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EXECUTIVE SUMMARY 

The number o f  genera l  a v i a t i o n  a i r c r a f t  i n  o p e r a t i o n  has i nc reased  

f a s t e r  t h a n  any o t h e r  fo rm o f  t r a n s p o r t a t i o n ,  w i t h  more passengers r e -  

p o r t e d l y  c a r r i e d  a n n u a l l y  t han  by t h e  commercial a i r 1  i n e s .  I n  t h e  t e n -  

y e a r  p e r i o d  1970-1 979 o v e r  100,000 occupants  o f  gene ra l  a v i a t i o n  a i r c r a f t  

have been i n v o l v e d  i n  43,557 a c c i d e n t s ,  o f  wh ich  16.1 p e r c e n t  were f a t a l  

a c c i d e n t s  w i t h  some 14,194 f a t a l i t i e s .  Yet  many a c c i d e n t  s t u d i e s ,  d a t i n g  

back o v e r  40 yea rs ,  have conc luded t h a t  f r om 50-93 p e r c e n t  o f  t hese  

f a t a l  i t i e s  would n o t  have o c c u r r e d  i f  adequate c r a s h w o r t h i n e s s  d e s i g n  

( such  as s t r o n g e r  c a b i n  s t r u c t u r e s ,  r e s t r a i n t s  and a t tachments ,  shou lde r  

harnesses, and energy-absorb ing  s e a t s )  had been u t i l i z e d .  

Crashwor th iness  r e f e r s  t o  t h e  a b i l i t y  o f  an a i r c r a f t  t o  w i t h s t a n d  

c r a s h  impac t  f o r c e s  and t o  p r o t e c t  i t s  occupants  f rom i n j u r y  d u r i n g  a  

s u r v i v a b l e  a c c i d e n t .  A  s u r v i v a b l e  a c c i d e n t  i s  d e f i n e d  as one i n  wh ich  

t h e  f o r c e s  t r a n s m i t t e d  t o  t h e  occupant  t h rough  t h e  s e a t  and r e s t r a i n t  

sys tem do n o t  exceed human t o l e r a n c e  l i m i t s  and p r e v e n t  e j e c t i o n  o r  

c o n t a c t  w i t h  i n j u r i o u s  s t r u c t u r e ,  and i n  wh ich  t h e  c a b i n  s t r u c t u r e  i n  

t h e  occupan ts '  immediate area remains s u b s t a n t i a l l y  i n t a c t  w i t h o u t  i n -  

t r u s i o n  t h r o u g h o u t  t h e  c r a s h  sequence. I t  may s t i l l  be c l a s s e d  as 

s u r v i v a b l e  even though a  system element ( t h e  sea t ,  r e s t r a i n t )  f a i l s ,  as  

l o n g  as t h e  o t h e r  two requ i remen ts  a r e  s a t i s f i e d .  Wh i l e  t h e  te rm c rash -  

w o r t h i n e s s  i t s e l f  does n o t  appear i n  t h e  p r e s e n t  Federal  A v i a t i o n  Reg- 

u l a t i o n s  (FARS, 14CFR23), i t  i s  a  concep t  t h a t  has been recogn ized  as 

analogous t o  a i r w o r t h i n e s s .  A  b a s i c  p h i l o s o p h y  o f  c r a s h w o r t h i n e s s  i s  

t h a t  s i n c e  some c r a s h  impacts  w i l l  c o n t i n u e  t o  occu r  d e s p i t e  a l l  e f f o r t s  

o f  p r e v e n t i o n ,  t h e  occupants  shou ld  r e c e i v e  adequate p r o t e c t i o n  and 

chance f o r  s u r v i v a l  when a  c r a s h  does o c c u r .  

There has been moun t ing  concern  t h a t  t h e  Federal  A v i a t i o n  Admin is -  

t r a t i o n  has n o t  g i v e n  adequate a t t e n t i o n  t o  c rashwor th iness  requ i remen ts  

i n  t h e  FAR'S. A  b a s i s  f o r  such concern  i n c l u d e s  f i n d i n g s  t h a t :  ( 1 )  t h e  

p r o b a b i l i t y  t h a t  a t  l e a s t  60 p e r c e n t  ( r a n g i n g  t o  1502) o f  t h e  a i r c r a f t  

manufac tured w i l l  be i n v o l v e d  i n  an a c c i d e n t  d u r i n g  a  20-year s e r v i c e  

1  i f e ;  ( 2 )  t h e  genera l  a v i a t i o n  f a t a l  i t y  r a t e  per  passenger m i l e  i s  6  t o  



13 times t h a t  of passenger c a r s ,  and 216 to 432 times t h a t  of U.S. a i r  

c a r r i e r s ;  ( 3 )  the  chances of being k i l l ed  in a  general avia t ion  a i r c r a f t  

accident a r e  about 2 in 3 ,  a s  compared to  receiving more than minor 

in jury ,  and one ' s  chances of receiving a  disabling in jury  a r e  over 25 

times t h a t  of being f a t a l l y  injured in an automotive acc ident ;  and ( 4 )  

most general avia t ion  a i r c r a f t  c e r t i f i e d  today a r e  ac tua l ly  grandfat hered 

in under CAR 3  requirements of the  1  9501s,  r a the r  than under the  current  

requirements of FAR 23. 

The purpose of t h i s  study has been to  review sect ions  of Part  23 

(Airworthiness Standards: Normal , Util i t y ,  and Acrobatic Category Air- 

planes) of the  Federal Aviation Regulations (.I 4 C ~ ~ 2 3 )  re la ted  t o  crash- 

worthiness requirements, and evaluate how e f f e c t i v e  the  present require-  

ments a r e  within the  s t a t e -o f - the -a r t .  Par t icular  a t t en t ion  has been 

focused in Part  23 on sec t ions  561 , "emergency landing conditions" ; 785, 

" s e a t s ,  berths,  sa fe ty  b e l t s ,  harnesses"; 625, " f i t t i n g  f a c t o r s " ;  1413, 

" sa fe ty  be1 t s  and harnesses"; and Part  34.132 (TSO-C22f) " sa fe ty  be1 t s , "  

and TSO-C39a " a i r c r a f t  sea t s  and b e l t s , "  a s  well a s  proposed TSO C-100 

"child r e s t r a i n t s . "  Analysis took the s ta te-of- the-ar t  in these areas 

in to  considerat ion,  including human tolerance,  with comparison to  per- 

t inen t  regula t ions ,  s tandards,  spec i f i ca t ions ,  recommended prac t ices ,  

and guide1 ines of other  t echn ica l ,  m i l i t a r y ,  and c i v i l  federal organi- 

za t ions .  Background review includes documentation and c i t a t i o n s  going 

back t o  1910 r e l a t i v e  t o  c r i t e r i a  and need fo r  improved crashworthiness 

design, with some 750 technical references c i t e d .  Changes in the p e r t i -  

nent FARs have been traced back as  f a r  as  possible to the  or ig inal  

Bureau of Air Commerce requirements of 1926. 

I t  i s  concluded t h a t  the  FAA has given l i t t l e  a t t e n t i o n  t o ,  and 

has in the  past  r e s i s t e d ,  updating regulat ions in the  area of crash- 

worthiness which would e f f e c t i v e l y  reduce f a t a l i t i e s  and serious i n j u r i e s  
i n  general avia t ion  crashes. The Flight  Standards Division or  Admin- 

i s t r a t i o n  of FAA has cons i s t en t ly  taken no pos i t ive  ac t ion  on f indings 

and recommendations of the  FAA's own medical and engineering research,  
a s  well a s  repor ts  of other  agencies and organizat ions such as  the NTSB. 



C r i t i c a l  terms such a s  "moderate descen t  v e l o c i t y "  and "minor c rash  

landing" remain undefined. Sea t  b e l t  s t r e n g t h  has been addressed only 

once s i n c e  1934 when i n  1950 (-31 yea r s  ago)  t o d a y ' s  s i  ngl e-be1 t s tandard 

of  1500 I b s .  was s p e c i f i e d  a s  an except ion t o  t h e  National A i r c r a f t  

Standards  S p e c i f i c a t i o n  802 r equ i r i ng  3000 1 b .  minimum s t r e n g t h .  Metal - 
to-webbing type r e s t r a i n t  buckles have had a  long h i s t o r y  of  f a i l u r e ,  

r epor ted  i n  a cc iden t  s t u d i e s  of  t h e  1 9 4 0 1 s ,  w i t h  a  warning r epo r t i ng  

t e s t  d a t a ,  i ssued by Crash In ju ry  Research i n  1955. A decade ago t he  

NTSB recommended a  requirement f o r  metal -to-metal type buck1 e s  . A n  

FAA requirement wi l l  become e f f e c t i v e  4  December 1981. The FAA r equ i r e -  

ment f o r  a  shoulder  harness i n  the f r o n t  s e a t s ,  i n  "newly c e r t i f i e d "  

a i r c r a f t  a f t e r  1 8  J u l y  1978, was found 40 yea r s  ago t o  be t h e  s i n g l e  

most e f f e c t i v e  means of  p r o t e c t i o n .  In 1981 an es t imated 50 percent  

of  general  a v i a t i o n  a i r c r a f t  do not  have t h i s  p ro t ec t i on .  

S ince  general  a v i a t i o n  i s  t h e  most r a p i d l y  growing form of  t r a n s -  

p o r t a t i o n ,  w i t h  a  44.1 percent  i n c r e a s e  t o  31 5,000 a i r c r a f t  es t imated 

by 1992, i t  i s  concluded t h a t  i t  i s  urgent  t h a t  increased a t t e n t i o n  be 

given t o  updating t h e  FAR'S r e l a t e d  t o  c rashwor th iness .  

RECOMMENDATIONS 

Pa r t  23.561 Emergency Landing Condi t ions:  

1 .  I t  i s  recommended t h a t  the term " su rv ivab l e  a c c i d e n t , "  o r  

" su rv ivab l e  c r a s h , "  be s u b s t i t u t e d  i n  t h i s  requirement f o r  t h e  p resen t  

undefined term "minor c rash  landing" r23.561 ( b ) ]  . 
2. El iminate  the s u b j e c t i v e  terms a l t o g e t h e r ,  and cons ider  reword- 

ing t o  " t h e  s t r u c t u r e  must be designed so t h a t  each occupant wi l l  escape 

s e r i o u s  i n j u r y  i n  a  survivabl  e  c r a s h " .  . . r a t h e r  than t h e  c u r r e n t  " t h e  

s t r u c t u r e  must be designed t o  g ive  each occupant every reasonable  chance 

o f  escaping s e r i o u s  i n j u r y  i n  a  minor c r a sh  l and ing . .  ." l23.561 (b) ] .  

3. Human impact t o l e r ance  l e v e l s  f o r  i n j u r y  a r e  f a r  above those  pro- 

s e n t l y  r equ i r ed  i n  " u l t i m a t e  i n e r t i a  f o r ce s "  [ 23 .561 (b ) (2 ) ] .  This f a c t  
should be taken i n t o  cons ide r a t i on  i n  updating and i nc r ea s ing  s e a t i n g ,  

r e s t r a i n t ,  and a t tachment  design c r i t e r i a  t o  more r ea l  i s t i c  1  eve1 s .  



4. Part  g23.561 should be amended to  include downward (.vertical ) 

and rearward design values. A t  present there  a r e  no requirements. A 

confusion in  technical meaning of terms e x i s t s  in l23.561 ( b )  and ( b ) ( 2 )  

in use of forces and accelera t ions .  A so lu t ion  to  c l a r i f y  t h i s  point i s  

simply t o  add a de f in i t ion  (o r  reference in  glossary)  together with a 

simp1 e coordinate system f igure  i l l  u s t r a t i  ng exact ly what i s  meant re-  

l a t i v e  to  d i rec t ion  of loading on the  occupant. 

5 .  An objec t ive  and meaningful de f in i t ion  i s  needed t o  c l a r i f y  

speci f i c a l  1 y what the  present requirement "moderate descent veloci ty" 

L23.561 ( c ) ]  means. Part #23.561 (.c) (.2) needs t o  be upgraded t o  be t t e r  

r e f l e c t  the s t a t e -o f - the -a r t  fo r  ve r t i ca l  impact protect ion and the  

m u 1  t i  tude of s t ruc tu ra l  means t o  accomplish improved energy-absorption 

and reduce loads on the seated occupant in a crash.  

6. In view of the  apparent incidence of overturns,  a t t e n t i o n  should 

be given t o  upgrading #23.561 ( d )  (.I ) to requi re  s tronger cabin ro l lover  

protection than the  present "upward ul t imate i n e r t i a  force  of 39." 

7. In view of the  number of places needing updating in  t h i s  sec t ion ,  

i t  would make be t t e r  sense to  modify 23.561, by s t a r t i n g  a l l  over and 

developing a t o t a l l y  new sect ion on occupant protect ion.  Such a new 
sect ion should ref1 e c t  the  emphasis on crashworthiness by r e t i  t l  ing i t  

from "emergency 1 anding conditions" (of 1945) to  something 1 i  ke "emergency 

crash landing condit ions,"  "crashworthiness protect ion,"  or  "occupant 

crash protec t ion ."  Further,  addit ional  guide1 ines should be incorporated 

to  provide more meaningful information to the  designer.  

Part  23.785 Seats ,  Berths, Safety Be1 t s ,  and Harnesses: 

8. Part  23.785(a) should be amended to increase the  occupant weight 
requirement from the present 170 1 bs. to 224 1 bs . ,  and the  Army's prac t ice  
of using both 5th-percenti l  e and 95th-percentil  e occupant weights should 
be adopted. ( A  U.S. 5 th-percent i le  women weighs 104 1 bs. A 95th-percen- 
t i l e  male weighs 224 I b s . ) .  



9. P a r t  23.785(e) and ( e )  ( 3 )  should  be amended t o  r e q u i r e  dynamic 

t e s t  c r i t e r i a  ( a l r eady  developed and used by t h e  FAA), r a t h e r  than s t a t i c  

t e s t s .  FAA t e s t s  have concluded t h a t  s t a t i c  t e s t i n g  cannot be r e l a t e d  

t o  crash env i  ronments. 

P a r t  23.1413 Sa fe t y  Be1 t s  and Harnesses: 

10. P a r t  23.1413 should  be mod i f i ed  t o  r e a l i s t i c a l l y  inc rease  

webbing s t r e n g t h  requirements t o  t ake  i n t o  cons ide ra t i on  t he  s t a t e - o f -  

t h e - a r t  and p resen t  (5500-6000 1  b. ) be1 t ava i  1  ab i  1  i t y .  Th i  s  would a1 so 

serve t o  g r e a t l y  s t reng then  and upgrade one impo r tan t  l i n k  i n  t h e  

occupant crash r e s t r a i n t  chain.  

P a r t  23.625 F i  tti na Factors  : 

11. Since t h i s  requi rement  has an impor tan t  bea r i ng  on sea t  and 

s a f e t y  b e l t  at tachment s t r eng th ,  i t  deserves f u r t h e r  eng ineer ing  rev iew.  

Conso l i da t i on  o f  Seat, Be1 t, Ber th ,  and Be1 t Attachment Factors :  

12. Consol idate  a l l  seat ,  b e r t h ,  and b e l t  at tachment f a c t o r  r e q u i r e -  

ments i n t o  a  s i n g l e  sec t ion .  

C h i l d  and I n f a n t  R e s t r a i n t :  

13. ( 1 )  P i  l o t s  should  be educated concern ing adequate p r o t e c t i o n  

o f  t h e i r  younger passengers. ( 2 )  U n t i l  f u r t h e r  ru lemaking a c t i o n  i s  

taken on proposed TSO-C100, i n t e r i m  a c t i o n  should  a1 low c e r t a i n  auto- 

mot ive i n f a n t / r e s t r a i n t  systems t o  be used on a i r c r a f t  sea ts  ( n o t  

b l o c k i n g  emergency egress ) .  Th i s  would o f f e r  cons iderab ly  g r e a t e r  

impact p r o t e c t i o n  t o  c h i l d r e n  than i s  p r e s e n t l y  t h e  case (where an 

i n f a n t  must be h e l d  i n  t he  p a r e n t ' s  l a p  w i t h o u t  r e s t r a i n t  o r  c h i l d r e n  

a re  improper l y  and inadequa te ly  p laced  i n  a d u l t  r e s t r a i n t s ) .  



Technical Standard Orders (TSO' s )  : 

14. All TSO's should be immediately reviewed relative to  state-of- 
the-art and amended t o  ref lect  the updating necessary. Priority 

attention should be given to  TSO-C39a (formerly Part 37.136) for  seats 
(also TSO-C25a for a i r  carr ier  s ea t s ) ,  and TSO-C22f (formerly Part 

37.132) for safety belts.  

Safety Be1 t s  TSO-C22f (formerly Part 37.132) : 

15. I n  view of the accident crash t e s t  data over the past 30 years 
documenting the need for stronger res t ra in t  systems, and especi a1 ly 
FAA's recent studies,  TSO-C22f should be upgraded t o  be a t  least  
comparable t o  the webbing strength protection provided in automobiles. 
The restraint-seat system must be considered as a whole, since restraint  
i s  no stronger than i t s  weakest link--in th is  case the hardware and 
attachments which should be upgraded as well. I t  i s  recommended that  
restraint  systems in general aviation a i r c ra f t  should be designed for 
a forward dynamic load of 25 G's applied 20 degrees to  ei ther  side 
of the airplane 's  longitudinal axis;  an upward load of 16  G ;  a downward 
load of 15 G ;  and an a f t  load of 5 G. 

Seat Strength (TSO-39a) : 

16.  General aviation seat strength requirements specified in 
TSO-C39a should receive pr ior i ty  attention to  upgrade. As an interim 

measure the new FAA TSO completed in 1978 should replace the present 
TSO. 
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1 .0 INTRODUCTION 

The importance of a i r c r a f t  crashworthiness and occupant protection 

when an accident does occur has been known and documented in the 1 i t e r a -  

tu re  for  the past 70 years through medical and engineering research and 

accident investigation s tudies .  Yet l i t t l e  a t tent ion has been given to 

t h i s  know1 edge in the federal standards under which general aviat ion 

a i r c r a f t *  a r e  manufactured, 1  icensed, or operated. The prevail ing notion 

tha t  a l l ,  or  most, accidents can be prevented through emphasis u p o n  a i r -  

worthiness and accident prevention programs, ra ther  t h a n  crashworthiness 

and protecting the occupant when a  crash does occur, i s  a premise not 

supported by the annual accident s t a t i s t i c s  a n d  data indicating t h a t  

a t  l e a s t  60% of a l l  a i r c r a f t  manufactured will be involved in an accident 

during t he i r  service l i f e .  In the past the emphasis on a i r c r a f t  a i r -  

worthiness performance and sty1 ing in the marketing of a i r c r a f t  has been 

t o  the detriment of development of safe ty  fea tures .  The assumption has 

been t ha t  "safe ty  doesn ' t  s e l l "  a i r c r a f t .  As a r e s u l t ,  few general avi- 

a t ion p i lo t s  or  a i r c r a f t  owners a r e  familiar  with the de t a i l s  of sections 

of the Federal Aviation Regulations ( F A R ' S )  dealing with design require- 

ments for  the protection of t he i r  passengers a n d  themselves--that i s ,  such 

considerations as the strength of the cabin, s ea t s ,  r e s t r a i n t  systems 

and tie-down anchorages, f i r e  and  rol lover protection, emergency egress, 

a n d  safe ty  equipment. Such things "come with the airplane" and "must 

conform to federal regulat ions."  With a  s t a f f  of over 56,000 persons 

(excluding mil i tary  personnel a t  the end of 1979, a  p i lo t  would assume 

tha t  the Federal Aviation Administration ( F A A )  must be constantly u p -  

grading requirements within the technical s ta te-of- the-ar t  t o  bring o u t  
the sa fes t  a i r c r a f t  product possible ( F A A  Handbook, 1979). The in tent  

of the following report  i s  to evaluate the current  s t a tus  of crashworthi- 

ness requirements for  general aviat ion a i r c r a f t ,  primarily by evaluation 

of the current  Part 23 FAR'S ( 1  4CFR23). 

* General aviat ion a i r c r a f t  a re  defined as airplanes c e r t i f i ed  under 
14CFR23 and preceding regulat ions,  with a  gross weight of 12,500 
Ibs.  or l e s s .  



1.1 O b j e c t i v e s  and Scope 

Federa l  A v i a t i o n  R e g u l a t i o n s  (FAR's)  a p p l i c a b l e  t o  genera l  a v i a t i o n  

a i r c r a f t  a r e  found i n  P a r t  23 o f  t h e  Code o f  Federal  R e g u l a t i o n s  (14CFR23) 

and a r e  e n t i t l e d  " A i r w o r t h i n e s s  Standards :  Normal, U t i l i t y ,  and Acroba- 

t i c  Category  A i r p l a n e s  ." The p r i m a r y  pu rpose  o f  t h i s  s t u d y  i s  t o  r e v i e w  

those  s e c t i o n s  o f  P a r t  23 a p p l i c a b l e  t o  c r a s h w o r t h i n e s s  and p r o v i d e  an 

e v a l u a t i o n  o f  how w e l l  t h e y  a c t u a l l y  p r o v i d e  mean ing fu l  occupant  p r o -  

t e c t i o n  w i t h i n  t o d a y ' s  t e c h n i c a l  know1 edge. Where expe r ience  and sup- 

p o r t i n g  documenta t ion  i n d i c a t e  areas  o r  s p e c i f i c  p l a c e s  where om iss ion  

o r  c o n f u s i o n  i s  found t o  e x i s t ,  o r  d a t a  may be ou tda ted ,  t h e  i n t e n t  i s  

t o  p o i n t  toward  recommended m o d i f i c a t i o n s  and a d d i t i o n s  t h a t  would b r i n g  

those  p o r t i o n s  o f  t h e  FAR's t o  a  h i g h e r  l e v e l  o f  c r a s h w o r t h i n e s s  p r o -  

t e c t i o n .  

The scope, w i t h i n  t h e  1  i m i t s  o f  t i m e  and budget ,  i s  t o  t a k e  a  broad 

l o o k  a t  a l l  o f  P a r t  23 under wh ich  genera l  a v i a t i o n  a i r c r a f t  a r e  manu- 

f a c t u r e d ,  1  icensed,  and ope ra ted ,  b u t  t o  f ocus  on t h e  s e v e r a l  key s e c t i o n s .  

To p r o v i d e  t h e  reade r  w i t h  f u r t h e r  background, a d d i t i o n a l  s e c t i o n s  p u l l  

t o g e t h e r  p r e v i o u s  a i r c r a f t  c r a s h w o r t h i n e s s  r e s e a r c h  s t u d i e s  and a l s o  

ou t1  i n e  t h e  development o f  t h e  p e r t i n e n t  f e d e r a l  requ i remen ts .  T h i s  

m a t e r i a l  i s  a1 so supplemented by comparabl e  s tandards ,  recommendations, 

and requ i remen ts  f rom c i v i l  and m i l  i t a r y  t e c h n i c a l  o r g a n i z a t i o n s  r e -  

l a t i v e  t o  s e a t  and r e s t r a i n t  systems, human t o l e r a n c e  f o r c e s ,  and occu- 

p a n t  p r o t e c t i o n .  Pos t - c rash  f a c t o r s  o f  f i r e  p r o t e c t i o n  and emergency 

e x i t s  have n o t  been e v a l u a t e d  w i t h i n  t h e  scope o f  t h i s  s tudy ,  b u t  shou ld  

be cons ide red  i n  o v e r a l l  c r a s h w o r t h i n e s s  requ i remen ts .  

1.2 D e f i n i t i o n  o f  Crashwor th iness  

Crashwor th iness  i n  s i m p l e s t  terms r e f e r s  t o  t h e  a b i l i t y  o f  an a i r -  

c r a f t  t o  w i t h s t a n d  c r a s h  impac t  f o r c e s  and t o  p r o t e c t  i t s  occupants  f rom 

i n j u r y  d u r i n g  a  s u r v i v a b l e  a c c i d e n t .  Many s t u d i e s  have shown t h a t  when 

t h e  a i r c r a f t  s t r u c t u r e  remains  r e l a t i v e l y  i n t a c t ,  w i t h o u t  s i g n i f i c a n t  

i n t r u s i o n ,  t h e  occupant  i s  a d e q u a t e l y  r e s t r a i n e d  i n  an energy-absorb ing  

s e a t  system, t h e  i n t e r i o r  s t r u c t u r e s  a r e  des igned t o  d i s t r i b u t e  l o a d s  



and absorb  energy, and t h e  impac t  f o r c e s  imposed on t h e  occupant  a r e  

w i t h i n  human t o l e r a n c e *  l i m i t s ,  t h e  occupant  can s u r v i v e  w i t h o u t  s e r i o u s  

i n j u r y  even when t h e  a i r c r a f t  i t s e l f  i s  des t royed .  

Most  r e s e a r c h e r s  i n  c rashwor th iness  use a  d e f i n i t i o n  t h a t  encompasses 

most  o f  t h e  above c o n d i t i o n s .  I t  shou ld  be p o i n t e d  o u t  t h a t  a  s u r v i v a b l e  

c r a s h  may be d e f i n e d  i n  two d i f f e r e n t  ways. The Army's d e f i n i t i o n  o f  a  

s u r v i v a b l e  a c c i d e n t  r e f l e c t s  t h e  f i e l d  i n v e s t i g a t o r ' s  p o s t - c r a s h  e v a l u a t i o n  

o f  an  e x i s t i n g  c rash .  Other  d e f i n i t i o n s  a d d i t i o n a l l y  r e q u i r e  t h a t  t h e  

s e a t  and r e s t r a i n t  system p r o v i d e  energy-a b s o r b i  ng p r o t e c t i o n  and r e s t r a i  n  

t h e  occupant  f rom e j e c t i o n  and c o n t a c t  w i t h  i n j u r i o u s  s t r u c t u r e .  These 

a d d i t i o n a l  e lements a r e  b a s i c  c o n d i t i o n s  wh ich  t h e  d e s i g n e r  shou ld  s t r i v e  

f o r .  However, a  c r a s h  can be c l a s s i f i e d  as s u r v i v a b l e  even though a  

system ( t h e  b e l t ,  t h e  s e a t )  f a i l s ,  if - t h e  two p r i m a r y  requ i remen ts  i n  t h e  

Army's d e f i n i t i o n  ( 1  i v a b l  e  c a b i n  volume and impac t  w i t h i n  human t o 1  erance)  

a r e  s a t i s f i e d .  

Undoubted ly  t h e  b a s i c  p r i n c i p l e  o f  genera l  a v i a t i o n  c r a s h w o r t h i  ness 

d e s i g n  o r i g i n a t e d  w i t h  DeHaven, I n  a  1952 S o c i e t y  o f  Automot ive  Engin-  

ee rs  symposium on "Packaging t h e  Passenger," DeHaven s i m p l y  s t a t e d  f o u r  

b a s i c  p r o t e c t i o n  concepts  i n  terms o f  packag ing t o  p r o t e c t  goods i n  t r a n s i t :  

1 .  " . . . t h e  package shou ld  n o t  open up and s p i l l  i t s  c o n t e n t s  and 

shou ld  n o t  c o l l a p s e  under reasonab le  o r  expected c o n d i t i o n s  o f  

f o r c e  and t h e r e b y  expose o b j e c t s  i n s i d e  i t  t o  damage." 

2. " .  . .packag ing s t r u c t u r e s  wh ich  s h i e l d  t h e  i n n e r  c o n t a i n e r  must  

n o t  be made o f  b r i t t l e  o r  f r a i l  m a t e r i a l s ;  t h e y  shou ld  r e s i s t  

f o r c e  by  y i e l d i n g  and abso rb ing  energy  a p p l i e d  t o  t h e  o u t e r  c o n t a i n e r  

so as t o  c u s h i o n  and d i s t r i b u t e  impac t  and t h e r e b y  p r o t e c t  t h e  

i n n e r  c o n t a i n e r . "  

3 " . . . a r t i c l e s  c o n t a i n e d  i n  t h e  package shou ld  be h e l d  and i m -  

m o b i l i z e d  i n s i d e  t h e  o u t e r  s t r u c t u r e . .  . . T h i s  i n t e r i o r  packag ing i s  

an e x t r e m e l y  i m p o r t a n t  p a r t  o f  t h e  o v e r a l l  des ign ,  f o r  i t  p reven ts  

movement and r e s u l t a n t  damage f rom impac t  a g a i n s t  t h e  i n s i d e  o f  t h e  

package i t s e l  f . "  

* See S e c t i o n  I 1 1  f o r  d i s c u s s i o n  o f  human t o l e r a n c e  l e v e l s .  



4. " . . . t h e  means for  holding an  object inside a shipping con- 

t a ine r  must transmit forces t o  the strongest  parts  of the con- 

tained objects ."  (DeHaven, p p .  3-4, 1952). 

Comparing the h u m a n  t o  a n  egg, DeHaven effect ively  demonstrated 

his point by dropping an egg on the f l oo r ,  which would smash; then 

dropping a n  egg 150 f e e t  o n t o  1-112 inches of energy-absorbing padding, 

unbroken. 

In reviewing crash-impact engineering progress of the 19401s, 

Hasbrook reported tha t :  

a "By 1950, as  a r e su l t  of t h i s  progressive i n t e r e s t  in an increas- 

ing number of engineers a n d  safe ty  people in the aviat ion f i e l d ,  

a number of a i r c r a f t  contained numerous features o r ig ina l ly  

advocated by DeHaven's group. Forty-G cockpits in f igh te r  a i r -  

c r a f t ,  l ightweight, frangible (dele thal ized)  instrument panels, 

control wheels and t i l t i n g  seatbacks--the l a s t  t o  protect  the 

heads of persons i n passenger ca bi ns--were becomi ng standard 

equipment. The shoulder harness, which had proved i t s e l f  of 

value during the l a t t e r  part  of World War 11, a lso  was being 

considered for  l i g h t  planes. Such terms and phrases as "crash- 

worthiness ," "surviva bl e" and "nonsurvivabl e" accidents,  and 

the word "decel erat ion" became routine jargon of the industry" 

(Hasbrook, p p .  271-272, 1956). 

The following selected excerpts from various authors over the past 

40 years i l l u s t r a t e s  a s imi la r i ty  in concept of crashworthiness de- 

f i n i  t ions .  

a "The term "crashworthiness" which has been taken from the Br i t i sh ,  

does not mean, and  must not be considered t o  imply, crashproof 

airplanes . I t  does mean providing the maximum practica bl e degree 

of occupant protection in those crashes in which a i r c r a f t  damage 

i s  such tha t  the accident may be considered survivable." 

( S t i e g l i t z ,  p .  1 ,  1950). 

e "To prevent injury by inward crushing of s t ruc tu re ,  the fuselage 

and cabin s t ruc tu re  should be designed as a crashw0rth.y container 



in tha t  the inhabitable areas of  the fuselage will remain re la-  

t ive l ; ,~  i n t ac t  under scrviv?ble cr?.s? conditions ." (Hasbrook, 

p .  1 ,  1956). 

"To ensure the occupants impact survival ,  three requirements must 

be met: 

1 .  The occupants' environment must remain reasonably in tac t  

in order t o  provide 1 iving space; 

2 .  The occupant should not receive dangerous or fa ta l  injury 

as  a r e su l t  of fo rc ib le  contact with environmental s t ruc-  

tu re ,  and 

3. The crash force transmitted t o  the occupant must n o t  ex- 

ceed the survivabl e 1 imi t s  "of human  G tolerance." 

( " .  . . .imp1 ies  the acceptance of non-dangerous-to-1 i f e  

i n ju r i e s " )  (Bruggink, AvCIR, 1961 ) .  

a "Crashworthiness i s  the a b i l i t y  of a vehicle t o  a t tenuate  impact 

e f fec t s  so as t o  protect  the vehicle contents." (~egenwald,  p .  5, 

1962). 

The Federal Aviation Administration Flight Standards Technical 

Division has described crashworthiness as follows: 

"The purpose of crashworthiness i s  to protect  l ives  and prevent 

in ju r ies  in a i rp lane accidents."  . . . " to  produce a practical de- 

sign which would recognize the l imi ta t ions  of a " t o t a l l y  safe" 

design. This approach would combine present levels  of perfor- 

mance and operating economy with crashworthy design features 

which accident s tudies  show can substant ia l ly  reduce the number 

of accident casual t i e s .  I t  would require that  the s t ruc tu re  be 

able t o  absorb the maximum amount possible of the crash impact 

energy. Then, as much of the remaining energy as possible would 

be absorbed by the sea t  and r e s t r a i n t  systems. This would pro- 

vide the most practicably a t t a inab le  deceleration environment. 

Further protection would be provided though the use of energy 

absorbing i n t e r i o r s .  This approach appears t o  be most practical 
(Federal Aviation Administration, A Survey of Crashworthiness 

Information for  Small Airplanes, 1973; see a1 so Crashworthiness 

Design Handbook (Proposed), circulated t o  Industry in 1971 ) .  



Currently, the U.S. Army's Aircraf t  Crash Survival Design Guide 

defines crashworthiness in terms of a "survival envelope" and a "surviv- 

able accident." The l a t t e r  i s  "an accident in which the forces trans-  

mitted t o  the occupant through his sea t  a n d  r e s t r a i n t  system do  n o t  ex- 

ceed the 1 imits of human tolerance to abrupt decelerat ions and in which 

the s t ruc tu re  in the occupant's immediate environment remains substan- 

t i a l l y  i n t ac t  to  the extent t ha t  a  l ivab le  volume i s  provided fo r  the 

occupants throughout the crash sequence." (1980 Edition, Vol. 11. p .  17 ) .  

There have been several revisions t o  the Army's guide, f i r s t  pub- 

l ished in 1967, In e a r l i e r  edi t ions  an objective was to require occupant 

protection in crashes u p  t o  and  including the sever i ty  of the 95th- 

percenti le  survivable crash pul se .  Since acquiring operational a i r c r a f t  

designed to  these crash safe ty  speci f ica t ions  a n d  devel opment/issue of 

Mil i t a r y  Specificat ions,  t h i s  requirement has been dropped and  presently 

the recommended design crash environment i s  simply presented as the de- 

sign pulse. (The reason i t  i s  a design pulse i s  t ha t  Mil Specs (MIL-S- 

58095(AV) and  MIL-STD-1290(AV) have been adopted, so the "requirement" 

i s  provided by the Mil Spec instead of the Crash Survival Design Guide.) 

While the term "crashworthiness" i t s e l f  does n o t  appear in the 

Federal Air Regulations, i t  i s  a  concept t ha t  has been recognized as 

analogous to  airworthiness. Throughout U.S. federal regulation history 

the main focus in c i v i l  a i r c r a f t  safe ty  design has been upon airworthi- 

ness requirements, or "safe ty  of the a i rplane r e l a t i ve  to i t s  environ- 

ment." The concept of crashworthiness, o r  "safe ty  of the occupants 

r e l a t i ve  t o  the airplane" (Federal Aviation Administration, "Crashworthi- 

ness Design Handbook (Proposed) July 1971 ; A Summary of Crashworthiness 

Information fo r  Small Airplanes, February 1973) has pl ayed a secondary 

role  which has received 1 i t t l e  recognition in the FAA unt i l  f a i r l y  re- 

cently.  This appears t o  r e f l e c t  the marketing influence which fo r  many 

years hid behind the conundrum "safe ty  doesn ' t  se l l  ," and "planes a re  

bu i l t  t o  f l y ,  not crash." (Bruce and Draper, 1970). Such marketing pla t -  

i tudes completely ignore the f a c t  t ha t  despi te  the most earnest  e f fo r t s  a t  

p i lo t  education and t ra in ing ,  combined with an emphasis upon airworthi-  

ness, each year a f a i r l y  predictabl e proportion of the manufacturers ' 
products do in f a c t  become an accident s t a t i s t i c .  



A  b a s i c  p h i l o s o p h y  o f  c r a s h w o r t h i n e s s  i s  t h a t  s i n c e  some c r a s h  i m -  

p a c t s  w i l l  c o n t i n u e  t o  o c c u r  d e s p i t e  a l l  e f f o r t s  a t  p r e v e n t i o n ,  t h e  

occupants  shou ld  r e c e i v e  adequate  p r o t e c t i o n  and chance f o r  s u r v i v a l  

when a  c r a s h  does o c c u r .  

1 .3  Need For  T h i s  S tudy  

General a v i a t i o n  a i r c r a f t  a r e  a  v i t a l  l i n k  i n  t h e  n a t i o n ' s  t r a n s -  

p o r t a t i o n  system. The U.S. gene ra l  a v i a t i o n  a i r c r a f t  f l e e t  has i n c r e a s e d  

d u r i n g  t h e  p a s t  f i v e  y e a r s  (1  976-1 980) a t  a  r a t e  o f  3.4 t o  7.3% pe r  

y e a r  (FAA F o r c a s t  T a b l e  6, p. 44, 1980 ) ,  and p r e s e n t l y  numbers abou t  

208,000 a c t i v e *  a i r c r a f t ,  w i t h  an  e s t i m a t e d  250,000 t o t a l  a i r c r a f t  (FAA, 

Dec. 1980 ) .  W h i l e  p r e f e r e n t i a l  emphasis i s  o f t e n  g i v e n  t o  requ i remen ts  

o f  t h e  commercia l  a i r l i n e s ,  t h e  U.S. a i r  c a r r i e r  f l e e t  c u r r e n t l y  i n -  

c l u d e s  o n l y  2745 a i r c r a f t  ( 1980 ) .  

D u r i n g  t h e  decade between 1969 and 1978, as shown i n  Tab le  I, t h e  

number o f  U.S. au tomob i l es  i n c r e a s e d  33%, and buses 37%, w h i l e  gene ra l  

a v i a t i o n  a i r c r a f t  i n c r e a s e d  by 52%, i n  c o n t r a s t  t o  a  decrease i n  t h e  

number o f  r a i l  passenger c a r s  ( - l 06 ) ,  and commercia l  a i r  c a r r i e r  ( - 5 % )  

u n i t s .  The Federa l  A v i a t i o n  A d m i n i s t r a t i o n  (FAA) f o r e c a s t s  a i r  c a r r i e r s  

t o  r e a c h  3202 a i r c r a f t  by 1992, a  14.3% i n c r e a s e  o v e r  1980 (FAA Fo recas ts  

T a b l e  3, p. 41, 1980) ,  y e t  gene ra l  a v i a t i o n  a i r c r a f t  a r e  expec ted  t o  

number 315,500, a  44.1% i n c r e a s e ,  i n  t h e  same p e r i o d .  I t  has been es- 

t i m a t e d  t h a t  t h e  100 m i l l i o n  peop le  t r a v e l i n g  i n t e r c i t y  each y e a r  i n  

gene ra l  a v i a t i o n  a i r c r a f t  equal  s  t h e  combined t o t a l  o f  passengers c a r r i e d  

b y  26 o f  t h e  n a t i o n ' s  c e r t i f i e d  a i r l i n e s  (Washington Post ,  27 November 

1977 ) ,  w h i l  e  o t h e r  sources  e s t i m a t e  more passenger t r a v e l  by gene ra l  

a v i a t i o n  a i r c r a f t  each y e a r  t h e n  by  - a l l  U.S. c i v i l  a i r  c a r r i e r s  combined 

(NTSB, 1 9 8 0 ) .  I t  i s  appa ren t  t h a t  gene ra l  a v i a t i o n  i s  t h e  most  r a p i d l y  

g row ing  f o r m  o f  t r a n s p o r t a t i o n .  

Yet  w i t h  t h i s  g row th  t h e r e  i s  i n c r e a s i n g  u rgency  t o  dea l  w i t h  

f i n d i n g s  o f  r e p o r t s  t h a t  gene ra l  a v i a t i o n  c r a s h w o r t h i n e s s  s a f e t y  i s  

d e f i c i e n t .  The f o l l o w i n g  s t a t i s t i c s  show some m a j o r  a reas  p o i n t i n g  t o  

t h i s  c o n c l u s i o n .  

* An a c t i v e  a i r c r a f t  must  have a  c u r r e n t  r e g i s t r a t i o n  and  i t  must  
have f l o w n  d u r i n g  t h e  p r e v i o u s  c a l e n d a r  y e a r .  



TABLE I 

CHANGE BETWEEN 1969 and 1978 
ACCORDING TO M3DE OF TRAVEL 

(number o f  veh i c l es )  

1 
Number o f  Vehic les reg i s te red .  Source: Ward's Automotive Yearbook, 1980 

Number o f  Passenger r a i l  veh i c l es  owned o r  leased i n  t h e  U.S. Source: APTA, 
' 78- ' 79 T r a n s i t  Fact Book. 

Automo b i  1 es 1 

Buses 1 

R a i l  Vehic les 2 

(Passenger) 

General A v i a t i o n  A i r c r a f t  3 

U.S. Air C a r r i e r  A i r c r a f t  4 

3 ~ c t i v e  (1969) o r  E l i g i b l e  ( 1  978) A i r c r a f t  .Annual Review o f  A i r c r a f t  Acc ident  
Data, NTSB, 1973-1978. - 

1978 

115,826,496 

500,362 

10,554 

198,778 

2,545 

1969 

87,153,381 

364,340 

10,665 

130,806 

2,690 

4 
Number o f  a i r c r a f t  used i n  t h e  f o u r t h  qua r te r ,  excludes " a i r c r a f t  operated by 
a i r  t a x i  opera to rs  who ho ld  a u t h o r i t y  t o  operate a i r c r a f t  over  12,500 pounds, 
tu rbo  j e t  a i r c r a f t  under b l anke t  a u t h o r i t y ,  o r  a i r c r a f t  operated by a i r  t r a v e l  
c lubs."  (p .  40, FAA S t a t i s t i c a l  Handbook o f  A v i a t i o n  - Calendar Year 1978. 

1969-1978 1 
PERCENT CHANGE 

t32.9 ! 
I 

t37 .3  1 
- 1 .O I 

\ 

t52.0 I 
- 5.4 1 

1 



1.3.1 . P r o b a b i l  i t y  o f  an  A c c i d e n t .  D u r i n g  t h e  p a s t  decade ( 1  978-1 969) 

o v e r  100,000 occupan ts  have been i n v o l v e d  i n  43,744 g e n e r a l  a v i a t i o n  

a c c i d e n t s .  O f  t hese ,  6,972 were f a t a l  ( t h a t  i s ,  one o r  more occupan ts  

were f a t a l l y  i n j u r e d )  and d u r i n g  t h i s  p e r i o d  14,123 f a t a l i t i e s  o c c u r r e d  

(NTSB, 1980; FAA Av. News, 1975 ) .  S t a t i s t i c s  show t h a t  t h i s  number o f  

a c c i d e n t s  was e q u i v a l e n t  t o  38% o f  t h e  t o t a l  U.S. n o n - c a r r i e r  a i r c r a f t  

p r o d u c t i o n  d u r i n g  t h i s  p e r i o d .  Between 1968 and 1977 t h e r e  were 44,747 

a c c i d e n t s ,  and 124,912 new a i r c r a f t  manu fac tu red .  T h i s  number o f  a c c i -  

d e n t s  i s  e q u i v a l e n t  t o  35.8% o f  t h e  t o t a l  a i r c r a f t  p r o d u c t i o n  d u r i n g  

t h a t  p e r i o d .  Fo r  a t  l e a s t  one model ,  73% o f  t o t a l  p r o d u c t i o n  w i l l  have 

been i n v o l v e d  i n  an  a c c i d e n t  w i t h i n  t e n  y e a r s  a t  c u r r e n t  r a t e s  (Snyder ,  

1 9 7 8 ) .  S i n c e  t h e  mean l i f e  o f  a  gene ra l  a v i a t i o n  a i r c r a f t  i s  a b o u t  20 

y e a r s ,  ( A v i a t i o n  S a f e t y  D i g e s t ,  1977; NTSB, 1980)  i t  has been e s t i m a t e d  

t h a t  60-70% o f  a l l  a i r c r a f t  manu fac tu red  w i l l  be i n v o l v e d  i n  an a c c i d e n t  

d u r i n g  t h e i r  l i f e s p a n  ( B r u c e  and D rape r ,  1970; Swear ingen,  1971; Snyder ,  

1975, 1978; NTSB, 1 9 8 0 ) .  

C u r r e n t l y  t h e  number o f  gene ra l  a v i a t i o n  a c c i d e n t s  each y e a r  i s  

e q u i v a l e n t  t o  one o u t  o f  each f o u r  a i r c r a f t  manu fac tu red  a n n u a l l y .  How- 

e v e r ,  i n  1970 t h i s  had reached 64.6% o f  t h e  annua l  p r o d u c t i o n ,  and o v e r  

t h e  p a s t  1 9  y e a r s  i t  has averaged abou t  40%. I f  t h e  number o f  annua l  

a c c i d e n t s  i s  compared t o  t h e  t o t a l  a c t i v e  g e n e r a l  a v i a t i o n  f l e e t ,  a c c i -  

d e n t s  p r e s e n t l y  o n l y  o c c u r  t o  a b o u t  2% o f  t h e  t o t a l  o p e r a t i o n a l  a i r c r a f t  

each y e a r ,  w i t h  an  ave rage  o f  a b o u t  4% t h e  p a s t  1 9  y e a r s .  However, s i n c e  

t h e  s e r v i c e  1  i f e  expec tancy  i s  e s t i m a t e d  t o  be a b o u t  20 y e a r s ,  i t  can  be 

s t a t e d  w i t h  s t a t i s t i c a l  c e r t a i n t y  t h a t  a  l a r g e  p r o p o r t i o n  o f  t h e  a i r c r a f t  

r o l l i n g  o f f  t h e  assembly  1  i n e s  t o d a y  w i l l  be i n v o l v e d  i n  an a c c i d e n t  

d u r i n g  t h e i r  l i f e t i m e .  T a b l e  I 1  p r o v i d e s  d a t a  r e l a t i v e  t o  annua l  f i x e d -  

w ing  p r o d u c t i o n ,  t o t a l  annua l  a c t i v e  a i r c r a f t ,  and annua l  a c c i d e n t  d a t a .  

A  decade ago i t  was r e p o r t e d  t h a t  " a l l o w i n g  f o r  t h e  e v e n t  o f  one 

p l a n e  b e i n g  i n v o l v e d  i n  more t h a n  one a c c i d e n t ,  i t  m i g h t  be c o n f i d e n t l y  

p r e d i c t e d  t h a t  a t  l e a s t  70% o f  t h e  a i r c r a f t  i n  p r o d u c t i o n  t o d a y  w i l l  

e v e n t u a l l y  have an  a c c i d e n t "  ( B r u c e  and Draper ,  1970, p. 4 ) .  I n  respond-  
i n g  t o  t h e  FAA NPRM 73-1 C rashwor th i ness  f o r  Smal l  A i r p l a n e s  i n  1973, 

t h e  A u s t r a l i a n  Depar tment  o f  C i v i l  A v i a t i o n  c a l c u l a t e d  t h a t  " an  a i r p l a n e  

can be expec ted  o n  ave rage  t o  e x p e r i e n c e  1 .5  a c c i d e n t s  ( 1  50%) o f  any  s e v e r i t y  



TABLE 11 
A Corapar'ison o f  General Av ia t i on  shipments, 

t o t a l  a c t i v e  a i r c r a f t .  and annual accidents. (1959-1979) 

I Total G.A. f ixed-wing 
a i r c r a f t  manufactured (1,2,3.8 

7.802(11 
7.726 
6.943 
6,797 
7.628 
9.459 (2.3) 
(12.053)~ 11.852 (2.3) 
(15.723) 15.747 
113.536) 13,577 

13.749) 13,698 
12.581) 12.457 

7,283 
7.466 
9.774 

13.645 
14.165 
14.057 
15.447 
16,920 
16.920 (8) - =I 

Tota l  no. a c t i v e  
&.A. a i r c r a f t  (3.4.71 accident  

I 

7 

Year 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1 9 8 0 ~ -  

Totals 

J 

NO. o f  General Av ia t i on  No. o f  occupants 
i n  accidents (7) 

L accidents/  
Tota l  a c t l v e  a i r c r a i  

average 4.2 

% accidents/ 
annual shimlent; 

58.7 
62.0 
66.7 
71.2 
61.5 
53 - 6  
43.8 
36.2 
45.0 
36.3 
38.2 
64 - 6  
62.3 
43.5 
31.8 
31.2 
30.1 
27.1 
25.3 

average 46.8 

*data fro~n Manufacturing sources (1) d i f f e r s  from t h a t  o f  FAA (2.3). Both are  given. 

"~onunencin~ January 1. 1968 the d e f i n i t i o n  o f  " subs tan t i a l  damage" was changed; there fore  fewer accidents were reported. Care should be used i n  corn- 
par ing  w i th  s i m i l a r  data f o r  p r i o r  years. 

b~uic ide/sabotage accidents inc luded (1970-1 ; 1972-3. 1973-2. 1974-2. 1975-2. 1976-4. 1977-1. 1978-2) 

Clncludes a i r  c a r r i e r  f a t a l i  t i e s  (1972-5. 1978-142) when i n  c o l l i s i o n  w i t h  general a v i a t i o n  a i r c r a f t  

%hi l e  NTSB 1 i s t s  8625 t o t a l  occupants aboard i n  1977 accidents. they l i s t  m i n j u r y  index f o r  8672 i nd i v i dua l s .  Since the i n j u r y  lndex includes per-  
sons aboard any a i r c r a f t  involved i n  a c o l l i s i o n  w i t h  general a v i a t i o n  a i r c r a f t  involved.  I n  1978 NTSB l i s t s  9.288 t o t a l  aboard, and an i n j u r y  index 
for 9.544 i nd i v i dua l s ,  o r  256 add i t i ona l  tnd iv idua ls .  However.the NTSB data fo r  i n j u r i e s  has no t  excluded the l a t e r  no r  provided a means t o  know 
which i n j u r i e s  should be excluded. 

P ~ r e l  iminary data. 
-- 

1. I n s t i t u t e  f o r  Av ia t ion  Safety 1974 Av ia t i on  Almanac "Shi(rnt:nir, o f  General Av ia t i on  Fixed-Wing A i r c r a f t :  1958-69 Table 9.7 p. 415 1973. 

2. Aerospace Facts & Figures 1978/79 "General Av ia t i on  A i r c r a f t  SLl[wnentse' p. 35 
1980/81 (excludes t ranspor ts ,  h c l  i coptc rs )  



FAA S t a t i s t i c a l  Handbook of  A v i a t i o n .  Ca lendar  Year 1977 "General  
A v i a t i o n  Fixed-Wi ng Shipments. Ca lendar  Years 1968 t h r o u g h  1977" 
Tab le  9.5. p. 132. 

FAA S t a t i s t i c a l  Handbook o f  A v i a t i o n .  1970 E d i t i o n  " E l i g i b l e  U.S. 
C i v i l  A i r c r a f t  and A i r p o r t s  on Record w i t h  FAA as o f  December 31, 
1959-1969. Tab le  8.2 p. 180. 

NTSB Annual Repor t  t o  Congress 1979 " A c c i d e n t s ,  F a t a l  i t i e s ,  Rates, 
U.S. General A v i a t i o n  1970-1979" Appendix K. p. 64. 

NTSB Annual Repor t  t o  Congress 1970 "Acc iden ts ,  F a t a l  i t i e s  , Rates,  
U.S. Genera1 A v i a t i o n  1960-1970" Appendix G. p. 53. 

NTSB Annual Review o f  A i r c r a f t  A c c i d e n t s  "Overv iew, U.S. General 
A v i a t i o n  1977 t h r o u g h  1978", Tab le  1 .  1978. 

FAA S t a t i s t i c a l  Handbook of  A v i a t i o n .  Calendar Year 1978 " F i x e d  
Wing General A v i a t i o n  A i r c r a f t  P roduc t ion ,  Weight  and Cost .  Calendar 
Years 1969-1978." T a b l e  9.5, p.114. 

Revised 1979 a c c i d e n t  d a t a  f rom p r e l  i m i  n a r y  r e p o r t  o f  4,238 a c c i d e n t s ,  
658 f a t a l  a c c i d e n t s ,  131 1 f a t a l  i t i e s .  

NTSB p r e l i m i n a r y  a c c i d e n t  d a t a  f o r  1980. Revised f rom 638 f a t a l  
a c c i d e n t s ,  1375 f a t a l  i t i e s  o f  e a r l i e r  p r e l  i m i n a r y  d a t a  o b t a i n e d  
i n  persona l  communication, NTSB. 



i n  i t s  l i f e t i m e ;  one a i r p l a n e  in t h r e e  w i l l  exper ience  an i n j u r y  pro- 

ducing a c c i d e n t  and one i n  e i g h t  a  f a t a l  a c c i d e n t "  (Docket No. 101 62 

F . R .  38120: 2985, 31 Jan .  1 9 7 3 ) .  

Several  s t u d i e s  have pointed o u t  t h e  d i s p r o p o r t i o n a t e  a c c i d e n t  

r a t e s ,  e s p e c i a l l y  t h o s e  a i r c r a f t  models popular a s  t r a i n e r s  (Avia t ion  

Consumer, 1  June,  1 5  Aug. 1979; Snyder,  1978, p .  86;  NTSB Spec ia l  Study 

AAS-79-1, 31 May 1979) .  A s t u d y  o f  Cessna a i r c r a f t  a c c i d e n t s  found t h a t  

approximately  5% o f  a l l  Cessna a i r c r a f t  i n  any given y e a r  would be i n -  

volved e i t h e r  i n  a  c r a s h  o r  r e p o r t a b l e  a c c i d e n t  ( S t e r n s ,  p. 16-17, 1 9 7 7 ) .  

F u r t h e r ,  over  a  20-year 1  i f e  span ,  th i s  r e p o r t  e s t imated  t h a t  a  Cessna 

had "approximately  a  60% t o  70% chance o f  being involved i n  t h e  s o r t  o f  

mishap which could  produce s e r i o u s  i n j u r y  o r  dea th"  ( p .  1 7 ) .  Another 

r e p o r t  found t h a t  o f  459 American Avia t ion  AA-1 American Yankees manu- - 
f a c t u r e d  between 1969 and 1972, 133 (29%)  had been involved i n  an a c c i -  

den t  within an 8-year per iod (1969-1 976) and a t  t h a t  r a t e  o f  a t t r i t i o n  

about  73% of  t h e  t o t a l  number produced may be expected t o  have an a c c i -  

d e n t  dur ing  i t s  20-year l i f e t i m e  (Snyder ,  1978, p. 8 6 ) .  

In 1979 t h e  National T r a n s p o r t a t i o n  S a f e t y  Board (NTSB) published 

a  s p e c i a l  s t u d y  o f  17,312 s ing1 e-engi ne fixed-wing general  a v i a t i o n  a c c i -  

d e n t s  f o r  t h e  per iod 1972-1976. This  included 81% of  the  general  a v i a -  

t i o n  a c c i d e n t s ,  76% of t h e  f a t a l  a c c i d e n t s ,  and 69.2% of  t h e  f a t a l i t i e s  

f o r  t h i s  pe r iod .  During t h i s  per iod t h e r e  were 7,051 Cessna,  4,482 

P i p e r ,  and 962 Beech a i r c r a f t  a c c i d e n t s ,  inc lud ing  2,111 Cessna 150 and 

1 ,800 P iper  PA-28 a i r c r a f t .  Engine f a i l u r e  i n  4,069 c a s e s  was the most 

common type  of a c c i d e n t ,  followed by c o l l i s i o n s  wi th  o b s t a c l e s  ( 2 , 5 8 2 ) ,  

ground loops  ( 2 , 5 1 9 ) ,  s t a l l s  ( 1 , 9 9 3 ) ,  c o l l i s i o n s  wi th  ground/water 

( 1 , 2 7 8 ) ,  and hard l and ings  ( 1 , 2 4 0 ) .  The NTSB found t h a t  the mean f a t a l  

a c c i d e n t  r a t e  v a r i e d  s i g n i f i c a n t l y  between makes and models o f  a i r c r a f t .  

O v e r a l l ,  Cessna a i r c r a f t  included i n  t h i s  s t u d y  had a  s i g n i f i c a n t l y  lower 

mean f a t a l  a c c i d e n t  r a t e  per 100,000 hours ( 1 . 6 5 )  than t h a t  o f  t h e  o t h e r  

f i v e  manufacturers  s t i l l  producing a i r c r a f t :  Beech ( 2 . 5 4 ) ,  Be1 lanca 

( 4 . 8 4 ) ,  Grumman ( 4 . 1 3 ) ,  Mooney ( 2 . 5 0 ) ,  and P iper  ( 2 . 4 8 ) .  



These d a t a  have been f u r t h e r  ana l yzed  by t h e  A v i a t i o n  Consumer, and 

problems w i t h  e s t i m a t i n g  exposures t o  danger and u n r e l i a b i l i t y  o f  hours  

f lown* p o i n t e d  o u t .  (Av .  Cons., 1  June 7 9 ) .  Look ing  a t  c r a s h  s u r v i v a b i l i t y  

( n o t  done i n  t h e  NTSB r e p o r t ) ,  A v i a t i o n  Consumer found  "some s u r p r i s i n g  

numbers abou t  t h e  s u r v i v a b i l  i t y  o f  1  i g h t  p l a n e  c rashes .  I n  gene ra l ,  

" l i q h t  s i n g l e - e n g i n e  a i r c r a f t  c rashes  a r e  f a t a l  abou t  1 0  t o  20 p e r c e n t  

o f  t h e  t i m e "  (June 1,  1979, p. 1 3 ) .  Yet  c r o p d u s t e r s  (Cessna C-188, 

Grumman 6-164, and P i p e r  PA-25), w h i l e  h a v i n g  an a c c i d e n t  r a t e  more t h a n  

t w i c e  t h a t  o f  n o n - a g r i c u l  t u r a l  a i r c r a f t ,  had a  f a t a l  a c c i d e n t  r a t e  (1 .5 )  

o n l y  a b o u t  7% o f  t h e  t ime ,  o r  two t o  t h r e e  t i m e s  b e t t e r  t h a n  n o n - a g r i -  

c u l t u r a l  s i n g 1  e-eng ine genera l  a v i a t i o n  a i r c r a f t .  They conc luded,  "what  

t h a t  says t o  us i s  t h a t  d e s i g n e d - i n  c r a s h w o r t h i n e s s  can  make a  s i g n i f i -  

c a n t  d i f f e r e n c e  i n  t h e  f a t a l i t y  r a t e  o f  an a i r c r a f t .  C ropdus te rs  a r e  

t h e  o n l y  a i r c r a f t  des igned  t o  be c r a s h w o r t h y  ( t h e y  have r o l l  cages, 

ene rgy -abso rb ing  m a t e r i a l  i n  f r o n t  o f  and below t h e  p i l o t ,  and many 

o t h e r  s a f e t y  f e a t u r e s ) "  ( A v i a t i o n  Consumer, June 1979, p .  1 3 ) .  

S i n c e  t h e  FAA c o l l e c t s  and ana lyzes  i t s  a c c i d e n t  d a t a  a n n u a l l y ,  i t  

has had a v a i l a b l e  s t a t i s t i c s  i n -house  wh ich  show t h e  h i g h  p r o b a b i l i t y  

o f  a c c i d e n t s  and f a t a l i t y .  

1.3.2. P r o b a b i l i t y  o f  F a t a l i t y  When A c c i d e n t  Occurs.  A  decade ago an 

FAA s t u d y  conc luded  " I n  f a c t ,  o f  a l l  v e h i c l e s  des igned  f o r  human t r a n s -  

p o r t a t i o n ,  t h e  s o - c a l l e d  genera l  a v i a t i o n  a i r c r a f t  o f f e r  t h e  l e a s t  p r o -  

t e c t i o n  f rom,  and chances o f  s u r v i v a l  i n ,  c r a s h  dece l  e r a t i o n s "  (Swear ingen,  

* P r i o r  t o  1977 t h e  FAA reques ted  exposure d a t a  on  t h e  same fo rm used 
a n u a l l y  by a l l  a i r c r a f t  owners t o  r e v a l i d a t e  t h e i r  a i r c r a f t  r e g i s t r a -  
t i o n .  I n  1977 a  new samp l i ng  p rocedure  was i n i t i a t e d  by t h e  FAA, i n -  
v o l v i n g  a  General  A v i a t i o n  A c t i v i t y  and A v i o n i c s  s u r v e y  q u e s t i o n n a i r e  
m a i l e d  t o  a  random sample o f  30,643 ( a b o u t  15%) o f  213,000 r e g i s t e r e d  
genera l  a v i a t i o n  a i r c r a f t  owners (FAA Handbook, 1978, p . lO1) .  B u t  t h e  
FAA, NTSB, and o t h e r s  a n a l y z i n g  t h - m i a t i o n  Consumer, June 1979, 
p.9; Aug. 15, 1979) have found  d i s c r e p a n c i e s  between t h e  d a t a  c o l l e c t e d  
t h r o u g h  t h e s e  two methods. For example, t h e  q u e s t i o n a b l e  accu racy  o f  
t h e  FAA method i s  shown by t h e  f a c t  t h a t  t h e  1978 e s t i m a t e  o f  hours  
f l o w n  by genera l  a v i a t i o n  was found  t o  be l e s s  t h a n  t h e  1977, even 
though more a i r c r a f t  were f l y i n g  more hou rs .  The FAA b e l i e v e  t h e i r  es- 
t i m a t e s  t o  be a c c u r a t e  t o  w i t h i n  4%. NTSB e s t i m a t e s  t h e  f i g u r e s  g i v e n  
i n  t h i s  r e p o r t ,  based upon FAA da ta ,  a r e  w i t h i n  5% a c c u r a t e  ( A v i a t i o n  
Consumer, 15  Aug. 1979 ) .  A v i a t i o n  Consumer c a l c u l a t e s  a + 20% e r r o r  f o r  
FAA t o t a l  a c c i d e n t  r a t e s ,  and 10% e r r o r  f o r  t h e  f a t a l  accTdent  r a t e s .  



1971, p .  129) .  This report  noted t ha t  while there a re  some exceptions, 

including the special-purpose a i r c r a f t  with cabins bu i l t  t o  withstand 

40g impacts without collapsing,  "most of the small general aviat ion a i r -  

c r a f t  bu i l t  for  passenger transportat ion a r e  so f r a g i l e  t ha t  they will 

open u p  and sp i l l  t h e i r  contents or collapse inwardly in crash deceler- 

a t ions  exceeding about 10 g." Further, " the  s t a t i s t i c s  presented a t  the 

beginning of t h i s  report  prove tha t  t h i s  environment i s  so le thal  t o  
body impact t h a t  your chances of being ki l led  a r e  twice t ha t  of receiving 

serious injury" (Swearingen, 1971, p .  130). This study, based upon a bio- 

medical engineering study of 27 accidents was published as a special 

report  by the Office of Aviation Medicine, Civil Aeromedical I n s t i t u t e ,  

and was conducted by Dr. John Swearingen, Chief of the Protection and  

Survival Laboratories. His findings presented a grim pic ture  of the 

resul t s  of f a i l u r e  t o  provide adequate crashworthi ness protection in 
general aviat ion accidents,  confirming accident s tudies  of the previous 

30 years.  

There has been no noticable change in the pat tern ,  sever i ty ,  or 

mechanisms of serious and fa ta l  in ju r ies  (DeHaven found 88% had injury 

i n  1943, and Snyder estimates about 85% in 1978). The head remains 

the main s i t e  of severe and fa ta l  in jury ,  although t h i s  pattern should 

change with increased use of shoulder harnesses. 

The NTSB use four categories of injury in describing trauma: 

" f a t a l , "  "ser ious ,"  "minor," and  "none." The guidelines defined for  

" fa ta l  " and  "serious" in ju r ies  in a i r c r a f t  accidents a r e  specif ied as 

fol 1 ows : 

"Fatal Injury" means any in jury  which resu l t s  in death within 7 

days of the accident. 

"Serious Injury" means any injury which (1 ) requires hospital iza-  

t ion for  more than 48 hours, commencing within 7 days from the date the 

injury was received; ( 2 )  r e su l t s  in a f rac tu re  of any bone (except simple 

f rac tures  of f ingers ,  toes ,  or  nose); (3 )  involves lacerat ions which 

cause severe hemorrages, nerve, muscl e ,  or tendon damage; ( 4 )  involves 

injury to any internal  organ; or  ( 5 )  involves second or th i rd  degree 

burns, or  any burns af fect ing more than 5 percent of the body surface" 

( C F R ~ ~ ,  NTSB Part 830.1 , 1978). 
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The general trend of annual increases in the number of fa ta l  acci-  

dents and f a t a l i t i e s  i s  shown by review of the data previously presented 

in Table 11, showing general aviat ion accident data for  the past 20 

years. In 1959 there were 450 fa ta l  accidents and 823 f a t a l i t i e s  (with 

only 70,747 ac t ive  a i r c r a f t ) ;  in 1979 preliminary NTSB data show 658 

fa ta l  accidents and 131 1 f a ta l  i  t i e s .  While the overall accident r a t e  

has been improving, the annual to ta l  number of fa ta l  accidents and 

f a t a l  i t i e s  has been increasing. Ut i l iz ing the FAA forecas t  for  31 5,500 

a i r c r a f t  in the general aviat ion f l e e t  (FAA Aviation Forecasts, 1980, 

p .  44) ,  i f  present ra tes  continue, one may project 1,050 annual fa ta l  

accidents and  2,388 f a t a l i t i e s  by the year 1992 (Ladd ,  personal communi- 

ca t ion,  1980). 

Figure 1 presents a general overview of U.S. general aviat ion acci-  

dents for  the past 20 years in graphic format. A n  annual comparison of 

accidents reported,  f a ta l  accidents,  a n d  f a ta l  i t i e s  i s  included. This 

shows that  while there has been an overall decl ine ,  with f luc tua t ions ,  

in the annual to ta l  number of accidents,  the number of fa ta l  accidents 

and f a t a l i t i e s  remains high, with overall increases. 

Table I11 presents a tabulat ion of occupant injury for  the most re- 

cent (1967-1 978) 12-year period for  which NTSB data a r e  avai lable .  The 

proportions of injury sever i ty  a r e  shown for  t h i s  period in the accom- 

panying diagram. By f a r  the l a rges t  proportion of p i lo t s  and  passengers 

involved in accidents receive no or only minor injury (78%).  However, 

22% (25,451 individuals)  incurred f a t a l ,  disabl ing,  or serious in ju r ies  

as a r e su l t  of the accident. A to ta l  of 115,564 p i l o t s  and  passengers 

were involved in accidents during t h i s  period. 

Since the d a t a  for  over a decade may n o t  r e f l e c t  more recent acci -  

dent charac te r i s t i c s ,  the following i l l u s t r a t i o n  ( T a b 1  e  IV) presents in- 

jury data for  1977 and for  1978, the most recent years fo r  which NTSB 

data a re  avai lable  a t  t h i s  time. In 1977 74.4"1,6447 individuals)  and 

in 1978 72.5% (6916 Individuals) received e i the r  no or minor in jury .  

In 1977 16.5% (1436 individuals)  and in 1978 18.6% (1770 individuals)  
I 

received fa ta l  in ju r ies  in the accident. Serious in ju r ies  were i n  



TABLE I 1 1  
OCCUPANT INJURY 

U.S.  GENERAL AVIATION 

1967 - 1978 

a Exc l udes  s i r  c a r r i e r  f a t a l i t i e s  (1966-2 ,  1967-104,  1969-82,  1372-5 )  when i n  c o l -  
1  i s i o n  w i t h  g e n e r a l  a v i a t i o n  a i r c r a f t .  

t 

INJURY INDEX 

Sources : 6 5 ,  68, 72 

T o t a l  :I 

- Un k 

O 0 I 
2  / 
1  
1  
1  

b3egree  
f o r  1 0  

- None 

5,599 
5,315 
5,329 
5,525 
6,136 
5,590 
5,833 

- M i  n o r  

1,317 
1,132 
1,016 
1,162 
1,075 
1,051 
1 ,124  

S e r i o u s  

85 8 
789 
737 
761 
71 9 
646 
675 

Year - 
1978 
1977 
1976 
1975 
1974 
1973 
1972 

1,177 
1,172 
1,111 
1,169 
1,149 

F a t a l  

1770 
1436 
1320 
1345 
1438 
141 2 
1421a 

6,479 I 0 
6,886 0 

730 
6 95 
698 
6 78 
61 7 

1971 
1970 
1969 
1968 
1967 

7,007 
7,250 
9,489 

1355 
131 Oa 
141 3 
1399 
1229 

1 
9 
3 

8,603 TOTALS 
i 

16,848 
I 

13,655 1 75,448 
1 

10  



TABLE I V  

OCCUPANT INJURY 

1977 GENERAL AVIATION ACCIDENTS 1977 ,  1978*  1978  

T o t a l  8 ,672 I n j u r y  I n d i c e s  T o t a l  9,544 I n j u r y  I n d i c e s  

* See f o o t  n o t e  d ,  T a b l e  11.  I n j u r y  d a t a  shown a r e  based upon NTSB i n j u r y  indexes  f o r  
i n d i v i d u a l s  i n j u r e d  i n  genera l  a v i a t i o n  a c c i d e n t s  d u r i n g  1977 and 1978 .  



9.1% (789 individuals)  in 1978. Many of the  serious in ju r i e s  a lso  in- 

clude disabl ing non-reversi bl e paraplegic types of trauma, b u t  no break- 

down on these i s  y e t  possible from e i t h e r  the  NTSB or FAA f i l e s  due to 

the information re t r i eva l  systems u t i l  ized,  and of ten  such d e t a i l s  a r e  

not provided in the individual accident  r epor t s .  

In examining these  in jury  data one f a c t  seems f a i r l y  cons is tent :  

Annually there  a r e  about twice the  incidence of f a t a l  i n j u r i e s  when 
compared t o  serious i n j u r i e s .  The chances of being k i l led  in a general 

avia t ion  accident  appear t o  be about 2 in 3 ,  as  compared to  receiving 

more than minor in jury .  This has been previously recognized in a n  FAA 

study which reported ..." t h i s  environment i s  so l e tha l  t o  body impact 

t h a t  your chances of being k i l led  a r e  twice t h a t  of receiving serious 

in jury" (Sweari ngen, p .  130).  

In comparison, in 1978 there  were 51,500 deaths from motor vehicl e 

accidents  and 2,000,000 disabling i n j u r i e s  (National Safety Council, 

Accident Facts ,  1979, p .  3 ) .  One's chances of receiving disabling 

( se r ious )  in jury  were 25.8 times tha t  of being f a t a l l y  injured in an  
automotive acc ident ,  given t h a t  the accident i s  severe enough t o  cause 

a t  1 e a s t  serious i n j u r i e s .  This s ign i f i can t  in ju ry / fa ta l  i t y  discrepancy 

between a i r c r a f t  and motor vehicle accidents  i s  a c l ea r  indicat ion t h a t  

occupants of general avia t ion  a i r c r a f t  a r e  not receiving crash protection 

comparable t o  t h a t  provided in the automotive crash environment, even 

allowing fo r  the  low impact ve loc i t i e s  in many automotive crashes .  

1.3.3. General Aviation Fa ta l i ty  Rate. The f a t a l i t y  r a t e s  provide 

another means by which the  crash safe ty  record of general avia t ion  a i r -  

c r a f t  can be judged, r e l a t i v e  to  other  forms of t ranspor ta t ion .  P u b -  

l i shed f igures  t o  da te  cons is tent ly  ind ica te  t h a t  no other  form of 

t ranspor ta t ion  except motorcycles a r e  more dangerous when a crash occurs. 

