a l  c r a s h  c o n d i t i o n s .  
I o s t  a c t u a l  emergencies  o c e ~ r  d u r i n g  t a k e o f f  o r  l a n d i n g  
phases  of  f l i g h t  when t h e  crew i s  b u s i e s t .  Thus when an 
emergency r e q u i r i n g  t h e  u se  of an a l a rm system o c c u r s ,  it 
seeins p o s s i b l e  t h a t  prompt u s e  o r  non-use d u r i n g  t h e  b r i e f  
t ime  p r i o r  t o  irnpact may well v a r y  w i t h  t h e  p a r t i c u l a r  p i l o t ' s  
p r o f i c i e n c y  i n  emergency p rocedures .  The c o n s i d e r a t i o n  of  
p l l o t  t r a i n i n g  and emergency p rocedures  s l c i l l  (which i s  n o t  
n e c e s s a r i l y  a f u n c t i o n  of  f l i g h t  time) r e l a t i v e  t o  alarm- 
b e l l  usage i s  sugges t ed  by t h e  major a u t h o r  who,as a  former  
Air Force  p i l o t  h a s  expe r i enced  a  c r a s h  l a n d i n g  on talceoff 
and h a s  s u c c e s s f u l l y  used t h e  a l a rm system t o  e f f e c t i v e l y  
warn t h e  crew of seven  p r i o r  t o  t h e  c r a s h ,  I t  would be  i n -  
s t r u c t i v e  t o  review c u r r e n t  a l a rm-be l l  usage i n  A i r  Force  
a c c i d e n t s  i n  g r e a t e r  d e t a i l .  

3eview of  F e d e r a l  A i r  Regu la t i ans  ( P a r t  25 ;  P a r t  121)  
r e v e a l s  no s p e c i f i c  r equ i r emen t s  f o r  c i v i l  a i r  t r a n s p o r t  
a i r c r a f t % l a t e d  t o  energency evacuation s r q n a l  systems 
except as r e l a t e 2  t o  t h e  b u l l h o r n  (921;  3 C 9 ) .  I n  r e g a r d  t o  
t h i s  equipment ,  t h e  FAA o n l y  r e q u i r e s  that t h e r e  be  an 
emergency e v a c u a t i o n  s i g n a l  s y s t e x  and a s t a t e m e n t  of i t s  
l o c a t i o n .  The b x l l h o r n  i s  a ba t te ry-powered ,  l i g h t w e i g h t  
p o r t a b l e  megaphone. F i g u r e  2 7  shows a t y p i c a l  i n -  
s t a l l a t i o n  i n  a  c i v i l  a i r  c a r r i e r  a i r c r a f t ,  l o c a t e d  i n  t h e  
a f t  s e c t i o n  a t  t h e  end of  t h e  overhead s t o r a g e  r a c k .  However, 
a number of  i n q u i r i e s  t o  SAE committee menhers,  s t e w a r d e s s e s ,  
a i r l i n e  s a f e t y  p e r s o n n e l ,  and c rews ,  h a s  n o t  r e s u l t e d  i n  
i d e n t i f i c a t i o n  of  any c a s e  of a c t u a l  emergency e g r e s s  usage 
of t h e  p o r t a b l e  emergency b u l l h o r n  c a r r i e d  i n  c u r r e n t  c i v i l  



Figure 27, Typical. Bullhorn Emergency Public Address 
System Installation in Civil Air Transport. 



a i r  t r a n s p o r t  a i r c r a f t .  I t  h a s  been xep.orte&Ly used km 
nonemergency, n o n s t r e s s  s i t u a t i o n s  when t h e  c a b i n  communica- 
t i o n s  system has  f a i l e d  i n  f l i g h t .  

I n  Aerospace I n d u s t r i e s  Associat i .on (1968) e v a c u a t i o n  
t e s t s  i n v o l v i n g  a u d i b l e  horn  c u e s ,  t h e  horn  was ranked  a s  
l e a s t  e f f e c t i v e  (behind  s e a t  p l a c a r d ,  v o i c e  c u e ,  and t a c t i l e  
c u e )  i n  u s a g e ,  and mdst s u b j e c t s  (63%)  f e l t  t h e i r  way o u t .  

PORTABLE SOLID-STATE VOICE AMPLXFICATION B W I C E S  

Review o f  t h e  c u r r e n t  s t a t e  o f  t h e  a r t  h a s  n o t  r e v e a l e d  
any alarm-system concep t s  which appea r  t o  o f f e r  s i g n i f i c a n t  
improvement o v e r  t h e  c u r r e n t  b e l l  a l a rm,  i n a d e q u a t e  a s  it 
might  be  i n  i t s  dependence upon manual a c t u a t i o n ,  The North 
American Rockwell s t u d y  f o r  t h e  FAA (Roebuck, 1968) e x p l o r e d  
s e v e r a l  sys tems .  One concep t  i nvo lved  u s e  of  a m i n i a t u r i z e d  
s o l i d - s t a t e  v o i c e  a m p l i f i c a t i o n  d e v i c e  worn abou t  t h e  neck on 
t a k e o f f  by t h e  c a b i n  crew., iW, ad~(sr19tage t h a t  ik.  was i n s t a n t l y  
ready  t o  p r o v i d e  independent  c o m u n i c a t i o n  t o  pas senge r s  a s  
a  l i g h t w e i g h t  rep lacement  f o r  t h e  b u l l h o r n ,  and. f r e e d  t h e  
hands .  However i t  would be  o f  no use  u n t i l  t h e  i n d i v i d u a l  
wea r ing  it i s  warned from t h e  f l i g h t  deck ,  t h u s  does  n o t  
s o l v e  t h e  problem of  i n i t i a t i n g  t h e  i n i t i a l  a la rm.  A mod- 
i f i c a t i o n  of  t h i s  concep t  was t h e  i d e a  proposed t h a t  a l l  crew 
wear m i n i a t u r i z e d  s o l i d  s t a t e  intcrcomrnunicat ion equipment 
on t a k e o f f  and l and ing .  I n  t h i s  concept  a f l i p - u p  microphone 
and head s e t  would be  connec ted  t o  a  l o n g  c o r d  th rough bulk-  
head j a c k s  2nd c o n t r o l  s w i t c h e s  a t  i n t e r v a l s  o f  8 t o  12 f e e t  
a p a r t .  Using a  ba t t e ry -power  s o u r c e  t h i s  would p r o v i d e  h igh-  
power 6- inch p u b l i c  a d d r e s s  s p e a k e r s  a t  12 - foo t  i n t e r v a l s .  

TWA EMERGENCY EVACUATION SIGNAL SYSTEM 

For s e v e r a l  y e a r s  a  Trans World A i r l i n e s  has  u t i l i z e d  - 
combinat ion a u r a l - v i s u a l  sys tem i n  a l l  of  t h e i r  a i r c r a f t .  
The TWA Emergency Evacua t ion  S i g ~ a l  System was deve loped  by 
TWA and d e s c r i b e d  by O g i l v i e  (1968) .  Bat tery-powered,  t h e  
a u d i b l e  a l a rm c o n s i s t s  o f  2800-cycle t o n e  p u l s e s  t h r e e  times 
p e r  second ,  o f  90 db i n t e n s i t y ,  t h u s  d i f f e r s  s i g n i f i c a n t l y  
from e n g i n e  n o i s e s  o r  o t h e r  c o n f u s i n g  sounds.  The p r e s e n t  
system i s  dependec t  on t h e  p i l o t  a l o n e ,  f o r  a o t i - f a t i o n  a l -  
though t h e  o r i g i n a l  sys tem was des igned  so  t h a c  i t  cou ld  be 
a c t i v a t e d  by e i t h e r  f l i g h t - d e c k  o r  cab in  crew. i n  t h e  
o r i g i n a l  v e r s i o n ,  a  r e d  l i g h e  and s o l i d - s t a t e  f l a s h  p rov ided  
a v i s u a l  "EVAC" s i g n a l  a t  t h e  s t ewardess  s t a t i o n  t o  warn t h e  
s t e w a r d e s s , b u t  n o t  t h e  p a s s e n g e r s ,  o f  an emergency. I n  c a s e  
a  c a b i n  a t t e n d e n t  i n i t i a t e d  an e v a c u a t i o n  t h e  c a p t a i n  was 
warned by a f l a s h i n g  r e d  l i g h t  on t h e  p i l o t ' s  p a n e l .  The 
i d e a  behind  t h i s  was t h a t  e v a c u a t i o n  cou ld  b ~ ~ i n i t i a t e d  by 
e i t h e r  c a b i n  o r  f l i g h t - d e c k  crew. However, t h e  c a b i n  
i n i t i a t i o n  p o r t i o n  h a s  been t a k e n  o u t  of t he  system a f t e r  
s e v e r a l  r e c e n t  i n a d v e r t e n t  e v a c u a t i o n s  have o c c u r r e d ;  i n  a t  



l e a s t  one case passengers received ccgress injuries. ?'bur-: 
t h e  current systern ren~ains  a manual. :Ly--act i .vated alarin s i n ~ i  l.,lr 
i.n corlcept t o  t h e  Air Force t y p e ,  except f o r  the twnc ;\nil 
i.ntensity, Adapta.tirsn of , t h i s  syst.ern migirxi: result j.n n 
more readily i d e n , t i f i a b l e  alarm if, as accident data seeins to 
show the current alarm has not been heard or results in 
con.fusion in a siynifi,cant number of cases.  

To date no off-the-sheif device currently appears ideal. 
The current intzrest of the F?& in developing a better PA 
and al.arm sys tex  and the indi.ication that new FAA standards 
will be propose;Ci, suggest that furthkr improvements in the 
state of t h e  a r t m a y  be forthcorni.rq. The requirements for 
a public address system for evacua t ion  using an emergency 
electrical power source has bee.n previously noted in a 
number of acciden.t: r e p o r t s .  



SECTION VIII. 
OTHER IMPACT, ESCAPE AND SURVIVAL PROG.RAMS, 

SYSTEM DEVELOPMENTS AND TECHNOLOGY 

In addition to the technological concepts and develop- 
ments discussed and evaluated in the areas of smoke and flame 
protection, passive restraints, aisle and path-marker emergency 
illumination, and passenqer warninq and public address 
systems, there have been efforts to develop other systems to 
im~rove the state of the art of emergency egress. The objec- 
tive of the following section was to select and evaluate 
industry's developments and advanced concepts which have applica- 
tion to USAF transport aircraft. Some of these present alterna- 
tive approaches. Eight different types of mechanical and 
inflatable slide or slide-raft systems are evaluated, as 
well as concepts in emergency in-flight egress, and exit area 
ablative coating. Major advances have been made in the 
development of high-energy emergency egress systems, but since 
an evaluation program is concurrently in progress by the Life 
Supoort SPO, Air Force Systems Command, Aeronautical Systems 
Division (ASD/AFSC) at Wright-Patterson AFB, inclusion here 
has not involved a redundant, detailed evaluation but rather 
brief discussion of these concepts, emphasizing the require- 
ment and major contribution that such systems could contribute 
to emergency egress from air-transport aircraft. 

SLIDE DEVICES 

Emergency egress through door exits presents slightly 
different problems than for over-wing exits involving off-wing 
egress from Low-wing transports such as the C-135. A 
number of external escape concepts have been reviewed, includ- 
ing infLatable stairs and slides, ramps, mechanical stairways, 
tube slides, hand-held slides, escape ropes, rope Ladders, 
telescape poles, and nets. 

INFLATABLE ESCAPE SLIDES. Inflatable escape slides 
represent the best current operational device in usage. However, 
while inflatable escape slides have long been standard equip- 
ment on civil air carriers, they were reported to be used on 
only three air transports [C-121, (2-9, and some C-135 aircraft) 
in the USAF air-transport inventory (Heagin, et al., 1970). 
canvas slides, rope ladders, and escape ropes still predominate 
o~erationally. 

DOUBLE-LAME SLIDE. The double-lane inflatable slide 
consists of two single slides side by side, utilizing a center 
support tube common to both sides, and inflatable tube side 
rails. This system is designed to provide two-abreast egress 
utilizing type A doors, allowing double lines. To date, optional 
exit preparation time for arming and deployment is about 10 
seconds. Optional egress speeds have been found to utilize 



slide angles of between 35 and 50 degrees while angles below 
25 deqrees can be utilixed as a walkway i.f the slide incor- 
porates an inflated member as the s1i.d:in.q- surface, rather 
than a fabric web slide used on many current types. Tests 
by the Arnerican Institute of Aeronarrt-cics and Astronau1:ics 
(AIAA) have shown that double-lane inflatable escape slides 
provide a uniform egress rate of 108 passengers per minute. 
Stowed volume is approximately 5.1 eu, ft. for a 34-foot 
length, IOl pound ;eight, and 36 1.b. inflation-system weight. 

DOUBLE ESCAPE SEYDX W I T H  CENTER DIVIDER. This concept 
was proposed by MeDorrnti:ll-Doug1.a~ (Roebuck, 1968) and is a 
rnadifica,tion of the dor.lble escape slide descxibed above. In 
this version an inflatable :!semi.-rigid f;epara.tor "fence" in the 
middle of the slide wauld provide in effect two adjacent 
sl.ides, as shown in F i g u r e  28. The ad.van"cage of this would 
be an effort to prevent  persons sliding down side-by-side 
from getting tsncjled, or crne passenger bloekirrc,?. egress fro:m both 
sides, The primary purpose of the concept was to prevent 
hesitation caused by one passenger waiting for another beside 
him to get well dowri .the slide before jumping. It would also 
provide an additional. 11.and-hold. Suggested provision for 
chemical light along the  to^ side of the dividers would provide 
better illumination. The inflatatjle divider section, while 
increasing weight, sto.rage hul.k, and inflation capacity, would 
provide additional l o n g i t u d i n . a l  rigidity. It was estimated 
that this would improve passenqer flow rate by up to 10 
percent; however, no tests are reported to confirm this estimate. 

COMBINATION INFLATABLE SLIDE AND LIFE RAFT. With the 
introduction nf  the wide-bodied jet transports a new concept 
relative to egress on land and survival at sea has been 
utilized. This concept relegates to the escape slide a dual 
function. The primary function wauld remain as an escape 
slide for rapid land evacuation of an aircraft, with an 
additional capability to function as a flotation device or 
life raft, following ditchiny at sea. 

The slide/raft concept appears to offer distinct 
advantages from a logistics ad maintenance veiwpoint as 
follows: 



Fisure 2 8 .  Double Escape S l i d e  w i t h  Center 
Divider ( a f t e r  Roebuck, 1 9 6 8 ) .  
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1. Eli.mina.tion of requi rements  f o r  i n t e r i o r  l i f e  r a f t  
stowage c o m p a r t ~ ~ e n t s .  I n  c e r t a i n  seat  d e n s i t y  c o n f i g u r a t i o n s  
of the Boeing 7 4 7 ,  f a r  example, ,kw~;nty to twenty- three  25-man 
l i f e  r a f t s  a r e  r e q u i r e d ,  

2 .  Reduction i n  weight .  For  t h e  Boeing 7 4 7 ,  t h i s  would 
mean e l i m i n a t i o n  o f  some twenty 25-man L i f e  r a f t s ,  weighing 
1 8 0  l b s  each ,  f o r  a p o t e n t i a l  weight  s a v i n g  of some 3 , 6 0 0  Sbs. 
However, some weight i s  gained i n  s l i d e  r e d e s i g n  and en la rge -  
ment i n t o  a  s l i d e / r a f t  con£ i g u r a t i o n .  

3 .  The s l i d e / r a f t  i s  des igned t o  be deployed o u t s i d e  t h e  
a i r c r a f t ,  The h i s t o r y  of p r i o r  a i r c r a f t  d i t ch i r -gs  i n d i c a t e s  
t h a t  a l l  too f r e q u e n t l y  s u r v i v o r s  were unable (o r  f a i l e d )  t o  
remove and deplod Life r a f t s  stowed w i t h i n  t h e  a i r c r a f t  c a b i n  
b e f o r e  t h e  a i r c r a f t  sank.  

4. Mafntenance and i n s p e c t i o n  of t h e  s l i d e l r a f t  system 
only  i s  r e q u i r e d  as compared to both  escape  s l i d e s  and l i f e  
r a f t  maintenance and i n s p e c t i o n .  

There a r e ,  however, s e v e r a l  d i sadvan tages  o f  t h e  com- 
b i n a t i o n  s l i d e d r a f t  concept:  

1. The number of  s l i d e / r a f t s  a r e  l i m i t e d  by t h e  number 
of  e x i t s  a t  which a  s l i d e / r a f t  may be i n s t a l l e d .  For ex.ample, 
i n  one G-135 c o n f i g u r a t i o n ,  t h e r e  are on ly  two main cab in  o r  
cargo doors which cou ld  a c c o m o d a t e  a s l i d e / r a f t  combinat ion.  
Supplementary i n t e r i o r  stowed r a f t s  may s t i l l  b e  r e q u i r e d  i n  
some i n s t a n c e s  . 

2 .  Frequen t ly  e x i s  k ing  s l i d e  compartments a r e  inadequa te  
i n  va lune  t o  accomodate s l i d e / r a f t s  and t h e i r  i n f l a t i o n  s y s -  
tems. 

3. E x i s t i n g  door h i n g e s ,  s t r u c t u r e ,  and e x i t  hardware 
a r e  o f t e n  inadequa te  i n  des ign  t o  s u p p o r t  t h e  added weight  
and volume of  s l i d e / r a f t  combiinations, 

4 .  Lack of m o b i l i t y .  Weight and volume of  s l i d e / r : a f t  
combinations a r e  f r e q u e n t l y  such t h a t  i n  t h e  e v e n t  t h a t  an 
e x i t  i s  n e t  usab le  t h e  s l i d e / r a f t  cannot  be  e a s i l y  t r a n s f e r r e d  
t o  a  usab le  e x i t  f o r  deployment. 

5 .  High numerical  occupancy. Some l a r g e  s l i d e / r a f t s  
a r e  des igned t o  c a r r y  i n  excess  of  f i f t y  s u r v i v o r s .  The l o s s  
o r  malfunct ion  o f  one of t h e s e  s l i d e / r a f t s  would have t h e  
same e f f e c t  a s  t h e  l o s s  of  two twenty-f ive  man r a f t s .  

Accidents  such a s  t h e  ONA S t .  Croix ,  V . I .  DC-9 d i t c h i n g ,  
i n  which none of t h e  f i v e  l i f e  r a f t s  aboard  t h e  a i r c r a f t  were 



s u c c e s s f u l l y  deployed and some t h i r t y - o n e  of t h e  s u r v i v o r s  
u t i l i z e d  an i n f l a t e d  escape s l i d e  a s  t h e i r  primary f l o t a t i o n  
device,  has appeared t o  a c c e l e r a t e  t h e  a p p l i c a t i o n  of t h e  
s l i d e / r a f t  concept .  

S l i d e / r a f t s  a r e  g e n e r a l l y  manufactured o f  a  
h igh-s t reng th  f a b r i c ,  double coated  (both s i d e s )  w i t h  a  
ure thane  coa t ing .  I n f l a t i o n  sys  tems most commonly u t i l i z e d  
a r e  of t h e  high r a t i o - a i r  a s p i r a t o r  type.  High p r e s s u r e  
c y l i n d e r s  us ing  n i t r o g e n ,  nitrogen-C02, o r  o t h e r  mixtures of 
gases  a r e  used t o  o p e r a t e  t h e  a s p i r a t o r s .  S l i d e / r a f t  oper- 
a t i n g  p r e s s a r e s  vary between 1 . 5  t o  3.5 p s i g  depending upon 
t h e  des ign  and c o n f i g u r a t i o n  of t h e  s l i d e / r a f t .  Manual o r  
s e l f  e r e c t i n g  canopies a r e  normally an i n t e g r a l  p a r t  of t h e  
des ign .  Some c a n o p i e s , f o r  examplerare  connected t o  one of 
t h e  tubes and a t  some l a t e r  p o i n t  i n  t ime fo l lowing deployment 
smal l  va lves  a r e  opened, i n f l a t i n g  caps tans  which e r e c t  t h e  
canopy. S ince  t h e s e  caps tans  a r e  of r e l a t i v e l y  smal l  volume 
t h e  p r e s s u r e  drop i n  t h e  main tubes  i s  n o t  s i g n i f i c a n t .  

One of t h e  l a r g e r  s l i d e l r a f t s  designed f o r  t h e  DC-10 i s  
a double l a n e ,  26-foot p ro tg type$  eva lua ted  i n  open water  
us ing  l a r g e r  b o a t s  t o  c r e a t e  inc reased  wave cond i t ions .  
F igure  29  i l l u s t r a t e s  t h e  s l i d e l r a f  t, designed by P ico .  
A usab le  s e a t i n g  a r e a  of 193 f t 2  was c a l c u l a t e d  f o r  t h i s  
c o n f i g u r a t i o n  r a f t .  The r a f t  was loaded wi th  4 4  s u b j e c t s  
( 4 . 4  f t 2  p e r  s u b j e c t ) ,  55 ( 3 . 6  f t 2  p e r  s u b j e c t ) ,  and 65 ( 3 . 0  
f t 2  pe r  s u b j e c t )  . Under t h e s e  cond i t ions  t h e  s l i d e / r a f t  
e x h i b i t e d  e x c e l l e n t  buoyancy wi th  a l l  passenger load ings .  
E s s e n t i a l l y  r e c t a n g u l a r  i n  shape,  s l ide / ra . f  ts tend t o  f l e x ,  
bend and fo l low t h e  contour of a  s w e l l .  When the  lower tube  
was d e f l a t e d ,  f reeboard  was reduced and waves induced by 
boa t  a c t i o n  a t  t imes in t roduced water  i n t o  t h e  s l i d e / r a f t ,  
however, t h e  remaining buoyancy was adequate $0 mainta in  
f l o t a t i o n  of t h e  maximum number of  occupants .  When one of 
t h e  two compartments i s  d e f l a t e d  t h e  s t r u c t u r a l  r i g i d i t y  of 
t h e  s l i d e / r a f t  i s  normally reduced wi th  t h e  two s i d e s  pinch- 
i n g  inward,reducing t h e  t o t a l  apparent  s u r f a c e  a r e a  of t h e  
s i i d e / r a f t .  A i r c r u i s e r s ,  B.F, Goodrich, and S w i t l i k  a l s o  
supply s l i d e / r a f t s .  Use of q u i c k  foams may be p o s s i b l e  i n  
t h e  f u t u r e  ( S a l y e r ,  e t  a l . ,  1971) . 

The Federa l  Avia t ion  Adminis t ra t ion  i s  p repar ing  a 
Notice a s  Proposed Rule Making (NPBY 69-33 FAR 2 5 . 8 5 3 ( b ) )  
stating s tandards  f o r  s l i d e l r a f t  combinations. I n  Lhis ,  t h e  
FAA i s  cons ide r ing  t h a t  t h e  dev ice ,  w e t  o r  d r y ,  should be 
designed t o  be capable  of handl ing  evacuees a t  a  r a t e  of a t  
l e a s t  60 persons/minute f o r  s i n g l e  width and 1 2 0  persons 
minute f o r  double width evacuat ions  f o r  a  d u r a t i o n  of 70 
seconds. I t  should be capable of  o p e r a t i n g  i n  a t  l e a s t  a  
25 mph wind, must be i n f l a t e d  i n  n o t  more than 10 seconds,  
75% of i n i t i a l  nominal o p e r a t i n g  i n f l a t i o n  p r e s s u r e  should 
be r e t a i n e d  f o r  2 4  hours ,  and i n  regard  t o  f lammabi l i ty  t h e  



Figure 29. Combination Life Raft/Escape Slide 
Recently Certified fox Civil Air 
Carrier Use on the McDonnel.1-Douglas 
DC-10 (courtesy of E.B. McFadden, FAA). 



FAA is considering upgrading the present requirements of 
four inches per minute horizontal bugn rate. To date specific 
FAR requirements for slide/raft combinations have not 
been issued. The Society of Automotive Engineers is 
proposing issuance of an aerospace Recommended Practice re- 
lating to survival kits for life rafts and slide/rafts, 
but this also is not yet published. 

Current accident experience indicates that emergency 
egress slides do not always function to provide safe 
egress. Within the past year, for example, several ac- 
cidents have demonstrated failure of current inflatable 
slide systems. In the Boeing 727 accident in December, 
1970, at St. Thomas, the gear collapsed on the runway 
and the aircraft, carrying 46 passengers, two infants, 
and a crew of 7, struck a hillside beyond the runway at 
30 to 40 knots. The fuselage broke into three sections. 
One slide was deployed but failed to reach the ground by 
seven or eight feet due to the fuselage attitude, In 
jumping from the end of the slide there were several 
serious injuries (See Fiqure"23). In the DC-8 crash 
at Anchorage, one slide ended in a pool of burning fuel. 
Movies taken of the Boeing 747 evacuation at San Francisco 
earlier this year show the escape slides being blown by 
the high wind, again resulting in injuries. An unpublished 
study of the Civil Aeromedical Institute, FAA, indicates 
that where actual crash-fire emergencies have been 
involved (as opposed to other emarqency evacuations) current 
slide systems are not as reliable a means of egress as 
they are generally considered to be. Thus improvements in 
the state of the art appear necessary. 

A different concept of an escape slide/raft device 
was proposed in 1968, involving an inflatable tubular 
structure as shown in Figure 30 (Roebuckr In this version 
flexible joint sections of the tubular escape structure 
would be designed to allow slide egress in any position, 
including from an inverted aircraft. Completely enclosed 
slides have not been used previously, and some protection 
from smoke and flames might result. Windows of flexible 
transparent plastic would provide light, with chemical light 
strips inside for night egress. It could Se used as a ramp 
walkway. The floor and ceiling (identical) would be construc- 
ted of Goodyear "airmat" material which in case of a very 
shallow angle of egress, could be inflated by auxiilary 
inflation bottles to a one- to two-inch thick stiff surface. 
The attached end is extended from the,aircraft by a tubular, 
sliding cable-restrained bellows, capable of universal flex- 
ure to some + 25 degrees of arc, and torsion to about - + 30 
tlcqrees of a.T'il. Thc bellows articulation would he 



Fiqure 3 0 .  Concept of a Combination I n f l a t a b l e  E s c a ~ e  
Slide/Life Raft ( a f t e r  Roebuck, 1 9 6 8 )  . 



a larger version of the shoulder joint in a space suit 
pressure garment, This concept was reported to have an 
estimated increase in passenger flow rate up to 50 percent 
in ditching; however,if compared to current ditching life 
raft deployment requirements in aircraft such as the C-1.4lA, 
the flow rate would probably be considerably greater. 

EXTERIOR PLATFORM ESCAPE-SLIDE ENTRY. The purpose of 
this escape-slide concept (Figure 31) would be to attempt to 
reduce a traffic-flow bottleneck caused by psychological 
reasons at the emergency exit. The idea (Roebuck, 1968) is to 
get the passenger out on the wing (low-wing aircraft) and then 
utilize conventional inflatable slides, which would be 
automatically deployed from the platform package. This concept 
is within the state of the art and is a modification of some 
current designs. 

SLIDE INFLATION DEVICES. With the increasing size of 
these devices, particularly for aircraft such as the Boeinq 747 
(and C-9); the need for greatly increased inflation volume; 
and requirements of achieving rapid inflation times,increased 
compactness, and less weight, the need for improved inflation 
devices has been emphasized. Many current inflation systems 
utilize compressed qas stored in 3,000 psi cylinders; however, 
if used in the larger and newer systems the high pressure 
gas supply would pose both storage capacity and increased 
weight problems. This has led to the development of cool-gas 
generators and more efficient aspirators as the current solu- 
tion to providinq better inflation for the larqe-capacity 
inflatable escape devices, 

The conventional system of inflating escape slides is 
to thrust high-pressure gas from a gas reservoir through 
an aspirator and into the slides. The aspirator contains 
a nozzle that expands the high-pressure gas to below 
ambient pressure. The aspirator casing contains doors 
designed to open when the pressure within the casing 
body falls below ambient pressure. Thus, the entering air 
is entrained by the expanding high pressure gas, and the 
resulting mixture fills the inflatable escape slide. In 
the newer cool-gas generator system the high-pressure gas 
cylinder is replaced with a solid propellent charge within 
a gas-generating chamber plus a coolant chamber. When 
ignited this charge generates hot gas, which is then cooled 
by one of several alternate methods when exhausted into a 
secondary chamber. The resulting cool gas is then directed 
to an improved external aspirator and subsequently into the 
inflatable device. Figure 3 2  shows the cool-gas generation 



Figure 31. Exterior Platform Slide Entry for 
Over-Wing Escape (after Roebuck,  
1960). 
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system in schematic form. 

Three types of gas generator systems include the solid 
coolant-solid propellant-aspirator system,the qas coolant- 
solid e~ropell.ant-asy~iriator system, and thc l i  quid coolant - 
k;ol i.d p r n ~ ) ~ . b ~ a ~ l t - d ~ l ) i , r ~ ~ l ; o a :  sy~tt7n-1, In C l l o  eo1i.d 1:oo 1,1111. 
system the hot gas rcsulking from the solid propcllarit 
charge ignition is passed over a catalytic bed, which acts 
as the coolant agent, and the resulting cool gas drives the 
aspirator. Hardware for this concept has not yet been 
developed, and problems in gas temperature conkrol have 
been reported, but it would be a relatively simple and 
easily maintained system although relatively costly. In 
the gas coolant system a 3,000 psi gaseous nitrogen mix 
is the primary coolant. By mixing with the hot gases 
generated by the ignition of the solid propellant charqe 
the driving gas is delivered to the aspirator. It has been 
indicated to be effective over a temperature range of -40°F to 
+P6OQF, and is capable of inflating a 160 cu. ft, volume to 
a pressure of 1.4 psig in approximately 8 seconds. Its 
cooling ability comes from high-pressure-gas expansion, how- 
ever weight requirements for high-pressure gas cylinders may 
be relatively high. The third method uses a liquified gas as 
a coolant. The hot gas generated by the ignition of the 
solid propellant charge is used to provide the latent heat 
of vaporization required to evaporate the liquified gas 
coolant. It is capable of inflating a 290-cu-ft volume to 
a pressure of 2,0 psig in less than 7 seconds, over a 
temperature range of -40°F to +160°F. A detailed analysis 
of inflation devices and current state-of the art has been 
previously presented in Section IV; however, the requirements 
for use with inflatable restraints and inflatable escape 
slides differ considerably. 

FOLDING ESCAPE SLIDE. Actually a combination on walk- 
way and mechanical folding slide, this concept would consist 
of expandable pivoting structural elements which could be 
stored under type I and type I1 exits. It could be used as 
a firm ramp or evacuation slide. As shown in Figure 33, a 
specially contructed, lightweight, extendable truss structure 
would be constructed to support stairs which can be folded 
down to form the surface of a slide or ramp. An advantage 
over inflatable devices might be that it would not puncture 
or tear. An analysis of mechanical versus inflatable escape 
devices by AIAA (1968) showed that mechanical devices require 
greater storage volume and heavier structural support. 1:t 
was determined that a mechanical stair is more hazardous due 
to the quick foot movements required in descent which could 
seriously impede evacuation flow. 



Fiqure 33.  Mechanical Folding Escape Slide/ 
Sta i rway  (after Roebuck, 1968). 



SEAT BEL'l" ESCAPE HARNESS AND EGRESS CONVEYOR SYSTEM 

This  concept  e n v i s i o n s  an i n t e g r a t e d  system u t i l i z z n g  
t h e  r e s t r a i n t  system and s e a t  cover  t o  a l l o w  t h e  passenger  
t o  hook on t o  a n  overhead conveyor system which would 
a u t o m a t i c a l l y  c a r r y  him t o  an  e x i t ,  a s  shown i n  F i g u r e  34 .  
There i s  some precedence f o r  t h i s  t y p e  of s e a t  mounted 
escape  d e v i s e  i n  t h e  c u r r e n t  use  of s u r v i v a l  k i t s  i n  t h e  
s e a t  pack of many a i r  crews,  This  concept  was proposed 
i n  t h e  FAA s tudy  by North American Rockwell (Roebuck, 1 9 6 8 ) .  
The s e a t  back cushion  would be  des igned t o  c o n t a i n  an  
anti-smoke and f lame hood w i t h  s e l f - c o n t a i n e d  a i r  supp ly ,  
which could  be q u i c k l y  deployed,  The s i d e s  would c o n t a i n  
a  l i f e  v e s t  which could  be p u l l e d  o u t  and wrapped around 
the  body. The passenger  would hook h i s  s e a t  b e l t  t o  t h e  
back cushion  system, and a t t a c h  t h e  e n t i r e  system t o  an  
overhead hook on a c a b l e .  The s e a t  cush ion  cover  and 
back cover  would supply a c h a i r - l i k e  s u p p o r t ,  and t h e  
conveyor system would t ake  t h e  passenger  t o  t h e  e x i t ,  
where a deployment s t r a p  d i s c o n n e c t s  t h e  occupant  e i t h e r  
manually o r  a u t o m a t i c a l l y .  

This  i s  a  complex system requ i - r ing  a  s e r i e s  of a c t i o n s  
by t h e  u s e r .  I t  i s  w i t h i n  t.he s t a t e  of t h e  a r t ,  however, 
and f e a t u r e s  a  systems e n g i n e e r i n g  des ign  approach.  Estirnat-  
ed  a d d i t i o n a l  weight  was 3 pounds p e r  u s e r ;  however, by u s i n g  
s e a t  cuchion cover  s t o r a g e ,  l i t t l e , e x t r a  volume might be 
r e q u i r e d .  A number of f a i l u r e  p o s s i b i l i t i e s  e x i s t  i n  t h e  
deployment,  s t r e n g t h  of p a r t s ,  jamming of equipment ,  f a i l u r e  
of  t h e  power source .  I t  wouLd be  non-usable i n  a c c i d e n t s  
i n v o l v i n g  s i g n i f i c a n t  s t r u c t u r a l  i n t r u s i o n  o r  d i s t o r t i o n .  
I f  everyone had t o  be  hooked up b e f o r e  i t  opera ted  it would 
be i n e f f e c t i v e ;  y e t  i f  it o p e r a t e d  a s  a  c o n t i n u a l  conveyor 
b e l t  system from t h e  moment of  c rash- impact ,  some passenger s  
might have d i f f i c u l t y  i n  r each ing  a  hook-up o r  might be 
s t r u c k  down by 2assenyer s  a l r e a d y  hooked up and be ing  
conveyed o u t .  Another haza rd  e x i s t s  i n  t h a t  t h e  passenger  
might be conveyed t o  a  non-usable e x i t  o r  d i r e c t l y  i n t o  a 
Surn ing  a r e a ,  u n l e s s  t h e r e  was d i r e c t i o n  c o n t r o l .  Such a 
dev ice  could  prove hazardous i f  t h e  system f a i l e d  whi l e  
passenger s  were s t i l l  a t t a c h e d  n e a r  t h e  c e i l i n g  where t h e  
h e a t ,  smoke and fumes would be g r e a t e s t  and p rov ide  t h e  
p o o r e s t  s u r v i v a l  environment .  Entanglement cou ld  be a  
f u r t h e r  h a z a r d ,  and t h i s  system might be  d i f f i c u l t  
p s y c h o l o g i c a l l y  f o r  many people  t o  u s e  wi thou t  c l e a r  b r i e f -  
l n g  and p r a c t i c e .  I t  i s  n o t  cons ide red  t o  be  a  r e l i a b l e  
systems concept  i n  t h i s  form, b u t  could  be  f u r t h e r  modi- 
f i e d  f o r  c o n s i d e r a t i o n  i n  a  s imple r  more au tomat ic  mode. 



F i q u r e  3 4 .  In This System the Passenger Attaches His 
Seat Belt (1) to Integrated Seat-Back Straps 
( 2 ) ,  Hooks i n t o  an Overhead Hook I 3 ) ,  and 
Is Automatically Ganveyed to an Exit ( a f t e r  
Raebuck, 1 9 6 8 ) .  



CARGO-TYPE EMERGENCY EGRESS TECHNIQUES 

This  concept  would f a c i l i t a t e  t h e  evacua t ion  of pass(\n(TCr*:: 
by p rov id ing  l a r g e  openings i n  t h e  nose, s i d e s ,  m d  t a i l  of 
passenger  a i r c r a f t .  This  might be accomplished by u s i n q  tccll- 
n iques  p r e s e n t l y  i n  s e r v i c e  i n  p r e s s u r i z e d  cab in  ca rgo  
a i r c r a f t  having swing-nose, l a r g e  d o o r s ,  o r  clam s l i e l l  o r  
s w i n g - t a i l  load ing  c a p a b i l i t i e s .  I t  was e s t i m a t e d  t h a t  t h i s  
system could re6uce evacua t ion  t ime and passenger  f law 
r a t e  by 9 0 %  and reduce  use  of wrong e x i t s  by 1 0  t o  
2 0 % .  No da t a  i s  avaaLable t o  v a l i d a t e  t h e s e  e s t i m a t e s .  
F igure  35 shows a forward f u s e l a g e  cargo-type e x i t .  

CONVEYOR BELT CONCEPT 

A number of e scape  system concepts  have been proposed 
i n  t h e  l i t e r a t u r e  t o  a s s i s t  i n  evacua t ion  of passengers  from 
t h e i r  s e a t s  t o  t h e  emergency e x i t s .  Xost of t h e s e  have n o t  
been d i s c u s s e d  h e r e  because of obvious t e c h n i c a l  c o s t ,  
we igh t ,  o r  f e a s i b i l i t y  p e n a l i t i e s  and were n o t  cons ide red  
b e t t e r  s o l u t i o n s ,  a l though  most appeared to be w i t h i n  t h e  
s t a t e  of t h e  a r k  .This i n c l u d e s  such conoepts  a s  anti-smoke 
hoods or t u n n e l s  deployed in t he  a i s l e s .  