A current  e d i t o r i a l  in Business and Commercial Aviation s t a t ed  tha t  " the  

f a t a l i t y  r a t e  f o r  a l l  general avia t ion  a i r c r a f t  i s  about seven times 

t h a t  for  pr iva te  automobiles and more than 190 times higher than the 

scheduled a i r1  ines record."  If  automobiles were a s  unsafe a s  general 



a v i a t i o n  a i r c r a f t ,  i t  was pointed o u t ,  "over 1 . 3  m i l l  ion people would 

p e r i s h  each y e a r  and highway s a f e t y  would be a  na t iona l  d i s g r a c e "  

( O l c u t t ,  1980, p. 1 1 ) . *  

F a t a l i t y  r a t e s  have been pointed o u t  by a  number of  a u t h o r s  pre- 

v i o u s l y  (Bruce and Draper, 1970; Swearingen , 1971 ; Snyder,  1975, 1978, 

1980; Lane, 1977; O l c o t t ,  1980) .  A decade ago Bruce and Draper had con- 

cluded t h a t  " t h e r e  a r e  f o r t y - e i g h t  times more dea ths  per passenger  m i l e  

i n  s m a l l ,  s i n g l e - e n g i n e  a i r c r a f t  than i n  t r a v e l  by passenger c a r , "  and 

" t h e r e  a r e  more than f i f t y  t imes a s  many d e a t h s  per passenger mi le  i n  

s m a l l ,  s i n g l  e-engine a i r c r a f t  than  i n  the scheduled a i r  c a r r i e r s "  

(Bruce and Draper,  1970, p .  4 )  .** While the 1980 assessment  included 

a l l  general  a v i a t i o n  a i r c r a f t  and the 1970 a n a l y s i s  appeared t o  cons ider  

o n l y  s ing le -eng ine  general  a v i a t i o n  a i r c r a f t ,  t h e  magnitude o f  t h e  d i f -  

f e r e n c e  when compared t o  automotive t r a n s p o r t a t i o n  i s  obvious .  

A n  Austra l  i a n  government r e p o r t  analyzed t h e  problem o f  general  

a v i a t i o n  f a t a l i t y  r a t e s  in 1977, f i n d i n g  t h a t  " t h e  A u s t r a l i a n  r a t e  o f  
8  16 .5  f a t a l i t i e s  per 1 0  occupant m i l e s  i n  1969-70 i s  ve ry  s i m i l a r  t o  

t h a t  f o r  t h e  U.S.A. While t h e  Austra l  i an  a c c i d e n t  r a t e  has been improv- 
5  ing slowly (18 a c c i d e n t s  per 1 0  hours in  1974) ,  they  found 181  b e l t  

f a i l u r e  in p i l o t s '  s e a t s ,  and s e a t  f a i l u r e  in 28% of  f a t a l  and s e r i o u s  

i n j u r y  a c c i d e n t s .  Table V provides  a  comparison o f  va r ious  forms o f  

t r a n s p o r t a t i o n  from th is  Austra l  i an  s tudy .  

Note t h a t  t h i s  s t u d y  r e p o r t e d  t h a t  whi le  the p ropor t ion  o f  a l l  

a c c i d e n t s  t h a t  produce non-fa ta l  i n j u r y  i s  s i m i l a r  f o r  automobiles and 

a i r c r a f t  (12.3% and 1 9 . 3 % ) ,  t h e  p ropor t ion  o f  a c c i d e n t s  producing f a t a l  

* Based upon comparison of about  1600 annual f a t a l i t i e s  f o r  some 185,000 
G . A .  a i r c r a f t ,  wi th  50,000 f a t a l i t i e s  r e l a t i v e  t o  154 m i l l i o n  automotive 
v e h i c l e s  i n  t h e  U.S. 

** This  r a t i o  was de r ived  by d i v i d i n g  17.66 by .34 f a t a l i t i e s  per 1 0  
8 

passenger-miles ,  which equa l s  52 - t h e  r a t i o  o f  r a t e s  of f a t  8 l i t i e s  i n  
small s i n g l  e-engi ne a i r p l a n e s  t o  a i r  c a r r i e r  a i r c r a f t  per 1 0  passenger 
mi les  (1970, p .  9 1 ) .  



i n j u r i e s  i s  s i g n i f i c a n t l y  g r e a t e r  f o r  a i r c r a f t  (12.3%) than  f o r  au to -  

m o t i v e  v e h i c l e s  (0 .36%) .  As shown i n  Tab le  V t h e  genera l  a v i a t i o n  a i r -  

c r a f t  i s  t h e  l e a s t  s a f e  passenger v e h i c l e  i n  common use, exceeded o n l y  

by t h e  m o t o r c y c l e ,  w i t h  a f a t a l i t y  r a t e  o f  35.6. 

TABLE V 

FATALITY RATE PER l o 8  PASSENGER OR OCCUPANT MILES 
( a f t e r  Lane, 1977, p.  5) 

Ra i 1 

A i r p l a n e  

Bus 

Tram 

Urban Bus 

Passenger Car 

Horsedrawn 
T r a n s p o r t  

General A v i a t i o n  

Mo to rcyc les  

A u s t r a l i a ,  1968-72 
U.S., 1968-72 

Melbourne, 1963-68 

Me1 bourne, 1963-68 

A u s t r a l  i a ,  1963-68 

Cal i f o r n i a ,  1909 

A u s t r a l  i a  , 1969-70 

A u s t r a l  i a, 1 971 

A 1971 FAA s t u d y  b l u n t l y  r e p o r t e d  " c r a s h  s a f e t y  des ign  i n  l i g h t  

a i r c r a f t  has f a l l e n  so f a r  beh ind  t h a t  f o r t h e  au tomot i ve  t h a t  dea th  

r a t e s  pe r  100,000,000 passenger m i l e s  i n  l i g h t  a i r c r a f t  a r e  a t  l e a s t  

seven t imes  those f o r  au tomot i ve  t r a n s p o r t a t i o n H *  (Swearingen, 1971, 

p. 1 ) .  The f a c t  t h a t  i n  au tomob i l e  a c c i d e n t s  t h e  s e r i o u s  i n j u r y  r a t e  

i s  1000% g r e a t e r  t h a n  t h e  dea th  r a t e ,  b u t  i n  genera1 a v i a t i o n  s e r i o u s  

i n j u r i e s  a r e  o n l y  50% of t h e  dea th  r a t e  " c e r t a i n l y  c a l l s  f o r  some ex- 

p l a n a t i o n "  (Swearingen, 1971, p. 1 ) .  T h i s  FAA r e p o r t  examined 27 a i r -  

c r a f t  a c c i d e n t s  o f  terms o f  t h e  packaging p r i n c i p l e s  o f  DeHaven (pub- 

1 i s h e d  i n  1945) and "conc luded t h a t  i n  most  i n s t a n c e s  these  wel l -known 

* 
Based upon t h e  1967 NTSB r e p o r t  o f  111,000 genera l  a v i a t i o n  a i r c r a f t  
f l y i n g  an e s t i m a t e d  21,000,000 hours,  o r  3.15 b i l l  i o n  m i l e s ,  assuming 
average f l y i n g  speed o f  150 mph. w i t h  12,298 occupants r e p o r t e d  on 
boa rd  6,115 a i r c r a f t  i n v o l v e d  i n  a c c i d e n t s  t h e  average occupancy i s  
two. Mu1 t i p l y i n g  t o t a l  m i l e s  f l o w n  by  average occupancy g i v e s  6.3 
b i l l i o n  o r  63 (100,000,000) passenger m i l e s .  Based on 1,100 f a t a l  i t i e s ,  
t h e  r a t e  f o r  100 m i l l  i o n  passenger m i l e s  i s  17.5. The au tomot i ve  death  
r a t e  o f  f i v e  p e r  100,000,000 passenger m i l e s  i s  reduced t o  2.4 when 
p e d e s t r i a n s ,  m o t o r c y c l e s ,  b i c y c l e s  , buses and t r u c k s  a r e  e x c l  uded. 



p r i n c i p l e s  have been so g r o s s l y  ignored t h a t  s e r i o u s  and f a t a l  i n j u r i e s  

have occurred i n  anything more s e v e r e  than a hard l and ing"  ( p .  1 2 9 ) .  

A 1975 s t u d y  a t tempted t o  confirm t h e  s t a t i s t i c s  o f  Swear ingen 's  

r e p o r t  (1971) but found t h a t  the FAA has o f f i c i a l l y  no t  publ ished f a t -  

a l  i  t y  comparisons between general  a v i a t i o n  a i r c r a f t  and o t h e r  forms of  

t r a n s p o r t a t i o n  i n  t h e  1970, 1972, 1977, and 1979 FAA S t a t i s t i c a l  Hand- 

book of Avia t ion .  In 1970, f o r  example, t h e  1969 passenger f a t a l i t y  

per 100,000,000 passenger mil es was t a b u l a t e d  f o r  comparison between 

passenger  automobi les  ( 2 . 3 ) ,  buses ( . 2 2 ) ,  r a i l r o a d  passenger  t r a i n s  ( . 0 7 ) ,  

and domestic scheduled a i r  c a r r i e r s  ( . 1 3 )  (1970, p. 247).  --but general  

a v i a t i o n  ( e s t i m a t e d  by r e f e r e n c e  J J 5 ,  1371 t o  be 1 6 . 1 ) ,  was omi t t ed .  
8 In 1972 the f a t a l i t y  r a t e  was c a l c u l a t e d  t o  be 14,.3 per 1 0  m i l e s  

o f  t r a v e l  ( exc lud ing  3 s u i c i d e s )  (pe rsona l  communication, FAA S t a t i s t i c s  

Div i s ion ,  1 9 7 5 ) .  In 1973 t h e  NTSB Annual Report t o  Congress r e p o r t e d  

a c c i d e n t  r a t e s  per 100,000 a i r c r a f t  hours f lown, r a t h e r  than on a b a s i s  

o f  passenger m i l e s  (NTSB, 1973, Appendix G, p .  8 2 ) .  However, f o r  1973 

t h e  general  a v i a t i o n  f a t a l  a c c i d e n t  r a t e  was es t imated  a s  15.1  per 1 0  8 

m i l e s  o f  t r a v e l  (compared t o  4.27 f o r  t h e  automobi le  , NSC, 1973, p .  4 0 ) .  

This was 154 t imes g r e a t e r  than t h a t  f o r  scheduled domestic a i r  c a r r i e r s  

(15.1 compared t o  0.098, NTSB, 1973, p .  81 ) .  

The FAA S t a t i s t i c a l  Handbook o f  Avia t ion  f o r  1977 a g a i n  r e v e a l s  

passenger f a t a l i t i e s  per 100 m i l l  ion passenger-miles  f o r  a u t o s ,  t a x i s ,  

buses ,  r a i l r o a d  passenger t r a i n s ,  and domestic a i r  t r a n s p o r t  p lanes  

(1977 Table  10 .11 ,  p .  148)  but s i m i l a r  d a t a  f o r  comparison i s  complete ly  

omi t t ed  f o r  general  a v i a t i o n .  These d a t a  a r e  reproduced i n  Table  VI 

be1 ow. 

The FAA does provide a t a b l e  f o r  U.S. general  a v i a t i o n  ( s e e  Table 

V I I I )  1 i s t i n g  f a t a l  a c c i d e n t  r a t e s  per 100,000 a i r c r a f t  hours and by 

1 ,000,000 a i r c r a f t  m i l e s  (FAA, 1977, Table  10.10,  p .  147)  f o r  y e a r s  1968 

through 1976. No l i s t i n g  f o r  passenger  f a t a l i t y  r a t e  per 100 m i l l i o n  

passenger-miles  i s  provided,  even though such d a t a  a r e  1 i s t e d  i n  t h e  

preceding tab1 e s  comparing o t h e r  forms of  t r a n s p o r t a t i o n .  



TABLE V I  

COMPARATIVE ACCIDENT DATA: 1 9 6 8  THROUGH 1 9 7 7  

(PASSENGER F A T A L I T I E S  PER 1 0 0  I.i?LL?OFI FASSEI iGE7-MILES)  

! 

I Year 
Passenger I 

Automobi les  
and T a x i s  j T r a i n s  I P l a n e s  

Source:  Y o t o r  v e h i c l e  ( a u t o m o b i l e s ,  t a x i s ,  and buses) and r a i l r o a d  passenger ! r a i n  da ta  :ram 
the U a t i o n a l  S a f e t y  C o u n c i l .  Domest ic  i c 9 e d u l s d  a i r  t r a n s o o r t  j a t a  f r o r  t i e  F a t i o c a i  
T r a n s p o r t a t i o n  j a f e t y  !oard. FkA $ t a t i s t i c a l  ' a n d b 0 0 ~  3 i  I v i a t : o n ,  :atencar "ear ,  
7 9 7 7 ,  9 .  i 4 8 .  Tab le  10.11,  

Since previous estimates of general aviat ion fa ta l  accident ra tes  

have been s ign i f i can t ly  higher than for commercial a i r  c a r r i e r s  ( 5 0  t o  
150 times) and many other forms of t ranspor ta t ion ,  a n  attempt has been 

made t o  p u t  t h i s  in perspective as the FAA has not published such com- 

parisons. Some tables ( see  Table V ,  a f t e r  Lane, 1977) have not d i f -  

ferent ia ted  between "passenger" and "occupant" because t h i s  information 

has not been made avai lable  by the FAA. A change in the estimate of 

miles flown, hours flown, average airspeed, and load fac to r s ,  as  well 

a s  other  variables can change the r e s u l t s .  Thus three separate approaches 

were u t i l i z e d :  using the FAA's own high and low load fac tor  estimates; 

and a University of Michigan computer analysis  of FAA accident data for  

the number of p i lo t s  and passengers ac tual ly  in each f a t a l  general 

aviat ion accident fo r  the past 15 years .  This l a t t e r  approach allowed 

a f a i r l y  precise annual tabulation of passenger/pilot breakdowns. 



TABLE V I  I 

GENERAL AVIATION OCCUPANT AND PASSENGER FATALITIES 
PER 100 MILLION OCCUPANT AND PASSE>4GER-MILES 

YEAR 

(A)  Assuming an average l o a d  f a c t o r  o f  2.0. ( T h i s  f a c t o r  i s  v e r y  c l o s e  t o  t h a t  r e p o r t e d  f o r  1977 by 
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  Board (NTSB-ARG-80-1 ) ) . 

(B) Assuming an average l o a d  f a c t o r  o f  2.5, as was used by t h e  FAA f o r  t h e  e a r l y  1970 's .  
(Ref .  - L e t t e r  f rom M r .  Dal bow). 

PASSENGER** 
FATALITIES PER 

100 MILLION PASS.MILE 

1 - 0  Pass. 1.5 Pass. 

17.24 11.50 

19.76 13.17 

19.05 12.70 

15.98 10.65 

15.87 10.58 

15.41 10.27 

13.35 8.90 

15.27 10.18 

15.17 10.11 

12.21 8.14 
a. 

* GAA r a t e s  a r e  f o r  t o t a l  occupants p e r  100 m i l l  i o n  passenger m i l e s .  One m i g h t  assume on t h e  b a s i s  
o f  (A) and (B) t h a t  passenger f a t a l i t i e s  would be a t  l e a s t  50% o f  t o t a l  f a t a l i t i e s .  A t  t h a t  l e v e l ,  
passenger f a t a l  i t y  r a t e s  pe r  100 m i l l  i o n  passenger m i l e s  would be es t ima ted  a t  o n e - h a l f  t h e  r a t e s  
shown i n  (A) and (B ) .  

OCCUPANT* 
FATALITIES PER 

100 MILLION PASS.MILE 

(A) I (B)  

40.8 1 27.2 

43.1 28.7 

43.0 1 28.7 

38.1 25.5 

37.2 24.8 

34.1 22.8 I 
31 .6 21 - 1  

32.6 1 21 - 7  

3 5 - 7  1 
23.8 

25.9 17.3 

HUNDRED MILLION NILES FLOWN 

A(l.O Pass.))  B ( l  .5 Pass.) 

32.071 ' 48.1065 

31.432 ( 47.148 

33.171 49.7565 

36.868 1 55.302 

38.638 57.957 

39.390 I 59.085 

41 -724 I 62.586 

44.021 66.031 5 

49.644 1 74.466 

50.528 
I 

75.792 

** 3ased upon U n i v e r s i t y  o f  M ich igan  computer a n a l y s i s  o f  NTSB Data Tapes o f  p i l o t / p a s s e n q e r  
occupancy i n  each f a t a l  c rash.  

FATALITIES 

T o t a l  I P i l o t s  1 Passengers 

1,310 1 553 
588 1 

1 
602 621 

1,426 632 

657 618 1 589 1 1,438 61 3 

1 ,3451  653 608 1 607 

1,320 61 5 557 

1,436 1 626 I 672 

606 1 753 : 
1 ' 7 7 0 1  616 1,315 61 7 

I I 



TABLE V I I I  

-- - 

AIRCRAFT ACCIDENTS, FATALITIES, AND ACCIDENT RATES--U.S. GENERAL AVIATION FLYING: 1968-1977 

A c c i d e n t s  

F a t a l i t i e s  Hours Flown Aircraft-Mi1es year ',.,,;I Aizli I Flown ~ o o o ~ l  

- - -- 

A c c i d e n t  Ra tes  

100,000 A i r c r a f t  Hours I M i l l  i o n  A i r c r a f t  M i l e s  

- - - - - 

: S t a t i s t i c s  c s m p i i e d  by FAA. - 
S u i c i d e / s a o o t a g e  a c c i d e n t s  a r e  i n c l u d e d  i n  a l l  c o m ~ u t a t i o n s  e x c e o t  =or  r a t e s  : :?6d-3,  
1 ? 7 3 - i ,  1 3 i z - 3 ,  1 9 7 3 - 2 ,  : m - z ,  1975-2, :976-4, 1 3 7 7 - 1 ) .  
:nc;udes a i r  c a r r i e r  f a t a l i t i e s  (1167-154,  1969-92, 1972-5)  when !n c o l l i s i o n  w i : n  

, g e n e r a l  a v i a t f o n  a i r c r a f t .  
3 e g i n n i n q  i n  1970, :be d e c r e a s e  i n  a i r c r a f t - n i l e s  f l o w n  i j  'he - $ s u i t  o f  a chance i q  

t h e  rAA s t a n d a r d  f o r  es;'mai<nq mi:es f l o w n .  

T o t a l  

Source: ' i a t ~ o n a i  7 r a r s p o r c . a t i a n  S a f e t y  Board  Annual  ?eoor:, :377.  In, CAA ;t.at:;:isal 
 andt too^ o f  A v i a t i o n .  C a l e n d a r  i a a r  1977 ,  r s b l e  ? i . l O .  3 .  1 1 7 .  

A.  1970 FAA s t u d y  e s t i m a t e d  t h a t  t h e r e  were 2.5 (weighted average)  per-  
sons on t h e  average general  a v i a t i o n  f l i g h t  dur ing  t h e  pe r iod  1964 
t o  1968 (FAA, 1 9 7 0 ) ,  a l though  t h e  1 . 5  ( p a s s e n g e r )  f i g u r e  i s  g e n e r a l l y  
used by FAA i n  computations.  Using NTSB e s t i m a t e d  general  a v i a t i o n  
a i r c r a f t  mi les  flown (FAA Avia t ion  News 1975, p .  1 4 ) ,  3 .73 x l o 9  2 .5  - 1 08 

F a t a l  

u 
(occupan ts )  = 93.2 occupants  pe r  10 m i l e s .  In 1973 t h e r e  were 1,411 
f a t a l i t i e s  r e p o r t e d  f o r  p i l o t s  and passengers  ( b u t  excluding 
2 s u i c i d e s ,  f o r  1409 t o t a l )  ,8(FAA Av. News, 1975, p.  1 4 )  thus a f a t a l  
a c c i d e n t  r a t e  o f  15.1 p e r  10 mi les  o f  t r a v e l .  

T o t a l  F a t a l  

I 



The resu l t s  a re  presented in Table VII in terms of both occupanJ 
8 fa ta l  i t i e s  per 10 mill ion miles, and passenger fa ta l  i t i e s  per 100 

million passenger-miles. The l a t t e r  column can be compared t o  Table VI 

to show the s ignif icant  difference in f a t a l i t y  ra tes  between passenger 

ca r s ,  buses, t r a i n s ,  a i r  c a r r i e r s ,  and general avia t ion.  Assuming an 

average load factor  of 2 .0 ,  in 1979 there were 25.9 occupant f a t a l i t i e s  
8 per 10 million miles, with a load factor of 2 . 5  t h i s  changes to  17.3. 

Even the lower f igure i s  432 times that  of a i r  c a r r i e r s ,  and 13 times 

the r a t e  for  automobiles. To be conservative, assuming passenger f a t -  

a l i t i e s  a re  50% of to ta l  f a t a l i t i e s ,  a n d  reducing the 1979 general avi-  

at ion occupant f a t a l i t y  r a t e  from 17.3 t o  8.7,  the general aviat ion a i r  

c r a f t  f a t a l i t y  r a t e  i s  s t i l l  216 times t ha t  for  the a i r l i n e s  ( . 0 4 ) ,  and 

6.5 times tha t  of the automobile. 

The l a t e s t  available NTSB Annual Report t o  Congress continues t o  
omit providing t h i s  information by 1 i s t i ng .  FAA data o n  f a ta l  accident 
ra tes  a re  presented only on a basis of per 100,000 a i r c r a f t  hours flown, 

8 and per million a i r c r a f t  miles flown, rather t h a n  10 passenger miles 

comparison (NTSB,  1979, Appendix K ,  p .  64) .  

The actual number of f a t a l i t i e s  occurring in general aviat ion 

accidents a re  higher t h a n  reported, s ince fa ta l  i t i e s  occurring a f t e r  

seven days a r e  n o t  reported. 

Tab1 e IX, below, provides the most current  available pub1 ished 

tabulation of U.S. General Aviation accident f a t a l i t y  ra tes .  This i s  

taken from the 1979 NTSB annual report  t o  Congress, and  overlaps the 

preceding table  and  updates i t  fo r  1977 through 1979 (preliminary) data.  

However, the en t i r e  table  i s  presented for comparison with the preceding 

FAA Table VIII. Note, tha t  the s t a t i s t i c s  for  accident ra tes  per 

100,000 a i r c r a f t  hours have now been revised from 1974-1 977, a n d  for 

ra tes  per mill ion a i r c r a f t  miles for  1973-1 977. Again, t h i s  NTSB table 
8 omits data on passenger f a t a l i t i e s  per 10 passenger miles. Review of 

the past decade of NTSB annual reports  indicates that  i t  i s  n o t  unusual 

t o  revise the ra tes  for  preceding years. 



TABLE I X  

ACCIDENTS, FATALITIES, RATES 
U. S. GENERAL AVIATION 

1970-1 979 

Acc~dent Rates 

Per 100.000 Per Million 
A~rcraft- Aircraft- Aircraft- Aircrall 

Accidents Hours Flown Miles Flown Hours Flown Miles Flown 

Total Fatal Fatalities (000) c/ (000) cl Total Fatal Total Fatal 
1970 4.712a 641a 1,310 26,030 3,207,1274 18.1 2.46 1.47 0.200 
1971 4,648 661 1,355 25,512 3,143,181 18.2 2.59 1.48 0.21 1 
1972 4,256a 6951 1,426" 26,974 3.317.100 15.8 2.57 1.28 0.2@ 
1973 4,25sa 723a 1.41 2 29,974' 3,666,6028 14.2 2.41 1.15 0.196 
1974 4,42sa 729a 1,438 31,413' 3,863.799e 14.1 2.31 1.14 0.188 
1975 4,237a 675a 1.345 32,0241 3,938,952e 13.2 2.10 1.08 0.171 
1976 4.193a 695a 1.320 33,922' 4,172,4066 12.3 2.04 1.00 0.166 
1977 4,286a 702a 1,436 35,7921 4,402,126e 12.0 1.96 0.97 0.159 
1978 4,4941 793a 1.7700 39,400 4,964,400e 11.4 2.01 0.90 ' 0.159 
1979 4,351 682 1,382 39,900 5,052,800e 10.6 1.65 1.71 0.135 

rstal 43,557 6,996 14,194 

" j u i c ~ d e ~ c a o o t a ~ e  ;.:+dents : n ~ ? ~ d d e a  i n  a l l  tom~uta t ions  except ra tes  il?:C-1, 1 9 7 2 - 2 ,  
1 ? 7 3 - 2 ,  1 9 7 1 - 2 ,  1 3 7 5 - 2 ,  1975.4, 1377-;, 1 9 7 8 - 2 ) .  
:nc!udes a i r  c a r r i e r  6atali:ies ( ! 9 7 2 - 5 ,  1 9 i a - ? & ? !  dnen I n  :ol: i s ion 'wit;? :ener2; 
aviat ion a i r c r a f t .  
Source: FAA 
3eqinninq in 1370, :he decrease i n  a i rc ra f t -mi les  "!own i s  :he r e s ~ l :  of 3 2Paanqe 
i n t h e  j:andar-a 'at- esf imarim n i l e s  f lown.  . istimared D Y  UTSB 
Revised !y ? \ A .  

' Pr.1 imi nary. 

Source: ' i i j a  :979 Annua: ?e?ort  t o  Congress. Appendix <, 3 .  5 4 .  

One mus t  wonder why b o t h  t h e  FAA and NTSB a v o i d  mak ing  a  mean ing fu l  

compar ison  o f  gene ra l  a v i a t i o n  a c c i d e n t  f a t a l  i t y  r a t e s ,  u n l e s s  t h e y  do 

n o t  w i s h  t o  acknowledge and b r i n g  a t t e n t i o n  t o  g e n e r a l  a v i a t i o n s '  poor  

c r a s h  s a f e t y  r e c o r d .  I n  t h i s  r e g a r d ,  A v i a t i o n  Consumer has n o t e d  d i s -  

c r e p a n c i e s  o f  t h e  NTSB i n  r e p o r t i n g  a c c i d e n t  r a t e s  by b o o s t i n g  e s t i m a t e s  

o f  hou rs  f l o w n  by some a i r c r a f t  by 25 t o  40% ( w h i c h  reduced  t h e  a c c i d e n t  

r a t e s  f o r  each t y p e  c o r r e s p o n d i n g l y )  ( A v i a t i o n  Consumer, 15  Aug . 1979, 

p .  4 ) .  There  a r e  f r e q u e n t l y  d i s c r e p a n c i e s  between FAA and NTSB raw 

d a t a ,  a l t h o u g h  t h e y  s h o u l d  be based upon t h e  same d a t a  base. 

1.3.4. A i r c r a f t  Damage and Occupant  I n j u r y  R e l a t i o n s h i p s .  The s e v e r i t y  

o f  s t r u c t u r a l  damage i n  a n  a i r c r a f t  a c c i d e n t  i s  c a t e g o r i z e d  by  t h e  NTSB 

i n  f o u r  c l a s s i f i c a t i o n s :  " d e s t r o y e d  ," " s u b s t a n t i a l  damage," "m ino r , "  

o r  "no damage. " 



Contrary to  popular opinion, accident inves t iga t ion  s tudies  have 

reported a lack of d i r e c t  r e l a t ionsh ip  between the  degree of s t ruc tu ra l  

damage t o  the  a i r c r a f t  involved in  a  crash,  and the  r e su l t ing  degree of 

in jury  t o  the  occupants. Previous s tudies  have documented t h a t  an a i r -  

c r a f t  may be "destroyed" ye t  perfec t ly  survivable t o  the occupants; 

s imi la r ly ,  p i l o t s  and passengers may incur serious or f a t a l  in jury  in 

accidents  in which the  damage t o  the  a i r c r a f t  i s  only "minor." Before 

discussing the  reasons fo r  t h i s ,  i t  i s  important t o  understand the  FAA 

and NTSB def in i t ions  involved. 

The NTSB defines an  "Ai rc ra f t  Accident" a s  "an occurrence associated 

w i t h  the operation of an a i r c r a f t  which takes place between the  time any 

person boards the  a i r c r a f t  with the in tent ion  of f l i g h t  un t i l  such time 

as a l l  such persons have disembarked, and in which any person su f fe r s  

death or ser ious  in jury  as  a  r e s u l t  of being in or  u p o n  the a i r c r a f t  or  

by d i r e c t  contact  with the  a i r c r a f t  or anything attached the re to ,  or in 

which the  a i r c r a f t  receives subs tant ia l  damage" ( P a r t  830.1 Code of Fede- 

ra l  Regulations, 1978). The key determinants of whether a  reportable 

accident has occurred, the re fo re ,  a r e  whether a  death o r  serious in jury  

or subs tant ia l  damage has occurred. Changing the  de f in i t ions  fo r  any 

of these three  terms will a l so  change the  accident s t a t i s t i c s .  In the  

majority of cases where i t  i s  determined t h a t  no "ser ious"  in jury  t o  
any occupants has occurred, the  determinant hinges about a  judgment as  

to  what cons t i tu tes  " subs tan t i a l "  damage. 

Until January 1 ,  1968, the  NTSB def in i t ion  of "subs tant ia l  damage" 

was : 

" ( 1 )  Except a s  provided in subparagraph ( i i )  of t h i s  paragraph: 

(i) Substantial  damage in a i r c r a f t  of 12,500 pounds maximum 

c e r t i f i e d  takeoff weight or l e s s  means damage o r  s t ruc -  

tura l  f a i l u r e  reasonably estimated t o  cos t  $300 or  more 

t o  r epa i r .  

( i i )  Substantial  damage i n  a i r c r a f t  of more t h a n  12,500 pounds 

maximum c e r t i f i e d  takeoff weight means damage or  s t ruc -  

tura l  f a i l u r e  which adversely a f f e c t s  the  s t ruc tu ra l  s t r eng th ,  

performance, o r  f l  ight  c h a r a c t e r i s t i c s  of the a i r c r a f t ,  

and which would normally requi re  major r epa i r s  or  rep1 ace- 

ment of the  af fec ted  component. 



( 2 )  Engine f a i l u r e ,  damage limit-ed t o  a n  engine bent f a i r i n g s ,  o r  

cowling, dented s k i n ,  small puncture holes i n  t he  sk in  o r  f a b r i c ,  t a x i -  

ing damage t o  propel1 e r  b lades ,  damage t o  t i r e s ,  engine a c c e s s o r i e s ,  

brakes or wingt ips  a r e  not considered " subs t an t i a l  damage" f o r  t h e  pur- 

pose of t h i s  p a r t  (CFR 47 NTSB Pa r t  830.1, 1978) .  

In 1968 t h e  d e f i n i t i o n  of  " subs t an t i a l  damage" was changed t o  more 

rea l  i s t i c a l  l y  r e f l e c t  economic r e a l i t i e s ,  and this  c u r r e n t  d e f i n i t i o n  

i s  a s  fol lows:  

" ( 1 )  Except a s  provided in  subparagraph ( 2 )  of t h i s  paragraph, sub- 

s t a n t i a l  damage means damage or s t r u c t u r a l  f a i l u r e  which adverse ly  

a f f e c t s  the s t r u c t u r a l  s t r e n g t h ,  performance, o r  f l i g h t  c h a r a c t e r i s t i c s  

of t h e  a i r c r a f t ,  and which would normally r e q u i r e  major r e p a i r  o r  

replacement of t he  a f f e c t e d  component. 

( 2 )  Engine f a i l u r e ,  damage 1  imited t o  an engine,  bent f a i r i n g s  o r  

cowling, dented s k i n ,  small puncture holes in the  sk in  o r  f a b r i c ,  ground 

damage t o  r o t o r  o r  propel1 e r  b lades ,  damage t o  landing gea r ,  wheels, 

t i r e s ,  f l a p s ,  engine a c c e s s o r i e s ,  brakes o r  wingt ips  a r e  not considered 

" subs t an t i a l  damage" f o r  t h e  purpose of  t h i s  pa r t "  (CFR 14 ,  Par t  830.2 

32 FR 20771, 23 Dec. 1967, a s  amended 34 FR 15749, Oct. 11 ,  1969 ) .  

One r e s u l t  was t h a t  t he  t o t a l  number of  a cc iden t s  f o r  general  

a v i a t i o n  (excluding a i r  c a r r i e r )  f o r  1968 dropped near ly  20%, t o  4,968, 

from t h e  6,115 repor ted i n  1967. Thus when comparing acc iden t  s t a t i s -  

t i c s ,  c a r e  should be used when t o t a l  number of annual a cc iden t s  involve 

pre- and post-  1968 da t a .  ( I f  the pre- 1968 d e f i n i t i o n  of an acc iden t  

were used today, t h e r e  would have been near ly  5,400 acc iden t s  l i s t e d  

f o r  1978, r a t h e r  than 4 ,494) .  (Table  X ) .  

In p r a c t i c e  t h e  c l a s s i f i c a t i o n  of damage may be somewhat a r b i t r a r y  

where a cl  e a r  d i s t i n c t i o n  between " subs t an t i a l  " ( r epo r t ab l  e )  and "minor" 

(need not be repor ted i f  any i n j u r y  incurred i s  l e s s  than " s e r i o u s " )  

damage occurs ,  s i n c e  t h i s  may i n i t i a l l y  be an owner o r  p i l o t  dec i s i on .  

S imi l a r l y  i t  i s  not always r e a d i l y  apparent  whether damage i s  severe  

enough t o  be c l a s s i f i e d  a s  dest royed.  As a  r e s u l t  t h e  major i ty  (74.7% 

1968-1976) of  t he  U.S. general  a v i a t i o n  a i r c r a f t  a cc iden t s  a r e  c l a s s i f i e d  

a s  incur r ing  subs t an t i a l  damage. 98.2% of a cc iden t s  a r e  c l a s s i f i e d  a s  



TABLE X 

DAMAGE INDEX 
U. S . GENERAL AVIATION ACCIDENTS 

1967-1 979 

a. t h e  d e f i n i t i o n  o f  " s u b s t a n t i a l  damage" was changed 1 January, 1968. 1967 data  
n o t  i n c l u d e d  i n  t o t a l s .  

d 

b. Su ic ide/sabotage a c c i d e n t s  i n c l u d e d  ( 1  970-1, 1972-3, 1973-2, 1974-2, 1975-2, 
1976-4, 1977-1, 1978-2) . 

c. The FAA t o t a l s  o f  annual damage c a t e g o r i e s  do n o t  equal  t h e  t o t a l  number o f  
a c c i d e n t s  t h e y  1 i s t .  For  example, i n  1967 t h e  FAA l i s t s  6115 a c c i d e n t s  b u t  6282 
separate  damage indexes, i n  1971 4648 a c c i d e n t s  and 4728 damage indexes, and i n  
1976 4193 acc iden ts ,  b u t  4260 damage indexes, e t c .  No reason f o r  t h i s  d i s c r e -  
pancy i s  p r o v i d e d  by FAA b u t  i t  i s  assumed t o  be FAA computer e r r o r s .  

Year - 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

, I  

No. o f  Acc idents  

6115 
4968a 
4767b 
471 2 
4648b 
4256b 
4255b 
4425 
4237b 
41 93b 
4286b 
4494 
4238P 

t 

T o t a l s  : 
1 967-1 976 

A i r c r a f t   ama age' 
Destroyed S u b s t a n t i  a1 - Minor  - None - Un k 

2 
2 
2 
1 
0 
0 
0 
0 
0 
0 

1052 
1179 
1090 
1034 
1065 
1035 
1107 
1120 
1087 
1075 
1129 

O I 0 
0 

5 

# 

1227 
1012 

9792 
23.5 

A 

51 71 
392 3 
3783 
371 2 
3604 
3245 
31 76 
3294 
31 64 
31 22 
31 57 
3 284 
2927 

31 023 
74.7 

30 
3 2 
5 7 
61 
30 
7 6 
60 
6 9 
6 2 
40 
2 8 

2 7 
15 
31 
2 0 
29 
2 0 
2 1 
2 2 
2 1 
2 3 
2 3 

2 9 
27 

487 
1.2 

17 
24 

202 
. 5  
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FIGURE 3 

PROPORTION OF DAMAGE 
U. S. GENERAL A V I A T I O N  ACCIDENTS 

1 9 7 7 - 1  9 7 9  COMBINED 

MINOR 
. 7 %  

# i 8 4 )  

NO DAMAGE '. . 5 %  

B a s e d  on p r e l i m i n a r y  d a t a ,  c o u r t e s y  NTSB, D e c e m b e r  31, 1980. 



e i t h e r  d e s t r o y e d  o r  h a v i n g  s u b s t a n t i a l  damage, w i t h  o n l y  1.2% m i n o r  

damage and 0.576 as  h a v i n g  r e c e i v e d  no damage i n  t h e  a c c i d e n t .  

F i g u r e  2  i l l u s t r a t e s  t h e s e  p r o p o r t i o n s  f o r  t h e  y e a r s  1968-1976, and 

a l s o  shows t h e  d i f f e r e n c e  between 1967 ( b e f o r e  t h e  d e f i n i t i o n  o f  "sub-  

s t a n t i a l  damage" changed) and 1976.  

W i t h  180,854 ac t . i ve  g e n e r a l  a v i a t i o n  a i r c r a f t  r e g i s t e r e d  i n  1976, 

t h e  1,075 a i r c r a f t  " d e s t r o y e d "  r e p r e s e n t e d  o n l y  0 .6% o f  t h e  e n t i r e  f l e e t  

o r  7% (6 .959)  o f  t h e  15,447 a i r c r a f t  m a n u f a c t u r e d  t h a t  y e a r .  However, 

i f  p l a n e s  r e c e i v i n g  s u b s t a n t i a l  damage a r e  a l s o  i n c l u d e d ,  o v e r  2.3% o f  

t h e  t o t a l  f l e e t  was i n v o l v e d ,  and o v e r  27% o f  a l l  a i r c r a f t  m a n u f a c t u r e d  

t h a t  y e a r  were  e i t h e r  d e s t r o y e d  o r  r e c e i v e d  s u b s t a n t i a l  damage. However, 

t h i s  r e p r e s e n t s  an improvement  o v e r  damage r e c o r d e d  i n  a i r c r a f t  a c c i d e n t s  

o f  some 40  y e a r s  ago. I n  1941, f o r  example, o f  20,000 U.S .  c i v i l  a i r -  

c r a f t  r e g i s t e r e d ,  3,286 a i r c r a f t ,  o r  16 .4% o f  t h e  e n t i r e  f l e e t ,  was 

e i t h e r  d e s t r o y e d  o r  " r e q u i r e d  m a j o r  r e p a i r "  i n  a c c i d e n t s  t h a t  y e a r  

(DeHaven, 1944 ) .  F i g u r e  3  shows t h e  damage i n d e x  f o r  t h e  mos t  r e c e n t  

t h r e e  y e a r  p e r i o d  1977-1 979 d a t a  a r e  p r e s e n t l y  a v a i l a b l e .  

The r e l a t i o n s h i p  between a i r c r a f t  damage and o c c u p a n t  i n j u r y  i s  

shown i n  t h e  f o l l o w i n g  T a b l e  X I ,  w h i c h  lumps d a t a  f o r  t h e  p r e c e d i n g  

t h r e e  y e a r s  ( 1  977-1 979 ) .  W h i l e  18.8% o f  f a t a l  i t i e s  o c c u r  i n  a c c i d e n t s  

w i t h  no damage, many such cases  i n v o l v e  b e i n g  s t r u c k  by  t h e  p r o p e l l e r  

and o t h e r  non -c rash  env i ronmen ts .  On t h e  o t h e r  hand 26.4% o f  a c c i d e n t s  

i n  w h i c h  t h e  a i r c r a f t  i s  d e s t r o y e d  o n l y  i n v o l v e  m i n o r  o r  no i n j u r y .  

These d a t a  do n o t  show any  s t r a i g h t - l i n e  r e l a t i o n s h i p  between t h e  dam- 

age and i n j u r y  i n d i c e s .  

S u r v i v a l  f r o m  c a t a s t r o p h i c  a c c i d e n t s  i n  w h i c h  t h e  a i r c r a f t  i s  

t o t a l l y  d e s t r o y e d ,  such as m i d - a i r  c o l l i s i o n s ,  h i g h - a n g l e  h i g h - v e l o c i t y  

d i v e s  i n t o  t h e  g round,  o r  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  (Snyder ,  1972)  

i s  r a r e ,  s i n c e  t h e  o c c u p a n t s '  c a b i n  a r e a  i s  u s u a l l y  c r u s h e d  and i m p a c t  

may be beyond s u r v i v a l  l i m i t s .  W h i l e  one wou ld  e x p e c t  c e r t a i n  o t h e r  

t y p e s  o f  s e v e r e  c rashes  ( s u c h  as  f l y i n g  i n t o  a  m o u n t a i n s i d e  i n  a  

snowstorm, o r  c r a s h i n g  i n t o  a  f o r e s t )  t o  be a s s o c i a t e d  w i t h  occupan t  

f a t a l i t y ,  t h e r e  a r e  a  number o f  f a c t o r s  i n f l u e n c i n g  occupan t  i n j u r y  

c a u s a t i o n  and s e v e r i t y ,  o r  p r e v e n t i o n  and occupan t  s u r v i v a l .  For  ex-  
amp1 e, a  r e c e n t  s u r v i v a b l e  a c c i d e n t  has i n c l u d e d  i n - f l  i g h t  s t r u c t u r a l  



TABLE X I  

COMPARISON OF GENERAL AVIATION 
DAMAGE11 NJURY INDICES FOR ACCIDENTS 

1 977-1 979* 

A. DAMAGE INDEX 

B. INJURY INDEX 

a 

DAMAGE INDEX 

3368 Des t royed  

9368 S u b s t a n t i a l  

84  M i n o r  

64 No Damage 

* P r e l  i m i n a r y  d a t a ,  c o u r t e s y  NTSB, December 1980.  

INJURY INDEX 

31 59 F a t a l  

1281 S e r i o u s  

1801 M i n o r  

7483 None 

0 T o t a l s  do n o t  m a t c h  number o f  a i r c r a f t  a s  i n c l u d e  some c o l l i s i o n s  
w i t h  2 a i r c r a f t .  These d a t a  a r e  n o t  c o r r e c t e d  f o r  t h e  number o f  
c o l l i s i o n s .  A l s o  t h e  pe rcen tages  w i l l  n o t  add u p  t o  100% due t o  
r o u n d i n g  . 

B 

INJURY INDEX 

a To use  t h e s e  c h a r t s ,  f o r  c l a s s i f i c a t i o n  on  l e f t  s i d e ,  r e a d  t h e  number 
o f  t i m e s  o f  o c c u r r a n c e  on  r i g h t .  For  example i n  A., o f  t h e  3368 d e s t r o y e d ,  
1935 i n v o l v e d  a f a t a l  i n j u r y  i n d e x ,  567 a s e r i o u s  i n j u r y  i n d e x ,  e t c .  

DAMAGE INDEX I 

NONE 

( N o . ) )  ( % )  

475 1 14.1 

7032 1 75.1 

40  1 47.6 

4 6.2 

MINOR 

( N o . ) )  ( I )  
1 

417 12.4 
I 1486 15.9 

3 1 3.6 

0 1  - 

FATAL 

( N o . ) /  ( % )  

1 1935 57.4 

249 ' 2.7 

1 8  2.1 
I 

1 2  18 .8  

FATAL 

(NO.)  I ( )  

1935 89 .6  

I 567 44.3 

419 1 2 3 . 3  

479 6 . 4  

SERIOUS 

' ( N o . ) ]  ( % )  
I 

567 16 .8  
I 654 7 . 0  

23 127.4  

48 175 .0  

NONE 

(NO. )  I ( r )  

1 2 1  
.6 

48 3.7 

0 I - 

4 1  - 

SERIOUS 

(NO. )  I (%I 
245 1 11 .3 

6 5 4 1 5 1 . 1  

1486 1 8 2 . 5  

7032 1 9 4 . 0  . 

MINOR 

( N O . )  1 ( 3 )  

18  .8 

23 1.8 

3 1 .2 

40 j .5 



f a i l u r e  i n  an Aero Commander 690 and subsequent  f a l l  o v e r  14,000 f e e t  

i n t o  wooded t e r r a i n .  I n  a n o t h e r  case  a  Cessna 172 c rashed  i n t o  a  t r e e  

on a  h i l l  t o p  a t  c r u i s e  v e l o c i t y  i n  f o g  w i t h o u t  i n j u r y ,  e x c e p t  a  m i n o r  

cut ,  t o  one o f  t h e  two lapped-be1 t e d  occupants .  Whether a  p a r t i c u l a r  

a c c i d e n t  i s  s u r v i v a b l e  o r  n o t  must  be i n d i v i d u a l l y  e v a l u a t e d  on  a  

b a s i s  o f  t h e  c r a s h w o r t h i n e s s  d e s i g n  and packag ing  c r i t e r i a  p r e v i o u s l y  

d i scussed ,  r a t h e r  t h a n  t h e  damage i n d e x .  

1.3.5. FAA C e r t i f i c a t i o n .  An i m p o r t a n t  p o i n t  o f t e n  o v e r l o o k e d  i n  con- 

s i d e r i n g  s t a t e - o f - t h e - a r t  w i t h  r e s p e c t  t o  FAA c e r t i f i c a t i o n  r e q u i r e m e n t s  

i s  t h a t  a  n e w l y  manu fac tu red  1981 a i r c r a f t  may have been c e r t i f i e d  under  

e a r l i e r  P a r t  3  r e q u i r e m e n t s .  I t  i s  p r o b a b l e  t h a t  mos t  o f  t o d a y ' s  genera1 

a v i a t i o n  f l e e t  was c e r t i f i e d  unde r  e a r l i e r  CAR r e q u i r e m e n t s  e f f e c t i v e  

p r i o r  t o  P a r t  23 ( 1  964 ) .  A  "new model " a i r c r a f t  b rough t  o u t  by  t h e  

m a n u f a c t u r e r  i n  1981, f o r  example, does n o t  have t o  be c e r t i f i e d  under  

FAR P a r t  23 under  some c o n d i t i o n s  i f  t h e  m a n u f a c t u r e r  c o n s i d e r s  i t  t o  

t o  be a  m o d i f i c a t i o n  o f  an  e a r l  i e r  model . Some f i v e  y e a r s  may go by 

p r i o r  t o  i n t r o d u c t i o n  o f  a  "new" a i r p l a n e ,  r e q u i r i n g  a  new c e r t i f i c a t e .  

I n  1970, f o r  example, B e e c h c r a f t  had n o t  i n t r o d u c e d  a  "new" model s i n c e  

1966 (Rembl eske, quo ted  p. 45, B ruce  and Draper ,  1 9 7 0 ) .  

Some examples o f  p o p u l a r  a i r c r a f t  i n  t o d a y ' s  f l e e t  w h i c h  were 

c e r t i f i e d  under  e a r l i e r  r e g u l a t i o n s  i n c l u d e  t h e  Beech 18  (Type a p p r o v a l ,  

4 March 1937) ;  P i p e r  PA-18 Super Cub (FAA t y p e  a p p r o v a l ,  18  Nov. 1949; 

PA-18-1 50, 1  Oc t .  1954 ) ,  P i p e r  PA-24B-260 Commander B (Oc t .  1957) ,  P i p e r  

PA-25 Pawnee (Augus t  1959) ;  P i p e r  PA-28-140 (FAA t y p e  c e r t i f i e d  Feb. 14 ,  

1964 ) ,  PA032 Cherokee S i x  (FAA t y p e  approved 4  Mar. 1965 ) ,  PA-28-235C 

Cherokee ( FAA t y p e  approved 15 June 1  963) ,  Beec h c r a f t  Musketeer  ( FAA 

C e r t i f i e d  20 Feb. 1962 ) ,  Cessna 150 (FAA t y p e  a p p r o v a l  1 0  J u l y  1968 ) ,  

Cessna 337 (FAA t y p e  a p p r o v a l  , 22 May 1962 ) ,  401 & 402 ( 2 0  Sep t .  1966)  

421 ( 1  May 1967) ,  Mooney M-20 (FAA t y p e  a p p r o v a l  7  Nov. 1971 ) .  

Exampl es o f  a i r c r a f t  c e r t i f i e d  under  P a r t  23 i n c l u d e  t h e  B e e c h c r a f t  

Baron Model 58P (FAA c e r t i f i e d  May 1974) ,  Super K i n g  A i r  200 (14  Dec. 

1973 ) ,  Cessna 303, and P i p e r  PA-381 12  Tomahawk ( 2 0  Dec. 1 9 7 7 ) .  

I l l u s t r a t i o n s  o f  new models o f  g e n e r a l  a v i a t i o n  a i r c r a f t  b r o u g h t  

o u t  s i n c e  1964 (when FAR P a r t  23 became e f f e c t i v e ) ,  b u t  c e r t i f i e d  under  



o l d e r  CAR requ i remen ts ,  i n c l u d e :  P i p e r  PA-32 Cherokee S i x  (FAA t y p e  

a p p r o v a l ,  4 March 1965);  PA-32 RT-300T Turbo Lance I 1  (FAA c e r t i f i c a t i o n  

20 A p r i l  1978 ) ;  P i p e r  A e r o s t a r  600 (March 1968) ,  601 (November 1968) ;  

and P i p e r  PA-31 Navajo.  

The f o l  l o w i n g  genealogy ill u s t r a t e s  how a c u r r e n t  model a i r c r a f t  

can s t i l l  be c e r t i f i e d  under  CAR r u l e s  o f  16  y e a r s  ago. 

P i p e r  Cherokee 180 (1 967) + Cherokee C h a l l  enger (Oc t .  1972) -> 
Cherokee A rche r  ( 1  974) 4 r e d e s i g n a t e d  PA-28-1 81 A rche r  I I ( 1  9 7 6 ) d  
W a r r i o r  I 1  ( 1  978) a PA-28-236 Dakota ( 1  978) PA-28-201T Turbo 
Dakota (1979) .  

I f  FAR P a r t  23 requ i remen ts  r e p r e s e n t  "minimum" r e q u i r e m e n t s  (FAA 

Order 2100.1, 19621, do t h e  p r e c e d i n g  CAR requ i remen ts  r e p r e s e n t  l e s s  

t h a n  minimum s tanda rds  f o r  c u r r e n t  o p e r a t i o n ?  

The developmental  1 i n a g e  o f  an  a i r c r a f t  i s  i n d i c a t e d  o n  t h e  Type 

C e r t i f i c a t e  Data Sheet, a1 though i t  may t a k e  s e v e r a l  d a t a  sheets  t o  

t r a c e  t h e  e n t i r e  e v o l u t i o n .  Fo r  example, t h e  Model 35 B e e c h c r a f t  - 
Bonanza was f i r s t  approved i n  1947, c o n t i n u i n g  on  one t y p e  c e r t i f i c a t e  

u n t i l  1956, when t h e  Bonanza H35 r e c e i v e d  a new c e r t i f i c a t i o n  wh ich  has 

c a r r i e d  t h r o u g h  t o  t h e  c u r r e n t  A36TC. A d i s c u s s i o n  o f  t h e  Type C e r t i -  

f i c a t e  Data Sheet  and d e t a i l e d  d a t a  on  y e a r  c e r t i f i e d  f o r  a number o f  

genera l  a v i a t i o n  a i r c r a f t  has appeared i n  t h e  A p r i l  1981 i s s u e  o f  

A v i a t i o n  Consumer (pp.  10-1 5 ) .  

One e s p e c i a l l y  i m p o r t a n t  c rashwor th iness  area  where t h e  problem o f  

"new ly  c e r t i f i e d "  a i r c r a f t  i s  appa ren t  i s  i n  t h e  FAA's amended shou lde r  

harness r u l e .  W i t h  a compl iance d a t e  o f  1 8  J u l y  1978, t h i s  amendment 

added r e q u i  rements c o n c e r n i n g  shou lde r  harnesses and compartment i n t e r i o r  

d e s i g n  f o r  t h e  t y p e  c e r t i f i c a t i o n  o f  smal l  a i r p l a n e s  and an o p e r a t i n g  

r u l e  r e q u i r i n g  a shou lde r  harness  f o r  each f r o n t  s e a t  i n  c e r t a i n  newly  

manu fac tu red  sma l l  a i r p l a n e s  ( P a r t  23.785 ( g )  (F .R.  32(116)  :30601-30603 

16  June 1 9 7 7 ) .  Thus o n l y  " c e r t a i n  newly  manufac tured"  a i r c r a f t  a r e  ac-  

t u a l l y  r e q u i r e d  by t h e  FAA t o  meet t h i s  amended s tanda rd .  

Yet  i n  p u b l i s h i n g  t h i s  amendment t h e  FAA s t a t e d  t h a t  "ove r  t h e  n e x t  

25 yea rs ,  i t  i s  e s t i m a t e d  t h a t  a p p r o x i m a t e l y  1,875 l i v e s  may be saved 

by t h i s  amendment a t  an average c o s t  o f  l e s s  t h a n  $5.5 m i l l  i o n  p e r  y e a r "  

(F.R. 42 (116 ) :  30603, 16  June 1977 ) .  When t h e  FAA's own d a t a  show t h a t  



shou lde r  harnesses (even j u s t  i n  t h e  f r o n t  s e a t s )  r e p r e s e n t  such a  ma jo r  

s t e p  i n  occupant  c r a s h  p r o t e c t i o n ,  why has t h e  FAA chosen t o  1  i m i t  t h i s  

r e q u i r e m e n t  t o  t h e  r e l a t i v e l y  few "new ly  c e r t i f i e d "  a i r c r a f t ?  

1 . 4  Review o f  FAA R e g u l a t o r y  Chanqes 

P r i o r  t o  31 December 1926, n e i t h e r  p i l o t s  n o r  a i r p l a n e s  r e q u i r e d  

a  l i c e n s e ,  p i l o t  schoo ls  were u n l i c e n s e d ,  and passengers and goods c o u l d  

be f l o w n  w i t h  no r e g u l a t i o n s .  There were no r u l e s  whatever .  A  p i l o t  

c o u l d  t a k e  o f f  o r  l a n d  wherever he p leased,  and b u i l d  and f l y  h i s  own 

p l a n e  w i t h o u t  con fo rm ing  t o  any mandatory  e n g i n e e r i n g  r e q u i r e m e n t s .  

One s t u d y  showed t h a t  20% o f  f a t a l  a c c i d e n t s  i n v o l v e d  s t u d e n t s  on s o l o  

f l i g h t s  (~ornons,  1978, p.  1 1 9 J .  

The C o n t r a c t  A i r  l l a i l  A c t  o f  1925 was a  m a j o r  s t e p  towards  growing 

s e n t i m e n t  i n  Congress t o  t a k e  government o u t  o f  bus iness ,  by p r o v i d i n g  

a  p l a n  o f  c o m p e t i t i v e  b i d d i n g  t o  e s t a b l i s h  a i r m a i l  s e r v i c e  t h r o u g h  

p r i v a t e  e n t e r p r i z e  i n s t e a d  o f  t h e  Pos t  O f f i c e .  T h i s  was f o l l o w e d  by 

t h e  A i r  Commerce A c t  o f  1926, s igned  by P r e s i d e n t  Coo l i dge  on 20 May 

( e x a c t l y  one y e a r  be fore  L i n d b e r g ' s  famous f l i g h t ) .  The A i r  Commerce 

R e g u l a t i o n s  o f  t h e  A e r o n a u t i c s  Branch, Department o f  Commerce, became 

e f f e c t i v e  31 December 1926, and r e p r e s e n t e d  t h e  f i r s t  U.S. c i v i l  a v i a t i o n  

requ i remen ts .  The 1926 Ac t ,  bes ides  d i r e c t i n g  S e c r e t a r y  o f  Commerce 

H e r b e r t  Hoover t o  1  i c e n s e  p i l o t s  and a i r c r a f t ,  conduc t  resea rch ,  es-  

t ab1  i s h  a i r w a y s  3nd o r g a n i z e  a i r  n a v i g a t i o n ,  a1 so i n c l u d e d  t h e  t a s k  o f  

p romot ing  s a f e t y  by i n v e s t i g a t i n g  causes o f  a c c i d e n t s .  

A f t e r  10  months o f  expe r ience  w i t h  t h e  requ i remen ts  as f i r s t  pub- 

l i s h e d ,  i t  was e v i d e n t  t h a t  m o d i f i c a t i o n s  were needed. I n  December 

1927 a  conference was h e l d  a t  t h e  Department o f  Commerce w i t h  a  commi t tee  

o f  e n g i n e e r i n g  r e p r e s e n t a t i v e s  o f  t h e  a i r c r a f t  manu fac tu re rs .  A t  t h i s  

t i m e  i t  was dec ided  t h a t  a  s e t  o f  r u l e s  p r o v i d i n g  t h e  requ i remen ts  f o r  

s t r u c t u r a l l y  a i r w o r t h y  a i r p l a n e s  shou ld  be i s s u e d  t o  p r o v i d e  t h e  i n -  

d u s t r y  w i t h  a  g u i d e  as t o  what wou ld  be r e q u i r e d  on  new des igns .  The 

proposed changes were c i r c u l a t e d  t h r o u g h o u t  t h e  i n d u s t r y  f o r  comment, 

and B u l l e t i n  7A A i r w o r t h i n e s s  Requirements o f  A i r  Commerce R e g u l a t i o n s  

r e s u l t e d ,  f i r s t  i s s u e d  i n  1929. A e r o n a u t i c s  B u l l e t i n  7 A  was f u r t h e r  

amended 1  October  1934. 



The Air Commerce Regulations included el ementary s t ructura l  s trength 

requirements, strength of f i t t i n g s  a n d  landing gear, protection t o  p i l o t  

a n d  passengers (agains t  possi bl e  propel 1 e r  breakage), the earl i e s t  c i v i l  

requirement for  "safe ty  be l t s , "  and emergency e x i t s .  The f i r s t  seat -  

anchor requirement appeared in a June 1928 revision.  A number of sub- 

sequent amendments added requirements fo r  f i r e  protection,  safe ty  be1 t 

speci f ica t ions  (including being capable of withstanding 1000 1 b. l oads ) ,  

seat  or chai r  s trength,  turn-over protection,  and sea t  and  safe ty  be l t  

anchorages, which will be out1 ined in greater  deta i l  in the following 

discussions of speci f ic  changes. The Aeroneutics Branch ( 1  a t e r  Division) 

of the U.S. Department of Commerce regulated c iv i l  aviat ion from 1926 

t o  1938. 

The Civil Aeronautics Act of 1938 transferred the responsi bil i  t y  

fo r  regulating c iv i l  aviat ion t o  the Civil Aeronautics Board ( C A B ) .  

Between 1938 and 1945 regulat ions pert inent  t o  crashworthiness underwent 

s t i l l  fur ther  revision a n d  addit ions,  through supplements. The Civil 
Aeronautics Manual ( C A M )  provided the requirements of Parts 03, 04, and 

15 of the Civil Air Regulations, (Bureau of Air Commerce, U.S. Depart- 

ment of  Commerce) and the CAA in te rp re ta t ions .  I t  notes, however, tha t  

the CAM " i s  not mandatory, and i s  intended only to  explain and to  share 

acceptable methods of complying with the pert inent  requirement" (Dept. 

of Commerce, CAM 04, revised 1 July 1944). 

In 1945 the Civil Aeronautics Board pub1 ished new general aviat ion 

a i r c r a f t  airworthiness requirements, which broadened previous regulations 

and  specif ied occupant protection design c r i t e r i a  during minor crashes. 

Additional modifications occurred in 1946 (14CFR3) and the term "moderate 

descent velocity" originated.  A n  important change a t  tha t  time was u p -  

grading the 0 t o  6 g forward protection t o  9 g ,  establishing the pre- 

sent  3 g upward c r i t e r i a  (previously 2 g )  and eliminating the 4 .5  g 

downward c r i t e r i a  en t i r e l y .  A CAA in terpre ta t ion (3.386-1) was added 

in 1950 (Supplement No. 5. CAM 3. 8 March 1950) providing CAA in te r -  

pretat ions t o  crash protection (3.386 previously 3.3811 ) ,  seat  be1 t s  

(4a. 565), and seat  be1 t loads (4a.  193).  These in terpre ta t ions  for  crash 

protection remained in e f fec t  for  1 9  years unt i l  they were dropped when 



t h e  p r e sen t  P a r t  23 r egu l a t i ons  came i n t o  e f f e c t  i n  1964. I t  , s t a t e d  

t h a t  "cockpi t  arrangement and c o l l a p s e  of  cabin s t r u c t u r e  had been 

found t o  cause excess ive  i n j u r i e s  in c r a shes , "  and f u r t h e r  t he  " c lo se  

s tudy  of  c rash  r e s u l t s  shows t h a t  t he  human body, when proper ly  sup- 

por ted ,  can t o l e r a t e  c rash  f o r c e s  which exceed those necessary t o  de- 

mol i s h  comtemporary a i r c r a f t  s t r u c t u r e "  (3.386-1 , 8 March 1950) .  

This was followed by d i s cus s ion  o f  a  number of  major po in t s  of  

general  s i g n i f i c a n c e  t o  t h e  general  a i r c r a f t  de s igne r .  

The Federal Aviat ion Agency (FAA) was e s t ab l i shed  by t h e  Federal 

Aviat ion Act of  1958, 23 August 1958 under t h e  Civi l  Aeronautics Board 

( T i t l e s  VI and V I I ) .  However, no changes in  t he  occupant p ro t ec t i on  

requirements occurred u n t i l  1964, when Pa r t  3  was r ecod i f i ed  t o  P a r t  23. 

Codi f ica t ion  i n t o  a  s i n g l e  body o f  r u l e s ,  t he  Federal Aviat ion Regula- 

t i o n s  (FAR'S) begun in 1961, was completed i n  December 1964. 

In turn, t he  Department o f  Transpor ta t ion  Act (Pub l i c  Law 89-670, 

approved 15  Oct. 1966; 80 S t a t .  931) e f f e c t i v e  1  April  1967, t r a n s -  

f e r r e d  a l l  f unc t i ons ,  powers, and d u t i e s  of t h e  Federal Aviat ion Agency 

t o  t h e  Sec r e t a ry  of Transpor ta t ion  ( s e c t i o n s  6 ( d )  and 3 ( e )  ( 1 )  1958 

a c t ) .  In 1969 f u r t h e r  amendments t o  Pa r t  23 occupant p ro t ec t i on  r e -  

quirements occur red ,  and a  Notice of Proposed Rul mak ing  was pub1 ished 

t o  r e q u i r e  shoulder  harnesses  i n  f r o n t  s e a t s  o r  r e q u i r e  severa l  a1 te r -  
na te  means o f  occupant p r o t ec t i on .  

The Independent Sa f e ty  Board Act o f  1974 (Pub l i c  Law 95-633, ap- 

proved January 3 ,  1975; 88 S t a t .  2166) t r a n s f e r r e d  t h e  National Trans- 

po r t a t i on  Safe ty  Board (NTSB) from t h e  Department of  Transpor ta t ion  t o  

t he  s t a t u s  of  an independent agency a s  of 1  April 1975. 

A n  important amendment t o  #23.785 ( s e a t s ,  be r t h ,  s a f e t y  be1 t and 

harnesses )  was published by t he  FAA (FR42(116)30601, 16 June 1977) e f -  

f e c t i v e  1 8  J u l y  1977, r equ i r i ng  compliance a s  an opera t ing  r u l e  by 18 

Ju ly  1978. This s t a t e d  t h a t  each occupant o f  a  f r o n t  s e a t  must be pro- 
t e c t ed  from s e r i o u s  head i n j u r y  by i n s t a l l i n g  a  s a f e t y  b e l t  and 

el iminat ing i n j u r i o u s  o b j e c t s  wi thin  s t r i k i n g  d i s t a n c e  of  t he  occupants ' 
head o r  t o r s o  in  t he  cabin a r e a ,  o r  by i n s t a l l i n g  s a f e t y  be1 t s  and 



energy absorbing designs or devices. However, these requirements were 

applicable to  the  f ron t  s e a t  only of newly c e r t i f i e d  a i r c r a f t .  This 

had no e f f e c t  u p o n  the current  a i r c r a f t  f l e e t ,  and in f a c t  would no t  

be l ega l ly  applicable t o  many fu tu re  a i r c r a f t  manufactured and c e r t i -  

f ied  under exis t ing  Part 3 regulat ions (.See 1.3 .5  Cer t i f i ca t ion ,  p .  3 4 ) .  

In summary, t o  provide a  h i s to r i ca l  overview, the  following t ab le  

notes in chronological order the  major changes t h a t  have occurred in 

c i v i l  av ia t ion  safe ty  administrat ion.  







2.0 ANALYSIS OF 14 CFR PART 23 FEDERAL AVIATION REGULATIONS 
RELATIVE TO CRASHWORTHI NESS ASPECTS 

The t e r m  " c r a s h w o r t h i n e s s  " does n o t  appear  i n  t h e  Federa l  A v i a t i o n  

R e g u l a t i o n s ,  However, s e v e r a l  key s e c t i o n s  p r o v i d e  s tanda rds  f o r  occu-  

p a n t  p r o t e c t i o n ,  s e a t s ,  s a f e t y  be1 t s  and harnesses ,  s t r u c t u r a l  l o a d i n g ,  

emergency e x i t s ,  f i r e  p r o t e c t i o n ,  and o t h e r  a s p e c t s  o f  c r a s h  and p o s t -  

c r a s h  s u r v i v a l .  Each w i l l  be r e v i e w e d  i n  te rms o f  i t s  p r e s e n t  r e q u i r e -  

ments, development ,  e f f e c t i v e n e s s ,  compar ison  w i t h  o t h e r  s tanda rds  and 

s t a t e - o f - t h e - a r t ,  and assessment  o f  needs f o r  improvement .  S i n c e  t h e r e  

i s  some o v e r l a p  c r o s s - r e f e r e n c i n g  i s  necessa ry .  

2.1 Emergency Land ing  C o n d i t i o n s  (#23 .561)  

2.1.1 Con ten t s .  The p r i m a r y  occupan t  p r o t e c t i o n  s t a n d a r d  i s  s t a t e d  

i n  s e c t i o n  561 o f  P a r t  23. T h i s  s e c t i o n  p r o v i d e s  t h e  c u r r e n t  FAA r e -  

qu i remen ts  r e l a t i v e  t o  occupan t  p r o t e c t i o n  i n  an  "emergency l a n d i n g "  

i n c l u d i n g  t h e  u l t i m a t e  i n e r t i a  f o r c e s  f o r  s t r u c t u r a l  d e s i g n .  I t  i s  

c r o s s - r e f e r e n c e d  by  iY23.625 ( F i t t i n g  F a c t o r s ) ,  #23.785 (Seats ,  B e r t h s ,  

S a f e t y  Be1 t s ,  and Harnesses) ,  #23 . I 4 1  3  ( S a f e t y  Be1 t s  and Harnesses) .  

"iY23.561 . Emerqency Land i  ng C o n d i t i o n s  

( a )  The a i r p l a n e ,  a1 t hough  i t  may be damaged i n  emergency 
l a n d i n g  c o n d i t i o n s ,  must  be des igned  as p r e s c r i b e d  i n  t h i s  
s e c t i o n  t o  p r o t e c t  each occupan t  under  t h o s e  c o n d i t i o n s .  

( b )  The s t r u c t u r e  mus t  be des igned  t o  g i v e  each occupant  
e v e r y  r e a s o n a b l e  chance o f  escap ing  s e r i o u s  i n j u r y  i n  a  
m i n o r  c r a s h  1  a n d i  ng when - 

(1 )  P rope r  use i s  made o f  be1 t s  o r  harnesses  p r o v i d e d  
f o r  i n  t h e  des ign ;  and 

( 2 )  The occupan t  expe r i ences  t h e  u l t i m a t e  i n e r t i a  f o r c e s  
shown i n  t h e  f o l l o w i n g  t a b l e :  

ULTIMATE INERTIA FORCES 

Normal and A c r o b a t i c  
U t i l  i t y  Ca tego ry  
C a t e g o r i e s  

Upward.. . ......... 3.09 4.59 
. . ......... Forward 9.09 9. Og 

S ideward . .  . . . . . . . .  1.5g 1.5g 



( c )  Each a i r p l a n e  w i t h  r e t r a c t a b l e  l a n d i n g  gear must  be 
des igned t o  p r o t e c t  each occupant  i n  a  l a n d i n g  - 

( 1 )  W i t h  t h e  wheels r e t r a c t e d ;  
( 2 )  W i t h  moderate descen t  v e l o c i t y ;  and 
( 3 )  Assuming, i n  t h e  absence o f  a  more r a t i o n a l  

a n a l y s i s  - 
( i )  A  downward u l t i m a t e  i n e r t i a  f o r c e  and 3g; and 

( i i )  A  c o e f i c i e n t  o f  f r i c t i o n  o f  0.5 a t  t h e  ground.  
( d )  I f  a  t u r n o v e r  i s  reasonab ly  p robab le ,  t h e  s t r u c t u r e  

must  be des igned t o  p r o t e c t  t h e  occupants  i n  a  comp le te  
t u r n o v e r ,  assuming, i n  t h e  absence o f  a  more r a t i o n a l  
a n a l y s i s  - 

( 1 )  An upward u l t i m a t e  i n e r t i a  f o r c e  o f  39; and 
( 2 )  A  c o e f i c i e n t  o f  f r i c t i o n  o f  0.5 a t  t h e  ground.  
( e )  Except  as p r o v i d e d  i n  #23.787 t h e  s u p p o r t i n g  s t r u c -  

t u r e  must  be des igned t o  r e s t r a i n ,  under l o a d s  up t o  t h o s e  
s p e c i f i e d  i n  paragraph ( b ) ( 2 )  o f  t h i s  s e c t i o n ,  each i t e m  o f  
mass t h a t  c o u l d  i n j u r e  an occupant  i f  i t  came l o o s e  i n  a  
m i n o r  c r a s h  l a n d i n g .  

[Docket No. 4080, 29FR 17955, Dec. 18, 1964, as amended 
by Amdt. No. 23-7, 34 FR 13090, Aug. 13, 1369]"*  

2.1.2 D i s c u s s i o n  and A n a l y s i s  

2.1 -2 .1  Development o f  t h e  FAA Requirement. The p r e s e n t  FAR #23.561 

("Emergency Land ing C o n d i t i o n s " )  ( 1  964) has had seve ra l  i m p o r t a n t  changes 

i n  i t s  development f rom CAR 3.386 ( 1  950) ("Emergency P r o v i s i o n s ,  Pro-  

t e c t i o n " ) ,  CAR 03.3811 (1945) ( " P r o t e c t i o n " ) ,  and i t s  o r i g i n  i n  CAM 

04.460 (1  944) ( " P r o v i s i o n  f o r  Turn-Over" ) .  The f o l l o w i n g  m o d i f i c a t i o n s  

have been i d e n t i f i e d  i n  r e v i e w  o f  t h e  Code o f  Federa l  Regu la t i ons ,  

Federa l  R e g i s t e r ,  and v a r i o u s  CAA, FAA, CAB, and Department o f  Commerce 

Documents, and have been b rough t  t o g e t h e r  i n  t h e  f o l l o w i n g  c h r o n o l o g i c a l  

o u t l i n e  t o  p r o v i d e  an ove rv iew  o f  t h e  r e g u l a t o r y  development and h i s t o r -  

i c a l  changes t h a t  have o c c u r r e d .  

M o d i f i c a t i o n / D a t a  Reference/Comment 

a FAR #23.561 Re f :  (Amended by Amdt. No. 23-7, 34FR13090) 
(1  3  August, 1969) 

( N o t i c e  67-1 4 )  ( a )  amended t25.561 ( c )  ( 3 )  : t o  p r o v i d e  
f o r  a more r a t i o n a l  a n a l y s i s  t h a n  t h e  p r e s c r i b e d  as -  

sumpt ion and t o  d e s c r i b e  t h e  i n e r t i a  f o r c e  a s s o c i a t e d  
w i t h  t h e  descen t  as "downward" i n s t e a d  o f  "upward"; 
and ( b )  t o  amend t25.561 ( d )  t o  a1 so p r o v i d e  f o r  t h e  
more r a t i o n a l  a n a l y s i s .  



Note: Notice 67-14 explains that  the note in #3.386(c) 
(from which #23.561 ( c )  a n d  ( d )  were recodified) "was 
intended t o  r e fe r  t o  i ne r t i a  forces t ha t  a r e  downward 
in the wheels - re t rac ted emergency landing condition." 
As noted below, recodificat ion of #3.386 referred t o  ac- 
cel era t ions  and specified the  corresponding d i rec t ions .  
The subst i tu t ion of force for  accelerat ion in the re-  
codificat ion of the rule  without reversing the di rec-  
t ions  of the acting forces was an error  which has n o t  
been f u l l y  corrected by A m t ,  23-7 because #23.561 ( b )  
and ( c )  s t i l l  show the wrong force di rect ions  ( b u t  
the correct  accelerat ion d i rec t ions ) .  

a FAR #23.561 (new) Ref: (Notice 64-17) recodified j3.386 to t23.561 
(18 December 1964) 
(23 September 1964) 

Note: #3.386 requirements a re  specified in terms of 
"accelerat ion" a n d  Notice 64-17 retained the concept. 
B u t  #23.561 subst i tu ted the word force for accel erat ion 
without reversing the di rect ions  s ta ted  in #3.386(a),  
v i z . ,  upward and forward. Furthermore, whereas a  note 
in #3.386(c) s t a t e s  the requirement in terms of v e r t i -  
cal accel era t ion,  j23.561 ( c )  and  changed i t  to  "down- - 
ward ultimate i ne r t i a  force" a n d  ( d )  to "upward u l t i -  - 
mate i ne r t i a  force."  

In recodifying from #3.386 t o  #23.561 a  major change 
included dropping 3.386-1 CRASH PROTECTION. ( C A A  - 
In terpre ta t ions  which apply to  section 3.386, pre- 
viously 3.3811). This section was important as i t  
provided guidelines for  crashworthy ("crash protection") 
design o f  general aviat ion a i r c r a f t ,  although was n o t  
in i t s e l f  a ru le .  Omitting the CAA in terpre ta t ions  
great ly  weakened the usefulness of t h i s  regulat ion.  

a CAR 3.386 Ref: (Notice 3-13) adopted 20 July 1955, added 
(20 July 1955) #3.386(d) t o  requirement items of mass tha t  might 

come loose and in jure  occupants t o  withstand loads 
prescribed for  minor crash landing. 

a CAR 3.386-1 Ref: (14 April 1951) 16FR3290, Supplement 10 adds 
Section t3.386-1 t o  #3.386. 

a CAR 4.60 Ref: 
( 1  January 1951) 

I t  should be noted tha t  Civil Aeronautics Manual 8 ,  
Appendix AYuPi lo t  Safety Items" provided general 
design recommendations for  res t r i c ted  category a i r -  
c r a f t  a1 so pert inent  t o  general aviat ion design. 
This type of federal in te rp re t ive  information was 
provided for  the manufacturers' guidance in the 1950's 
as a  r e su l t  of s tudies  conducted in the 1950's show- 
ing t ha t  design modifications could o f fe r  improved 
occupant protection.  However, in recodifying t o  
FAR 23.561 in 1964 design guide1 ines were dropped and 
no longer provided. These recommendations a1 so appear 



t o  d e f i n e  t h e  "minor  c r a s h  c o n d i t i o n s "  as one i m -  
pos ing  a  l o a d  o f  69 f o r w a r d  on a 170 1  b. occupant ,  
and 29 upward, 1.59 s idward,  4.59 downward. 

"4 .0  GENERAL 

R e s t r i c t e d  c a t e g o r y  a i r c r a f t  o p e r a t i o n s  a r e  
i n h e r e n t l y  hazardous; hence p i l o t  s a f e t y  i s  o f  para-  
mount impor tance  ... c r a s h  p r o t e c t i o n  a l s o  i s  o f  para-  
mount impor tance.  A c c i d e n t  r e c o r d s  and s e r v i c e  ex- 
p e r i e n c e  d e f i n i t e l y  show t h e  impor tance  o f  t h e  a f o r e -  
ment ioned i t ems  and t h e s e  w i l l  now be d i scussed  i n  
d e t a i l  . 
"4.1 V i s i b i l i t y  

... The s e a t  s t r u c t u r e  shou ld  have s u f f i c i e n t  
s t r e n g t h  t o  w i t h s t a n d  t h e  f o l l o w i n g  l o a d s  a n t i c i p a t e d  
i n  m i  n o r  c r a s h  c o n d i t i o n s  : 

Forward = 6  x  170 = 1020# 
Upward = 2  x  170 = 340# 

Sideward = 1.5 x  170 = 255# 
Downward = 4.5 x  170 = 765# 

The v a l u e s  o f  6, 2, 1.5 and 4.5 a r e  t h e  d e s i g n  
l o a d  f a c t o r s  a n t i c i p a t e d  f o r  a  s o - c a l l e d  m i n o r  c r a s h  
i n  t h e  forward,  upward, si.lew2r.l and downward d i r e c t i o n s . "  

"4.60 C o c k p i t  Design.  The c o c k p i t  shou ld  be t h e  
" s t r o n g  p o i n t "  o f  t h e  s t r u c t u r e .  The f o r w a r d  p o r t i o n  
o f  t h e  fuse lage ,  w ing pane ls  and t a i l  shou ld  have de- 
c r e a s i n g  s t r u c t u r a l  s t r e n g t h  away f rom t h e  c o c k p i t .  
C o c k p i t  t u b i n g  o r  o t h e r  s t r u c t u r e  shou ld  be a r ranged  
t o  buck1 e  o u t w a r d l y  i n s t e a d  o f  i n w a r d l y .  S p e c i a l  
c o n s i d e r a t i o n  shou ld  be g i v e n  t o  t h e  d e s i g n  o f  a l l  
s t r u c t u r e  w i t h i n  range  o f  t h e  head, and i n s t r u m e n t s ,  
sharp  o b j e c t s ,  e t c . ,  shou ld  be moved beyond range  o f  
t h e  head. Sharp edges shou ld  be avo ided  and r u b b e r  
padd ing shou ld  be used where necessary.  I t  shou ld  be 
no ted  t h a t  p a r t s  and s t r u c t u r e  can be crushed i n  upon 
t h e  p i l o t  as  w e l l  as p i l o t  s t r i k i n g  p a r t s  and s t r u c t u r e  
due t o  h i s  m o t i o n  d u r i n g  a  c r a s h .  Rudder peda ls  shou ld  
be s t r o n g  enough t o  s u p p o r t  t h e  f e e t  and t h e  c o n t r o l  
column shou ld  be s t r o n g  enough t o  r e s i s t  b u c k l i n g  
anchored t o  l o n g i t u d i n a l  members o f  t h e  p r i m a r y  s t r u c t -  
u r e .  F l o o r  s t r u c t u r e  shou ld  a f f o r d  maximum p r o t e c t i o n  
f o r  t h e  f e e t .  

"4.6.1 O v e r - a l l  Des ign.  A s t r o n g  kee l  o r  s k i d  
o r  s i m i l a r  a d d i t i o n a l  s t r u c t u r e  under t h e  f u s e l a a e  
p e r m i t s  t h e  c r a f t  t o  s l i d e  i n s t e a d  o f  p l o w i n g  i n t o  
t h e  ground i n  low-ang l  e  a c c i d e n t s ;  o t h e r w i s e  t h e  bot tom 
p o r t i o n s  o f  t h e  f u s e l a g e  may gouge i n t o  t h e  ground,  
c a u s i n g  e x t r e m e l y  a b r u p t  dece l  e r a t i o n s  . To p r e v e n t  



the engine from d r i v i n g  i n t o  t h e  c o c k p i t ,  a  heavy 
f i r e - w a l l  may be a d v i s a b l e .  Fuel t anks  should pre- 
f e r a b l y  be placed in  the wing. A s t r o n g  tu rnover  
s t r u c t u r e  should be provided.  Landing gear  should 
be designed t o  f a i l  p r i o r  t o  f a i l u r e  o f  s t r u c t u r e  
t o  which i t  i s  a t t a c h e d  and t h e  l and ing  gear  t r a v e l  
should be a s  1  a r g e  a s  possi  bl e  f o r  maximum energy 
a b s o r p t i o n  dur ing hard l a n d i n g s .  I f  p o s s i b l e ,  con- 
c e n t r a t e d  i tems such a s  hoppers,  b a t t e r i e s ,  gener-  
a t o r s ,  and pumps should be l o c a t e d  so  they  w i l l  not  
s t r i k e  the p i l o t  i f  they  break l o o s e .  Also,  their 
suppor t s  should be a b l e  t o  s t and  l o a d s  t o  be expected 
i n mi nor c r a s h e s  . 

I f  the weight o f  an o b j e c t  i s  " X "  then t h e  l o a d s  
t h a t  may be expected on t h e  o b j e c t  i n  a  minor c r a s h  
a r e :  

Forward 6 t imes X 
Sideward 1  .5 times X 
Downward 4.5 t imes X 
Upward 2.0 t imes X 

(The va lues  o f  6 ,  1 . 5 ,  4 .5  and 2 .0  a r e  t h e  des ign 
load f a c t o r s  a n t i c i p a t e d  i n  a  so -ca l l ed  minor c r a s h  
i n  t h e  forward,  s ideward,  downward and upward d i r -  
e c t i o n s ,  r e s p e c t i v e l y . )  

For example, c a l c u l a t i o n  of loads  1  i k e l y  t o  a c t  
on a  b a t t e r y  i n  a  minor c r a s h  i s  a s  fo l lows :  

B a t t e r y  weight = 20# 
Forward Load = 20 x 6  = 120# 

Sideward Load = 20 x 1 . 5  = 30# 
Downward Load = 20 x 4 .5  = 90# 
Upward Load = 20 x 2.0 + 40# 

"4.6 Crash P r o t e c t i o n .  

S e r v i c e  records  o f  both a g r i c u l t u r a l  and personal 
type  a i r c r a f t  show t h a t  r e l a t i v e l y  minor c r a s h e s  o f t e n  
r e s u l t  i n  s e r i o u s  o r  f a t a l  i n j u r i e s  due t o  inadequate  
c r a s h  p r o t e c t i o n .  I n s t a l l a t i o n  o f  e x t r a - s t r o n g  s a f e t y  
be1 t s  and/or s a f e t y  harness  a lone  i s  no t  s u f f i c i e n t .  
Typical s p e c i a l  p recau t ions  t h a t  may be a d v i s a b l e  a r e  
a s  fo l lows .  

a CAR 3.386-1 Ref: Supplement No.5. C iv i l  Aeronaut ics  Manual 3. 
( 8  March 1950) U.S. Dept. of  Commerce. 

"Emergency Prov i s ions"  from Civ i l  Aeronaut ics  Manual 
3  (.CAM 3 )  (3.386 and 3.386-1 "Crash p r o t e c t i o n  ( C A A  
I n t e r p r e t a t i o n s  which app ly  t o  s e c t i o n  3.386, pre- 
v i o u s l y  3 .3811) ;  and 4a ,565 ( s e a t  b e l t s )  and 4a.193 
( s a f e t y  be1 t l o a d s ) .  



"CAR 3.386 Protection. The fuselage shall be de- 
signed t o  give reasonable assurance tha t  each occupant, 
i f  he makes proper use of be1 t s  or  harness for  which . . 
provisions a re  made in the design, will not suffer  serious 
injury during minor crash conditions as a r e su l t  of con- 
t a c t  of any vulnerable part of his body with any pene- 
t r a t ing  or re la t ive ly  solid object ,  although i t  i s  
accepted tha t  parts  of the airplane may be damaged. 

" ( a )  The utl imate accelerat ions to which occupants 
a r e  assumed t o  be subjected shall  be as follows: 

Upward.. .......... 3-09 4.59 
.......... Forward, 9.09 9.09 

Sideward.. ........ 1.59 1-59 

" ( b )  For airplanes having re t rac tab le  landing gear, 
the fuselage i n  combination with other portions of the 
s t ructure  shall  be designed to afford protection of the 
occupants in a wheels-up landing with moderate descent 
velocity . 

" ( c )  I f  the charac te r i s t i c s  of an a i rplane a re  such 
as to make a turn-over reasonably probable, the fuse- 
lage of such an a i rplane in combination w i t h  other por- 
t ions of the s t ructure  shall be designed t o  afford pro- 
tec t ion of the occupants in a complete turn-over. 

"Note: In section 3.386(b) and ( c ) ,  a v&tical  ul t i -  
mate accelerat ion of 39 a n d  a f r i c t i on  coeff ic ient  of 
0.5 a t  the ground may be assumed." 

3.386-1 CRASH PROTECTION. 
which apply to section 3.386, 

(.a) Cockpit arrangement a n d  collapse of cabin s t ruc-  
tures have been found t o  cause excessive in ju r ies  in 
crashes. Close study of crash r e su l t s  shows t h a t  the 
human body, when properly supported, can to le ra te  crash 
forces which exceed those necessary t o  demolish con- 
tempory a i r c r a f t  s t ruc tu re .  

( b )  The following points a re  of general s ignificance:  
( 1 )  Many survivable accidents a r e  " f a t a l "  be- 

cause of insuf f i c ien t  design consideration when mocking 
u p  the cabin and i t s  i n s t a l l a t i on .  

( 2 )  The torso i s  r a re ly  exposed t o  dangerous in- 
jury when the safe ty  be1 t s  hold and control wheel s pro- 
vide reasonable support for  the chest .  

( 3 )  Fractures of the extremities occur in severe 
crashes b u t  a re  not normally regarded as dangerous in ju r ies  

( 4 )  Head in ju r ies  a r e  the principal cause of crash 
f a t a l i t i e s .  Increased protection for  the head can be 
provided by elimination, shielding,  or redesigning of 



e lements  o f  t h e  c a b i n  wh i ch  p e r m i t  s o l i d  head b lows i n  
a  c rack -up ,  such as  t u r n - o v e r s  d u r i n g  a  bad l a n d i n g .  

( c )  I n  v i e w  o f  t h e  f a c t  t h a t  i n j u r i e s  and f a t a l i t i e s  
i n  many modera te  and s e v e r e  a c c i d e n t s  a r e  p u r e l y  mech- 
a n i c a l  r e s u l t s  o f  poo r  c o c k p i t  d e s i g n ,  t h e  f o l l o w i n g  
g u i d e  r u l e s  f o r  d e s i g n  a r e  sugges ted :  

( 1 )  T y p i c a l  i n j u r i o u s  o b j e c t s ,  f r o m  t h e  s t a n d -  
p o i n t  o f  c r a s h  i n j u r y ,  a r e  l i s t e d  as f o l l o w s :  

C i )  Those wh i ch  p r e s e n t  a  h a r d  s u r f a c e  and a r e  
so a t t a c h e d  o r  have s u f f i c i e n t  mass t o  p roduce  a  s e v e r e  
i m p a c t  when s t r u c k  by  t h e  head o r  o t h e r  v u l n e r a b l e  p a r t  
of  t h e  body as i t  swings  f o r w a r d  unde r  t h e  s p e c i f i e d  
i n e r t i a  f o r c e s .  

( i i )  Those wh i ch  p r e s e n t  c o r n e r s ,  knobs, o r  s i m i -  
l a r  p r o j e c t i o n s  w h i c h  a r e  l i k e l y  t o  p e n e t r a t e  a  v u l n e r -  
a b l e  p a r t  o f  t h e  body, even when t h e  i m p a c t  f o r c e s  a r e  
n o t  as h i g h  as i n  case  ( a ) .  

( 2 )  A f l a t  o r  c u r v e d  s h e e t  m e t a l  pane l  wh i ch  w i l l  
d e n t  upon i m p a c t  by  t h e  head i s  n o t  c o n s i d e r e d  dangerous,  
whereas a  magne t i c  compass case  h a v i n g  a p p r e c i a b l e  mass 
and a  r i g i d  moun t i ng  m i g h t  cause  f a t a l  head i n j u r i e s .  

( 3 )  Heavy t r a n s v e r s e  b races  o r  o t h e r  s t r u c t u r e s  
i m m e d i a t e l y  beh ind  a  1 i g h t  i n s t r u m e n t  pane l  have changed 
many a c c i d e n t  r e p o r t s  f r o m  " I n s t r u m e n t  panel  depressed  s i x  
i n c h e s  b y  p i l o t ' s  head" t o  " F a t a l  head i n j u r y ;  depressed  
f r a c t u r e  o f  t h e  s k u l l  ." P i l o t ' s  chances can  be g r e a t l y  
improved  by  s p a c i n g  s o l  i d  b races  s e v e r a l  i n c h e s  beh ind  
t h e  d u c t i l e  s k i r t  o f  an  i n s t r u m e n t  p a n e l .  

( 4 )  The s o l i d  t u b i n g  used as a b a c k r e s t  o f  t h e  
f r o n t  s e a t s  o f  tandem a i r c r a f t  i s  a s e t - u p  f o r  e x c e s s i v e  
head i n j u r y .  The s u g g e s t i o n  has been made t h a t  backs o f  
f o r w a r d  s e a t s  be a l l o w e d  t o  p i v o t  f o r w a r d  so t h a t  t h e  
head o f  t h e  occupan t  o f  t h e  r e a r w a r d  s e a t  wou ld  n o t  con-  
t a c t  t h e  s o l i d  members when t h e  body p i v o t s  a b o u t  t h e  
be1 t. 

( 5 )  Pane ls  s h o u l d  be smooth, w i t h  t o p  edge c u r v e d  
i n  a  s u b s t a n t i a l  r a d i u s .  

( 6 )  A p e r t u r e s  f o r  i n s t r u m e n t s  s h o u l d  p r e f e r a b l y  
have beve l  1  ed i n s t e a d  o f  sha rp  edges. 

( 7 )  I n  pe r sona l  a i r c r a f t ,  e v e r y  c o n s i d e r a t i o n  
s h o u l d  be g i v e n  t o  h o l d i n g  t h e  body by adequa te  s a f e t y  
b e l t  i n s t a l l a t i o n s ,  and by  t h e  s u p p o r t  wh i ch  can  be 
p r o v i d e d  i n  c o n t r o l  wheels  and i n s t r u m e n t  p a n e l s .  The 
p r e s e n t  "1  000 pound" s a f e t y  be1 t s  have f a i l e d  i n  a  h i g h  
pe r cen tage  o f  a c c i d e n t s  w i t h o u t  c a u s i n g  i n t e r n a l  i n j u r i e s  
o r  b r u i s i n g  o f  t h e  h i p s .  I n  f a i l i n g ,  t h e y  have exposed 
t h e  p i l o t  t o  e x c e s s i v e  i n j u r i e s .  

( 8 )  C o n t r o l  whee ls  s h o u l d  be des i gned  t o  p r o v i d e  
b road  a r e a s  o f  s u p p o r t  f o r  t h e  c h e s t .  Wheels wh i ch  b reak  
under  heavy l o a d s  from t h e  hands o r  de fo rm t o  p e r m i t  con-  
t a c t  between t h e  c h e s t  and a  s m a l l  hub, l o c a l i z e  f o r c e  
and s e t  up  chances o f  unnecessary  c h e s t  i n j u r y . "  



a CAM 3.386 FR 14/136, renumbered #3.3811 t o  #3.386. 
(16 July 1949) 

a CAR 03.3811 Dept. of Commerce memo t o  CAA Regional Administrators, 
(29 May 1946) F i r s t ,  Third, Fi f th ,  Sixth Regions. 

03.3811 Protection Changed the f i r s t  paragraph t o  
read : 

"The fuselage shall  be designed t o  give every 
reasonable probabil i ty t h a t  a l l  the occupants, i f  
they make proper use of be l t s  or harness fo r  which 
provisions a r e  made in the design, will n o t  suffer  
serious in ju r ies  in the following minor crash con- 
d i t ions  as a r e s u l t  of contact of a vulnerable part  
of his body with any penetrating or r e l a t i ve ly  sol id 
object ,  a1 though i t  i s  accepted tha t  parts  of the 
a i rplane may be damaged. 

Changed ( a )  t o  read as follows: 
" ( a )  Conditions in which the occupants exper- 

i  ence the fol 1 owing  ul t imate accel era t ion forces : 

Category N.U. - A .  

upward 3.0 g 4.5 g 
forward 9.0 g 9.0 g 
sideward 1 .5  g 1.5 g 

a Part 03 
#03.381 Emergency Provisions 
(1946) 

14CFR3 - Civil Aviation. Civil Aeronautics Board 
Rules and Regulations pub1 ished in the Federal 
Register in 1946 ( p .  2089). 

In 1946 recodificat ion occurred and  #04.26 "Emergency 
Landing Provisions" became #03.81 "Emergency Pro- 
visions".  Several important modifications were added 
a t  t h i s  time. Related t o  fuselage design t o  escape 
serious in jury ,  where i t  had specif ied "every reasonable 
probability" in 1945, i t  now read t o  give "reasonable 
assurance". The "ult imate i ne r t i a  forces" became 
"ul timate accelera t ions" ,  subst i tu t ing accelerat ions 
fo r  forces.  A t  t h i s  time two modifications to the 
human tolerance f igures occurred: "0 t o  6.0 g" ( a l l  
combinations) became " 9 . 0  g" in the "forward" di rect ion,  
and an upward "ult imate accelerat ion" of 3.0 g was 
established fo r  normal and u t i l i t y  a i r c r a f t ,  replacing 
the e a r l i e r  ver t ica l  d i s t inc t ions  of "0 to 4.5 g 
(.down)" and "0 t o  2.0 g (up)" .  An exception was a l so  
noted tha t  allowed "a l e s s e r  value" under conditions 
including an "ultimate descent velocity of 5 fps" in 



1945, wh ich  was changed i n  1946 t o  t h e  te rm ( p r e -  
s e n t l y  used i n  #23.561) "moderate descent  v e l o c i t y "  
w i t h o u t  d e f i n i t i o n .  

The occupant  p r o t e c t i o n  va lues  e s t a b l  i s h e d  a t  
t h i s  t i m e  have n o t  been m o d i f i e d  i n  34 y e a r s  by 
t h e  FAA. 

#03.3811 P r o t e c t i o n .  The f u s e l a g e  s h a l l  be des igned 
t o  g i v e  reasonab le  assurance t h a t  each occupant ,  i f  
he makes p rope r  use o f  b e l t s  o r  harness f o r  wh ich  
p r o v i s i o n s  a r e  made i n  t h e  des ign ,  w i l l  n o t  s u f f e r  
s e r i o u s  i n j u r y  d u r i n g  m ino r  c r a s h  c o n d i t i o n s ,  as a  
r e s u l t  o f  c o n t a c t  o f  any v u l n e r a b l e  p a r t  o f  h i s  body 
w i t h  any p e n e t r a t i n g  o r  r e l a t i v e l y  s o l  i d  o b j e c t ,  a l -  
though i t  i s  accepted t h a t  p a r t s  o f  t h e  a i r p l a n e  may 
be damaged. 

( a )  The u l t i m a t e  a c c e l e r a t i o n s  t o  wh ich  occu- 
pan ts  a r e  assumed t o  be s u b j e c t e d  s h a l l  be as f o l l o w s :  

N.U. A 

Upward 3.0 g  4.5 g  
Forward 9.0 g  9.0 g 
Sideward 1.5 g  1.5 g  

( b )  For  a i r p l a n e s  hav ing  r e t r a c t a b l e  l a n d i n g  gear,  
t h e  fuse lage i n  comb ina t i on  w i t h  o t h e r  p o r t i o n s  o f  t h e  
s t r u c t u r e  s h a l l  be designed t o  a f f o r d  p r o t e c t i o n  o f  
t h e  occupants i n  a  wheel s-up l a n d i n g  w i t h  moderate 
descent  v e l o c i t y .  

( c )  I f  t h e  c h a r a c t e r i s t i c s  o f  an a i r p l a n e  a r e  
such as t o  make a  t u r n o v e r  reasonab ly  probab le ,  t h e  
f u s e l a g e  o f  such an a i r p l a n e  i n  comb ina t i on  w i t h  
o t h e r  p o r t i o n s  o f  t h e  s t r u c t u r e  s h a l l  be designed 
t o  a f f o r d  p r o t e c t i o n  t o  t h e  occupants i n  a  comple te  
t u r n o v e r .  

"NOTE: I n  paragraphs ( b )  and ( c )  o f  #03.3817, a  
v e r t i c a l  u l t i m a t e  a c c e l e r a t i o n  o f  3  g  and a  f r i c t i o n  
c o e f f i c i e n t  o f  0.5 a t  t h e  ground may be assumed." 

a t04 .260 Emergency Land ing Cond i t i ons  
( 1  3  November 1945) 

14 CFR3 - C i v i l  A v i a t i o n .  C i v i l  Ae ronau t i cs  Board 
Documents i s s u e d  by Federal  R e g i s t e r  i n  1945. 

I n  t hese  new r e g u l a t i o n s  i s s u e d  by t h e  CAB i n  1945 
t h e  b a s i c  occupant  p r o t e c t i o n  requ i remen ts  f o r  
genera l  a v i a t i o n  a i r c r a f t  were e s t a b l i s h e d .  T h i s  
i s  t h e  b a s i s  f o r  todays  #23.461, w i t h  changes noted 
i n  t h e  p reced ing  and subsequent a p p l i c a b l e  r e g u l -  
a t i o n s  th rough  t h e  p r e s e n t .  



r "#04.26 Emergency Landing Conditions 

#04.260 General. The following requirements deal with 
emergency conditions of landing on land or water in which 
the safe ty  of the occupants shall  be considered, although 
i t  i s  accepted tha t  parts of the airplane may be damaged. 

The s t ruc tu re  shall be designed to  give every 
reasonable probabil i ty that  a l l  the occupants, i f  they 
make proper use of the sea t s ,  be l t s ,  and  other provisions 
made in the design (see  #04.382) will escape serious 
injury in the event of a minor crash landing (with wheels 
u p  i f  the airplane i s  equipped with re t rac tab le  landing 
gear) in which the occupants experience a1 1 combinations 
of the following ultimate i ne r t i a  forces r e l a t i ve  t o  
the surrounding s t ructure .  

............... Forward.. . O  t o  6.0 g 
Sideward.. .............. .O to 1.5 g 
Vert ical . .  ......... .. .. . O  t o  4.5 g (down) 

0 to 3.0 g ( u p )  

A 1 esser value of the downward i ne r t i a  force may be used 
i f  i t  i s  shown t h a t  the airplane s t ruc tu re  could absorb 
the landing shock corresponding t o  t h e  design landing 
weight and an  ultimate descent velocity of 5 fps without 
exceeding the value chosen. The specified ine r t i a  forces 
shall a lso  be applied t o  a l l  items of mass which would 
be l i a b l e  t o  injury the passengers or crew i f  they came 
a d r i f t  under such conditions, a n d  the supporting s t ruc tu re  
shall be designed to res t ra in  these items." 

These "emergency landing conditions" contained 
several provisions which have been subjected to 
modifications in succeeding regulat ions.  The use of 
the terms "every reasonable probability" i n  re la t ion 
t o  occupants escaping injury through s t ructura l  
design; the use of the term "minor crash landing"; 
and  the provision of combinations of "ultimate 
ine r t i a  forces" r e l a t i ve  t o  s t ruc tu re  were basic 
points establ ished. The ultimate i ne r t i a  forces 
were specif ied as 0 t o  6 g forward, 0 to  1.5 g 
sideward, and ver t ica l  forces of 0 t o  4.5 g down 
and 0 t o  2 g u p .  

Another important p o i n t  i s  tha t  a speci f ic  
"ultimate descent velocity" of 5 fps was provided, 
apparently the f i r s t  and only time i n  the history 
of the occupant protection rules  that  an objective 
def in i t ion has been given for  t h i s .  Further re- 
quirements, most similar  to preceding regulat ions,  
were provided for  sea t s ,  safe ty  be l t s ,  emergency 
ex i t s ,  and anchorages, and will be discussed in 
deta i l  in other sections of t h i s  repor t .  



n CAM 04.460 
1938-1 944 

Ref: Tit1 e 14-Civil Aviation-Bureau of Air 
Commerce, (.I 938); 30 T i t l e  14-Civil Aviation 
p .  62 (1944). 

The form of today's  23.561 probably began with 
t h i s  brief  two-sentence statement. While the f i r s t  
s t a t e s  the in ten t  of the regulat ion,  the second 
sentence appears t o  have provided a loop-hole de- 
f i n i t i o n  of the term "remote", allowing for  
a rb i t r a ry  subjective judgement. Nevertheless, i t  
was a s t a r t .  

"04.46 Fuselage and Cabins 

04.460 Provision fo r  Turn-over. The fuselage a n d  
and cabins shall  be designed t o  protect the Dassensers 
and  crew in the event of-a complete turn-over and  " 

adequate provision shall  be made to permit egress of 
passengers and crew in such event. This requirement 
may be sui tably  modified when the poss ib i l i ty  of a 
complete turn-over in landing i s  remote." 

This section was cross-referenced t o  #04.247 
which provided loading requirements. 

a Bureau of Air Commerce #04.460 (1 938) cross referenced #04.247 
complete turn-over, which provided the following requirement: 

"04.247 Complete turn-over. The ultimate load 
factor  for  t h i s  condition shall  be 4.5. The airplane 
shall  be assumed t o  be inverted and the cabane s t r uc t -  
ure (o r  i t s  equivalent) shall  be assumed to  carry the 
en t i r e  load acting normal t o  the t h ru s t  1 ine (or  
equivalent reference 1 i ne ) .  In cases where a wing 
i s  above the fuselage and braced by more than one 
cabane l e f t  t r u s s ,  a t  l e a s t  one t russ  shall  be de- 
signed fo r  the en t i r e  load. The superstructure shall  
be designed for  the en t i r e  l o a d .  The superstructure 
shall a l so  be capable of res i s t ing  a to ta l  u1 timate 
load of a t  l e a s t  three-fourths the weight of the 
a i rplane,  act ing e i the r  forward1 y or rearward1 y 
paral lel  t o  the thrus t  l i n e  or  wing cord and s u i t -  
ably divided between the uppermost points of the 
s ide  trusses of the cabane or equivalent s t ruc tu re .  
Part ial  f a i l u r e  of the s t ruc tu re  under these con- 
d i t ions  i s  permissible provided t h a t  the specified 
ultimate loads can be res is ted  without endangering 
the occupants, assuming safe ty  bel ts  t o  be fastened 
(See a1 so #04.460) . " 



e ACR S e c t i o n  12; 13 Ref :  Department o f  Commerce, Ae ronau t i cs  
( e f f e c t i v e  31 Dec . I  926) Branch, Air Commerce Regu la t i ons  S e c t i o n  

12 s t r u c t u r a l  s t r e n q t h  requ i rements  f o r  
a i r w o r t h i n e s s ,  pp. g-10 1926. 

The o r i g i n a l  A i r  Commerce Regu la t i ons  had no 
precedence t o  be based upon and requ i rements  were 
b r i e f l y  s t a t e d .  However, s e c t i o n  12, which d e a l t  
w i t h  s t r u c t u r a l  s t r e n g t h  requ i rements  f o r  a i r w o r t h i n e s s ,  
i n  " (E) Fuselage S t r e n g t h "  p rov ided  des ign  l o a d  f a c t o r s  
f o r  f i v e  c o n d i t i o n s  which i n c l u d e d ,  f o r  t h r e e - p o i n t  
and l e v e l  l a n d i n g s "  a  l o a d  f a c t o r  o f  5.0; f o r  "nos ing  
ove r "  a  l o a d  f a c t o r  o f  4.5. S e c t i o n  13 p rov ided  
requ i rements  f o r  " c o n s t r u c t i o n  o f  c o c k p i t ,  cab ins ,  
and c o n t r o l s " ,  wh ich  was concerned w i t h  c o c k p i t  con- 
s t r u c t i o n  t o  a f f o r d  " s u i t a b l e  v e n t i l a t i o n " ,  "adeauate 
v i s i o n " ,  and " reasonab le  p r o t e c t i o n  t o  p i l o t  and ' 
passengers a g a i n s t  p o s s i  b l  e  p rope l  1  e r  breakage." So 
a l t h o u g h  i t  can be s a i d  t h a t  from t h e  b e q i n n i n s  o f  
f e d e r a l  r e g u l a t i o n s  p r o t e c t i o n  o f  occupants ha; been 
a  s t a t e d  concern, t h e  emphasis and d i r e c t i o n  has r e -  
mained secondary i n  r e l a t i o n  t o  t h e  development o f  
o t h e r  a i r w o r t h i n e s s  r e g u l a t i o n s .  

2.1.3 D iscuss ion  and A n a l y s i s  

The c u r r e n t  FAR #23.561 c o n t a i n s  problems f o r  t h e  user  i n  i n t e r -  

p r e t a t i o n ,  c o n f u s i o n  i n  t e rm ino logy ,  and, perhaps most  i m p o r t a n t l y ,  com- 

p l e t e l y  ou tda ted  and un rea l  i s t i c  requ i rements  f o r  occupant  p r o t e c t i o n  

i n  t o d a y ' s  wor ld .  Thus r a t h e r  t han  fo rm ing  a  s e t  o f  c o r e  requ i rements  

f o r  improved des ign ,  i t  confuses t h e  des igne r  and encourages second- 

r a t e  (minimum) c r a s h  p r o t e c t i o n  t o  a i r c r a f t  occupants.  

2.1.3.1 "Minor  Crash Landing."  f23 .561(b)  Paragraph ( b )  s t a t e s  t h a t  

" t h e  s t r u c t u r e  must be designed t o  g i v e  each occupant  eve ry  reasonab le  

chance o f  escaping s e r i o u s  i n j u r y  i n  a  m ino r  c r a s h  l a n d i n g  when -" 
(14  CFR 23, p. 138, 1980) .  The te rm "minor c r a s h  l a n d i n g "  i s  unde f i ned  

except  f o r  t h e  two c o n d i t i o n s  s t a t e d  (p rope r  use o f  r e s t r a i n t s  p rov ided ,  

and t h a t  t h e  u l t i m a t e  i n e r t i a  f o r c e s  on t h e  occupant  do n o t  exceed 9.0 g 

fo rward ,  3.0 g  upward, and 1 .5  g  s ideward) .  These c o n d i t i o n s  were s e t  

f o r t h  i n  1946 a1 though t h e y  were n o t  s t a t e - o f - t h e - a r t  a t  t h a t  t ime .  The 

FAA i s  a p p a r e n t l y  unab le  t o  p r o v i d e  t h e  des igne r  w i t h  a  more o b j e c t i v e  

d e f i n i t i o n  o f  a  minor  c r a s h  l a n d i n g .  



I f  a  " m i n o r  c r a s h  l a n d i n g "  i s  c o n s i d e r e d  t o  i m p l y  t h a t  t h e  r e s u l t -  

i n g  damage t o  t h e  a i r c r a f t  i s  " m i n o r "  o r  l e s s ,  t h i s  i s  c o m p l e t e l y  un-  

r e a l  i s t i c  when compared t o  a c c i d e n t  d a t a  showing t h a t  a p p r o x i m a t e l y  

98.2% o f  g e n e r a l  a v i a t i o n  a c c i d e n t s  a c t u a l l y  i n v o l v e  damage d e t e r m i n e d  

t o  be c l a s s i f i e d  as  " s u b s t a n t i a l "  o r  g r e a t e r .  O n l y  1 .2% o f  a c c i d e n t s  

r e p o r t e d  between 1968 and 1976 were assessed as . r e s u l  t i n g  i n  m i n o r  damage. 

The c o n c e p t  o f  t h e  s u r v i v a b l e  c r a s h  was deve loped  i n  t h e  1 9 4 0 ' s  

by DeHaven, and r e s u l t e d  f r o m  t h e  subsequent  a c c i d e n t  f i n d i n g s  i n  i n -  

numerab le  A v i a t i o n  Crash  I n j u r y  Research (AvCIR, l a t e r  AvSER and Dynamic 

S c i e n c e s )  i n v e s t i g a t i o n s  t o  s t u d y  t h e  p rob lem o f  occupan t  s u r v i v a l  i n  

a i r c r a f t  c r a s h e s .  T h i s  work r e s u l t e d  i n  t h e  Army 's  comprehens ive  Crash  

S u r v i v a l  Des ign  Gu ide  o f  1967 (1  967) ,  f o l l o w e d  by  t h r e e  r e v i s i o n s  ( 1  970; 

1971; 1980, a, b, c ,  d ) .  

The U.S. Army c u r r e n t l y  c o n s i d e r s  a  s u r v i v a b l  e  a c c i d e n t  

t o  be one " i n  w h i c h  t h e  f o r c e s  t r a n s m i t t e d  t o  t h e  occupan t  t h r o u g h  t h e  

s e a t  and r e s t r a i n t  system do n o t  exceed t h e  1 i m i t s  o f  human t o l e r a n c e  

t o  a b r u p t  a c c e l e r a t i o n s  and i n  w h i c h  t h e  s t r u c t u r e  i n  t h e  o c c u p a n t s '  

immed ia te  env i ronmen t  r ema ins  s u b s t a n t i a l l y  i n t a c t ,  t o  t h e  e x t e n t  t h a t  

a  l i v a b l e  volume i s  p r o v i d e d  f o r  t h e  occupan ts  t h r o u g h o u t  t h e  c r a s h  

sequence" ( V o l .  I V ,  1980, p. 3 0 ) .  They a l s o  r e c o g n i z e  a  " s u r v i v a l  en- 

v e l o p e "  o f  e n v i r o n m e n t a l  c o n d i t i o n s  i n  p r o v i d i n g  d e s i g n  gu idance  f o r  

t h e  a i r c r a f t  e n g i n e e r .  The d e s i g n  e lements  o f  a  s u r v i v a b l e  c r a s h  r e -  

q u i r e  t h a t  t h e  a i r c r a f t  c a b i n  s t r u c t u r e  rema ins  r e l a t i v e l y  i n t a c t  i n  

t h e  a r e a  o f  t h e  occupant ,  w i t h o u t  s i g n i f i c a n t  i n t r u s i o n ,  t h e  occupan t  

i s  a d e q u a t e l y  r e s t r a i n e d  i n  an energy-a  b s o r b i  ng s e a t  system, t h e  i n t e r i o r  

s t r u c t u r e s  a r e  des igned  t o  d i s t r i b u t e  l o a d s  and a b s o r b  energy,  and t h e  

i m p a c t  f o r c e s  imposed on  t h e  occupan t  a r e  w i t h i n  human t o l e r a n c e  1  i m i t s .  

I n  1975 t h e  General  A v i a t i o n  C o c k p i t  S a f e t y  P r o v i s i o n s  Commit tee 

(A-33)  o f  t h e  S o c i e t y  o f  A u t o m o t i v e  Eng inee rs  (SAE), i n  d e v e l o p i n g  and 

p r o p o s i n g  new r e s t r a i n t  (Snyder ,  SAE, 1977; SAE T r a n s a c t i o n s )  and s e a t -  

i n g  (Snyder ,  SAE, 1978; SAE T r a n s a c t i o n s )  s t a n d a r d s  f o r  g e n e r a l  a v i a t i o n  

a i r c r a f t ,  based gu ide1  i n e s  upon "a s u r v i v a b l e  c r a s h . "  

Summary: A t  p r e s e n t  t h e r e  i s  no o b j e c t i v e  d e s c r i p t i o n  f o r  t h e  t e r m  

" m i n o r  c r a s h  l a n d i n g "  i n  r e q u i r e m e n t  823.561 ( b )  . I t  i s  recommended t h a t  

t h e  t e r m  " s u r v i v a b l e  a c c i d e n t , "  f o r  wh i ch  e n v i r o n m e n t a l  c r i t e r i a  have 

been r e c o g n i z e d  f o r  35 y e a r s ,  be s u b s t i t u t e d  i n  t h i s  r e q u i r e m e n t .  



2.1.3.2 "Every Reasonable Chance." #23.561 ( b )  Paragraph ( b )  current ly  

reads " the  s t ruc tu re  must be designed t o  give each occupant every 

reasonable chance of escaping serious injury in a minor crash landing 

when -." While the phrase "every reasonable chance" i s  one which few 

could disagree with a t  i n i t i a l  reading, the  term spec i f i e s  nothing 

except general in ten t  and ac tua l ly  has been considerably watered down 

from previous language. The following l i s t  shows the way t h i s  expression 

has been modified s ince  1945. 

Phrase Reference - Date 

"every reasonable probabil i ty"  14CFR3; 04.260 1945 
"reasonabl e assurance" 03.381 1 1946 
"every reasonable probabil i ty" 03.3811 (Dept.Com.Memo) 1946 
"reasonabl e assurance" 3.386 1950 
"every reasonabl e chance" 23.561 1964 

Changing "every reasonable probabil i ty" t o  "reasonable assurance" con- 

s iderably weakened t h i s  requirement in 1946 and 1950, and modifying i t  

t o  "every reasonable chance" in 1964 did l i t t l e  t o  strengthen i t .  Who 

i s  t o  say what the terms reasonable or  chance or  assurance mean? What 

objec t ive  c r i t e r i a  apply? There i s  a considerable d i f ference ,  on the 

other  hand, between the  word "chance" and "probabil i t y . "  This d i s t inc t ion  

i s  especia l ly  recognized in a legal sense. 

Summary: One can only conclude t h a t  the  original  wording of 35 years 

ago was much stronger than t h a t  of today, and t h a t  today's  requirement, 

changing "probabil i ty" to  "chance," i s  considerably weakened by t h i s  

modification, pa r t i cu la r ly  in combination with the  undefined term "minor 

crash landing." 

2.1.3.3 "Ultimate Ine r t i a  Forces." #23.571 ( b ) ( 2 ) .  The preceding sect ion 

has documented modifications t h a t  have occurred s ince  1945 in t h i s  re- 

quirement, and there a r e  two major problems presented. F i r s t ,  the load 

fac to r s  c r i t e r i a  fo r  occupant protection has not changed in 34 years ,  

despi te  enormous advances in research on human tolerances;  and secondly, 

termi no1 ogy changes have produced some apparent technical e r ro r s  which 

remain unclarif ied a t  t h i s  da te .  



2.1.3.3.1 Review o f  o r i q i n s  and Development .  Of b a s i c  i m ~ o r t a n c e  i n  t h e  

who1 e  c o n c e p t  o f  c r a s  h w o r t h i n e s s  a r e  t h e  v a l  ues f o r  human i m p a c t  t o 1  e r -  

ance.  I n  1945 14CFR3 e s t a b l  i s h e d  r e q u i r e m e n t s  f o r  (minimum) f o r w a r d  

u l t i m a t e  i n e r t i a  f o r c e s  o f  0  t o  6.0 g, w h i c h  was changed t o  u l t i m a t e  

a c c e l e r a t i o n s  o f  9.0 g  i n  1946 (803.381 1 ,  FR 1 9 4 6 ) .  The s i deward  1 .5  g  

r e q u i r e m e n t  o f  1945 has remained  unchanged f o r  35 y e a r s .  I n  1946, 

v e r t i c a l  l o a d i n g  r e q u i r e m e n t s ,  o r i g i n a l l y  e s t a b l i s h e d  as  0  t o  4.5 g  

(down) and 0  t o  2.0 g  ( u p )  i n  1945, were changed t o  t h e  p r e s e n t  P a r t  

23 upward r e q u i r e m e n t  o f  3.0 g  f o r  normal  and u t i l i t y  c a t e g o r y  a i r c r a f t  

(4 .5  g  f o r  a c r o b a t i c  c a t e g o r y ) ,  d r o p p i n g  a  downward r e q u i r e m e n t .  

Where t h e n  d i d  t h e  CAB (CAA) come up  w i t h  r e q u i r e m e n t s  f o r  o n l y  

6.0 g  ( l a t e r  9  g )  f o r w a r d ,  1 .5 g  s i deward ,  2.0 g  (upward)  4.5 g  down- 

ward ( l a t e r  3 . 0  g  upward) ,  w h i c h  a r e  1 9 8 0 ' s  g e n e r a l  a v i a t i o n  d e s i g n  

s t a n d a r d ?  

I n  a  comprehens ive  r e v i e w  o f  p u b l i c a t i o n s ,  r e p o r t s ,  and s t u d i e s  

o f  t h e  1 9 4 0 ' s  a v a i l a b l e  t o  t h i s  a u t h o r ,  no s o u r c e  c o u l d  be f ound  t o  

document t h e  CAB'S C i v i l  A i r  R e g u l a t i o n s  on  t h i s  p o i n t .  R a t h e r  t h a n  

t a k e  i n t o  c o n s i d e r a t i o n  e s t i m a t e s  o f  human body i m p a c t  t o 1  e rances  a v a i l  - 
a b l e  a t  t h e  t ime ,  i t  appears  t h a t  t h e  u l t i m a t e  i n e r t i a  f o r c e s  o r i g i n a l l y  

s p e c i f i e d  i n  1945 o r i g i n a t e d  f r om,  and were r e l a t e d  more t o ,  t h e  a i r f r a m e  

s t r u c t u r e  t h a n  t h a t  o f  t h e  human occupan t .  The b a s i c  s t r u c t u r a l  l o a d  

f a c t o r s  o f  f u s e l a g e  s t r e n g t h  d a t i n g  back t o  1926 r e q u i r e d  l o a d  f a c t o r s  

( sec .  E, 1 -5 )  o f  4 .5 t o  6.5, w h i l e  s t r u c t u r a l  s t r e n g t h  o f  l a n d i n g  gea r  

i n  t h e  1926 r e q u i r e m e n t s  c a l l e d  f o r  a  s i d e  l o a d  o f  1 . 5  t i m e s  t h e  ( a i r -  

p l a n e )  w e i g h t  (Sec. F ) .  I s  i t  s i m p l y  c o i n c i d e n c e  t h a t  54 y e a r s  l a t e r  

t h e  FAA s t a n d a r d  s t i l l  r e q u i r e s  o n l y  1 .5  g  f o r  s i d e  l o a d s  o n  t h e  o c c u p a n t ?  

A compar i son  o f  FAR 23.561 occupan t  p r o t e c t i o n  d e s i g n  r e q u i r e m e n t s  w i t h  

o t h e r  s t a n d a r d s  i s  shown i n  T a b l e  X I I I .  

2.1.3.3.2 ~ u m a n  i m p a c t  t o l e r a n c e  d e s i g n  1  i m i t s .  The pub1 i s h e d  d a t a  r e -  
l a t i v e  t o  human t o l e r a n c e s  t o  c r a s h  i m p a c t  l a n d i n g s  i s  e x t e n s i v e .  A 
decade ago, by  1970, i t  had been e s t i m a t e d  t h a t  w i t h i n  t h e  p a s t  25 y e a r s  

t h e r e  had been o v e r  220 r e s e a r c h  s t u d i e s  and o v e r  6,000 r e f e r e n c e s  o n  

i m p a c t  i n  t h e  1  i t e r a t u r e  ( i n c l u d i n g  5,000 t e s t s  on  t h e  AF D a i s y  S i m u l a t o r  

done)  ( ~ n y d e r ,  1970; Chand le r ,  1967 ) .  The f o l l o w i n g  r e f e r e n c e s  p r o v i d e  
comprehens ive  s t a t e - o f - t h e - a r t  human t o l e r a n c e  d a t a .  P r e v i o u s  work by 





Snyder a v a i l a b l e  t h r o u g h  NASA (1973 ) ,  and S o c i e t y  o f  Au tomo t i ve  Eng i -  

nee rs  ( 1  970; 1972)  c o n t a i n  446 impac t  s t u d y  c i t a t i o n s  t o g e t h e r  w i t h  

d e t a i l e d  d a t a  t a b l e s  f o r  c o n d i t i o n s  and r e s u l t s  o f  a l l  pub l  i s h e d  t e s t s  

t o  1972. E a r l  i e r  compendiums r e s u l  t i  ng f r o m  j o i n t  FAA and USAF r e s e a r c h  

were p u b l i s h e d  by t h e  FAA and NASA i n  1963 (Snyder ,  e t  a l . ,  1963)  and 

1966 ( I c e ,  e t  a1 . ) ,  c o n t a i n i n g  some 4,905 pages. O the r  comprehens ive  

s t u d i e s  wh i ch  s h o u l d  be r e f e r r e d  t o  i n c l u d e  Stapp (1964; 1971; Snyder, 

1966; K ing ,  1975; and Hess e t  a1 ., 1980 ) .  Occupant Impac t  I n j u r y  T o l -  

e rances  f o r  General  A v i a t i o n  A i r c r a f t  C rashwor th i ness  d e s i g n  have a l s o  

been pub l  i s h e d  by t h e  SAE (Snyder ,  1971 ) .  O the r  c u r r e n t  key  documents 

i n c l u d e  t h e  U.S. Army 's  A i r c r a f t  Crash S u r v i v a l  Des iqn  Guide (1967,  1970, 

1971, 1980a, b y  c ,  d, e ) ,  t h e  SAE document Human T o l e r a n c e  t o  Impac t  

C o n d i t i o n s ,  SAE J885c A p r i l  80  (1980) ;  1964 ( r e v .  1966) ,  and 

A i r  Fo rce  Systems Command Des ign  Handbook (Human A c c e l e r a t i o n  To le rance ,  

342-2.3 r e v i s e d  1975) .  

D u r i n g  t h e  1 9 4 0 ' s  l i t t l e  o b j e c t i v e  c r a s h  impac t  d a t a  were known, 

s i n c e  i t  w a s n ' t  u n t i l  t h e  A i r  Force  conduc ted  c o n t r o l l e d  human d e c e l -  

e r a t i o n  t e s t s  by S tapp between 1947 and 1953 t h a t  human t o 1  e rance  1  eve1 s  

were e x t e n s i v e l y  s t u d i e d .  N e v e r t h e l e s s ,  t h e  occupant  c r a s h  p , r o t e c t i o n  

s tanda rds  p u b l i s h e d  by  t h e  CAB i n  1945 (03.3811, f o l l o w e d  by  3.386, 1946; 

1950)  were o u t d a t e d  f r om t h e  s t a r t .  

DeHaven had shown i n  1942 t h a t  t h e  human c o u l d  s u r v i v e  200 G 's*  i n  

f r e e  f a l l .  German s t u d i e s  r e p o r t e d  by R u f f  i n  1941 documented t h a t  

d e c e l e r a t i o n s  o f  26 g* i n  t h e  sea ted  f o r w a r d - f a c i n g  body o r i e n t a t i o n  

( w i t h  l a p  r e s t r a i n t  o n l y )  "p roduced n o t  t h e  s l  i g h t e s t  i n j u r y "  (Ruff ,  1 9 4 i  ) . 
Seated upward ( v e r t i c a l )  impac ts  a t  13 g  were r e p o r t e d  n o t  t o  a f f e c t  

t e s t  s u b j e c t s ,  and, w h i l e  impac ts  t o  18.4 g  p roduced no more t h a n  head- 

ache, s t e r n a l  o r  lumbar  p a i n s ,  20 g  was e s t a b l i s h e d  as  t h e  s u b j e c t i v e  

t o 1  e rance  "1 i m i t  o f  endurance," be low n o n - r e v e r s i  b l  e  i n j u r y  ( R u f f ,  1941 ) . 

* Bo th  g  and G u n i t s  a r e  used i n  t h e  l i t e r a t u r e ,  and t h e  o r i g i n a l  a u t h o r ' s  
d e s i g n a t i o n  a p p l i e s  here .  A l t h o u g h  g  i s  t h e  p h y s i c i s t ' s  symbol f o r  a  
s p e c i f i c  p h y s i c a l  q u a n t i t y  (32.2 f t / s e c 2 ) ,  t h e  a c c e l e r a t i o n  o f  g r a v i t y ,  
i t  i s  o f t e n  i n d i s c r i m i n a t e l y  used i n  p l a c e  o f  G. G ,  a  p h y s i o l o g i c a l  
measure, r e f e r s  t o  who le  body impac t ,  r a t h e r  t h a n  response.  For  a  com- 
p l e t e  d i s c u s s i o n  o f  t h e  d i f f e r e n c e  see (Snyder ,  NASA, 1973, p .  226) .  



T r a n s a c t i o n s ,  German Academy of  A v i a t i o n  Development, 31 October 1941 ) .  

S i m i l a r l y ,  t h e r e  was s u f f i c i e n t  amount o f  c r a s h  i n v e s t i g a t i o n  documen- 

t a t i o n  i n  t h e  e n g i n e e r i n g  and med ica l  1  i t e r a t u r e  by 1945 t o  s u p p o r t  t h e  

c o n c l u s i o n  t h a t  a i r p l a n e  occupants c o u l d  s u r v i v e  impact  l o a d s  e s t i m a t e d  

as "above 40 G i n  t h e  f o r w a r d - f a c i n g  p o s i t i o n "  (DuBois, 1945; 1946; 

see d e t a i l e d  r e f e r e n c e s ,  S e c t i o n  111) .  

I n  1944 t h e  N a t i o n a l  Research Counc i l  Committee on  A v i a t i o n  Med ic ine  

had recommended t h a t  shou lde r  harness, s e a t  b e l t ,  s e a t  and s t r u c t u r e s  

shou ld  be des igned " t o  remain  i n t a c t  w i t h  a  f o r c e  o f  5 0 ' s  a p p l i e d  a n t e r o -  

p o s t e r i o r l y  o r  v e r t i c a l  l y "  (Hass , 1944, p. 5 ) .  T h i s  commi t tee  i n c l u d e d  

r e p r e s e n t a t i v e s  o f  t h e  C i v i l  A e r o n a u t i c s  A d m i n i s t r a t i o n  E n g i n e e r i n g  

and S a f e t y  Bureau o f  t h e  CAB. 

DuBois b e l i e v e d  " t h a t  p i l o t s  w i t h  s e a t  b e l t s  and shou lde r  harness 

can t o l e r a t e  impacts  o f  40 g  and p r o b a b l y  much more," and asks  " I f  a  

man w i t h  p roper  harness w i l l  t o l e r a t e  40 g, why n o t  make f u l l  use o f  

t h i s  t o l e r a n c e ?  (1  946, p. 627).  Why a r e  t h e r e  so many c o c k p i t  s t r u c t u r e s  

t h a t  c o l l a p s e  c o m p l e t e l y  a t  1 0  t o  15  g, so many sea ts  and b e l t s  t h a t  

g i v e  way a t  8  o r  1 0  g?"  ( p .  627).  

Between 1947 -1951, A i r  Force s t u d i e s  conducted on t h e  " l o n g  t r a c k "  

a t  Edwards AFB and, f rom 1953 t o  t h e  l a t e  1 9 6 0 ' s  a t  t h e  Da isy  Track  and 

a t  "Long T rack "  Hol loman AFB, by Stapp and o t h e r s  p r o v i d e d  much o f  t h e  

b a s i c  knowledge c o n c e r n i n g  s u b j e c t i v e  human t o l e r a n c e .  

By 1959 o v e r  256 impac t  s t u d i e s  had been pub1 i s h e d  p r o v i d i n g  gu ide -  

1  i n e s  f o r  whole body impact  t o l e r a n c e s  (summarized i n  Eiband, 1959) .  

For t h e  p a s t  25 yea rs  t h e  U.S. a u t o m o t i v e  i n d u s t r y  has conducted o r  

sponsored much work r e l a t i v e  t o  an ima l ,  cadaver,  and model i n g  t e s t s ,  

w i t h  emphasis upon r e g i o n a l  body impact  t o l e r a n c e s  t o  t h e  head, neck, 

t h o r a x ,  and o t h e r  body areas.  I n  1964 SAE I n f o r m a t i o n  Repor t  5885 

"Human To le rance  t o  Impact  C o n d i t i o n s  as Re la ted  t o  Motor  V e h i c l e  Design" 

was i ssued ,  wh ich  a l s o  p r o v i d e d  a  summary o f  t o l e r a n c e s  r e l a t e d  t o  

impac t  t o  d i f f e r e n t  r e g i o n s  of  t h e  body. T h i s  r e p o r t  has subsequent ly  

been r e v i s e d  t w i c e ,  w i t h  5885 A p r i l  80  comple ted i n  1980. 



I t  i s  important, in attempting t o  u t i l i z e  human impact tolerance 

data ,  t o  understand what  i t  means. In most instances the " l imi ts"  

derived from human subject t e s t s  do - n o t  r e fe r  to  f a t a l ,  or even severe 

(non-reversi bl e )  injury 1 evel s ,  b u t  have resulted from voluntary "who1 e 

body" t e s t s  u p  t o  a subjective pain or discomfort level .  The deceler- 

at ion referred t o  i s  "whole body" impact; contact with the chest ,  legs ,  

or head on i n t e r i o r  s t ructure  i s  local ized "regional" impact. There 

a re  three levels  of whole body "tolerance": subjective pain 1 imits 

(using human voluntary subjects) ,  an i r revers ib le  or serious injury 1 evel 

( b u t  not l i f e - th rea ten ing) ,  and a fa ta l  l eve l .  Higher t h a n  subjective 

1 evel s  involve human  subjects only where the experiments have accidently 

proceeded beyond the intended end-point, or i n  free-fa1 1 s .  Different 

parts of the body also have 1 evels of injury independent of an individual ' s  

whole body tolerance. There a r e  also a large number of variables in a n  
impact environment which influence the outcome and  1 evel to1 erabl e.  

Physical fac tors  include t ightness and configuration of the r e s t r a i n t  

and sea t ,  body or ienta t ion (sideward or forward fac ing) ,  the magnitude, 

d i rect ion,  d i s t r ibu t ion ,  duration, a n d  pulse shape of the force resul t ing 

from the impact. In addit ion,  biological fac tors  such as sex, age, a n d  

physical condition have been ident i f ied  as influencing to lerable  impact 

1 evel s .  Most data a re  known from young heal thy ma1 e subjects;  there 

have been no controlled impact t e s t s  with children,  and only 1 imited 

t e s t s  t o  date u t i l  izing female volunteer subjects (.Airman, Nov. 1978). 

Individual va r i ab i l i t y  must be considered, for  tolerance under identical 

t e s t  conditions will vary in the same individual as well as from person 

t o  person. Tolerance have been variously defined in the l i t e r a t u r e  and 

d i f fe ren t  researchers have establ ished difference end-points. For example, 
Bierman (1974) defined tolerance as " that  value of impact of load which 

produces a painful reaction"; while Stapp ultimately defined to1 erance 

as the l im i t  beyond which e i ther  the subject or  the experimenter fears 

t o  go l e s t  there be serious injury.  More detai led discussions of c r i t e r i a  
a r e  found in references (J8E5b, Snyder NASA 1973;  SAE 1970; King,  1975 

or Stapp, 1961 ; 1969). 

In contras t  t o  the current FAR requirements discussed in regard to 

forces on the restrained general aviat ion a i r c r a f t  occupant (#23.561) 



o r  a i r  t ranspor t  passenger (Pa r t  25.561 ) , f i e l d  data from a i r c r a f t  

crash inves t iga t ions  and research data re la ted  t o  human impact t e s t i n g  

have long documented t h a t  current  requirements provide considerably 1 ess 

occupant protect ion t h a n  has been the  s t a t e -o f - the -a r t .  In t h i s  respect  

the  following b r i e f l y  summarizes and discusses res t ra ined human t o l -  

erances. 

(1 ) Subjects res t ra ined by l ap  be1 t only. In the forward-facing 

(.-Gx) seated pos i t ion ,  protected only by the  l a p  b e l t  r e s t r a i n t ,  human 

subjec ts  have been voluntar i ly  t e s t ed  t o  32 G ( a t  a ve loc i ty  of 4.69 

m/sec (1 0.5mph) w i t h  a duration of 0.001 sec. w i t h  an onset  r a t e  of 1600 

g/sec)  with no s ign i f i can t  in jury  (Test  No. 5, p .  141) ,  Stapp, 1971; 

Von Gierke and Brinkley, 1975). In a fu r the r  s e r i e s  of t e s t s  (Lewis 

and Stapp, 1957) concluded t h a t  minimum contusions would r e s u l t  when 

decelera t ive  force  exceeded 10 G ,  a t  300 G/sec r a t e  of onset ,  fo r  0.002 

sec durat ion.  By 13 G ,  a t  the  same onset  r a t e  and time dura t ion ,  sore- 

ness and muscle s t r a i n  would be expected. A t  the  highest level studied-- 

26 G ( a t  850 G/sec fo r  0.02 sec)--a1 t h o u g h  the  subjec t  complained of 

severe ep igas t r i c  pain l a s t i n g  f o r  30 sec post-impact, and thoracic 

back s t r a i n  fo r  two days, no l a s t i n g  in ju ry  was reported.  In t h i s  

ease,  a 7.6-cm (3- in)  nylon m i l i t a r y  l a p  be l t  was used; impingement 

pressure was calculated t o  be 6.3 kg/sq cm (89.5 p s i ) ,  and be1 t loads 

were measured a t  1,946 kg (4,290 I b ) .  Up t o  15 G ,  these l eve l s  of time 

durat ion and onset  r a t e  have subsequent1 y been considered sa fe  fo r  human 

volunteer subjec ts  ( f o r  subjec t ive  pain threshold a n d  t r a n s i e n t  in jury  

on ly ) .  These data a r e  summarized in  Table XIV. 

In human decelerat ion t e s t s  conducted by Ryan in  1957 a t  the  Univer- 

s i t y  of Minnesota, a subjec t  res t ra ined by a l ap  b e l t  only received no 
in jury  in a forward impact of 23 GIs and s e a t  b e l t  force  of 2800 Ibs ( a t  

25 mph impact v e l o c i t y ) .  I t  was concluded t h a t  a seat-be1 t force of 

7000 1 bs. and decelerat ion force  of 60 GIs could be sustained with "no 

permanent i n j u r i e s "  (Ryan 1962, p .  172).  

For the  forward-facing pos i t ion ,  with l ap  be1 t r e s t r a i n t  only, Stapp 

(1970) concluded t h a t  " r a t e s  of onset  between 250-1600 G/sec and 11.4-32.0 





peak G can be sustained against  a l ap  bel t  r e s t r a i n t  u p  to  approximately 

90 psi (6 .3  kg/sq cm) average load, w i t h  no s ign i f i can t  in ju r i e s  r e s u l t -  

ing." Effects of higher loads have been investigated w i t h  animal sub- 

j e c t s ,  b u t  even in t e s t s  where the  lap  b e l t  was purposely positioned 

high and loose, 30 G peak impact (22.6 m/sec 174.2 f t / sec ]  entrance 

veloci ty ,  3,000 G/sec onset r a t e ,  20 deg. sea t  pan pi tch,  0.055 sec 

plateau time, 0.094 sec t o t a l  impact durat ion) produced no s ign i f i can t  

in jury  (Snyder e t  a1 ., 1967). I t  has been found t h a t  seated human 

occupants restrained by a 7.6 cm ( 3  i n )  l ap  be1 t only and subjected 

to  a i r c r a f t  crash forces can survive 30 peak G a t  r a t e s  of onset below 

1,500 G/sec with only minor revers ib le  injurious e f fec t s .  When t h i s  
i s  increased t o  more than 38 G a t  1,300 G/sec, the  immediate e f fec t s  of 
decelerat ion a r e  grea ter  than a t  45 G peak a t  500 G/sec. 

However, a s  has been pointed out  by Swearingen e t  a1 . ( 1  962), the 

arcing t r a j ec to ry  as  the body goes forward t o  the  l imi t s  of the be l t  and 

then jackknifes over the l ap  be l t  i s  su f f i c i en t ly  g rea t ,  so t h a t  i f  the  

torso i s  not a lso  res t ra ined,  the  lap-be1 ted occupant will almost ce r t a in ly  

s t r i k e  any forward s t ruc tu re .  And even though whole-body loads of a 32 G 

deceleration a re  survivable w i t h  no more than minor in jury ,  f a t a l  in ju r i e s  

a t  f a r  lower levels  can r e s u l t  from the  head s t r ik ing  the  sharp forward 

s t ruc ture .  Thus, upper torso body r e s t r a i n t  i s  necessary fo r  most e f -  
f ec t ive  crash protection of the  seated forward-facing a i r c r a f t  occupant. 

( 2 )  Subjects restrained by l ap  be1 t and shoulder harness. Use of 

upper torso r e s t r a i n t  increases who1 e-body human to1 erance 1 imi t s  t o  

approximately 50 G peak ( a t  500 G/sec r a t e  of onset for  0.25 sec durat ion) 

(Stapp, 1951) : "Abrupt decelerat ions of 50 GIs can be sustained without 

loss  of consciousness or  injury and impact of more than 100 GIs can be 
survived" (Stapp, p .  127, 1971). 

Changes i n  the r a t e  of onset have been found t o  have d i r e c t  e f fec t s  

upon human response fo r  various impul se  durations (Snyder, 1971 ) . Peak 
accelerat ion of approximately 45 G (0.09 sec a t  500 G/sec) resulted i n  

no sign of human voluntary shock, y e t  38 G fo r  0.16 sec above 1,300 G/sec 

produced severe delayed e f fec t s  (run 21 5) (Stapp, 1951 ) . Air Force 



d e s i g n  recommendations have been g i v e n  as 45 G f o r  a  d u r a t i o n  o f  0.1 sec 

o r  25 G f o r  a  d u r a t i o n  o f  0.2 sec. R e s t r a i n t  i n  t h e  exper iments  es tab-  

1  i s h i n g  t h e s e  l i m i t s  was by means o f  a  doub le  shou lde r  harness o f  7.6-cm 

( 3 - i n )  w i d t h ,  a  s e a t  b e l t  w i t h  t h i g h  s t r a p s ,  and c h e s t  b e l t .  Even g r e a t e r  

t o l e r a n c e  has been found i n  t e s t s  w i t h  more optimum p r o t e c t i o n .  Chimpanzee 

t e s t s  c o l l a b o r a t e  f i n d i n g s  f rom human f r e e - f a 1  1  s  t h a t  f o r w a r d - f a c i n g  

whole-body t o l e r a n c e  w i t h  optimum f u l l - b o d y  r e s t r a i n t  may be abou t  237 G 

( a t  17,250 G/sec f o r  0.35 sec ) ,  and abou t  247 G ( a t  16,800 G/sec o v e r  0.35 

sec)  (S tapp  1961) .  P e r s i s t e n t  i n j u r y  was found above 135 G ( a t  5,000 G/sec 

f o r  0.35 sec) ,  a1 though t r a n s i e n t  i n j u r y  e f f e c t s  were observed a t  60 G 

( a t  g r e a t e r  t h a n  5,000 G/sec)(Stapp,  1955) .  I t  i s  c l e a r  t h a t  t h e r e  i s  

a  c o n s i d e r a b l e  range between t h e  r e g i o n  o f  human v o l u n t a r y  exposure t e s t e d  

and t h e  known r e g i o n  o f  i n j u r y .  

Rearward- fac ing  (.+Gx) t o 1  erances a r e  c o n s i d e r a b l y  h i g h e r  t han  f o r  

e i t h e r  f o rward -  o r  s i d e - f a c i n g  p o s i t i o n s ,  p r i m a r i l y  due t o  t h e  g r e a t e r  

d i s t r i b u t i o n  o f  l o a d i n g  t h r o u g h o u t  t h e  e n t i r e  back area o f  t h e  seated 

occupant ,  and thus  t h e  l o w e r  N/sq cm ( p s i )  p e r  u n i t  a rea.  T h i s  r e s u l t s  

i n  g r e a t e r  s t r e s s  on  t h e  s e a t  back wh ich  must  be c o n s t r u c t e d  t o  f a i l  a t  

h i g h e r  l e v e l s  t h a n  a  f o r w a r d - f a c i n g  sea t .  Wh i l e  human t o l e r a n c e  f o r  

r e a r w a r d - f a c i n g  body o r i e n t a t i o n  has n o t  been c l e a r l y  e s t a b l i s h e d ,  t h e  

occupant  so p r o t e c t e d  can be expected t o  w i t h s t a n d  40 G peaks a t  30 G 

f o r  0.11 sec d u r a t i o n  when c a l c u l a t e d  r a t e  o f  o n s e t  i s  1,065 G/sec (Stapp,  

1949) ,  and 40 G peaks a t  2,000 G/sec w i t h  severe  b u t  t r a n s i e n t  responses 

(Stapp,  1961 ) .  To date ,  a  l e v e l  o f  83 G ( c h e s t  a c c e l e r a t i o n ) ,  a t  3,800 

G/sec f o r  0.04 sec d u r a t i o n ,  has been to1  e r a t e d  w i t h  o n l y  t r a n s i e n t  i n j u r i e s  

r e p o r t e d  (Beed ing and Mosely, 1960) .  The c u r r e n t  A i r  Force  d e s i g n  1 i m i t  

f a l l s  between t h i s  and 45 G f o r  0.1 sec e n d p o i n t  (AFSC, 1969; 1974 ) .  

Knowledge o f  human response t o  l a t e r a l  d e c e l e r a t i o n  f o r c e s  (+G ) i s  
- Y  

v e r y  l i m i t e d ,  b u t  t e s t s  t o  d a t e  s t r o n g l y  i n d i c a t e  t h a t  t o l e r a n c e s  a r e  

l o w e r  f o r  t h i s  p o s i t i o n  than  f o r  e i t h e r  f o rward -  o r  r e a r w a r d - f a c i n g  body 

o r i e n t a t i o n s .  T h i s  i s  r e f l e c t e d  i n  a  change i n  SAE A e r o n a u t i c a l  Recommended 

P r a c t i c e  767, o m i t t i n g  s i d e - f a c i n g  sea ted  recommendations. Human s u b j e c t s  



have found t h e  s u b j e c t i v e  p a i n  t h r e s h o l d  t o  be o n l y  9  G (average)  f o r  a  

d u r a t i o n  o f  a p p r o x i m a t e l y  0.1 sec (Zaborows k i  , 1965; 1966) .  Even when 

body r e s t r a i n t  c o n s i s t i n g  o f  b o t h  l a p  b e l t  and upper t o r s o  harness i s  

worn, Sonntag (1968) found t h e  maximum v o l u n t a r y  s u b j e c t i v e  t o l e r a n c e  

t o  be 14.1 peak s l e d  G a t  600 G/sec f o r  0.122 sec d u r a t i o n .  I n  l a t e r a l  

impact ,  s u b j e c t s  w i t h  l a p  be1 t and upper t o r s o  r e s t r a i n t  have been ex- 

posed t o  40 G, and 35 G f o r  d u r a t i o n s  up t o  0.1 seconds d u r a t i o n  i s  

t h e  e s t i m a t e d  exposure 1  i m i  t t o  p r e v e n t  i n j u r y  (.Stapp, 1971 ) . 
Human t o 1  erances f o r  v o l  u n t a r y  dece l  e r a t i o n  have been measured on 

humans t o  t h e  v a l u e s  shown i n  T a b l e  '23 w i t h  no i n j u r y  ( e x c e p t  i n  t h e  

case o f  t h e  82.6 G rea rward  t e s t ;  w i t h  no i r r e v e r s i b l e  i n j u r y ) .  Wh i le  

such maximum peak va lues  may be h i g h  f o r  some segments o f  t h e  p o p u l a t i o n  

such as c h i l d r e n ,  e l d e r l y ,  o r  females,  t h e s e  v o l u n t a r y  s u b j e c t s  d i d  n o t  

r e a c h  t h e  i n j u r y  l e v e l ,  and a  s e r i o u s  i n j u r y  l i m i t ,  o r  s u r v i v a l  l e v e l  

( n o n - r e v e r s i  b l  e  i n j u r y )  would have been c o n s i d e r a b l y  h i g h e r .  