The moving walkway passenger  conveyor system proposed 
t o  t h e  FAA would c o n s i s t  of a  forward conveyor b e l t  in tend-  
ed t o  improve passenger  evacua t ion  t ime and reduce t h e  
problem of  l o c a t i n g  e x i t s  under smoke c o n d i t i o n s  (Roebuck, 
1968) . An i n d i v i d u a l  r each ing  t h e  a i s l e  could  presumably 
be taken t o  an e x i t  i f  he  were i n c a p a c i t e d  o r  i n j u r e d .  
Such a system i s  w i t h i n  t h e  s t a t e  of t h e  a r t ,  b u t  i s  
cons ide red  t o  be  u n p r a c t i c a l  due t o  a d d i t i o n a l  weight  
r equ i rements ,  f a i l - s a f e  a s p e c t s ,  t h e  problem of "what 
i f  t h e  conveyor b e l t  i s  going i n  t h e  wrong d i r e c t i o n "  t o  
g e t  t o  usab le  e x i t s ,  a s  w e l l  a s  p o t e n t i a l  i n j u r y  t o  d i s -  
a b l e d  u s e r s  who might g e t  jammed a g a i n s t  s e a t s .  This  
concept  i s  i l l u s t r a t e d  i n  F igure  3 6 .  However, a  f u r t h e r  
reason why such a concept  would have l i m i t e d  u t i l i t y  i s  
shown i n  F igure  3 7 .  This  photograph was t aken  subsequent  
t o  t h e  FAA c r a s h  t es t  of a  DC-7 a i r c r a f t  a t  Deer V a l l e y ,  
Arizona,  and shows t h e  buck l ing  of t h e  f u s e l a g e  t y p i c a l  of 
many a i r  t r a n s p o r t  a c c i d e n t s .  Xn such i n s t a n c e s  a con- 
veyor b e l t  e g r e s s  t echn ique  would be u s e l e s s .  F igure  2 3  
i n  S e c t i ~ n  V ,  qhowing a r e c e n t  Boeing 7 2 7  c r a s h ,  a l s o  
i f l u s t r a t e s  t h e  extreme f u s e l a g e  d i s t o r t i o n  which i s  
o f t e n  found, 

TELESCAPE SYSTEM 

The t e l e s c a p e  system c o n s i s t s  of an e x i t  mounted polle 
which can be extended t o  t h e  ground f o r  '"ireman" t y p e  
emergency e x i t .  A major advantage i s  t h a t  it prov ides  
cons ide rab ly  more "ground reach"  f l e x i b i l i t y  than  s t a n d a r d  
i n f l a t a b l e  escape  s l i d e s ;  t h a t  i s ,  t h e  p o l e  can be dep1o:yed 



Figure 35.  Carqo-Type Emergency Egress ~echnisue 
( a f t e r  Roebuck, 1 9 6 8 )  , 







and a d j u s t e d  t o  t h e  t e r r a i n  cond. i t ion w i t h i n  extreme 
ang les  wi th  wide ranges  of a i r c r a f t  a t t i t u d e s .  This  dev ice  
was demonstrated a t  t h e  Aeronau t i ca l  Cen te r ,  FAA, i n  
Oklahoma C i t y  i n  May, 1 9 6 2 ,  and was subsequent ly  t e s t e d  
i n ,  evncuatiorz t e s t s  oii a  YCu-:l3l. a i r c r a f t .  Development, 
t e s t s ,  and a n a l y s i s  were under t h e  d i r e c t i o n  of J.D. Gtlinc:r, 
C h i e f ,  Emergency Escape Sect ion ,  P r o t e c t i o n  and S u r v i v a l  
Labora to r i e s  (Gainer and c>l.eth.raw, 1 9 6 2 ) .  Two group t e s t  
evacuat ions  were conducted wi th  mixed passengers  between 
2 4  ;ant3 58 y e a r s  of  age, a s  w e l l  a s  a group of c h i l d r e n  
4 t o  11 y e a r s  of aqe ,  and i n d i v i d u a l  t e s t s  were made of two 
d i f f e r e n t  ltenqths of s u p p s r t  a.rms. 

I n  t h i s  system, t h e  t e l e s c a p e  i s  s t o r e d  i n  a mountin(? 
nea r  t h e  t o p  s f  t h e  emergency e x i t .  To use f o r  an evacua- 
t i o n  it i s  swung o u t  i n t o  p o s i t i o n  (F igure  38)  and exten-  
ded t o  a  ground p o i n t .  (F igure  3'9) . 

A s h o r t  suppor t  arm (9 3 / 4 " )  and a  longer  arm ( 2 8  
13/16'" were t e s t e d ,  w i t h  18" f e l t  t o  be optimum. The 
mounting swings through 134' from t h e  s t o r e d  p o s i t i o n  
a g a i n s t  t h e  e x i t  bu lk l~ead  t o  t h e  o u t  and locked p o s i t i o n .  
Extension i s  accomplished by a C02  b o t t l e  p rov id ing  a  
p r e s s u r e  range of 30 t o  33 p s i  a t  t h e  Telescape  p r e s s u r e  
i n l e t .  Once t h e  i n t e r n a l l y  extended t u b e ,  comprised of 
f o u r  s e c t i o n s ,  touches  t h e  ground a  p r e s s u r e  of 2 0  p s i  
was found s u f f i c i e n t  t o  r e t a i n  p r e s s u r e  w i t h i n  t h e  t u b e  
and hold  it i n  p l a c e .  

Tes t  passengers  were found t o  use v a r i o u s  t echn iques  f o r  
s l i d i n g  down t h i s  p o l e ,  and t e s t  evacua t ions  were conducted 
a t  an average r a t e  of 3.61 seconds p e r  passenger  on t h e  f i r s t  
t e s t  and 3.31 seconds p e r  passenger  on t h e  second t e s t .  A 
p o l i s h e d  chrom f i n i s h  proved s a t i s f a c t o r y  f o r  s u r f a c e  f r i c t i o n ,  
a l though less f r i c t i o n  t o  p reven t  burns  was recommended. Rate 
of descen t  was n o t  i n j u r i o u s  under t h e  c o n d i t i o n  t e s t e d .  

This  concept  has n o t  had f u r t h e r  t e s t s  conducted under 
no l i g h t ,  smoke, o r  o t h e r  adverse  c o n d i t i o n s .  For m i l i t a r y  
adap t ion  it would only  be u s e f u l  a t  door e x i t s  and could  
n o t  be used i n  over-wing escape .  Where a i r  evacua t ion  
l i t t e r  p a t i e n t s  a r e  c a r r i e d  it would probably n o t  be u s e f u l .  
I n s u f f i c i e n t  in fo rmat ion  i s  a v a i l a b l e  t o  compare t h e  Telescape  
system w i t h  a  rope  e g r e s s ;  it i s ,  however, a  f e a s i b l e  escape  
dev ice  f o r  m i l i t a r y  a d a p t a t i o n .  

1 Garner ,  J . D .  and J . G .  Blethrow, 1962, "Evaluat ion  T e s t  
on t h e  Telescape  System f o r  Emergency Evacuation from 
A i r c r a f t ' "  Federa l  Avia t ion  Agency, C i v i l  Aeromedical 
Research I n s t i t u t e ,  Oklahoma C i t y ,  Oklahoma. Report no. 1, 
(unpubl ished)  October.  



Figure 38.  TeZescape Swung inta Position f o r  Use at 
Exit Door, 



Figure 39. Evacuation Using Fully Extended 
Telescape Device (after Garner 
and Blethrow, 1962) . 



EXIT-AREA ABLATIVE COATING 

Severe hea t ing  from e x t e r i o r  f i r e s  can d i s t o r t  an e x i t  
s t r u c t u r e  and prevent  opening a t  a  l a t e r  t ime,  even i f  
firemen have c l ea red  a f lame-free path t a  i t .  New, 
l igh tweigh t  a b l a t i v e  coa t ing  ma te r i a l s  appi ied t o  a r ea s  
around and over t he  e x i t s  could form an i n s u l a t i v e  l aye r  
which a l s o  r e s i s t s  flame by char r ing  and of f -gass ing ,  
ca r ry ing  hea t  away from s t r u c t u r e .  The Apollo hea t  s h i e l d  
i s  a  composite ma te r i a l  based on epoxy r e s i n .  Although 
r e l a t i v e l y  s o f t ,  such ma te r i a l s  could be covered by a  t h i n ,  
g l a s s  - f i b e r  laminate  f o r  wear r e s i s t a n c e .  The b a s i c  abla-  
t i v e  ma te r i a l  i s  s t a b i l i z e d  by a g l a s s  f i b e r  laminate 
honeycomb bonded t o  t h e  sk in  su r f ace .  Far a  reasonable  
evacuation per iod (2 t o  5 minutes ) ,  a l a y e r  only 1 / 4 -  t o  
3/8-inch th i ck  could provide p ro t ec t i on  aga ins t  f i r e s  of JP-4 
o r  o the r  f u e l s  which b u r n  coo le r  than spacec ra f t  r een t ry  
temperatures of 4 , 0 0 0 "  t o  5,000' F.  A t y p i c a l  e x i t  a rea  
coa t inq  i s  i l l u s t r a t e d  i n  F i g u r e  4 0 .  

This concept would pr imar i ly  p r o t e c t  a g a i n s t  flame 
and hea t  darnase bu t  i s  included i n  t h i s  s ec t i on  s ince  it 
could improve e x i t - a r e a  i n t e g r i t y  and i d e n t f i c a t i o n  and 
thus  might improve eg re s s  success .  Emergency eg re s s  de- 
v i ce s  such  a s  escape s l i d e s ,  t ubes ,  o r  r a f t - s l i d e  combina- 
t i o n s  could have a f l e x i b l e  a b l a t i v e  coa t ing  t o  p r o t e c t  
then f o r  a  s h o r t  time dura t ion  aga ins t  flame damage, 

For e x t e r i o r  usage i n  e x i t  a r ea s  t h e r e  may be a  drag 
pena l ty  whrch would overweigh i t s  p r a c t i c a l  employment, 
Ilaintenance and r e p a i r  r equ i r e s  s p e c i a l  equiument and 
s u p p l i e s ,  and o t h e r  problems include t he  increase  of weight of 
doors and hatches with an a b l a t i v e  coa t ing ,  making them more 
d i f f ~ c u l t  t o  h a n d l e .  Csmbustlan products c ~ u l d  a l s o  be 
highly  t o x i c  and even i f  used only e x t e r n a l l y  t h e  fumes 
could be blown i n s i d e .  Advantages, however, a r e  t h a t  
i t  pravides a  lonqer time before s t r u c t u r e s  it i s  a p ~ l i e d  
t o  nea t  u p ,  thereby o f f e r i n g  a p o t e n t i a l  l ~ n g e r  usage 
of emergency e x i t s  under hea t  and flame cond i t i ons ,  
presumably I t  could  a l s o  reduce t h i s  incidence of jamming. 

HIGH-ENERGY CI-IEMICAL, EYEIIGEBJCY EGRESS SYSTEMS 

A major problem in emergeqcy egress  bas been empha-sized 
by a numnber of s t u E l e s  of b o t h  m i l i t a r y  ant. c i v i l  a i r  t r anspo r t  
accidents r e l a t i n g  t o  the inadequacy or u n a v a i l a b i l i t y  of 
emergency e x i t s  subsequent t o  a  c rash .  Rn ana lys i s  of commer- 
c i a l  a i r  c a r r i e r  acc iden ts  by t h e  F l i q h t  Safe ty  Foundation 
Eor the per iod 1357-1967 resu l ted  i n  t h e  es t imate  t h a t  
35 t o  50 pe rcen t  of t h c  7 9 4  non-survivors of survivable  
acctdents could have been saved i f  adequate e x i t s  had been 
a v a l l a b j c .  ~n 2 6  of  the 34 surv ivab le  acc iden ts  



Class Fiber - Resin Laminate 
Coating for War Resistance 

Honeycomb Glass Fiber - Resin Laminate 
to Stabilize Ablative Material 

F i g u r e  4 0 .  Emerqency Exit-Area Ablative 
Coatinq ( a f t e r  Roebuck, 1 9 6 8 )  . 



o c c u r r i n g  d u r i n g  t h a t  p e r i o d ,  it. was r e p o r t e d  t h a t  of t h e  
215 e x i t s  a v a i l a b l e  o n l y  53  were used ,  a  usage  of o n l y  24,7  
p e r c e n t .  During emergency e v a c u a t i o n  o f  17 a i r c r a f t ,  
152 e x i t s  were a v a i l a b l e  and o n l y  4 4  ( 2 8 . 9 % )  used  
( C a l d e r a ,  1965,  1 9 6 8 ,  19701, I n  o t h e r  c a s e s  t h e  e x i t s  were 

b l o c k e d ,  o r  p a s s e n g e r s  i n  p a n i c  and smoke c o n d i t i o n s ,  cou ld  
n o t  i d e n t i f y  e x i t s .  Examinat ion a f  m i l i t a r y  a i r  t r a n s p o r t  
a c c i d e n t s  s u p p o r t  t h e  need f o r  l a r g e r ,  more r e a d i l y  a v a i l -  
a b l e  e x i t s  which w i l l  n o t  jam, Th i s  appea r s  t o  b e  of p a r -  
t i c u l a r  need i n  a i r c r a f t  such  a s  t h e  C-135,  where t h e  num- 
b e r  of  p a s s e n g e r s  o f t e n  exceed t h e  c r i t i c a l  e v a c u a t i o n  
f low c a p a b i l i t y  o f  c u r r e n t  e x i t s .  I n  "Le C--135 c r a s h  ( c a s e  No. I )  
d i s c u s s e d  on pHge 8 and i l l u s t r a t e d  i n  F i g u r e  1, page 1 2 ~  
t h e  E L S I E  sys tem cou ld  have ensu red  t h a t  t h e  a v a i l a b l e  
e x i t s  were open f o r  e g r e s s ,  and p robab ly  r e s u l t e d  i n  f a r  
fewer  f a t a l i t i e s .  Optimum l o c a t i o n  o f  ELSIE e x i t s  of @ - 1 4 1  
and C-135 a i r c r a f t  i n v o l v e  s t r u c t u r a l  and system c o n s i d -  
e r a t i o n s  beyond t h e  scope  of  t h i s  r e p o r t ;  however,  it would 
seem d e s i r a b l e  t o  make a v a i l a b l e  s e v e r a l  l a r g e  s i z e  openings  
I n  t h e  f u s e l a g e  t h a n  r e s e n t l y  e x i s t  i n  the c e n t e r  
and a f t  s e c t i o n s .  

,?, s o l u t l o n  t o  t h i s  problem a p p e a r s  t o  be u t i l i z a t i o n  
of  t l lc  ELSIE (Emergency L i f e  Saving  I n s t a n t  E x i t s )  system 
which u s e s  " j e t  c o r d "  f l e x i b l e  l i n e a r  shaped cha rges  t o  
blow emergency e x i t s  a t  p r ede t e rmined  s t r a t e g i c  l o c a t i o n s  
i n  t h e  f u s e l a g e  qkin, o r  where a v a i l a b l e  e x i t s  have become 
jammed. F i g u r e 4 1  illustrates how t h i s  systena might be ap- 
p l i e d  t o  t h e  G - 1 4 1  a i r c r a f t .  ELSIE h a s  been deve loped  
under  c o n t r a c t  t o  t h e  L i f e  Sup?ort  System Program O f f i c e  
ASDIAFSC, Wrigh t -Pa t t e r son  AFE, by Exp los ive  Technology, 
F a i r f i e l d ,  C a l i f o r n i a ,  evol .ving from t h e i r  STEN ( s t o r e d  
e n e r g y )  concep t  developed i n  1967 (Nicholson and Burkdo l I ,  
1971; Rurkdo l l  and Nicholson ,  1971; Bogland, 1967; 
Explosove Technology,  1968; 1.970) , A s i m i l a r  concept  f o r  
p r o v i z i n g  "supp1emental  emergency e x i t  doo r s  (Pigure  4 2 ) - h a s  
been r e p o r t e d  by Space Ordnance Systems,  I n c .  o f  ~l Segundo, 
C a l i f o r n i a ,  who des igned  t h e  crew escape-module sever- 
ence  sys tem f o r  t h e  F-Ell a i r c r a f t  and s t h e r s  (Brown, 
1 9 6 7 ) .  T h i s  sys tem c o n s i s t s  of a v a r i e t y  02 shapes  
and l e n g t h s  of l i n e a r  shaped ~ h a X - g e ~  (LSC) which car] be 
r o u t e d  around any e x i s t i n g  e x i t  ( t o  i n s u r e  t h a t  it i s  
i n s t a n t l y  s e v e r z d ) ,  o r  c r e a t e  a l a r g e r  e x i t  aree f o r  
emergency use a t  any d e 5 i r e d  p o i n t .  The f i v e  h a s i c  com- 
ponen t s  a r e :  a  sa fc /a rm ~ e c h a n i s m ,  s h i e l d e d  mi ld  d e t o n a t i n g  
core i i n e s ,  a  f l e x i b l e  shaped c u t t i n g  c h a r g e ,  and an i n t e r i o r  
i n i t i a t i o n  h a n d l e ,  a n d / s r  e x t e r i o r  i n i t i a t i o n  h a d l e e  
ELSIE sys tem c h a r a c t e r i s t i c s  a r e  r e p o r t e d  t o  be  t h a t  
it opens emergency e x i t s  i n  less t h a n  0.001 second (wi th  
smooth e d g e s ) ,  c anno t  jam, a lways j e t t i s o n s  outward,  
cnnnot  be i n a d v e r t e n t l y  o p e r a t e d  b a t  i s  i n s t a n t l y  o p e r a b l e  
from the i n t e r i o r  o r  e x t e r i o r  f a l l o w i n g  a  c r a s h ,  and 
re<:ulres  no s p e c i a l  s t r u c t u r e s ,  To i n i t i a t e ,  t h e  safe-arm 
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e l e c t r o m e c h a n i c a l  d e v i s e  i s  e l e c t r i c a l l y  azmed from t h e  
f l i g h t  deck ,  t h e n  manuill.ly i n i t i a t e d .  a t  a  ELSIE system 
s t a t i o n  by p u l l i n g  e i t h e r  t h e  i n t e r i o r  o r  e x t e r i o r  hand le .  
D e t a i l e d  t e c h n i c a l  e v o l u t i o n  and s p e c i f i c a t i o n s  a r e  r e p o r t -  
e d  i n  Nichol.son and BurkdoXl (1..971.), and i n  Burkdoll, e t  a l .  
( l 9 7 1 j .  Subsequent  t.o e x t e n s i v e  grsund  t e s t s ,  t h i s  i s  
p r e s e n t l y  b e i n g  t e s t e d  o p e r a t i o n a l l y  i n  a  13024 gunsh ip  
(Burkdo l l ,  1 9 7 1 ) ,  and wi l l .  be  e x t e n s i v e l y  El . igh t  t e s t e d  i n  
an ope : ra t i .ona l  C131B a i . r c r a f t .  However, a  number of ob jet- 
t i o n s  to potential use of  any "exp los ive"  sys tem h a s  been 
s c r o n g l y  .voiced by some r e p r e s e n t a t i v e s  of  c i v i l  a i r  
cara:i.er& ( P o l l a r d ,  19711  . 

rAn e v a l u a t i o n  of the l i q u i d  e x p l o s i v e  emergency e x i t  
concep.t: f u r  a p p l i . c a t i o n  t o  c i v i l  t r a n s p o r t  a i r c r a f t  h a s  
been conducted by the N a t i o n a l  Av ia t ion  F a c i l i t i e s  Ex- 
peri.menta1 Center r ,  A t l a n t i c  C i t y ,  New J e r s e y  ( Jag lowsk i ,  
1 9 7 0 ;  39711, i n d i c a t i n g  t h a t  l i q u i d  ctrmponents of  n i t r o -  
methane and a s e n s i t i z e r  can e f f e c t i v e l y  c r e a t e  an emer- 
gen.cy e x i t  i n  a  t yp i - ca l  j e t  t r a n s p o r t  f u s e l a g e .  However, 
it was found t h a t  n i t rome thane  w i l l  f r e e z e  a t  - 3 Q o F  and 
p r e v e n t  subsequent  d e t o n a t i o n  of  "the l i q u i d - £  i l l e d  l i n e a r  - 
shaped e x p l o s i v e  cha rge .  Another 1iinikat . ion of t h i s  
sys tem i s  " t h e  l i q u i d - f i l l e d  l i n e a r  shaped cha rge  w i l l  
o p e r a t e  s a t i s f a c t o r i l y  f o l l o w i n g  s i m u l a t e d  c r a s h  impact  
c o n d i t i o n s  where no s e v e r e  f u s e l a g e  s t r u c t u r a l  damage o r  
de fo rma t ion  of t h e  l i n e a r  t u b i n g  o c c u r s "  ( J ag lowsk i ,  
1971 ,  p. 36). 