2.1.3.3.3 Comparison w i t h  o t h e r  s tandards .  Tab le  X V I  1  i s t s  t h e  Emergency 

Land ing C o n d i t i o n s  r e q u i r e d  f o r  genera l  a v i a t i o n  (23.561),  a i r  t r a n s p o r t  

(25.561 1, r o t o r c r a f t  (27.561 ) , and .  t r a n s p o r t  c a t e g o r y  r o t o r c r a f t  (29.561 ) 
r e l a t i v e  t o  minimum u l t i m a t e  i n e r t i a l  f o r c e s  f o r  d e s i g n  requ i remen ts .  



TABLE XV 

D i r e c t i o n  

Sideward 
(+G,) 

Upward 
( +GZ ) 

Forward 
(-Gx) 

Rearward 
(-Gx 

Downward 
(-G,) 

SUMMARY OF HUMAN TOLERANCE 
RESTRAINED BY LAP BELT AND SHOULDER HARNESS 

Time V e l o c i t y  Onset 
D u r a t i o n  Change Rate 

Peak G (sec)  (.m/s/mph) (.g/sec) Reference 

40.4 0.04 14.8 2140 (2 )S tapp ,  1971 
35-40 0.03 4000- 5000 S  t a  pp, 1  971 
3  5 70.1 Von Gierke ,  1975 

2 1 5 - 4 1 3 ' ~ )  Stapp, 1971 (p.134) 
41 3  Stapp, 1971 

Von Gierke, .  (p.223) 

( 1 )  symptoms o f  shock, l o s s  o f  consciousness 

( 2 )  c o m p l a i n t s  o f  p e l v i c  pa in ,  changes i n  b lood  p ressu re  reco rded  

( 3 )  t r a n s i e n t  d i s c o m f o r t  o f  s t r a p  impingement a reas ,  m in ima l  shock s i g n s  



TABLE X V I  

SUMMARY TABLE OF FAR EMERGENCY 
LANDING CONDITIONS 

Comparison o f  P a r t s  23 (Normal, Ul  t i 1  i t y ,  and A c r o b a t i c  Category - 
General A v i a t i o n ) ,  25 ( T r a n s p o r t  Category) ,  27 (Normal Category 
~ o t o r c r a f t ) ,  and 29  r ran sport Category R o t o r c r a f t )  f o r  U l t i m a t e  

I n e r t i a  Forces Design Requirements 

(1 ) 14 CFR24, 1980. (Docket No. 5066, 29 FR 18291, Dec. 24, 1964, as Amended by 
Amdt. 25-23, 35FR 5673, A p r i l  8, 1970) 

( 3 )  14CFR29, 1980 

( 4 )  " o r  any l ower  f o r c e  t h a t  w i l l  n o t  be exceeded when t h e  r o t o r c r a f t  absorbs t h e  
l a n d i n g  loads  r e s u l t i n g  f rom impact  w i t h  an u l t i m a t e  descent  v e l o c i t y  o f  f i v e  f .p.s. 
a t  des ign  maximum weight . "  

D i r e c t i o n  

Forward 

Sideward 

Upward 

Downward 

Rearward 

( 5 )  " o r  any l e s s e r  f o r c e  t h a t  w i l l  n o t  be exceeded when t h e  a i r p l a n e  absorbs t h e  
l o a d i n g s  r e s u l t i n g  f rom impact  w i t h  an u l t i m a t e  descent  v e l o c i t y  o f  f i v e  f . p . s .  
a t  des ign l a n d i n g  weight . "  

25.561 ( 1  1 

T r a n s p o r t  

9.0 g 

1.5 g 

2.0 g 

4.5 g (4 )  

None 

23.561 27.571 ( 2 )  

Normal 
R o t o r c r a f  t 

4.0 g 

2.0 g 

1.5 g 

4.0 g (5) 

None 

Normal & 
U t i l  i t y  

9.0 g 

1.5 g 

3.0 g 

None 

None 

29.561 ( 3  

T r a n s p o r t  
R o t o r c r a f  t 

4.0 g 

2.0 g 

1.5 g 

4.0 g ( 5 )  

None 

A c r o b a t i c  

9.0 g 

1.5 g 

4.5 g 

None 

None 



Note tha t  while b o t h  normal a n d  t ransport  ro to rc ra f t  require 2 . 0  g in- 

stead of 1.5 g sideward protection, they require only 4.0 g instead of 

9.0 g for  forward protection. General aviat ion a i r c r a f t  have no design 

standards, in contras t  t o  a1 1 other categories, fo r  downward forces .  A 

downward value of 0 t o  4.5 g was required fo r  general aviat ion design 

in 1945, b u t  was dropped in 1946 (.03.3811) w i t h o u t  explanation. There 

i s  no rearward force requirement for  e i t he r  c i v i l  fixed wing or rotor-  

c r a f t .  These standards do not appear t o  be based on any h u m a n  tolerance 

data ,  b u t  ra ther  originated with the e a r l i e s t  design c r i t e r i a  i n  1926. 

In con t ras t ,  mi l i t a ry  a i r c r a f t  design standards have d i r ec t l y  

u t i l i zed  r e su l t s  of human tolerance t e s t s  and  have ref lec ted the s ta te -  

of-the-art  f a i r l y  c losely  fo r  the past 30 years.  The Air Force Systems 

Command Handbook (5th  Ed . ,  1978), for  example, provides a section on 

crash protection and  escape survival systems for  designers. This hand- 

book i s  a successor t o  the earl i e r  HIAD (Handbook of Instruction for 

Aircraf t  Designers) of the 1960's. Air Force tolerance c r i t e r i a  a re  

for  the most part  based u p o n  the human deceleration s tudies  of Col . (then 

Capt.) John Paul Stapp ( r e f s ,  1951 ; 1949; 1955; 1954; 1961), conducted 

between 1947 and  1954. Rearward impact data resulted from Daisy Decel- 

era tor  s tudies  of Beeding (1949), and l a t e r a l  impact tolerances from 

work of Zaborowski ( r e f :  1965; 1966), and  Sonn t ag  ( 1  966). The current  

Air Force a i r c r a f t  design standards a r e  l i s t e d  on Table XVI. Note tha t  

these standards a r e  from 5 (forward) to 7-112 times (sideward) higher 

t h a n  the minimum FAA standards fo r  the same or ienta t ion.  

Similarly the U.S. Army has conducted research t o  improve crash- 

worthiness of fixed-wing a i r c r a f t  a n d  he1 icopters since the l a t e  1950ts ,  

and have issued and updated various design requirements per iodical ly .  

The h u m a n  tolerance requirements have been generally based upon Air 

Force s tudies  b u t  in turn the Army has generated most of the crash design 

data ,  most recently pub1 ished in Aircraft  Crash Survival Design Guide 

(Vo1 . 11. Aircraf t  Crash Environment a n d  Human To1 erance, Laananen, 

1980). 



A n  attempt t o  up-grade general aviat ion occupant protection occurred 

in 1975, when the SAE Genera1 Aviation Cockpi t/Cabin Standardization 

Committee for  General Aviation Aircraf t  (A23), a f t e r  several years d is-  

cussion and  study, approved Aerospace Recommended Practice 131 8 "General 

Aviation Seat Design." Although t h i s  caused such a reaction among the 

manufacturers t ha t  the SAE disbanded the committee without fu r the r  ac t ion,  

the ARP 1318 was pub1 ished as part  of another SAE paper on crashworthiness 

(Snyder, 1978). This document recommended dynamic ultimate load factors  

for  "a forward load of twenty-five (25) g ' s  applied twenty (20) degrees 

t o  e i the r  s ide  of the longitudinal ax i s ,  on a f t  load of 5 g ' s ,  an upward 

load of 16 g ' s  and a downward load of 15 g ' s .  

Reviewing human tolerance data avai lable  in 1967 and 1968, a n  FAA 

Office of Aviation Medicine s t a f f  study, concluded t ha t  Part  25.561 should 

be upgraded fo r  a i r  t ransports  and provided the 1965 tab1 e of recommended 

design loads proposed by Turnbow e t  a1 . (1 965). Their emphasis was on 

a i r  t ransports  ra ther  t h a n  general aviat ion a i r c r a f t .  This document 

concluded "There a r e  no standards dealing w i t h  occupant protection i n  

moderate to  severe survivable accidents.  I t  i s  concluded t ha t  human 

tolerance to  accelerat ion forces i s  much greater  t h a n  the forces generated 

during some of today's  "nonsurvivable" accidents.  We have 40 g people 

r iding in 20 g a i rp lanes ,  and  s i t t i n g  i n  9 g seats  and r e s t r a i n t  systems" 

(Mohler, 1968). 

The Federal Motor Vehicle Safety Standards (FMVSS) of the National 

Highway Traff ic  Safety Administration (.NHTSA) apply to  a number of 

occupant protection design c r i t e r i a  fo r  requirements fo r  car  seating 

systems and specif ied in FMVSS No. 207, which concerns attachment assem- 

bl i e s  and t he i r  i n s t a l l a t i on  t o  minimize the poss ib i l i ty  of t he i r  f a i l u r e  

by forces act ing upon them as a r e su l t  of vehicle impact. Under t h i s  

standard each occupant sea t  shall  withstand 20 g i n  both forward and 

rearward di rect ions ,  in any position t o  which i t  can be adjusted (35 F .R .  

15290, October 1 ,  1970). In addit ion,  occupant crash protection i s  

specified i n  FMVSS No. 208, which provides various injury c r i t e r i a  t h a t  

must be met i n  a  30 rnph frontal  and 30 mph l a t e r a l  barr ier  crash t e s t ,  

rol lover (decelerated from 30 m p h  a t  l e a s t  20 g fo r  minimum of 0.04 s e c s ) ,  



under three options of passive or combination lap and  shoulder r e s t r a i n t  

system in the f ront  seats  (36 F.R. 17430, August 31, 1971 ) .  FMVSS No. 

209 speci f ies  seat  bel t  assembly strength,  bel t  elongation, buckle and 

re t rac t ion ,  and other performance requests (44 F.R. 721 31 , December 13, 

1969). Other automotive requirements for  passenger protection a r e  

found in FMVSS No. 210 ( s ea t  be1 t assembly anchorages - 5,000 1 b .  force,  

o r  3,000 1 b .  force with type 2 be1 t anchorage), 213 (child seating system), 

214 ( s ide  door s t reng th) ,  215 (exter ior  protection,  216 (roof crash 

res i s t ance) ,  220 schoolbus rollover protect ion) .  A lap  be l t  and shoulder 

harness have been required in a l l  outboard f ront  seat  positions of a l l  

new cars manufactured for sa le  in the U.S. since 1 January 1968. The 

20 g motor vehicle requirement i s  compared t o  the 9 g a i r c r a f t  requirement 

in Table XVI. 

Review of Table XVI indicates tha t  occupants of general aviat ion 

a i r c r a f t  designed in compliance with the ultimate ine r t i a  forces of 

#23.561 a re  provided only limited protection as compared with the mil i tary  

design requirements. Various recommendations have been proposed t o  in- 

crease the design c r i t e r i a .  

2.1.3.3.4 Confusion in terms. A technical problem tha t  has not aooarently 
received fur ther  a t tent ion was expressed in an  internal FAA analysis 

which questioned the subst i tu t ion of the term "force" for  "acceleration" 

without reversing the directions (unpubl ished d a t a ,  1980). In 1946 the 

term "ultimate accelerat ions" was used ( a n d  retained in the revision 

adding #3.386 in 1950). However, the present #23.561 ( b ) ( 2 )  has used the 

term "ultimate i ne r t i a  forces" since 1964. (The original  expression in 

1945 also used "ult imate i n e r t i a  forces" in " a l l  combinations"). The 

question was whether the upward a n d  forward force i s  not ac tual ly  in 

the opposite direction of upward and  forward accelerat ion.  

Whether or  n o t  t h i s  assessment i s  technically correct*, i t  may be 
analogous t o  the d i s t inc t ion  made between acceleration and deceleration 

(impact) in the forward-facing body or ienta t ion:  in acceleration the 

* The author queried several engineers experienced in the f i e l d s  of 
biomechanics, mechanical engineering, mathematics, aerospace engineering, 
and physics, and did not find agreement on t h i s  point. 



the expression +Gx i s  used, b u t  in impact i t  becomes -Gx, as the direc- 

t ion of force acting on the body i s  opposite to  t h a t  which occurs in 

accelerat ion,  even though the direction of motion i s  the same (NASA 

Bioastronautics Data Book, 1973, p .  221 ) .  Similarly,  in Part 23.561 ( b )  

( 2 )  i s  "upward ultimate ine r t i a  forces" the same thing as "upward u l t i -  

mate accelerations" ( C A R  3.386)? 

In any case, a  solution t o  c l a r i f y  t h i s  point i s  simply t o  add a 
def in i t ion (o r  reference in glossary) together w i t h  a  simp1 e  coordinate 

system f igure  i l l u s t r a t i n g  exactly what i s  meant r e l a t i ve  t o  direction 

of loading on the occupant. 

2.1.3.4 "moderate descent velocity".  This phrase, c i ted  in #23.561 ( c )  

( 2 )  provides t h a t  "Each airplane with re t rac table  landing gear must be 

designed t o  protect each occupant in a  landing - (1 )  with wheels re t rac-  

ted; ( 2 )  with moderate descent velocity.  . I 1 .  The original  #04.260 (14CFR3, 

1945) requirement specified a n  "ultimate descent velocity of 5  fps ,"  b u t  

t h i s  was modified the following year t o  the present "moderate descent 

velocity."  Other than the 5  fps original  requirement, no further def in i -  

t ion has been found in the FAR'S or amendments. 

Work on a n  energy-absorbing seat  design for 1  ight  a i r c r a f t  was re- 

ported by Piper Aircraft  Corp. in 1972 in which ver t ica l  descent velocity 

was an important consideration (Underhill and  McCullough, 1972). The 

design c r i t e r i a  establ ished in t h i s  work, which incl uded dynamic impact 

t e s t s  conducted by the FAA's Civil Aeromedical I n s t i t u t e ,  was for ver t ica l  

velocity components of 1500 ft/min (7.62 m/s) . . . "without exceeding 

acceptable g loads," or 25 f t / s ec .  This may be assumed to represent a 
higher value than present FAA requirements and a  higher value t h a n  most 

previous general aviat ion a i r c r a f t  have been designed to .  T h u s  a  practical 

in terpre ta t ion of the present meaning of "moderate descent velocity" i s  

above 5 fps and below 25 fps ,  w i t h  about 15 fps estimated as  the norm 

(note tha t  gust 1 oad requirements (#23.425). a re  currently for  posit ive 

and negative gusts of 25 fps - Amdt 23-7 34FR 13089 August 13, 1969 

(Docket No. 4080 20 FR 17955. Dec. 18, 1964) Notice 67.14 was amended 

t o  base gust loads on a i r c r a f t  mass instead of w i n g  loading).  "Moderate" 



undoubtably i s  more than "minor" and l e s s  than "severe," b u t  t h i s  

phrase i s  subject  t o  subjective in terpre ta t ion (current ly  by the region 

ce r t i fy ing  the a i r c r a f t ,  as  well as the designer (manufacturer). A n  

objective meaningful def in i t ion i s  needed to  c l a r i f y  spec i f i ca l ly  what 

t h i s  requirement means. 

B u t  more importantly, t h i s  needs to be upgraded to bet ter  r e f l e c t  

the s ta te-of- the-ar t  for  ver t ica l  impact protection and the mu1 t i t ude  

of s t ructura l  means to  accompl i s  h improved energy-a bsorption and reduce 

loads on the seated crash occupant. The mi l i t a ry  standards, fo r  example, 

have offered considerably greater  protection.  The Air Force Design 

Guide specif ied 25.0 G ( f o r  0.1 sec) for  design of upward tolerance 

(USAF Design 19751, The Army Aircraf t  Crash Survival Design Guide 

speci f ies  protection in the ver t ica l  impact d i rect ion for  a velocity 

change of 42 f t / s ec  ( ~ 0 1 .  IV, 1980, p .  44). The FAA requirements for  

ver t ica l  descent velocity protection i s  presently on the order of only 

1/3  to 1/8 t ha t  of Army a i r c r a f t .  In view of technology which has pro- 

duced the UTTAS crashworthy mi l i t a ry  helicopter ,  there i s  no doubt t ha t  

the s ta te-of- the-ar t  and technol ogy i s  considerably beyond the FAA 

requirement of over a decade ago. "Moderate descent velocity" i s  an u n -  

c l ea r  and essen t ia l ly  meaningless term tha t  must be bet ter  defined and 

upgraded to provide the improved protection avail a  bl e  with today's 

technol ogy. 

2.1 -3.5 "turnover. .upward ul timate ine r t i a  force of 3 g ." Part #23.561 
( d ) ( l )  s t a t e s  " I f  a  turnover i s  reasonably probable, the s t ructure  must 

be designed to protect  the occupants in a complete turnover, assuming 

in the absence of a more rat ional  analysis  - (1 ) an upward ine r t i a  force 

of 3 g ;  and ( 2 )  a  coef f i c ien t  of f r i c t i on  of 0.5 a t  the ground." The 
or ig ins  of the present turnover requirement have roots back to  a t  l e a s t  

1938. Part #04.247 required an ultimate load factor  of 4 . 5 ,  and allowed 

par t ia l  f a i l u r e  of the s t ruc tu re  provided the safe ty  be1 ted occupants 

were not endangered. Part #04.460 stated t ha t  the fuselage and cabins 
shall  be designed to  protect  the passengers and crew in a complete turn- 

over, although t h i s  requirement could be "sui tably  modified" when a 



turn-over in landing i s  "remote." Although i n  1945 the CAB said nothing 

about a turn-over i n  the new Part #4.26 requirements fo r  emergency land- 

ing conditions (14CFR3), a  requirement for  ver t ica l  loading of 0 to 2 .0  g 
( u p )  and 0 to  4.5 g (down) was incorporated. In 1946 Part 03.381(c) 

specified tha t  i f  the charac te r i s t i c s  of an airplane a r e  such as to  make 

a turnover reasonably probable the fuselage shall  be designed to afford 

protection to  the occupants i n  a  complete turnover. A n  attached note 
specified the 3 g ver t ica l  accelerat ion,  incorporated in subsequent 
modifications. 

Aside from the f a c t  tha t  in a turnover the occupant may be subjected 

to both rotat ional  accelerat ion and l ineal  decelerat ion,  there i s  again 

confusion in use of the term upward. Since 1946, when the d i s t inc t ion  
between u p  and down ver t ica l  forces was abandoned, i t  has not been c lea r  

what the present "upward" force referred t o  in 23.561 ( b )  ( 2 )  and ( d ) ( l )  
means. In a i r c r a f t  crashes there may be a large  ver t ica l  loading on the 

occupants through the s ea t ,  b u t  t h i s  loading will be in the opposite 
direction from tha t  of a turnover. That i s ,  in a crash landing in which 

the occupant i s  loaded from the seat  to  the head, the occupant will be 

moving in a downward di rect ion;  b u t  when he i s  loaded a t  the conclusion 
of a complete turnover in a roof (head) toward seat  vector,  the occupant's 

direction of motion i s  seat  toward roof. (Actually i t  i s  more complex 

than t ha t ,  s ince rotat ional  accelerat ion may play a major ro le .  The 
complex crash environment in a fa ta l  turnover general aviat ion accident 

i s  detai led in Snyder e t  a l . ,  1981). However, the point i s  tha t  the 

ver t ica l  d i rect ion of force on seats  and occupants in a crash i s  the 

opposite of t ha t  in a turnover, a1 though Part 23.561 f a i l s  to make t h i s  
d i s t inc t ion  i n  protection. 

Turnovers a r e  not uncommon. In one study of E L T  effectiveness in 

crashes, 38% of the high-wing general aviat ion accidents studied ended 
u p  inverted, and 24% of the low-wings overturned (Hall ,  SAFE, 1980; Av.Cons. 
1 5  A u g .  1980, p .  5 ) .  In northern s t a t e s  such a s  Michigan i n  the winter, 
3 out of 5 a i r c r a f t  accidents in winter months may involve overturns, 

some w i t h  fa ta l  resul t s  (.Snyder and Armstrong, 1 979) . 



The requirement for  3 g protection was established some 34 years 

ago. Both a i r c r a f t  performance a n d  s tructures have changed since that  

time, b u t  there i s  no evidence that  any attempt t o  improve th i s  re- 

quirement has occurred by the FAA.  In the meantime mil i tary  helicopter 

requirements cal l  for beefed-up cabin rollover structures and a roof 

capable of protecting against  8 t o  12 g impacts on helicopter trans-  

missions. The Si korsky YUH-60A, for example, designed t o  improve crash- 

worthiness levels  in Army he1 icopters,  i s  capable of protecting against 

10 g downward ine r t i a l  loads (Cornell,  1975, p .  57).  In view of the 

apparent incidence of overturns, a t tent ion should be given t o  upgrading 

t h i s  section of #23.561. 

2 .1  -3.6 T i t l e  and Content Revision. The present t23.561 as the primary 

occupant protection standard, has a number of weaknesses, inconsistencies, 

and many outdated requirements discussed previously. In many ways i t  i s  

not even as useful as the ea r l i e r  CAR 3.386-1 (crash protection),  which 

between 1951 and  1964 provided a se r ies  of guidelines for  crashworthy 

design. This section has developed from the Part 03 (of 1945), which i s  

in turn based on s t ructura l  standards rather than h u m a n  standards. While 

t h i s  i s  consistent  with much ea r l i e r  s t ructura l  requirements for  land- 

ing gear, fuselage, seating and r e s t r a in t ,  and f i t t i n g  strength, no 

evidence has been found t o  suggest t h a t  human injury a n d  protection to l -  

erances were ever considered as a basis. 

In the past ,  modifications have been made piecemeal by adding or 

dropping words or patching-in phrases. In view of the number of places 

needing updating in t h i s  section,  i t  would make better  sense t o  modify 

23.561, by s ta r t ing  a l l  over and  developing a t o t a l l y  new section on 

occupant protection. Such a new section should r e f l e c t  the emphasis o n  

crashworthiness by r e t i  t l  ing i t  from "emergency landing conditions" (of 
1945) t o  something 1 i  ke "emergency crash landing conditions," "crash- 

worthiness protection," or "occupant crash protection." Further, addi- 
tional guidelines should be incorporated t o  provide more meaningful 

information to the designer. 



Seats ,  Berths, .Safety Be1 t s ,  Harnesses (23.785) 

Part  23.785 provides requirements fo r  s e a t s ,  berths,  sa fe ty  

be1 t s ,  and harnesses. I t  references emergency landing conditions in 

#23.561, f l  i gh t  control reac t ions  in part  #23.395, and f i t t i n g  fac to r s  

2.2.1 Development of the  FAA Requirements. The or ig inal  1926 

Air Commerce Regulations addressed the  i ssue  of sa fe ty  be1 t s  in 12(A)3, 

by s t a t i n g :  

"1 3 (Construction of Cockpit, Cabins, and Control s )  : ( A )  
The cockpit must be constructed t o  a f ford:  

. . - 3 .  Safety be1 t s  o r  equivalent apparatus f o r  p i l o t s  and 
passengers in open cockpit a i rp lanes  carrying passengers f o r  
h i re  o r  reward;" (p.12) 

This appears t o  have excluded any requirement fo r  sa fe ty  be l t s  in 

closed cabin a i r c r a f t .  While i t  allowed a n  a l t e r n a t i v e  t o  sa fe ty  be l t s  

in open cockpit a i rp lanes ,  i t  i s  u n k n o w n  as t o  what  "equivalent 

apparatus" qua1 i f i e d  and were a1 lowed. Nothing was mentioned a b o u t  

s e a t s .  

By 192.9 the  expanded Airworthiness Requirements of Air Commerce 

Regulations No. 7A required f o r  the  f i r s t  time sa fe ty  be l t s  (or  equivalent)  

in - a l l  a i rp lanes ,  and f i r s t  speci f ied  t h a t  sa fe ty  be1 t s  and t h e i r  a t tach-  

ments must withstand 1000 7 b  crash loads.  In addit ion a general s t a t e -  

ment of in ten t  concerning cha i r  or s e a t  s t rength  was made, although no 
s trength requirements speci f ied  a t  t h i s  time. These requirements a r e  

found i n :  

"11. Equipment and Instruments (A) Equipment ... 111. Safety Belts 
or equivalent f o r  p i l o t s  and passengers in a l l  a i rp lanes .  Seats  
or cha i r s  in  cabin planes shal l  be f irmly secured in place. Safety 
be l t s  and t h e i r  attachments shal l  be capable of withstanding a 
load of 1,000 pounds applied in the  same manner as  a  passenger's 
weight would be applied i n  a  crash.  The attachment shal l  be such 
a s  t o  be capable of carrying t h i s  load th rough  t o  the  main s t ruc -  
tu re"  (p.10).  

In 1934 Aeronautics Bull e t i n  No. 7-A Airworthiness Requirements f o r  

Ai rc ra f t ,  amended the 1929 requirements, and changed sea t  and sa fe ty  b e l t  

requirements to  a  new sect ion  60. The method of applying the  design load 

a t  45" angle with the f loor  l i n e  was f i r s t  specif ied a t  t h i s  time. 



"Sec. 60. Special Requirements. ( A )  Seats and Safety Belts - 
All sea ts  shal l  be provided with approved safe ty  be1 t s .  Safety 
be l t s  and t h e i r  attachments shal l  be capable of withstanding a 
design load of 1,000 pounds per person applied upwardly and for-  
wardly a t  an  angle of approximately 45' with the f loor  l i n e .  This 
load shall be carr ied through t o  the  main s t ruc tu re .  Seats or 
chai rs ,  even though adjus table ,  in open or closed a i rp lanes ,  shall  
be securely fastened in place whether or  not the safe ty  be l t  load 
i s  transmitted t h r o u g h  the sea t "  (1934, p.43). 

Safety be l t s  were subsequently addressed in Part 15.30 of the  Bureau 

of Air Commerce regulat ions . Be1 t requirements were fur ther  expanded t o  

provide for  two persons (2,000 I bs) , a be1 t re lease  mechanism require- 

ment was f i r s t  speci f ied ,  s t a t i c  t e s t  report  compliance speci f ied ,  a t  

l e a s t  a  2 inch bel t  width, a n d  label ing and c e r t i f i c a t i o n  requirements 

1 i s t ed .  . 
15.30 Safety belts. 
15.300 Safety belts nill be certificated for general aircraft use or for 

glider use de endent upon the strength of the belt.. 
15.3000 Eertiiication of a safety belt does not include certification 

of its anchorages to the aircraft. 
15.3001 The installation of safety belts in certificated aircraft shall 

be in accordance vith the ertinent provisions of Part 04. 
15.301 Safety belts sh d be so designed as to be easily adjustable. 

Each belt shall be equipped with a quick-release mechanism so de- 
signed that it cannot be released inadrertentl-. The width af a 
certificated safety belt shall be at least 2 inches. 

15.302 The strength of a safety belt s f id  be determined br static 
test. 

15.303 Safety belts for general aircraft use will be certificated for 
one person or t r o  adjacent persons dependent upon the strength of 
the belt. 

15.3030 A safety belt for one person shall be capable of ~ 4 t h -  
standing a load of 1 000 pounds applied in the same manner as a 
person's weight a o d d  be applied m a crash The quick-release 
mechanism shall be capable of withstanding this' load without undue 
dirtortion, eo that when the load is relieved to 400 pounds, the mech- 
anism shall be capable of being operated by hand. 

15.3031 A safety belt for two persons s h d  be capable of with- 
standing a load of 2,000 pounds applied in the same manner as the 
might of two persons would be applied in a crash. The quick- 
release mechanism shall be capable of withstanding this load without 
undue distortion, and vhen the losd is relieved to 800 pounds, the 
mechAJliam shall be capable of being operated by hand. 

15.304 Safety belts for glider use only v d l  be certificated as such. 
15.3040 A safety belt for glider use shall be capable of withstanding 

a load of 850 ounds applied in the same manner as a person's weight 
would be appied in a crash. The uick-release mechanism shall be 
capable of mthstanding this load wi k out undue distortion, and when 
the load is reliered to 400 pounds, the mechanism shall be capable of 
being operated by hand. 

15.305 Each unit of a certificated model safety belt shall bear the 
folIo&g additional identification data as prescribed in 8 15.042 (e): 

15.3050 Whether for one person, two persons, or for glider use only. 
15.306 A request for certification of a type or model or series of 

models of safety belts shall be supported by the folloffing additional 
data as prescribed in i15.0502: 



A report of the static b t s  showin corn li&nce,PFith $5 15.3030, 
15.3031 or 15.3040, as the oaur mapte. h e  report shall contain 
complete details of the tests, including the hand operation of the quick- 
release mechanism under relieved load, and s h d  contain photographs 
of the test setu The report shall be ed by the person making 
the tests and .$all be supported by afE 4 s d i  unless the tests were 
witnessed by a Bureau inspector, in vbich case such inspector also will 
sign the report as a witness. 

P a r t  04 o f  t h e  Civ i l  Air Regula t ions  ( . ~ u r e a u  o f  Air  Commerce 815.31 

Chapt. I ,  p. 207) (CAM 04) con ta ined  equipment requirements  s p e c i f i e d  

in 04.510 (NAC landp lanes  - v i s u a l - c o n t a c t  day f l y i n g  ( w i t h i n  100 m i l e s  

o f  a  f i x e d  b a s e ) : )  r e q u i r e d  " ( i )  c e r t i f i c a t e d  s a f e t y  b e l t s  f o r  a l l  pas- 

sengers  and members o f  the crew" ( p . 6 5 ) .  This s e c t i o n  c r o s s - r e f e r e n c e d  

P a r t  1 5  f o r  be1 t requ i rements ,  and #04.5810 f o r  i n s t a l  1  a t i o n  r e q u i r e -  

ments. P a r t  4a covered big and small a i r p l a n e s .  

"#04.5810 S a f e t y  b e l t s .  S a f e t y  b e l t s  s h a l l  be so a t t a c h e d  t h a t  no 
p a r t  o f  the a t t achment  w i l l  f a i l  a t  a  load  lower than t h a t  s p e c i f i e d  
in #04.2640." 

The performance c r i t e r i a  r e q u i r e d  i n  the l a t t e r  p a r t  was a p p l i e d  

through the s a f e t y  b e l t :  

"04.2640 S t r u c t u r e s  t o  which s a f e t y  be1 t s  a r e  a t t a c h e d  s h a l l  be 
c a p a b l e  o f  wi ths tand ing  an u l t i m a t e  load  o f  1000 pounds per person 
a p p l i e d  through the s a f e t y  b e l t  gnd d i r e c t e d  upward and forward a t  
an a n g l e  o f  45 degrees  with the f l o o r  1  ine . "  

Passenger c h a i r s  and s e a t s  were a l s o  s u b j e c t  t o  f e d e r a l  des ign  re- 

quirements  a t  t h i s  time, a l  though performance was minimal and somewhat 

ambiguous. 

"04.646 Passenger c h a i r s .  S e a t s  o r  c h a i r s  f o r  passengers  s h a l l  
be s e c u r e l y  f a s t e n e d  in p l a c e  in both open and c losed  a i r p l a n e s ,  
whether o r  no t  t h e  s a f e t y  b e l t  load  i s  t r a n s m i t t e d  through t h e  
s e a t .  (See P a r t  1 5  and #04.2640 f o r  s a f e t y  b e l t  r equ i rements )  ." 
S e a t s  were f u r t h e r  addressed i n  #04.589 "misce l l aneous  equipment 

i n s t a l  l a t i o n :  

"04.5890 S e a t s .  S e a t s  o r  c h a i r s ,  even though a d j u s t a b l e ,  i n  open 
o r  c l o s e d  a i r p l a n e s ,  s h a l l  be s e c u r e l y  f a s t e n e d  i n  p l a c e  whether 
o r  no t  the s a f e t y  b e l t  load i s  t r a n s m i t t e d  through t h e  s e a t . "  
(.CAM 04 Revised 1  J u l y  1944) .  

In  1945 t h e s e  were changed t o  P a r t  03, e f f e c t i v e  November 13 ,  1945. 

In 1949 p a r t s  03.3822 and 3.3822 were renumbered e f f e c t  J u l y  16 ,  

1949 ( F . R .  14:136) t o  3.390. 



Another CAM Supplement addressed s a f e t y  be1 t s  i n  3.71 5, p r e v i o u s l y  

3.543. Supplement 5  o f  CAM 3  i s s u e d  i n  March, 1950 s p e c i f i e d  p a r t s  

3.390 r e l a t i n g  t o  sea ts  and b e r t h s  and CAR 3.391 concerned w i t h  b e l t  

l o a d s .  I n  a d d i t i o n  3.391-1 " s a f e t y  be1 t a t tachmen t  l o a d s "  p rov ided  

CAA i n t e r p r e t a t i o n s ,  p r e v i o u s l y  3.38221 . 
"3.390 Seats and B e r t h s  ( a )  Passenger Seats and B e r t h s .  A l l  
sea ts  and b e r t h s  and s u p p o r t i n g  s t r u c t u r e s  s h a l l  be des igned f o r  
a  passenger w e i g h t  o f  170 pounds (190 pounds w i t h  parach;te f o r  
t h e  a e r o b a t i c  and u t i l i t y  c a t e g o r i e s /  and t h e  maximum l o a d  f a c t o r s  
co r respond ing  t o  a l l  s p e c i f i e d  f l i g h t  and ground l o a d  c o n d i t i o n s  
i n c l u d i n g  t h e  emergency c o n d i t i o n s  and s e c t i o n  3.386. 
( b )  p i l o t  Seats.  P i l o t  sea ts  s h a l l  be des igned f o r  t h e  r e a c t i o n s  
r e s u l t i n g  i n  t h e  U and A  c a t e g o r i e s  under s e c t i o n  3 . 7 4 ( ~ ) ( 4 )  s h a l l  
be des igned t o  accomodate passengers wear ing  parachutes .  
3.390-1 Approval  o f  sea ts  and be r ths ,  and t h e i r  i n s t a l l a t i o n s  
(CAA Po1 i c i e s  wh ich  a p p l y  t o  S e c t i o n  3.390, p r e v i o u s l y  3.3822). 
( a )  Seats and b e r t h s  and t h e i r  i n s t a l l a t i o n s ,  as w e l l  as r e l a t e d  
a i r c r a f t  components, can be approved by any one o f  t h e  t h r e e  
f o l l o w i n g  procedures : 

( 1 )  P r o o f  o f  compl iance w i t h  t h e  s t r e n g t h  and d e f o r m a t i o n  
requ i remen ts  and t h e  r e g u l a t i o n s  may be o b t a i n e d  on t h e  
b a s i s  o f  s t r u c t u r a l  a n a l y s i s  done when t h e  s t r u c t u r e  
conforms w i t h  c o n v e n t i o n a l  t ypes  f o r  wh ich  t h e  e x i s t i n g  
methods o f  a n a l y s i s  a r e  known t o  be r e 1  i a b l  e. 

( 2 )  P r o o f  o f  such compl iance may be o b t a i n e d  by a  comb ina t ion  
o f  a n a l y s i s  and l o a d  t e s t s  t o  l i m i t  l o a d s .  

( 3 )  P r o o f  o f  such compl iance may be o b t a i n e d  by s t a t i c  l o a d  
t e s t s  a lone,  when such t e s t s  a r e  c a r r i e d  t o  d e s i g n  u l  t i -  
mate l o a d s .  

( b )  A l l  sea ts  s h a l l  be designed f o r  t h e  we igh ts  s t i p u l a t e d  i n  t h i s  
s e c t i o n  (170 pounds f o r  normal ca tegory ;  190 pounds f o r  u t i l  i t y  and 
a e r o b a t i c  c a t e g o r y ) .  When designed f o r  a  l o w e r  we igh t  t h a n  those 
r e f e r r e d  t o  above, t h e  s e a t  shou ld  be p laca rded  t o  i n d i c a t e  t h e  p e r  
m i s s i  b l  e, maximum we igh t  of  t h e  occupant "  (see CAR 3.766).  

"3.391 S a f e t y  Be1 t o r  Harness P r o v i s i o n s .  P r o v i s i o n s  s h a l l  be 
made a t  a l l  sea ts  and b e r t h s  f o r  t h e  i n s t a l l a t i o n  o f  be1 t s  o r  
harnesses o f  s u f f i c i e n t  s t r e n g t h  t o  comply w i t h  t h e  emergency 
c o n d i t i o n s  o f  s e c t i o n  3.386." 

"3.391-1 S a f e t y  Be1 t Attachment Loads. (CAA I n t e r p r e t a t i o n s  Which 
App ly  t o  S e c t i o n  3.391, p r e v i o u s l y  3.38221 1 .  A l l  a i r ~ l a n e s  t o  
wh ich  CAR 3.391 i s  a p p l i c a b l e  under CAR 3.2 shou ld  have s t r u c t u r a l  
p r o v i s i o n s  and a t tachments  adequate f o r  t h e  s a f e t y  be1 t l o a d s  c o r -  
respond ing t o  t h e  requ i remen ts  o f  CAR 3.386, even though c e r t i -  
f i c a t e d  s a f e t y  be1 t s  mee t ing  t h e s e  requ i remen ts  may n o t  y e t  be 
a v a i l a b l e . "  (Dept .  o f  Commerce, CAM 3.  Supplement 4, March 8, 
1950; Supplement 10, 16  F.R. 3290, A p r i l  14, 1951) .  



The use of shoulder harnesses was out1 ined in CAM 8 in 1951 ; 

applicable to  res t r i c ted  category a i r c r a f t .  

4.3 Safety Be1 ts  and  Harnesses. Safety be1 ts harnesses will 
help to  prevent serious injury t o  the p i l o t  in the event of a 
crash by' res t ra in ing him re1 a t i ve  t o  the surrounding s t ruc tu re ,  
A complete harness which res t ra ins  the p i l o t ' s  lower body and 
his shoulders (and head) provides more protection than a bel t  
alone. The be l t  will r e s t r a i n  the p i l o t  i n  the sea t  though i t  
may allow his upper body t o  p i v o t  forward or sideward i n  the 
event of a bad 1 a n d i  ng or crash.  Safety be1 ts  and  harnesses 
which have been approved by the Civil ~ e r o n a u t i c s  Administration 
have adequate strength to  r e s i s t  loads from r e l a t i ve ly  severe 
crashes. CAA approved safe ty  be1 t s  and harnesses should be 
ins ta l l ed  and should preferably be new. Used bel ts  and harnesses 
should be careful ly  examined and i f  found glazed, w i t h  ragged 
edges o r  poor appearance they should be replaced w i t h  TSO be1 t s .  
Attachment f i t t i n g s  and t he i r  carry-thru to  the primary s t ruc tu re  
should be as strong as the bel ts  or  harnesses. Attachment f i t t i n g s  
preferably fu l l  swiveling, should be located o n  the primary 
s t ruc tu re  and i n  d i r e c t  l i n e  w i t h  the expected di rect ion of pull 
on the be1 t or harness. For example, shoulder harness upper 
f i t t i n g s  should be d i r ec t l y  behind the wearer's shoulders and  
should be as strong as the harness. (Civil Aeronautics Manual 8 ,  
Appendix A.  January 1 ,  1951 ) .  

A number of amendments were subsequently added t o  CAR 3.390. In 

1952 Amendment 3-7 (adopted January 28, 1952) required a l l  sea ts  a n d  

berths to  be approved. In October 1952 3.390-2 added a pol icy regarding 

proof of compliance w i t h  s trength and deformation requirements (Supple- 

ment 14, 17FR9066, October 11 , 1952). Amendment 3-1 4 (adopted February 

7 ,  1956) amended #3.390 t o  provide more real i s t i c  requirements for  

occupants in berths. In 1962 Amendment 3-7 Cissued March 2 7 ,  1962) 

amended #3.390(d) to  r e s t r i c t  the use of the fac tor  1.33. 

Notice 64-17 recodified CAR 3.390 and 3.390-2 t o  FAR 23.785, w i t h  

the reorganization t o  Part 23 in 1964. Amendment 23-19 (Notice 73-1) 

amended #23.785 t o  include safe ty  bel ts  and harnesses and  added parts  

( h ) ,  ( i ) ,  ( j )  and ( k ) ,  while 23-2 (Notice s 75-10, -19, -23, -26, a n d  

-31 ) added #23.785(1) to  prevent sea t s  from s l id ing off  t he i r  t racks .  

(Docket No. 4080, 29 ,  FR 17955, December 18, 1964, as amended by Amend- 

ment No. 23-7, 34 FR 13092, August 13, 1969; 42 FR 30603, June 16, 1977 ; 

Amendment 23-23, 43 FR 50593, October 30, 1978; 43 FR 52495, November 13, 



2 .2 .2  Current Requirement: FAR 23.785. The current  regulation 

(14 CFR 23, 1980) i s  s ta ted  as follows. 

#23.785 Seats,  berths, safe ty  be1 t s ,  and harnesses. 
( a )  Each s ea t ,  berth, and i t s  supporting s t ruc tu re ,  must be 

designed fo r  occupants weighing a t  l e a s t  170 pounds (or  190 
pounds w i t h  parachute fo r  sea t s  in u t i l i t y  and acrobatic category 
a i r p l a n e s ) ,  and for  the maximum load factors  corresponding to -  
the  specif ied f l i g h t  and ground load conditions, including the 
emergency 1 andi ng conditions prescri bed in #23.561. 

( b )  Each s ea t ,  berth, safe ty  be1 t ,  and harness must be 
approved. 

( c )  Each p i l o t  sea t  must be designed fo r  the  reactions 
resul t ing from the applicat ion of p i l o t  forces to the primary 
f l i g h t  controls ,  as prescribed in #23.395. 

( d )  Unless otherwise placarded, each seat  in u t i l i t y  
and acrobatic category airplanes must be designed to accom- 
modate passengers wearing parachutes. 

( e )  Each berth ins ta l l ed  paral lel  to the longitudinal 
ax i s  of an a i rplane must be designed so that  the forward 
part has a padded end-board, canvas diaphragm, or equivalent 
means t ha t  can withstand the s t a t i c  load reaction of the 
occupant when the occupant i s  subjected to the forward ine r t i a  
forces prescribed in #23.561. In addit ion - 

( 1 )  The berth must have an approved safe ty  be1 t and may 
n o t  have corners or  other parts  1 i  kely to cause serious 
injury to  a person occupying i t  during emergency conditions; and 

( 2 )  Safety be1 t attachments fo r  the berth must be designed 
t o  withstand the c r i t i c a l  loads resul t ing from relevant f l i g h t  
and ground load conditions and from the emergency landing con- 
d i t ions  prescribed in #23.561, with the exception of the 
forward 1 oad .- 

( f )  Proof of compliance w i t h  the strength and deformation 
requirements of t h i s  section for  seats  and berths approved as 
part  of the type design and fo r  seat  and berth ins ta l l a t ions  
may be shown by - 

( 1 )  Structural  analys is ,  i f  the s t ruc tu re  conforms to  
conventional a i rp lane types fo r  which exist ing methods of 
analysis  a r e  known to  be re1 iable ;  

( 2 )  A combination of s t ructura l  analysis  and s t a t i c  
load t e s t s  to  l imi t  loads; or  

( 3 )  S t a t i c  load t e s t s  t o  ul t imate loads. 
The i ne r t i a  forces prescribed in #23.561 must be mu1 t ip1 ied by a 
fac to r  of 1.33 ( ra the r  than by the f i t t i n g  factor  prescribed in 
#23.625) in determining the strength of the attachment of each 
seat  or berth to the s t ructure .  

( g )  Each occupant must be protected from serious head injury 
when he experiences the i ne r t i a  forces prescribed i n  #23.561 ( b ) ( 2 )  by - 

( 1 )  A safe ty  be l t  and shoulder harness tha t  i s  designed to 
prevent the head from contacting any injurious object ,  for  each 
f ron t  sea t ;  and 



( 2 )  A safe ty  be l t ,  or  a  safe ty  bel t  and shoulder harness, 
fo r  each sea t  other than a  f ront  sea t .  

( h )  Each shoulder harness ins ta l led  a t  a f l i g h t  crewmember 
s ta t ion  must allow the  crewmember, when seated and  with his 
safe ty  be l t  and  shoulder harness fastened, t o  perform a l l  
functions necessary for  f l  i g h t  operations. 

( i )  There must be a  means to secure each safe ty  be l t  and 
shoulder harness, when not in use, so as t o  prevent interference 
w i t h  the operation of the airplance and  with rapid egress in an 
emergency. 

( j )  The cabin area surrounding each s ea t ,  including the  
s t ruc tu re ,  i n t e r i o r  wall s ,  instrument panel, control wheel , 
pedals, and sea t s ,  within s t r ik ing  distance of the occupant's 
head or torso ( w i t h  the safe ty  be1 t fas tened) ,  must be f r ee  of 
potent ia l ly  injurious objects ,  sharp edges, protuberances, a n d  
hard surfaces.  I f  energy absorbing designs or devices a r e  
used t o  meet t h i s  requirement they must protect  the occupant 
from serious injury when the occupant experiences the ultimate 
i ne r t i a  forces prescribed in #23.561 ( b )  ( 2 ) .  

( k )  For purposes of paragraph ( g )  of t h i s  sect ion,  a  f ront  
sea t  i s  a  sea t  located a t  a  f l i g h t  crewmember s ta t ion  or any 
seat  located alongside such a sea t .  

( 1 )  Each sea t  t rack must be f i t t e d  with stops t o  prevent 
the sea t  from s l id ing  off the t rack.  

(Secs. 313(a) ,  601, and  603, 49 U.S.C. 1354(a),  1421, and 1423; 
sec.  6 ( c )  49 U.S.C. 1655(c);  and  Secs. 313(a),  601, 603, 604, 
Federal Aviation Act of 1958 (49 U.S.C. 1354(a), 1421, 1423, 
1424), sec. 6 (c )  Department of Transportation Act (49 U.S.C. 
1655(c ) ) )  
[Docket No. 4080, 29, FR 17955, Dec. 18, 1964, as amended by 
Amdt. No. 23-7, 34 FR 13092, Aug.  13, 1969; 42 FR30603, June 
16, 7977; Amdt 23-23, 43 FR 5093, Oct. 30, 7978; 43 FR 52495, 
Nov. 13, 19781 (14CFR23,  p .  151, 1980) 

2.2.3 Discussion and Analvsis. While t h i s  i s  n o t  intended t o  

be a  com~rehensive evaluation, the points selected fo r  analysis  re- 

quire u ~ d a t i n q  t o  be within the state-of-the-art  as indicated by the 

accompanying documentation. 

2.2.3.1 . Occupant Weiqht (#23 .785(a ) ) .  The present general 

aviat ion a i r c r a f t  design s t ructura l  requirements for  both seat  and 
r e s t r a i n t  s trength a r e  based upon a  170-pound occupant (1980).* This 

standard has not been modified since f i r s t  specified i n  1929, f if ty-one 

years ago (Airworthiness Requi rements of Air Commerce Regulations , #7A,  

* A 110 1 b .  occupant i s  specified for u t i l i t y  and acrobatic category 
airplanes to  account for  the additional weight of a  parachute. 
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P. 14, 1929) .  The o r i g i n a l  r equ i r emen ts  o f  1926 d i d  n o t  i n c l u d e  an  occu-  

p a n t  w e i g h t  s p e c i f i c a t i o n .  However, t h e  subsequent  B u l l e t i n  7A, i s s u e d  

i n  1929, s t a t e d  t h a t  "c rew and passenger we igh t s  a r e  c a l c u l a t e d  on t h e  

b a s i s  o f  170 pounds each" (.p. 1 1 ) .  T h i s  formed t h e  f i r s t  c i v i l *  occupan t  

w e i g h t  r equ i r emen t .  

The impo r t ance  o f  t h e  occupan t  w e i g h t  s p e c i f i c a t i o n  t o  c rashwo r t h -  

i n e s s  i s  o f t e n  ove r l ooked .  However, i t  forms t h e  b a s i s  f o r  r e q u i r e d  

s e a t  be1 t and s e a t  s t r u c t u r a l  s t r e n g t h  l o a d  t e s t s .  The 1929 r e q u i r e -  

ments f o r  P a r t  3. - L i g h t  A i r c r a f t  f i r s t  e s t a b l i s h e d  t h e  d e s i g n  l o a d s  

i n  P a r t  1 0  " S a f e t y  b e l t s  a t t a c h e d  t o  s u i t a b l e  anchorages s h a l l  be p r o -  

v i d e d  i n  1  i g h t  a i r c r a f t .  The s t r e n g t h  o f  t h e  be1 t and i t s  anchorage 

s h a l l  be s u f f i c i e n t  t o  w i t h s t a n d  a  p u l l  o f  850 pounds a p p l i e d  t o  t h e  

b e l t  i n  a  manner s i m u l a t i n g  t h e  l o a d i n g  a p p l i e d  by a  person  we igh i ng  

170 pounds w i t h  a  l o a d  f a c t o r  o f  5" ( p . 43 ) .  Today 's  FAR 23.785(a)  

s ' p e c i f i e d  t h e  170 l b .  occupan t  r e l a t i v e  t o  t h e  maximum l o a d  f a c t o r s  

g i v e n  i n  t23.561 ( o r  a  f o r w a r d  u l t i m a t e  i n e r t i a  f o r c e  o f  9 g ) .  I n  com- 

p l  i a n c e  t e s t s  t h e s e  i n e r t i a l  f o r c e s  must  be mu1 t i p 1  i e d  by a  f a c t o r  o f  

1.33 i n  d e t e r m i n i n g  s e a t  a t t achmen t  s t r e n g t h .  T h i s  f i t t i n g  f a c t o r  o f  

1 .33  on t h e  r e s t r a i n t  system a t t achmen t  f i t t i n g s  i n  e f f e c t  r a i s e s  t h e  

i n e r t i a  l e v e l  t o  12 g. A l t hough  t h e r e  a r e  a t  p r e s e n t  no dynamic t e s t  

c r i t e r i a  as such i n  t h e  r e g u l a t i o n s ,  peak p e l v i c  d e c e l e r a t i o n s  on t h e  

occupan t  o f  12 g  a r e  cons i de red  by t h e  FAA t o  r e p r e s e n t  t h e  r e g u l a t o r y  

l e v e l  f o r  t e s t  purposes ( D a i u t o l o ,  1972 ) .  A  b a s i c  e lement  i n  such t e s t s  

i s  t h e  170 1  b. occupan t  w e i g h t  f a c t o r .  

Tha t  occupan t  w e i g h t  makes a  c o n s i d e r a b l e  d i f f e r e n c e  i n  s e a t  and 

r e s t r a i n t  system s tanda rds  can be shown by a  compar ison  w i t h  o t h e r  

s t anda rds  wh ich  use a  h i g h e r  occupan t  w e i g h t .  For  example, t h e  NASA 

development  o f  a  l i g h t w e i g h t  15  kg ( 3 5  I b )  a i r  t r a n s p o r t  s e a t  was de- 

s i gned  t o  p r o t e c t  a  225 l b .  (102.1 kg )  occupan t  ( a g a i n s t  20 g  v e r t i c a l ,  

10  g l a t e r a l  and 20 g  f o r w a r d  a c c e l e r a t i o n s ) .  A  1968 s t a f f  s t u d y  o f  

t h e  FAA's O f f i ce  o f  A v i a t i o n  Med i c i ne  recommended t h a t  t h e  i n e r t i a l  

* I n  1907, twen ty - two  y e a r s  e a r l  i e r ,  U n i t e d  S t a t e s  Army S i g n a l  Corps 
S p e c i f i c a t i o n  No. 486, f o r  t h e  W r i g h t  B r o t h e r s  f i r s t  m i l i t a r y  h e a v i e r -  
t h a n - a i r  f l y i n g  machine, r e q u i r e d  t h a t  i t  must  be des igned  t o  c a r r y  
two persons hav i ng  a  combined w e i g h t  o f  350 pounds, o r  175 1  bs.  each. 



l o a d s  r e l a t e d  t o  a 170 1  b .  (77 .1  kg )  occupan t  be e s t a b l i s h e d  a t  224 1  bs.  

(102.1 kg ) ,  s i n c e  many passengers exceed 170  1  bs. (77.1 kg )  and t h e r e -  

f o r e  compromise t h e  s a f e t y  o f  t h e  c u r r e n t  s e a t  d e s i g n  (Mohl er, 1968) .  

Occupant w e i g h t  s t anda rds  used i n  m i l  i t a r y  a v i a t i o n  d e s i g n  r e q u i r e -  

ments a r e  based upon a n t h r o p o m e t r i c  s t u d i e s  o f  t h e  p a r t i c u l a r  p i l o t  and 

passenger ( t r o o p )  p o p u l a t i o n s  and a r e  p e r i o d i c a l l y  updated.*  

The m i l i t a r y  s t anda rd  f o r  l i g h t - f i x e d - w i n g  and r o t a r y - w i n g  a i r c r a f t  

c r a s h w o r t h i n e s s  s p e c i f i e s  t h e  5 t h - p e r c e n t i l e  t r o o p  passenger as we igh i ng  

135.9 1  bs. (61.7 k g )  and t h e  9 5 t h - p e r c e n t i l e  t r o o p  passenger as 265.1 I b s .  

( 1  20.5 kg )  (MIL-STD-1290 (AV) 25 January  1974) .  Army s e a t  r equ i r emen ts  

s p e c i f y  t h a t  " s e a t s  s h a l l  a t t e n u a t e  impac t  d e c e l e r a t i o n s  expe r i enced  i n  

t h e  9 5 t h - p e r c e n t i l e  p o t e n t i a l l y  s u r v i v a b l e  c r a s h  t o  accep ted  human t o 1  - 
erance  1  e v e l s  f o r  t h e  5 t h  t h r o u g h  9 5 t h  p e r c e n t i l e  occupan ts "  (5 .2 .1 .2 .5 ) .  

An a d d i t i o n a l  r e q u i r e m e n t  i s  t h a t  a  9 5 t h - p e r c e n t i l e  c l o t h e d  an th ropo -  

m e t r i c  dummy occupan t  s h a l l  be used t o  s i m u l a t e  t h e  s e a t  system occupan t  

f o r  dynamic t e s t s  o f  s e a t  systems (4.5.3.2 MIL-S-58095(AV) 27 Augus t  1971 ) .  

The Army d e f i n e s  a  9 5 t h - p e r c e n t i l e  c l o t h e d  occupan t  as t h e  9 5 t h - p e r c e n t i l e  

a v i a t o r ,  wea r i ng  11.5 I b s .  o f  equipment  and c l o t h i n g  ( 6 . 3 .2 ) .  The 50 th -  

p e r c e n t i l e  c l o t h e d  occupan t  w e i g h t  i s  139 1  bs. ( 6 . 3 . 10 ) .  The U.S.  De- 

pa r tmen t  o f  Defense M i l  i t a r y  S t a n d a r d i z a t i o n  Handbook u t i l  i z e s  t h e  d a t a  

on 1970 Army A v i a t o r s ,  l i s t i n g  133 1  bs. (60.4 kg )  5 t h - p e r c e n t i l e ,  170.5 

1  bs.  ( 77 .4  kg )  5 0 t h - p e r c e n t i l e  and 211.7 (96 .0  kg )  9 5 t h - p e r c e n t i l e  (MIL-  

HDBK-759, 12  March 1975) .  

The Army Crash  S u r v i v a l  Des ign  Guide recommends t h a t  t h e  upper  and 

l o w e r  1  i m i t s  o f  occupan t  w e i g h t s  be c o n s i d e r e d  i n  s e a t  d e s i g n  and t h a t  

5 t h -  and 9 5 t h - p e r c e n t i l e  occupan t  w e i g h t s  be used. " I d e a l l y ,  s e a t  s t r o k e  

l i m i t s  shou ld  be s i z e d  f o r  t h e  9 5 t h - p e r c e n t i l e  occupan t  w h i l e  t h e  occu-  

p a n t  acce l  e r a t i o n  1  i m i t s  shou ld  be de te rm ined  by t h e  5 t h - p e r c e n t i l  e" 

( D e s j a r d i n s ,  p.177, 1980 ) .  Army s t a t i c  t e s t  l o a d s  f o r  c o c k p i t  and c a b i n  

sea t s  must  be a p p l i e d  t h r o u g h  a  body b l o c k  a p p r o x i m a t i n g  a  9 5 t h - p e r c e n t i l e  

* A  1945 Army A i r  Force  s t u d y  f ound  t h a t  when pe rsona l  equipment was con- 
s i d e r e d  t h e  average  f l y e r s  w e i g h t  was 249 1 bs (279  1bs  i n  heavy bombers), 
i n s t e a d  o f  t h e  200 1  bs s p e c i f i e d .  I t  was recommended i n  1945 t h a t  d e s i g n  
eng inee rs  u t i l i z e  249 I b s  i n  c a l c u l a t i n g  s t r u c t u r a l  s t r e n g t h  f o r  d e s i g n  
o f  sea t s ,  shou lde r  harness,  and s a f e t y  be1 t s  (AAF Memo Rept.p.24, 1945) .  



occupan t  ( p i l o t / c o p i l o t  222.3 1  bs; t r oop /gunne r  242.2 1  b. ) ( D e s j a r d i n s ,  

p.185 I V ,  1980) ,  and dynamic t e s t s  must  be conduc ted  under  two s e t s  o f  

c o n d i t i o n s ,  one s e t  o f  t e s t s  u s i n g  9 5 t h  and a n o t h e r  5 0 t h - p e r c e n t i l e  

( p i l o t / c o p i l o t  181 .I 1  b; t r o o p l g u n n e r  196.6 1  bs . )  ( D e s j a r d i  ns, p.191, 

I V ,  1980) .  

The S o c i e t y  o f  Au tomo t i ve  Eng ineers  (SAE) has v a r i o u s  w e i g h t  gu ide-  

1  i nes p r o v i d e d  i n  aerospace  s t anda rds  (AS)  o r  A e r o n a u t i c a l  Recommended 

P r a c t i c e s  (ARP). Requi rements i n  SAE AS290, F l i g h t  Deck Sea ts  f o r  

T r a n s p o r t  A i r c r a f t  ( i s s u e d  1965 ) .  a r e  based upon a  200 1 b. (90.9 kg )  

occupan t .  SAE ARP 682B, S a f e t y  Lap B e l t s  ( f o r  C i v i l  T r a n s p o r t  A i r c r a f t ) ,  

i s s u e d  i n  1961 and r e v i s e d  i n  1979, i n c l u d e s  a  l a p  b e l t  r e l e a s e  r e q u i r e -  

ment r e l a t e d  t o  a  260 I b .  (113 kg)  occupan t .  SAE ARP 750, Passenger Sea t  

Design,  i s s u e d  i n  1965, r e f e rences  NAS 809 f o r  s e a t  u l t i m a t e  l o a d  r e -  

qu i r emen ts .  A  r e v i s e d  750A, p r e s e n t l y  i n  p r e p a r a t i o n ,  d e f i n e s  a  s t a n d a r d  

passenger w e i g h t  as  170 I bs.  (77.1 kg )  " t o  be used i n  d e v e l o p i n g  s t a t i c  

and dynamic t e s t  l o a d s  f o r  t h e  s e a t "  ( 1981 ) .  SAE ARP 1318, a  proposed 

aerospace recommended p r a c t i c e  f o r  gene ra l  a v i a t i o n  s e a t  des ign ,  was 

a1 so based upon a  s t a n d a r d  occupan t  w e i g h t  o f  170  pounds ( 1  90 1 bs .  a c r o -  

b a t i c )  f o r  d e t e r m i n i n g  s t a t i c  and dynamic s e a t  l o a d s  ( 1975 ) .  N a t i o n a l  

A i r c r a f t  S tandards  (NAS) , i s s u e d  by t h e  A i r c r a f t  I n d u s t r i e s  A s s o c i a t i o n  

o f  America, 806 (1950)  and 908, A i r c r a f t  Sea ts  and Be r t hs ,  a r e  based upon 

t h e  1929 s t anda rds  o f  a  passenger  w e i g h t  o f  170 pounds f o r  Type I ( t r a n s -  

p o r t )  "and 190 pounds ( i n c l u d e s  p a r a c h u t e ) "  f o r  Types I 1  (normal  - u t i l  i t y )  

and I 1 1  ( a c r o b a t i c ) .  

For  s e a t  be1 t f i t  i n  a u t o m o t i v e  v e h i c l e s  FMVSS No. 209 s p e c i f i e s  a  

102 1  b. 5 t h - p e r c e n t i l e  a d u l t  f ema le  and a  215 1  b.  9 5 t h - p e r c e n t i l  e  a d u l t  

ma le  (S4.1 ( g ) ( 1 )  ( 3 ) ;  49CFR #571.209, 1980 ) .  FMVSS No. 208 a1 so s p e c i f i e s  

a  165 1  b. 5 0 t h - p e r c e n t i l e  a d u l t  i n  o t h e r  r e q u i r e m e n t s .  i t  has been 

s t a n d a r d  p r a c t i c e  t o  use  a  5 0 t h - p e r c e n t i l  e  dummy i n  a u t o m o t i v e  dynamic 

c r a s h  t e s t s .  

Crash t e s t  dummies have been used i n  c i v i l  a i r c r a f t  dynamic t e s t -  

i n g  f o r  t h e  p a s t  30 yea rs ,  a l t h o u g h  p r e s e n t  s e a t l r e s t r a i n t  FAR'S r e -  

q u i r e  o n l y  s t a t i c  t e s t s  w i t h  r e p r e s e n t a t i v e  body b l o c k s .  Swearingen, 

o f  t h e  C i v i l  A e r o n a u t i c s  Med ica l  Research L a b o r a t o r y  o f  t h e  Depar tment  



o f  Commerce's C i v i l  A e r o n a u t i c s  A d m i n i s t r a t i o n ,  i n  Oklahoma City, de-  

s i gned  and f a b r i c a t e d  t h e  f i r s t  p r a c t i c a l  a r t i c u l a t e d  U.S. c r a s h  dummy 

"Oscar"  ' f o r  e x p l o s i v e  decompress ion  t e s t s  i n  1949.* T h i s  dummy weighed 

120  1  bs. I n  1950 he i n i t i a t e d  c o n s t r u c t i o n  o f  a  new 190  I b .  dummy, 

"E lmer , "  wh i ch  weighed 216 I b s .  d ressed  and was des igned  f o r  t e s t s  o f  

35  t o  50 g ' s  (Swearingen, 1951 ) .  T h i s  dummy was used i n  21 dynamic 

d e c e l e r a t i o n  t e s t s  t o  20.3 g f o r  deve lopment  by  Beech A i r c r a f t  Corpo- 

r a t i o n  o f  a  new s h o u l d e r  harness  i n  1951 (Beech, 1951 ) . By A p r i l  1951, 

i t  had been used  i n  o v e r  30 t e s t s  between 1 5  and 20 g.  "E lmer "  c o n t i n u e d  

t o  have a  l o n g  and d i s t i n g u i s h e d  c a r e e r ,  and was t h e  b a s i s  f o r  subse- 

quen t  dummies b u i l t  by  t h e  A i r  Fo r ce  a t  Muroc AFB, t h e  U n i v e r s i t y  o f  

M inneso ta ,  UCLA, and t h e  Naval A i r  M a t e r i a l  Cen te r  i n  t h e  e a r l y  1950 ' s .  

(CAMRL A c t i v i t y  Repo r t s  1948-1 956) .  Dummies used  by NACA f o r  dynamic 

c r a s h  t e s t s  o f  t h r e e  P i p e r  Cubs a t  C l e v e l a n d  i n  t h e  e a r l y  1 9 5 0 ' s  were 

A i r  Force  o f f s p r i n g s  o f  "E lmer "  (NACA, 1956; E iband,  S impkinson,  and 

B lack ,  1953) .  

D e s p i t e  t h e  170  1  b. c r i t e r i o n  a  v a r i e t y  o f  dummies, o f t e n  l a r g e r ,  

have been u t i l i z e d  i n  t e s t s .  A  samp l i ng  o f  r e p o r t s  show, f o r  example, 

t h a t  i n  r e c e n t  FAA/NASA c r a s h  t e s t s  conduc ted  a t  L a n g l e y  Research 

Cente r ,  V i r g i n i a ,  an th ropomorph i c  dummies o f  194 I b .  ( 88  kg ) ,  180  I b .  

( 82  kg ) ,  145 I b .  (66  kg ) ,  141 I b .  ( 6 4  kg )  a r e  d e s c r i b e d ,  a l o n g  w i t h  

"man ik ins , "  and 200 1  b. (91 kg )  l e a d  w e i g h t s  ( A l f a r o - B o u  and Vaughn, 

1977; Vaughn and A1 fa ro -Bou ,  1979) .  I n  o t h e r  t e s t s  an th ropomorph i c  

dummies o f  135 1  b. (61.2 kg )  and 174 1  b.  (79 .3  kg )  w e i g h t s  were used 

(Hayduk and Thomson, 1979 ) .  S t i l l  o t h e r  t e s t s  d i d  n o t  use  dummies: 

" i n  a l l  t h r e e  specimens, t h e  t h i r d  and f o u r t h  passengers were s i m u l a t e d  

w i t h  a  ba l ance  d i s t r i b u t i o n  o f  1  ead masses, b a t t e r i e s ,  p y r o t e c h n i c  p r o -  

grammers, and i n s t r u m e n t a t i o n  boxes" (Vaughn and A1 fa ro -Bou ,  1979, p . 4 ) .  

A m a j o r  r eason  f o r  t h i s  d i v e r s i t y  was t h a t  i n i t i a l l y  NASA had t o  bor row 

whatever  dummies were a v a i l a b l e  t o  use f o r  t h e s e  t e s t s .  The mos t  r e c e n t  

t e s t s  NASA has conduc ted  a t  L a n g l e y  have e x c l u s i v e l y  used t h e  50 th -pe r -  

c e n t i l e  ma le  H y b r i d  11, a  167 1  b.  a n t h r o p o m e t r i c  dummy. 

* E a r l i e r  dummies had been b u i l t  by t h e  Germans i n  1940 ( ~ i e s e h 8 f e r ,  
1940) ,  and a  180  I b .  dummy was des i gned  by t h e  B r i t i s h  i n  1942 
(Pekerek ,  1942) .  



Recent  FAA t e s t s  a t  t h e  C i v i l  Aeromedica l  I n s t i t u t e  have used a  

w ide  range  o f  dummies (Chand le r  and T r o u t ,  1978a; 1978b; 1979) ,  a l t h o u g h  

a p p a r e n t l y  a  5 0 t h - p e r c e n t i l e  170 1  b. dummy has been mos t  f r e q u e n t l y  

used. E a r l y  FAA c r a s h  t e s t s  o f  a  DC-7 t r a n s p o r t  used 200 I b .  " 9 5 t h -  

p e r c e n t i l e "  dummies i n  b o t h  p i l o t  and c o - p i l o t  s e a t s  (Reed, 1965) ,  w h i l e  

1971 and 1972 FAA t e s t s  a t  NAFEC used 170  I b .  and 200 I b .  dummies ( D a i u t o l o ,  

1972) .  Cessna and Lockheed c r a s h  t e s t s  o f  a  Cessna 150  and Cessna 188 

Agwagon 230 i n  1971-72 used b o t h  " 9 5 t h - p e r c e n t i l e "  and 5 0 t h - p e r c e n t i l e "  

dummies (Wi tt l i n  and Gamon, 1976) .  

There appears t o  be no s t a n d a r d i z a t i o n  o f  dummy we igh t s  i n  a i r c r a f t  

c r a s h  t e s t s ,  and o f t e n  i n f o r m a t i o n  on  what  dummy i s  used, o r  i t s  we igh t ,  

i s  n o t  p r o v i d e d  i n  t e s t  r e p o r t s ,  a l t h o u g h  t h i s  i s  a  c r i t i c a l  t e s t  con- 

d i t i o n .  I n  genera l  p r a c t i c e ,  dummies hav i ng  we igh t s  o f  o v e r  200 1 bs. 

appear  t o  be used e x t e n s i v e l y ,  a1 though  #23.785(a)  s p e c i f i e s  o n l y  t h e  

170  1  b. occupan t  w e i g h t .  

The U.S. p o p u l a t i o n  o f  1980 i s  s i g n i f i c a n t l y  l a r g e r  t h a n  t h a t  o f  

t h e  1920 ' s .  To d a t e  t h e r e  have been two m a j o r  a n t h r o p o m e t r i c  s t u d i e s  

o f  t h e  U.S. gene ra l  p o p u l a t i o n  f rom ages 18 t o  74 y e a r s .  

The HES ( H e a l t h  Exam ina t i on  S tudy )  o f  t h e  U.S. Pub1 i c  H e a l t h  

S e r v i c e  i n c l u d e d  d a t a  measured f rom October  1959 t h rough  December 1962 

on  6,672 sample s u b j e c t s  r e p r e s e n t i n g  t h e  U.S.  p o p u l a t i o n  a t  t h a t  t i m e .  

These d a t a  found  t h e  U.S. ma le  mean w e i g h t  ( 5 0 t h  p e r c e n t i l e )  as 168 I b s ,  

t h e  5 t h  p e r c e n t i l e  126 1  bs, and t h e  9 5 t h  p e r c e n t i l e  217 1  bs .  (S toud t ,  

e t  a1 . , 1965) .  U.S. women ranged f rom 105 1  bs ( 5 t h  p e r c e n t i l e )  t o  142 

1  bs. ( 5 0 t h  p e r c e n t i l e )  and 199 1  bs. ( 9 5 t h  p e r c e n t i l e ) .  More r e c e n t l y  

t h e  N a t i o n a l  Cen te r  f o r  H e a l t h  S t a t i s t i c s  conduc ted  t h e  f i r s t  H e a l t h  

and N u t r i t i o n  Examina t ion  Survey (HANES I) between A p r i l  1971 and June 

1974 on  a  p r o b a b i l i t y  sample o f  13,671 persons between ages 18-74 yea rs .  

T h i s  showed t h a t  t h e  p o p u l a t i o n  o f  t h e  1 9 7 0 ' s  was l a r g e r  t h a n  t h a t  of  

t h e  1 9 6 0 ' s .  Males were found  t o  range  f rom 129 I b s .  ( 5 t h  p e r c e n t i l e )  

t o  173 1  bs. ( 5 0 t h  p e r c e n t i l e )  t o  224 1  bs. ( 9 5 t h  p e r c e n t i l e ) .  Females 

were r e s p e c t i v e l y  104 1  bs. ( 5 t h  p e r c e n t i l e ) ,  137 1  bs. ( 5 0 t h  p e r c e n t i l e )  (143 

l b s .  mean), and 203 I b s .  a t  t h e  95 th  p e r c e n t i l e  (Abraham, e t  a l . ,  1976 ) .  

O f  a1 1  females 90% weigh between 104 and 199 1  bs, and 90% o f  ma1 es 

between 129  and 224 1  bs .  



TABLE X V I  

WEIGHTS OF REPRESENTATIVE U. S  . POPULATIONS 
COMPARED TO 170 LB FAR OCCUPANT 

MALES 5 t h % i l  e  5 0 t h % i l  e  

U.S. P o p u l a t i o n  HANES ' 7 6  129  173 

U.S. P o p u l a t i o n  HES ' 6 2  126 1  68 

Army A v i a t o r s  ( C h u r c h i l l  , e t  a1 ,I 971 ) 133 170.5 

A i r  Fo r ce  F l y e r s  ( 1  969) 140  172 

FMVSS 208: P a r t  572 Dummy (1973)  164(+3) *  - 

FEMALES 

U.S. P o p u l a t i o n  HANES ' 7 6  

U.S. P o p u l a t i o n  HES ' 6 2  

Army Women ' 7 7  

A i r  Force  Women ' 72  

FMVSS 208 

* I n c l u d e s  i n s t r u m e n t a t i o n  i n  head, t o r s o  and femurs .  

I n  a  s t u d y  o f  s e a t  d e s i g n  f o r  a b s o r b i n g  t h e  energy  o f  v e r t i c a l  im-  

p a c t s ,  conduc ted  by  P i p e r  A i r c r a f t ,  U n d e r h i l l  and McCul l o u g h  d i s c u s s e d  

t h e  p rob lem o f  occupan t  w e i g h t  (1972) .  S i n c e  a c o n v e n t i o n a l  s e a t  s t r u -  

c t u r e  responds  t o  f o r c e  r a t h e r  t h a n  a c c e l e r a t i o n ,  " t o  g e n e r a t e  a  f o r c e  

g r e a t  enough t o  de fo rm t h e  s e a t  s t r u c t u r e ,  a  100 1  b.  occupan t  would have 

t o  undergo a p p r o x i m a t e l y  t w i c e  t h e  a c c e l e r a t i o n  expe r i enced  by a  200 1  b. 

occupan t  b e f o r e  t h e  s e a t  would b e g i n  t o  d e f l e c t "  ( p .  2 ) .  Abandoning 

an approach t o  d e s i g n  a  s e a t  whose ene rgy -abso rb i ng  c a p a c i t y  c o u l d  be 

a d j u s t e d  t o  t h e  w e i g h t  o f  t h e  passenger ,  t h e y  i n s t e a d  chose  t o  use  a  

w e i g h t  o f  117 1  b.  (53.1 kg)  (22nd p e r c e n t i l e  female,  2nd p e r c e n t i l e  ma le ) *  

f o r  a  d e s i g n  a c c e l e r a t i o n  l e v e l  o f  25 g  and a  d e s i g n  l o a d  o f  2715 I b .  

(1232 k g ) ,  based upon an e f f e c t i v e  mass o n  t h e  s e a t  o f  80% and an  a c t i n g  

s e a t  w e i g h t  o f  1 5  1 b .  ( 6 . 8  k g ) .  Fo r  a  25 g l i g h t  a i r c r a f t  sea t ,  t h e y  

f ound  t h a t  a c c e l e r a t i o n s  ( a s  w e l l  as  t i m e  and v e l o c i t y )  wou ld  v a r y  s i g n i -  

f i c a n t l y ,  r a n g i n g  f r o m  36 .2  g  f o r  a  7 5  1 b (34 .0  kg )  occupan t ,  15.5 g  

* Based on  1962 HES d a t a .  
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f o r  a  220 I b .  (90 .7  k g )  o c c u p a n t ,  and 9.7. g  f o r  a  280 I b .  (127 k g )  occu-  

p a n t .  Thus o c c u p a n t  w e i g h t  i s  a  s i g n i f i c a n t  v a r i a b l e  n o t  o n l y  i n  r e g a r d  

t o  a c c e l e r a t i o n s  b u t  t o  s e a t  s t r e n g t h  r e q u i r e m e n t s .  

G iven  t h a t  a  5 t h  p e r c e n t i l e  f e m a l e  w i t h  a  mass o f  104 I b s ,  and a  

9 5 t h  p e r c e n t i l e  m a l e  (224 l b s . )  a r e  each exposed t o  a  9  g  a c c e l e r a t i o n  

(F=MA), t h e  f o r c e  o n  t h e  s e a t / r e s t r a i n t / a n c h o r a g e  sys tem w i l l  r a n g e  f r o m  

936 1  bs. t o  2016 1  bs .  - more t h a n  a  t w o - f o l d  d i f f e r e n c e .  

From t h e  p o i n t  o f  v i e w  o f  p r o t e c t i n g  t h e  g r e a t e s t  number o f  occu -  

p a n t s ,  u s e  o f  t h e  9 5 t h - p e r c e n t i l e  m a l e  b a s i c  w e i g h t  o f  224 l b s .  (101 .8  

k g )  wou ld  be c u r r e n t  human f a c t o r s  d e s i g n  p r a c t i c e .  T h a t  wou ld  p r o t e c t  

t h e  m i d d l e  90% o f  t h e  p o p u l a t i o n .  T h i s  wou ld  be i n  1  i n e  w i t h  c u r r e n t  

m i l i t a r y  u s e  o f  t h e  9 5 t h  p e r c e n t i l e  o f  t h e  m a l e  p o p u l a t i o n  a t  r i s k .  Con- 

t i n u e d  u s e  o f  t h e  170  1b.  s t a n d a r d  means t h a t  o n l y  50'4 o f  t h e  m a l e  popu- 

l a t i o n  (and  85% o f  t h e  female  p o p u l a t i o n )  i s  w i t h i n  t h i s  r a n g e  (Abraham, 

1 9 7 9 ) .  A  170  I b .  o c c u p a n t  w e i g h t  i s  c l o s e  ( 1 7 0  v s  173 I b . )  t o  t h a t  o f  

t h e  5 0 t h  p e r c e n t i l e  U.S. m a l e .  However, i t  i s  f a r  s h o r t  o f  t o d a y s '  9 5 t h  

p e r c e n t i l e  m a l e  o f  224 1  bs .  ( 1  976 HANES). I t  i s  a1 so c o n s i d e r a b l y  1  ess 

t h a n  t h e  225 I b s .  used  b y  NASA i n  t r a n s p o r t  s e a t  d e s i g n ,  and t h e  Army and 

A i r  Fo rce .  F o r  example,  U.S. A i r  F o r c e  s e a t  d e s i g n  s p e c i f i e s  a  250 1  b .  

(113 .4  k g )  d e s i g n  o c c u p a n t  w e i g h t ,  (MIL-S-26688) ;  t h e  Army 222 I b s .  f o r  

p i l o t ,  242 l b s .  f o r  t r o o p l g u n n e r ,  ( D e s j a r d i n s ,  1980) ,  and s e t s  t h e  t r o o p /  

passenger  9 5 t h  p e r c e n t i l e  c l o t h e d  w e i g h t  as  265 1  bs.  (NIL-STD-1290 AV 1 9 7 4 ) .  

A t  p r e s e n t  a b o u t  1 5 %  o f  U.S. f e m a l e s  and a p p r o x i m a t e l y  50% o f  U.S. 

ma les  we igh  more t h a n  170  l b s .  Thus a  s i g n i f i c a n t  p o r t i o n  o f  g e n e r a l  

a v i a t i o n  p i l o t s  and passengers  a r e  n o t  p r o t e c t e d  u n d e r  Y23 .785(a ) .  T h i s  

a l s o a p p e a r s  t o  have been a  c o n s i d e r a t i o n  i n  t h e  c o n s t r u c t i o n  o f  t h e  

CAAts f i r s t  a r t i c u l a t e d  c r a s h  dummy by  Swear ingen i n  1950, w h i c h  weighed 

21 5  1  bs .  ( p e r s o n a l  commun ica t i on ,  J. Swear ingen)  . 

2.2.3.2 S t a t i c  l o a d  R e a c t i o n .  #23 .785(e ) .  P a r t  e  p r e s e n t l y  r e q u i r e s  

t h a t  t h e  f o r w a r d  end o f  a  b e r t h  i n s t a l l e d  p a r a l l e l  t o  t h e  l o n g i t u d i n a l  

a x i s  o f  t h e  a i r c r a f t  be c o n s t r u c t e d  t o  w i t h s t a n d  t h e  s t a t i c  l o a d  r e a c t i o n  

o f  t h e  occupan t ,  when t h e  o c c u p a n t  i s  s u b j e c t e d  t o  f o r w a r d  i n e r t i a  l o a d s  

s p e c i f i e d  i n  623.561. 



A s t a t i c  t e s t  does n o t  r e a l  i s t i c a l l y  s i m u l a t e  a  c r a s h  env i ronment  

and a  s t r u c t u r e  des i gned  t o  accomodate a  s t a t i c  l o a d  r e a c t i o n  p a r t i c u l a r l y  

a t  t h e  l o w  l e v e l s  s p e c i f i e d  i n  #23.561, may f a i l  when s u b j e c t e d  t o  t h e  

dynamic l o a d i n g  o f  a  c r a s h  impac t .  FAA t e s t s  compar ing  dynamic and 

s t a t i c  t e s t s  o f  a i r c r a f t  s e a t s  conc l uded  " S t a t i c  t e s t i n g . .  . canno t  o f  

i t s e l f  be r e l a t e d  t o  c r a s h  env i ronments ,  and, consequen t l y ,  s t a t i c  t e s t  

r e q u i r e m e n t s  do n o t  co r respond  t o  a  c o n s i s t e n t  l e v e l  o f  c r a s h  s e v e r i t y "  

(Voy l  s, 1969 ) .  

2.2.3.3 S t a t i c  Load T e s t s  #23.785(e)  ( 3 ) .  Three  a1 t e r n a t i v e  p r o o f s  

o f  comp l i ance  a r e  l i s t e d  f o r  s a f e t y  be1 t a t t achmen ts  t o  t h e  b e r t h  under  

emergency l a n d i n g  c o n d i t i o n s  p r e s c r i b e d  i n  #23.561 f o r  l a t e r a l  u1 t i m a t e  

i n e r t i a  f o r c e s  o f  1 .5  g  and upward f o r c e s  o f  3 .0  g .  No t e s t  i s  r e q u i r e d  

f o r  f o r w a r d  f o r c e s .  A t  p r e s e n t  comp l i ance  i s  a l l o w e d  b y  s t r u c t u r a l  a n a l -  

y s i s ,  s t a t i c  l o a d  t e s t s ,  o r  a  c o m b i n a t i o n .  There  i s  no p r o v i s i o n  f o r  more 

r e a l i s t i c  dynamic l o a d  t e s t s .  Such t e s t s  shou ld  be c o n s i d e r e d  f o r  t h e  

reasons  r e p o r t e d  above i n  2.  i n  FAA t e s t s .  

A  s e r i e s  o f  s t a t i c  and dynamic t e s t s  o f  passenger  s e a t s  was con-  

d u c t e d  a t  t h e  N a t i o n a l  A v i a t i o n  F a c i l  i t i e s  Expe r imen ta l  Cen te r  (NAFEC) 

by t h e  FAA wh i ch  was r e p o r t e d  i n  1969 (Voy les ,  1969) .  The s t a t i c  t e s t  

p rocedures  o f  TSO C-22 and C-39 f o r  c e r t i f y i n g  a i r c r a f t  were used, w h i l e  

t h e  dynamic t e s t s  combined p rocedu res  t h e  FAA deve loped  w i t h  t e s t  p r o -  

cedures  t h e  Navy had deve loped  i n  p r e v i o u s  a i r c r e w  s e a t  t e s t i n g .  
* 

T h i s  s e r i e s  o f  t e s t s  i s  i m p o r t a n t  because i t  documented b a s i c  

p o i n t s  o f  compar ison  between s t a t i c  ve r sus  dynamic t e s t s ,  l o n g  an i s s u e  

and c l e a r l y  e s t a b l i s h e d  t h e  r e q u i r e m e n t  f o r  dynamic s e a t  t e s t i n g .  ~t a l s o  
q u e s t i o n e d  t h e  v a l i d i t y  o f  s t a t i c  t e s t s :  

"A s i g n i f i c a n t  d i f f e r e n c e  between s t a t i c  and dynamic t e s t  
r e s u l t s  was found, t h u s  w a r r a n t i n g  f u r t h e r  i n v e s t i g a t i o n  o f  
t h e  v a l i d y  o f  u t i l i z i n g  s t a t i c  t e s t s  a l o n e  f o r  t h e  t y p e  c e r t i -  
f i c a t i o n  o f  a i r c r a f t  passenger  s e a t s  f o r  a  dynamic o r  c r a s h  
l o a d  r e q u i r e m e n t .  The f a c t  t h a t  s t a t i c  t e s t  r e s u l t s ,  i n  them- 
s e l v e s ,  c a n n o t  be r e l a t e d  t o  c r a s h  env i r onmen ts  i s  demons t ra ted  
and c i t e d  as  a  d e f i n i t e  l i m i t a t i o n  o f  s t a t i c  t e s t s .  Dynamic 
t e s t  r e s u l t s  a r e  demons t ra ted  as h a v i n g  t h e  c a p a b i l i t y  o f  b e i n g  
r e l a t e d  t o  c r a s h  env i ronments  and a r e  c o n s i d e r e d  t o  be t h e  more 
mean ing fu l  i n  d e f i n i n g  t h e  b e h a v i o r  o f  sea t / occupan t  systems 
when s u b j e c t e d  t o  c r a s h  phenomena" ( V o y l s ,  1969, i i i ) .  



2.2.3.4 S a f e t y  Be1 t (Shou lder  ~ a r n e s s )  P a r t  23.785(g) .  S e c t i o n  

g p r e s e n t l y  r e q u i r e s  a s a f e t y  ( l a p )  b e l t  and shou lde r  harness t o  p r o t e c t  

each occupan t  o f  each f r o n t  s e a t  f r o m  " s e r i o u s  head i n j u r y . "  However 

t h e r e  i s  no s i m i l a r  r e q u i r e m e n t  f o r  r e a r  sea t s .  P a r t  ( 2 )  a l l o w s  e i t h e r  

"a  s a f e t y  be1 t, o r  a  s a f e t y  be1 t and shou lde r  harness"  f o r  o t h e r  t h a n  

f r o n t  sea t s .  Documentat ion o f  t h e  need f o r  shou lde r  harnesses has been 

shown i n  a c c i d e n t  s t u d i e s  o f  t h e  1 9401s,  i n c l u d i n g  a 1943 NRC r e p o r t .  

I n  1947 t h e  CAA sponsored a s t u d y  w i t h  Crash I n j u r y  Research o f  t h e  
' 

N a t i o n a l  Research Counc i l ,  wh ich  examined cases where use o f  t h e  shou lde r  

harness m i g h t  have p reven ted  head i n j u r y  (483 head i n j u r i e s  i n v o l v i n g  

596 occupan ts )  (CIR, 1947) .  I t  was a l s o  found  t h a t  653 o f  t h e  l a p  b e l t s  

f a i l  ed i n  t h e s e  c rashes .  The c r a s h w o r t h i n e s s  v a l  ue was demons t ra ted  i n  

t h e  1952 CAA-Texas A & M AG-1 p r o t o t y p e  a e r i a l  a p p l i c a t o r ,  wh ich  r e p o r t e d l y  

u t i l i z e d  a 50 g s e a t  and i n t e g r a l  doub le  upper  t o r s o  r e s t r a i n t  w i t h  

i n e r t i a l  r e e l ,  des i gned  t o  p r o t e c t  t h e  p i l o t  a g a i n s t  s e r i o u s  i n j u r y  a t  

c o l l i s i o n  v e l o c i t i e s  up t o  120.7 b / M  (65 mph) (DeHaven, 1957; Weick, 

1957) .  Beech A i r c r a f t  C o r p o r a t i o n  p i onee red  t h e  shou lde r  harness f o r  

l i g h t  a i r c r a f t  i n  1948, c o n d u c t i n g  t e s t s  t o  20.4 6 i n  a  s e r i e s  o f  35 

expe r imen ta l  dynamic t e s t s  i n  1951, u t i l i z i n g  a 97.9 Kg (216 l b )  CAA 

dummy "E lmer "  (Beech A i r c r a f t  C o r p o r a t i o n ,  1951 ; n.d.; S p r i n k l e ,  1951 ; 

Wi lson ,  1950) .  The l i f e - s a v i n g  p r o t e c t i o n  i n  t h e  f i r s t  c r a s h  w i t h  t h i s  

harness was d e s c r i b e d  i n  a  subsequent Beech pub1 i c a t i o n  ( M i l  1  e r ,  1953 ) .  

Severa l  a i r c r a f t  by 1950 o f f e r e d  shou lde r  harnesses,  and by 1954 

t h e  H e l i o  C o u r i e r  o f f e r e d  shou lde r  harnesses (wh i ch  i t  s t i l l  does)  as 

s t anda rd  equipment i n  b o t h  f r o n t  and r e a r  sea t s .  

Upper t o r s o  r e s t r a i n t s  have been i n s t a l l e d  i n  1  i g h t  a i r c r a f t  used 

f o r  f l i g h t  t r a i n i n g  by t h e  Depar tment  o f  A v i a t i o n ,  t h e  Ohio S t a t e  Un i -  

v e r s i  t y  c o n t i n u o u s l y  s i n c e  1948, when doub le  shou lde r  harnesses were 

i n s t a l l e d  i n  13  Cessna 1 4 0 ' s .  I n s t a l l a t i o n s  were w i t h  FAA f i e l d  app rova l  

a l t hough ,  w i t h  t h e  e x c e p t i o n  o f  harnesses used i n  Beech a i r c r a f t  i n  

1969, no manu fac tu re r  was a b l e  t o  p r o v i d e  upper  t o r s o  r e s t r a i n t  s a t i s -  

f a c t o r y  t o  t h e  o p e r a t o r s .  I n  t h i s  33 y e a r  p e r i o d  of use  t h e r e  have been 

two a c c i d e n t s  i n  wh ich  t h e  a i r c r a f t  were des t r oyed ,  b u t  i n  b o t h  cases 

t h e  occupan ts  r e c e i v e d  e i t h e r  no i n j u r y  o r  o n l y  m ino r  i n j u r i e s .  



Current FAA acceptable methods, techniques and practices of 
shoulder harness ins ta l la t ions ,  effective res t ra in t  angles, and attach- 

ment methods were published in 1967 ( A C  43.13-2). Following dynamic 

t e s t s ,  additional recommendations for  ins ta l la t ion of upper torso re- 

s t r a i n t ,  to specif ic location on structures without major airframe modi- 

f icat ion,  were published in an FAA report by Young in 1966. The im- 

portance of upper torso res t ra in t  i n  a i r c r a f t  accidents (70-80% of 

f a t a l i t i e s  due to head injury; 50% might have been prevented) i s  shown 

in "Restraint for Survival ," a FAA documentary film of the 1964-65 a i r -  

c r a f t  cabin dynamic t e s t s  conducted a t  CAM1 by Young upon which the re- 

commendations were based. A functional comparison of basic res t ra in t  

systems was also made by Young. He pointed out the protective advantages 

of a double shoulder harness system over a single diagonal upper torso 

be1 t ;  the importance of the seat  be1 t anchorage (tie-down) which estab- 

1 ishes the seat  be1 t angle ("a greater forward location of a tie-down 

decreases the res t ra in t  function of a seat  belt and can seriously com- 

promise the ent i re  res t ra in t  system"); and the significant  difference 

i n  occupant kinematics a t  impact restrained by shoulder harness and 
seat  (1ap)'bel t as compared to a lap be1 t only. 

A Beech Bonanza crash occurred in June 1961, i n  which the p i l o t  

received fa ta l  head injuries and crushing injuries of the chest from 

h i t t i n g  the control yoke, and the r ight  front  passenger received c r i t i ca l  
injuries from jackknifing into the instrument panel, at tr ibuted by the 

NTSB t o  lack of shoulder harness ins ta l la t ion.  The NTSB recommended in 

November 1964, t o  the FAA that  a shoulder harness be required for each 

occupant on a l l  newly cer t i f ied  general aviation a i r c r a f t  (unless i t  

can be demonstrated that  no injurious objects are  within str iking radius 

of the head w i t h  only a seat  be l t ) .  The FAA responded in March 1965, 

that  there was not suff ic ient  jus t i f ica t ion.  In 1973 the FAA issued a 
Notice of Proposed Rulemaking ( N P R M )  "Crashworthiness for Small Airplanes," 
which included proposals t o  amend Part 23 to require the ins ta l la t ion of 
shoulder harnesses. 



A  f i n a l  r u l e  was p u b l i s h e d  16  June 1977 (FR 30601) w i t h  an  o p e r a t i n g  

r u l e  comp l i ance  d a t e  o f  1 8  J u l y  1978. T h i s  amends FAR P a r t  23 and P a r t  91, 

a d d i n g  r equ i r emen ts  f o r  shou lde r  harnesses and compartment i n t e r i o r  de- 

s i g n  f o r  t h e  t y p e  c e r t i f i c a t i o n  o f  sma l l  a i r p l a n e s ,  and adds an o p e r a t i n g  

r u l e  r e q u i r i n g  a  shou lde r  harness f o r  each f r o n t  s e a t  i n  c e r t a i n  newly  

manufac tu red  sma l l  a i r p l a n e s .  However, t h i s  w i l l  n o t  a p p l y  t o  c u r r e n t  

p l r oduc t i on  a i r c r a f t  and even many manu fac tu red  a f t e r  t h a t  da te ,  s i n c e  t h e  

d a t e  o f  manu fac tu re  i s  t h e  d a t e  t h e  i n s p e c t i o n  accep tance  r e c o r d s  r e f l e c t  

t h a t  t h e  a i r p l a n e  i s  comp le te  and meets t h e  FAA approved Type Des ign  

Data - FAR 9 1 . 3 3 ( i ) .  I n  t h i s  case  i t  r e q u i r e d  14 yea rs ,  f r om  t h e  o r i -  

g i n a l  1964 NTSB recommendat ion t o  1978, f o r  t h e  FAA t o  r e q u i r e  shou lde r  

harnesses i n  t h e  f r o n t  s e a t  p o s i t i o n s  o f  new ly  c e r t i f i e d  gene ra l  a v i a t i o n  

a i r c r a f t .  W i t h  a p p r o x i m a t e l y  232,000 a i r c r a f t  i n  t h e  U n i t e d  S t a t e s  

c i v i l  f l e e t ,  and an  e s t i m a t e d  l i f e - t i m e  o f  20 y e a r s  f o r  an a i r c r a f t ,  w i t h -  

o u t  some r e t r o a c t i v e  e f f o r t  t o  i n s t a l l  shou lde r  harnesses on o p e r a t i o n a l  

a i r c r a f t ,  i t  may be y e a r s  b e f o r e  t h e  f u l l  e f f e c t i v e n e s s  o f  such p r o t e c t i o n  

may be a v a i l a b l e .  



2.3 A i r c r a f t  Sea ts  and B e r t h s  537.136 TSO-C39a (NAS 809; 1956) .  

A i r c r a f t  s e a t s  a r e  s u b j e c t  t o  "minimum per fo rmance  s t anda rds "  wh ich  

a r e  s p e c i f i e d  i n  #37.136, b e t t e r  known as Techn i ca l  S tandard  Order  C39a, 

wh ich  i n  t u r n  i s  based upon N a t i o n a l  A i r c r a f t  S tandard  (NAS) S p e c i f i -  

c a t i o n  809 (Appendix  c ) .  

2.3.1 Development o f  FAA Requi rements.  Sea t  r equ i r emen ts  were f i r s t  

g i v e n  a t t e n t i o n  i n  t h e  equipment  s e c t i o n  o f  t h e  A i r w o r t h i n e s s  Requi rements 

o f  A i r  Commerce R e q u l a t i o n s  (7A)  i n  1929 by t h e  s i m p l e  sen tence :  

"Sea ts  o r  c h a i r s  i n  c a b i n  p l anes  s h a l l  be f i r m l y  
secured i n  p l a c e "  ( P a r t  I I ( A ) I I I ,  p .10) .  

The r e q u i r e m e n t  t h e n  went  on t o  d e s c r i b e  s a f e t y  be1 t and a t t achmen t  r e -  

qu i rements  f o r  1000 1  b  l o a d s .  

I n  t h e  expans ion  and r e o r g a n i z a t i o n  o f  t h e  A i r w o r t h i n e s s  Requ i re -  

ments f o r  A i r c r a f t  (No. 7-A) e f f e c t i v e  October  1 ,  1934, sea t s  were p ro -  

v i d e d  f o r  i n  s e c t i o n  60 under  " S p e c i a l  Requi rements"  t o g e t h e r  w i t h  s a f e t y  

" ( A )  Sea ts  and S a f e t y  Be1 t s  - a l l  sea t s  s h a l l  be p r o v i d e d  
w i t h  approved s a f e t y  b e l t s .  S a f e t y  b e l t s  and t h e i r  a t t achmen ts  
s h a l l  be capab le  o f  w i t h s t a n d i n g  a - d e s i g n  l o a d  o f  1000 pounds 
p e r  pe r son  a p p l i e d  upwa rd l y  and f o r w a r d l y  a t  an a n g l e  o f  a p p r o x i -  
mate1.y 45' w i t h  t h e  f l o o r  1  i n e .  T h i s  l o a d  s h a l l  be c a r r i e d .  
t h r o u g h  t o  t h e  ma in  s t r u c t u r e .  Sea ts  o r  c h a i r s ,  even though  
a d j u s t a b l e ,  i n  open o r  c l o s e d  a i r p l a n e s ,  s h a l l  be s e c u r e l y  
fas tened  i n  p l a c e  whether  o r  n o t  t h e  s a f e t y  b e l t  l o a d  i s  t r a n s -  
m i t t e d  t h r o u g h  t h e  s e a t . "  (Sec. 60, 1934 ) .  

I n  October  1952 S e c t i o n  3.390-1, p u b l i s h e d  on A p r i l  14, 1951 (16FR 

3291) was d e l e t e d ,  and a  new s e c t i o n  3.390-1 and 3.390-2 added. 

I n  1953 t h e  CAB added a  supplement  ( - 3 )  t o  P a r t  3  s e c t i o n  3.390-3 

o f  t h e  CAR'S t o  p r o v i d e  a c c e p t a b l e  methods f o r  a p p l y i n g  t h e  p r e s c r i b e d  

l o a d s  i n  a n a l y s i s  o r  t e s t s .  

The P 'ar t  3  s e a t  and b e r t h  r equ i r en i en t s  o f  t h e  C i v i l  A i r  R e g u l a t i o n s  

(3.390, 3.390-1, 3.390-2, and 3.390-3 o f  some 30 y e a r s  ago a r e  reproduced  

i n  t o t a l  as f o l l o w s :  



t 3 . 3 9 0  Sea ts  and b e r t h s .  A l l  sea t s  and b e r t h s  s h a l l  be o f  
an approved t ype .  They and t h e i r  s u p p o r t i n g  s t r u c t u r e s  s h a l l  
be des igned  f o r  an occupan t  we igh i ng  a t  l e a s t  170 pounds ( 1  90 
pounds w i t h  pa rachu te  and s e a t s  i n t e n d e d  f o r  t h e  a c r o b a t i c  and 
u t i l i t y  c a t e g o r i e s )  and f o r  t h e  maximum l o a d  f a c t o r s  c o r r e s -  
pond ing  w i t h  a l l  s p e c i f i e d  f l i g h t  and ground l o a d  c o n d i t i o n s  
p r e s c r i b e d  i n  #3.386. The p r o v i s i o n s  o f  pa ragraphs  ( a )  t h rough  
( d )  o f  t h i s  s e c t i o n  s h a l l  a l s o  a p p l y :  

( a )  P i l o t  sea t s  s h a l l  be des igned  f o r  t h e  r e a c t i o n s  r e -  
s u l t i n g  f r om  t h e  a p p l i c a t i o n  o f  p i l o t  f o r c e s  t o  t h e  p r i m a r y  
f l i g h t  c o n t r o l s  as p r e s c r i b e d  i n  #3.231. 

( b )  A l l  sea t s  i n  t h e  U and A  c a t e g o r i e s  s h a l l  be des igned  
t o  accommodate passengers wear ing  parachu tes ,  u n l e s s  p l aca rded  
i n  accordance w i t h  #3.74 (b) . 

( c )  B e r t h s  s h a l l  be so des igned  t h a t  t h e  f o r w a r d  p o r t i o n  
i s  p r o v i d e d  w i t h  a  padded end-board, a  canvas diaphragm, o r  
o t h e r  e q u i v a l e n t  means, capab le  o f  w i t h s t a n d i n g  t h e  s t a t i c  
l o a d  r e a c t i o n  o f  t h e  occupan t  when s u b j e c t e d  t o  t h e  f o r w a r d  
a c c e l e r a t i o n s  p r e s c r i b e d  i n  83.386. B e r t h s  s h a l l  be p r o v i d e d  
w i t h  an approved s a f e t y  b e l t  and s h a l l  be f r e e  f r om  c o r n e r s  
o r  p ro tuberances  l i k e l y  t o  cause s e r i o u s  i n j u r y  t o  a  person  
occupy ing  t h e  b e r t h  d u r i n g  emergency c o n d i t i o n s .  B e r t h  s a f e t y  
b e l t  a t tachments  s h a l l  w i t h s t a n d  t h e  c r i t i c a l  l oads  r e s u l t -  
i n g  f rom a l l  r e l e v a n t  f l i g h t  and ground l o a d  c o n d i t i o n s  and 
from t h e  emergency l a n d i n g  c o n d i t i o n s  o f  i 3 . 386  w i t h  t h e  
e x c e p t i o n  o f  t h e  f o r w a r d  l o a d .  

( d )  I n  d e t e r m i n i n g  t h e  s t r e n g t h  o f  t h e  a t t achmen t  o f  
t h e  s e a t  and b e r t h  t o  t h e  s t r u c t u r e ,  t h e  a c c e l e r a t i o n s  p r e -  
s c r i b e d  i n  #3.386 s h a l l  be mu1 t i p 1  i e d  by  a  f a c t o r  1 .33 .  

#3.390-1 Approved sea t s  and b e r t h s  (CAA i n t e r p r e t a t i o n s  
wh ich  a p p l y  t o  t 3 . 3 9 0 ) .  An approved s e a t  o r  b e r t h  i s  one 
wh ich  compl ies  w i t h  t h e  p e r t i n e n t  r equ i r emen ts  i n  t h e  r egu -  
l a t i o n s  i n  t h i s  subchap te r  as implemented by TSO-C25 " A i r -  
c r a f t  Sea ts  and B e r t h s "  (#514.25 o f  t h i s  t i t l e ) .  
[Supp. 14, 17 F.R. 9066, Oct .  11,  19521 

t3 .390-2  P r o o f  o f  s t r e n q t h  f o r  sea t s  and b e r t h s  and 
t h e i r  i n s t a l l a t i o n s  (CAA p o l i c i e s  wh ich  a p p l y  t o  #3.390) .  
( a )  P r o o f  o f  cornpl i a n c e  w i t h  s t r e n g t h  and d e f o r m a t i o n  r e q u i r e -  
ments f o r  sea t s  and b e r t h s ,  approved as a  p a r t  o f  t h e  t ype  
des ign ,  and f o r  a l l  s e a t  and b e r t h  i n s t a l l a t i o n s ,  may be 
shown by one o f  t h e  f o l l o w i n g  methods: 

( 1  ) S t r u c t u r a l  a n a l y s i s  a l o n e  when t h e  s t r u c t u r e  conforms 
w i t h  c o n v e n t i o n a l  t ypes  f o r  wh ich  e x i s t i n g  methods o f  a n a l y s i s  
a r e  known t o  be r e 1  i a b l  e. 

( 2 )  A  comb ina t i on  o f  s t r u c t u r a l  a n a l y s i s  and s t a t i c  l o a d  
t e s t s  t o  l i m i t  l o a d s .  

( 3 )  S t a t i c  l o a d  t e s t s  a l o n e  when such t e s t s  a r e  c a r r i e d  
t o  u l t i m a t e  l o a d s .  
[Supp. 14 ,  17 F.R. 9066, Oc t .  11, 19521 

#3.390-3 A p p l i c a t i o n  o f  l o a d s  (CAA p o l i c i e s  wh ich  a p p l y  
t o  i 3 . 3 9 0 ) .  The a c t u a l  f o r c e s  a c t i n g  on sea t s ,  b e r t h s ,  and 



s u p p o r t i n g  s t r u c t u r e  i n  t h e  v a r i o u s  f l i g h t ,  g round  and emer- 
gency l a n d i n g  c o n d i t i o n s  w i l l  c o n s i s t  o f  many p o s s i b l e  com- 
b i n a t i o n s  o f  f o rwa rd ,  s ideward ,  downward, upward, and a f t  
l o a d s .  However, i n  o r d e r  t o  simp1 i f y  t h e  s t r u c t u r a l  a n a l y s i s  
and t e s t i n g  o f  t hese  s t r u c t u r e s ,  i t  w i l l  be p e r m i s s i b l e  t o  
assume t h a t  t h e  c r i t i c a l  l o a d  i n  each o f  t h e s e  d i r e c t i o n s ,  as 
de te rm ined  f rom t h e  p r e s c r i b e d  f l i g h t ,  ground, and emergency 
l a n d i n g  c o n d i t i o n s ,  a c t s  s e p a r a t e l y .  I f  t h e  a p p l i c a n t  d e s i r e s ,  
s e l e c t e d  comb ina t i ons  o f  l o a d s  may be used, p r o v i d e d  t h e  r e -  
q u i r e d  s t r e n g t h  i n  a l  1 s p e c i f i e d  d i r e c t i o n s  i s  s u b s t a n t i a t e d  
(TSO C-25, A i r c r a f t  Sea ts  and Be r t hs ,  #514.25 o f  t h i s  t i t l e ,  
o u t l i n e s  a c c e p t a b l e  methods f o r  t e s t i n g  sea t s  and b e r t h s ) .  
[Supp. 17, 13  F.R. 5563, Sep t .  17, 19531 

D u r i n g  r e c o d i f i c a t i o n  i n  1964 (Docke t  No. 4080, 29, FR 17955, December 

18, 1964, as amended by Amdt. No. 23-7, 34 FR 13092, August  13, 1969)  

3 .390 evo l ved  i n t o  #23.785. ( T h i s  has been p r e v i o u s l y  d i s cussed  i n  

2 . 2 ) .  I n  c o n j u n c t i o n  w i t h  t h e  r equ i r emen ts  o f  #23.785 sea t s  (and 

b e r t h s )  must  con fo rm t o  t h e  minimum per fo rmance  s t anda rds  s p e c i f i e d  i n  

t h e  app l  i c a b l  e  Techn i ca l  S tandard  Order  (TSO) . 
2.3.1.1 The TSO System. Under s e c t i o n  601 o f  t h e  C i v i l  Aero-  

n a u t i c s  A c t  o f  1938 and t h e  d e l e g a t i o n  o f  a u t h o r i t y  f r om  t h e  C i v i l  

A e r o n a u t i c s  Board i n  t3 .18,  4a.31, 4b.18, 6.18, and 7.18 o f  t h e  C i v i l  

A i r  Regu la t i ons ,  t h e  A d m i n i s t r a t o r  o f  C i v i l  A e r o n a u t i c s  i s  a u t h o r i z e d  

t o  adop t  per fo rmance  s t anda rds  and s p e c i f i c a t i o n s  o f  m a t e r i a l  s, p a r t s ,  

processes,  and a p p l i a n c e s  used i n  a i r c r a f t  as he may f i n d  necessary  

t o  implement  p r o v i s i o n s  o f  t h e  C i v i l  A i r  R e g u l a t i o n s  ( s u b s e q u e n t l y  t h e  

Federa l  A v i a t i o n  R e g u l a t i o n s ) .  One o f  s e v e r a l  methods o f  o b t a i n i n g  

app rova l  i s  t h r o u g h  a  Techn i ca l  S tandard  Order  (TSO) .* " S i n c e  compl i a n c e  

w i t h  a  TSO i s  o n l y  one method o f  o b t a i n i n g  an app rova l  , t h e  s t anda rds  

c o n t a i n e d  i n  t h e  TSO a r e  n o t  mandato ry  b u t  a r e  o n l y  a n  o p t i o n a l  way o f  

o b t a i n i n g  app rova l  f o r  a  p a r t i c u l a r  a r t i c l e . .  .A TSO i s  n o t  a  s t a n d a r d  

o f  genera l  o r  p a r t i c u l a r  a p p l i c a b i l i t y  des igned  t o  implement  o r  p r e s c r i b e  

l a w  o r  p o l i c y .  I t  does n o t  f a l l  w i t h i n  t h e  d e f i n i t i o n  o f  " r u l e "  con- 

t a i n e d  i n  t h e  A d m i n i s t r a t i v e  Procedure  A c t  (-5 U.S.C. 551 ) .  There  i s  no 

r e q u i r e m e n t  t h a t  a  TSO be p u b l i s h e d  as a  n o t i c e  o f  proposed r u l e  making 

i n  t h e  Federa l  R e g i s t e r "  (45  FR 38342, June 9, 1980) .  

* 
Other  ways a r e  ( 1 )  under  a  P a r t s  Manu fac tu re r  Approva l  i s s u e d  under  
CFR 21.303; ( 2 )  i n  c o n j u n c t i o n  w i t h  t y p e  c e r t i f i c a t i o n  p rocedures  f o r  
a  p roduc t ,  i n c l u d i n g  a p p r o v a l s  g r a n t e d  by a  Supplemental  Type C e r t i f i -  
c a t e ;  and ( 3 )  i n  any  o t h e r  manner approved by t h e  A d m i n i s t r a t o r .  



A new TSO R e v i s i o n  Program was adopted June 2, 1980, e f f e c t i v e  

September 9, 1980 t o  f a c i l i t a t e  t h e  i s suance  o f  TSO's. T h i s  e l i m i n a t e s  

TSO's f rom t h e  r e g u l a t i o n s  ( p r e v i o u s l y  p u b l i s h e d  as Subpa r t  B o f  14  CFR 

P a r t  37)  i n  accordance w i t h  E x e c t u i v e  Order  12044, Imp rov i ng  Government 

Regu la t i ons ,  t o  e x p e d i t e  TSO i s suance  and amendment ( 45  FR 38342, 

June 9, 1980; 44 FR 56370, October  1, 1979) .  F u t u r e  TSO's w i l l  make 

use o f  and r e f e r e n c e  " v o l u n t a r y  s t anda rds "  and " i n d u s t r y  s t anda rds "  as 

de f i ned  by  t h e  O f f i c e  o f  Management and Budget (OMB) (45  FR 4326, 

January  17, 1  980) .  

The Techn i ca l  S tandard  Order  system was o r i g i n a l l y  adop ted  t o  

c a r r y  o u t  t h e  d e l e g a t e d  a u t h o r i t y ,  e s t a b l i s h e d  i n  1938, and p r o v i d e d  f o r  

CAA (FAA) - i n d u s t r y  c o o p e r a t i o n  i n  t h e  development o f  t h e  per fo rmance  

s tandards  "and a  fo rm o f  s e l f - r e g u l a t i o n  by i n d u s t r y  i n  demons t ra t i ng  

comp l iance  w i t h  t h e s e  s t anda rds . "  T h i s  i s  found i n  P a r t  514 o f  t h e  Re- 

g u l a t i o n s  o f  t h e  A d m i n i s t r a t o r ,  and a l l  c u r r e n t  TSO's a r e  l i s t e d  i n  

P a r t  37 o f  14  Code o f  Federa l  R e g u l a t i o n s .  The manu fac tu re r  o b t a i n s  

a  TSO a u t h o r i z a t i o n  by s u b n i t t i n g  an a p p l i c a t i o n  and v a r i o u s  s u p p o r t i n g  

documents t o  t h e  Chief ,  E n g i n e e r i n g  and M a n u f a c t u r i n g  Branch, F l  i g h t  

S tandards  D i v i s i o n ,  o f  t h e  r e g i o n  i n  wh ich  t h e  manu fac tu re r  i s  l o c a t e d .  

The p rocedure  i s  d e s c r i b e d  i n  d e t a i l  i n  P a r t  37.5 o f  t h e  FAR'S, as  w e l l  

as d e s i g n  changes, app rova l  f o r  d e v i a t i o n s ,  r e c o r d  r equ i r emen ts ,  FAA 

i n s p e c t i o n ,  and r e p o r t i n g  o f  f a i l u r e s ,  m a l f u n c t i o n s  and d e f e c t s  ( r e -  

q u i r e d  a f t e r  January 3, 1971 ) .  A t  p r e s e n t  ( 14  CFR 1980) t h e r e  a r e  

86 sepa ra te  Techn i ca l  S tandard  Orders .  

The FAA found  47 o f  t h e  86 c u r r e n t  TSO's o b s o l e t e  i n  a  1971 r e v i e w  

(Waterman, 1972, p . 2 ) .  

General  a v i a t i o n  ( n o r m a l - u t i l i t y ,  Type 11) a i r c r a f t  covered  i n  

P a r t  37.136 (TSO-C39a), f o r  "minimum per fo rmance  s p e c i f i c a t i o n s , "  were 

covered  by NAS 806 a f t e r  1950, and NAS 809 a f t e r  1956. P r i o r  t o  March 

5, 1952 U.S. Department o f  Commerce R e g u l a t i o n s  o f  t h e  A d m i n i s t r a t o r  

( C i v i l  Ae ronau t i c s  A d m i n i s t r a t i o n )  P a r t  514, Subpar t  B - Minimum Per-  

formance S tandards  a p p l y  t o  Type I a i r  t r a n s p o r t  sea t s  f o r  wh ich  a  

t y p e  c e r t i f i c a t e  app l  i c a t i o n  was made. P a r t  514.35 a i r c r a f t  sea ts  and 

b e r t h s  (Type I t r a n s p o r t ,  6 g fo rward  ' load - TSO-C25a r e f e r e n c e s  i n  



a d d i t i o n  t h e  s tandards  o f  N a t i o n a l  A i r c r a f t  Standard (NAS) s p e c i f i c a t i o n  

806 ( r e v i s e d  January 1,  1956) e f f e c t i v e  f o r  a i r c r a f t  manufactured a f t e r  

January 14, 1  957 (Appendix  B )  . 
NAS 806, approved A p r i l  1,  1950, i n c l u d e d  sea t  r equ i r emen ts  f o r  

Type I1  ( n o r m a l - u t i l i t y )  gene ra l  a v i a t i o n  a i r c r a f t .  Based upon an 

occupan t  w e i g h t  o f  190 l b s  (170 l b s  f o r  Type I )  t h e  minimum l oads  were 

s p e c i f i e d  as f o l l o w s .  For  comparison, t h e  a i r  t r a n s p o r t  r equ i r emen ts  

(wh i ch  were l e s s  s t r i n g e n t )  a r e  a l s o  l i s t e d :  

General  A v i a t i o n  
( n o r m a l - u t i l  i t y )  A i r  T r a n s p o r t  

Force D i r e c t i o n  Type I 1  Type I 

Forward 1710 l b s .  (9 .0g)  1020 1  bs. (6 .09)  

Sideward 285 1  bs. ( 1 . 59 )  255 I b s .  (1 .59)  

Upward 570 1  bs. (3 .09)  340 I b s .  (2 .09)  

Downward 1254 l b s .  (6.69) 765 1  bs.  (4 .59)  

The f o rwa rd  l o a d s  corresponded t o  t h e  emergency c o n d i t i o n s  p r e s c r i b e d  

i n  t h e  C i v i l  A i r  Regu la t i ons .  Seats  i n t ended  f o r  mu1 t i p l e  occupancy 

were r e q u i r e d  t o  have t h e  l o a d s  i nc reased  a c c o r d i n g l y .  U l t i m a t e  l oads  

a r e  1.5 t imes  t h e  l i m i t  l o a d s .  (No te  t h a t  a t  t h i s  t i m e  a i r  t r a n s p o r t  

sea t s  were o n l y  r e q u i r e d  t o  meet a  6.09 f o rwa rd  l o a d ) .  

Tes t s  r e q u i r e d  t h a t  t h e  sea t s  suppo r t  t h e  1  i m i t  l o a d s  w i t h o u t  p e r -  

manent de fo rma t i on ,  t h e  d e f o r m a t i o n  n o t  i n t e r f e r e  w i t h  s a f e  o p e r a t i o n  

o f  t h e  a i r c r a f t ,  and t h a t  t h e  s t r u c t u r e  be capab le  o f  s u p p o r t i n g  t h e  

u l t i m a t e  l o a d s  s p e c i f i e d  w i t h o u t  f a i l u r e  f o r  a t  l e a s t  3  seconds. Tes t -  

i n g  i n  comp l iance  a l l o w e d  use o f  a  b l ock ,  o r  f rame, o r  dummy, r e s t r a i n e d  

i n  t h e  s e a t  by b e l t s  a t t a c h e d  t o  f i t t i n g s .  

2.3.2 C u r r e n t  Requirement (.TSO-C39a/NAS 809) .  The minimum p e r -  

formance s tandards  f o r  sea t s  and b e r t h s  t o  be i n s t a l l e d  i n  c e r t i f i e d  

genera l  a v i a t i o n  a i r c r a f t  i s  c u r r e n t l y  p r o v i d e d  i n  TSO-C39a f o r  Type I 1  

- normal and u t i l  i t y  c a t e g o r y .  



#37.136 A i r c r a f t  sea t s  and b e r t h s  - TSO-C39a. 
( a )  A p p l i c a b i l i t y  - ( 1  ) Minimum per formance s tandards .  

( i )  T h i s  t e c h n i c a l  s t anda rd  o r d e r  p r e s c r i b e s  t h e  minimum p e r -  
formance s tandards  t h a t  a i r c r a f t  sea t s  and b e r t h s  o f  t h e  f o l -  
l o w i n g  t ypes  must  meet i n  o r d e r  t o  be i d e n t i f i e d  w i t h  t h e  
app l  i c a  b l  e  TSO mark i ng :  

Type I - T r a n s p o r t  (99 f o r w a r d  l o a d ) .  
Type I 1  - Normal and U t i l i t y .  
Type I11 - A c r o b a t i c .  
Type I V  - R o t o r c r a f t .  

( i i )  New models o f  sea t s  and b e r t h s  t h a t  a r e  t o  be so 
i d e n t i f i e d ,  and t h a t  a r e  manufac tu red  on o r  a f t e r  May 1 ,  1972, 
must  meet t h e  s tandards  s e t  f o r t h  i n  N a t i o n a l  A i r c r a f t  S tandard  
(NAs) S p e c i f i c a t i o n  809, da ted  January 1,  1956, w i t h  t h e  ex- 
c e p t i o n s  covered  i n  subparagraph ( 2 )  o f  t h i s  paragraph.  NAS 
809 i s  i n c o r p o r a t e d  by r e f e r e n c e  h e r e i n  i n  accordance w i t h  5  
U.S.C. 552 (a ) (1 )  and t37 .23  and i s  a v a i l a b l e  as i n d i c a t e d  i n  
t37.23.  A d d i t i o n a l l y ,  NAS 809 may be examined a t  any FAA 
r e g i o n a l  o f f i c e  o f  t h e  C h i e f ,  Eng inee r i ng  and Manu fac tu r i ng  
Branch ( o r  i n  t h e  case o f  t h e  Western Region, t h e  Chief ,  A i r -  
c r a f t  Eng inee r i ng  D i v i s i o n ) ,  and may be o b t a i n e d  f rom t h e  
N a t i o n a l  Standards A s s o c i a t i o n ,  1321 1 4 t h  S t r e e t  NW., Wash- 
i n g t o n ,  DC 20005, a t  a  c o s t  o f  t h r e e  ( 3 )  d o l l a r s .  

( 2 )  Excep t i ons .  ( i )  The s ideward  l o a d s  as s p e c i f i e d  i n  
4.1.2. T a b l e  I need n o t  exceed t h e  r equ i r emen ts  o f  t h e  a p p l i -  
c a b l e  Federa l  A v i a t i o n  Regu la t i ons .  

( i i )  I n  l i e u  o f  comp l iance  w i t h  paragraphs 2.1, 3.12, and 
4.32 o f  NAS 809, m a t e r i a l s  i n  Type I sea ts  and b e r t h s  must  
comply  w i t h  t h e  f i r e  p r o t e c t i o n  p r o v i s i o n s  o f  #25.853(b)  o f  
t h i s  c h a p t e r .  

( b )  Mark ing .  The w e i g h t  r e q u i r e d  i n  137.7 need n o t  be 
i n c l  uded . 

( c )  P rev i ous  app rova l .  Seats  and b e r t h s  approved p r i o r  t o  
May 1,  1972, mav c o n t i n u e  t o  be manufac tu red  under  t h e  p r o v i s i o n s  
o f "  t h e i r  o r i g i n a l  approva l  . 
[Amdt. 37-32, 37 F.R. 3973, Feb. 24, 1972](14CFR23, 1980 ) .  

I n  t u r n  C39a r e f e r s  t o  N a t i o n a l  A i r c r a f t  Standards S p e c i f i c a t i o n  

809 f o r  d e f i n i t i o n  o f  minimum per formance and s a f e t y  s tandards  f o r  sea t s  

and b e r t h s .  C u r r e n t  app l  i c a b l  e  r equ i r emen ts  f o r  d e s i g n  s t r e n g t h  (Type 

I 1  i s  genera l  a v i a t i o n - n o m a l l u t i l  i t y )  

4.1.2 S t r e n g t h :  A l l  sea ts  and b e r t h s  i n t ended  f o r  s i n g l e  
occupancy s h a l l  be des igned  f o r  t h e  u l t i m a t e  l o a d s  s p e c i f i e d  
i n  Tab le  I. The l oads  s h a l l  be cons i de red  as a c t i n g  s e p a r a t e l y  
and s h a l l  be based on a  passenger w e i g h t  o f  170 pounds f o r  
Types I and I V  sea t s  and 190  pounds ( i n c l u d e s  pa rachu te )  f o r  
Types I 1  and I 1 1  sea t s .  The w e i g h t  o f  t h e  s e a t  o r  b e r t h  t imes  
t h e  approx imate  " g "  v a l u e  s h a l l  be added t o  t h e  u l t i m a t e  l oads  
s p e c i f i e d  i n  Tab le  I. For sea t s  i n t ended  f o r  m u l t i p l e  occu- 
pancy t h e  l o a d s  must be i nc reased  a c c o r d i n g l y .  U l  t i r na te  l oads  
a r e  1 . 5  t imes  t h e  1  i m i  t l o a d s .  



Tab le  I (1  ) 

Load 
D i r e c t i o n  Type I Type II** Type I11 Type I V  

Forward 1530 lbs . (g .Og)  1710 1bs . (9 .0g)  1710 lbs . (g .Og)  680 l b s . ( 4 . 0 g )  
Sideward*** 510 1  bs.(3.0g) 570 1  bs. (3 .0g)  570 1  bs.(3.0g) 340 1  bs. (2 .0g)  
Upward 3401bs . (3 .Og)  5 7 0 1 b s . ( 3 . 0 g )  8 5 5 1 b s . ( 4 . 5 g )  2 5 5 1 b s . ( 1 . 5 g )  
Downward 1 0 2 0 1 b s . ( 6 . 0 g ) *  1 3 3 0 1 b s . ( 7 . 0 g ) *  1 7 1 0 1 b s . ( 9 , 0 g )  6801bs . ( 4 . 0g )  

* The reason  f o r  t h e  down l o a d s  exceed ing  t h o s e  p r e s c r i b e d  i n  t h e  emergency 
l a n d i n g  c o n d i t i o n s  o f  t h e  a p p l i c a b l e  C i v i l  A i r  Regu la t i ons  i s  t o  p r o v i d e  
f o r  t h e  reduced w e i g h t  g u s t - l o a d - f a c t o r  o r  s p e c i a l  l a n d i n g  r equ i r emen ts  
which, i n  some cases, may be g r e a t e r  t han  t h e  emergency l a n d i n g  l o a d s .  

** C i v i l  A i r  Regu la t i ons  r e q u i r e  use o f  pa rachu te  i n  U t i l i t y  Ca tegory  
A i r c r a f t  ope ra ted  i n  a c r o b a t i c  f l  i g h t .  

There a r e  a d d i t i o n a l  r equ i r emen ts  r e l a t e d  t o  p i l o t  sea t s  and back r e s t  

1  oads. 

4.1.2.1 P i l o t  and C o - P i l o t  Sea t  Loads: I n  a d d i t i o n  t o  t h e  l o a d s  
s p e c i f i e d  i n  Tab le  I above, p i l o t  and c o - p i l o t  sea t s  s h a l l  be des igned  
t o  w i t h s t a n d  t h e  f o l l o w i n g  r ea rwa rd  l o a d s  a p p l i e d  8  i nches  above t h e  
i n t e r s e c t i o n  o f  t h e  s e a t  back and s e a t  bot tom t o  p r o v i d e  f o r  t h e  
a p p l i c a t i o n  o f  p i l o t  f o r c e s  t o  t h e  f l i g h t  c o n t r o l s :  

Type I sea ts  450 pounds 

Type I1 and I11 sea t s  300 pounds f o r  a i r c r a f t  we igh i ng  5000 
pounds o r  under ,  and 450 pounds f o r  
a i r c r a f t  we igh i ng  o v e r  5000 pounds. 

Type IV sea t s  195 pounds 

4.1.2.2 Back Rest  Loads: The back r e s t  o f  r ea rwa rd  f a c -  
i n g  sea t s ,  when i n  t h e  most  v e r t i c a l  p o s i t i o n ,  s h a l l  w i t h s t a n d  
t h e  f o l l o w i n g  a i r p l a n e  f o r w a r d  l o a d s  app l  i ed s e p a r a t e l y :  

Type I Seats - 1530 pounds d i s t r i b u t e d  o v e r  t h e  s e a t  
back w i t h  t h e  l o a d  C.G.  l o c a t e d  10.5 i nches  up f rom 
t h e  base o f  t h e  s e a t  back as d e s c r i b e d  i n  t h e  n o t e  i n  
S e c t i o n  4.3.1. 

Type I 1  and 111 Seats  - 1710 pounds d i s t r i b u t e d  o v e r  
t h e  s e a t  back w i t h  t h e  l o a d  C.G .  l o c a t e d  10.5 i nches  
up f rom t h e  base o f  t h e  s e a t  back as d e s c r i b e d  i n  t h e  
n o t e  i n  S e c t i o n  4.3.1. 

(1  ) Type I r e f e r s  t o  a i r  c a r r i e r  a i r c r a f t .  Type I1 r e f e r s  t o  normal - 
u t i l i t y  ( gene ra l  a v i a t i o n )  a i r c r a f t .  Type I I I  i s  a c r o b a t i c  and Type 

IV i s  r o t o r c r a f t .  



Other  r equ i r emen ts  f o r  c a s t i n g s ,  s t r e n g t h ,  a t t achmen ts ,  and q u a l i -  

f i c a t i o n  t e s t i n g  a r e  as f o l l o w s :  

4 .1 .2 .3 C a s t i n g  F a c t o r s :  I f  c a s t i n g s  a r e  used i n  t h e  
c o n s t r u c t i o n  o f  t h e  s e a t  t h e  c a s t i n g s  s h a l l  have a  f a c t o r  o f  
s a f e t y  o f  2.0 where o n l y  v i s u a l  i n s p e c t i o n  i s  employed excep t  
t h a t  i t  need n o t  exceed 1.25 w i t h  r e s p e c t  t o  b e a r i n g  s t r e s s e s .  
A s a f e t y  f a c t o r  o f  1.25 i s  s a t i s f a c t o r y  i f  t h e  c a s t i n g  i s  
s u b s t a n t i a t e d  by t e s t i n g  a t  l e a s t  t h r e e  samples and i f  v i s u a l  
and r a d i o g r a p h i c  i n s p e c t i o n  i s  employed on a11 p r o d u c t i o n  
c a s t i n g s  t o  assu re  t h a t  t h e y  a r e  a t  l e a s t  e q u i v a l e n t  t o  t h e  
t e s t  specimens. The samples s h a l l  w i t h s t a n d  t h e  u l t i m a t e  
l o a d s  mu1 t i p l  i e d  by t h e  1.25 f a c t o r  and t h e  1  i m i t  l o a d s  
mu1 t i p l  i e d  by  t h e  f a c t o r  o f  1.1 5 .  These l o a d s  shou ld  be 
a p p l i e d  s e p a r a t e l y .  D i e  c a s t i n g s  s h a l l  n o t  be used i n  t h e  
p r i m a r y  s t r u c t u r e  o f  t h e  s e a t  w i t h o u t  100% r a d i o g r a p h i c  i n -  
s p e c t i o n .  Cas t i ngs  f a c t o r s  o t h e r  t h a n  t hose  s p e c i f i e d  above 
s h a l l  be a c c e p t a b l e  i f  t h e y  a r e  f ound  t o  be a p p r o p r i a t e l y  
r e l a t e d  t o  t e s t s  and t o  i n s p e c t i o n  p rocedures .  

4.1.2.4 U l t i m a t e  Load S t r e n g t h :  The s e a t  o r  b e r t h  i n  
any o f  i t s  a d j u s t a b l e  p o s i t i o n s ,  when i n s t a l l e d  f a c i n o  i n  a  
s p e c i f i e d  d i r e c t i o n  o r '  d i r e c t i o n s  and when occup ied  by maximum 
number o f  occupants ,  s h a l l  be capab le  o f  w i t h s t a n d i n g  u l  t i -  
mate  l o a d s  w i t h o u t  f a i l u r e  f o r  a t  l e a s t  t h r e e  ( 3 )  seconds. 

4.1.2.5 L i m i t  Load S t r e n g t h :  The s e a t  o r  b e r t h  i n  any o f  
i t s  a d j u s t a b l e  p o s i t i o n s ,  when i n s t a l l e d  f a c i n g  i n  a  s p e c i f i e d  
d i r e c t i o n  o r  d i r e c t i o n s  and when occup ied  by maximum number 
o f  occupants ,  s h a l l  be capab le  o f  w i t h s t a n d i n g  u l t i m a t e  l oads  
w i t h o u t  f a i l u r e  f o r  a t  l e a s t  t h r e e  ( 3 )  seconds. 

4 .1 .3  A t tachments :  For  Types I, I 1  and 111 sea t s  and 
b e r t h s  t h e  s t r e n g t h  o f  t h e  s e a t  o r  b e r t h  a t t achmen ts  t o  t h e  
s t r u c t u r e  and s a f e t y  b e l t  o r  shou lde r  harness a t t achmen ts  t o  
s e a t  o r  s t r u c t u r e ,  s h a l l  be 1  .33 t imes  t h e  u l t i m a t e  l o a d s  s p e c i -  
f i e d  i n  Tab le  I excep t  t h a t  t h e  down l o a d  need n o t  be cons i de red  
f o r  t h e  s a f e t y  be1 t o r  shou lde r  harness a t t achmen ts .  When 
anchorages f o r  s a f e t y  b e l t s  a r e  p rov i ded ,  t h e y  shou ld  be o f  
a  t y p e  wh i ch  w i l l  p e r m i t  s e l f - a l i g n i n g  o f  t h e  b e l t  o r  f i t t i n g .  
For  b e r t h  be1 t a t t achmen ts ,  t h e  f a c t o r  s h a l l  be 1  .15. 

4.1.4 P r o j e c t i o n s :  The s u r f a c e s  o f  t h e  s e a t  s h a l l  be 
f r e e  f r om  sha rp  edges o r  p r o j e c t i o n s  wh ich  may c h a f e  t h e  s a f e t y  
be1 t o r  shou lde r  harness webbing. P r o j e c t i o n s ,  sharp  c o r n e r s ,  
and o t h e r  hazardous f e a t u r e s ,  a g a i n s t  wh ich  t h e  s e a t  occupan t  
may be th rown d u r i n g  a  c rash ,  s h a l l  be avo ided  i n s o f a r  as pos- 
s i b l e .  Any u n a v o i d a b l e  f e a t u r e s  o f  t h i s  n a t u r e  s h a l l  be padded 
t o  p r e v e n t  s e r i o u s  head, neck o r  c h e s t  i n j u r y  t o  t h e  occupan ts .  

4.2 Mark ing :  Each s e a t  o r  b e r t h  s h a l l  be l e g i b l y  and perma- 
n e n t l y  marked w i t h  t h e  f o l l o w i n g  i n f o r m a t i o n :  

M a n u f a c t u r e r ' s  Name 
Model Number o r  Name 
Seat  and Fac ing  D i r e c t i o n  ( e . g . ,  f o rwa rd ,  a f t ,  s ideward,  

sw i ve l  ) 
S e r i a l  Number o r  Date o f  Manu fac tu re  
N a t i o n a l  A i r c r a f t  S tandard  Number (NAS ) 



Forward Fac i ng  Sideward F a c i n g  Rearward F a c i n g  
Sea t  - Seat  - Seat  - 

Down Even l y  o v e r  s e a t  Even l y  o v e r  s e a t  Even l y  o v e r  s e a t  
Load bo t tom bo t tom bo t tom 

S ide*  10 .5 "  up  f r om  10.5" up f r om  10 .5"  u p  f r om  
Load base o f  b l o c k  & base o f  b l o c k  & base o f  b l o c k  & 

abou t  8.5" f o r -  abou t  8.5'' f o r -  abou t  8.5" f o r -  
ward f r om  back ward f rom back ward from back 
o f  b l o c k .  o f  b l o c k .  o f  b l o c k .  

u P* I I 

Load 

Forward I! 

Load 
I! A p p l i e d  as  s p e c i -  

f i e d  i n  4 .1 .2 .2  

*Note: These d imens ions  f o r  t h e  l o c a t i o n  o f  l o a d  a p p l i c a t i o n  
assume t h a t  t h e  s e a t  and back c u s h i o n  a r e  i n  p l a c e  and t h a t  
t h e  s e a t  c u s h i o n  i s  compressed 2 i nches .  I f  t h e  cush ions  a r e  
removed f o r  t h e  t e s t  o r  i f  t h e  s e a t  c u s h i o n  compress ion  v a r i e s  
f r om  2 i nches ,  t h e  l o c a t i o n  f o r  a p p l y i n g  t h e  l o a d s  s h a l l  be 
changed a c c o r d i n g l y .  

T h i s  simp1 i f i e d  body b l o c k  i s  s a t i s f a c t o r y  f o r  t e s t  purposes.  
I t  may be r e f i n e d  o r  m o d i f i e d  if d e s i r e d ;  however, t h e  a p p l i -  
c a t i o n  o f  a l l  t e s t  l o a d s  shou ld  be m o d i f i e d  a c c o r d i n g l y  i f  
necessary .  

1- 16"J 
Front  View 

Sect ion  A-A 



4.3 Q u a l i f i c a t i o n  T e s t s :  T e s t s  s h a l l  be conduc ted  as  neces- 
s a r y  t o  demons t ra te :  

( a )  t h a t  t h e  s e a t s  o r  b e r t h s  a r e  c a p a b l e  o f  s u p p o r t i n g  t h e  
1  i m i t  l o a d s  w i t h o u t  d e t r i m e n t a l  permanent d e f o r m a t i o n ;  

( b )  t h a t ,  a t  a l l  l o a d s  up  t o  l i m i t  l o a d s ,  t h e  d e f o r m a t i o n  
s h a l l  be such as  n o t  t o  i n t e r f e r e  w i t h  t h e  s a f e  o p e r a t i o n  o f  
t h e  a i r c r a f t :  

( c )  t h a t  t h e  s t r u c t u r e  i s  c a p a b l e  o f  s u p p o r t i n g ,  w i t h o u t  
f a i l u r e  f o r  a t  l e a s t  3  seconds, t h e  u l t i m a t e  l o a d s  s p e c i f i e d  
h e r e i n  when a p p l  i e d  s e p a r a t e l y .  

I f  i t  can  be shown t h a t  f a i l u r e  o f  an  arm r e s t  o n  a  s e a t  assembly  
does n o t  r e d u c e  t h e  degree o f  s a f e t y  a f f o r d e d  t h e  occupan t ,  
such f a i l u r e  w i l l  n o t  be cause f o r  r e j e c t i o n .  

4.3.1 D e t a i l  Q u a l i f i c a t i o n  T e s t  Requ i remen ts :  The s e a t  
o r  b e r t h  s h a l l  be l o a d e d  i n  t e s t s  such t h a t  t h e  l o a d s  imposed 
on  t h e  s e a t  o r  b e r t h  by  t h e  o c c u p a n t ( s )  i n  c o n j u n c t i o n  w i t h  
t h e  s a f e t y  b e l t  o r  b e l t s  and t h e i r  a t t a c h m e n t s  a r e  a c c u r a t e l y  
s i m u l a t e d  by  means o f  a  b l o c k  o r  f rame o r  dummy w h i c h  i s  r e -  
s t r a i n e d  i n  t h e  s e a t  o r  b e r t h  by  t h e  b e l t  o r  b e l t s  a t t a c h e d  
t o  t h e i r  f i t t i n g s .  The t e s t s  may be conduc ted  i n  a  j i g  s imu- 
l a t i n g  i n s t a l  l a t i o n  c o n d i t i o n s .  The u l t i m a t e  l o a d s ,  when 
a p p l i e d  s e p a r a t e l y ,  w i l l  s e r v e  t o  s i m u l a t e  t h e  l o a d s  imposed 
by t h e  occupan t .  

4.3.1.1 When a  s e a t  o r  b e r t h  i s  t o  be i n s t a l l e d  o r  
a d j u s t s  t o  f a c e  i n  o t h e r  t h a n  t h e  f o r w a r d  d i r e c t i o n ,  s u f -  
f i c i e n t  t e s t s  s h a l l  be made t o  s h b s t a n t i a t e  t h e  s e a t  s t r e n g t h  
f o r  a1 1 i n t e n d e d  p o s i t i o n s .  

4.3.1.2 When t e s t i n g  f o r  a  p a r t i c u l a r  l o a d  c o n d i t i o n  
o f  a  v e r t i c a l l y  o r  h o r i z o n t a l l y  a d j u s t a b l e  s e a t ,  t h e  mos t  
c r i t i c a l  s e a t  p o s i t i o n  a s s o c i a t e d  w i t h  t h a t  l o a d  s h a l l  be used 
f o r  t h e  t e s t .  

4.3.1.3 Where t h e  s a f e t y  b e l t  o r  b e l t s  o r  harness a r e  
n o t  a t t a c h e d  t o  t h e  s e a t  o r  b e r t h  s t r u c t u r e ,  t h e  s e a t  o r  b e r t h  
s h a l l  be t e s t e d  f o r  t h e  l o a d s  wh ich  would  be imposed o n  such 
i n s t a l  l a t i o n .  

4.3.2 F lame-Res is tance T e s t  o f  S e a t  Covers :  Specimens 
o f  t h e  s e a t  c o v e r i n g  and u p h o l s t e r y  s h a l l  meet  t h e  a p p l i c a b l e  
t e s t s  s p e c i f i e d  i n  3.1.2. 

( S p e c i f i c a t i o n  - A i r c r a f t  Seats  and B e r t h s ,  NAS 809, approved 
1  January  1956)  (Appendix  C )  . 
2.3.3 D i s c u s s i o n  and A n a l y s i s .  The p r e s e n t  FAA r e q u i r e m e n t s  f o r  

s e a t s  and s e a t  t e s t s  were l a s t  r e v i s e d  i n  1956 (when NAS 809 r e p l a c e d  

NAS 806, d a t i n g  f rom 1950)  as  r e f e r e n c e d  i n  TSO-C39a. C o n s i d e r i n g  t h e  

p r o g r e s s  o f  t h e  s t a t e - o f - t h e - a r t  i n  t h e  g e n e r a t i o n  t h a t  has e lapsed  

s i nce  then, Congressman G o l d w a t e r ' s  s t a t e m e n t  i n  r e c e n t  c o n g r e s s i o n a l  

h e a r i n g s  o n  a i r c r a f t  ( a i r 1  i n e )  passenger  s e a t  s t r u c t u r a l  d e s i g n  seems 



p e r t i n e n t :  "You would t h i n k  i n  28 y e a r s  we would know more abou t  i t .  

You would t h i n k  t h a t  t h e  s t a t e - o f - t h e - a r t  would have advanced and t h a t  

know1 edge would have been a c q u i r e d  i n  t h o s e  y e a r s  t o  d i c t a t e  s u p e r i o r  

d e s i g n  t o  what was c r e a t e d  i n  t h e  1950 's " (House  o f  Rep resen ta t i ves ,  

June 5, 1980, p .433) .  

On August  12, 1969 FAA pub1 i s h e d  a  N o t i c e  o f  Proposed Rulemaking 

wh ich  i n c l u d e d  a  p roposa l  t o  i n c r e a s e  c e r t a i n  a i r c r a f t  s e a t  s t r e n g t h  

r equ i r emen ts .  I n  1970 FAA i n i t i a t e d  r e s e a r c h  t o  deve lop  s t r o n g e r ,  

more energy -absorb ing  a i r c r a f t  sea t s .  I n  June 1970 t h e  FAA i n i t i a t e d  

development  o f  s t anda rds  f o r  a  new s e a t  TSO. O r i g i n a l l y  t h e  i n t e r n a l  

s t u d i e s  were focused  on  t h e  need f o r  energy -absorb ing  s e a t  d e s i g n  

c r i t e r i a  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  (FAR 25) .  I n  A p r i l  1976 t h e  
work was " r e v a l i d a t e d , "  and i n  February  1977 t h e  scope was r e v i s e d  t o  

i n c l u d e  a  s e a t  TSO f o r  a l l  c a t e g o r i e s  o f  a i r c r a f t  i n c l u d i n g  gene ra l  

a v i a t i o n  ( n o r m a l / u t i l  i t y ) .  By August  1978 d r a f t  s t anda rds  f o r  a new 

s e a t  TSO were completed,  a f t e r  8  y e a r s  o f  e f f o r t  (Ross, 1978 ) .  T h i s  

work r ev i ewed  p r e v i o u s  s e a t  t e s t i n g  and c r i t e r i a ,  a c c i d e n t  i n j u r y  da ta ,  

and recommended p rocedures .  S i n c e  " t h e r e  was no ev idence  t h a t  t h e  

c u r r e n t  s t anda rds  a r e  inadequa te"  (GAO, 1 9 8 0 ) ,  t h i s  s t a t emen t  i s  i n  

c o n f l i c t  w i t h  e a r l i e r  FAA t e s t  r e p o r t s  wh ich  r e p o r t e d  a  number o f  
i nadequac ies  and need t o  upda te  t h e  s t anda rds .  Some o f  t h e s e  w i l l  be 

no ted  i n  t h e  f o l l o w i n g  b r i e f  d i s c u s s i o n .  

The adequacy o f  minimum s t r e n g t h  r equ i r emen ts  f o r  sea t s ,  o b t a i n e d  

by d i r e c t  compar ison  t o  t h e  s e r v i c e a b l  e  a c c i d e n t  l o a d i n g ,  was found  t o  

be " i nadequa te  f o r  17% o f  a c c i d e n t s "  i n  t h e  f o r w a r d  d i r e c t i o n  (23.561 ; 

TSO-C39,9g), " i nadequa te  f o r  36% t o  58% o f  a c c i d e n t s "  i n  t h e  downward 

d i r e c t i o n  (FAR 23 has no r e q u i r e m e n t ) ,  o r  u s i n g  TSO-C39 r e q u i r e m e n t  f o r  

7.09, " i nadequa te  f o r  34% o f  a c c i d e n t s  . "  For  s ideward  impac ts  (FAR 23, 

1.59; TSO-C39, 3.09) and f o r  upward impac t s  (FAR 23, 3.09; TSO-C39, 

3.99) i n s u f f i c i e n t  c r a s h  t e s t  d a t a  was l o c a t e d  t o  p r o v i d e  an e s t i m a t e  

(Ross, 1967, p .14) .  