Thus t h e  s o l i d  e x p l o s i v e  cha rge  of t h e  ELSIE sys tem,  
which can o p e r a t e  a t  t e m p e r a t u r e s  below -6S°F, and i s  n o t  
a f f e c t e d  by f u s e l a g e  de fo rma t ion ,  appea r s  t o  b e  c o n s i d e r -  
a b l y  more r e l i a b l e  t h a n  t h e  l i q u i d - c h a r g e  approach under  
e v a l u a t i o n  by t h e  FAA.. An i m p o r t a n t  u se  of t h e  ELSIE 
system would he t o  i .ncorpora te  emergency equipment i n  t h e  
system s o  t h a t  a c t i v a t i o n  would a l s o  a u t o m a t i c a l l y  dep loy  
s l i d e s ,  l i f e  r a f t s ,  o r  s l i d e - r a f t  combinat ion o r  ot .her  
d e v i c e s .  Th i s  n o t  o n l y  would make a v a i l a b l e  i n s t a n t a n e o u s  
(and l a rge r ) emergency  e x i t s ,  b u t  a l s o  save  c o n s i d e r a b l e  
time p r e s e n t l y  r e q u i r e d  i n  e f f e c t i v e  deployment o f  t h e s e  
d e v i c e s .  

EMERGENCY IN-FLIGHT EGRESS 

L i t t l e  a t t e n t i o n  h a s  been g iven  t o  t h e  problem of  
emergency i n - f l i g h t  e v a c u a t i o n  from a i r  t r a n s p o r t  a i r c r a f t  
o t h e r  t h a n  s t a n d a r d  b a i l - o u t  t e c h n i q u e s .  The C-135, f o r  
example,  h a s  an e n t r y  c h u t e  s p o i l e r  a t  t h e  pr imary  i n -  
f l i g h t  f l i g h t  deck e x i t ,  t o  p r o t e c t  t h e  crewmen i n  h a i l o u t  
from w i n d b l a s t  which could  cause  them t o  s t r i k e  t h e  a i r c r a f t  
s t r u c t u r e .  When a l l  pa s senqe r s  and crew a r e  equipped w i t h  
p a r a c h u t e s ,  b a i l o u t  can  be  accomplished s u c c e s s f u l l y  provided  
a i r s p e e d s  a r e  n o t  t o o  h i g h  and t h e r e  i s  s u f f i c i e n t  a l t i t u d e  
and t i m e .  However, a t  high-speed h i g h - a l t i t u d e  c o n d i t i o n s  



even a  wel l -equipped f l i g h t - c r e w  may have d i f f i c u l t y .  Un- 
i n i t i a t e d  p a s s e n g e r s ,  female  and c h i l d  o r  i n f a n t  p a s s e n g e r s ,  
and l i t t e r - c a s e s  cannot  be  expec ted  t o  b a i l o u t  s u c c e s s f u l l y ,  
p a r t i c u l a r l y  under  a d v e r s e  c o n d i t i o n s .  

Yet c l o s e  examina t ion  of c u r r e n t  a c c i d e n t  expe r i ence  
shows t h a t  i n - f l i g h t  s t r u c t u r a l  f a i l u r e  a s  a r e s u l t  of 
extreme t u r b u l e n c e ,  mid-a i r  c o l l i s i o n ,  o r  o t h e r  emergency 
such a s  f i r e ,  decompression,  o r  exp los ion  i s  n o t  r a r e ,  
For example,  d u r i n g  1967 ( f o r  which complete  NTSB r e p o r t s  
a r e  a v a i l a b l e )  30 t o  7 0  c i v i l  a i r - t r a n s p o r t  a c c i d e n t s  i n -  
volved i n j u r i e s  t o  crew o r  pas senge r s  o r  damage t o  a i r -  
c r a f t  d u r i n g  f l i g h t .  Of t h e s e ,  s i x  a i r c r a f t  were d e s t r o y e d  
w i t h  f a t a l i t i e s  t o  186 i n d i v i d u a l s .  These invo lved  such 
causes  a s  i n - f l i g h t  i c i n g  and l o s s  o f  c o n t r o l ,  mid-a i r  
c o l l i s i o n s ,  f i r e  and e x p l o s i o n  i n  f l i g h t ,  and e x p l o s i v e  
decompression w i t h  s u b s t a n t i a l  s t r u c t u r a l  damage. I n  c a s e s  
where c a t a s t r o p h i c  i n - f l i g h t  s t r u c t u r a l  f a i l u r e  o c c u r s  
t h e r e  p r e s e n t l y  i s  no way of s a v i n g  t h e  occupan t s .  

S e v e r a l  concep t s ,  ba sed  upon c u r r e n t  s t a t e - o f - t h e - a r t  
t e chno logy ,  have been advanced t o  p rov ide  emergency e g r e s s  
i n - f l i g h t ,  Snyder and S tapp  ( 1 9 6 9 )  o u t l i n e d  p h y s i o l o g i c a l  
t o l e r a n c e  f a c t o r s  n e c e s s a r y  f o r  s u r v i v a l ,  and e v a l u a t e d  
c u r r e n t  i n - f l i g h t  e g r e s s  t e c h n i q u e s ,  i n c l u d i n g  e j e c t i o n ,  
e n c a p s u l a t e d  s e a t s ,  and s e p a r a b l e  compartment sys tems .  

Use of  e j e c t i o n  s e a t s  i n  a i r  t r a n s p o r t s  does  n o t  appear  
f e a s i b l e ,  s i n c e  pas senge r s  would n o t  normally  be  equipped t o  
f a c e  t empera tu re s  t o  -67'F, t h e  up t o  2 0  G d e c e l e r a t i o n  wind- 
b l a s t ,  and oxygen d e f i c i e n c y  i n  a  3 0 , 0 0 0  f o o t  i n i t i a l  e j e c t i o n  
environment ,  The s t r u c t u r a l  m o d i f i c a t i o n  neces sa ry  t o  e j e c t  
150 a r  s o  s e p a r a t e  pas senge r s  would p r e s e n t  unreasonable  
s t r u c t u r a L  we igh t  and c o s t  p e n a l t i e s ,  and t h i s  t echn ique  was 
n o t  f e l t  f e a s i b l e .  

To a v o i d  t h e  problems of  m u l t i p l e  f u s e l a g e  e x i t s ,  one 
t echn ique  would be t o  mount s p e c i a l l y  modi f ied  s e a t s  on r a i l s  
i n  t h e  f l o o r  which would be  o r i e n t e d  from f r o n t  t o  r e a r  o f  
t h e  c a b i n .  I n  c a s e  o f  i n - f l i g 5 t  e v a c u a t i o n  emergency, t h e  
s e a t s  could  be  s e q u e n t i a l l y  fmkred toward the t a i l ,  which 
would be s e p a r a t e d  t o  a21-0~ s u f f i c i c n h e x i t  s p a c e ,  much a s  
cargo  i s  sometimes d r o p ~ e d  f r o 3  t r a ~ s p o r t s  in combat. The 
s e a t e d  occupant  cou ld  then  be a u t o m a t i c a l l y  lowered t o  t h e  
ground by p a r a c h u t e .  Th i s  me+Aod a l s o  p r e s e n t s  t iming  
problems i n  e v a c u a t i o n ,  i n  b a l a n c i n g  t h e  n e c e s s i t y  t o  evac- 
u a t e  a larcje nurnber of pe r sons  r a p i d l y  w i t h  t h e i r  a b i l i t y  
t o  t o l e r a t e  the e v a c u a t i o n ,  and might  n o t  b e  f e a s i b l e  i n  
a i r c r a f t  hav ing  eng ines  l o c a t e d  a t  t h e  t a i l .  An a l t e r n a t i v e  
concept  was recommended t o  T a c t i c a l  A i r  Command i n  1963 by 
S tapp  f o r  deployment o f  a i r b o r n e  t r o o p s  i n  low- leve l  oper-  
a t i o n s  (below 2 0 0  f e e t  m s l )  , u s i n g  s t a t i c  l i n e s  on an ac- 
cordian p l e a t e d ,  r i p - s t i t c h e d  overhead webbing on gu ides .  



Thc webbing would be towed o u t  by a l d r g c  drogue chu te  
cotcxpul tcd  a t  45 '  upw;l:rd f ran1 t h e  open Inet1r of: thct f u s c ~ l , ~ c l o ,  
r i p p i n y  t h e  s t i c h c s  a s  i t  evacuatccl t l r t?  iztLac11c.d cnrc1o i ~ r ~ t l  

p a r a t r o o p e r s  20 f e e t  a p a r t .  The i r  e h u t c s  would bc deplo}.od 
by a  hook a s  they emeryed through t h e  r e a r  opening.  For 
e a s e  i n  assembly a t  n i g h t ,  they would remain a t t a c h e d  t o  
t h e  webbing. 

Modi f i ca t ion  of t h e  c u r r e n t  o p e r a t i o n a l  t echn ique  of 
a e r i a l  d e l i v e r y  of  cargo has  been proposed by Kendall  (1970) 
u t i l i z i n g  t h e  paracone t echn ique ,  I n  t h i s  system t h e  a i r -  
c r a f t  would be c o n s t r u c t e d  a s  a  s h e l l  w i t h  each f l o o r  made 
w i t h  r o l l e r s  and hardware r e q u i r e d  i n  p r e s e n t  USAF a i r b o r n e  
cargo drops .  A 1 1  passenger  s e a t s  would be  mounted on p a l -  
l e t s  up t o  24 f e e t  long ( 9 '  x 2 4 '  x  436 p a l l e t )  ho ld ing  2 4  
passengers .  The paracone dev ice  and i t s  i n f l a t i o n  system 
would be packaged under t h e  f l o o r .  Deployment would be 
i d e n t i c a l  t o  t h e  c u r r e n t  m i l i t a r y  a i r b o r n e  drop e x c e p t  
t h a t  r a t h e r  than  open doors ,  t h e  t a i l  s e c t i o n  would be 
blown o f f .  P a l l e t s  would be p r o p e l l e d  o u t  t h e  r e a r  on 
r o l l e r s ,  t h e  f i r s t  p a l l e t  deploying an e x t r a c t i o n  c h u t e  t o  
provide  f o r  deployment of t h e  succeeding p a l l e t .  This  con- 
c e p t  would have t h e  e x t r a c t i n g  chute  s t a b i l i z e  t h e  p a l l e t  
i n  approximately 4-5 seconds ,  whihe . a t h e  paracone deployed 
a s  i s  shown in F i g s .  4 3  and 4 4 .  The paracone escape  and 
recovery  system would be s e l f - s u f f i c i e n t ,  having r a f t s  and 
s u r v i v a l  equipment s e l f - c o n t a i n e d .  Kendall  has  proposed 
t h e  use  of i n f l a t a b l e  a i r  bags f o r  t h e  p a l l e t  passengers  
t o  p r o t e c t  them from i n i t i a l  a i r b l a s t  d u r i n g  deployment. 

The paracone c o n s i s t s  of a  cone-shaped expandable and 
pneumat ica l ly  i n f l a t a b l e  s t r u c t u r e  that u t i l i z e s  t h e  ad- 
vantages o f  t h e  pa rachu te .  I t  i s  c o n s t r u c t e d  of  expandable 
m a t e r i a l  which i s  l i g h t w e i g h t  and can be packaged r e a d i l y  
and i s  r e p o r t e d l y  more e f f e c t i v e  than  t h e  pa rachu te  a s  an 
aerodynamic d e c e l e r a t o r .  I t  i s  cone-shaped w i t h  an open end,  
and t h e  payload,  r a t h e r  than  being suspended a s  w i t h  a  
pa rachu te ,  i s  l o c a t e d  i n s i d e  t h e  open end of t h e  cone wi th  
t h e  i n f l a t e d  s t r u c t u r e  surrounding and s u p p o r t i n g  i t .  Be- 
tween t h e  impact  a t t e n u a t i o n  f l o o r  and t h e  payload i s  an 
i n f l a t i o n  gas d i s t r i b u t i o n  plenum chamber which doubles 
a s  t h e  f l o t a t i o n  chamber i n  case  of w a t e r  l and ing .  The 
paracone has  been e x t e n s i v e l y  t e s t e d  w i t h  systems a n a l y s i s  
and subson ic  development by McDonnell Douglas. Drag co- 
e f f i c i e n t s  of from 0.6 t o  1 . 2  were r e p o r t e d ,  and impact  
v e l o c i t i e s  of  28 t o  50 f p s  (27 t o  30 G )  f o r  a  t ime d u r a t i o n  
of 0 . 1  second measured (Kendal l ,  1 9 7 0 ) .  His a n a l y s i s  i n -  
d i c a t e d  t h a t  t h e  paracone can be s u c c e s s f u l l y  dropped a t  
very low a l t i t u t e  (200 t o  350 f e e t )  and h igh  v e l o c i t y  
(300 t o  6 0 0  mph). Appl ica t ion  s t u d i e s  have been conducted 
f o r  space  b o o s t e r  r ecovery ,  emergency a s t r o n a u t  escape  and 
recovery from o r b i t ,  v e h i c l e  recovery  from o r b i t  a t  veloc-  
i t i e s  over  35,000 f p s ,  v e h i c l e  l and ings  on p l a n e t s ,  zero  
v e l o c i t y  - zero  a l t i t u d e ,  s u p e r s o n i c  and hyperson ic  e j e c t i o n ,  
a i r b o r n e  cargo d rops ,  p a r a t r o o p ,  and emergency b a i l o u t .  
This  concept  has  been cons ide red  f o r  a p p l i c a t i o n  t o  t h e  
McDonnell-Douglas DC-10 t r a n s p o r t  a i r c r a f t .  
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To p rov ide  f a s t  i n - f l i g h t  e g r e s s  f o r  passengers  o r  crew 
w i t h o u t  t h e  n e c e s s i t y  of  donning f l i g h t  c l o t h e s  o r  p a r a c h u t e s ,  
and when " t h e  presence  o f  f i r e ,  smoke, poor v i s i b i l i t y ,  
a i r c r a f t  manuvers, decompression, i n j u r i e s ,  hypoxia ,  pan.ic, 
o r  confus ion impares t h e  a b i l i t y "  o f  t h e  occupants  t o  p u t  
on t h e i r  equipment,  t h e  r a p i d j e t  concept  was proposed 
(McIntyre,  19691, The r a p i d j e t  i n s t a l l a t i o n  would c o n s i s t  
of  an escape  s l i d e  w i t h  power o p e r a t e d  i n n e r  and o u t e r  
doors ,  a  s e r i e s  of i n d i v i d u a l  crew escape  modules,  and t h e  
power d r i v e  u n i t  r e q u i r e d  f o r  module advance and r e l e a s e .  
The escape  module f o r  each passenger  c o n s i s t s  of  an encap- 
s u l a t i o n  bag o r  "cocoon" and a pa rachu te  pack. The open 
end of  t h e  cacoon i s  s t r e t c h e d  a c r o s s  t h e  escape  s l i d e  
e n t r a n c e  s o  t h a t  t h e  crewman e n t e r s  t h e  cocoon a s  he jumps 
i n t o  t h e  s l i d e .  Upon reach ing  t h e  bottom of  t h e  cocoon, a  
sequenced r e l e a s e  mechanism i s  t r i g g e r e d .  This  c l o s e s  t h e  
open end and t h e  cocoon and pa rachu te  pack a r e  then  r e l e a s e d  
from t h e  a i r c r a f t .  The r e l e a s e  of  t h e  escape  module from 
t h e  a i r c r a f t  t r i g g e r s  an oxygen supply  t o  a  mask w i t h i n  t h e  
cocoon, and t h i s  a c t i v a t e s  an au tomat ic  pa rachu te  recovery  
system. A s  soon a s  one module i s  r e l e a s e d ,  t h e  remaining 
modules a r e  power indexed toward t h e  s l i d e  and ano the r  
cocoon i s  p o s i t i o n e d  i n  t h e  s l i d e  ready t o  r e c e i v e  t h e  n e x t  
passenger .  This  sequence i s  e s t i m a t e d  t o  r e q u i r e  6 seconds.  

A s  t h e  escape  module i s  r e l e a s e d ,  a  4- foot  d iamete r  
Hemisflo drogue chu te  i s  deployed t o  p rov ide  immediate 
s t a b i l i t y  , d e c e l e r a t i o n  and c o n t r o l l e d  d e s c e n t  from h igh  
a l t i t u d e .  When d e s c e n t  i s  made t o  1 5 , 0 0 0  f e e t  a l t i t u d e ,  an 
a n e r o i d - c o n t r o l l e d  a c t u a t o r  opens t h e  main pa rachu te  pack,  
and t h e  2 9 . 7  f o o t  d iamete r  " s k y s a i l "  pa rachu te  i s  deployed 
by t h e  drogue,  u t i l i z i n g  t h e  s l e e v e  p r i n c i p l e  ( f o u r  p e r c e n t  
r e e f i n g  i s  used f o r  one second t o  main ta in  opening 
shocks under 1 0  G ' s ) .  I n  e g r e s s  below 1 5 , 0 0 0  f e e t  a 3-second 
t i m e  de lay  i s  employed. The e g r e s s  sequence and cacoon 
containment  system i s  i l l u s t r a t e d  i n  F igure  45,  This  concept  
i s  p a s s i v e  i n  t h e  sense  t h z t  t h e  on ly  a c t i o n  necessa ry  from 
t h e  occupant ,  once he has  jumped i n t o  t h e  escape  s l i d e ,  i s  
t o  use  a  c o n t r o l  handle  t o  r e l e a s e  t h e  pa rachu te  a f t e r  t h e  
cocoon has landed,  T h i s  s y s t e ~ .  would n o t  appear  t o  be usab le  
i n  a  c a s e  where t h e  a i r c r a f t  was v i o l e n t l y  3.rown abou t ,  o r  
ended up i n  an unusual  a t t f  tude, which would p r e v e n t  passengers  
from r e a c h i n g  t h e  escape  slides. There might a l s o  be a  
r e l u c t a n c e  f o r  u n i n i t i a t e d  i n d i v i d u a l s  t o  'I t r u s  t" jumping 
i n t o  any opening n o t  knowing whether  t h e r e  would i n  f a c t  be  
a  chu te  t o  c a t c h  them o r  n o t .  Also ,  a t  t h e  g iven r a t e  of 
1 0  i n d i v i d u a l  " b a i l o u t s "  p e r  minute p e r  s l i d e ,  it would t a k e  
c o n s i d e r a b l e  t o t a l  t ime t o  evacua te  a loaded a i r c r a f t ,  under 
con2.itions in which l i t t l e  time would presumably be a v a i l a b l e .  



Figure 4 5 .  Rapidjet Emergency In-Fliqht Eqress System, 
Deployment and Passenger Cocoon Container 
(after McIntyre, 1969). 



PARACHUTE LOWERING OF FUSELAGE 

Ordnance t e c h n i q u e s  have deve loped  t o  t h e  p o i n t  where i t  
i s  p o s s i b l e  f o r  t h e  p i l o t  t o  i n c r e a s e  s u r v i v a b i l i t y  by 
j e t t i s o n i n g  under  e x a c t  c o n t r o l  v a r i o u s  p a r t s  o f  t h e  a i r c r a f t ,  
such a s  an e n g i n e ,  t h e  complete  baggage compartment o r  l a r g e  
s e c t l o n s  of  t h e  f u s e l a g e  f o r  f a s t  pas senge r  e g r e s s  under  
ve ry  ex t reme c o n d i t i o n s  (S iper ,  1967) .  I n  a d a p t i n g  t h i s  
t echn ique  t o  i n - f l i g h t  e v a c u a t i o n  t h e  module c o u l d  c o n s i s t  
of  a  s e c t i o n  of  s e a t s  which would be  s e p a r a t e l y  encapsu-  
lated and e j e c t e d  as a  u n i t ,  o r  j e t t i s o n e d  from t h e  f u s e l a g e  
i n  s e p a r a t e  compartments.  F ig .46  shows such  a  concep t  
a s  advanced by Snyder and S tapp  (1969) f o r  i n - f l i g h t  
emergency e g r e s s .  However, such a  t e c h n i q u e  would have 
t o  be  des igned  i n t o  t h e  a i r c r a f t  s t r u c t u r e  o f  f u t u r e  a i r -  
c r a f t ,  and r e t r o j e t  cou ld  p robab ly  n o t  b e  r ea sonab ly  
accomplished.  A s i m i l a r  t e c h n i q u e  h a s  been p r e v i o u s l y  
a p p l i e d  i n  s o l v i n g  t h e  problem o f  s a v i n g  h e l i c o p t e r  crews 
and pas senge r s  from o t h e r w i s e  f a t a l  mid -a i r  emergenc ies  
( ~ r n o l d  and P o l l a r d ,  1968; Teledyne, ~ c c o r m i c k ,  ~ e l p h ,  n . d . ) .  
I n  t h e  h e l i c o p t e r  sys tem t h i s  c o n s i s t s  of u s i n g  s m a l l  ex- 
p l o s i v e  c u t t i n g  cha rges  which s e v e r  t h e  t a i l  boom assembly 
and r o t o r  blades .  Wi th in  0 - 1  second o f  t h e  s e v e r e n c e  of  
t h e s e  s t r u c t u r a l  components, a  "drogue gun" f i r e s  a nylon  
l i n e  a t t a c h e d  t o  a  p a r a c h u t e  deployment package d i r e c t l y  
ove rhead ,  dep loy ing  t h e  main d e s c e n t  r ecove ry  p a r a c h u t e  
which t h e n  lowers  t h e  f u s e l a g e  module. The p a r a c h u t e  i s  
r e p o r t e d l y  deployed i n  less t h a n  0 . 5  seconds  from t h e  
a c t i v a t i n g  s i g n a l ,  and i s  des igned  t o  lower  t h e  h e l i -  
c o p t e r  a t  a r a t e  o f  abou t  33 f e e t  p e r  second o r  l e s s .  
The components have been t e s t e d  a t  t h e  U,S.  ~ a v y ' s  Weapon 
L a b o r a t o r y ,  Dahlgren,  V i r g i n i a ,  and t e s t e d  a t  E l  Cen t ro  
Naval A i r  F a c i l i t y ,  and may be  c o n s i d e r e d  w i t h i n  t h e  s t a t e  
o f  t h e  a r t .  

Pe rhaps ,  t h e  most  p romis ing  concep t  f o r  mid -a i r  emer- 
gency e v a c u a t i o n  zppea r s  t o  be  a  combinat ion of  s e v e r a l  o f  
t h e  above t e c h n i q u e s  d i s c u s s e d :  (1) u s i n g  e x p l o s i v e  c u t -  
t i n g  cha rges  t o  s e v e r  wings ,  f u s e l a g e  e n g i n e s ,  o r  t a i l ;  
( 2 )  dep loying  d r a g  c h u t e s  t o  s low and s t a b i l i z e  t h e  c h u t e s  
t o  f l o a t  t h e  f u s e l a g e  s e c t i o n  t o  t h e  ground g e n t l y  and 
w i t h i n  s a f e  l i m i t s  ( F i g .  3 7 ) .  The advantages  o f  t h i s  sys -  
tem a r e  t h a t  t h e  p a s s e c g e r  remains i n  h i s  s e a t - c a b i n  
environment  t o  a v o i d  the ext reme env i ronmen ta l  c o n d i t i o n s  
he might  be s u b j e c t e d  to i n  an open- sea t  e j e c t i o n .  Even 
t h e  l a r g e s t  a i r  taranzport  cou ld  be  lowered w i t h  a  minimal 
ground impact  v e l o c i t y .  A s  o u t l i n e d  above,  t h i s  same con- 
c e p t  h a s  a l r e a d y  been e x p e r i m e n t a l l y  t e s t e d  i n  r o t o c r a f t  
u s i n g  c u r r e n t  s t a t e - o f - t h e - a r t  components. The t echn ique  
o f  r i d d i n g  t h e  d i s a b l e d  h e l i c o p t e r  of  encumbering and un- 
st-able s t r u c t u r e s  and lower ing  t h e  remain ing  modular pack- 
age t o  t h e  ground s a f e l y  w i t h  p a r a c h u t e s ,  c o u l d  well  be  
adapted  t o  a i r  t r a . n s p o r t  a i r c r a f t .  Even i n  i n s t a n c e s  







where mid-air  c o l l i s i o n ,  i n - f l i g h t  e x p l o s i i o n ,  o r  s t r u c t u r a l  
f a i l u r e  r e s u l t  i n  r u p t u r e  of  t h e  cab in  a r e a ,  t r a n s p o r t  
occupants  could  be s a f e l y  lowered t o  t h e  ground by para-  
chu tes  deployed from t h e  f u s e l a g e  s i n c e  emergency oxygen 
systems would s t i l l  be  a v a i l a b l e  t o  occupants ,  co ld  could  
be k e p t  t o l e r a b l e  dur ing  b r i e f  exposure o r  d e s c e n t ,  and 
impact  f o r c e s  cou ld  be k e p t  minimal. 

The a r e a  of emergency i n - f l i g h t  e g r e s s  f o r  occupants  
of  a i r  t r a n s p o r t  a i r c r a f t  has  been l a r g e l y  i g n o r e d ,  whi le  
r e s e a r c h  r e l a t i n g  t o  advanced i n - f l i g h t  e g r e s s  f o r  a i r  
crews and space  c r a f t  have made c o n s i d e r a b l e  p r o g r e s s ,  
To r e a l i s t i c a l l y  determine p o t e n t i a l  need f o r  a p p l i c a t i o n  
of such concepts  i n  m i l i t a r y  a i r  t r a n s p o r t  a i r c r a f t  
f u r t h e r  s t u d y  of a c c i d e n t s  a r e  needed t o  p rov ide  a  b a s i s  
f o r  de termining t h e  cases  where such a system might have 
been e f f e c t i v e  i n  s a l v a g i n g  occupants  from an o the rwise  
f a t a l  c r a s h .  From t h i s  b r i e f  survey of  t h e  s t a t e  of t h e  
a r t  i t  appears  t h a t  some i n f l i g h t  e y r e s s  concepts  a r e  
c e r t a i n l y  w i t h i n  t h e  c u r r e n t  s t a t e  of t h e  a r t .  



SECTION IX 

SYSTEMS ANALYSIS OF CRASH IMPACT AND ESCAPE 

The o b j e c t i v e  of t h i s  s e c t i o n  of t h e  r e p o r t  i s  t o  p r e s e n t  
a  systems s tudy  of t h e  va r ious  concepts  and hardware r e l a t i n g  
t o  c r a s h  impact p r o t e c t i o n  and escape from t h e  viewpoint  of 
s a f e t y ,  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  human f a c t o r s ,  and tech-  
n o l o g i c a l  c o n s i d e r a t i o n s .  An even t -o r i en ted  flow diagram of 
c rash  impact and escape  from an a i r c r a f t  i s  p resen ted  t o  a i d  
i n  a s s e s s i n g  t h e  f e a s i b i l i t y  of t h e  va r ious  concepts  and 
hardware under e v a l u a t i o n  (F igure  3 8 ) .  

EVENT-ORIENTED SYSTEMS STUDY 

F iqure  38 provides  a  framework t o  determine t h e  
f u n c t i o n  l e v e l  of each of t h e  concepts  inc luded i n  t h i s  
s tudy .  The v a r i o u s  even t s  of a  c r a s h  a r e  inc luded from 
system i n s t a l l a t i o n  t o  e g r e s s  a f t e r  a  c r a s h .  Each i t em can 
c r i t i c a l l y  a f f e c t  s u r v i v a l  i n  even t  of a c r a s h .  

The f i r s t  i t em d e a l s  wi th  system i n s t a l l a t i o n  and con- 
f i g u r a t i o n  maintenance. I f  a  dev ice  i s  improperly i n s t a l l e d  
o r  mainta ined,  s u r v i v a l  of one o r  many i s  endangered. For 
i n s t a n c e ,  an improperly charged a i r b a g  i n f l a t i o n  dev ice  could 
malfunct ion  r e s u l t i n g  i n  an undeployed r e s t r a i n t  system. The 
occupant could  r e c e i v e  an impact i n j u r y  and become immobile. 
P r e f l i g h t  b r i e f i n g  and crew t r a i n i n g  has  been inc luded  a s  
t h e  next  e v e n t .  Many s t u d i e s  have shown t h e  b e n e f i t  of a  
b r i e f i n g  on passenger  use of r e s t r a i n t  systems. Crew t r a i n -  
i n g  must be adequate t o  i n s u r e  proper  use  of e x i t s .  

When a s u r v i v a b l e  c rash  even t  i s  imminent, t h e  crew may 
be aware o r  unaware. I n  documented c a s e s ,  t h e  crew has  been 
unaware o r  unable t o  t a k e  a c t i o n  regard ing  a c e r t a i n  c r a s h .  
I n  t h e s e  c a s e s ,  au tomat ic  arming of explosively-formed e x i t s  
would be necessa ry .  

Passenger warning can be e f f e c t i v e  i n  p repar ing  occupants  
f o r  a  c r a s h .  B e n e f i t s  i n c l u d e  proper  p o s i t i o n i n g  and b r a c i n g  
f o r  t h e  most e f f e c t i v e  use  of r e s t r a i n t  systems. Also,  t h e  
t echn iques  of e g r e s s  could be e s t a b l i s h e d  t o  enhance i t s  
e f f i c i e n c y  . 

Because of t h e  v a r i e t y  of s e a t i n g  c o n f i g u r a t i o n s  which 
may be found i n  t h e  s u b j e c t  a i r c r a f t ,  f r o n t - ,  s i d e - ,  and r e a r -  
f a c i n g  s e a t i n g  have been l i s t e d  s e p a r a t e l y .  I n  a d d i t i o n ,  
t h e  ou t -o f -pos i t ion  occupant i s  cons idered .  Given c u r r e n t  
r e s t r a i n t  systems technology and t h e  d i f f e r e n c e s  i n  human 
impact t o l e r a n c e  t o  blows from d i f f e r e n t  d i r e c t i o n s ,  t h e  des ign  
goa l s  may very w e l l  be d i f f e r e n t  i n  each case .  

The c r a s h  even t  i t s e l f  c e r t a i n l y  i n f l u e n c e s  t h e  s u r v i v a l  
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problem. The optimum c a s e  i s  probably  a  c r a s h  on f l a t  and 
open t e r r a i n .  A high-wing a i r c r a f t  has  been observed t o  
o f f e r  cons ide rab ly  l e s s  t ime f o r  e scape  than  a  low-wing a i r  
c r a f t  i n  e v e n t  o f  a  d i t c h i n g .  Rough t e r r a i n  most l i k e l y  
i n c r e a s e s  t h e  l i k e l i h o o d  of high-impact G-loadings,  t h u s  
a l s o  a f f e c t i n g  s u r v i v a l .  

During t h e  impact t h e  occupants  may range from unin- 
ju red  t o  f a t a l l y  i n j u r e d .  An immobile passenger  p r e s e n t s  
n e a r l y  t h e  same e g r e s s  problem a s  a  f a t a l l y  i n j u r e d  passenger  
a s  he may b lock  a v a i l a b l e  e x i t s  t h u s  p r e v e n t i n g  t h e  escape  
of o t h e r  passenger s .  

The pos t - c rash  environment s t r o n g l y  a f f e c t s  e g r e s s .  
Smoke and f lames h i n d e r  most normal p h y s i c a l  and psycholo- 
g i c a l  f u n c t i o n s .  The presence  of  au tomat i c  o r  l i v e  i n s t r u c -  
t i o n s  can a i d  d r a m a t i c a l l y  i n  e g r e s s .  

Because of r e s t r a i n t  system u s e ,  e g r e s s  from t h e s e  
p r o t e c t i v e  d e v i c e s  i s  inc luded  a s  a  s e p a r a t e  e v e n t .  I t  i s  
p o s s i b l e  t h a t  t ime could  be l o s t  pushing a i r b a g  m a t e r i a l  
o u t  of  t h e  way i n  l e a v i n g  s e a t i n g  p o s i t i o n s .  

P r o t e c t i o n  from smoke, fumes, and/or f i r e  i s  b e l i e v e d  
t o  be  impor tan t  t o  s u r v i v a l .  A few minutes  added b r e a t h -  
a b l e  a i r  i n  a  c l u t t e r e d  and smoky cab in  cou ld  p o s s i b l y  be 
t h e  d i f f e r e n c e  between s u r v i v a l  and a s p h y x i a t i o n .  

Obviously,  t h e  e x i t s  must be opened t o  p rov ide  e g r e s s .  
Cus tomar i ly ,  t h e  crew opens normal and emergency e x i t s .  
Occas iona l ly ,  a s t r u c t u r a l  f a i l u r e  p rov ides  a  s a f e  e x i t ,  
Because of documented c a s e s  where n o t  enough normal e x i t s  
were a v a i l a b l e ,  t h e  o p t i o n  f o r  a u t o m a t i c a l l y  produced e x i t s  
i s  inc luded .  

I t  i s  o f t e n  t h e  c a s e  t h a t  some e x i t s  a r e  u n a v a i l a b l e .  
This  i s  p a r t i c u l a r l y  t h e  c a s e  when a f i r e  e x i s t s  o u t s i d e  t h e  
a i r c r a f t  and when s t r u c t u r a l  damage has  jammed t h e  doors .  

P a r t i c u l a r l y  i n  t h e  c a s e  of da rkness  and smoke t h e  r o u t e s  
t o  a v a i l a b l e  e x i t s  can be  d i f f i c u l t  t o  l o c a t e .  Audio v i s u a l  
and/or  t a c t i l e  s i g n a l s  can improve a b i l i t y  t o  e g r e s s  q u i c k l y .  

When an occupant  r eaches  an e x i t ,  e g r e s s  can be provided 
by s e v e r a l  t echn iques .  A s  some have proved more e f f e c t i v e  
t h a n  o t h e r s ,  a  v a r i e t y  of e g r e s s  t echn iques  a r e  inc luded .  

THE SUBJECT SYSTEMS 

A t o t a l  of seven ty - four  systems have been chosen f o r  
i n c l u s i o n  i n  t h e  s a f e t y ,  m a i n t a i n a b i l i t y ,  human f a c t o r s ,  
r e l i a b i l i t y ,  and t e c h n o l o g i c a l  a n a l y s e s  which fo l low.  These 
are ga the red  from t h e  p rev ious  s e c t i o n s  of t h e  r e p o r t  and 



can be  grouped roughly i n  t h e  fo l lowing  c a t e g o r i e s :  (1) a i r -  
bag i n f l a t i o n  d e v i c e s ;  ( 2 )  c r a s h  impact s e n s o r s ;  ( 3 )  a i r b a g  
m a t e r i a l s ;  ( 4 )  a i r b a g  c o a t i n g  m a t e r i a l s  ; ( 5 )  c r a s h  impact 
r e s t r a i n t  sys tems;  ( 6 )  smoke hood concep t s ;  ( 7 )  a i s l e  and 
p a t h  markers ;  ( 8 )  warning and p u b l i c  address  sys tems;  and, 
( 9 )  othhe  technology.  Most of t h e s e  concepts  a r e  d i s c u s s e d  
a t  l e n g t h  i n  p rece6 ing  c h a p t e r s .  R e s t r a i n t  systems concepts  
o t h e r  than  t h e  a i r b a g  and i t s  components have n o t  been 
d i s c u s s e d  p r e v i o u s l y  and a r e  inc luded  f o r  purposes of 
comparison. The List i s  g iven  i n  Table 5 .  The number wi th  
each system i s  used i n  t h e  t a b l e s  which fo l low f o r  purposes 
of i d e n t i f i c a t i o n .  

TABLE 5 

LIST OF IMPACT PROTECTION AND ESCAPE SYSTEMS 

Airbag I n f l a t i o n  Devices 

1. S t o r e d  gas  system. 
2 .  S t o r e d  gas  system w i t h  modulated flow. 
3 .  Augmented a i r  system. 
4 .  Augmented a i r  system w i t h  s t a g i n g .  
5 .  Liquid-cooled ,  s o l i d - p r o p e l l a n t  system. 
6 .  So l id -coo led ,  s o l i d - p r o p e l l a n t  system. 
7 .  A s p i r a t o r  systems.  

Crash Impact Sensors  

8 .  Mechanical s e n s o r .  
9 .  Sensor u s i n g  s i g n a l s  from i n e r t i a l  n a v i g a t i o n  system. 

1 0 .  Radar proximi ty  s e n s o r .  
E l .  Sonar proximi ty  s e n s o r .  