A s i d e  l o a d  r e q u i r e m e n t  o f  o n l y  1 .5  g  o f f e r s  r e l a t i v e l y  l i t t l e  

p r o t e c t i o n .  I n  1967 an  FAA t r a n s m i t t a l  s t a t e d  " i t  i s  f e l t  t h a t  t h e  1 . 5  g 

s i d e  l o a d  r e q u i r e m e n t  i s  i nadequa te  t o  p r o t e c t  t h e  p i l o t  and passengers 



i n  modern a i r c r a f t "  ( L e t t e r ,  C h i e f ,  E n g i n e e r i n g  and M a n u f a c t u r i n g  

D i v i s i o n ,  t o  C h i e f ,  F l i g h t  S tandards  D i v i s i o n ,  2 /8 /67 ;  a t t achmen t  1 ,  

Cong ress i ona l  Hea r i ngs ,  1980, p.121) . 
The s i d e  Toad r e q u i r e m e n t s  had been rev i ewed  as a  r e s u l t  o f  "a 

number o f  a c c i d e n t s  i n v o l v i n g  P i p e r  PA-28 and PA-32 s e r i e s  a i r c r a f t  

w h e r e i n  t h e  p i l o t  and /o r  passengers have been s e r i o u s l y  o r  f a t a l l y  

i n j u r e d  as a  r e s u l t  o f  f a i l u r e  o f  t h e  s e a t s  o r  s e a t  b e l t  f i t t i n g s  i n  

a  s i dewa rd  d i r e c t i o n "  (Cong ress i ona l  Hear ings ,  September 1980, p.121) . 
The FAA r e t e s t e d  s i m i l a r  s e a t s  i n  1966 t o  t h e  r e q u i r e m e n t s  o f  CAR 3.390 

( unde r  wh i ch  t h e y  were c e r t i f i e d ) ,  p r e s e n t l y  #23.785, f o l l o w i n g  t h e  

t e s t  p rocedures  o f  TSO-C39. No ev i dence  o f  f a i l u r e  was f ound  i n  any 

o f  t h e  s t a t i c  t e s t s .  

I n  1967 an  FAA e n g i n e e r i n g  s t u d y  r e s u l t e d  i n  t h e  recommendat ion 

t h a t  23.561 be r e v i s e d  t o  r e q u i r e  t h a t  t h e  s e a t  be s u b j e c t e d  t o  a  

s i dewa rd  u l t i m a t e  i n e r t i a  l o a d  f a c t o r  o f  3.09. I t  a l s o  recommended 

r e v i s i n g  23.561 and 23.785 t o  r e q u i r e  t h a t  l o a d s  be " c o n s i d e r e d  i n  

a l l  p r a c t i c a l  comb ina t i ons "  as  w e l l  a s  s e p a r a t e l y  (Ross, 1 9 6 7 ) .  

An FAA s t u d y  comple ted  i n  Feb rua ry  1969 i n c l u d e d  t h e  c o n c l u s i o n  

t h a t  w i t h  improved t e s t  d e s i g n  r e q u i r e m e n t s  t h e  p r o b a b i l i t y  f o r  s e a t  

f a i l u r e  i n  sma l l  a i r p l a n e  a c c i d e n t s  c o u l d  be decreased f rom abou t  97 

p e r c e n t  t c  a b o u t  80  p e r c e n t  ( t h e  s e v e r i t y  o f  some impac t  c o n d i t i o n s  

p r e c l u d e  a  100% s e a t  s u r v i v a l  ) .  For  FAR 23 gene ra l  a v i a t i o n  a i r c r a f t  

t h i s  r e p o r t  conc l uded  t h a t  t h e  f o l l o w i n g  s e a t  d e s i g n  l o a d  f a c t o r s  shou ld  

be app l  i e d  : 

Seat  Des ign  Load F a c t o r s  
f o r  17% Improved S u r v i v a l  

Forward 
S ideward  
Downward 
Upward 

(Ross, 1969)  

T h i s  s t u d y  conduc ted  a  s u r v e y  o f  maximum t e s t  ( s t a t i c )  l o a d s  

a p p l i e d  t o  s e a t s  by v a r i o u s  s e a t  m a n u f a c t u r e r s  and r ev i ewed  d a t a  f rom 

34 sma l l  a i r p l a n e  s e a t s .  These d a t a  f rom t h e  m a n u f a c t u r e r s  suggested 



app rox ima te  u l t i m a t e  s e a t  c a p a b i l i t i e s  f o r  gene ra l  a v i a t i o n  i n  t h e  

f o l l o w i n g  ranges  a t  t h a t  t i m e .  

Forward 7 . 9  g  - 12.7 g  
Sideward 1 .8  g  - 4.2 g  
Downward 6.1 g  - 10.6 g 
Upward 2 . 6 g  - 4 . 5 g  

T e s t  c r i t e r i a  deve loped  and used by FAA o v e r  t h e  p a s t  decade i n  

some dynamic s e a t  t e s t s  i n c l u d e  t h e  f o l l o w i n g  d e s i g n  i m p u l s e  d a t a  

(Madayag, unpubl  i s h e d ) .  These d a t a  were "sugges ted  as a r b i t r a r y  i n i t i a l  

t e s t  impu l se  c r i t e r i a  u n t i l  r e a l  i s t i c  expe r imen ta l  c r a s h  d a t a  f r om  

component o r  f u l l  s c a l e  t e s t i n g  o f  gene ra l  a v i a t i o n  a i r p l a n e s  a r e  

a v a i l a b l e "  (FAA Summary o f  C rashwo r t h i ness  I n f o r m a t i o n  f o r  Smal l  A i r -  

p l a n e s ,  1973) .  

Design Pu lses  f o r  Dynamic Sea t  T e s t i n g  

Peak G Pu l se  Time (sets)* Pu l se  Shape D i r e c t i o n  

L o n g i t u d i n a l  20 0.15 + 0.04 T r i a n g u l  a r  
V e r t i c a l  2  5  0.85 T 0.03 T r i a n g u l  a r  
L a t e r a l  1 0  0.1 2 5  - 0.05 T r i a n g u l a r  

* The r i s e  t i m e  t o  Peak G may v a r y  between 2 0 .2  T  f r om  T /2 .  
(Madayag , unpubl  . ) 

I n  1964 a  gene ra l  dynamics s t u d y  conduc ted  f o r  t h e  FAA on Crash- 

w o r t h y  Des iqn  P r i n c i p l e s  p resen ted  a  number o f  s e a t  d e s i g n  c o n f i g u r a t i o n s  

t o  improve  d u c t i l e  c o l l a p s e  c h a r a c t e r i s t i c s  (Green, e t  a l ,  1964 ) .  

( I n  1956 t h e  N a t i o n a l  A d v i s o r y  Committee f o r  A e r o n a u t i c s  ,had pub! i s h e d  

a  s t u d y  on p r i n c i p l e s  o f  s e a t  d e s i g n  f o r  c r a s h w o r t h i n e s s  t h a t  was based 

upon p r e v i o u s  dynamic t e s t  c r a s h  s t u d i e s  o f  1  i g h t  a i r c r a f t ,  e xpe r imen ta l  

t e s t s ,  and ma thema t i ca l  a n a l y s i s  ( .Pinkel  and Rosenburg, 1956 ) .  The 

expe r imen ta l  des igned  s e a t  t e s t s  used a  200 1  b  dummy and reduced  40  g  

( l o n g i t u d i n a l  ) impac ts  t o  a  u n i f o r m  20 g  on t h e  dummy's h i p s .  The 

FAA d i d  no f o l l o w - u p  t e s t s  o r  e v a l u a t i o n . )  

The U.S. Army Crash S u r v i v a l  Des ign  Guide recommended i n  1967 t h e  

f o l l o w i n g  s t a t i c  n o n - y i e l d i n g  s t r e n g t h  f a c t o r s  f o r  s e a t s  ( n o t e  t h a t  

t h e  Army used 200 1  b  a v i a t o r s  p l u s  w e i g h t  o f  s e a t  i n  c a l c u l a t i o n s ,  v e r s u s  

170 I b s  r e q u i r e d  by FAA). 

Forward Down & S i d e  Aft - - 
Crew 259 179 89 99 129 
Passenger 209 179 89 99 129 



Dynamic t e s t  r equ i r emen ts  f o r  U.S. Army a i r c r a f t  sea t s  were s p e c i f i e d  

under  two t e s t  c o n d i t i o n s .  For  c o c k p i t  s e a t s  60 f p s  v e l o c i t y  change, 

40  g  t r i a n g u l a r  p u l s e  f o r  0.093 sec, w i t h  s e a t  45 degrees t o  t h e  h o r i -  

z o n t a l ,  and 20 degrees yaw. Cab in  sea t s  would be d y n a m i c a l l y  t e s t e d  

under  t h e  same c o n d i t i o n s  excep t  u s i n g  a  32 g  p u l s e  a t  0.120 sec t i m e  

d u r a t i o n  (Turnbow, e t  a1 . , 1967 ) .  

A  s e r i e s  o f  s t a t i c  and dynamic t e s t s  o f  passenger  sea t s  was con- 

duc ted  a t  t h e  N a t i o n a l  A v i a t i o n  F a c i l i t i e s  Expe r imen ta l  Cen te r  (NAFEC) 

by t h e  FAA wh i ch  was r e p o r t e d  i n  1969 (Voy l s ,  1969) .  The s t a t i c  t e s t  

p rocedures  o f  TSO-C-22 and C-39 f o r  c e r t i f y i n g  a i r c r a f t  were used, 

w h i l e  t h e  dynamic t e s t s  combined p rocedures  t h e  FAA deve loped  w i t h  t e s t  

p rocedures  t h e  Navy had deve loped  i n  p r e v i o u s  a i r c r e w  sea t s  t e s t i n g .  

T h i s  s e r i e s  o f  t e s t s  i s  i m p o r t a n t  because i t  documented b a s i c  p o i n t s  

o f  compar ison  between s t a t i c  ve r sus  dynamic t e s t s ,  l o n g  an i s s u e ,  and 

c l e a r l y  e s t a b l  i shed t h e  r e q u i r e m e n t  f o r  dynamic s e a t  t e s t i n g ,  

ques t i oned  t h e  v a l i d i t y  o f  s t a t i c  t e s t s :  

"A s i g n i f i c a n t  d i f f e r e n c e  between s t a t i c  and dynamic t e s t  
r e s u l t s  was found,  t h u s  w a r r a n t i n g  f u r t h e r  i n v e s t i g a t i o n  o f  
t h e  v a l i d i t y  o f  u t i l  i z i n g  s t a t i c  t e s t s  a l o n e  f o r  t h e  t y p e  c e r t i -  
f i c a t i o n  o f  a i r c r a f t  passenger sea t s  f o r  a  dynamic o r  c r a s h  
l o a d  r equ i r emen t .  The f a c t  t h a t  s t a t i c  t e s t  r e s u l t s ,  i n  them- 
se l ves ,  canno t  be r e l a t e d  t o  c r a s h  env i ronments  i s  demons t ra ted  
and c i t e d  as a  d e f i n i t e  l i m i t a t i o n  o f  s t a t i c  t e s t s .  Dynamic 
t e s t  r e s u l t s  a r e  demons t ra ted  as hav i ng  t h e  c a p a b i l i t y  o f  be i ng  
r e l a t e d  t o  c r a s h  env i ronments  and a r e  cons i de red  t o  be t h e  more 
mean ing fu l  i n  d e f i n i n g  t h e  b e h a v i o r  o f  sea t / occupan t  systems 
when s u b j e c t e d  t o  c r a s h  phenomena" (Voy l s ,  1969, i i i ) .  

The need f o r  u p d a t i n g  gene ra l  a v i a t i o n  sea t s  was r e c o g n i z e d  as an 

e a r l y  p r i o r i t y  by t h e  SAE's A-23 Committee on Genera l  A v i a t i o n  S a f e t y  

( C o c k p i t  S t a n d a r d i z a t i o n )  i n  t h e  l a t e  1 9 6 0 ' s .  D i scuss i ons  o f  t h i s  

commi t tee  1  ed i n  Oc tober  1975 t o  app rova l  o f  Aerospace Recommended 

P r a c t i c e ,  ARP 1318, (Genera l  A v i a t i o n  Sea t  Des ign ) ,  i n t e n d e d  t o  p r o v i d e  

d e s i g n  c r i t e r i a  f o r  p i l o t  and passenger sea t s  f o r  gene ra l  a v i a t i o n  a i r -  

c r a f t  ( P a r t  23 ) .  I n  i t s  p r e p a r a t i o n  " c o n s i d e r a t i o n  was g i v e n  t o  t h e  

r equ i r emen ts  o f  t h e  Federa l  A v i a t i o n  R e g u l a t i o n s ,  t h e  r e s u l t s  o f  numer- 

ous a c c i d e n t  i n v e s t i g a t i o n s  and r e s e a r c h  programs and t h e  recommendat ions 

o f  a i r c r a f t  o p e r a t o r s  and manu fac tu re r s . "  A1 though  t h i s  1975 ARP was 

approved by t h e  commi t tee  a f t e r  a  number o f  y e a r s  o f  d i s c u s s i o n ,  i t  was 



d i sapp roved  by t h e  Aerospace Counc i l  and a p p a r e n t l y  rema ins  i n  1  imbo, 

w i t h  t h e  commi t t e e  subsequen t l y  d i s s o l v e d  under  i n d u s t r y  p ressu re .  How- 

ever ,  t h e  g u i d e l i n e s  proposed c u r r e n t l y  r e p r e s e n t  t h e  s t a t e - o f - t h e - a r t  

r e l a t i v e  t o  recommended gene ra l  a v i a t i o n  c r a s h  s u r v i v a b i l i t y .  No te  t h a t  

i t  was proposed t h a t  p i l o t  and passenger  s e a t s  f o r  gene ra l  a v i a t i o n  a i r -  

c r a f t  s h o u l d  be des i gned  t o  w i t h s t a n d  a  dynamic u l  t i m a t e  l o a d  f a c t o r  

w i t h o u t  s e p a r a t i o n ,  f a i l u r e  o f  16  g ' s  upward and 1 5  g ' s  downward. Pre-  

s e n t  FAR'S (23.561) r e q u i r e  d e s i g n  t o  v e r t i c a l  u l t i m a t e  i n e r t i a  f o r c e s  

o f  o n l y  3 .0  g  (normal  and u t i l i t y  c a t e g o r i e s ) .  A  copy  o f  t h e  e n t i r e  

ARP i s  p r o v i d e d  i n  Appendix  A. 

A  j o i n t  NASA-FAA c r a s h w o r t h i n e s s  program i s  under  way a t  L a n g l e y  

Research Cen te r  i n  wh i ch  p a r t  o f  t h e  a n a l y t i c a l  and expe r imen ta l  p r o -  

gram i n c l u d e  e v a l u a t i n g  a i r f r a m e ,  sea t ,  and r e s t r a i n t - s y s t e m  concep t s  

f o r  m i t i g a t i n g  c r a s h  l o a d s  imposed on  occupan ts  o f  gene ra l  a v i a t i o n  

a i r c r a f t .  To d a t e  t h e  s e a t  t e s t  program i s  uncomple ted  and f i n a l  r e -  

s u l  t s  may n u t  be a v a i l a b l e  f o r  s e v e r a l  y e a r s .  

I n i t i a t i v e  was shown by  P i p e r  A i r c r a f t  Company i n  d e s i g n i n g  and 

t e s t i n g  a  new f r o n t  s e a t  w i t h  improved  energy  a b s o r p t i o n  c a p a b i l i t i e s  f o r  t h e  

Cherokee (PA-28) a i r c r a f t .  T h i s  program began i n  A p r i l  1971 and i n c l u d e d  

dynamic t e s t s  conduc ted  by  CAM1 i n  November 1971 (Chand le r  and T r o u t ,  

1978) .  P a r t i c u l a r  a t t e n t i o n  was g i v e n  t o  p r o v i d i n g  t h e  occupan t  p r o -  

t e c t i o n  f o r  h i g h  v e r t i c a l  v e l o c i t i e s ,  s i n c e  a c c i d e n t s  may i n v o l v e  l a r g e  

v e r t i c a l  l o a d s .  The d e s i g n  goa l  f o r  t h e  s e a t  s t r u c t u r e  was t o  a t t e n u a t e  

" a  downward v e l o c i t y  component o f  1500 f t / m i n  (7 .62  m/s)  o r  more i n  a  

d i s t a n c e  o f  a b o u t  8 i n c h e s  (20.3 cm) w i t h o u t  exceed ing  a c c e p t a b l e  g  l oads , "  

and r e s u l t  i n  a  1  i g h t w e i g h t ,  economica l ,  ene rgy -abso rb i ng  s e a t  ( U n d e r h i l l  

and McCul l ough ,  1972) .  

More r e c e n t l y ,  a  p r i v a t e  e f f o r t  t o  improve  gene ra l  a v i a t i o n  s e a t  

c r a s h  p r o t e c t i o n  has been i n i t i a t e d  by  t h e  M i s s i o n  A v i a t i o n  Crashwor th -  

i n e s s  Committee, c h a i r e d  by Paul D u f f y ,  and p a r t i c u l a r l y  by W y c l i f f e  

J u n g l e  A v i a t i o n  and Rad io  S e r v i c e  (JAARS) o f  Wax Haw, N o r t h  C a r o l i n a .  

O p e r a t i n g  a  l a r g e  number o f  l i g h t  a i r c r a f t  a l l  o v e r  t h e  w o r l d  under  

hazardous c o n d i t i o n s ,  t h i s  m i s s i o n a r y  g roup  has n o t  been w i l l i n g  t o  w a i t  

f u r t h e r  f o r  t h e  FAA t o  g e t  a round  t o  r e g u l a t i n g  necessa ry  improvements.  

They have des igned  and f a b r i c a t e d  energy  a b s o r b i n g  sea t s  ( f o r  f r o n t  and 

r e a r )  i n  t h e i r  own shops and r e c e n t l y  d y n a m i c a l l y  t e s t e d  one i n s t a l l e d  

i n  a  P i p e r  Az tec  c r a s h  t e s t e d  by NASA Lang ley .  



2.4 S a f e t y  B e l t s  ( P a r t  34.132) TSO-C22f 

The minimum per fo rmance  s t anda rds  t h a t  s a f e t y  be1 t s  must  meet a r e  

s p e c i f i e d  i n  t e c h n i c a l  s t a n d a r d  o r d e r  (TSO) C-22 f .  New models o f  s a f e t y  

b e l t s  manufac tu red  a f t e r  May 1 ,  1972, a l s o  mus t  meet s t anda rds  s e t  f o r t h  

i n  N a t i o n a l  A i r c r a f t  S tandards  (NAS) S p e c i f i c a t i o n  802 ( r e v i s e d  May 15,  

1950) ,  w i t h  i m p o r t a n t  e x c e p t i o n s  as w i l l  be d i s cussed .  

2.4.1 Development o f  FAA Requi rement .  I n  t h e  o r i g i n a l  A i r  Commerce 

R e g u l a t i o n s  e f f e c t i v e  December 13, 1926 s e a t  be1 t s  were s p e c i f i e d  f o r  

open c o c k p i t  a i r p l a n e s  b u t  no s t r e n g t h  r equ i r emen ts  were l i s t e d .  T h i s  

i s  n o t  unexpected.  C o n s i d e r i n g  t h e  h i s t o r y  o f  t h e  development  o f  t h e  

r e g u l a t i o n s ,  t h e  i n i t i a l  r equ i r emen ts  were c o m p a r a t i v e l y  b r i e f  and s imp le .  

However, d u r i n g  t h e  f o l l o w i n g  1 0  months t h e r e  was c o n s i d e r a b l e  eng inee r -  

i n g  d i s c u s s i o n  and a  number o f  a d d i t i o n a l  d e t a i l s  and m o d i f i c a t i o n s  

were p repared  wh i ch  were i n c o r p o r a t e d  i n t o  t h e  expanded A i r w o r t h i n e s s  

Requi rements o f  A i r  Commerce R e g u l a t i o n s  (no.7A) o f  1929. The f i r s t  

s t r e n g t h  r e q u i r e m e n t  was s p e c i f i e d  a t  t h a t  t i m e :  

" The s t r e n g t h  o f  t h e  b e l t  and i t s  anchorage s h a l l  be 

s u f f i c i e n t  t o  w i t h s t a n d  a  p u l l  o f  850 pounds a p p l i e d  t o  

t h e  be1 t i n  a  manner s i m u l a t i n g  t h e  l o a d i n g  a p p l i e d  by a 

pe r son  we igh i ng  170  pounds w i t h  a  l o a d  f a c t o r  o f  5  " 
(sec.10, p. 43, 1929) .  

F i v e  y e a r s  l a t e r ,  t h e  1934 A i r w o r t h i n e s s  Requi rements f o r  A i r c r a f t  

as amended Oc tober  1 ,  1934, i n c r e a s e d  t h e  s t r e n g t h  r equ i r emen ts  t o  1,000 

I b s . :  

" S a f e t y  b e l t s  and t h e i r  a t t achmen ts  s h a l l  be capab le  o f  

w i t h s t a n d i n g  a  d e s i g n  l o a d  o f  1,000 pounds p e r  person  a p p l i e d  

upwa rd l y  and f o r w a r d l y  a t  an a n g l e  o f  a p p r o x i m a t e l y  45' w i t h  

t h e  f l o o r  l i ne " (Sec .60 (A ) ,  1934) .  

T h i s  r e q u i r e m e n t  a l s o  s p e c i f i e d  f o r  t h e  f i r s t  t i m e  how t h e  l o a d  was t o  

be a p p l i e d .  

I n  May 1946 t h e  Depar tment  o f  Commerce i s s u e d  i n t e r p r e t a t i o n s  t o  

CAR 03 wh ich  a l l o w e d  1000 pound b e l t s  on gene ra l  a v i a t i o n  a i r c r a f t  on 

wh ich  o r i g i n a l  a i r w o r t h i n e s s  c e r t i f i c a t e s  were o b t a i n e d  p r i o r  t o  January  

1,  1947. T h i s  was done d e s p i t e  t h e  r equ i r emen ts  o f  t503.3811 wh ich  



s p e c i f i e d  1600 1  b. be1 t s  f o r  normal - u t i l  i t y  a i r c r a f t  (passenger  w e i g h t  

o f  160 l b s  x  r e s u l t a n t  a c c e l e r a i o n  o f  9.6 G = 1632 I b s ) .  The i n -  

s t r u c t i o n s  were s t a t e d  as f o l l o w s :  

03.38221 S a f e t y  Be1 t o r  Harness P r o v i s i o n s .  T h i s  r e q u i r e -  
ment s p e c i f i e s  t h a t  b e l t s  comp l y i ng  w i t h  t h e  emergency c o n d i t i o n s  
o f  03.3811 s h a l l  be i n s t a l l e d .  The emergency c o n d i t i o n s  o f  
03.3811 a t  p r e s e n t  s p e c i f y  r e s u l t a n t  a c c e l e r a t i o n s  o f  a b o u t  9.6 g  
and 10.2 g  f o r  n o r m a l - u t i l i t y  and a e r o b a t i c  c a t e g o r y  a i r p l a n e s  
r e s p e c t i v e l y .  C o n s i d e r i n g  a  passenger w e i g h t  o f  170  pounds, t hese  
a c c e l e r a t i o n s  r e s u l t  i n  a  r e q u i r e d  be1 t s t r e n g t h  o f  abou t  1600 
pounds and 1700 pounds r e s p e c t i v e l y .  

I n  v i e w  o f  t h e  f a c t  t h a t  t h e  C-46 was c e r t i f i e d  under  m ixed  
r equ i r emen ts  (CAR 02.00) w i t h  1000 pound be1 t s  i n s t a l l e d ,  and t h a t  
t h e  DC-4 was c e r t i f i e d  under  m i xed  r equ i r emen ts  (new CAR 04.00) w i t h  
1000 pound b e l t s  i n s t a l l e d ,  i t  appears i n d e f e n s i b l e  a t  t h i s  t i m e  
t o  r e q u i r e  m a n u f a c t u r e r s  o f  a i r p l a n e s  des igned  under  03 r equ i r emen ts  
t o  i n s t a l l  be1 t s  m e e t i n g  t h e  above l o a d i n g  c o n d i t i o n s .  

A1 though  i t  i s  p o s s i b l e  t o  buy be1 t s  des igned  f o r  two peop le  
(2000 pound s t r e n g t h )  and have them c u t  t o  t h e  necessary  l e n g t h  
f o r  one person,  t h e s e  be1 t s  a r e  v e r y  d i f f i c u l t  t o  o b t a i n ,  due t o  
c r i t i c a l  sho r t ages  o f  m a t e r i a l .  I n  v i e w  o f  t h e  above, i t  w i l l  
be cons i de red  s a t i s f a c t o r y  t o  i n c o r p o r a t e  1000 pound be1 t s  i n  CAR 
03 a i r p l a n e s  under  t h e  p r o v i s i o n s  o f  03.00. However a l l  CAR 03 
a i r p l a n e s  on  wh i ch  o r i g i n a l  a i r w o r t h i n e s s  c e r t i f i c a t e s  a r e  o b t a i n e d  
on o r  a f t e r  January  1, 1947, s h a l l  have b e l t s  m e e t i n g  t h e  r e q u i r e -  
ments o f  03.3822).  (The r equ i r emen ts  w i l l  n o t  be made r e t r o a c t i v e  
on January  1, 1947, t o  a i r p l a n e s  wh ich  a t  t h a t  t i m e  have a l r e a d y  
r e c e i v e d  o r i g i n a l  a i r w o r t h i n e s s  c e r t i f i c a t e s ) .  (Dep t .  o f  Commerce 
CAR 03.2 and CAR 03.3 R e v i s i o n s  and I n t e r p r e t a t i o n s .  Memo t o  
Reg iona l  A d m i n i s t r a t o r s ,  F i r s t ,  T h i r d ,  F i f t h  and S i x t h  Regions.  
C i v i l  A e r o n a u t i c s  A d m i n i s t r a t i o n  Washington, D . C .  May 29, 1946 ) .  

2.4.2 C u r r e n t  Requi rement  (-50% o f  NAS 802, 1950) .  C u r r e n t  FAA 

b e l t  s t r e n g t h  s t anda rds  f o r  a l l  c a t e g o r i e s  o f  c i v i l  a i r c r a f t  a r e  1500 

1b  i n  t e n s i o n  l o a d  and 1 .9  t imes  r a t e d  s t r e n g t h  ( l o o p  l o a d  s t r e n g t h  o f  

2850 I b s )  i n  a  s t a t i c  t e s t .  The r e q u i r e m e n t  i s  d e t a i l e d  as f o l l o w s :  

# 37.132 S a f e t v  Be1 t s  - TSO-C22f. 
( a )  i c a b i l  i ty-(I) Minimum per fo rmance  s t anda rds .  T h i s  

t e c h n i c a l  s t anda rd  o r d e r  p r e s c r i b e s  t h e  minimum oer fo rmance  
s t anda rds  t h a t  s a f e t y  b e l t s  mus t  meet i n  o r d e r  t o  i d e n t i f i e d  
w i t h  t h e  app l  i c a b l e  TSO mark i ng .  New models  o f  s a f e t y  be1 t s  
t h a t  a r e  t o  be so i d e n t i f i e d  and t h a t  a r e  manufac tu red  on  o r  
a f t e r  May 1,  1972, must  meet t h e  s t anda rds  s e t  f o r t h  i n  N a t i o n a l  
A i r c r a f t  S tandards  (NAS) S p e c i f i c a t i o n  802 r e v i s e d  May 15, 1950, 
w i t h  t h e  e x c e p t i o n s  cove red  i n  paragraph  ( a ) ( 2 )  o f  t h i s  s e c t i o n .  
NAS 802 i s  i n c o r p o r a t e d  by r e f e r e n c e  h e r e i n  i n  accordance  w i t h  
5  U.S.C 552(-a) ( . l )  and # 37.23 and i s  a v a i l a b l e  as i n d i c a t e d  i n  
# 37.23. A d d i t i o n a l l y ,  NAS 802 may be examined a t  any  FAA r e -  
g i o n a l  o f f i c e  o f  t h e  C h i e f ,  E n g i n e e r i n g  and M a n u f a c t u r i n g  Branch 



( o r  i n  t h e  case  o f  t h e  Western Region, t h e  C h i e f ;  A i r c r a f t  
Eng inee r i ng  ~ i v i s i o n ) ,  and may be o b t a i n e d  f rom t h e  ~ a t i o n a l  
Standards A s s o c i a t i o n ,  1321 1 4 t h  S t r e e t  NW., Washington, DC 
20005, a t  a  c o s t  o f  t h r e e  ( 3 )  d o l l a r s .  Be1 t s  approved under  
p r i o r  i ssuances  o f  t h i s  s e c t i o n  amy c o n t i n u e  t o  be manufac tu red  
under  t h e  e a r l  i e r  p r o v i s i o n s .  

( 2 )  Excep t i ons .  ( i )  For  t h e  purpose o f  t h i s  s e c t i o n  
t h e  s t r e n g t h s  s p e c i f i e d  i n  s e c t i o n  4.1.1 o f  NAS 802 s h a l l  be 
1,500 pounds and 3,000 pounds i n s t e a d  o f  3,000 pounds and 
6,000 pounds. 

( i i )  I n  comp ly ing  w i t h  s e c t i o n  4.3.2.2 o f  NAS 802, t h e  
cu r ved  p o r t i o n  o f  t h e  t e s t  form may be padded w i t h  no more t han  
one i n c h  o f  medium d e n s i t y  sponge rubbe r ,  o r  e q u i v a l e n t ,  and 
covered  w i t h  s u i t a b l e  f a b r i c  t o  s i m u l a t e  a  p e r s o n ' s  body and 
c l o t h i n g .  

( i i i )  S y n t h e t i c  m a t e r i a l  webbing wh ich  i s  n o t  s u b j e c t  t o  
l o s s  o f  s t r e n g t h  due t o  t h e  i n f l u e n c e  o f  h u m i d i t y ,  t empe ra tu re  
v a r i a t i o n s ,  e tc . ,  need n o t  be s u b j e c t e d  t o  t h e  f i r s t  s i x -month  
r e t e s t i n s  ~ e r i o d  s p e c i f i e d  i n  s e c t i o n  3.1 .2 o f  NAS 802. R e t e s t -  
i n g  i n  succeed ing  s ix -month  p e r i o d s  w i l l  be necessary  if t h e  b e l t  
manu fac tu re r  i s  unab le  t o  a s c e r t a i n  by means o f  t e x t i l e  d a t a  
a v a i l a b l e  t o  him t h a t  t h e  webbing i s  u n a f f e c t e d  by amb ien t  
s t o r a g e  c o n d i t i o n s  f o r  t h e  p e r i o d  o f  t i m e  i n v o l v e d .  

( i v )  I n  comp l y i ng  w i t h  s e c t i o n  4.2.3 o f  NAS 802, t h e  two- 
i n c h  webbing w i d t h  s h a l l  be cons i de red  a  nominal w i d t h .  Thus, 
a f t e r  c o n s i d e r i n g  a l l  m a n u f a c t u r i n g  processes as a r e  necessary  
such as weaving, dye ing ,  m i l dew  p r o o f i n g ,  f l ame r e s i s t a n c e  
and a b r a s i o n  t r ea tmen t s ,  a  webbing w i d t h  o f  1-15/16 i nches  
+ 1 /16  i n c h  s h a l l  be a c c e p t a b l e .  - 

( v )  The s l o t s  o r  openings i n  t h e  hardware f o r  a t tachment  o f  
t h e  s a f e t y  b e l t  webbing s h a l l  n o t  be l e s s  t h a n  two i nches  
( 14  CFR23 1980, p .621) .  

( v i )  I n  l i e u  o f  comp l iance  w i t h  paragraphs 1  .I - 1 ,  3.1.4, and 
4.3.1.1 o f  NAS 802, t h e  webbing and a l l  o t h e r  m a t e r i a l s  used i n  
t h e  b e l t  assembly mus t  comply  w i t h  t h e  f i r e  p r o t e c t i o n  p r o v i s i o n s  
o f  #25.853 (b -2 )  o f  t h i s  c h a p t e r .  

( b )  Mark ing .  (-1) Each h a l f  o f  each s a f e t y  b e l t  s h a l l  be 
marked i n  accordance w i t h  # 37.7 excep t  t h a t  t h e  we igh t  r e q u i r e d  
by paragraph  ( d ) ( 3 )  o f  #37.7 need n o t  be shown and t h e  r a t e d  
s t r e n g t h  o f  t h e  s a f e t y  b e l t  assembly s h a l l  be shown, and 

( 2 )  I n  1  i e w  o f  t h e  ma rk i ng  r equ i r emen t  i n  paragraph  ( d )  ( 4 )  
o f  #37.7 t h e  d a t e  o f  manu fac tu re  i s  r e q u i r e d .  The s e r i a l  number 
may a l s o  be marked on t h e  b e l t  b u t  n o t  i n  l i e u  o f  t h e  d a t e  o f  
manufac tu re .  

( c )  Data r equ i r emen ts .  (1) The manu fac tu re r  s h a l l  m a i n t a i n  
a  c u r r e n t  f i l e  on  comple te  des i gn  d a t a .  

( 2 )  The manu fac tu re r  s h a l l  m a i n t a i n  a  c u r r e n t  f i l e  on com- 
pl  e t e  da ta  d e s c r i b i n g  t h e  i n s p e c t i o n  and t e s t  procedures app l  i- 
c a b l e  t o  h i s  p r o d u c t .  (See paragraph  ( d )  o f  t h i s  s e c t i o n . )  

( 3 )  One copy o f  t h e  f o l l o w i n g  s h a l l  be f u r n i s h e d  t o  t h e  C h i e f ,  
Eng inee r i ng  and Manufac tu r ing  Branch, F l i g h t  S tandards  D i v i s i o n ,  
Federa l  A v i a t i o n  A d m i n i s t r a t i o n ,  i n  t h e  r e g i o n  i n  w h i c h  t h e  
manufac tu re r  i s  l o c a t e d :  A  d raw ing  o f  t h e  comp le te  b e l t  assembly 



showing t h e  m a n u f a c t u r e r ' s  p a r t  numbers t o g e t h e r  w i t h  a  n o t a t i o n  
i n d i c a t i n g  t h e  minimum webbing s t r e n g t h  s p e c i f i e d  by  t h e  be1 t 
m a n u f a c t u r e r .  I f  t h e  t e s t  be1 t s  were t e s t e d  t o  d e s t r u c t i o n ,  
t h e  average  s t r e n g t h  o f  t h e  b e l t  assembly  shou ld  a l s o  be i n d i c a t e d .  

( d )  Qua1 i t y  c o n t r o l  . Each s a f e t y  be1 t s h a l l  be produced under  
a  qua1 i t y  c o n t r o l  system, e s t a b l  i s h e d  by  t h e  m a n u f a c t u r e r ,  wh i ch  
w i l l  a s s u r e  t h a t  each be1 t i s  i n  c o n f o r m i t y  w i t h  t h e  r e q u i r e m e n t s  
o f  t h i s  s t anda rd .  T h i s  system s h a l l  be d e s c r i b e d  i n  t h e  d a t a  
r e q u i r e d  under  pa rag raph  ( c ) ( 2 )  o f  t h i s  s e c t i o n .  The A d m i n i s t r a t o r  
s h a l l  be p e r m i t t e d  t o  make such i n s p e c t i o n s  and t e s t s  a t  t h e  manu- 
f a c t u r e r ' s  f a c i l  i t y  as  may be necessa ry  t o  d e t e r m i n e  compl i a n c e  
w i t h  t h e  r e q u i r e m e n t s  o f  t h i s  s t anda rd .  
[Doc .No. 5065, 29 FR 15317, Nov. 17,  1964, as amended by Amdt. 37-3, 
30 FR 13210, Oct .  16, 1965; Doc. No. 8084, 32 FR 5769, Apr .  11,  1967; 
Amdt. 37-32, 37 FR 3973, Feb. 24, 19721 (14CFR23 1980, p .622)  

Sea t  be1 t s  manu fac tu red  on  o r  a f t e r  May 1, 1972 mus t  meet  N a t i o n a l  

A i r c r a f t  S tandards  (NAS) s p e c i f i c a t i o n  802 r e v i s e d  May 15,  1950 excep t  

t h a t  t h e  r a t e d  s t r e n g t h s  s p e c i f i e d  f o r  t h e  be1 t assembly  (41 .I .1 . o f  NAS 

802)  s h a l l  be 1,500 pounds (.sing1 e  occupancy)  and 3,000 1  bs. ( d o u b l e  

occupancy)  i n s t e a d  o f  3,000 and 6,000 I b s .  as s p e c i f i e d  i n  t h e  N a t i o n a l  

A i r c r a f t  S tandard .  B e l t  w i d t h  s h a l l  n o t  be l e s s  t h a n  2  i n c h e s .  NAS 

802 d e f i n e s  t h e  minimum per fo rmance  and s a f e t y  s t anda rds  f o r  a i r c r a f t  

s a f e t y  b e l t s  t o  be i n s t a l l e d  i n  c e r t i f i e d  a i r c r a f t  and c o v e r s  a l l  t y p e s  

o f  s a f e t y  b e l t s  f o r  c i v i l  a i r c r a f t  use.  I t  r e f l e c t s  t h e  judgement  o f  

t h e  N a t i o n a l  A i r c r a f t  S tandards  Commit tee o f  t h e  A i r c r a f t  I n d u s t r i e s  

A s s o c i a t i o n  o f  Amer ica.  The l a t e s t  r e v i s i o n  i s  d a t e d  1 5  May 1950 (Appendix  D).  

2.4.3 D i s c u s s i o n  and A n a l y s i s .  S i n c e  1929, t h e r e  have been o n l y  

two u p d a t i n g s  o f  t h e  o r i g i n a l  850 l b ,  s e a t  b e l t  s t r e n g t h  r e q u i r e m e n t  

f o r  c i v i l  a i r c r a f t .  U.S. c i v i l  a i r c r a f t  s e a t  b e l t  s t r e n g t h  i s  p romu l -  

ga ted  on  s t anda rds  (.NAS 802)  l a s t  r e v i s e d  32 y e a r s  ago ( 1  950 ) .  The FAA 

i n  TSO-C22f a l l o w s  an  e x c e p t i o n  i n  s e a t  b e l t  assembly  s t r e n g t h ,  r e d u c i n g  

t h e  1950 s t a n d a r d  (-4.1.1 ) by  50%. C u r r e n t  FAA be1 t s t r e n g t h  s t anda rds  

f o r  a l l  c a t e g o r i e s  o f  c i v i l  a i r c r a f t  a r e  1500 I b .  i n  t e n s i o n  l o a d  and 

1 . 9  t i m e s  r a t e d  s t r e n g t h  ( l o o p  l o a d  s t r e n g t h  o f  2850 1 bs . )  i n  a  s t a t i c  

t e s t .  

The a c c i d e n t  r e c o r d ,  however,  has shown t h a t  t h e s e  minimums have 

needed t o  be upda ted  s i n c e  t h e  o r i g i n a l  N a t i o n a l  Research Counc i l  c r a s h  

i n j u r y  s t u d i e s  o f  t h e  1 9 4 0 ' s .  V i r t u a l l y  e v e r y  r e p o r t  f r om  1943 f r om  



t hese  s t u d i e s  emphasized b e l t  (as  w e l l  as  anchorage, and s e a t )  f a i l u r e s  

and t h e  need f o r  s t r o n g e r  b e l t s  (DeHaven, 1943, p .27) .  I n  1945 NRC 

r e p o r t  440 recommended an i n c r e a s e  i n  b e l t  assembl ies  s t r e n g t h  " t o  2000- 

2500 I bs" (DeHaven, 1945, p .26) .  

The N a t i o n a l  Research Counc i l  Crash I n j u r y  Research annual  r e p o r t  

f o r  t h e  p e r i o d  J u l y  1946 t o  June 1947 r e p o r t e d  t h a t  t h e  (1000 l b )  s a f e t y  

be1 t f a i l e d  i n  65% o f  t h e  cases ( p . 5 ) .  I n  r e p o r t i n g  f o r  t h e  p e r i o d  1948- 

1949 C I R  i t  was r e p o r t e d  t h a t  " i n  80% o f  t h e  cases where s a f e t y  b e l t  i n -  

s t a l l a t i o n s  f a i l e d  t h e  breakage o c c u r r e d  i n  t h e  webbing" (CIR r e p o r t ,  

12 Aug. 1949, p.5).  I n  t h e  1949 r e p o r t  i t  was r e p o r t e d  t h a t  t h e  C I R  

d a t a  was be i ng  used by t h e  CAA t o  s e t  up f u t u r e  r equ i r emen ts  f o r  3000 1b 

(4500 1  b. l o o p )  s t r e n g t h  be1 t s .  T h i s  was s t i l l  be i ng  recommended as a  

r e s u l t  o f  a c c i d e n t  f i n d i n g s  i n  1954: "Use f o r w a r d  l o a d  f a c t o r s  equal  t o  

t h e  s t a t i c  l o o p  h o l d i n g  c a p a c i t y  o f  t h e  s a f e t y  b e l t  - a minimum o f  3000 
I pounds, o r  17-1/2 g, f o r  each person"  \Hasbrook, 1952, p . 31 ) .  

Crash I n j u r y  Research had c l e a r l y  f ound  i n  a c c i d e n t  r e s e a r c h  con- 

duc ted  d u r i n g  t h e  1940 ' s  and 1950 ' s  t h a t  1000 l b  and 1500 I b  s a f e t y  

b e l t s  o f f e r e d  i nadequa te  p r o t e c t i o n .  Pearson r e p o r t e d  220 cases o f  b e l t  

f a i l u r e  (22.12 o f  a l l  occupan ts )  i n  1025 c rashes  s t u d i e d  f rom 1942 

t o  1952 (1961, p.13,14).  Comparing t h e  e f f e c t  o f  be1 t f a i l u r e  i n  i n j u r i e s ,  

DeHaven e t  a1.  compared 221 s u r v i v o r s  whose b e l t s  f a i l e d  w i t h  722 s u r -  

v i v o r s  whose b e l t s  remained i n t a c t .  The s a f e t y  b e l t s  i n v o l v e d  were 

p r i m a r i l y  t hose  w i t h  a  l o o p - h o l d i n g  c a p a c i t y  o f  2000 I b s  ( i . e .  1000 l b s  

i n  s t r a i g h t  t e n s i o n ) .  They found t h a t  39.8% o f  t hose  s u r v i v o r s  whose 

be1 t s  had f a i l  ed s u s t a i n  dangerous- to-1 i f e  head and body i n j u r i e s  

(1953, pp. 16,17).  

These a c c i d e n t  i n v e s t i g a t i o n  f i n d i n g s  were suppor ted  by c r a s h  t e s t s  

o f  3  genera l  a v i a t i o n  a i r c r a f t  conducted by  NACA r e p o r t e d  i n  1953. NACA 

conc luded  t h a t  " b e l t s  shou ld  be capab le  o f  w i t h s t a n d i n g  h i g h e r  b reak i ng  

l oads  t han  t hose  p r e s e n t l y  i n  use" ( p . 2 3 ) .  (They found t h a t  a  " s t a n d a r d  

l a p  be1 t f a i l e d  a t  4400 1  bs i n  a  47 mph c r a s h  (147% o f  b r e a k i n g  f o r c e  o f  

an i d e n t i c a l  b e l t  wh ich  f a i l e d  a t  3020 ' lbs  under  s t a t i c  l o a d i n g  ( p . 1 6 ) .  

I n  1964 t h e  FAA a t t emp ted  t o  de te rm ine  t h e  s e r v i c e  l i f e  o f  sea t  be1 t 

webbing and r e l a t i o n s h i p  between age, env i ronmenta l  c o n d i t i o n s  and s t r e n g t h .  



O f  399 s e a t  b e l t s  t e s t e d  42 p e r c e n t  f a i l e d  t o  meet  t h e  minimum s t r e n g t h  

r e q u i r e m e n t s  (TSO C22), o f  t h e  c o t t o n  webbing be1 t s  86  p e r c e n t  f a i l e d  

t h e  minimum s tanda rds .  Among recommendat ions t h e  A i r c r a f t  Development 

S e r v i c e  o f  t h e  FAA made a t  t h a t  t i m e  was t h a t  c o t t o n  webbing be d i s -  

a l l owed ,  t h e  minimum b r e a k i n g  s t r e n g t h  r e q u i r e m e n t s  f o r  b o t h  t h e  web- 

b i n g  and comp le te  s e a t  b e l t  assembly  be r a i s e d ,  and t h a t  a  dynamic 

qua1 i f i c a t i o n  t e s t  f o r  be1 t assembl i e s  be r e q u i r e d  (S te t son ,  C.H., e t  a1 . , 
1964) .  

More r e c e n t  a n a l y s i s  o f  b e l t  f a i l u r e s  i n  a i r c r a f t  a c c i d e n t  i n v e s t i -  

g a t i o n  have i n d i c a t e d  s i m i l a r  d e f i c e n c i e s  have c o n t i n u e d .  The Depar tment  

o f  C i v i l  A v i a t i o n ,  Commonwealth o f  A u s t r a l i a ,  has r e p o r t e d  a  b e l t  o r  

a t t achmen t  f a i l u r e  r a t e  o f  18% i n  f a t a l  and s e r i o u s - i n j u r y  a c c i d e n t s  

o c c u r r i n g  d u r i n g  1969 and 1970 i n  gene ra l  a v i a t i o n  a c c i d e n t s  ( m a i n l y  

i n v o l v i n g  U.S. manu fac tu red  a i r c r a f t )  (1 973) .  

D u r i n g  t h e  1 9 7 0 ' s  t h e r e  has been i n c r e a s i n g  use  o f  s t r o n g e r  b e l t s  

by t h e  g e n e r a l  a v i a t i o n  m a n u f a c t u r e r s  as a u t o m o t i v e  webbing manu fac tu red  

t o  Federa l  Mo to r  V e h i c l e  S a f e t y  S tandards  FMVSS 209 has been ( a v a i l a b l e  

f o r  some 20 y e a r s )  r e a d i l y  i n  s u p p l y .  However, a l t h o u g h  5500 I b .  web- 

b i n g  has been commonly supp l  i e d  t o  t h e  m a n u f a c t u r e r s ,  and 6000 1  b.  be1 t s  

have been recommended by a t  1  e a s t  one s u p p l i e r  (FAA Pub1 i c  Hea r i ng ,  1980)  

mos t  gene ra l  a v i a t i o n  b e l t s  a r e  s t i l l  r a t e d  a t  1500 I b s .  T h i s  i s  p r i -  

m a r i l y  due t o  1  i m i t a t i o n s  o f  t h e  hardware (buck1 e ) ,  a1 though  some i s  

r a t e d  a t  3000 1  bs. M i l i t a r y  r e s t r a i n t s  and a u t o m o t i v e  r e s t r a i n t s ,  f r o m  

t h e  same s u p p l i e r s ,  a r e  r a t e d  a t  6000 l b .  (Type I) and above.  

A  recommendat ion t h a t  r e s t r a i n t  systems i n  gene ra l  a v i a t i o n  a i r -  

c r a f t  shou ld  be des i gned  f o r  a  f o r w a r d  l o a d  o f  25 G 's  a p p l i e d  20 degrees  

t o  e i t h e r  s i d e  o f  t h e  a i r p l a n e s  l o n g i t u d i n a l  a x i s ;  an  upward l o a d  o f  1 5  G; 

a  downward l o a d  o f  1 5  G; and an  a f t  l o a d  o f  5 G, was proposed i n  ARP 1226 

(Append ix  H )  "Occupant  R e s t r a i n t  Systems ( A c t i v e )  f o r  Genera l  A v i a t i o n  

A i r c r a f t "  by SAE commi t tee  A-23 i n  1975, b u t  n o t  approved by t h e  SAE 

Aerospace C o u n c i l ,  under  i n d u s t r y  p r e s s u r e .  For  example, one gene ra l  

a v i a t i o n  m a n u f a c t u r e r ,  i n  a  1971 i n t e r - o f f i c e  communicat ion,  commented 

" T h i s  document has been c a r e f u l l y  r ev i ewed  ..... For  t h e  SAE t o  come 

o u t  w i t h  a  new group  o f  recommended p r a c t i c e s  w i l l  c e r t a i n l y  p l a c e  us 

i n  a  r a t h e r  embar rass ing  o r  awkward s i t u a t i o n  w i t h  r e s p e c t  t o  t h e  minimum 



FAA s tanda rds  t h a t  we c u r r e n t l y  d e s i g n  t o ;  t h e s e  new s tanda rds  a r e  f a r  

above a n y t h i n g  t h e  FAA now r e q u i r e s . "  However, t h e  25 G be1 t s  (4250  1 b .  

webbing f o r  s t a n d a r d  170  1  b.  occupan t )  recommended p r a c t i c e  was s t i l l  

l e s s  t h a n  t h e  p r o d u c t i o n  6000 l b .  webbing b e l t s  r e q u i r e d  a t  t h a t  t i m e  

f o r  Type I a u t o m o t i v e  r e s t r a i n t s  (FMVSS 209) ,  and b e i n g  mass produced 

f o r  n e a r l y  1 0  m i l l i o n  a u t o m o t i v e  v e h i c l e s  pe r  y e a r .  

I n  v i e w  o f  t h e  a c c i d e n t  and c r a s h  t e s t  d a t a  o v e r  t h e  p a s t  40 y e a r s  

document ing t h e  need f o r  s t r o n g e r  r e s t r a i n t  systems , TSO-C22f shou ld  

l o n g  ago have been upgraded t o  be a t  1  e a s t  comparable t o  t h e  webbing 

s t r e n g t h  p r o t e c t i o n  p r o v i d e d  i n  a u t o m o b i l e s .  The r e s t r a i n t - s e a t  system 

mus t  be c o n s i d e r e d  as a  whole,  s i n c e  r e s t r a i n t  i s  no s t r o n g e r  t h a n  i t s  

weakest  1  i n k  - i n  t h i s  case  t h e  hardware ( b u c k l e  and a t t a c h m e n t s ) ,  wh i ch  

s h o u l d  be upgraded as we1 1  . 

2.5 S a f e t y  Be1 t s  and Harnesses. #23 . I 4 1  3  

2.5.1 Development o f  FAA Requi rement .  T h i s  has been p r e v i o u s l y  

r e v i e w e d  i n  S e c t i o n  2.1 and 2.3, w i t h  t h e  e x c e p t i o n  o f  #23 .1413(c ) .  

T h i s  i s  e f f e c t i v e  December 4, 1981 and s t a t e s  "Each s a f e t y  b e l t  mus t  

be equ ipped  w i t h  a  m e t a l  t o  me ta l  d e v i c e . "  S i n c e  t h i s  sen tence  has 

r e q u i r e d  25 y e a r s  t o  become a  p a r t  o f  t h e  s t anda rds ,  f r om  t h e  t i m e  i t  

was f i r s t  recommended as a  s a f e t y  r e q u i r e m e n t ,  t h e  background o f  t h i s  

deserves  a  b r i e f  r e v i e w .  M e t a l - t o - m e t a l  s e a t  b e l t s  have been s t a n d a r d  

i n  U.S. au tomob i l es  s i n c e  a b o u t  1961. ( W h i l e  the  f i r s t  s e a t  b e l t s  

a p p a r e n t l y  were i n s t a l l e d  on a  p r o d u c t i o n  b a s i s  by  Ford, C h r y s l e r  and 

Amer ican Mo to r s  i n  1955 (1956 model y e a r )  o f  me ta l - t o -webb ing  t y p e  con- 

s t r u c t i o n ,  some e a r l y  mode ls  used  ( . i n c l ud i ng  some Mercurys  i n  1957)  a  

m e t a l - t o - m e t a l  H i ckok  b e l t  p r e v i o u s l y  a v a i l a b l e . )  

On 17 November 1943, The Nat iona ' l  Research Counc i l  r e p o r t  a u t h o r e d  

by Dr. Hugh DeHaven p resen ted  an a n a l y s i s  o f  30  1  i g h t  a i r c r a f t  a c c i d e n t s  

i n  wh i ch  cause o f  f a i l u r e  o f  s e a t  b e l t s  i n c l u d e d  r e f e r e n c e  t o  " b u c k l e d  

b u t  i n e f f e c t i v e "  o r  o n l y  " p a r t i a l l y  e f f e c t i v e , "  and  recommendat ions 

t h a t  s t r e n g t h  o f  be1 t s  and be1 t f a s t e n i n g s  and anchorages be i n c r e a s e d  

(DeHaven, 1943) .  O the r  s t u d i e s  d u r i n g  t h e  1 9 4 0 ' s  and 1 9 5 0 ' s  b e g i n  t o  

r e v e a l  o t h e r  be1 t b u c k l e  f a i l u r e s .  A f u r t h e r  a n a l y s i s  o f  308 a c c i d e n t s  

was r e p o r t e d  upon i n  1945 i n  wh i ch  i t  was f ound  t h a t  59 s a f e t y  b e l t s  

had b roken  o r  t o r n  webbing (one  cause i s  webbing s l i p p i n g  t h r o u g h  t h e  



buck l e  i n  o l d e r  t y p e  me ta l  t o  webbing be1 t s ) ,  4 p a r t l y  t o r n ,  and 6 i n  

wh ich  t h e  webbing was c u t  by t h e  b u c k l e  o r  t h e  b u c k l e  s l  i pped  (DeHaven, 

1945, p .13) .  I n v e s t i g a t i o n  o f  a  DC-6 a c c i d e n t  i n  1952 r e v e a l e d  t h a t  

t h e  c o p i l o t ' s  s e a t  b e l t  b u c k l e  cam had opened up a l t h o u g h  t h e  webbing 

was i n t a c t  (Hasbrook, 1953, p . 38 ) .  

F i n a l l y ,  by 1955 a  memorandum from A v i a t i o n  Crash I n j u r y  Research 

was s e n t  t o  a l l  "Users, Manufac tu re rs ,  and Other  Agencies Concerned 

w i t h  S a f e t y  Be1 t s "  (Hasbrook, 18  May 1955) .  T h i s  memo i s  reproduced  

as f o l l o w s  s i n c e  i t  c l e a r l y  o u t 1  i n e d  t h e  mechanisms i n v o l v e d  and p r o -  

v i d e d  t e s t  r e s u l t s :  

r. As a resul t  of a recent accident investig2tiog m d  a ~ e l i d . n a y  aria?.;-sis 
involving e. su;.vimble crash, there is  s o x  L! i c s t ion  $hat cn,-tsin t y p s  
of sefety bel ts  ,say 'ce s l i y i r y  - c d  r e l e a s e  ina.dve.-ieztiy - dile t o  
i ne r t i a  loads azc.5~ on ( a  the "free er.dt' of the uebbirg ( in a \!hipping 
notion) e d  (b) on the lYt ( t o  release)  l a ~ c h ,  when the Se l t  i s  worn 
loosely d jus ted .  (see ~ i z g r m ) .  

In sme cases, t h i s  slipnage e p F a r s  t o  h szch t5t  t5e occqant m y  l o se  
dl safety blt restraint .  In others, the s l i p p g e  my c c c v  uqtil a l l  
but a few inches of the f r ee  e.4 of t5e wejb4,a has passed t 3 r o ~ h  the 
buckle - thus L ~ a r t i n g  a h e a v  j o l t  l c d  t o  th be l t  assos'oly, seat  and 
sea t  anchorages, who3 t5e be l t  f i r d l y  "loc!:s upu. 

As a resul t  of an Av4IR =quest concerning the poss ib i l i ty  of be l t  slip- 
page and/or bcc!de relezse mder l ig ! l t  ine*ia loading, scae prel-y 
s t a t i c  t e s t s  were conducted by an out side +ency on new bucWes znd webbing 
af e cab type buc!cle 2nd bel t  assexbly. 

It was fad tbt a l a d  of ap?ro:cbately 2 1  g was required t o  o p n  the  
' la tch i t s e l f  when be l t  webbing m s  nlevering" asainst  the lift latch. 
Hcn~ever, wi th  10" of free webbing levering zsainst the lift latch, only 
4% g was r e q ~ d  t o  release the blt. With 15" of f r ee  webbing, o d y  3* g 
was requFred far release. 

Note: These c o d i t i o n s  resulted when the c& cerations were b r o q h t  i n t o  
contact crith the treb'oing by spring press-are cnly - without n a r d  squeezing. 
This hc!c of squeezing of the Latch is  t m i c a l  of soxe psse.nger usaze. 

There is a lso  a poss ib i l i ty  t ha t  lower g t s  than t5cse nap open tb l z t c h  - 
and pennit th5 vebbing t o  s l ide  f r ee  - because of (a) l m  q r i n g  pressure, 
(b) worn c m  cerations, and (c)"sUpperiness" of the webbing (due t o  
weakening of the and blunting of the c a n t e d  edges f ran  operationel 
une, and repeated dry cleoninq of the webbing). 



It is sugsested tha t  (a) latch springs, can cerstions a d  ueWoing Q: present 
"in-service" balts be inqxcted. f c r  proper condition, (b) e r ~ i n e e r i n ~  con- 
sideration ke given t o  the possibil i ty that iner t ia  loads (act irq on the  
"free" wcS~ing a d  on the l 2 t  1atch"s) nzy M v e r t e n t l y  wlock 2nd =elease 
safety belt assembiies when th? bolt i s  loosely adjusted, ard (c)  further 
tes ts  bo mde t o  ascertain the inerti'a effects on all t p s  of safety bolt  
ae .sernblie s . = 

 asbr brook, 1955)  

On June 27, 1961 a  Cessna 170A c r a s h  r e s u l t e d  i n  f a t a l  i n j u r y  t o  

t h e  p i l o t ,  a t t r i b u t e d  t o  s e a t  b e l t  and b u c k l e  assembly.  T h i s  r e s u l t e d  

i n  a  CAB recommendat ion on 17  January 1962 t h a t  t h e  FAA " t a k e  s t eps  t o  

i n s p e c t  a l l  a i r c r a f t  f i t t e d  w i t h  t h i s  b e l t l b u c k l e  comb ina t i on  t o  assure  

adequa te  occupan t  r e t e n t i o n  i s  a f f o r d e d .  A l s o  t h a t  TSO under  wh i ch  

t h i s  be1 t was approved be r e v i s e d  t o  r e q u i r e  p o s i t i v e  l o c k i n g  be a u t o -  

m a t i c  under  a p p l i c a t i o n  o f  a c c e l e r a t i v e  o r  i n e r t i a l  l o a d i n g .  The 

FAA responded on  Feb rua ry  8, 1962 t h a t  an A i r w o r t h i n e s s  D i r e c t i v e  (AD) 

had been i s s u e d  and TSO C22(d)  S a f e t y  Be1 t s ,  was b e i n g  s t u d i e d .  The 

m e t a l - t o - f a b r i c  t y p e  o f  b u c k l e  u t i l i z i n g  a  s e r r a t e d  cam i n  t h e  b e l t  

b u c k l e  as a  l a t c h i n g  mechanism has had many f a i l u r e s  r e p o r t e d  d u r i n g  

t h e  1 9 6 0 ' s  and 7 0 ' s .  

I n  1964 t h e  FAA conduc ted  a  s u r v e y  o f  t h i s  t y p e  o f  b e l t  o n  r e -  

commendation f rom t h e  CAB, and found  t h a t  4% o f  t h e  b e l t s  examined were 

d e f e c t i v e .  A t  t h a t  t i m e  t h e  FAA i s s u e d  a d i r e c t i v e  t o  FAA f i e l d  p r e -  

sonne l  t o  check adequacy o f  t h i s  t y p e  o f  be1 t. Subsequen t l y ,  b u c k l e  

f a i l u r e s  were f ound  i n  a  U n i t e d  A i r l i n e s  a c c i d e n t  a t  N o r f o l k ,  V i r g i n i a  

i n  1967, and i n  i n - f l i g h t  t u r b u l e n c e  o f  a  U n i t e d  C a r a v e l l e  i n  1965 wh i ch  

i n j u r e d  f o u r  passengers ,one f a t a l l y .  

I n  Oc tober  1964 an  FAA a c c i d e n t  . i n v e s t i g a t i o n  r e p o r t e d  i n  c o n s i d e r -  

a b l e  d e t a i l  was pub1 i s h e d  i n  A.erospace Med i c i ne  wh i ch  i n c l u d e d  ill u s t -  

r a t i o n  o f  t e a r i n g  o f  t h e  r e a r - s e a t  passenge r ' s  be1 t, p a r t i a l  buck l  e  

f a i l u r e ,  and s l i p p a g e  o f  t h e  buck l  e  (Hasbrook and D i l l e ,  1964) .  A  

1969 s t u d y  o f  impac t  s u r v i v a l  i n  c rashes  recommended "use  o f  m e t a l - t o -  

m e t a l  b u c k l e s  on  a l l  be1 t r e s t r a i n t s "  (Snyder ,  1969) .  

I n  i n v e s t i g a t i o n  o f  a  DC-9 d i t c h i n g  2  May 1970 t h e  NTSB a l s o  r e -  

p o r t e d  a t  l e a s t  s i x  passengers t h rown  f r om  t h e i r  s e a t s  due t o  t h e  f a b r i c  

be1 t s l i p p i n g  t h r o u g h  t h e  b u c k l e  (NTSB, May 1970; NTSB, A p r i l  1972 ) .  



Chairman John Reed of t h e  NTSB, i n  a l e t t e r  to  FAA Administrator John 

Shaffer  dated September 14,  1970 pointed ou t  the  NTSBts conclusion t h a t  

t h e  demonstrated inadequacy of  t h i s  s e a t  be1 t locking mechanism had 

r e su l t ed  i n  a s e r i ous  quest ion of i t s  r e l i a b i l i t y .  NTSB review of  

acc iden t  records  over t h e  period 1960-1970 had revealed no f a i l u r e  i n  

t h e  metal-to-metal type of  s e a t  be1 t .  I t  was recommended i n  view of 

this record t h a t  t he  FAA " t ake  t h e  necessary s t ep s  t o  e l im ina t e ,  w i t h i n  

a reasonable  time, t h e  use of fabric-to-metal  type of s e a t  b e l t s  in 

a i r c r a f t  o f  U.S. Regis t ry  and r equ i r e  metal-to-metal type of s e a t  be1 t 

w i t h  a s tandardized a c t i v a t i n g  device" (Reed, Sept .  14 ,  1970). 

NTSB recommendation A-70-47 requested el irni na t ion ,  wi thin  a reason- 

a b l e  period,  of meta l - to - fabr ic  s e a t  b e l t  buckles and r equ i r e  the use 

of metal -to-metal type.  A f u r t h e r  recommendation r e l a t e d  t o  equipping 

ac roba t i c  a i r c r a f t  w i t h  metal -to-metal buck1 es  (November 1970) .  In  the  

l a t t e r  case  on November 13,  1970 NTSB advised the FAA of an i nc iden t  

in  which an NTSB inves t i ga to r  was performing inver ted ae roba t i c s  i n  a 

7ECA Ci t a b r i a  when his fabric-to-metal  s e a t  be1 t re1 eased completely.  

The NTSB recommended t h a t  FAA " t ake  s t ep s  t o  ensure t h a t  no ae roba t i c  

a i r c r a f t  be c e r t i f i e d  o r  operated in t h e  ac roba t i c  category unless  i t  

i s  equipped with metal -to-metal s a f e t y  be1 t s "  (Reed, 11 / I  3 /70) .  The 

manufacturer had issued a s e rv i ce  l e t t e r  in February 1968 which re -  

commended t h a t  metal-to-metal b e l t  buckles be used i n  Model 7 a i r p l anes  

when performing ac roba t i c  f l  i g h t s ,  however not a1 1 owners were apparen t ly  

aware of  t h i s  (Shaf fe r ,  8/12/70).  

Mi1 i t a r y  s e a t  be1 t s  have u t i l  ized metal -to-metal type 1 a tches  

s i n ce  before World War I and t he  B-11 s a f e t y  be1 t of  pre-World War I 1  

vintage was typ ica l  of t he  Army Air Corps system (T.O. 03-1-2, 1 Oct. 

1940).  The Society  of Automotive Engineers Aeronautical Recommended 
Prac t ice  ( A R P )  682, d r a f t ed  between 1957 and 1960  and f i r s t  issued 

April 15,  1961, did not recommend a metal -to-metal be1 t (a1 though i t s  

sponsor had been respons ib le  f o r  i s su ing  t h e  CIR memo recommending t h a t  
type buckle i n  1955) .  



On May 6, 1974  a  f a t a l  a c c i d e n t  o c c u r r e d  t o  a  p o l i c e  o f f i c e r  s t u d e n t  

p i l o t  i n  a  Hughes 269B, when t n e  s e a t  b e l t  l a t c h  f a i l e d  and he was 

f a t a l l y  e j e c t e d .  The b e l t  conformed t o  FAA TSO C22-E and NAS-802. On 

June 9, 1975 NTSB f o l l o w e d  up by  p o i n t i n g  o u t  two d e f i c i e n c i e s  found i n  

t h e  s e a t  b e l t  r e l e a s e  l e v e r  and r e l e a s e  mechanism and  recommending i n -  

c l u s i o n s  i n  t h e  p roposed  TSO [Reed, 6 /9 /75] .  

The FAA responded  May 9, 1975 t h a t  f o u r  a reas  of a c t i o n  were a n t i c i -  

pa ted ,  c o n c l u d i n g  t h a t  a n  u p g r a d i n g  was d e s i r a b l e  ( a l t h o u g h  t h e  FAA 

1970  i n v e s t i g a t i o n  and l a t e r  r e v i e w  o f  t h e  s e r v i c e  r e c o r d  i n d i c a t e d  

t h a t  e x p e r i e n c e  d i d  n o t  j u s t i f y  manda to r y  r e p l a c e m e n t ) .  An upda ted  
TSO ( T e c h n i c a l  S tanda rd  O r d e r )  was deve loped ,  r e q u i r i n g  b o t h  

m e t a l - t o - m e t a l  b u c k l e s  and h i g h e r  l o a d  c a p a c i t y .  As p a r t  o f  t h e  upcoming 

FAR ( F e d e r a l  A v i a t i o n  R e g u l a t i o n s )  O p e r a t i o n s  Review i t  was p l anned  t o  

r e q u i r e  a l l  o ccupan t  r e s t r a i n t  systems a f t e r  a  g i v e n  d a t e  t o  i n c o r p o r a t e  

a m e t a l - t o - m e t a l  b u c k l e .  I t  was n o t e d  t h a t  as t h e  Aeronca was used f o r  

ac roba t i c s ,  m e t a l  - t o - m e t a l  buck1 es mus t  be used, and a n  ~ ~ ~ M ' ( N o t i c e  o f  

Proposed R u l e  Mak ing)  was i n  p r e p a r a t i o n  (Dow, 511 9 / 7 5 ) .  

On 1  September 1977, t h e  FAA i s s u e d  a  NPRFI t o  amend iY23.1413 t o  

r e q u i r e  t h a t  " ( c )  Each s a f e t y  b e l t  m u s t  be equ ipped  w i t h  a  m e t a l - t o -  

m e t a l  l a t c h i n g  d e v i c e  (Amdt 23-22, 43 FR 46233, Oc tober  5, 1978) .  

Adop ted  4  December 1978, t h e  e f f e c t i v e  d a t e ,  o f  December 4, 1980, was 

s u b s e q u e n t l y  d e l a y e d  1  y e a r .  I t  i s  n o t  now e f f e c t i v e  u n t i l  December 4, 

1981.  T h i s  new r e g u l a t i o n  w i l l  a p p l y  t o  a11 normal c a t e g o r y  a i r c r a f t  

e x c e p t  a i r  s h i p s .  Replacement o f  a  s e a t  be1 t may be pe r f o rmed  by  a  

p i l o t  who i s  n o t  a  c e r t i f i e d  mechanic ,  as p r e v e n t i v e  ma in tenance  

(FAA Genera l  News, May-June 1979) .  

2. 5.2 C u r r e n t  Requi rement .  The p r e s e n t  r e q u i r e m e n t  i s  pub1 i s h e d  

as f o l l o w s :  



9 9 . 1  113 Snfet!. bclls and hrrneases. 

( a )  The rated strcngtll of safety 
belts and harnesses may not be less 
than that corresponding with the ulti- 
mate load factors specified in 
Q 23.561(5), considering the dimension- 
al characteristics of the belt and har- 
ness installation for the specific seat 
or berth arrangement. 

(b) For safety belts for berths paral- 
lel to the longitudinal axis of the air- 
plane, the forward load factor speci- 
fied in 9 23.561cb) need not be applied. 

(c) Each safety belt must be 
equipped with a metal to metal latch- 
ing device. 
(Secs. 313. 314. and 601 through 610 of the 
Federal Aviatlon AcL of 1958 (49 U.S.C. 
1354, 1355. and I421 through 1430) and sec- 
tion 6(c) of thc Department of Transports. 
tion Act (49 U.S.C. 1655(c))) 
[Docket No. 4080. 29 FR 17955, Dec. 18. 
1964. s amended by Amdt. No. 23-7. 34 FR 
13096.' Aug. 13. 1969; Amdt. 23-22. 43 FR 
46233. OCL 5. 19781 ( 1  8 2, 1  98 ) 

However s e c t i o n  (.c) i s  n o t  e f f e c t i v e  u n t i l  December 4, l a 8 1 .  

2.5.3 .- D i s c u s s i o n  and A n a l y s i s .  A l t h o u g h  t h i s  s t u d y  has n o t  i n -  

eluded compar ison  o f  P a r t  23 w i t h  P a r t  25 ( . a i rwo r t h i ness  s t anda rds :  

normal c a t e g o r y  r o t o r c r a f t ) ,  and P a r t  29 ( a i r w o r t h i n e s s  s t anda rds  : t r a n s -  

p o r t  c a t e g o r y  r o t o r c r a f t ?  such an  a n a l y s i s  has been p r e v i o u s l y  p u b l i s h e d  

(Snyder ,  1977 ) .  I n  t h i s  r e g a r d  i t  s h o u l d  be no ted  t h a t  t h e r e  a r e  some 

i m p o r t a n t  d i f f e r e n c e s  i n  c r a s h w o r t h i n e s s  and occupan t  p r o t e c t i o n  r e -  

qu i r emen ts  between t h e s e  c a t e g o r i e s .  One example i s  f ound  i n  compar ison  

o f  s e c t i o n  . I 413  f o r  P a r t s  23, 25, 27 and 29. For  b o t h  f25.1413 ( a i r  

c a r r i e r s )  and f27 .1413  (he1 i c o p t e r s )  t h e r e  i s  an a d d i t i o n a l  r e q u i r e m e n t  

n o t  found i n  P a r t  23 t h a t  t h e  s a f e t y  b e l t  anchorage  c a n n o t  f a i l  a t  a  

l o a d  l o w e r  t h a n  t h a t  c o r r e s p o n d i n g  w i t h  t h e  u l t i m a t e  l o a d  f a c t o r s  s p e c i -  

f i e d  i n  #27.561 ( b ) ;  however i n  t h e  case  o f  a i r  c a r r i e r s ,  t h i s  f a c t o r  

mus t  be mu1 t i p 1  i e d  by a  f a c t o r  o f  1 .33 ( #23 .1413 (c ) .  For  a i r  t r a n s p o r t  

he1 i c o p t e r s  t h e r e  i s  no s t r e n g t h  r e q u i r e m e n t  f o r  e i t h e r  b e l t s  o r  anchor -  

ages i n  t h i s  s e c t i o n .  

The r a t e d  s t r e n g t h  o f  s a f e t y  b e l t s  and harnesses i s  s p e c i f i e d  t o  

be n o t  1  ess t h a n  t h e  u l t i m a t e  l o a d  f a c t o r s  o f  f23.561 ( b ) ,  o r  3 g upward, 

9 g f o rwa rd ,  and 1 .5  g s i dewa rd .  A p p l i e d  t o  a  170  1  b.  occupan t ,  t h i s  - 
t r a n s l a t e s  t o  a  r e q u i r e d  minimum be1 t s t r e n g t h  o f  51 0 1  bs. upward, 1530 

I bs.  forward,  and 255 1  bs .  s ideward .  No f i t t i n g  f a c t o r  i s  i n v o l v e d .  