Airbas  M a t e r i a l s  

1 2 .  Nylon 
13. P o l y e s t e r  
1 4 .  Glass  
15. Cotton 

Airbag Coating M a t e r i a l s  

16. N a t u r a l  rubber  
17. Butyl  
18. Neoprene 
19. Po lyv iny l  c h l o r i d e  (PVC) 
2 0 .  Polyure thane  
21. E.P.D.M. 
2 2 .  Hypalon 



R e s t r a i n t  Systems 

I n f l a t i n g  occupant  r e s t r a i n t  sys tem f o r  pas senge r  
u s e  i n  r e a r - f a c i n g  s e a t s  
I n f l a t i n g  occupant  r e s t r a i n t  sys tem f o r  pas senge r  
u s e  i n  s i d e - f a c i n g  s e a t s  
I n f l a t i n g  occupant  r e s t r a i n t  sys tem f o r  crew use  
i n  f r o n t - f a c i n g  s e a t s .  
Rear - fac ing  s e a t s  w i t h  l a p  b e l t  
P a s s i v e  n e t  sys tem (Ni s san )  
p a s s i v e  b l a n k e t  sys tem (Hami l l )  
~ r o n t - f a c i n g  s e a t  w i t h  upper  t o r s o  h a r n e s s  
Troop s e a t  

Smoke Hood Concepts 

Boeing mask 
John Wand hood 
Racine Glove Company hood 
S i e r r a  Eng inee r ing  Company hood 
L i f e  Suppor t  Systems hood. ( A )  E l a s t i c  neck s e a l  t y p e  
L i f e  Suppor t  Systems hood. ( B )  Lanyard neck s e a l  t y p e  
Scot t -O-Vista  mask 
Mine S a f e t y  Appl iance Company. ( A )  88180 c a n s i s t e r  
d e v i c e  
IJline S a f e t y  Appl iance  Company. (3) S e l f - r e s c u e r .  
Iaorth American Rockwe11 f i r e  hood concept  
North American Rockwell f i r e  mask concept  
S c h j e l d a h l  hood. ( A )  Drawst r ing  model 
S c h j e l d a h l  hood. (B) S e p t a 1  neck s e a l  model. 
Exper imenta l  FAA ( S c h j e l d a h l )  hood. S e l f - c o n t a i n e d  
a i r  s u p p l y .  
Bureau of Mines (Westinghouse/Sch j e b d a h l )  p o r t a b l e  
b r e a t h i n g  a p p a r a t u s .  C h l o r a t e  c a n d l e .  
FAA ( S c h j e l d a h l )  hood. Advanced concept .  

Aisle and Pa th  Markers - 
Chemical i l l u m i n a t i o n  
Charge a c t i v a t e d  e l e c t r o - i l l u m i n a t i o n  
U l t r a v i o l e t  i l l u m i n a t i o n  
Phosphorescent  i l l u m i n a t i o n  
Incandescen t  i l l u m i n a t i o n  
Se l f - luminescence  ( t r i t i u m )  
T a c t i l e  markers  
F l o o r  l e v e l  markers  
P u l s a t i n g  markers  



Warning and Emergency P u b l i c  Address Systems 

5 6 .  Alarm b e l l  
57 .  B u l l  horn 
58. S o l i d  s t a t e  dev ice  
59. Opera t iona l  TWA v i s u a l / a u r a l  system 

ELSIE 
Telescape  
Escape rope 
E x t e r n a l  p l a t f o r m  s l i d e  e n t r y  
I n t e g r a t e d  escape  system 
Folding s l i d e  
Cargo door 
Abla t ive-coated  e x i t  
Passenger conveyor 
I n f l a t i n g  s l i d e / l i f e r a f t  
Doznble s l i d e  
I n - f l i g h t  e g r e s s  by paracone.  
I n - f l i g h t  e g r e s s  by r a p i d j e t .  
I n - f l i g h t  escape  by capsule-chute  
I n - f l i g h t  escape  by f u s e l a g e  pa rachu te  

SYSTEFI SAFETY 

A v a r i e t y  of f a c t o r s  must be inc luded  t o  conduct  t h e  
p r e l i m i n a r y  hazard  a n a l y s i s  and t o  e s t i m a t e  t h e  s a f e t y  of 
t h e  s u b j e c t  systems.  The seventy-four  c r a s h  impact and 
escape  concepts  a r e  r a t e d  w i t h  r e s p e c t  t o  twen ty - f ive  
c r i t e r i a  such a s  n o i s e  l e v e l ,  human e r r o r  p o t e n t i a l ,  a s  
g iven i n  Table 6 ,  e t c .  The r a t i n g  scheme f o r  each of  t h e  
c r i t e r i a  i s  de f ined  i n  Table 7 . A s  an example of t h e  
use  of Table 6 c o n s i d e r  t h e  n o i s e  l e v e l  of a s to red-gas  
a i r b a g  i n f l a t i o n  dev ice .  Noise l e v e l  can be r a t e d  a s :  
(1) no problem; ( 2 )  p o s s i b l e  temporary t h r e s h o l d  s h i f t ;  and ,  
( 3 )  p o s s i b l e  permanent h e a r i n g  impairment.  I n  Table 6 
t h e  s to red-gas  a i r b a g  i n f l a t i o n  dev ice  r e c e i v e d  a n o i s e  
l e v e l  r a t i n g  of " 2 "  i n d i c a t i n g  a p o s s i b l e  temporary t h r e s h -  
o l d  s h i f t  on t h e  b a s i s  of exper iments  c a r r i e d  o u t  us ing  
human v o l u n t e e r  t e s t  s u b j e c t s .  
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TABLE 7 

PRELIMINARY HAZARD ANALYSIS RATING SYSTEM 

Noise l e v e l  
1. 110 problem 
2 .  P o s s i b l e  temporary t h r e s h o l d  s h i f t  
3 .  P o s s i b l e  permanent h e a r i n g  impairment 
Hazard l e v e l  
1. N e g l i g i b l e  
2 .  C o n t r o l l a b l e  haza rd  (marg ina l )  
3. W i l l  cause  i n j u r y  w i t h o u t  immediate a c t i o n  

( c r i t i c a l )  
4 .  F a i l u r e  w i l l  c ause  i n j u r y  ( c a t a s t r o p h i c )  
Length of  s e r v i c e  
1. Es t ima ted  f i v e  y e a r  l i f e  based  on m a n u f a c t u r e r ' s  

d a t a .  
2 .  Less  t h a n  5 y e a r s  
F lammabi l i ty  
1. Low 
2 .  IIedium 
3 .  High 
S h o r t  term t o x i c i t y  
1. None 
2 .  lvloderate ( cou ld  b e  dangerous i n  combinat ion w i t h  

o t h e r  t o x i c  g a s e s )  
3.  Dangerous ( q u a l i t a t i v e  e s t i m a t e )  
I r r i t a b i l i t y  
1. None 
2 .  Moderate 
3 .  D i s a b l i n g  
Thermal r a d i a t i o n  
1. None 
2 .  Moderate 
3 .  D i s a b l i n g  
I s o l a t e  energy  s o u r c e s  
1. :done p r e s e n t  
2 .  Necessary 
Ilazards of p r o p e l l a n t s  
1. None p r e s e n t  
2 .  Designed f o r  s a f e  hand l ing  
3 .  P r o t o t y p e  systems f o r  which d a t a  h a s  n o t  y e t  

been d-eveloped 
System env i ronmen ta l  c o n s t r a i n t s  
1. Opera tes  t h e  same under a l l  r e q u i r e d  c o n d i t i o n s  

of t e m p e r a t u r e s ,  p r e s s u r e ,  and humidi ty  
2 .  Performance v a r i e s  w i t h  t e m p e r a t u r e ,  p r e s s u r e  

and/or  ,humidi ty  
Use of e x p l o s i v e  d e v i c e s  
1. None p r e s e n t  
2 .  Hazard l e v e l  . 2  when i n s t a l l e d  
i ' c ~ ~ u p ~ z l ; i b i l  i t y  of m;tteri.al.s 
I . No p t -o l~ l c~ns  Icnown 
2 .  Poss.ib1 c problcin 



E f f e c t  of e l e c t r i c a l  phenomena ( c u r r e n t ,  e l e c t r o s t a t i c  
c h a r g e ,  o r  e l e c t r o m a g n e t i c  f i e l d s )  
1. No problems known 
2 .  Hazard level  2 
3. Hazard l e v e l  3 
4 ,  Hazard l e v e l  4 
I n a d v e r t e n t  ac t , iva t ion  
I. No problems known 
2 .  Research accomplished t o  s o l v e  problems 
3 .  &search  needed 
Use of p r e s s u r e  v e s s e l s  
l .  None p r e s e n t  
2 .  Necessary czomponent (Hazard l e v e l  2 )  
Crash s a f e t y  
1. Operable a f t e r  and dur ing  s u r v i v a b l e  c r a s h  
2 .  Marginal o p e r a t i o n  a f t e r  o r  dur ing  s u r v i v a b l e  

c r a s h  
3 .  Not operab le  a f t e r  o r  d u r i n g  s u r v i v a b l e  c r a s h  
Safe  o p e r a t i o n  and maintenance 
1. No problems known 
2 .  Hazard l e v e l  2. ( a t  l e a s t )  a t  a l l  t imes  d u r i n g  

o p e r a t i o n  and maintenance 
T r a i n i n g  f o r  o p e r a t i o n  and maintenance 
1. None r e q u i r e d  
2 .  S p e c i a l  t r a i n i n g  r e q u i r e d  
3. General  b r i e f i n g  r e q u i r e d  
E g r e s s ,  r e s c u e ,  s u r v i v a l  
1. Enhanced w i t h  use of  system 
2 .  Unaffected by use of system 
3 .  Hazardous wi th  use  of system 
F i r e  i g n i t i o n  and p ropaga t ion  sources  
1. None p r e s e n t  
2 .  P o s s i b l e  source  p r e s e n t  
Shock r e s i s t a n c e  
1. Designed f o r  o p e r a t i o n  i n  shock environment 
2 .  S u s c e p t i b l e  t o  shock damage 
Layout and l i g h t i n g  requi rements  
1. No s p e c i a l  requi rements  
2 .  S p e c i a l  l i g h t i n g  and/or l a y o u t  r e q u i r e d  

f o r  use  
F a i l - s a f e  des ign  
1. Not needed 
2 .  Required and d a t a  a v a i l a b l e  f o r  d e s i g n  purposes  
3 .  Required and d a t a  needed 
V u l n e r a b i l i t y  
1. I n v u l n e r a b l e  
2 .  Vulnerable  t o  tampering and/or prolonged 

s t o r a g e  
Human e r r o r  p o t e n t i a l  
1. Automatic d e v i c e ,  no t r a i n i n g  needed 
2 .  Manual d e v i c e ,  no t r a i n i n g  needed 
3 .  Automatic Gevice,  b r i e f i n g  r e q u i r e d  
4 .  Manual d e v i c e ,  b r i e f i n g  r e q u i r e d  
5 .  Automatic d e v i c e ,  b r i e f i n g  and t r a i n i n g  r e q u i r e d  
6 .  Manual d e v i c e ,  b r i e f i n g  and t r a i n i n g  r e q u i r e d  



R E L I A B I L I T Y  CONSIDERATIONS 

The a n a l y s i s  o f  r e l i a b i l i t y  i s  t i e d  c l o s e l y  t o  t h e  
e v e n t - o r i e n t e d  flow c h a r t  shown i n  F igure  48. The s p e c i f i c  
items which w i l l  be i n c l u d e d  i n  t h e  r e l i a b i l i t y  s t u d y  a r e :  

a .  r e q u i r e d  f u n c t i o n  and f a i l u r e  d e f i n i t i o n  (coupled 
wi th  t h e  f low-char t )  

b. c r i t i c a l  time p e r i o d s  i n  e x e r c i s e  o f  f u n c t i o n  

c .  e x t e r n a l  envi ronmenta l  stresses under which each 
e lement  must f u n c t i o n ;  e . g .  tempera ture  range from -65OF 
t o  200°F 

d .  e f f e c t s  o f  s t o r a g e ,  s h e l f  - l i f e ,  packaging,  t r a n s -  
p o r t a t i o n ,  h a n d l i n g ,  and maintenance; e .g .  e v a l u a t i o n  of  
components which d e t e r i o r a t e  w i t h  age 

e. i d e n t i f i c a t i o n  of  r e l i a b i l i t y  c r i t i c a l  items which 
s i g n i f i c a n t l y  a f f e c t  a b i l i t y  of  systems t o  f u n c t i o n  (coupled  
w i t h  t h e  f l o w c h a r t )  

I t  has  n o t  been found p o s s i b l e  t o  develop a numer ica l  
r a t i n g  system f o r  t h e  seven ty - four  s u b j e c t  sys tems.  Rather ,  
i n  Table 8 each o f  t h e  systems i s  handled  i n d i v i d u a l l y  
w i t h  b r i e f  v e r b a l  e v a l u a t i o n s  used f o r  each o f  t h e  r e l i a b i l -  
i t y  i tems . 
MAINTAINABILITY CONSIDERATIONS 

Each system and subsystem h a s  been s u b j e c t e d  t o  a pre-  
l i m i n a r y  m a i n t a i n a b i l i t y  a n a l y s i s  w i t h  r e s p e c t  t o  t h e  f o l -  
lowing items: (1) s i m p l i f i e d  maintenance a c t i v i t i e s ;  (2) major 
r e p a i r s  by depo t  l e v e i  maintenance; ( 3 )  necessa ry  i n s p e c t i o n ;  
and, ( 4 )  p r o j e c t e d  requi rements  f o r  f a c i l i t y ,  pe r sonne l ,  t o o l s ,  
e t c ,  I t  has  been p o s s i b l e  t o  develop a numer ica l  r a t i n g  sys -  
tem t o  a s s e s s  m a i n t a i n a b i l i t y .  The d e f i n i t i o n  of  t h e  r a t i n g  
system i s  inc luded  with t h e  a n a l y s i s  on Table  9 .  

HUMAN FACTORS CONSIDERATIONS 

The human f a c t o r s  c o n s i d e r a t i o n s  which a r e  invo lved  i n  
e v a l u a t i n g  system performance i n c l u d e  n e a r l y  a l l  conce ivab le  
a s p e c t s  of  human f u n c t i o n  and performance. Both p h y s i o l o g i c a l  
and psycho log ica l  stresses a r e  l i k e l y  t o  be a t  peaks empha- 
s i z i n g  t h e  d e t a i l  which must be  i n c l u d e d  i n  t h i s  e v a l u a t i o n ,  
The seventy-four  systems a r e  r a t e d  w i t h  r e s p e c t  t o  seven teen  
c r i t e r i a  r ang ing  from e a s e  of use  t o  an th ropomet r i c  cons ide r -  
a t i o n s .  The r a t i n g  scheme f o r  each o f  t h e  c r i t e r i a  i s  d e f i n e d  
i n  Table 1 0  and t h e  a c t u a l  a n a l y s i s  g iven  i n  Table 11, 
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Racine Glove Co. 3 3 
S i e r r a  Eng. Co. 3 4 
LSS - E l a s t i c  s e a l  35 
LSS - Lanyard 3  6 
Scott-0-Vista 3 7 

M . S . A . C .  - c a n i s t e r  38 
M.S.A.C. - s e l f - r e s c u e  3  9 
N . h . R . - s m o k e h o o d  40 
K . A . R .  - smoke mask 41 
Sch je ldah l  - draws t r ing  42 
Sch je ldah l  - s e p t a 1  43 
FAA - a i r  supply 4 4 
B.Hm - PBA hood 4 5 
FAA Adv. concept 46 

chem. i l l um.  4 7 
e l e c t r o - i l l u m .  48 
u l t r a - v i o l e t  4 9  
phosphorescent 5 0 
incandescent  5 1 
sel f - - i l lurn .  ( t r i t i u m )  52 
t a c t i l e  markers 53 
f loor- level  markers 54 
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TABLE 1 0  

HUMAN FACTORS RATING SYSTEM 

a .  Noise 

1. No problem 
2 .  P o s s i b l e  temporary t h r e s h o l d  s h i f t  
3. P o s s i b l e  permanent h e a r i n g  impairment 

b ,  V i s i b i l i t y  

1. No decrement when us ing  system 
2 .  P a r t i a l  decrement when us ing  system 
3 .  No v i s i b i l i t y  when us ing  system 

c ,  ~ b i l i t y  t o  h e a r  

1. No decrement when us ing  system 
2 .  P a r t i a l  decrement when us ing  system 
3 .  No hear ing  when us ing  system 

d .  Ease of  use 

1. No exper ience  o r  b r i e f i n g  necessa ry  
2 .  B r i e f i n g  necessa ry  b e f o r e  use 
3. B r i e f i n g  and t r a i n i n g  necessa ry  b e f o r e  use  

e. Human t o l e r a n c e  t o  impact  

1. No i n j u r i e s  wi th  p roper  system use  
2 .  P o s s i b l e  i n j u r i e s  even w i t h  p roper  system use  

f .  P o s s i b l e  thermal  hazard  

1. No 
2 .  Yes 

g.  P o s s i b l e  t o x i c o l o g i c a l  hazard  

I-. No 
2 .  Yes 

h .  P o s s i b l e  pyro techn ic  hazard  

1. No 
2 ,  Yes 

i. P o s s i b l e  v i s u a l  hazard  

1. No 
2 .  Yes 



Space c a r r y  o u t  f u n c t i o n s  

1. No r e s t r i c t i o n  an u s e r  m o b i l i t y  o r  f u n c t i o n  based 
on c rash  impact p r o t e c t i o n  and emergency e g r e s s  f lowchar t  

2 .  P o s s i b l e  p a r t i a l  r e s t r i c t i o n  on passenger/crew e g r e s s  
o r  crew func t ion  i n  o p e r a t i n g  a i r c r a f t  

3. System use p rec ludes  o t h e r  a c t i v i t y  

k. I l l u m i n a t i o n  

1. Needed f o r  system use 
2 .  Not needed f o r  system use 

1. Normal i n g r e s s  and e g r e s s  

1. Unaffected by system 
2 .  Requires u s e r  a c t i o n  t o  a c t i v a t e  system 

m. N o n - r e s t r i c t i v e  l i f e  s u p p o r t  and p r o t e c t i v e  equipment 

1. Mobi l i ty  and/or communication enhanced by use of 
sys  tem 

2 .  Mobil i ty  and/or communication unaf fec ted  by use of 
sys  tem 

3.  Mobi l i ty  and/or communication reduced by use  of 
sys  tern 

n .  Psychophysio logica l  s t r e s s  

1. No i n c r e a s e d  psychophysio logica l  s t r e s s  a s s o c i a t e d  
wi th  sys  tern use 

2. Minor psychophysio logica l  s t r e s s  a s s o c i a t e d  wi th  
system use  

3. P o t e n t i a l  i n a b i l i t y  t o  f u n c t i o n  

o .  F a i l - s a f e  des ign  

1. Yes 
2 .  No 

p.  S i m p l i c i t y  

1. No movable p a r t s  
2 ,  Moving mechanical p a r t s  
3. Complex e lec t ro-mechanica l  device  
4 .  Complex e lec t ro-mechanica l  dev ice  wi th  a s s o c i a t e d  

e l e c t r o n i c  c i r c u i t r y  

q .  Anthropometric c o n s i d e r a t i o n s  

1. Minor des ign  c o n s i d e r a t i o n  
2 .  Major des ign  c o n s i d e r a t i o n  (sys tem f u n c t i o n  s t r o n g l y  

dependent on anthropometr ie  v a r i a b l e s )  



TABLE 11. HUMAN FACTORS CONSIDERATIONS 

AIRBAG CRASH IMPACT 
INFLATION DEVICES SENSORS 

FACTOR 

Noise 

V i s i b i l i t y  
A b i l i t y  t o  h e a r  
Ease of u s e  
Human t o l e r a n c e  t o  impa 
P o s s i b l e  thermal  hazard 
P o s s i b l e  t o x i c o l o g i c a l  
hazard 
P o s s i b l e  py ro t echn ic  
hazard 
P o s s i b l e  v i s u a l  
hazard 
Space t o  c a r r y  out  
f u n c t i o n  
I l l u m i n a t i o n  
Normal i n g r e s s  and 
e g r e s s  
Non- r e s t r i c t i ve  LS and 
p r o t e c t i v e  equipment 
Psychophys io logica l  
s t r e s s  
Fa i l - s a f e  d e s i g n  
S imp l i c i t y  
Anthropome tr  i c  
c o n s i d e r a t i o n s  
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AIRBAG AIRBAG COATING RESTRAINT 
MATERIALS MATERIALS 1- SYSTEMS 

2 2 2 2  
1 1 1 1  
2 2 2 2  
1 1 1 1  
1 1 1 1  

i i l i  

1 1 1 2  

1 1 1 1  

2 2 2 2  
2 2 2 2  

1 1 1 1  

l l l i  

2 2 2 2  
1 1 1 1  
1 1 1 1  

2 2 2 2 
-- 

i i l l i i l  

T = no t  a p p l i c a b l e  
i = i n s u f f i c i e n t  i n f o r m t i o n  
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TECHNOLOGICAL ASPECTS 

F a c t o r s  r e l a t i n g  t o  h a z a r d s ,  r e l i a b i l i t y ,  m a i n t a i n a b i l -  
i t y ,  and human performance must be  cons ide red  t o  form an es -  
t i m a t e  af a  sys tem ' s  a b i l i t y  t o  perform p r o p e r l y .  Other  
eng inee r ing  and t e c h n o l o g i c a l  f a c t o r s  which do n o t  f i t  i n  
t h e  above c a t e g o r i e s  must a l s o  be inc luded  t o  prove t h e  
f e a s i b i l i t y  of  a system f o r  t h e  in tended  a p p l i c a t i o n .  There- 
f o r e ,  t h e  fo l lowing c o n s i d e r a t i o n s  w i l l  be inc luded :  

d u r a b i l i t y  

b. l i g h t n e s s  

c.  compactness 

d.  i n t e g r a t i o n  of  a l l  equipment w i t h i n  t h e  a i r c r a f t  
wi thou t  r e s t r i c t i n g  crew f u n c t i o n s  

e .  automat ic  f u n c t i o n s  

f .  common equipment permanently i n s t a l l e d  i n  a i r c r a f t ,  

eng inee r ing  s t a t e  t h e  a r t .  

The r a t i n g  scheme f o r  each of  t h e s e  c r i t e r i a  i s  d e f i n e d  i n  
Table 1 2  and t h e  a n a l y s i s  g iven.  



TABLE 1 2 .  TECI-INOLOGICAL CONSIDERATIONS (SUMMARY) P a ~ e  1 of 2 

r- - - -- 
I RASH IMPACT 

RESTRAINT SYSTEMS 
I 

I 

I 
I 
I 

I COXSIDERATION m a =  & o h  M s z a l  L . 1 0  0 0 &4 $4 
Ud 0 U u  

T33CoJO 1 m 
I a J B i a 3  lVS.4 Idu$4!4 

hI.r E - . - F i r (  c ~ m m  

I 0 0 m m w 4  a 
;J u  -Y 2 - 4  0 rn 

m m c o  

-- -- - 
D u r a b i l i t y  2 2 2 2 2 2 2  

b .  L igh tnes s  2 2 1 i l l l  

c .  Compactness 3 2 2 2 2 2 2  1 1 1 1 1 1 1  2 2 2 1 2 2 2 2  

d .  I n s t a l l a t i o n  r e s t r i c t s  
crew f u n c t i o n  1 1 1 1 1 1 1  1 1 1 1 1 1 1  l l l l l l l l  

e . Aut  oinat i c  1 1 1 1 1 1 1  l l l l l l l  l b l 2 1 1 2 2  
I- 
10 f .  Permanent i n s t a l l a t i o n  3 3 3 3 3 3 3  2 2 1 3 2 2 1 3  
a3 

g s t a t e  of art 1 1 2 2 2 2 2  4 4 2 1 2 2 1 1  

a .  D u r a b i l i t y  d .  I n t e g r a t i o n  w i t h  a i r c r a f t  g .  Engineer ing  s t a t e  of a r t  
1. l i f e  of a i r c r a f t  n o n - r e s t r i c t i v e  t o  crew f u n c t i o n  

1. produc t ion  i t e m  
2.  p o s s i b l e  replacerrlent 1 .  y e s  2. p r o t o t y p e  development 

b .  L igh tnes s  2 .  no 3.  nockup 
e, A u t o m a t i c  4 .  concept  1. no decrement t o  a i r -  

c r a f t  weight  9 .  y e s  
2. probably  1 5  l b .  p e r  2. no 

system o r  more 

c .  Compactness 
1. no decrement 
2. more than  6 i n .  3 

p e r  system 

f .  Permanent i n s t a l l a t i o n  i n  
a i r c r a f t  

1. y e s  
2. p a r t i a l  
3. no 

= n o t  a p p l i c a b l e  
i = i n s u f f i c i e n t  i n fo rma t ion  
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SYSTEM SUMMARIES 

When t h e  t a b l e s  i n  t h i s  s e c t i o n  o f  t h e  r e p o r t  a r e  
s t u d i e d ,  p a r t i c u l a r  p o t e n t i a l  performance p a t t e r n s  a r e  ob- 
se rved  f o r  t h e  v a r i o u s  groups of l i f e  s u p p o r t  systems which 
have been eva lua ted .  I n  t h e  t e x t  which f o l l o w s ,  summary 
s a f e t y ,  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  human f a c t o r s ,  and 
t e c h n i c a l  f e a s i b i l i t y  paragraphs a r e  w r i t t e n  f o r  t h e  fo l lowing  
groups of systems: 61) a i r b a g  i n f l a t i o n  dev ices ;  (2) c r a s h  i m -  
p a c t  s e n s o r s ;  (3) a i r b a g  m a t e r i a l s ;  (4) a i r b a g  c o a t i n g  mate- 
r i a l s ;  ( 5 )  r e s t r a i n t  systems;  ( 6 )  smoke p r o t e c t i v e  d e v i c e s ;  
( 7 ) a i s l . l  and p a t h  i n d i c a t o r s ;  (8) emergency warning and p u b l i c  
address  systems;  (9) emergency e x i t s ;  kO) i n t e r i o r  e g r e s s  a i d s ;  
(11) e x t e r i o r  e g r e s s  a i d s ;  and ( 1 2 )  i n - f l i g h t  e g r e s s .  

A v a r i e t y  of comparisons can be made wi th  regard  t o  t h e  
v a r i o u s  a i r b a g  i n f l a t i o n  d e v i c e s .  R e l i a b i l i t y  i s  a  cons ide r -  
a t i o n  whether t h e  system i s  i n  use  o r  s t o r e d .  The p r o p e l l a n t  
and a s p i r a t o r  systems a r e  e s t ima ted  t o  possess  h i g h e r  r e l i -  
a b i l i t y  than  s t o r e d  gas systems because of  problems wi th  
leakage .  A l l  i n f l a t i o n  dev ices  r e q u i r e  c a r e f u l  hand l ing  
because sf t h e  danger of i n a d v e r t e n t  a c t u a t i o n .  S p e c i a l  
maintenance procedures  would be necessa ry .  A l l  t h e s e  sys-  
tems have proven c a p a b i l i t y  f o r  accomplishing bag i n f l a t i o n  
based on p r o t o t y p e  development o c c u r r i n g  w i t h i n  t h e  p a s t  few 
y e a r s .  However, t h e  b u l k i n e s s  and weight  must be assessed  
a s  an impor tan t  v a r i a b l e  i n  an a i r c r a f t  a p p l i c a t i o n .  The 
s t o r e d  gas systems s u f f e r  t h e  g r e a t e s t  p e n a l t y  i n  t h i s  
c o n t e x t .  

A p e n a l t y  i s  p a i d  i n  i n t r o d u c i n g  t h e s e  systems wi th  
r e s p e c t  t o  s e v e r a l  human f a c t o r s .  The f a c t  t h a t  i n f l a t i o n  
n o i s e  i s  known t o  r e s u l t  i n  a temporary t h r e s h o l d  
s h i f t  i n  h e a r i n g  could  reduce  t h e  a b i l i t y  of t h e  u s e r  t o  
respond t o  o r a l  commands and emergency in fo rmat ion  pos t -  
c r a s h .  I n  a d d i t i o n ,  systems u s i n g  p r o p e l l a n t s  and pyro- 
t e c h n i c  components can produce thermal ,  t o x i c o l o g i c a l ,  pyro- 
t e c h n i c ,  and a l s o  t h e  a s s o c i a t e d  psycho log ica l  haza rds ,  
Airbag i n f l a t i o n  systems should  be c L a s s i f i e d  a.t Leas t  as 
haza rd  l e v e l  2 d e v l c e s .  

Crash impact  s e n s o r s  a r e  a r e l i a b i l i t y  c r i t i c a l  i tem. 
They depend on a we l l -de f ined  G-signal r e p r e s e n t i n g  a  c r a s h  
o r  t h e  proximi ty  sf a  hazard  which could r e s u l t  i n  a  c r a s h .  
This  has been one of t h e  major problems i n  t h e  i n t r o d u c t i o n  
of  i n f l a t i n g  r e s t r a i n t  systems i n  automobiles  and less i n -  
format ion  i s  a v a i l a b l e  d e f i n i n g  t h e  c r a s h  impact even t  i n  
a i r c r a f t .  Although it  appears  t h a t  a c c u r a t e l y  f u n c t i o n i n g ,  
maintenance-free s e n s i n g  dev ices  can be f a b r i c a t e d ,  r e s e a r c h  
on t h i s  i tem i s  e s s e n t i a l  b e f o r e  s e r i o u s  c o n s i d e r a t i o n  of 
p a s s i v e  r e s t r a i n t s  f o r  j e t  t r a n s p o r t  a p p l i c a t i o n .  



The f a b r i c  m a t c r i a l  i n  an a i rbag wotl.Ld i1393ear to 
one u f  t h e  s m a l l e r  problems. Materia1.s wi t h  adequate wc'iclll t -  
t o - s t r e n g t h  r a t i o s ,  h igh  and low tempera ture  r e s i s t a n c e ,  a n d  
s t o r a b i l i t y  a r e  a v a i l a b l e .  Although a  g l a s s  f a b r i c  has 
many i d e a l  p r o p e r t i e s  f o r  t h i s  a . p p l i c a t i o n ,  r i p - s t o p  nylon 
i s  l i g h t e r  and more ex: tens ib le .  

Likewise,  t h e  m a t e r i a l  wi th  which an a i r b a g  i s  coated  
o f f e r s  few problems. Neoprene, t h e  most l i k e l y  c a n d i d a t e ,  
has  e x c e l l e n t  s t o r a g e  and tempera ture  c h a r a c t e r i s t i c s .  

Comparisons a r e  made i n  t h e  t a b l e s  presen 
c h a p t e r  between a v a r i e t y  of r e s t r a i n t  systems 
s p e c t  t o  r e l i a b i l i t y ,  i t  i s  n o t  e s s e n t i a l  t o  s 
a  r e a r - f a c i n g  passenger  s e a t  wi th  an a i r b a g .  
of  t h e  a i r b a g  may hamper e g r e s s  from t h e  s e a t .  
s e a t i n g  c o n f i g u r a t i o n s  need added r e s e a r c h  t o  
placement of t h e  a i r b a g  f o r  impact p r o t e c t i o n ,  

. ted  i n  t h i s  . With re--  
upplement 
I n t r o d u c t i o n  

S ide - fac ing  
determine  

I t  should  be noted t h a t  t h e  s e n s o r ,  t h e  i n f l a t i o n  d e v i c e ,  
and bag placement a r e  a l l  r e l i a b i l i t y  c r i t i c a l  i tems needing 
a d d i t i o n a l  s tudy b e f o r e  i n t r o d u c t i o n  i n  f r o n t - f a c i n g  con- 
f i g u r a t i o n s  f o r  crew use.  R e l i a b l e  bag placement i s  p a r t i c u -  
l a r l y  impor tant  i n  t h i s  a p p l i c a t i o n  because of t h e  neces-  
s i t y  of crew f u n c t i o n  i n  c o n t r o l l i n g  t h e  a i r c r a f t  dur ing  an 
emergency l and ing  i n c i d e n t  which can cover  a  t ime p e r i o d  of 
s e v e r a l  seconds.  The s e n s o r ,  deployment t echn ique ,  and 
placement a r e  e q u a l l y  impor tan t  i n  p a s s i v e  n e t  systems.  
I n  conc lus ion ,  a c t i v e  r e s t r a i n t  systems such a s  t h e  r e a r -  
f a c i n g  s e a t  wi th  l a p  b e l t  and t h e  f r o n t - f a c i n g  crew s e a t  
wi th  i n t e g r a t e d  upper t o r s o  b e l t  r e s t r a i n t  system a l l  sub- 
s t i t u t e  s imple hardware and an i n c r e a s e d  human e r r o r  po- 
t e n t i a l  ( t h e  a c t  of  f a s t e n i n g  b e l t s )  f o r  t h e  t e c h n o l o g i c a l l y  
complex p a s s i v e  r e s t r a i n t  hardware. 

The i n t r o d u c t i o n  of p a s s i v e  r e s t r a i n t  systems r e q u i r e s  
more s o p h i s t i c a t e d  maintenance procedures  than  t h e  opera-  
t i o n a l  a c t i v e  systems.  For example, a u t o m a t i c a l l y  deployy- 
a b l e  systems should be  checked f o r  ready s t a t u s  b e f o r e  each 
f l i g h t .  I n  a d d i t i o n ,  t h e  p a s s i v e  systems r e q u i r e  c a r e f u l  
hand l ing  dur ing  maintenance because of e x p l o s i v e ,  p y r o t e c h n i c ,  
and p r o p e l l a n t  components. 

S e v e r a l  g e n e r a l  t e c h n o l o g i c a l  items should  a l s o  be 
mentioned. B e l t  systems a r e  l i g h t e r  i n  weight  and a r e  more 
compact demonst ra t ing  a d i s t i n c t  advantage over  c u r r e n t  gene- 
r a t i o n  p a s s i v e  r e s t r a i n t  systems.  Also,  t h e  e f f e c t i v e n e s s  
of  b e l t s  i n  o p e r a t i o n a l  a p p l i c a t i o n s  has  been proven many 
times over  when they a r e  used,  mainta ined,  and i n s t a l l e d  
p roper ly .  I n f l a t i n g  occupant  r e s t r a i n t  systems and p a s s i v e  
n e t s  have y e t  t o  be f i e l d  t e s t e d ,  b u t  o p e r a t i o n a l  p ro to types  
have been e x t e n s i v e l y  l a b o r a t o r y  t e s t e d .  

I n f l a t i n g  r e s t r a i n t  systems possess  s e v e r a l  d isadvantages  
and one major advantage over  a c t i v e  b e l t  systems when s t u d i e d  



from the viewpoint of human factors. The disadvantages are: 
(1) possible hearing impairment in the post-crash environment 
hindering ~ommunication~(2) possible visibility decrement 
during and post-crash due to the bag material; (3) a 
potential for ~sychological stress in the presence of a 
~ropellant or exwlosive device; and, (4) post-crash escape 
may be seriously impeded because of time required for many 
passengers to untangle themselves from the restraint system. 
The advantage is that the passive nature of this restraint 
decreases the potential for human error. 

The preliminary hazard analysis also yields several 
items which could be performance decrements for airbags. 
These are: (1) potential noise hazard; (2) hazard level 2 
device;(3) presence of energy sources, explosive components, 
and/or propellants; (4) potential for inadvertent actuation; 
(5) presence of pressure vessels; and ( 6 )  increased mainte- 
nance requirements. 

Several of the smoke protective devices evaluated in 
this study appear to be reliable, durable, and relatively 
maintenance free while being possibly somewhat difficult 
to use. Some components are known to degrade with storage, 
but with periodic inspection, individual units could be re- 
placed. All systems are light and compact and could be 
easily adapted for use in current operational aircraft. The 
Schjeldahl, Scott-0-Vista, and Mine Safety Appliance Co. 
systems are production items while the North American Rock- 
well and FAA advanced systems are concepts, The remainder 
of the systems have been developed as prototypes. 

Human factors considerations represent the most important 
items in developing a decision regarding introduction of 
smoke protective devices in operational aircraft. The 
first item concerns the apparent decrement in visibility 
which occurs with several of the systems. The Schjeldahl, 
North American Rockwell fire mask, FAA systems possess the 
most desirable properties in this regard. The second item 
concerns ease of donning, All systems pose some problem in 
donning. At least a briefing is required and, especially 
for individuals with glasses, practice could be helpful. 
The third item concerns toxicity. Nost smoke protective de- 
vices are useful to minimize toxic hazard potential in a 
crashed aircraft during egress. However, they present a 
toxic hazard of their own during prolonged use. Devices 
providing a self-contained air supply such as the advanced 
FAA prototype offer an advantage in this area. 

A preliminary hazard analysis yields a few items of 
concern with respect to smoke protective devices. Among 
these items are: ( 2  toxicity problems; (2 )  inadvertent acti- 
vation of systems using a stored breathable air source; 
( 3 )  vulnerability to tampering and prolonged storage; and 
(4) some difficulty involved in system use. 



Aisle and path markers offer an inexpensive, easily 
maintainable, durable, light, and compact aid to egress. 
Most of the systems studied are production items 
except for pulsatinq path markers!, which are concepts with 
respect to aircraft application and tactile markers which 
are undergoing prototype development. In considering human 
factors, it can b~ concluded that aisle and path markers 
can be useful provided they are positioned for the qreatest 
effectiveness and visibility. It should be noted, however, 
that tactile markers may be diffi.eultto use. A prelimirlary . 
hazard analysis yields a few items as follows: (1) possibl~e 
short term toxicity associated with chemical luminescence 
and self-luminescence; (2) energy sources exist in most 
systems which must be isolated from tampering and impact;; 
(3) electrical systems can be a source of fire hazard; and 
( 4 )  most systems are vulnerable to tampering. 

Emergency warning and public address systems appear to 
present more of a reliability problem than aisle and path 
markers. Two specific problems are with power failure and 
with the design of crash resistant electro-mechanical coIn- 
ponents. However, the technology is available to solve these 
problems. Systems of this nature are believed tc offer few 
if any problems with maintainance, and they are durable, 
light and compact. A preliminary hazard analysis yields 
few problems. 