S i n c e  FMVSS No. 209 r e q u i r e d  a u t o m o b i l e s  manu fac tu red  f o r  s a l e  i n  

t h e  U.S. t o  use  6,000 I b .  (2720  kg )  webbing f o r  t y p e  1  ( l a p  b e l t )  r e -  

s t r a i n t s  and 5,000 I b .  (2270 kg)  p e l v i c  webbing and 4,000 l b .  (1810 kg )  

webbing i n  t h e  s h o u l d e r  harness  ( 36  FR 22902, Dec.2, 1971 ) ,  webbing o f  

t h i s  s t r e n g t h  has been c u r r e n t l y  a v a i l a b l e  f o r  many y e a r s .  P a r t  23.1413 

shou ld  be m o d i f i e d  t o  r e a l  i s t i c a l  l y  up -da te  t h e s e  webbing s t r e n g t h  r e q u i r e -  

ments  t o  t a k e  i n t o  c o n s i d e r a t i o n  t h e  s t a t e - o f - t h e - a r t  o f  p r e s e n t  b e l t  

a v a i l a b i l i t y .  T h i s  would a1 so s e r v e  t o  g r e a t l y  s t r e n g t h e n  and upgrade  

one i m p o r t a n t  l i n k  i n  t h e  occupan t  c r a s h  r e s t r a i n t  c h a i n .  

F i t t i n g  F a c t o r s .  #23.625 

2.6.1 Development o f  FAA Requi rement .  The N a t i o n a l  A d v i s o r y  

Commit tee Repo r t  on  Nomenc la tu re?  No. 240, was used as a  b a s i s  f o r  t h e  

f i r s t  a i r w o r t h i n e s s  r e q u i r e m e n t s  (7A)  o f  1929 r e l a t i n g  t o  f a c t o r s  o f  

d e s i g n  l o a d ,  u1 t i m a t e  l o a d ,  l o a d  f a c t o r ,  f a c t o r  o f  s a f e t y ,  m a r g i n  o f  

s a f e t y ,  and normal l o a d .  A d d i t i o n a l  s p e c i a l  a p p l i c a t i o n s  o f  t h e  NAC 

r e p o r t  t o  t h e  f i e l d  o f  s t r u c t u r a l  d e s i g n  were c l a r i f i e d  i n  t h e  1929 

b u l l e t i n  i n  P a r t  2, and compar ison  o f  d e f i n i t i o n s  o f  t h e  above terms 

p r o v i d e d .  F i t t i n g s  were f i r s t  d i s cussed  i n  P a r t  4.4, and t h e  r e q u i r e -  

ments s t a t e d :  

" ( A )  F i t t i n g s ,  excep t  r i v e t e d  f i t t i n g s ,  s h a l l  be des igned  
t o  c a r r y  l o a d s  o f  20 p e r c e n t  i n  excess o f  t h e  d e s i g n  l o a d s  i n  
t h e  members t o  wh ich  t h e y  a r e  connec ted .  R i v e t e d  f i t t i n g s  s h a l l  
be des i gned  f o r  25 p e r c e n t  o f  excess l o a d "  ( p . 5 1 ) .  

F i t t i n g s  were d e f i n e d  as i n c l u d i n g  r i v e t s ,  b o l t s ,  p i n s ,  and a l l  

s i m i l a r  secondary  members wh i ch  s e r v e  as p a r t  of  t h e  c o n n e c t i o n  o f  one 

m a i n  member t o  a n o t h e r .  

I n  1929, a  "minimum f a c t o r  o f  s a f e t y  o f  1 . 5  s h a l l  be m a i n t a i n e d "  i n  

f u s e l a g e  d e s i g n  (.Sec. 51 ) ,  and r e q u i r e m e n t s  f o r  f i t t i n g s  was i n c r e a s e d  

o v e r  t h e  1929 s t a n d a r d .  I n  Chapt.  I X ,  S e c t i o n  61 f i t t i n g s  we re  now 

d e f i n e d  as a l l  p a r t s  used  t o  c o n n e c t  one p r i m a r y  member t o  a n o t h e r .  

S e c t i o n  61 s t a t e d :  

" ( B )  The minimum f a c t o r  o f  s a f e t y  f o r  f i t t i n g s  s h a l l  be 
1 .80 .  The d e s i g n  l o a d  f o r  f i t t i n g s  t h e r e f o r e  s h a l l  n o t  
be l e s s  t h a n  1 .80  t i m e s  t h e  a p p l i e d  l o a d .  The f a c t o r  o f  
s a f e t y  f o r  any  g i v e n  c r i t i c a l  l o a d i n g  c o n d i t i o n  s h a l l  i n  
any  case  be 20 p e r c e n t  g r e a t e r  t h a n  t h e  s p e c i f i e d  minimum 
f a c t o r  o f  s a f e t y  f o r  t h e  p r i m a r y  member f r o m  w h i c h  t h e  
f i t t i n g  r e c e i v e s  i t s  c r i t i c a l  l o a d "  (1934 I X ,  Sec. 6 1 ) .  



The f i t t i n g  f a c t o r  was subsequently included,  a1 though modified,  i n  

a1 1 subsequent r e v i s i o n s  o f  the r e g u l a t i o n s ,  being incorporated i n  

P a r t  03 (November 1 3 ,  1945) .  I t  was renumbered from #3.3112 t o  #3.306 

on Ju ly  16,  1949 ( F . R .  14/136) ,  and recod i f i ed  from 83.306 t o  new 

#23.625 (Not ice  64-17) i n  1964. Notice 67-14 added #23.625(d) t o  con- 

s o l i d a t e  t h e  requirements w i t h  no s u b s t a n t i v e  change. 

2.6.2 Current Requirement. The p resen t  requirement f o r  f i t t i n g  has 

been i n  e f f e c t  s i n c e  1964, a s  amended by 23-7 (34 FR 13091, August 13,  

1969) .  Sect ion ( d )  r e q u i r e s  a f i t t i n g  f a c t o r  o f  1 . 3 3 ,  a s  fo l lows .  This 

means t h a t  s e a t  and be1 t at tachments  must be shown t o  wi ths tand 1 -33 

times the 9 g ,  3 g ,  and 1 . 5  g u l t i m a t e  i n e r t i a  f o r c e s  l i s t e d  i n  23.561, 

o r  4 g (3 .99)  upward, 1 2  g t11.97 forward, and 2 g (1 .99) sideward ." 

8 23.625 Fitting facton. 
For each fitting (a  part or terminal 

used to join one structural member to 
another), the following apply: 

(a)  For each fitting whose strength 
is not proven by limit and ultimate 
load tests in which actual stress condi- 
tions are simulated in the fitting and 
surrounding structures, a fitting factor 
of at least 1.15 must be applied to each 
part 0f- 

(1) The fitting; 
(2) The means of attachment; and 
(3 )  The bearing on the Joined mem- 

bers. 
(b) NO fitting factor need be used for 

Joint designs based on comprehensive 
test data (such as continuous joint. in 
metal plating. welded joints, and scarf 
Joints in wood). 

tc) For each integral fitting, the part, 
must be treated as a fitting up to the 
point a t  which the section properties 
becornmica1  of ihe mPmhPr 

(dl For each seat, berth, safety belt, 
and harness, its attachment to the 
structure must be shown, by analysis. 
tests, or both, to be able to withstand 
the inertia forces prescribed in 8 23.561 
multiplied by a fitting factor of 1.33. 

[Docket No. 4080, 29 FR 17955, Dec. 18. 
1964, as amended by Amdt. NO. 23-7, 34 FR 
13091, AIW. 13,19691 (14 C F R  23, pp.133-134, 1980) 



2.6.3 D i s c u s s i o n  and A n a l y s i s .  The f i t t i n g  f a c t o r  has been de- 

c reased  f r om  t h e  1929 1 .80  r e q u i r e m e n t  t o  i t s  c u r r e n t  v a l u e  o f  1  .33. 

S i n c e  t h i s  r e q u i r e m e n t  has an  i m p o r t a n t  b e a r i n g  on  s e a t  and s a f e t y  b e l t  

a t t achmen t  s t r e n g t h  i t  deserves  f u r t h e r  e n g i n e e r i n g  r e v i e w  wh ich  i s  

o u t s i d e  t h e  scope o f  t h i s  s t u d y .  

2.6.3.1 C o n s o l i d a t i o n  o f  sea t ,  be1 t, b e r t h ,  and b e l t  a t t achmen t  

f a c t o r s .  I n  1969 t h e  FAA proposed t h a t  P a r t  23 be f u r t h e r  amended f o r  

sma l l  a i r p l a n e  t y p e  c e r t i f i c a t i o n ,  p ropos i ng  t h a t  23.625, 23.785, and 

23.141 3  be conso l  i d a t e d  t o  p l a c e  sea t ,  b e r t h ,  and be1 t a t t achmen t  f a c t o r s  

a l l  i n  one s e c t i o n ,  "and t o  r e q u i r e  t h e  i n s t a l l a t i o n  o f  e f f e c t i v e  upper  

body r e s t r a i n t s  ( ha rnesses ) ,  o r  t h e  a i r p l a n e  i n t e r i o r  t o  be des igned  

e i t h e r  t o  e l i m i n a t e  i n j u r i o u s  o b j e c t s  w i t h i n  s t r i k i n g  r a d i u s  o f  t h e  

head o r  t o  p r o v i d e  energy  a b s o r b i n g  s u p p o r t  f o r  t h e  upper  t o r s o "  ( 3 2  FR 

5791 , A p r i l  11 , 1967) .  These amendments r e f 1  e c t e d  comments f rom a  

n o t i c e  o f  proposed r u l e m a k i n g  (NPRM) l i s t e d  i n  t h e  Federa l  R e g i s t e r  

( 3 2  FR 5791) on A p r i l  11, 1967 and c i r c u l a t e d  as n o t i c e  67-14. 

A t  t h e  p r e s e n t  t ime ,  i n  o r d e r  t o  f i n d  p e r t i n e n t  r equ i r emen ts  f o r  

sea t s  and r e s t r a i n t s  one must  go t o  t h r e e  s e p a r a t e  p a r t s  o f  P a r t  23 

(23.625, 23.785, and 23.141 3 ) ,  wh ich  i n  t u r n  r e f e r e n c e  o t h e r  s e c t i o n s  

and s t anda rds  (23.561, NAS 806, NAS 809, #34.132 -TSO-C22f). I t  

would seem more l o g i c a l  t o  c o n s o l i d a t e  a l l  sea t ,  b e r t h  and b e l t  a t t a c h -  

ment f a c t o r  r equ i r emen ts  i n t o  a  s i n g l e  s e c t i o n .  

2.7 C h i l d  and I n f a n t  R e s t r a i n t  (TSO-C100, ~ r o ~ o s e d )  

2.7.1 Development o f  Proposed TSO-C1CI'O. A r e s e a r c h  s t u d y  t o  a n a l y z e  

t h e  need f o r  i n f a n t  and c h i l d  r e s t r a i n t  ( . p r i m a r i l y  i n  a i r  c a r r i e r  a i r -  

c r a f t )  and c o n d u c t  dynamic t e s t i n g  was p roposed  i n  1961 by t h e  FAA's 

C i v i l  Aeromed ica l  Research I n s t i t u t e  (.CAR1 ) (now C i v i l  Aeromedica l  

I n s t i t u t e ,  CAMI), o f  F l i g h t  S tandards  S e r v i c e s  O f f i c e  o f  A v i a t i o n  Med- 

i c i n e  (OAM). However i t  was n o t  g i v e n  h i g h  p r i o r i t y  and no f u n d i n g  

o r  p r o j e c t  ass ignment  was made by OAM. 



A n  i n f a n t  dummy (subsequent ly  i d e n t i f i e d  a s  Mark I )  was designed 

and f ab r i c a t ed  by Swearingen and Young f o r  use in the  crash 

t e s t  of a DC-8 in 1964 (Reed, 1965).  

This was r e l a t i v e l y  crude,  and i n  1974 an improved Mark I1  CAMI In f an t  
Dummy was constructed (Chandler 1974) .  In 1974 FAA comments on t he  

proposed SAE A R P  766A f o r  small ch i l d r en  issued by SAE in  1967 (Appendix F & G )  

and proposed ARP 1469 f o r  i n f a n t s ,  was followed by a d r a f t  d i scuss ion  

paper (Chandler, 11 June 1974) .  In response t o  a reques t  from AFS-424 

t o  the Federal Air Surgeon, a p ro j ec t  was i n i t i a t e d  t o  test  and approve 

i n f a n t  and c h i l d  r e s t r a i n t  systems f o r  use i n  c i v i l  a i r c r a f t . ( C h a n d l e r ,  

Plemo Rept, August 1974).  This a l s o  included a review of the s t a t e -o f -  

t he - a r t  w i t h  a  c r i t i q u e  o f  t he  1967 Aeronautical  Recommended P rac t i c e  (SAE) , 
FMVSS 21 3 ( e f f e c t i v e  April 1 ,  1971 ) ,  proposed r ev i s i ons  (Docket 76-9, 

February, 19742, and Par t s  11.14, 121.311, and 127.109 o f  the Federal 

Aviation Regulations.  This s tudy r ep re sen t s  the  most complete a n a l y s i s  

a v a i l a b l e  t o  da t e .  I t  was concluded t h a t  NHTSA rug making regarding 

FMVSS 213 was pe r t i nen t  t o  any FAA rulemaking a c t i v i t y ,  b u t  while awaiting 

NHTSA dec i s i ons  FAA should make "pre l iminary  e f f o r t s "  t o  e s t a b l i s h  the 
add i t iona l  environmental condi t ions  which might be required i n  a i r c r a f t .  
I f  the  NHTSA decis ion in f i na l  rulemaking was delayed i t  was recommended t h a t  

" in te r im c e r t i f i c a t i o n  of i n f a n t  o r  c h i l d  r e s t r a i n t  systems could be 

provided by sub jec t ing  t h e m  t o  a t e s t  procedure. .  ." ( p . 12 ) .  

The 1974 s t a t e -o f - t he - a r t  a n a l y s i s  was followed by a t e s t  program 

eva lua t ing  6 models of  c h i l d  and 4 models of  i n f a n t  r e s t r a i n t s  approved 

f o r  automotive use  under FMVSS 213 (Chandler and Trout,  1975a; 1975b). 

A t e s t  spec i f i c a t i on  was provided which de t a i l ed  dynamic t e s t  condi t ions .  

Since an a i r c r a f t  system must provide p ro tec t ion  during takeof f  and 

land ing ,  t u rbu l en t  f l i g h t  cond i t i ons ,  and survivable  c rashes ,  some con- 

d i  t i o n s  (such a s  s e a t  c h a r a c t e r i s t i c s ,  crash impact pu l ses )  were found 

t o  d i f f e r  from needs p ro tec t ing  ch i ld ren  and i n f a n t s  i n  automobile 

c rashes .  Various problems were pointed ou t  when r e s t r a i n t  systems 

intended f o r  automobil es  a r e  t e s t e d  in  a i r c r a f t  impact s imula t ions .  

The r e s u l t s  of the  1974-1 975 CAMI s tud i e s  were published as  an FAA 

repo r t  i n  March 1978 (.Chandler and Trout,  1978) .  On October 2 ,  1980 

a d r a f t  TSO CC100) was issued f o r  pub1 i c  comment (Notice 45(193):65380) 

u n t i l  2 January 1981. This b r i e f l y  summarizes the  background and 

s t a t u s  of  FAA regu l a to ry  a c t i o n  regarding ch i l d  and i n f a n t  r e s t r a i n t .  



2.7.2 Current Requirement. A t  present there  a r e  no FAA standards 

providing for  i n f an t  o r  ch i ld  r e s t r a i n t  protection aboard a i r c r a f t  

separate  from adu l t s .  A d r a f t  Technical Standard Order was recent ly  

proposed asTSO-C100 in the Federal Register of October 2,  1980 (Notice 

45(193) :65380). Comments were requested by January 2, 1981 (Docket No. 

TSO-C1 00) . The d r a f t  TSO-C1 00 prescribes the minimum performance 

standard t h a t  chi ld  r e s t r a i n t  systems must meet. 

In general the proposed TSO i s  based upon the  cur ren t  automotive 

vehicle  Federal Motor Vehicle Safety Standard (FMVSS) No. 213 (49 CFR 

571. 213080; 44 FR 72131 and 72147), with addi t ional  provisions addres- 

sing material  s  f lammabili ty,  i n - f l i g h t  body containment, and marking and 

data requirements. 

Draft TSO-C100, as proposed i s  as  follows: 

Subject: , 3 0 i 1 0 0 ,  Qild 8estraint  Syste.m 

( a )  Aq l i cab i l iQ .  

( 1 ) ninrmrrm 7 e r f o m c e  Standad. 31s T a i i c a l  Standard M e r  
(?SO] presczibis me .ninlmna prfofiance sundard eat c l i l h s t r a ~ r c  
s y s t r !  a t  ,met in order m h identified wid 3 e  applicable T4) 
&inq. Sew mdels  of Qild restraint system that are D 'te so dent:- 
f ied  and chat are mufactuzed m or d t e r  %?a hts of =?is "?Xi mst m c  
:?e standards s t  fort! in Federal :@tor Vehicle Safety S L ? d W  !imSI 
.%a. 213, Child rertraznt ~ s t m  afectlve date June 1. 1980 
(49 CEE 571.213080; 44 FX 72131 and 72147). 

( i )  All merials 'sed mst b s l f  -oxtinguisbbg ,hen 
tested in armrdznce w i t 1  qp l i cab le  req~~--ts sf ss 2.853 yd .% 25, 
m i x  F 'of the Federal Aviation Replacions (FAR) effective .Yay 1 ,  1972. 
The m t e r i a l  my te of a size ad b munted for ti% p a s t  in accurdance 
with para- (b) of W i x  ? or my ce of a ssze & .mutt& as sed in 
the aircraft. S r d l  prcs (suQ as :bxsr hsteners ,  seals, and qtumets \ 
*at wuld oxluibute  siqnificancly s, the pcopaqation of a f i r e  ?eed 
not ke tested. 

(ii) In A i t i c n  m LWSS XJ. 213, Section 571.213083, 
S5.1 mmugh 55.13.3: 

(A)  a i l d  cmcatlmen-. for mnd ich r s  sf in-elignt 
turbulence mt ke tetemined $ r?venion tasts. 3.e comrration sf 3 
reprcsenmtive W q e r  s a t ,  m i l d  ~ ~ u a m c  qstern, and child brmy mt 
w rotaced, from b e  mrsral tqri$it p r t i o n  ha m inverted -Psition. 2.e 
W i w t i c n  mt reinah inverted for a Least ? m d s .  Child m u i n i i n t  
n u t  k muted in a far;rard direction, .ad a sadeward direction iti~i 
r e w -  a a ?ward hcL!q r a t  insUlla-,icn. 3 e  rpssenqer r a t  mt 
have a hll fold-over sear. '%c%. 

(B) &a& d i p r a t l a  d ;rcbe of rnstallatzon .csc 
ce s s t e d  Em a n t a m t  o i  &e cnzld's e l g n t  and slze for wzch ','e 
restralne sysren s deszg~ed. m e  Ql l c  , x c q a n t  wt m slmlated dl:? 
:5e qprcpr la te  tes t  &my u spxtfsed '1 pnqraph ST of W5.5 !b. 213. 
I.-salat:ons of C e  z?sun~?t system m -=.e seat and plaement of test 
a m e s  n ~ ~ t  a a accerb~..ce m'z. ',le Tanufact'xer's m t ~ ~ c , : c n s .  

(3) Sceotions. In Lieu sf .WSS :b. 213, S a l o n  571.213080, 
raraqraps  S T ,  52, ~ 3 ,  3 supanqrw I: 



(1 1 Clrld rest-amt system for aa rcaf t  ;ust -eet ~9 
:equlremants of WSS zb. 213 for seating system m h at=cried m me 
vehrde cy new of the w l d e  safety t a l u  *dr'hmt suple.mntaq 
anmaage t e l u  cr %tier  straps, and Lie m v u r o n s  of this stardard. 

( l i)  Olald ~ s t r a i r c  ysterrrr ,ust WviCe 'kdy n~ and 
ccntainment for  the dynamic ondicicns of WSS Ns. 213, =cepe t?e 
acaleraticn/trme cum of tie test platform my h equal to cr geater  
than the c i t e r i a  of 3.W Ns. 213, Figure 2. S q p r t  and mtaiment  x s t  
be p v i d e d  without failure or &fornation *hi& au ld  seriously injure or 
arevent w e n t  extricaticn of a d r l d  -t. 

(iii) The &ild restraint system m t  also ~cov l le  'kdy 
mtakrmnt  for acslditicne of W r  in-flight urbulence, vit5out h i lu re  
or &fornation mi& au ld  ssrlously injure cr p n m t  w e n t  
extr ia t ion of a Qild ccmpmt. 

( i v )  'P.e -tra.int system wt vit9tand a force equal to 
that generated by an mlatded sea- hving a ntrimn of 25 d w  
rotaticn and subjec-ad m the dyMmic met ccndiions of 9S.S ?b. 213. 

In &dition O the m.Linq q r c i f i d  in ?.U 
(b' v , , S21.607(dI the ollcwrnq mfomticn shall te Legibly ard prnwently 
cn the equiprat: 

( 1 )  Instructicns for mpr iw and batallation of h system. 

( 3 ) fnstrlctions for mqr disassemly/asse&ly. 

( c )  Data 2eq~iremmts. In wit5 FAR S 21.6135, Cr 
ranufamrer irust hnisn LTC Giief, Engir,eeriir.q and ,Hanufacrxr*.g 3ranL7, 
c ' l iq t  S U A a d s  Divislcn :or in the iitstcrn Region, tke Zhief, &;raft 
Engiieering Division) Federal Aviation rmainistradon, in t!!e -on in 
whi& the mufacturer s b a t e d ,  one each of L5e hfolwinq :*.id 
data: 

( 1 ) Operating inst~~crdons. 

( 5 )  Nanufacturer's TSO qualification test m. 
( d )  AvarlabQrty of R e f e ~ c e  kunimts. Clpies of c'e?eral &tor 

'J&~cie Safety Standard, WS.5 No. 21 3 n y  ?e catdined (or arcwed i fnm 
' the Natlcnal Highway M f i c  Safety Administration ( ~ ~ ~ ~ ~ l , - k c i c e t  Seion, 
icmm 5108, 400 7tb Street, S.Z., 'dashington, D.C. 20590. 

C u r r e n t  FAR o p e r a t i n g  r u l e s  r e q u i r e  a s e a t  be1 t t o  be used d u r i n g  

t a k e o f f  and l a n d i n g ,  e x c e p t  f o r  a s p o r t  p a r a c h u t i s t  who c a n  s i t  on t h e  

f l o o r ,  and a c h i l d  under  two y e a r s ,  who may be h e l d  by a s e a t e d  a d u l t .  

S a f e t y  be1 t u s e  i s  a d d r e s s e d  i n  P a r t  91 . 1 4 ,  P a r t  121.311 ( f o r  a i r  c a r r i e r s ) ,  

and P a r t  127.1  09 (he1 i c o p t e r  a i r  c a r r i e r s ) ,  a s  f o l l o w s :  



FEDERAL A V I  AT1 ON REGULATIONS 

8 91.14 Um of de belt.. . 71  

(a) Unless otherwise authorized by 
the AdmhWmtor- = . . , .. . 

(1) NO pilot may take off a ~i. res- 
istered civil sircraft (except a free bal- 
loon that iacorporates a basket or gon- 
dola and an airship) unless the pilot in 
command of that aircraft ensures that 
each person,'on board is briefed on 
how to fasten and unfasten that per- 
son's safety belt. ' 

(2) No pilot may take off or iand a 
U S  registered civil' efrcrait 'texcept 
free ballons that incorporate' baslets 
or gondolas and airrrhips) unlem the 
pilot tn command of that aircraft en- 
sures that each person on- board has 
been notified to fasten his safety belt. 

(3) Durlng the takeoff and landing 
of US. registered civil aircmft (except 
free balloons that Incorporate bcuketa 
or gondolas and airships), each person 
on board that eircTait must occupy e 
seat or berth with a safety belt proper- 
4 secured about him. 
However, a PerSOn Who not 
reached his second bir thby may k 
held by an adult who is 0mpYing a 
seat or berth. and a Person on bard 
for the purpose of engaeine in sport 
parachuting may use the floor of the 
aircraft as a seat. 

(b)  his section does not apply to O P  
eratiom conducted under Part 121, 
123, or 127 of this chapter. Paragraph 
(a)(3) of th is section does not apply to 
persons subject to O 91.7. -. 

y 127.109 Scatandaafetybelt 
(a) No person may operate a helicop 

ter unless there are available durhg 
the takeoff, en route flight, and land- 
i4f- 

( 1) An approved seat for each person 
on board the helicopter who has 
reached his second birthdag; and 

(2) An apbroved safety belt for sepa- 
rate use by each person on board the 
helicopter who has reached his second 
birthday. 

(b) During the talteoff and landing 
of a helicopter, each p e m n  on board 
shall occupy an approved seat with a 
safety belt properly secured aDouL 
him. A person who has not reached his 
second birthday may be held by an 
adult who is occupying a seat. 
However, notwithstanding the pr0~i-  
sions of this section, in the case of 
children who have reached their 
second birthday, but not their 12th 
birthday, a safety belt may be used for 
two in a single seat if the strength re- 
quirements of the seat and the safety 
belt are not exceeded. 

8 121.311 Seat and eafetj belts. 
(a) No person may operate an air- 

plane unless there are available during 
the takeoff, en route flight, and land- 
ing- 
(1) An approved seat or berth for 

each person on board the airplane who 
has reached his second birthday; and 

(2 )  An approved safety belt for sepa. 
rate use by each person on board the 
airplane who has reached his second 
birthday, except that two persons oc- 
cupying a berth may share one ap- 
proved safety belt and two persons oc- 
cupyine a multiple lounge or divan 
seat may share one approved safety 
belt during en route flight only. 

(b) During the takeoff and landing 
of an airplane, each person on board 
shall occupy an approved seat or berth 
with a separate safety belt properly se- 
cured about him. However, a person 
who has not reached his second birth- 
day may be held by an adult who is oc- 
cupying a seat or berth. A safety belt 
provided for the occupant of a seat 
may not be used during takeoff and 
landing by more than one person who 
has reached his second birthday. 

tc) After September 30, 1969, each 
sideward facing seat must comply with 
the applicable requirements of 
5 25.785(c) of this chapter. 

(dl Bcept  as provided in paragraphs 
(dl (1) and (2) of this section, no certif- 
icate holder may take off or land an 
airplane unless each passenger seat 
back Is in the upright postion. Each 
passenger shall comply with tnstruc- 
tiom given by a crewmember in com- 
pliance with this p m p h  

(1) This paragraph does not apply to 
seat backs placed in other than the 
upright position in compliance with 
0 121.310(f)(3). 

(2) This paragraph does not apply to 
seats on which cargo or persons who 
are unable to sit erect for a medical 
reason are carried in accordance with 
procedures in the certificate holder's 
manual if the seat back does not ob- 
struct any passenger's access to the 
aisle or to any emergency exit. 

(el Each occupant of a seat equipped 
with a shoulder harness must fasten 
the shoulder hamess during takeoff 
and landing, except that, in the case of 
crewmembers, the shoulder harness 
need not be futened if the crew- 
member cannot perform his required 
duties with the shoulder harness fas- 
tened. 



2.7.3 D i s c u s s i o n  and A n a l y s i s .  Equal p r o t e c t i o n  has n o t  been p r o -  

v i d e d  t o  a l l  a i r c r a f t  passengers .  To d a t e  t h e r e  a r e  no s t anda rds  r e g a r d -  

i n g  r e s t r a i n t  p r o t e c t i o n  a t  a l l  f o r  c h i l d r e n  o r  i n f a n t s  under  two y e a r s  

o f  age. FAR P a r t  9 1 . 1 4 ( a ) ( 2 )  s t a t e s  t h a t  ' I . .  .a pe r son  who has n o t  reached  

h i s  second b i r t h d a y  may be h e l d  by an  a d u l t  who i s  o c c u p y i n g  a  s e a t  o r  

be r t h , .  . .". FAR P a r t  121.311 ( b )  p e r t a i n i n g  t o  a i r  c a r r i e r  ( n o t  P a r t  23 

o p e r a t i o n )  i n c l u d e s  i d e n t i c a l  language,  and FAR P a r t  .127 .109(b )  uses a  

s i m i l a r  s ta tement ,  wh i ch  have been p r o v i d e d  i n  t h e  p r e c e d i n g  s e c t i o n .  

A  number o f  prob lems have r e s u l t e d .  As soon as c h i l d  and i n f a n t  

r e s t r a i n t s  became a v a i l a b l e  f o r  a u t o m o t i v e  use, some 15  y e a r s  ago, 

p a r e n t s  have a t t e m p t e d  t o  t a k e  them on  board  a i r  c a r r i e r s .  The a i r l  i n e s  

have responded i n  v a r i o u s  ways b u t  g e n e r a l l y ,  i n  v i e w  o f  a  comp le te  l a c k  

o f  s t anda rds  o r  even g u i d e l i n e s  f r om  t h e  FAA, have n o t  a l l o w e d  p a r e n t s  

t o  use  c h i l d  o r  i n f a n t  r e s t r a i n t s  d u r i n g  t a k e o f f  o r  l a n d i n g .  The a u t h o r  

has s e v e r a l  t i m e s  ove rhea rd  t h e  c a b i n  a t t e n d e n t  e x p l a i n  t h a t  " i t  i s  an  

FAA r e q u i r e m e n t  t h a t  t h e  p a r e n t  h o l d  t h e  c h i l d  i n  t h e  l a p . "  As no ted  

i n  P a r t  121 .14 (a ) (2 )  t h a t  i s  i n a c c u r a t e ,  as w e l l  as  dangerous,  a1 though  

normal a i r l  i n e  p rocedu re  i s  f o r  t h e  p a r e n t  t o  h o l d  th? younger  c h i l d  on  

t h e  l a p .  

T e s t s  conduc ted  a t  t h e  U n i v e r s i t y  o f  M i c h i g a n  have c l e a r l y  docu- 

mented t h a t  i n  modera te  o r  seve re  c r a s h  d e c e l e r a t i o n s  i t  i s  n o t  p o s s i b l e  

f o r  l a p  and s h o u l d e r  b e l t e d  a d u l t s  t o  a d e q u a t e l y  r e s t r a i n  c h i l d r e n  i n  

t h e i r  l a p s  by h o l d i n g  on t o  them (Mohan and Schne ider ,  1978 ) .  For  a  

7 .9  Kg ( 2 0  1  b . )  i n f a n t ,  t h e  i n e r t i a l  f o r c e s  a t  1 0  g ' s  c o u l d  be i n  excess 

o f  1000 N, a  s t r e n g t h  1  i m i t  f o r  many a d u l t  f ema les .  Even l o w  v e l o c i t y  

impac t s  o f  25 km/hr c h e s t  d e c e l e r a t i o n  can exceed 1 5  g ' s  (A1 em, e t  a1 . , 1 9 7 8 ) .  

A t  a  50 km/hr c rash ,  i n  wh i ch  c h e s t  r e c o r d i n g s  o f  35 g ' s  have been 

measured, t h e  combined i n e r t i a l  f o r c e  o f  a  7 . 9  kg i n f a n t  and t h e  f o r e -  

arms would be n e a r l y  3800 N, a  v a l u e  a b o u t  f o u r  t i m e s  g r e a t e r  t h a n  any 

s t r e n g t h  v a l u e  f o r  fema les  and more t h a n  t w i c e  t h a t  f o r  ma les .  The Mohan- 

Schne ide r  s t u d y  conc l udes  " . . . i n  a i r p l a n e s ,  i n  c r a s h  o r  t u r b u l e n c e  

s i t u a t i o n s ,  t h e  l a p - h e l d  i n f a n t  i s  l i k e l y  t o  h i t  nea rby  ha rd  s t r u c t u r e s .  

The r e s u l t s  c l e a r l y  demons t ra te  t h a t  i t  i s  n o t  s a f e  f o r  i n f a n t s  t o  be 



t r a n s p o r t e d  i n  a d u l t s '  l a p s  i n  au tomob i les  o r  a i r p l a n e s  even i n  t h e  

r e l a t i v e l y  r a r e  i ns tances  t h a t  t h e y  a r e  h e l d  t i g h t l y  and t h e  a d u l t s  a r e  

r e s t r a i n e d "  ( p . 1 ) .  I n  a d d i t i o n ,  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e  j a c k -  

k n i f i n g  p a r e n t  ( s i n c e  shou lder  harness i s  n o t  p r o v i d e d )  w i l l  f l e x  f o rwa rd  

and cause c r u s h i n g  i n j u r i e s  t o  t h e  c h i l d .  The use o f  p i l l o w s ,  b l anke t s ,  

and o t h e r  dev i ces  by t h e  a i r l i n e s  may even i n c r e a s e  t h e  p o t e n t i a l  danger 

o f  i n j u r y  t o  t h e  i n f a n t .  Another  techn ique ,  t h a t  o f  p l a c i n g  t h e  i n f a n t  

i n s i d e  t h e  pa ren t s  l a p  be1 t, i s  a l s o  e s p e c i a l l y  dangerous. 

I t  does n o t  appear t h a t  t h i s  3-way c o n f l i c t  between t h e  FAA, t h e  

a i r  c a r r i e r s ,  and t h e  pa ren t s  w i l l  soon be r eso l ved .  Paren ts  a t t e m p t i n g  

t o  b r i n g  i n f a n t  o r  c h i l d  r e s t r a i n t s  aboard a i r  c a r r i e r s  assume t h a t  

t hose  c e r t i f i e d  as mee t i ng  t h e  impac t  ~ r o t e c t i o n  r equ i r emen ts  o f  

FMVSS 213 w i l l  o f f e r  p r o t e c t i o n  i n  a i r c r a f t  as w e l l  as t h e  au tomo t i ve  

v e h i c l e s  t h e y  were des igned  f o r .  U n f o r t u n a t e l y ,  t h e r e  a r e  a  number o f  

d i f f e rences  between t h e  a i r c r a f t  impac t  env i ronment  and t h a t  o f  au tomob i les  

wh ich  a f f e c t s  t h e  q u a l i t y  o f  p r o t e c t i o n  an au tomo t i ve  c h i l d  o r  i n f a n t  

r e s t r a i n t  may o f f e r  i n  an a i r c r a f t  d e c e l e r a t i o n .  For exampl e, most genera l  

a v i a t i o n  a i r c r a f t  do n o t  have seat -back l o c k s ,  and a i r  c a r r i e r s  have a  

breakaway f e a t u r e ,  t hus  t h e  sea t  back i t s e l f  may come f o rwa rd .  Some 

au tomo t i ve  c h i 1  d  r e s t r a i n t s  r e q u i r e  ove r - t he - sea t  o r  upper  a t tachment  

t o  p r e v e n t  t h e  t o p  t o  swing forward, n o t  p r e s e n t  o r  i n e f f e c t i v e  i n  a i r -  

c r a f t .  Turbu lence  can cause a  c h i l d  t o  s l i p  undernea th  o r  be th rown about  

i n  a  s t anda rd  c a r  r e s t r a i n t .  A lso,  a i r c r a f t  sea t  cush ions  g e n e r a l l y  

d i f f e r  f rom au tomo t i ve  and t h i s  i n f l u e n c e s  response.  The main d i f f e r e n c e  

between au tomo t i ve  and a i r c r a f t  impacts  1  i e s  i n  t h e  mu1 t i - d i r e c t i o n a l  

aspects ,  w i t h  a i r c r a f t  commonly hav ing  a  h i g h  v e r t i c a l  component, i n  

c o n t r a s t  t o  most  au tomo t i ve  impac ts .  

I t  i s  necessary t o  conduc t  t e s t s  u s i n g  a i r c r a f t  sea ts  i n  t y p i c a l  

a i r c r a f t  c r a s h  p r o f i l e s  t o  de te rmine  how e f f e c t i v e  sea ts  developed f o r  

au tomob i les  may be i n  a i r c r a f t  c r a s h  env i ronments.  Recogn iz ing  t h i s  
need, Chandler  conducted a  s e r i e s  o f  t e s t s  a t  CAM1 i n  1974 (as o u t l i n e d  

i n  2 .7 .1) ,  however t h e  FAA d i d  n o t  p u b l i s h  t h e  r e s u l t s  u n t i l  f o u r  yea rs  



l a t e r  (Chand le r  and T r o u t ,  7978) .  S ince  1974, seve ra l  p rom is ing  

r e s t r a i n t  systems have been developed f o r  a i r c r a f t  use.  F l i g h t  Systems, 

I n c . ,  o f  American S a f e t y  developed an a i r c r a f t  i n f a n t  r e s t r a i n t ,  t e s t e d  

i n  1976. Buckeye Manu fac tu r i ng  f i l e d  an a p p l i c a t i o n  i n  J u l y  7974 t o  

t h e  FAA's Eas te rn  Region, f o r  a Supplementa l  Type C e r t i f i c a t e  (STC) f o r  

t h e  Peterson  c h i l d  sea t ,  wh ich  i s  s t i l l  pending.  Buckeye was s o l d  t o  

Cosko i n  t h e  i n t e r i m ,  and t h e  STC a p p l i c a t i o n  was resubmi t t ed ,  r e q u e s t i n g  

wa i ve rs  f o r  f l a m m a b i l i t y  and f o r  t e s t i n g  i n  an a i r c r a f t  s e a t  ( M i l l e r ,  

persona l  com., 5  March 1981 ) .  Other  i n f a n t  r e s t r a i n t s  have been de- 

s i gned  e s p e c i a l l y  f o r  a i r c r a f t ,  b u t  as y e t  un tes ted ,  such as t h e  Von 

Wimmersperg I n f a n t  Guard Model C ( P a t e n t  pending, June 1971 ) .  

The N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  e s t a b l  i s  hed 

s tanda rd  No. 213 ( C h i l d  R e s t r a i n t  Systems) i n  1971. NHTSA proposed 

tougher  r e g u l a t i o n s  i n  1974 t h a t  c a l l e d  f o r  t e s t i n g  c h i l d  r e s t r a i n t s  

i n  s i m u l a t e d  f r o n t ,  s i d e ,  and r e a r  crashes,  a l t h o u g h  no a c t i o n  was t aken  

u n t i l  1978. Amendments were added i n  1979 t o  b o t h  FMVSS 213 and 209 

(Seat  B e l t  Assemblies and Anchorages) ( 44  FR 72131, 13 December 1979) ,  

and i n  May 1980 NHTSA responded t o  seve ra l  p e t i t i o n s  f o r  r e c o n s i d e r a t i o n ,  

p u b l i s h i n g  t h e  p resen t  f i n a l  r u l e  9 October ,  1980 (45  FR 29045). The 

l a t e s t  changes changed l a b e l i n g  requ i remen ts  t o  p e r m i t  t h e  use o f  a l t e r -  

n a t i v e  language, m o d i f i e d  t h e  minimum c u r v a t u r e  f o r  su r f aces ,  and ex- 

tended t h e  e f f e c t i v e  d a t e  o f  t h e  s tanda rd  f rom June 1, 1980 t o  January 

1 , 1981 . NHTSA FMVSS 21 3 p r o v i s i o n s  cove r  a1 1 t ypes  o f  systems t o  r e s t r a i n  

c h i l d r e n  such as i n f a n t  c a r r i e r s ,  c h i l d  sea t s ,  harnesses, and c a r  beds. 

The most  r e c e n t  r equ i remen t  r e p l a c e s  s t a t i c  t e s t i n g  w i t h  20 and 30 mph 

dynamic t e s t i n g ,  and p r o h i  b i t s  r e s t r a i n t s  f rom c o l l a p s i n g  d u r i n g  dynamic 

t e s t s ,  among o t h e r  r equ i remen ts .  The c u r r e n t  s tanda rd  f o r  motor  v e h i c l e s  

i s  p r o v i d e d  i n  Appendix E. 

I n  A u s t r a l i a  t h e  use o f  c h i l d  r e s t r a i n t s  approved f o r  au tomo t i ve  use 

i s  accep tab le  f o r  use  i n  genera l  a v i a t i o n  i f  i t  i s  manufac tu red  t o  comply 

w i t h  A u s t r a l i a n  S tandard  AS 1754 and secured t o  t h e  a i r c r a f t  sea t  o r  

s t r u c t u r e  i n  a way t o  r e s i s t  i n e r t i a  f o r c e s  o f  9  g fo rward ,  3 g upward, 

and 1.5 g s ideward  ( A v i a t i o n  S a f e t y  D i g e s t  108:6) .  The Standards A s s o c i a t i o n  

of  A u s t r a l i a  keeps a v a i l a b l e  i n  each c a p i t a l  c i t y  a c u r r e n t l y  approved 

l i s t  o f  c h i l d  r e s t r a i n t s .  



There  have been a  number o f  t e s t  and e v a l u a t i o n s  o f  i n f a n t  and 

c h i l d  r e s t r a i n t  systems r e l a t i v e  t o  a u t o m o t i v e  use  ( A p p o l d t ,  1966; 

Aldman, 1966; Robbins, 1970; S t a l n a k e r ,  1971; Rober ts ,  1972; Comsumer 

Repor ts ,  1974; 1975) .  One o f  t h e  most  r e c e n t  s t u d i e s  examined p r o -  

t e c t i o n  i n  214 a u t o m o t i v e  c rashes  i n  wh ich  c h i l d  r e s t r a i n t s  were used, 

examin ing  16  cases i n  dep th .  Among c o n c l u s i o n s  a r e  t h a t  c h i l d  r e s t r a i n t s  

t h a t  o n l y  meet  s t a t i c  t e s t  c r i t e r i a  p r o v i d e  some i n j u r y  p r o t e c t i o n  i n  

l e s s  seve re  c rashes ,  w h i l e  " c h i l d  r e s t r a i n t s  t h a t  meet dynamic t e s t  

c r i t e r i a  p r o v i d e  e x c e l l e n t  i n j u r y  p r o t e c t i o n  when used p r o p e r l y  and 

s t i l l  p r o v i d e  adequate p r o t e c t i o n  i n  some m isuse  modes" ( M e l v i n ,  e t  a1 . , 
1980 ) .  

To a s s i s t  p rope r  r e s t r a i n t  d e s i g n  a  combined r e v i e w  o f  t h e  anatomy, 

an th ropomet ry ,  g row th  and development  o f  t h e  i n f a n t  and c h i l d  was pub- 

l i s h e d  p o i n t i n g  o u t  t h e  ways i n  wh i ch  t h e y  d i f f e r  f r om  t h e  a d u l t  i n  

p r o t e c t i v e  needs ( B u r d i  , e t  a1 . , 1969) .  Because younger  c h i 1  d r e n  a r e  

i n c r e a s i n g l y  p l a c e d  i n  sea t s  w i t h  shou lde r  r e s t r a i n t s ,  des i gned  f o r  

a d u l t s ,  t h e  q u e s t i o n  o f  p o t e n t i a l  hazards w i t h  a  younger  c h i l d  was sub- 

s e q u e n t l y  addressed (Snyder and O t N e i l l  , 1975) .  I t  was recommended t h a t  

i n f a n t s  and younger  c h i l d r e n  shou ld  use  t h e  systems e s p e c i a l l y  des igned  

f o r  them, b u t  t h a t  t h e  shou lde r  harness c o u l d  be used w i t h  p a r e n t a l  

judgement,  b u t  under  no c i r cums tances  shou ld  c h i l d r e n  and i n f a n t s  be 

u n r e s t r a i n e d  and h e l d  i n  t h e  l a p .  

To d a t e  t h e  f ocus  o f  c h i l d  and i n f a n t  r e s t r a i n t  usage has been i n  

r e g a r d  t o  a i r  c a r r i e r  o p e r a t i o n s .  B u t  a i r 1  i n e  c rashes  i n v o l v i n g  i n f a n t s  

have n o t  been numerous enough t o  p r o v i d e  a  l a r g e  body o f  da ta ,  no r  has 

t h e r e  been much i n f o r m a t i o n  a v a i l a b l e  on  c h i l d r e n  o r  i n f a n t s  i n  most  

a c c i d e n t s  when t h e y  have occu r red .  I n  many a i r  c a r r i e r  c rashes  c h i l d r e n  

under  two y e a r s  o f  age may n o t  occupy a  revenue  s e a t  and t h e r e f o r e  m i g h t  

n o t  have been l i s t e d ,  and a l s o  t h e r e  i s  a  l a c k  o f  comp le te  human f a c t o r s  

and b i omed i ca l  a n a l y s i s  f o r  mos t  a c c i d e n t s  t o  d a t e .  On l y  l i m i t e d  impac t  

t o 1  e rance  da ta  f o r  c h i l d r e n  i s  known (:.Snyder, 1967; 1971 ; 1980)  (Fous t  

e t  a1 . , 1977) .  

The mos t  t r a g i c  a i r  d i s a s t e r  i n v o l v i n g  c h i l d r e n  o c c u r r e d  4 A p r i l  

1975, when a  m i l i t a r y  Lockheed C-5A t r a n s p o r t  e v a c u a t i n g  personne l  f rom 

Saigon c rashed  (USAF Lockheed C5A ( O p e r a t i o n  Baby1 i f t )  , passenger 



m a n i f e s t ,  1975) .  There  were abou t  330 occupan ts  aboard,  o f  wh ich  155 

were f a t a l l y  i n j u r e d .  O f  247 orphans,  98 i n f a n t s  and c h i l d r e n  were 

k i l l  ed. However due t o  t h e  wa r t ime  c i r cums tances  a c c u r a t e  i n v e s t i g a t i o n  

o f  sea ted  p o s i t i o n s  and degree  o f  r e s t r a i n t  f o r  v e r y  few a r e  known w i t h  

any  degree  o f  accuracy ,  and i n j u r y  d a t a  a r e  p r i m a r i l y  documented f o r  

s u r v i v o r s  (.USAF A c c i d e n t  Repor t ,  1  975; Snyder ,  1  980; u n ~ u b l  i s h e d  d a t a  ; 

Warren, 1  981 1. 

On 28 December 1979 a  U n i t e d  A i r 1  i n e s  McDonnel l  Douglas DC-8-61 

c rashed  i n  P o r t l a n d ,  Oregon, i n  wh i ch  t h r e e  o f  t h e  t e n  f a t a l i t i e s  were 

c h i l d r e n  under  two y e a r s  (a1 though  t h e  s e v e r i t y  o f  t h e  c r a s h  was such 

t h a t  i t  m i g h t  n o t  have been s u r v i v a b l e  a t  t h e  l o c a t i o n  t h e  c h i l d r e n  were 

sea ted  even w i t h  r e s t r a i n t s ) .  A  t o t a l  of  s i x  " i n f a n t s  i n  arms" were 

i n v o l v e d  r e s u l t i n g  i n  t h r e e  f a t a l ,  one s e r i o u s ,  two m i n o r  i n j u r i e s .  

As a  r e s u l t  a  " t a s k  f o r c e "  on  c h i l d  r e s t r a i n t  systems was e s t a b l i s h e d  

by  t h e  FAA w i t h  an o b j e c t i v e  t o  deve lop  t h e  o p t i o n s  a v a i l a b l e  r e g a r d i n g  

f e d e r a l  a c t i o n s  needed t o  p e r m i t  manu fac tu re  and use  o f  e f f e c t i v e  a i r -  

c r a f t  c h i l d  r e s t r a i n t  systems. I t  was r e p o r t e d  t h a t  t h e  q u e s t i o n s  posed 

t o  t h e  FAA t a s k  f o r c e  was " i n  v i e w  o f  t h e  f a c t  t h a t  we d o n ' t  have s e a t  

s tandards  and do n o t  p e r m i t  peop le  t o  use  a u t o m o b i l e  s e a t s  d u r i n g  t ake -  

o f f s  and l a n d i n g s  because t h e y  mus t  be stowed as luggage ,  what a r e  o u r  

o p t i o n s  f o r  s t anda rds? "  ( A v i a t i o n  Week, p .  28, Feb rua ry  5, 1979) .  How- 

ever ,  t h e  FAA has "no s t a t i s t i c s  a v a i l a b l e  i n  o u r  a d m i n i s t r a t i o n  t o  

de te rm ine  t h e  r a t i o  o f  c h i l d r e n  k i l l  ed o r  i n j u r e d  i n  a i r 1  i n e  c rashes  

as  compared t o  t h e  p e r c e n t  o f  a d u l t s  k i l l e d  o r  i n j u r e d "  (J.A. Fe r ra rese ,  

A c t i n g  D i r e c t o r ,  F l i g h t  S tandards  S e r v i c e s ,  l e t t e r  t o  Hon. E . I .  Koch, 

House o f  Rep resen ta t i ves ,  16  J u l y  1976.) 

On Feb rua ry  6, 1974 t h e  FAA r e c e i v e d  a  p e t i t i o n  f rom S.R. M i l l e r  t o  

r e v i s e  P a r t  91, s u b p a r t  A91.14 i n  t h e  p u b l i c  i n t e r e s t .  The recommended 

r e v i s i o n s  were: 

"1 .  A l l  c h i l d r e n  who have reached  t h e  age o f  one y e a r  o l d  o r  who 

weighs 20 1  bs. o r  more and have n o t  reached  t h e i r  4 t h  b i r t h d a y ,  s h a l l  be 

r e q u i r e d  t o  be sea ted  i n  t h e i r  own sea t ,  b e l t e d  i n  a  c e r t i f i e d  c h i l d r e n ' s  

s a f e t y  s e a t  on  t a k e o f f  and l a n d i n g s ,  and /o r  a t  such t imes  t h a t  t h e  p i l o t  

i n  command so deems necessary .  



2. Those persons under  1  y e a r  o l d  and who weigh l e s s  t han  20 1  bs. 

s h a l l  a l s o  be r e q u i r e d  t o  have h i s  o r  her  own s e a t  and be s e c u r e l y  

b e l t e d  i n  a  c e r t i f i e d  s a f e t y  s e a t  FOR THEIR SIZE." 

These r u l e s  s h a l l  a p p l y  t o  a l l  U.S. C e r t i f i e d  C i v i l  A i r c r a f t .  

No a d u l t  may hand h o l d  a  c h i l d  d u r i n g  t h e  a fo rement ioned  t imes .  I t  

s h a l l  f u r t h e r  be e x p r e s s l y  p r o h i b i t e d  f o r  t h e  p r a c t i c e  o f  two persons,  

r e g a r d l e s s  o f  age, d o u b l i n g  up under  one sea t  b e l t .  The use  o f  a  

b a s s i n e t t e  t y p e  b e r t h  shou ld  no l o n g e r  be p e r m i t t e d  d u r i n g  t a k e o f f s  and 

l a n d i n g s .  These s a f e t y  sea t s  shou ld  be l o c a t e d  i n  such a  manner as n o t  

t o  i n t e r f e r e  w i t h  t h e  egress  o f  o t h e r  passengers i n  t h e  even t  o f  an  

emergency" ( M i l l e r ,  l e t t e r  t o  FAA a d m i n i s t r a t o r  B u t t e r f i e l  d, 6  February  

1974) .  

On A p r i l  2, 1976 Mr. M i l l e r  r e c e i v e d  a  r e p l y  f rom t h e  FAA, r e q u e s t -  

i n g  t h a t  he w i t hd raw  h i s  p e t i t i o n  " i n  o r d e r  t h a t  t h e  Agency may a v o i d  

de lay , "  s i n c e  i n  v i e w  o f  t h e  CAM1 t e s t s  t h e  "Agency i s  f i n a l i z i n g  d e s i g n  

and s t r e n g t h  r equ i r emen ts  f o r  t h e s e  dev i ces  ." (1  e t t e r  f rom A.R. P e a r s a l l  , 
C h i e f  FSS A i r  C a r r i e r  R e g u l a t i o n s  Branch) .  

The General  Accoun t i ng  O f f i c e  (GAO) r e c e n t l y  examined t h e  FAA's 

s a f e t y  e f f e c t i v e n e s s  and recommended a  number o f  changes " t o  make t h e  

FAA a b l e  t o  respond more q u i c k l y  and e f f e c t i v e l y  t o  a v i a t i o n  hazards"  

( C o m p t r o l l e r  General  Repor t ,  Feb rua ry  29, 1980) .  C h i l d  r e s t r a i n t s  were 

used t o  i l l u s t r a t e  t h e  " u n t i m e l y  o r  inadequa te"  c o r r e c t i v e  a c t i o n s  t o  

p r o t e c t  a g a i n s t  s a f e t y  hazards.  The GAO r e p o r t  conc luded :  

" .  . C h i l d  R e s t r a i n t  System. FAA has conducted r e s e a r c h  on i n f a n t /  

c h i l d  r e s t r a i n t  s i n c e  t h e  e a r l y  1960 ' s .  However, as o f  September 1979 

FAA's e f f o r t s  had f a i l e d  t o  produce new requ i r emen ts .  E f f o r t s  had c e n t e r e d  

on d e v e l o p i n g  s t anda rds  and t e s t i n g  p rocedures  t o  be used i n  m a n u f a c t u r i n g  

c h i l d  r e s t r a i n t s  f o r  use  on  a i r c r a f t .  FAA o f f i c i a l s  t o l d  us t h a t  a l l o w i n g  

use o f  N a t i o n a l  Highway T r a n s p o r t a t i o n  ( s i c )  S a f e t y  A d m i n i s t r a t i o n  - 
approved c a r  sea t s  as an  i n t e r i m  measure was n o t  p o s s i b l e  because (1  ) 

t hese  sea t s  had n o t  been t e s t e d  f o r  a i r c r a f t  use and ( 2 )  t h e y  c o u l d  cause 

i n j u r y  t o  o t h e r  passengers d u r i n g  evacua t i on .  



A September 1972 FAA r e s e a r c h  p rogress  r e p o r t ,  however, s t a t e d  

t h a t  when p r o p e r l y  used, two t ypes  o f  a u t o  sea ts  would p r o v i d e  improved 

c r a s h  p r o t e c t i o n  f o r  c h i l d r e n  s i t t i n g  i n  a i r c r a f t .  The r e p o r t  suggested 

t h a t  t h e  sea ts  be used o n l y  a t  window l o c a t i o n s  so as n o t  t o  r e s t r i c t  

o t h e r  passenger evacuat ion .  T h i s  e f f o r t  was s i m i l a r  t o  FAA's l a t e s t  

approach, wh i ch  was t o  use updated N a t i o n a l  Highway T r a n s p o r t a t i o n  ( s i c )  

S a f e t y  A d m i n i s t r a t i o n  c a r  s e a t  s tandards  w i t h  modest a d d i t i o n a l  FAA r e -  

qu i rements .  I t  would appear t h e n  t h a t  FAA may have been a b l e  t o  be 

more t i m e l y  w i t h  a t  l e a s t  an i n t e r i m  s o l u t i o n  t o  t h i s  problem had i t  

pursued t h e  1972 r e s e a r c h  e f f o r t  more d i l i g e n t l y "  (p.  40, 1980 ) .  

The GAO s t u d y  found t h a t  i n j u r i e s  t o  u n r e s t r a i n e d  i n f a n t s  i n  a i r -  

c r a f t  prompted t h e  FAA i n  1973 t o  p l a c e  a  " h i g h  p r i o r i t y "  on deve lop-  

ment o f  r equ i remen ts  f o r  s u i t a b l e  r e s t r a i n t s .  However t h e  s t u d y  was 

c a n c e l l e d  i n  1977 because i t  f a i l e d  t o  deve lop  them. Subsequent ly  

ano the r  u n i t  began ano the r  p r o j e c t  t h a t  developed requ i remen ts  b u t  t h a t  

p r o j e c t  was c a n c e l l e d  and t h e y  were n o t  adopted because t h e  u n i t  "wanted 

t o  c o n c e n t r a t e  on h i g h e r  p r i o r i t y  work' '  (GAO, 1980) .  A f t e r  a  December 

1978 a i r l i n e  c r a s h  i n  wh ich  two i n f a n t s  were k i l l e d ,  t h e  FAA a g a i n  p l aced  

a  " h i g h  p r i o r i t y "  on t h e  r e s t r a i n t  problem. Another  p r o j e c t ,  s i m i l a r  t o  

t h e  s t u d y  i n  1973 was s t a r t e d  b u t  n o t  y e t  completed.  The GAO conc luded 

t h a t  i n t e r i m  measures u s i n g  c h i l d  r e s t r a i n t s  i n  a i r c r a f t  c o u l d  have been 

used, and c i t e d  a  1972 FAA r e p o r t  wh ich  concluded t h a t  two types  o f  

au tomo t i ve  r e s t r a i n t s  c o u l d  p r o v i d e  improved c r a s h  p r o t e c t i o n  f o r  c h i l d -  

r e n  i n  a i r c r a f t .  

D e s p i t e  t h e  emphasis on t h e  a i r  c a r r i e r  problems, a  r e c e n t  s t u d y  

suggests t h a t  genera l  a v i a t i o n  p i l o t s ,  hav ing  r e c e i v e d  no 

guidance f r om t h e  FAA, a r e  g o i n g  ahead and u s i n g  c h i l d /  

i n f a n t  r e s t r a i n t s  anyhow. I n  a  survey  o f  women p i l o t s  ( " 9 9 ' s i ' )  i t  was 

found t h a t  39% o f  t h e  250 p i l o t  responses r e c e i v e d  c a r r y  i n f a n t s  (we igh-  

i n g  l e s s  t han  20 I b s . )  i n  a i r c r a f t  u s i n g  commerc ia l l y  a v a i l a b l e  au tomob i l e  

c h i l d l i n f a n t  r e s t r a i n t s .  Yet  33% r e p o r t e d  no r e s t r a i n t  f o r  i n f a n t s  o t h e r  

t han  " h e l d  i n  arms." Small  c h i l d r e n  o f  20-40 1  bs. were most  o f t e n  r e -  

s t r a i n e d  by a  l a p  b e l t ,  o f t e n  combined w i t h  an e x t r a  s e a t  cush ion  



(Fo l  ey and Snyder, unpub l i shed  r e p o r t ,  1980) .  A comprehensive and 

u s e f u l  r e v i e w  o f  i n f a n t / c h i l d  r e s t r a i n t  systems p o t e n t i a l  f o r  use i n  

genera l  a v i a t i o n  bus iness  a i r c r a f t  was conducted by Business and Com- 

m e r c i a l  A v i a t i o n  i n  1976 a l o n g  w i t h  d i s c u s s i o n  o u t l i n i n g  t h e  need 

(Day, June 1976) .  

The number o f  i n f a n t / c h i l d  r e s t r a i n t s  wh.ich a r e  a c t u a l l y  i n  use i n  

genera l  a v i a t i o n  a i r c r a f t  a r e  unknown, b u t  some a t t e m p t  t o  educate 

p i l o t s  conce rn ing  adequate p r o t e c t i o n  o f  t h e i r  younger  passengers 

shou ld  r e c e i v e  w ide r  a t t e n t i o n  u n t i l  t h e  FAA g e t s  around t o  ru l emak ing .  

I n  v i e w  o f  t h e  measures recommended by GAO, M i l l e r ,  and o t h e r s  c i t e d ,  

an i n t e r i m  a c t i o n  i n  a1 l o w i n g  c e r t a i n  au tomo t i ve  i n f a n t l r e s t r a i n t  systems 

be used on a i r c r a f t  sea t s  ( n o t  b l o c k i n g  emergency egress)  would o f f e r  

c o n s i d e r a b l y  g r e a t e r  impac t  p r o t e c t i o n  t o  c h i l d r e n  t h a n  i s  p r e s e n t l y  

t h e  case where an i n f a n t  must  be h e l d  i n  t h e  pa ren t s  l a p  w i t h o u t  r e -  

s t r a i n t  o r  c h i l d r e n  a r e  i m p r o p e r l y  and i n a d e q u a t e l y  p l aced  i n  a d u l t  

r e s t r a i n t s .  





3.0 BACKGROUND - S t a t e - o f - t h e - A r t  i n  C rashwo r t h i ness  

3.1 Beg inn i ngs  t o  Wor ld  War I (1908-1919) 

From t h e  e a r l i e s t  days o f  a v i a t i o n  t h e r e  have been o b s e r v a t i o n s  

r e l a t e d  t o  c r a s h w o r t h i n e s s  and t h e  r e c o g n i t i o n  i n  numerous r e p o r t s  and 

pub1 i c a t i o n s  o f  measures wh i ch  m i g h t  have p reven ted  d e a t h  and i n j u r y  

i n  t h e  a c c i d e n t .  

D u r i n g  t h e  f i r s t  two y e a r s  o f  f i x e d - w i n g  a v i a t i o n  t h e  F rench  r e -  

p o r t e d  98 c rashes  ( o f  18  p i l o t s  i n  1909 and 354 t o t a l  i n  191 0 ) .  There  

were 61 a c c i d e n t s  o f  monoplanes w i t h  10  f a t a l i t i e s  i n  1909 and 83 a c c i -  

d e n t s  w i t h  21 dea ths  i n  1910 as r e p o r t e d  by  La  Commission d t A v i a t i o n  de 

1  ' Aero-Club (Dumas, 191 0 ) .  A l a r g e  number o f  a c c i d e n t s  o c c u r r e d  i n  e a r l y  

a i r - r a c e s .  D u r i n g  t h e  f i r s t  Gordon Benne t t  T rophy  Race o f  1909, wh i ch  

a t t r a c t e d  38 a i r c r a f t ,  t h e r e  were r e p o r t e d l y  12 c rashed  ae rop lanes  

s c a t t e r e d  abou t  t h e  aerodrome ( ~ i n n e r t . ,  p.12, 1967 ) .  I n  1910 37 r a c e  

p i l o t s  were k i l l e d  i n  t h e  U n i t e d  S t a t e s .  The hazards o f  e a r l y  f l y i n g  

were t y p i f i e d  by  t h e  12  t o  15  c rashes  d u r i n g  t h e  f i r s t  c o a s t - t o - c o a s t  

t r a n s - c o n t i n e n t a l  f l  i g h t *  by Cal Rodgers i n  1911 ( H a r r i s ,  1964; Kane, 

1950) .  I r o n i c a l l y  a  few months l a t e r  ( 3  A p r i l  191 2 )  Rodgers became 

t h e  1 2 7 t h  pe r son  t o  be k i l l e d  i n  an a i r c r a f t  a c c i d e n t  (Mahoney, p .72) .  

As t h e  d e a t h  t o l l  mounted v a r i o u s  prob lems were i d e n t i f i e d  w i t h  c r a s h  

s u r v i v a l ,  a l t h o u g h  t h e  emphasis rema ined  upon p i l o t  e r r o r  and l u c k  

as a  cause, and v a r i o u s  means o f  p r e v e n t i o n  were proposed w i t h  o n l y  

l i m i t e d  c o n s i d e r a t i o n  f o r  t h e  occupan t .  

The f i r s t  a i r p l a n e  b u i l t  by  t h e  W r i g h t  B r o t h e r s  had t h e  eng ine  

o f f s e t  t o  one s i d e  so t h a t  i n  case  o f  a  c r a s h  t h e  eng ine  would n o t  

f a l l  on  t o p  o f  t h e  p i l o t  (.Lederer, 1920) .  

Crashwor th iness  has been o f  c o n t i n u i n g  concern  t o  U n i t e d  S t a t e s  

M i l i t a r y  A v i a t i o n ,  and i n  p a r t i c u l a r  t h e  Army has l e d  i n  t h i s  f i e l d  

f rom t h e  beg inn i ngs  o f  a v i a t i o n  t o  t h e  p r e s e n t .  The U.S. Army S i g n a l  

Corps formed an  A e r o n a u t i c a l  D i v i s i o n  i n  August  1907 (Wol k ,  1977) ,  l e s s  

t h a n  4  y e a r s  a f t e r  t h e  f i r s t  f l i g h t  a t  K i t t y  Hawk. The f i r s t  a i r p l a n e  

b u i l t  i n  t h e  U n i t e d  S t a t e s  and purchased under  c o n t r a c t  by t h e  Army con-  

t a i n e d  a  r e q u i r e m e n t  f o r  i n d o r p o r a t i o n  o f  "some d e v i c e "  des igned  t o  i m -  

p r o v e  t h e  "safedescen't! '  o f  t h e  o p e r a t o r  i n  case o f  "an  a c c i d e n t  t o  t h e  

*Th i s  f i r s t  t r a n s c o n t i n e n t a l  f l i g h t  t o o k  49 days:  82  hours,  4 m inu tes  
a c t u a l  f l y i n g  t ime ,  f o r  an average  speed o f  52 mph. 
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p r o p e l l i n g  mach ine r y "  ( S i g n a l  Corps S p e c i f i c a t i o n  #486, 1907 ) ,  a l t h o u g h  

emphasis was o n  per fo rmance  and a t t a i n i n g  a  speed o f  40 m i l e s  p e r  hour  

w i t h  a  one hour  f l i g h t  endurance. The f i r s t  emergency l a n d i n g  r e q u i r e -  

ment  f o r  a i r c r a f t  i s  f ound  i n  Genera l  Requi rement  No. 8, wh i ch  s t a t e d  

t h a t  "It s h o u l d  a l s o  l a n d  i n  a f i e l d  w i t h o u t  r e q u i r i n g  a  s p e c i a l l y  

p repa red  s p o t  and w i t h o u t  damaging i t s  s t r u c t u r e " .  ( S i g n a l  Corps, 1907 ) .  

S i g n a l  Corps S p e c i f i c a t i o n  No. 486 a l s o  n o t e d  t h a t  " t h e  f l y i n g  machine 

mus t  be des i gned  t o  c a r r y  two persons  h a v i n g  a  combined w e i g h t  o f  350 

pounds,. . ." ( S i g n a l  Corps, 23 December 1907 ) .  Thus a n  ave rage  occupan t  

w e i g h t  o f  175 l b s .  was f i r s t  s p e c i f i e d  i n  1907. 

The e n t i r e  U.S. Army A i r  Corps ( S i g n a l  Corps )  c o n s i s t e d  o f  one 

a i r p l a n e ,  one p i l o t  ( L t .  F o u l o i s ) ,  e i g h t  e n l i s t e d  men, and one c i v i l i a n  

mechanic  f r om  1909 t o  March 1911 (Cons id i ne ,  B y  1972 ) .  

I n  1908 t h e  f a t a l  s k u l l  f r a c t u r e s  o f  L t .  S e l f r i d g e ,  t h e  f i r s t  

Army A i r  S e r v i c e  p i l o t ,  p r o b a b l y  i n f l u e n c e d  L t .  A rno ld ,  t h e  second A i r  

S e r v i c e  p i l o t ,  t o  wear a  f o o t b a l l  he lmet .  P r o b a b l y  t h i s  was t h e  f i r s t  

exarnpl e  o f  a  c r a s h  he lme t  (Real s, 1968 ) .  A  p i c t u r e  accompanying t h e  

r e p o r t  o f  t h e  f i r s t  two f a t a l i t i e s  i n  t h e  new Royal F l y i n g  Corps (Cap t .  

L o r a i n e  and S t a f f - S g t .  W i l son )  on 5  J u l y  1912 w h i l e  f l y i n g  a  Neupo r t  

monoplane, shows Capt.  L o r a i n e  a t  t h e  c o n t r o l s  p receed ing  t h e  f l i g h t  

wea r i ng  a  he lmet ,  b u t  no s e a t  be1 t i s  e v i d e n t  ( A e r o n a u t i c s  p. 235, 1912) .  

I n  1917 U.S. Naval a v i a t o r s  c a n d i d a t e s  were de tached  t o  a c t i v e  d u t y  w i t h  

t h e  Royal F l y i n g  Corps a t  To ron to  f o r  t r a i n i n g .  A l l  wore l e a t h e r  he lmets ,  

however t h e  r e a r  s e a t  gunner ,  who s t ood  i n  t h e  r e a r  c o c k p i t  d u r i n g  

a e r i a l  gunnery,  was p r o v i d e d  w i t h  no s a f e t y  b e l t  (Ha l s t ead ,  1965 ) .  Photos 

a1 so d e s c r i b e  a  "1  e a t h e r  he lme t  o v e r  s t e e l  1  i n i n g "  (Hal  s t ead ,  p. 29, 

1969) .  

The " s a f e t y  be1 t" i n  a v i a t i o n  p r o b a b l y  o r i g i n a t e d  p r i m a r i l y  t o  

keep t h e  p i l o t  f r o m  f a l l i n g  o u t ,  a l t h o u g h  t h e  c r a s h  p r o t e c t i o n  advan tage  

had a l s o  been s t r e s s e d  ( see  A e r o - A v i a t i o n ,  1910)  .* The f i r s t  l a p  be1 t 

*It shou ld  be no ted  however, t h a t  r e s t r a i n t  systems f o r  au tomob i l es  p r e d a t e d  
a i r c r a f t  use. As e a r l y  as 1881 A.M. Freeman f i l e d  a  p a t e n t  on  a  c o m b i n a t i o n  
b race  p l a t e  w i t h  a n g u l a r  s l o t s  and hook f o r  suspenders,  t h e  f i r s t  o f  a  l o n g -  
1  i n e  o f  r e s t r a i n t  i n v e s t i g a t i o n s ( ~ r e e m a n , 1 8 ~ 1 )  ,By 1903, Leveau o f  F rance  had 
d e v i s e d  a  s o p h i s t i c a t e d  mo to r  c a r  r e s t r a i n t  system c o n s i s t i n g  o f  a d j u s t a b l e  
c r o s s - c h e s t  s t r a p s ,  and l a p  s t r a p s ,  as w e l l  as  a  h igh-backed  s e a t  f o r  each 
v e h i c l e  occupan t .  He a l s o  i n c l u d e d  an  i n t e r g r a t e d  harness  system i n  wh i ch  t h e  
shou lde r  s t r a ~ s  a t t a c h e d  t o  t h e  s e a t  back (Leveau, 1903 ) .  Some 77 vears  l a t e r  
t h i s  i s  s t i l l '  a  " f u t u r e "  concep t ,  i n c o r p o r a t e d  i n - v e r y  few c o r p o r a t e  a i r c r a f t ,  
and c rew s t a t i o n s  o f  a i r  c a r r i e r s .  



i n  a v i a t i o n  was r e p o r t e d l y  made f o r  L i e u t .  ( l a t e r  Genera l )  F o u l o i s  and 

i n s t a l l e d  i n  U.S. Army ae rop lane  No. 1, by an Army F i e l d  A r t i l l a r y  
sadd le  maker, who m o d i f i e d  a  t r u n k  s t r a p  ( F o u l a i s ,  1960) .  A  d e s c r i p t i o n  

o f  t h e  m o t i o n  p i c t u r e  f i l m  o f  t h e  1909 t e s t  f l i g h t s  o f  t h e  Army's f i r s t  

ae rop lane  r e l a t e s  "you see O r v i l l e  ( W r i g h t )  d r o p  t o  h i s  s e a t  a l o n g s i d e  

L i e u t .  Ben F o u l o i s ,  watch him j e r k  h i s  s a f e t y  b e l t  t i g h t  and see t h e  un- 

w i e l d y  ' b o x - k i t e '  s l i d e  down t h e  m o n o r a i l  and soar  up i n t o  a i r "  (p.16 

Army A i r  Corps N e w s l e t t e r ,  1940) .  The l a p  be1 t was t h u s  a p p a r e n t l y  

i n i t i a l l y  used by L i e u t .  F o u l o i s  i n  1909 and 1910 ( F o u l o i s ,  1960; Aero- 

Amateur, 1910) .  I n  t h e  f a l l  o f  1913 Glenn H. C u r t i s  dev i sed  a  s imp le  

l a p  b e l t  wh ich  c o u l d  be used t o  secure  t h e  p i l o t  t o  h i s  sea t .  Th i s  

r e s u l t e d  f rom t h e  f i r s t  dea th  of a  U.S. Naval A v i a t o r ,  Ens ign  W i l l i a m  

D. B i l l i n g s l e y  (Naval A v i a t o r  #9)  and s e r i o u s  i n j u r y  t o  John H. Towers 

(Naval A v i a t o r  #3)  when t h e y  f e l l  o u t  o f  t h e i r  W r i g h t  hydroaerop lane  i n  

a  downdraf t  o v e r  t h e  Chesopeake Bay (Naval A v i a t i o n  News, 1981 ) .  