The systems included under the general heading "other 
technology" can be placed into four general c2assifications, 
These include: (1) exits; (2) external aids to egress; (3) in- 
ternal aids to egress; and, (4) in-flight egress. Each of 
these groups are discussed individually, 

All four of the exit concepts studied (ELSIE, external 
platform slide entry, cargo door, ablative coated exit) 
appear to merit further study and possible introduction into 
transport aircraft. Accident experience bears out the 
desirability of introducing additional exits to those 
known to be available in actual cases. A11 four systems 
have been developed as prototypes or are already in operation- 
al use. 

Reliability appears to be a primary concern, especially 
with ELSIE and the external platform slide entry. De- 
ployment during normal flight would be dangerous and a fail- 
safe activation system is necessary. The cargo door could 
be subject to jamming, a problem with most exits if 
fuselage deformation occurs, limiting its reliability. The 
ELSIE concept offers a distinct advantage in that case. 

These systems are all relatively easy to use with ELSIE 
being the most difficult to activate. As it is presently 



conceived, this system requires two crew members to ini- 
tiate actuation enhancing its fail-safe characteristics but 
increasing the chance for post crash confusion. Crew 
training and briefing would be required before each flight. 
Besides the hazard associated with explosive devices, ELSIE 
could present a noise problem, temporarily influencing pas- 
senger and crew hearing, and thus affecting communication 
during egress. This potential problem, most likely minor, 
should be investigated. 

External egress aids include the telescape device, the 
escape rope, the folding slide, the slidelraft combination, 
and the double slide. These devices are all in service 
in operational aircraft with the exception of telescape, 
which has been fabricated and tested as a prototyperand 
the folding slide which has been proposed as a concept. 

Most of these systems present a reliability problem 
with respect to deployment with the exception of the escape 
rope. All systems are technically feasible but some are 
mechanically quite complex. The deployment and structural 
characteristics of inflating structures such as escape 
slides need additional study based on the experiences in 
the recent B~eing 347 evacuation at San Francisco Inter- 
national Airport. The folding slide offers the greatest 
problems with deployment because of possible deformation 
occurring during fuselage distortion. Again the systems 
present few problems with respect to human factors with the 
exception of the escape rope and telescape, which are phy- 
sically difficult to use and may presect a hazard when 
improperly used. 

Internal aids to egress which have been evaluated in- 
clude an integrated passenger escape system and a pas- 
senger conveyor. These systems are complex and expensive, 
requiring much development and testing. A cost effective- 
ness study should be carried out to ascertain if these systems 
are economically feasible. The current investigators feel 
that they are not. Both systems require a flexible logic 
control in order to deliver passengers to the best available 
exits. In addition, both systems are subject to many crash 
impact hazards ranging from power loss to mechanicel mal- 
function to fuselage deformation. The integrated passenger 
escape systen has one characteristic worthy of note. It 
attenpts to provide crash irnpact protection, smoke protection, 
and egress in one package. This systems approach is be- 
lieved necessary in any approach to the overall problem of 
crash impact protection and escape. 

In-flight egress is an extremely difficult problem with 
i l - L l l ~ ~ p ~ r t  aircraft. The Sour systems (paracone, rapidjet, 
c ,~p: ;u lc  parachute and fuselage parachutes) are a11 complex 
~ ~ n d  expensive systems for which much research and develop- 
ment work must be carried out. To determine whether 



implementation of any of these systems is economical frorn 
the cost-effectiveness point of view, further study is 
necessary. 



SECTION X 

CONCLUSIONS AND RECOMMENDATIONS 

This study has made a d e t a i l e d  systems engineering 
ana lys i s  of s t a t e -o f - the -a r t  concepts, equipment, and tech- 
niques which have app l i ca t i on  t o  crew and passenger l i f e  
support  crash s a f e t y  i n  A i r  Force t r anspo r t  a i r c r a f t ,  
Major conclusions and recommendations a r e  as  fo l lows.  

INFLATING OCCUPANT RESTMINT SYSTEMS 

I n f l a t i n g  occupant r e s t r a i n t  systems have been found t o  
s u b s t i t u t e  complex automatic equipment f o r  simple hardware 
and an increased human e r r o r  p o t e n t i a l .  Each of t h e  p r i n c i -  
p a l  components i n  an a i rbag  system i s  a c r i t i c a l  r e l i a b i l i t y  
item - t he  crash sensor needs a well-defined c r i t e r i o n  f o r  
crash p red i c t i on ,  t h e  i n f l a t i o n  source must provide an ade- 
quate  gas supply a f t e r  long s to r age ,  and t h e  bag must i n f l a t e  
t o  provide an impact a t t enua t ing  cushion based on biomechani- 
c a l  p r i n c i p a l s .  In  add i t i on ,  ma in t a inab i l i t y  requirements 
would be increased i f  a i rbags  a r e  used because of t he  pre-  
sence of hazard l e v e l  2 components and because of t he  neces- 
s i t y  f o r  a  s t a t u s  check before  f l i g h t .  Several  human f a c t o r s  
a l s o  must be considered,  such a s  poss ib le  no ise  hazard,  
blocked v i s i b i l i t y  during and immediately a f t e r  use ,  poss i -  
b l e  d i f f i c u l t y  i n  egress  from t h e  system f o r  emergency evacu- 
a t i o n ,  poss ib le  psychological  s t r e s s  assoc ia ted  with t he  
presence of explosive devices ,  and the  necess i ty  of f a i l -  
s a f e  hardware. 

Therefore,  before  a i rbags  a r e  s e r ious ly  considered f o r  
use i n  ope ra t i ona l  a i r c r a f t ,  t h e  fol lowing a r e  recommend- 
ed:  

1. Define crash G-levels expected i n  a i r c r a f t  
acc iden ts  with s u f f i c i e n t  accuracy such t h a t  no confusion 
w i l l  r e s u l t  with hard  landings and ordinary a i r  turbulence 
(it should be noted t h a t  t h i s  problem bas not  y e t  been com- 
p l e t e l y  solved f o r  auto~not ive  applica. t isns where hundreds of 
t e s t  crash impacts have been conducted an2 mi l l i ons  of sensor-  
miles have been d r i v e n ) ;  

2 .  Define a crash envelope including c r i t i c a l  
c lo s ing  r a t e s  and c o l l i s i o n  o b j e c t  d e f i n i t i o n  f o r  use with 
proximity sensors ;  

3.Determine t he  l e v e l  of t h e  hazard with r e spec t  t o  noise  
and occupant eqress  (an experiment where t h e  passengers '  
compartment i s  f i l l e d  with a i r  bag-equipped s e a t s  and 
where an emergency evacuation i s  conducted a f t e r  automatic 
baq deployment); 



4. a detailed cost-effectiveness comparison between systems 
in current use and the airbag from the viewpoint of possible 
structural changes in operational aircraft, penalty for in- 
creased weight, redesign of seats, increased maintenance rc- 
quirernents, and decreased human user error potential. 

ADDITIONAL RESTRAINT RECOMMENDATIONS .. 
Based on the discussions of passive restraint systems 

and observations of operational restraint configurations, 
three additional recommendations can be made. 

1. Make the best and most extensive use possible of 
the rear-facing seating configuration. Present rear-facing 
seat systems in Air Force transport aircraft offer more 
reliable impact protection than do current state-of-the-art 
air bag inflatable restraint systems. Rear-facing seats do 
not need to be supplemented with an air baq. 

2. Litter construction and related support hardware 
should be designed to withstand crash impact. 

3. Side-facing troop seats should be tested to 
determine the level of user impact protection and redesigned 
if they are found insufficient. The operational systems 
observed during the project do not appear to provide 
adequate upper torso restraint. 

SMOKE HOOD-MASK PROTECTIVE DEVICES 

The Schjeldahl smoke hood, with septal neck seal, is 
a current production device which can offer significant pro- 
tection in smoke, toxic fume and fire egress environments. 
A theoretical potential hazard related to time exposure 
beyond critical rebreathing (3-6 minutes) is far outweighed 
by the survival benefits provided, since it has been shown 
that the major cause of fatalities in survivable air tran- 
sport crashes is smoke and flame exposure. 

1. It is recommended that the Schjeldahl smoke hood 
be provided for each passenger and cre; member on Air Force 
transport aircraft. 

2. It is further recommended that at such time as an 
advanced smoke hood concept providing automatic self- 
generating gas capability has undergone research and. develop- 
ment it be evaluated as a second-generation operational item 
to replace the current rebreathing design. 

AISLE AND EVACUATION PATH MARKERS 

Present interior lighting is accomplished primarily by 
incandescent techniques. No aisle or evacuation pathmakers 



have been found to be in operational use, however, and 
internal and external emergency lighting systems are either 
nonexistent or inadequate. A number of interior aisle and 
pathmarker illumination systems and concepts are available 
which could offer significant improvement for passenger egress, 
hut none have had adequate research for this specific appli- 
cation in a crash environment. 

Reflective tapes require illumination for effective 
utilization, while phosphorescent or ultra-violet markers 
require either pre-illumination exposure or a special light 
source for activation, Self-luminous sources such as Tritium 
markers presently provide relatively low levels of illumina- 
tion without exceeding allowable radio-active levels. Electro- 
luminescence offers another means, but requires a relatively 
high level electric current for activation. A promising 
technique for providing adequate pathway illumination, signs 
and directional markers involves chemiluminescence (either 
exposure to air or to a second chemical). This could be 
achieved by initiationupon impact, Additional information 
is needed to evaluate the possibility of accomplishing this. 
Adequate emergency aisle markers, evacuation markers, and 
egress sign illumination could be provided by a gaseous dis- 
charge system using Xenon strobe lights, which would be most 
effective in a smoke-filled dark cabin and would require only 
small battery units for initiation. 

Tactile markers could provide a means of emergency 
egress in the absence of light; however, they have been found 
ineffective in limited group evacuation testing and require 
further development. Directional pulsating lights, using 
incandescent illumination, appear to be a good concept hut 
have not been tested in this application, Floor level 
lighting can be utilized by application of present incandes- 
cent techniques. 

It is recommended that: 

1. Air Force transport aircraft be provided with emer- 
gency aiile and evacuation path markers, improved emergency 
sign illumination, and both internal and external emergency 
egress illumination. 

2. Further tests be cond.ucted with currently available 
battery-powered incandescent lighting, Xenon strobe lights, 
and chemical light techniques to evaluate the most reliable 
and best system for these illumination needs. 

3. Realistic evacuation tests be conducted comparing 
the above illumination systems and pathway marker techniques, 
including tactile markers 

PASSENGER WARNING AND PUBLIC ADDRESS SYSTEMS 

The present alarm bell crew and passenger warning system 
used in Air Force transport aircraft is not reliable as a 



warning device because there often is insufficient time for 
manual initiation.. Th.e TWA battery-powered audio-visual 
system with solid-state audible pulsed alarm is designed for 
crew communication only and provides no alarm warning for pas- 
sengers; however, it could prov.ide an effective emergency com- 
munication link between the pilot and loadmaster or cabin 
crew. The same function could be improved through a solid- 
state portable communications device, offering greater 
flexibility. In cases of main communications failure, the 
battery-powered porta2:)le bull horn is effective if within 
reach of a crew member but has not yet proven useful in 
actual crash evacuation. Until such time as a more reliable 
automatic al-arm system is devised, the present Air Force 
alarm should be retained despite its relative ineffectiveness. 

It is recommended that: 

Research be initiated to devise a more reliable and 
more effective passenger crash warning system. 

EMERGENCY EXIT SYSTEMS 

The current generation slide/raft escape device offers 
significant evacuation capability for cabin doors, and in 
ditchings can save considerable time in deploying rafts. The 
possibility of employing cargo type doors and/or swing-tail 
or swing-nose concepts for mass evacuation of large transport 
is worthy of further study; however, the ELSIE high energy 
emergency egress system, which has been developed in proto- 
type form and is undergoing Air Force flight evaluation 
tests, offers a significant improvement in current emergency 
egress techniques. 

Insufficient information is available to evaluate in- 
flight emergency egress concepts for duty. Ablative coating 
of exit areas appears feasible but further data are required 
concerning effects on flight characteristics. 

It is recommended that: 

1. Slide/raft escape devices, currently available as 
productive items, be implemented as emergency equipment in 
Air Force transport aircraft where compatible with present 
door structure or where they can be readily modified. 

2. Research and development of ablative coating techni- 
ques be conducted as to application at overwing exit areas. 

3. To date there is no way to save occupants of an air 
transport aircraft incurring major structural in-flight 
failure when they are not equipped with parachutes or in 
cases when normal bailout is not possible. Serious consider- 
ation should be given to techniques of emergency in-flight 



egress in air transports. A preliminary study of past 
accident experience could indicate whether there is in 
fact such a present requirement. This should be 
followed by further study of concepts, since all of the 
concepts considered here are within the state of the art, 
and one (Lowering of disabled aircraft by parachute) may 
be feasible and cost-effective. 

4. Escape aids provided,such as crash axes,should be 
adequately identified and located where readily avail- 
able. 

5. If continuing tests of the ELSIE high energy 
emergency egress system are successful, this system should 
be utilized in Air Force transport aircraft as it represents 
a potential major improvement in emergency egress capability. 
A further study of optimum passenger egress locations in 
various confiqurations of air transport aircraft is needed, 
based upon structural and systems considerations beyond the 
scone of this study. 
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APPENDIX A 

This appendix contains a list of the addresses of 
companies and other organizations in the order that they 
appear in Section IV, Passive Restraint Systems. 

1. Cornell Aeronautical Laboratory, Inc. 
4455 Genesee Street 
Buffalo, New York 14221 

2. Wayne State University 
Biomechanics Research Unit 
Detroit, Michigan 

3. 6571st AMRL 
Holloman Air Force Base, 
New Mexico 

4. Mini-car, Inc. 
Los Angeles, California 

5. Dynamic Science, Inc. 
1800 W. Deer Valley Drive 
Phoenix, Arizona 85027 

6. Southwest Research Institute 
8500 Culebra Road 
San Antonio, Texas 78206 

7. Beta Industries 
2763 Culver 
Dayton, Ohio 

8. Eaton Corporation 
Safety Systems Division 
466 Stephenson Highway 
Troy, Michigan 48084 

9. General Motors Corporation 
Delco Electronics Division 
Milwaukee, Wisconsin 53201 

10. Toyota Motor Co., Ltd. 
Toyota-ski, Aichi - ken 
Japan 

11. Olin Corporation 
Energy Systems Division 
East Alton, Illinois 62024 



12. Allied Chemical Company 
Automotive Products Division 
353 Cass Avenue 
Mt. Clemens, Michigan 48043 

13. Thiokol Chemical Corporation 
Wasatch Division 
Brigham, City, Utah 84302 

14. Rocket Research Corporation 
11441 Willows Road 
Redmond, Washington 98054 

15. Ensign Bickford Company 
660  Hopmeadow Street 
Simsbury, Connecticut 06070  

16. Bolt, Beranek, and Newman, Inc. 
50 Moulton Street 
Cambridge, Massachusetts 

17. Nissan Motor Company, Ltd. 
6-1 Daikoku-cho, Tsururniku 
Yokohama, 230  Japan 

18. Hamill Manufacturing Company Division 
Firestone Tire and Rubber Company 
Washington, Michigan 48094 



APPENDIX B 

Manufacturers of the various pathmarker illumination 
systems discussed in Section VI, 

CHEMO-ILLUMINESCENCE 

American Cyanamid Company 
Organic Chemicals Division 
Bound Brook, New Jersey 08305 
(Trademark, CYALUME Chemical Light) 

Remington Arms Company 
939 Barnum Avenue 
Bridgepoat, Connecticut 06602 

ELECTRO ILLUMINESCENCE 

Grimes Manufacturing Company 
515 N. Russell Street 
Urbana, Ohio 43078 

Honeywell 
2600 Ridgeway Road 
Minneapolis, Minnesota 

MLM Electronics 
130 E. River Drive 
Willinqboro, New Jersey 08046 

Scott Aviation 
Division of A.T.O. Inc. 
225 Eire Street 
Lancaster, New York 14086 

Soderberg Manufacturing Company, Inc. 
628 S. Palm Avenue 
Alhambra, California 91803 

Sylvania Products, Inc. 
60 Boston Street 
Salem, Massachusetts 01970 

GASEOUS DISCHARGE SYSTEMS 

A.C.R. Electronics, Inc. 
112 Voice Road 
Carle Place 
New York, New York 11514 

Birns and Sawyer, Inc. 
1026 N. Highland Avenue 
Los Angeles, Ca1ifotW.a 90038 



Electronic Lights, Inc, 
Division of Kemlite Lab. Inc. 
1701 N. Ashland Avenue 
Chicago, Illinois 60622 

Illumination Industries, Inc. 
610 Vaqueros Avenue 
Sunnyvale, California 94086 

Kemlite Laboratories, Inc. 
1819 W, Grand Avenue 
Chicago, Illinois 60622 

LTV Electro Systems, Inc. 
P. 0, Box 6030 
Dallas, Texas 75222 

Life Support Technology, Inc. 
4820 S.W. Lloyd Avenue 
Beaverton, Oregon 97005 

MLM Electronics 
130 E. River Drive 
Willingboro, New Jersey 08046 

Pichel Industries, Inc. 
Division of Optics 
693 S. Raymond Avenue 
Pasadena, California 91105 

Soderberg Manufacturing Company, Inc. 
628 S. Palm Avenue 
Alhambra, California 91803 

Whelen Engineering Company 
3 Winter Avenue 
Deep River, Connecticut 06417 

Zip Com Corporation 
5620 West 12th Street 
~ittlerock: Arkansas 72204 

ULTRAVIOLET PATHWAY MARKERS - 
Luminex, Inc. 
P. 0 .  Box 696 
Santa Barbaxa, California 93102 

SELF-LUMINOUS SOURCES (TRITIUM) AND PHOSPHORESCENCE 
MARKERS 

Conrad Precision 
630 5th Avenue 
New York, New York 



U. S. Radium Corporation 
Morristown, New Jersey 07960 

INCANDESCENT SOURCES 

Chicago Miniture. Lamp Works 
4453 North Ravenwood 
Chicago, Illinois 

General Electric 
Nela Park 
Cleveland, Ohio 44122 

Grimes Manufacturing Company 
515 North Russell Street 
Urbana, Ohio 43078 

Life Support Technology, Inc, 
4820 S.W. Lloyd Avenue 
Beaverton, Oregon 97005 

LTV Electro Systems, Inc. 
P. 0. Box 6030 
Dallas, Texas 75222 

Pichel Industries, Inc. 
693 S. Raymond Avenue 
Pasadena, California 91105 

Pile National Company 
1334 N. Kostner Avenue 
Chicago, Illinois 60651 

Scott Aviation 
Division of A.T.O., Inc. 
225 Eire Street 
Lancaster, New York 14086 

Ssderberg Manufacturing Company, Inc. 
628 S. Palm Avenue 
Alharnbra, California 91803 



APPENDIX C 

Manufacturers of Escape Slides or Raft-Slide Escape 
Devices discussed in Section VII. 

Pico Division of Sargent Industries 
2045 Evans Avenue 
San Francisco, California 94124 

Aircruisers Division of Garrett Corporation 
P. 0. Box 180 
Belmar, New Jersey 07719 

B. F. Goodrich Company 
500 South Main 
Akron, Ohio 44318 

Switlik Parachute Company 
1325 East State Street 
Trenton, New Jersey 08607 