An upper  t o r s o  r e s t r a i n t  was used i n  t h e  Spad I 1 1  ( ~ n y d e r ,  1970) ,  

Fokker T r i - p l a n e s ,  and Sopwi th  Camel and o t h e r  a i r c r a f t  by 1917. Con- - 
t o u r e d  bucke t  sea t s  w i t h  s i d e  p r o t e c t i o n  were adopted i n  t h e  W W I  Spad 

and West land Wagta i l  a i r c r a f t  o f  1917, t h e  l a t t e r  f e a t u r i n g  an aluminum 

bucke t  s e a t  (.Snyder, 1969, 1970) .  A1 though t hese  e f f o r t s  a t  imp rov i ng  

c rashwo r t h i ness  were n o t  u n i v e r s a l l y  adopted a t  t h e  t ime,  t h e y  ill u s t r a t e  

t h e  l e a d e r s h i p  wh ich  Army a v i a t i o n  has had i n  t h i s  f i e l d  s i n c e  t h e  deve lop-  

ment o f  a i r c r a f t  t h rough  t h e  p resen t .  (The c u r r e n t  Army A i r c r a f t  Crash 
S u r v i v a l  Design Guide, (1  980) r e p r e s e n t s  t h e  c u r r e n t  s t a t e - o f - t h e - a r t  

f o r  c rashwo r t h i ness  des ign ,  f a r  exceeding c i v i l  r equ i r emen ts  found  i n  

t h e  p r e s e n t  Federa l  A i r  R e g u l a t i o n s . )  

I n  1910 Jorge  Chavez f a t a l l y  c rashed  w h i l e  f l y i n g  t h e  Andes i n  a  

B l e r i o t - X 1  monoplane. I n  1962-63 a  d e t a i l e d  a c c i d e n t  r e c o n s t r u c t i o n  was 

conducted f o r  b i omed i ca l ,  eng inee r i ng ,  and c rashwo r t h i ness  f a c t o r s  o f  

(Snyder,  1962; G u i l l  ermo Ga r r i do ,  Lecca F r i a s ,  1963) .  Use o f  v e r y  good 

o r i g i n a l  photographs o f  t h e  c r a s h  t o g e t h e r  w i t h  a  d e t a i l e d  med ica l  h i s t o r y  

and o t h e r  d e t a i l s  p i eced  t o g e t h e r  by a  number o f  s p e c i a l i s t s  a l l o w e d  

some i n t e r e s t i n g  c r a s h  f o r c e s  and a  c r a s h  a c c e l e r a t i o n  t i m e  h i s t o r y  t o  

be es t ima ted .  Impac t  a n g l e  was p r o b a b l y  l e s s  t hen  40°, w i t h  an impac t  



v e l o c i t y  o f  37 t o  50 f t . / s e c .  C a l c u l a t e d  f o r c e s  on t h e  s e a t  were o n l y  

4  G a t  25 t o  34 mph change o f  v e l o c i t y  ( e q u i v a l e n t  t o  a  f r e e - f a l l  f r om  

18.5 t o  40 f t ) .  A  s e a t - b e l t  wou ld  have u n d o u b t a b l y  saved h i s  l i f e .  

A  l e t t e r  t o  t h e  E d i t o r  o f  S c i e n t i f i c  Amer ican e n t i t l e d  " P r e v e n t i o n  

o f  A v i a t i o n  A c c i d e n t s "  by  E.G. S t i l l  on 4  Oc tober  1913 (p.259)  r ev i ewed  

s e v e r a l  r e c e n t  a c c i d e n t s  i n  wh i ch  t h e  p i l o t s  (Navy Ens ign  B i l l i n g s l e y ,  

Army Capt .  Hennessy, c i v i l  i a n  H a r r i e t  Quimby and a  passenger ,  Mo i ssan t ,  

( see  S c i e n t i f i c  American, 104:43, 14  January  1911) ,  and "numerous o t h e r  

a v i a t o r s " )  had f a t a l l y  f a l l e n  o u t  o f  t h e i r  a i r c r a f t .  The l e s s o n  t h a t  

S t i l l  p o i n t e d  t o  was t h e  need t h a t  " t h e  a v i a t o r  and passengers s h o u l d  

be h e l d  i n  t h e i r  s e a t s  by  a  s t r a p  o r  s i m i l a r  d e v i c e  p a s s i n g  i n  f r o n t  

o f  them" ( p .  259) .  I n  1913 Pegoud, f l y i n g  a  50  h.p. m o d i f i e d  1911 

s i n g l e - s e a t e r ,  demons t ra ted  t h a t  a  p i l o t  can  s u r v i v e  f l y i n g  u p s i d e  

down, " l o o p i n g  t h e  l o o p " ,  r o l l i n g  o v e r  s ideways and " d i v i n g  t a i l  f i r s t " ,  

s i t u a t i o n s  wh i ch  had p roven  f a t a l  t o  many e a r l i e r  p i l o t s .  ( S c i .  Amer., 

1915 ) .  T h i s  a l s o  showed t h a t  a  s e a t  b e l t  was e s s e n t i a l  t o  r e m a i n i n g  

w i t h  t h e  ae rop lane .  A  d e s c r i p t i o n  o f  U.S. Navy a e r o p l a n e  a c c i d e n t s  

i n  1916 a t t r i b u t e d  g r e a t  emphasis t o  t h e  p rob lem o f  " g e t  aways" ( t a k e -  

o f f s )  and g u s t  l oads ,  " r e a r  g u s t s ,  downward gus t s ,  head g u s t s ,  upward 

g u s t s "  and t h e  e f f e c t  o f  t h e s e  g  l o a d i n g s  on t h e  a i r f r a m e ,  b u t  d i d  n o t  

c o n s i d e r  occupan t  p r o t e c t i o n  p e r  se:  "were  i t  n o t  f o r  e r r o r s  i n  p i l o t i n g ,  

c a s u a l t i e s  due t b  m a t e r i a l  would be f e w  indeed ,  and f a t a l i t i e s  t o  

personne l  even r a r e r "  ( S a u f l e y ,  Aero.  191 6 ) .  T h i s  p rob lem o f  a c c e l -  

e r a t i v e  s t r e s s  on  t h e  a i r f r a m e  was r e c o g n i z e d  e a r l y  (Zahn, 1911; 1913)  

and addressed  e a r l y  i n  t h e  f o r m a t i o n  o f  t h e  N a t i o n a l  A d v i s o r y  Committee 

f o r  A e r o n a u t i c s  (NACA) i n  191 5  ( N i l  son, 191 6; 191 7; 1918) .  

By December 1910 t h e  U.S. had r e c o r d e d  a t  l e a s t  24 f a t a l  a c c i d e n t s ,  

and t h i s  d e a t h  t o l l  i n s p i r e d  one o f  t h e  e a r l i e s t  t e c h n i c a l  d i s c u s s i o n s  

o f  c r a s h w o r t h i n e s s  des i gn ,  wh i ch  appeared i n  a  s e r i e s  o f  a r t i c l e s  appear-  

i n g  t h e  The Aero i n  191 0  and a u t h o r e d  by  "Aero-Amateur" .  A  number o f  

ways t o  p r o t e c t  t h e  p i l o t  were cons i de red .  For  example, " i n s t e a d  o f  

u s i n g  t h e  b i g  c lumsy  t a i l  boom ar rangement  a t  p r e s e n t  so p o p u l a r  i n  

b i p l a n e s ,  t h e  e n g i n e  shou ld  be p l a c e d  i n  f r o n t  o f  e v e r y t h i n g  as i t  i s  

i n  t h e  modern monoplanes and some b i p l a n e s ,  t h a t  t h e  p i l o t  s h o u l d  s i t  

beh ind  t h e  engine,  so t h a t  he i s  n o t  l i k e l y  t o  be c rushed  i n  a  f a l l " ,  

(The Aero 7 Dec. 1910, p .445) .  B o a t - t y p e  c u r v e d  s k i d s  were sugges ted  

as a  f u s e l a g e  t o  " m a t e r i a l l y  r educe  t h e  impac t "  (p .445) ,  and a  l e a t h e r  

d r i v i n g  he lme t  t o  p r e v e n t  t h e  p i l o t  f r om  g e t t i n g  h i s  head "smashed" 



o r  " t o  p r e s e r v e  o n e ' s  head from knock i ng  a g a i n s t  t h e  cabane* i t s e l f  as 

t h e  machine t u r n s  o v e r "  ( p . 445 ) .  S i m i l a r l y ,  t o  r e p l a c e  t h e  mast  and 

enc l ose  t h e  p i l o t  t o  p r o t e c t  him f rom be ing  c rushed  i n  an a c c i d e n t .  

(See a l s o  Bergey, 1973; 1974 ) .  

The 1910 " s u i c i d a l "  p r a c t i c e  o f  p l a c i n g  t h e  p i l o t  i n  f r o n t  o f  t h e  

eng ine  was s t r o n g l y  o b j e c t e d  t o  as "he i s  p r a c t i c a l l y  t h e  f i r s t  t h i n g  

t h a t  h i t s  t h e  ground, and where, i f  n o t h i n g  a c t u a l l y  f a l l s  on t o p  o f  

him, he i s  s h o t  o u t  and breaks h i s  neck . "  (The Aero, 30 November 1910, 

p .424) .  A  number o f  a c c i d e n t s  i n  wh ich  f a t a l i t y  was a t t r i b u t e d  t o  t h i s  

t y p e  o f  a i r c r a f t  d e s i g n  was d iscussed ,  i n c l u d i n g  t h a t  o f  L i e u t .  S e l f r i d g e  

i n  1908 ( t h e  f i r s t  f a t a l  a i r c r a f t  a c c i d e n t  on  r e c o r d ) ,  and Capt.  Ferber  

( t h e  second f a t a l  a c c i d e n t ) .  An "enc l osed  body" was recommended as an 

improved d e s i g n  t o  p r o t e c t  t h e  p i l o t  (p .424) .  

A f t e r  i n v e s t i g a t i n g  a  l a r g e  number o f  French and B r i t i s h  "monoplane 

smashes" one "obv i ous  l e s s o n  i s  t h a t  t h e  d r i v e r  must  a t  a l l  c o s t s  s t i c k  

t o  h i s  seat , "  and he recommends a  b road  chrome l e a t h e r  be1 t ( "adop ted  

by t h e  R.E.P. and A n t o i n e t t e "  p i l o t s ) ,  wh ich  ex tends  f r om  t h e  h i p  t o  t h e  

b reas t -bone .  I n  t h i s  des i gn ,  t h e  ends a r e  hooked i n t o  r u b b e r  e x t e n s i o n  

s p r i n g s  wh ich  a r e  a t t a c h e d  t o  t h e  f u s e l a g e  beh ind  t h e  p i l o t s  sea t .  "When 

t h e  p i l o t  t a kes  h i s  sea t  he hooks t h e  b e l t  ac ross  t h e  f r o n t  o f  h i m s e l f ,  

l e a v i n g  i t  q u i t e  l oose ,  so t h a t  i t  does n o t  i n  t h e  l e a s t  hamper h i s  

movements; t h e n  i f  t h e  machine d i v e s  and h i t s  t h e  ground he i s  s i m p l y  

s h o t  i n t o  t h e  b e l t  and back a g a i n  i n t o  h i s  s e a t "  (p .444) .  

I t  i s  conc luded  " t h a t  i t  i s  q u i t e  p o s s i b l e  t o  b u i l d  an ae rop lane  

so t h a t  i f  i t  h i t s  t h e  ground head f i r s t ,  o r  even sideways, a t  i t s  

p rope r  f l y i n g  o r  g l i d i n g  speed, as i t  shou ld  do if i t s  wings and empen- 

nage do n o t  break i n  t h e  a i r ,  i t  i s  p r a c t i c a l l y  i m p o s s i b l e  f o r  any sound 

and h e a l t h y  man i n s i d e  i t  t o  be k i l l e d  o r  even s e r i o u s l y  i n j u r e d "  ( "Aero -  

Amateur" 7  December 1910, p .446) .  

E a r l y  a c c i d e n t s  i n  England were i n v e s t i g a t e d  by t h e  Royal Aero Club, 

wh ich  a l s o  i s s u e d  a v i a t i o n  a c c i d e n t  r e p o r t s .  Severa l  c l e a r  examples a r e  

* A  cabane, py lone ,  o r  mast  i s  used t o  s u p p o r t  t h e  w e i g h t  o f  t h e  wings 
when t h e  191 0  machine i s  on  t h e  ground and r i g h t  s i d e  up.  
Note u n d e r l i n i n g  i s  added by p r e s e n t  a u t h o r .  



found i n  t h e  p u b l i s h e d  r e p o r t s  o f  t h e  P u b l i c  S a f e t y  and A c c i d e n t  I n -  

v e s t i g a t i o n  Commi t t e e  o f  t h e  Royal Aero Club. For example, a f a t a l  

a c c i d e n t  t o  C.L. Campbell, h o l d e r  o f  RAC a v i a t o r ' s  c e r t i f i c a t e  #220, 

occu r red  w h i l e  he was f l y i n g  a B r i s t o l  monoplane on 3 August  1912 a t  

300 f e e t  when t h e  eng ine  stopped and " t h e  machine s t r u c k  t h e  ground." 

Among t h e  f a c t s  " c l e a r l y  e s t a b l i s h e d "  was " ( 4 )  That  t h e  a v i a t o r  was n o t  

th rown o u t  o f  h i s  s e a t  and was n o t  wear ing  e i t h e r  b e l t  o r  helmet . "  It 

was t h e  o p i n i o n  o f  t h e  i n v e s t i g a t i n g  commit tee " t h a t  s i n c e  t h a t  p o r t i o n  

o f  t h e  a i r c r a f t  i n  wh ich  t h e  a v i a t o r  was seated was undamaged, h i s  l i f e  

m i g h t  have, perhaps, been saved had he used a he lmet  and b e l t ,  as h i s  

i n j u r i e s  were caused by h i s  be ing  th rown v i o l e n t l y  f o r w a r d  a g a i n s t  t h e  

s t r u c t u r e "  (Ae ronau t i cs ,  p.314, October  191 2 ) .  

By 1912 mu1 t i p l e  f a t a l i t i e s  beg in  t o  occu r  i n  a i r c r a f t  a c c i d e n t s .  

The f i r s t  U.S. A i r c r a f t  a c c i d e n t  i n  wh ich  two o r  more m i l  i t a r y  personnel  

were k i l l e d  o c c u r r e d  i n  a c r a s h  28 September 1912 i n  S i g n a l  Corps a i r -  

p l a n e  No. 4, a  W r i g h t  "B" model, a t  C o l l e g e  Park, MD., i n v o l v i n g  L i e u t .  

Lewis Rockwel l ,  t h e  p i l o t ,  and Corpora l  Frank S c o t t ,  t h e  passenger and 

t h e  f i r s t  en1 i s t e d  man f a t a l  i t y  (.USAF Museum, Day ton) .  

R e s t r a i n t  systems were i n s t a l l e d  and r e q u i r e d  t o  be worn i n  a l l  

W W I  t r a i n i n g  and combat a i r c r a f t .  Army " ~ e n e r a l  Rules and Regu la t i ons  

Govern ing F l y i n g  on I n d i v i d u a l  F i e l d s "  (Oc t .  21, 1918) ,  No. 17 .  s t a t e d  

" a l l  machines must  be equipped w i t h  s a f e t y  b e l t s  f o r  p i l o t  and passengers." 

Ru le  No. 18 s t a t e d  "a lways wear s a f e t y  b e l t s . "  I n  case o f  a c c i d e n t ,  do 

n o t  r e l e a s e  b e l t  u n t i l  a f t e r  a c c i d e n t .  I t  w i l l  p r o b a b l y  save i n j u r y ,  

e s p e c i a l l y  i f  t h e  machine t u r n s  ove r . "  (Rountree, 1920, p. 231) .  

D u r i n g  W W I  a l l  f a t a l  AEF a c c i d e n t s  were i n v e s t i g a t e d  by  a s p e c i a l l y  

appo in ted  a c c i d e n t  board o f  f i v e  members, however t h e  o b j e c t i v e s  were t o  

f i x  r e s p o n s i b i l i t y ,  de te rm ine  whether  an a v i a t i o n  a c c i d e n t ,  and whether  

i t  o c c u r r e d  i n  l i n e  o f  d u t y .  Non - fa ta l  a c c i d e n t s  were n o t  i n v e s t i g a t e d  

(Rountree, p.241) a t  t h a t  t ime .  The A.E.F. i n  November 1918 c o n s i s t e d  o f  

a  t o t a l  o f  5,646 (3905 p i l o t s  and 1741 obse rve rs )  a v i a t o r s ,  o f  wh ich  169 

American f l y e r s  were k i l l e d  i n  combat, and 245 f a t a l l y  i n j u r e d  i n  a c c i d e n t s  

i n  France o r  a t  t h e  f r o n t .  W W I  a i r c r a f t  a c c i d e n t s  have been ana lyzed by 



Rount ree  (1  920) f o r  341 a c c i d e n t s .  By 191 9  The American A i r  S e r v i c e  

r e p o r t e d  681 f a t a l i t i e s  o f  wh i ch  508 were due t o  a c c i d e n t s  ( i n v o l v i n g  

f i r e  i n  13  a c c i d e n t s ,  3  f a l l s  f r om  p l a n e s ) .  A t  t h e  o n s e t  o f  W W I  (1914)  

France and Germany each had abou t  1,500 a i r c r a f t  (Connors, 1967 ) .  

P r o b a b l y  t h e  most  d e t a i l e d  e a r l y  a n a l y s i s  o f  ae rop lane  a c c i d e n t s  

was p u b l i s h e d  i n  t h e  Med ica l  and S u r g i c a l  Aspec ts  o f  A v i a t i o n  i n  1919, 

w i t h  numerous i l l u s t r a t i o n s  o f  a c c i d e n t s .  I n v e s t i g a t i o n  o f  mechanisms 

o f  head and b r a i n  i n j u r i e s  i n  s e v e r a l  W W I  m i l i t a r y  c rashes  were a t t r i -  

bu ted  t o  " b e i n g  th rown o u t  o r  f r om  h i s  head be ing  v i o l e n t l y  j e r k e d  f o r -  

ward and h i t t i n g  t h e  n a c e l l e  edge, w indsc reen  o r  i n s t r u m e n t  board."  

(Anderson, p .158) .  I t  was a l s o  b e l i e v e d  t h a t  " shou ld  t h e  s a f e t y  b e l t  

h o l d  t h e  sudden impac t  o f  t h e  p i l o t s '  abdomen and l o w e r  p a r t  o f  t h e  

c h e s t  a g a i n s t  it, i t  may cause i n t e r n a l  i n j u r i e s "  ( p .  159 ) .  O f  i n t e r e s t ,  

t h e  a u t h o r  s t a t e d  ( t h i s  i s  da ted  191 9 )  "nowadays mos t  n a c e l l e  edges 

a r e  padded and s a f e t y  b e l t s  a r e  s t r o n g e r  and b roade r . "  Thus t h e  concep t  

o f  energy  a b s o r p t i o n  c o c k p i t  p r o t e c t i o n  o f  t h e  p i l o t  i n  a  c rash ,  t h r o u g h  

padd ing  had been advanced e a r l y  i n  t h e  med i ca l  1  i t e r a t u r e .  

The m e r i t s  o f  pre-1919 s a f e t y  be1 t s ,  based upon a c c i d e n t  obse r -  

v a t i o n s  have been p resen ted  by  Anderson i n  g r e a t  d e t a i l .  I n  58 a c c i -  

den t s  i n v e s t i g a t e d  p r i o r  t o  191 9, 24 b e l t s  were r e p o r t e d  t o  have f a i l e d  

( b e l t  gave way"),  (.p. 139-140) ,  b u t  a s i d e  f rom t h e  l a r g e  f a i l u r e  r a t e  

and i n c o n c l u s i v e  r e l a t i o n s h i p  t o  i n j u r y  seve ra l  e r roneous  c o n c l u s i o n s  

were a l s o  drawn. I n  t h e  cases o f  p o s t - c r a s h  f i r e  t h e  o b s e r v a t i o n  was 

made " c e r t a i n l y  i f  t h e  ae rop lane  ca t ches  f i r e  i n  a  c r a s h  l i t t l e  hope 

can be e n t e r t a i n e d  f o r  t h e  p i l o t  b e i n g  th rown c l e a r  o f  t h e  mach ine . "  

( p .  1 6 0 ) .  However, t h i s  c o n c l u s i o n  was drawn a p p a r e n t l y  f r o m  o n l y  one 

a c c i d e n t  where f i r e  o c c u r r e d .  On t h e  b a s i s  o f  t h e  i n j u r i e s  no ted  i n  

pre-1919 c rashes  Anderson conc luded  t h a t  "a  nar row b e l t  i s  t o  be con-  

demmed. The i d e a l  s a f e t y  b e l t  shou ld  be b road  and r e s i l i e n t ,  a t t a c h e d  

t o  t h e  framework o f  t h e  a e r o p l a n e  and n o t  t o  t h e  p i l o t s  s e a t ,  n o t  a t  t h e  

c e n t r e  o f  t h e  p i l o t s '  body b u t  a t  t h e  s i d e ,  where i t  i s  a t t a c h e d  t o  t h e  

a e r o p l a n e  ..." ( p .  1 6 0 ) .  

A  191 9 med i ca l  r e v i e w  r e p o r t e d  " d u r i n g  Wor ld  War I med i ca l  o f f i c e r s  

o f  t h e  v a r i o u s  a i r  s e r v i c e s  had observed  t h a t  more t h a n  h a l f  o f  t h e  

i n j u r i e s  s u s t a i n e d  i n  c rashes  were caused by  t h e  a v i a t o r  s t r i k i n g  h i s  



head a g a i n s t  t h e  cow l .  I t  was suggested t h a t  t h e  cowl be c u t  o u t  so as 

t o  g i v e  8 i n c h e s  more i n  f r o n t .  A  r e p o r t  j u s t  r e c e i v e d  f r o m  t h e  Royal 

A i r  Force,  Canada, s t a t e s  t h a t  s i n c e  t h i s  change i n  t h e  cowl has been 

made t h e s e  head i n j u r i e s  have been p r a c t i c a l l y  e l i m i n a t e d .  Ano ther  

s u g g e s t i o n  was t o  l a s h  t h e  s a f e t y  be1 t t o  t h e  machine by a  s i m p l e  r u b b e r  

shock abso rbe r ;  t h e  same r e p o r t  s t a t e s  t h a t  s i n c e  t h i s  has been done, 

t h e  number and e x t e n t  o f  i n j u r i e s  t o  t h e  upper  abdomen and r i b s  have been 

d e c i d e d l y  red.ucedU ( A i r  S e r v i c e  M e d i c a l ,  191 9, pp. 30 & 3 2 ) .  

I n  summary, d u r i n g  t h e  p e r i o d  1907 t h r o u g h  Wor ld  War I t h e  m i l i t a r y ,  

e s p e c i a l l y  t h e  S i g n a l  Corps ( f o rmed  i n  1907)  l e d  t h e  way i n  occupan t  

s a f e t y  d e v i c e s .  The s e a t  ( l a p )  b e l t  appeared i n  Army a e r o p l a n e  No. 1  

(1909) ,  and l e a t h e r  he lmets ,  f o l l o w e d  by l e a t h e r  and s t e e l  he lmets  were 

i n t r o d u c e d  i n  t h e  p e r i o d  191 0-1 917. One o f  t h e  e a r l i e s t  t e c h n i c a l  d i s -  

c u s s i o n s  o f  c r a s h w o r t h i n e s s  d e s i g n  methods t o  p r o t e c t  t h e  a i r c r a f t  

occupan t  appeared i n  a s e r i e s  o f  e n g i n e e r i n g  a r t i c l e s  i n  The Aero i n  

191 0. Among t h e  d e s i g n  c r i t e r i a  recommended were enc l osed  c o c k p i t s  

and p l a c i n g  t h e  eng ine  i n  f r o n t  t o  p r o t e c t  t h e  p i l o t ,  u s i n g  a  l e a t h e r  

he lmet ,  (head i n j u r i e s  were a l r e a d y  r e c o g n i z e d  as a  m a j o r  cause o f  

f a t a l  i t y  by 191 O), s t e e l  t u b e  a i r f r a m e ,  and use  o f  a  b road  l e a t h e r  s e a t  

be1 t. A  r e c o n s t r u c t i o n  o f  a  1910 c r a s h  was conduc ted  i n  1962, i n d i -  

c a t i n g  f a t a l i t y  o c c u r r e d  a t  o n l y  4 G. A  d e t a i l e d  med i ca l  a n a l y s i s  o f  

W W I  p re-1919 m i l i t a r y  c rashes  f ound  many b e l t  f a i l u r e s  were a l s o  found  

and i t  was recommended t h a t  a  b road  b e l t  be used and a t t a c h e d  t o  t h e  

framework r a t h e r  t h a n  s e a t .  Padded n a c e l l e  edges were f ound  s t a n d a r d  

by 1919 i n  m i l i t a r y  a i r c r a f t .  

3.2. Pos t -Wor ld  War I 1920-1939. D u r i n g  t h e  1 9 2 0 ' s  c i v i l  a i r c r a f t  

des ign ,  manufac tu re ,  and f l i g h t  was c o m p l e t e l y  u n c o n t r o l l e d  and w i t h o u t  

r e g u l a t i o n s  u n t i l  December 1926. A c c i d e n t  d a t a  f o r  t h i s  p e r i o d  a r e  a1 so 

i ncomp le te .  The f i r s t  Depar tment  o f  Commerce r e p o r t  on  c i v i l  a i r  a c c i -  

den t s  and casua l  t i e s  was i s s u e d  1 0  March 1928 ( I n f o r m a t i o n  B u l l e t i n  No. 

3 0 ) .  For  t h e  y e a r  1927 t h e r e  were r e p o r t e d  200 a c c i d e n t s  i n v o l v i n g  164 

f a t a l i t i e s  and 149  i n j u r i e s ,  w i t h  167 a i r c r a f t  b e i n g  "washouts."  On l y  

34 o f  t h e  200 a c c i d e n t s  o c c u r r e d  w i t h  l i c e n s s d  p lanes ,  and o n l y  f o u r  o f  



t h e  p i l o t s  were l i c e n s e d .  Cha r l es  L i ndbe rgh ,  w i t h  f o u r  b a i l o u t s  by 1927, 

t y p i f i e d  t h e  hazards o f  e a r l y  f l y i n g  and was n e a r l y  grounded by t h e  De- 

pa r tmen t  o f  Commerce p r i o r  t o  h i s  t r a n s a t l a n t i c  f l i g h t  i n  1927 (Time, 
28 November 1977, p .24) .  W h i l e  t h e r e  was moun t i ng  concern  abou t  t h e  

a c c i d e n t  t o l l ,  t h e  emphasis was o n  p r e v e n t i o n  r a t h e r  t h a n  occupan t  c r a s h  

p r o t e c t i o n .  Neve r t he l ess ,  even d u r i n g  t h i s  e a r l y  p e r i o d  v a r i o u s  i n d i -  

v i d u a l s  drew a t t e n t i o n  t o  t h e  need t o  b e t t e r  p r o t e c t  t h e  p i l o t .  

The f i r s t  r equ i r emen ts  f o r  s e a t  b e l t s  i n  U.S. c i v i l  a i r c r a f t  were 

pub1 i s h e d  i n  t h e  A i r  Commerce R e g u l a t i o n s  e f f e c t i v e  31 December 1926. 

T h i s  r u l e ,  under  "equipment,"  s p e c i f i e d  t h a t  "3. S a f e t y  b e l t s  o r  e q u i -  

v a l e n t  appa ra tus  f o r  p i l o t s  and passengers i n  open c o c k p i t  a i r p l a n e s  

c a r r y i n g  passengers f o r  h i r e  o r  reward;"  ( p . 11 ) .  B u t  s i n c e  t h e  r u l e  

s p e c i f i e d  "open c o c k p i t  a i r p l a n e s , "  i t  d i d  n o t  a p p l y  t o  a l l  a i r c r a f t .  

T h i s  i s  why t h e  enc l osed -cab in  passenger a i r c r a f t  such as t h e  Ford  T r i  

Moto r ,  w i t h  i t s  w i c k e r  sea t s ,  d i d  n o t  have s e a t  b e l t s  i n s t a l l e d  as 

s t a n d a r d  equipment . 
I n  t h e  e a r l y  1 9 2 0 ' s  D o o l i t t l e ,  t h e n  a  L t .  i n  t h e  Army A i r  S e r v i c e ,  

p resen ted  a  paper  a t  t h e  ASME emphas iz ing  a  need f o r  b e t t e r  c o c k p i t  

des i gn ,  so t h a t  i f  a  p i l o t  c rashed  t h e r e  would be l e s s  chance o f  a  f a t a l  

i n j u r y  ( D o o l i t t l e ,  1929) .  He d i scussed  t h e  e f f e c t  o f  v e l o c i t y  on a i r -  

c r a f t  damage and occupan t  i n j u r y ,  and went on  t o  p o i n t  o u t  " f e a t u r e  t o  

wh ich  i n s u f f i c i e n t  a t t e n t i o n  i s  g i v e n  i n  d e s i g n i n g  and c o n s t r u c t i n g  an 

a i r p l a n e  so t h a t  i t  c rashes  w e l l .  T h i s  sounds odd, b u t  many 1  i v e s  have 

been saved because t h e  c o c k p i t  was s t r o n g  and t h e r e  was s u f f i c i e n t  

m a t e r i a l  between t h e  p i l o t  and t h e  ground t o  abso rb  t h e  shock o f  c r a s h i n g .  

T h i s  p e r m i t s  g r a d u a l ,  u n i f o r m  d e c e l e r a t i o n  between t h e  i n s t a n t  o f  i m -  

p a c t  and t h e  p i l o t s '  e ven tua l  coming t o  r e s t "  ( D o o l i t t l e ,  1929, p .147) .  

The f i r s t  a t t e m p t  a t  dynamic c r a s h  t e s t i n g  a i r c r a f t  t o o k  p l a c e  i n  

1924 a t  McCook F i e l d  ( W r i g h t - P a t t e r s o n  AFB) Dayton, Ohio ( Lede re r ,  1971 ) .  

The t h r e e  a i r c r a f t  t e s t e d  were r u n  down an i n c l i n e  and c rashed  a g a i n s t  

a  c o n c r e t e  w a l l  f o r  c r a s h - f i r e  t e s t i n g .  T h i s  s t u d y  was prompted by  t h e  
heavy l o s s  o f  U.S. A i r  M a i l  p i l o t s  i n  f i r e s  f o l l o w i n g  t h e  c r a s h  o f  

D e H a v i l l  and bombers w i t h  plywood fuse lages  and c l o t h - c o v e r e d  wings.  



I n  1925 Lede re r ,  a e r o n a u t i c a l  eng inee r  f o r  t h e  U.S. A i r  M a i l  

S e r v i c e ,  a t t emp ted  t o  r educe  head i n j u r y  i n  c rashes  (one o f  f o u r  was 

f a t a l )  by  i n s t a l l i n g  a  n e t  o f  e l a s t i c  c o r d s  i n  f r o n t  o f  t h e  i n s t r u m e n t  

pane l .  Bu t  i t  was f e a r e d  t h a t  i t  m i g h t  b reak  t h e  p i l o t ' s  neck, and 

was abandoned (Lede re r ,  1971 ) .  

Between 1930 and 1932 a i r  c a r r i e r  o p e r a t i o n s  s u f f e r e d  a  passenger 

f a t a l i t y  r a t e  o f  22.34 f o r  e v e r y  100 m i l l  i o n  passenger m i l e s ,  a1 though 

t h i s  f e l l  t o  6.14 by  1935 (U.S. Dept.  o f  Commerce, 1944, p .49) .  A p p r o x i -  

m a t e l y  90% o f  t h e  a v i a t i o n  f l e e t  was wood and f a b r i c  covered ,  w i t h  320 

o f  t h e  400 a i r l i n e r s  o f  1931 s i n g l e - e n g i n e ,  f l o w n  by a  s i n g l e  p i l o t .  

Of t h e  f i r s t  40 p i l o t s  h i r e d  by  t h e  U.S. Pos t  O f f i c e  Department i n  1919, 

31 (77 .5%)  had been k i l l e d  i n  c rashes  by 1925 ( S e r l i n g ,  1971, p .7 ) .  

S t u d i e s  o f  c a t a p u l t i n g  o f  a i r p l a n e s  f rom s h i p s  i n  t h e  e a r l y  1 9 3 0 ' s  

showed t h a t  a i r c r a f t  s t r u c t u r e s  o f  t h a t  t i m e  c o u l d  n o t  be e c o n o m i c a l l y  

s t r eng thened  beyond 3-4 g, a1 though i t  was t h o u g h t  t h a t  t h e  c rew c o u l d  

w i t h s t a n d  a c c e l e r a t i o n s  o f  5  g. (The f i r s t  s u c c e s s f u l  l a u n c h  had been 

made i n  1912 a t  a  speed o f  46 mph and mean a c c e l e r a t i o n  o f  2.3 g ) .  

L i m i t s  o f  a c c e l e r a t i o n  o n  t h e  body was t h e  s u b j e c t  o f  i n c r e a s i n g  i n t e r e s t  

i n  t h e  1 9 3 0 ' ~ ~  b u t  p r i m a r i l y  f r om an o p e r a t i o n a l  v i e w p o i n t .  I n  a  1932 

paper p resen ted  a t  t h e  Royal A e r o n a u t i c a l  S o c i e t y ,  RAF Wing Commander 

M a r s h a l l  proposed an  a i r  c u s h i o n  s e a t  a t t a c h e d  t o  a  w ide  abdominal be1 t 

composed of  a i r  sacs wh i ch  would p r o v i d e  i n c r e a s i n g  body r e s t r a i n t  t h e  

more g  p r e s s u r e  was e x e r t e d  on  t h e  s e a t  ( F l i g h t ,  p.99, 1933) .  An a r t i c l e  

i n  S c i e n t i f i c  American i n  1933 d i scussed  t h e  s a f e t y  b e l t  as  an  i n d i c a t o r  

o f  abnormal a i r c r a f t  a t t i t u d e  ( K l e n i n ,  p .124) .  

The heavy i n c i d e n c e  o f  head and f a c i a l  i n j u r i e s  i n  Army A i r  Corps 

a c c i d e n t s  o f  t h e  l a t e  1930 ' s  l e d  L t .  Co l .  Malcolm, t h e n  c h i e f  o f  t h e  

med i ca l  s e c t i o n ,  t o  send a  r e q u e s t  t o  Capt .  H a r r y  Armstrong,  D i r e c t o r  

o f  t h e  P h y s i o l o g i c a l  Research L a b o r a t o r y  a t  W r i g h t  F i e l d ,  Dayton, Ohio, 

t o  g i v e  p r i o r i t y  t o  d e s i g n i n g  and t e s t i n g  a  shou lde r  s a f e t y  b e l t .  T h i s  

r e s u l t e d  i n  t h e  8-12 shou lde r  harness.  Seat  b e l t  exper iments  a t  t h e  

Equipment Branch o f  t h e  M a t e r i a l  D i v i s i o n  a t  W r i g h t  F i e l d  had been g o i n g  

on  s i n c e  abou t  1936. They had found t h a t  a t  8 GIs t h e  s u b j e c t  j a c k k n i f e d  



when t h e  l a p  be1 t was used a l o n e .  Bu t  when b o t h  l a p  and s h o u l d e r  b e l t s  

were used no j a c k k n i f i n g  o c c u r r e d  up  t o  15  GIs.  I t  was e s t i m a t e d  i n  1939 

t h a t  an  i m p a c t  d e c e l e r a t i o n  o f  3 0  G's  c o u l d  be w i t h s t o o d  w i t h o u t  s e r i o u s  

i n j u r y ,  p r o v i d e d  t h e  b e l t  anchorages were des i gned  t o  t a k e  t h e  d r o p  t e s t s  

conduc ted  a t  t h a t  t i m e  ( A i r  Corps News L e t t e r ,  15  Oc tober  1939 ) .  A t  

a b o u t  t h e  same t i m e  as  t h i s  U.S. Army A i r  Corps s t udy ,  s i m i l a r  e f f o r t s  

were under  way i n  Germany. 

I n  1937 B e e c h c r a f t  s t aged  a  c r a s h - l a n d i n g  ( " b e l l y  l a n d i n g " )  d a i l y  

a t  t h e  N a t i o n a l  A i r  Races a t  Los Angeles and subsequen t l y  a t  t h e  1937 

Miami A i r  Show. T h i s  was i n t e n d e d  t o  demons t ra te  t h a t  under  emergency 

c o n d i t i o n s  t h e  B e e c h c r a f t  C17B b i p l a n e  c o u l d  be s a f e l y  l anded  w i t h  gea r  

r e t r a c t e d ,  even on r ough  t e r r a i n ,  w i t h o u t  m a j o r  damage t o  t h e  a i r c r a f t  

o r  i n j u r y  t o  i t s  occupan t s .  From 2000 f e e t  a1 t i t u d e  t h e  eng ine  was c u t ,  

t h e  p r o p e l l e r  l o c k e d  i n  a  h o r i z o n t a l  p o s i t i o n ,  and a  dead s t i c k  l a n d -  

i n g  gear-up was made on t h e  ha rd  ground i n  f r o n t  o f  t h e  g rands tand  - 
s l i d i n g  t o  a  s t o p  i n  " 170  f e e t  o r  l e s s . "  A  s t a n d a r d  commerc ia l  b i p l a n e ,  

i t  was equ ipped  w i t h  a  p a i r  o f  " s l e d - 1  i k e  s t e e l  r u n n e r s  mounted o n  t h e  

bo t tom o f  t h e  f u s e l a g e ,  t o  p r o t e c t  t h e  f a b r i c  c o v e r i n g . "  " A f t e r  each 

d e m o n s t r a t i o n  i t  was h o i s t e d  up, t h e  gear  was extended,  and i t  t a x i e d  

away." "Success fu l  b e l l y  l a n d i n g s  were made on plowed ground,  on h i l l , -  

s i d e s ,  and even i n  p i n e  woods where t r e e s  e i g h t  i n ches  i n  d i a m e t e r  were 

mowed down by t h e  a i r p l a n e  o n  i t s  l a n d i n g  r u n . "  (.McDaniel , 1947 ) .  

I n  Germany med i ca l  i n v e s t i g a t i o n  o f  a i r c r a f t  a c c i d e n t s  had been 

conduc ted  s i n c e  a t  l e a s t  1934, and i t  was soon r e c o g n i z e d  t h a t  bes i des  

t h e  causes o f  p i l o t  f a i l u r e  " i t  i s  i m p e r a t i v e  t o  d e t e r m i n e  whether  

f a i l u r e s  o f  t h e  s t r u c t u r e  o r  d e s i g n  o f  t h e  p l a n e  have c o n t r i b u t e d  d i r e c t l y  

t o  i n j u r y  o f  t h e  occupan ts "  ( R u f f ,  Compendium, 1939, E n g l i s h  T r a n s l a t i o n ,  

1942) .  A c c i d e n t  d a t a  showed a n  overwhe lming  number o f  head i n j u r i e s  i n  

a i r p l a n e  c rashes ,  I n  1937 a l o n e  f i v e  f a t a l i t i e s  o f  German f l y i n g  

s t u d e n t s ,  14 s e r i o u s  i n j u r i e s ,  and 64 cases of s l i g h t  i n j u r y  were a t t r i -  

bu ted  t o  " f o r c e s  produced by bounc ing .  I n  n e a r l y  a l l  o f  t h e s e  a c c i d e n t s  

t h e  f l y i n g  c r a f t  was undamaged o r  o n l y  s l i g h t l y  damaged and t h e  s a f e t y  

be1 t and t h e  s e a t  were u s u a l l y  i n t a c t "  ( R u f f ,  On R e s i s t a n c e  i n  Man, p .3 ,  

1941) .  I t  was recommended t h a t  i n  a d d i t i o n  t o  t h e  c r a s h  he lmet ,  and 

improvements t o  t h e  sea t ,  t h e  p i l o t  shou ld  be fas tened  t o  t h e  s e a t  by 

b o t h  a  l a p  be1 t and s h o u l d e r  be1 t (.Ruff, U n f a l l e r f a h r u n g e n ,  1937 ) .  



As a  r e s u l t  o f  t h e s e  med i ca l  f i n d i n g s  a  s e r i e s  o f  s c i e n t i f i c  b i o -  

med ica l  s t u d i e s  o f  c r a s h  f o r c e s ,  p i l o t  t o 1  erances,  and s t r u c t u r e  and 

be1 t r e s t r a i n t s  was i n i t i a t e d .  I t  was f ound  t h a t  c a r r i e r  l a n d i n g s  

c o u l d  p roduce  d e c e l e r a t i o n s  o f  4-5 g, " f o r c e d  a l i g h t i n g "  o f  f a s t  l a n d -  

c r a f t  such as  t h e  Messersc tnn id t t  109  c o u l d  r e s u l t  i n  d e c e l e r a t i o n s  up 

t o  20 g  - exceed ing  30 g  i n  f o r c e d  l a n d i n g s ,  and t h a t  " t h e  f o r c e s  o f  

i n e r t i a  wh i ch  come i n t o  o p e r a t i o n ,  and i f  t h e y  do n o t  exceed t h e  t e a r -  

i n g  l i m i t s  o f  t h e  b e l t ,  a r e  t r a n s m i t t e d  v i a  t h e  s a f e t y  b e l t  t o  t h e  

s t r a p p e d - i n  occupan t  o f  t h e  p lane . "  I n  o r d e r  t o  d e t e r m i n e  t h e  s t r e n g t h  

o f  t h e  r e s t r a i n t ,  sea t ,  and anchorage p o i n t s ,  t e s t s  w i t h  human 

s u b j e c t s  were conduc ted .  

The abdomen was f ound  capab le  i n  e a r l y  t e s t s  o f  an  a b i l i t y  t o  bear  

a  l o a d  i n  t h e  d i r e c t i o n  o f  f l i g h t  o f  "up t o  t w i c e  t h e  b r e a k i n g  p o i n t  o f  

t h e  s i n g l e  b e l t  band;kwhich i s  a t  l e a s t  1200 Kg (1500 Kg f o r  t h e  l a t e s t  

b e l t s ) "  ( R u f f ,  p.4, 1941 ) .  The a r rangement  and be1 t ang les  were a l s o  

found t o  be i m p o r t a n t  concerns .  A  dynamic t e s t i n g  appa ra tus  c o n s i s t i n g  . 
o f  a  s e a t  and c a b l e s  i n  a  pendulum c o n f i g u r a t i o n  t e s t e d  s u b j e c t s  a l m o s t  

t o  t h e  f a i l u r e  ( " t e a r i n g " )  l i m i t  o f  t h e  b e l t ,  o f  1200 Kg. The b e l t s  
* 

T h i s  b e l t  i s  d e s c r i b e d  as a  "16"  w ide  l a p  b e l t "  i n  German A v i a t i o n  Med- 
i c i n e  i n  W W I I ,  and has subsequen t l y  been r e f e r r e d  t o  as such i n  v a r i o u s  
r e f e r e n c e s  by o t h e r  a u t h o r s  ( . i n c l ud i ng  mysel  f 1. A  r e c e n t  a n a l y s i s  o f  
t h i s  p o i n t  by R.F. Chandler ,  C h i e f  o f  t h e  P r o t e c t i o n  and S u r v i v a l  Lab- 
o r a t o r i e s ,  C i v i l  Aeromed ica l  I n s t i t u t e ,  FAA, i s  i n c l u d e d  i n  t h e  i n t e r e s t s  
of  c l a r i f y i n g  t h i s  s i n c e  t h e s e  d a t a  a r e  f r e q u e n t l y  r e f e r r e d  t o .  "I 
be1 i e v e  t h i s  i s  a  m i s - i n t e r p r e t a t i o n  o f  what  was r e a l l y  done. On t h e  
same page, t h e  advantages o f  spac i ng  t h e  s e a t  be1 t anchorages 1 6  t o  20 
i nches  a p a r t  (w ide? )  a r e  d i s cussed .  T h i s  i s  f o l l o w e d  by  a  d i s c u s s i o n  
o f  human t e s t s  i n  wh i ch  t h e  " s u b j e c t  wore an abdominal b e l t  40 cm ( 1 6 " )  
w ide . "  

I n  R u f f ' s  paper  "Concern ing  Human T o l e r a n c e  o f  A c c e l e r a t i o n  as i t  A p p l i e s  
t o  C e r t a i n  J e r k i n g  Types o f  A c c e l e r a t i o n  Which Occur i n  F l y i n g , "  Oct.31 , 
1941, Vo1.47, T rans .  Ger. Acad. of  A v i a .  Development,  a  v e r y  s i m i l a r  
d i s c u s s i o n  o f  t h e  advantages o f  40 t o  50 cm spac ing  o f  s e a t  b e l t  anchorages,  
n o t  t h e  w i d t h  o f  t h e  b e l t .  (.In t h e  d i s c u s s i o n  a f t e r  R u f f ' s  p r e s e n t a t i o n ,  - 
Madelong s p e c u l a t e s  a b o u t  a  be1 t c o v e r i n g  t h e  whole abdominal  r e g i o n .  
If Ruf f  had p resen ted  d a t a  abou t  such a  b e l t ,  s p e c u l a t i o n  abou t  i t s  p e r -  
formance wou ld  have been o u t  o f  p l a c e . )  

S i n c e  b o t h  o f  t h e s e  papers r e f e r  t o  t h e  same work, and s i n c e  i t  would 
be i l l o g i c a l  t o  c o n s i d e r  an i m p r a c t i c a l  16"  w ide  be1 t ( e s p e c i a l l y  i n  
wa r t ime ) ,  I f e e l  t h a t  c o n t i n u e d  r e f e r e n c e  t o  t h e  "16 i n c h  w ide"  s e a t  
be1 t i s  p e r p e t u a t i n g  an u n f o r t u n a t e  my th . "  

(Chand le r ,  pe r sona l  communicat ion,  1981 ) 



used were o f  an  energy  a b s o r b i n g  t y p e  (German A v i a t i o n  M e d i c i n e  i n  Wor ld  

War 11, p. 596) .  I n  a  subsequent  i n v e s t i g a t i o n  o f  a  g l i d e r  a c c i d e n t  i n  

1939, a  be1 t d e c e l e r a t i o n  l o a d  o f  1700 Kg ( o r  26 g )  "produced n o t  t h e  

s l i g h t e s t  i n j u r y "  t o  t h e  l a p - b e l t e d  s t u d e n t  p i l o t ,  showing t h a t  t o l e r a n c e  

va l ues  had n o t  y e t  been reached.  

3.3. 1940-1 949. A t t e n t i o n  t o  c rashwo r t h i ness  c o n s i d e r a t i o n s ,  r e -  

s t r a i n t  systems, and human t o 1  e rance  i n c r e a s e d  g r e a t l y  d u r i n g  and sub- 

sequent  t o  Wor ld  War 11. M i l i t a r y  s t u d i e s  l e d  t o  improved r e s t r a i n t  

systems, and A i r  Force  s t u d i e s  i n i t i a t e d  a t  Murroc,  Edwards, and Hol loman 

AFB, p a r t i c u l a r l y  by C a p t a i n  John Paul S tapp  g r e a t l y  i n c reased  knowledge 

o f  human impac t  t o l e r a n c e s .  D u r i n g  t h i s  p e r i o d  t h e  N a t i o n a l  Research 

Counc i l  and i t s  newly  formed Crash I n j u r y  P r o j e c t  under  DeHaven was 

s t u d y i n g  causes o f  occupant  i n j u r i e s  i n  c i v i l  c r ashes  and CAB i n j u r y  

da ta .  A l a r g e  body o f  c r a s h  i n j u r y  d a t a  was ana l yzed .  

A  key deve lope r  o f  c r a s h  impac t  p r o t e c t i o n  i n  gene ra l  a v i a t i o n  

a i r c r a f t  d u r i n g  t h e  1 9 4 0 ' s  was Dr. Hugh DeHaven. Drawing upon h i s  own 

c r a s h  expe r i ence  i n  191 7 ,  he p i onee red  a c c i d e n t  i n v e s t i g a t i o n  s t u d i e s  

and f r e e - f a l l  i n v e s t i g a t i o n s  t o  de te rm ine  t h e  r e l a t i o n s h i p  o f  c r a s h  

i n j u r i e s  w i t h  s t r u c t u r e  and human t o l e r a n c e s  t o  impac t .  I n  1941 he 

no ted  t h a t  "we have a i r - s a f e  l i g h t  a i r p l a n e s  wh ich  a r e  n o t  s a f e .  . . t h e  

c o c k p i t  and c a b i n  i s  s e t  up t oday  s u b s t a n t i a l l y  as i t  was t w e n t y - f i v e  

y e a r s  ago, and t h e r e  i s  no r eason  t o  expec t  l e s s  i n j u r y  now when a  c r a s h  

does come t h a n  i n  1915" (DeHaven, 1941, p .25) .  I n  November 1941 t h e  

N a t i o n a l  Research Counc i l  (NRC) Committee on A v i a t i o n  Med i c i ne  recommended 

t h a t  a  s p e c i a l  t h ree -pe rson  commi t tee  p o s s i b l y  c h a i r e d  by  DeHaven be 

formed t o  s t u d y  a i r p l a n e  c rashes ,  t h e  n a t u r e  o f  i n j u r i e s ,  and measures 

t o  p r e v e n t  i n j u r y  i n  c r a s h  impac ts .  I r o n i c a l l y ,  i t  was s t a t e d  ( b y  Dr. 

Ful  t o n  o f  Ya le )  t h a t  " s e a t  be1 t s  a r e  h i g h l y  dangerous"  (NRc Rept .  34, 

14 November 1  941 ) . 
The NRC Crash I n j u r y  Conferences were e s t a b l  i s h e d  t o  b r i n g  t o g e t h e r  

t h e  Army, Navy, c i v i l  and i n d u s t r y  e n g i n e e r i n g ,  and med ica l  groups i n -  

t e r e s t e d  i n  t h e  development  o f  s a f e r  a i r c r a f t  f rom a  c r a s h  i n j u r y  v iew-  

p o i n t .  I n  August  1942 t h e  CAB f i r s t  s t a r t e d  t o  i n c l u d e  t h e  su r vey  o f  

i n j u r y  causes as p a r t  o f  a c c i d e n t  i n v e s t i g a t i o n .  Sponsored by t h e  NRC, 
t h e  Crash I n j u r y  P r o j e c t  under  DeHaven s t u d i e d  t h e  CAB med ica l  r e p o r t s  



t o  r e l a t e  t h e  e x t e n t  o f  i n j u r i e s  t o  t h e  n a t u r e  and p lacement  o f  c a u s a t i v e  

o b j e c t s ,  i n d e n t i f y  hazardous s t r u c t u r e  r e s p o n s i b l e  f o r  unnecessary i n j u r y ,  

and obse rve  causes o f  s u r v i v a b l e  a c c i d e n t s .  S tudy  o f  i n j u r y  i n  30 1  i g h t -  

a i r c r a f t  a c c i d e n t s  r e v e a l e d  t h a t  t h e  f o r c e  o f  mos t  c rashes  i s  w i t h i n  

human t o l e r a n c e ,  and many seve re  o r  f a t a l  i n j u r i e s  stemmed f r om  mechan ica l  

d e s i g n  f a c t o r s  wh ich  c o u l d  be m o d i f i e d  o r  e l  i m i  na ted  ( DeHaven, 1942) .  

W i t h  t h e  o u t b r e a k  o f  t h e  second Wor ld  War t h e  N a t i o n a l  Research 

Counc i l  formed a  Committee o n  A v i a t i o n  Med i c i ne .  I n  1942 t h e  O f f i c e  

o f  S c i e n t i f i c  Research and Development and U.S. Navy Bureau o f  Aero-  

n a u t i c s  c o n t r a c t e d  t o  Corne l  1  U n i v e r s i t y  Med ica l  C o l l e g e  work concerned 

w i t h  a i r c r a f t  c r a s h  i n j u r i e s  and t h e i r  p r e v e n t i o n ,  t h r o u g h  t h e  NRC 

Committee. T h i s  work was c o o r d i n a t e d  w i t h  t h e  new Army and Navy e f f o r t  

i n  t h e s e  a reas  w i t h  t h e  CAA a c c i d e n t  i n v e s t i g a t i o n .  Eugene DuBois,  M.D., 
a  Navy C a p t a i n  and F l i g h t  Surgeon and P r o f e s s o r  o f  P h y s i o l o g y  and B io -  

p h y s i c s  a t  C o r n e l l ,  p u b l i s h e d  s e v e r a l  papers i n  t h e  e n g i n e e r i n g  and med i ca l  

1  i t e r a t u r e  r e p o r t i n g  c o c k p i t  hazards and t h e  s p e c i a l  need f o r  head p ro -  

t e c t i o n .  He no ted  t h a t  " t h e  human body when p r o p e r l y  h e l d  i n  harness 

would s t and  30 G and p r o b a b l y  40  G w i t h o u t  m a t e r i a l  i n j u r y "  (DuBois,  1945, 

p.3; 1954a p . 4 7 ) .  

By 1943 DeHaven had deve loped  a  1  0 - p o i n t  i n j u r y  s c a l e  ( w i t h  f o u r  

degrees o f  f a t a l  i n j u r y ) ,  and C I R  c r a s h  d a t a  had been p r o v i d e d  t o  t h e  

CAA t o  s e t  up f u t u r e  r equ i r emen ts  f o r  3 ,000- lb .  s a f e t y  b e l t s .  An a i r -  

c r a f t  a c c i d e n t  and i n j u r y  r e p o r t  f o rm  was p r o v i d e d  t o  CAB and CAA i n -  

v e s t i g a t o r s .  

I n  May 1944 t h e  Crash I n j u r y  Committee made 18 recommendat ions f o r  

a  s a f e r  c o c k p i t ,  recommending con tou red  me ta l  sea t s ;  f u r t h e r  shock ab-  

s o r b e r s  o f  25 t o  50 G 's  c a p a b i l i t y  t o  r e p l a c e  wooden sea ts ;  r e d e s i g n  o f  

c o n t r o l  s t i c k ,  c o n t r o l  column, cowl i n g ,  and r u d d e r  pedal  s; s t r eng thened  

l onge rons ;  t u r n o v e r  p r o t e c t i o n ;  r e i n f o r c e d  f i r e w a l l  ; e l  i m i  n a t i o n  o f  

sha rp  edges i n  c o c k p i t  des i gn ;  and an i n s t r u m e n t  panel  w i t h  6-8" head 

c l e a r a n c e .  I t  was emphasized t h a t  t h e  shou lde r  harness,  s e a t  be1 t, s e a t ,  

and a t t achmen ts  shou ld  r ema in  i n t a c t  under  a  f o r c e  o f  50 GIs  a p p l i e d  AP 

o r  v e r t i c a l l y .  They a1 so suggested i n t e g r a t e d  d e s i g n  o f  an e n t i r e  cock -  

p i t  assembly mounted on  shock abso rbe rs  capab le  o f  25  t o  100 G Is .  



Biomechanics was u rged  as a  new approach t o  a i r p l a n e  c r a s h  s a f e t y  

i n  a  1944 paper  p o i n t i n g  o u t  t h e  m i l i t a r y  c o o r d i n a t i o n  o f  med ica l  and 

e n g i n e e r i n g  s t u d i e s  (G ra t z ,  1944) .  N o t i n g  t h a t  head i n j u r i e s  " occu r  

i n  90% o f  m a j o r  crashes,"  a i r c r a f t  c r a s h  p r o t e c t i o n  c o u l d  be improved 

by use  o f  p r o t e c t i v e  f e a t u r e s  such as crash-pads and e l i m i n a t i o n  o f  p r o -  

j e c t i o n s  i n  t h e  c o c k p i t .  A i r c r a f t  b iomechan ica l  s t u d i e s  o f  t h i s  n a t u r e  

were i n i t i a t e d  i n  t h e  combat zone o f  t h e  P a c i f i c  Thea te r  o f  Ope ra t i ons  

i n  June 1942. 

The F o u r t h  Crash I n j u r y  Conference was h e l d  i n  Washington, D.C., 21, 

22 Feb rua ry  1945. A  ma jo r  s u b j e c t  r e p o r t e d  upon was t h e  recommendat ion 

f o r  a  40 G s e a t  f o r  m i l i t a r y  f i g h t e r  a i r c r a f t  (113 l o a d  t o  shou lde r  

harness and 213 t o  t h e  l a p  be1 t ) ,  and d i s c u s s i o n  o f  s e a t  f a i l u r e s  i n  

c u r r e n t  a c c i d e n t  s t u d i e s .  I t  was e v i d e n t  i n  med ica l  d a t a  f rom c rashes  

t h a t  t h e  t h e  s t r e n g t h  o f  t h e  human body had been " g r o s s l y  m is judged  and 

t h a t  des i gne rs  have been wo rk i ng  i n  comp le te  i gno rance  o f  t h e  p rope r  

s t r e n g t h  o f  sea ts ,  harness, and c o c k p i t  s t r u c t u r e s .  These and o t h e r  

c o c k p i t  i n s t a l l a t i o n s  have f a i l e d  t o  g i v e  adequate p r o t e c t i o n  i n  c rashes  

where adequate p r o t e c t i o n  would have spared i n j u r y  and saved v a l u a b l e  

pe r sonne l . "  The e x i s t a n c e  0.f war s u r p l u s  a i r c r a f t  1  ed t o  c o n s i d e r a t i o n  

o f  f u t u r e  c r a s h  t e s t s  (Randal 1  , 9  March 1945) .  

I n  J u l y  1945, DeHaven o f  t h e  NRC made a  d e t a i l e d  r e p o r t  t o  t h e  CAB, 

based upon med ica l  d a t a  and c r a s h  d e t a i l s  f r om  f i e l d  i n v e s t i g a t i o n s  o f  

t h e  CAB S a f e t y  Bureau. T h i s  s t u d y  supplemented t h e  1943 s t u d y  o f  30 

c rashes  w i t h  185 more c rashes  (110 i n  tandem and 75 i n  s i d e - b y - s i d e  s e a t -  

i n g ) .  I t  conc luded  t h a t  f a i l u r e  o f  1000 I b. s a f e t y  be1 t s  o c c u r r e d  i n  94 

cases among 260 s u r v i v o r s ,  human t o 1  e rance  has been g r o s s l y  unde res t ima ted ,  
head i n j u r y  i s  r e l a t e d  t o  heavy i n s t r u m e n t s ,  s o l i d  pane ls ,  sea t  backs, 

and unsa fe  d e s i g n  and ar rangement  o f  c o n t r o l  wheels .  I t  was no ted  t h a t  

i n  c e r t a i n  m i l i t a r y  a i r c r a f t  p i l o t  p r o t e c t i o n  has i nc reased  t o  t h e  p o i n t  

where c u r r e n t  sea t s  w i t h  harness a r e  capab le  o f  w i t h s t a n d i n g  40 g  impac ts  

(NRC, Rept .  440, J u l y  9, 1945 ) .  



In April 1947 the Crash Injury Research project of the National 

Research Council pub1 ished a 1 i s t ing from general aviation manufacturers 

of new features on  10 models of a i r c r a f t  which were advances in occupant 

protection. These included the following: 

0 1 new production model had shoulder harness attachment point 

0 3 a i r c r a f t  had engine sections and supports desinged t o  protect 
the occupant through progressive collapse in a crash 

0 In 6 new a i r c r a f t  occupants are  seated further a f t  t o  get 
increased protection from forward structures 

0 In 4 a i r c r a f t  using control wheels, the instrument panels 
have been moved froward away from the pi lo t  

0 4 a i r c r a f t  use no horizontal or  vertical tubing around the pilot  

0 1 a i r c r a f t  has a landing gear of "extraordinary energy-absorbing 
characterist ics."  3 manufactuers s t a t e  their  gear i s  extra 
rugged and designed t o  increase the protection of occupants in crashes 

0 Strong turnover structures are provided in 4 planes 

0 5 instrument panels a re  designed to lessen the danger of head injury 

0 All 10 planes have moderated or eliminated sol id structures 
within forward range of the head 

0 3 planes a re  reported to have "special ruggedness" in a11 cockpit 
s tructure 

0 3 manufacturers reported use of stronger seats and seat  anchorages 

a Pivoted backrests on forward seats ,  to lessen chances of injuries 
caused by rigid structure,  are used in 6 planes 

0 5 a i r c r a f t  have developed keel or skid structure to help prevent 
the nose from d i g g i n g  into the ground during wheels-up landings 
or low angle crashes 

e 1 manufacturer has placed the baggage compartment forward between 
the engine and p i lo t ,  to provide increased crash protection 

Many of these improvements were as a resul t  of the NRC crash safety 

work (NRC, 3 April 1947). 

A 1948 CAA/CAB working group studied the question of effect  of a 

shoulder harness on pi lo t  operational ab i l i t y  in f ive  transport models, 

and concluded that  18" forward movement allowed d i d  n o t  i n t e r f e r e  ( K i n g ,  

1 9 4 8 ) .  Other questions about seat  be1 t s  asked in the 1940's related to 
injuries that might be caused by the seat belt and the belief that  
the shoulder harness m i g h t  break the neck. DeHaven (1948) and DuBois 



(1945, 1946)  showed t h a t  i n j u r i e s  a t t r i b u t e d  t o  t h e  l a p  b e l t  were i n  f a c t  

l e s s  t h a n  1%; 2.4% i n  1949 (CIR, P. 9, 1949),  s i g n i f i c a n t l y  l e s s  t h a n  if 

t h e  occupan t  were n o t  wea r i ng  a  be1 t. M i l i t a r y  c rashes  c a l c u l a t e d  a t  

o v e r  40 G and A i r  Force  t o l e r a n c e  t e s t s  i n i t i a t e d  a t  Muroc, and l a t e r  

Hol loman AFB, would p rove  t h a t  impac ts  t o  57 G f o r w a r d  f a c i n g  were 

t o l e r a b l e  w i t h o u t  neck i n j u r y  . 
Crash I n j u r y  Research (CIR)  r e p o r t s  and a c c i d e n t  f i n d i n g s  under  

ausp i ces  o f  t h e  NRC d u r i n g  t h e  1940 ' s  documented t h e  need f o r  c rash -  

w o r t h i n e s s  improvements, and p i n p o i n t e d  t h e  changes t h a t  c o u l d  make 

f u t u r e  a i r c r a f t  s a f e r  i n  a  c r a s h  (DeHaven 1944; 1944a; 1944b; 1945; 1946; 

1948; 1948a; CIR 1949; 1950; 1950a; ; NRC 1947; A v i a t i o n  Week 1949; 

DuBois 1945; 1945a; 1 9 4 6 ) .  By 1947 t h e r e  had been a  27.9% g a i n  i n  t h e  

number o f  f a t a l  a c c i d e n t s  o v e r  1946. By mid-1 949 m a n u f a c t u r e r s '  had 

responded t o  CIR recommendat ions by  r e p o r t i n g  a  number o f  c r a s h  d e s i g n  

improvements : 

o f o r w a r d  d i agona l  braces des igned  t o  b u c k l e  ou tward  under  heavy 
c r a s h  l o a d s  ( 1  a i r c r a f t )  

0 eng ine  s e c t i o n s  des igned  f o r  p r o g r e s s i v e  c o l l  apse ( 3  a i r c r a f t )  

o occupan ts  sea ted  f u r t h e r  a f t  (6  a i r c r a f t )  

o no h o r i z o n t a l  o r  v e r t i c a l  t u b i n g  around t h e  p i l o t  ( 4  a i r c r a f t )  

o p r o t e c t i v e  energy -absorb ing  l a n d i n g  gear  ( 2  a i r c r a f t )  

0 s t r o n g e r  c o c k p i t  s t r u c t u r e  ( 2  a i r c r a f t )  

o i n s t r u m e n t  pane l s  moved f o rwa rd  ( 4  a i r c r a f t )  

0 i n s t r u m e n t  pane l s  des igned  t o  l e s s e n  head i n j u r y  ( 5  a i r c r a f t )  

o s h o u l d e r  harness s t anda rd  equipment  (.I new c r o p  d u s t e r )  

o s t r o n g e r  sea t s  and s e a t  anchorages ( 3  a i r c r a f t )  

o p i v o t e d  b a c k r e s t s  on f o r w a r d  sea ts ,  t o  l e s s e n  chances o f  
i n j u r i e s  caused by r i g i d  s t r u c t u r e  ( 6  a i r c r a f t )  

0 Windscreen and s i d e  windows des igned t o  knock ou r  r a t h e r  
t h a n  s h a t t e r  ( 1  a i r c r a f t )  

0 S a f e t y  c o n t r o l  wheels ( 6  a i r c r a f t )  

(CIR Repor t  12  August  1949, Appendix A ) .  

Many o f  t hese  f e a t u r e s  had a l s o  been r e p o r t e d  as improvements i n  1947 

(CIR 3 A p r i l  1947) .  



"Must  t h e  A i r p l a n e  Be Designed f o r  Crashes?" was t h e  s u b j e c t  o f  a  

1948 c o n f i d e n t i a l  r e p o r t  by t h e  C h i e f  Eng ineer  o f  a  m a j o r  a i r  c a r r i e r  

a i r f r a m e  manu fac tu re r .  The r e p o r t  ana l yzed  t h e  d i r e c t i o n  t h a t  t h e  s a f e t y  

r e g u l a t i o n s  were go i ng  as p romu lga ted  by t h e  CAB and a d m i n i s t e r e d  by t h e  

CAA. I n  p a r t i c u l a r  i t  ques t i oned  t h e  r e g u l a t i o n  o f  s t r e n g t h  o f  a i r c r a f t  

sea t s  and b e l t s ,  and t h e  e x t e n t  t o  wh i ch  t h e  a i r c r a f t  mus t  be des igned  

f o r  c rashes .  T h i s  a n a l y s i s  was i n s p i r e d  by t h e  new 6 g  f o r w a r d  CAR r e -  

qu i r emen t  o f  November 1945, based upon f i n d i n g s  t h a t  t h e  170  1  b. body 

c o u l d  t a k e  c o n s i d e r a b l y  more t h a n  1000 I b s . ,  wh i ch  was a  50% i n c r e a s e  

i n  t h e  p r e v i o u s  4  g  f o r w a r d  l o a d  component. I t  was no ted  t h a t  CAR r e -  

qu i rements  f o r  n o n - c a r r i e r  a i r c r a f t  a t  t h e  t i m e  were 9  g, A i r  Force  r e -  

qu i rements  i n c r e a s e d  t o  1 8  g  and 40  g  was s t r o n g l y  advocated,  as many 

s p e c i f i c a t i o n s  f o r  Navy a i r c r a f t  were a l r e a d y  a t  40 g .  The CAB S a f e t y  

Bureau was a d v o c a t i n g  20 g.  The body c o u l d  t o l e r a t e  much h i g h e r  va l ues ,  

perhaps t o  200 G. Thus t h e  t r e n d  seemed c l e a r .  The v i e w p o i n t  was b rough t  

f o r t h  t h a t  t h e  6 g  s e a t  r e q u i r e m e n t  was g o i n g  t o o  f a r ,  t h a t  t h e  gene ra l  

pub l  i c  j udges  t h e  a c c e p t a b l e  r i s k ,  and t h a t  i n c r e a s e d  c o s t  and w e i g h t  

p e n a l i t i e s  were c a l c u l a t e d  t o  r e s u l t .  The argument  was g i v e n  t h a t  t h e  

t r e n d  toward  i n c r e a s i n g  c r a s h  p r o t e c t i o n  i s  c o n t r a r y  t o  t h e  publ  i c  good, 

and t h a t  t h i s  shou ld  be abandoned " b e f o r e  t h e  i n d u s t r y  i s  i r r e v o c a b l y  

commi t ted  t o  i t  as a  m a t t e r  o f  p o l i c y "  (.McBrearty, 1948, ( r e v i s e d  1951)  

p. 1 6 ) .  I t  was conc luded  t h a t  e f f o r t s  shou ld  i n s t e a d  be d i r e c t e d  t o  

a c c i d e n t  p r e v e n t i o n .  T h i s  may be t h e  f i r s t  such document exp ress i ng  

one v i e w p o i n t  wh i ch  has c o n t i n u e d  t o  t h e  p resen t .  

An i n t e r n a l  a n a l y s i s  o f  1442 l i g h t  p l a n e  a c c i d e n t s  i n v o l v i n g  1942 

occupan ts  was made by t h e  C i v i l  A e r o n a u t i c  A d m i n i s t r a t i o n  i n  1949. How- 

eve r ,  t h i s  s t u d y  was n o t  pub l  i s h e d  (.Morrow, 1949) .  

Three a i r c r a f t  were be i ng  deve loped  i n  1949 "wh i ch  i n c l u d e  most  o f  

t h e  f e a t u r e s  recommended by Crash I n j u r y  Research" ( DeHaven, C I R  6007, 

1950, p. 5 ) .  The Koppen-Bol 1  i n g e r  He1 i o p l a n e ,  w i t h  p r o g r e s s i v e  c o l  1  apse 

design, " e x t r a  s t r o n g "  sea t s  and be1 t anchorages,  and shou lde r  harness 

f o r  each occupant ;  t h e  Meyers 145 w i t h  o p t i o n a l  shou lde r  harness;  and 

t h e  Texas A & M Cropdus te r  des igned  by P r o f .  Fred Weick w i t h  40 g  sea t ,  40 g  
c o c k p i t ,  40 g  s a f e t y  b e l t  and shou lde r  harness,  wh ich  DeHaven r e p o r t e d  

" p r o b a b l y  w i l l  p r o v i d e  g r e a t e r  c r a s h  p r o t e c t i o n  f o r  t h e  p i l o t  t h a n  any  

a i r c r a f t  developed t o  d a t e "  ( p .  6 ) .  



By 1949 Crash I n j u r y  Research, s t a r t e d  i n  1942 under  ausp ices  o f  

t h e  NRC, was f u n c t i o n i n g  under  t h e  C o r n e l l  Committee f o r  A i r  S a f e t y  

Research, w i t h  suppo r t  f rom AOPA, CAA, A i r  Force,  Navy, and Personal  

A i r c r a f t  Counc i l  o f  t h e  A i r c r a f t  I n d u s t r i e s  A s s o c i a t i o n .  R e s u l t s  o f  

t h e  f i r s t  s i x  y e a r s  o f  c r a s h  i n j u r y  i n v e s t i g a t i o n  (655 a c c i d e n t s )  were 

summarized i n  A v i a t i o n  Week (pp. 19-22, May 2, 1949) .  Unnecessary i n j u r i e s  

i n  c rashes  were found due t o  t h e  head s t r i k i n g  i n s t r u m e n t  panels ,  s t r u c t -  

u r a l  t u b i n g ,  and c o n t r o l  wheels o r  r i g i d  s e a t  backs. The 2000 1  b. s e a t  

be1 t s  and sea t s  were found  t o  f a i l  o f t e n ,  and 4000 1  b. be1 t s  were r e -  

commended by C I R  ( w h i l e  n o t i n g  t h a t  A i r  Force  and Navy p i l o t s  can be 

c o u r t  m a r t i a l e d  (1949)  f o r  n o t  wea r i ng  t h e  40 GI8000 I b .  shou lde r  harness 

and s e a t  be1 t ) .  More rugged c o c k p i t s ,  p r o g r e s s i v e  c o l l a p s e  c h a r a c t e r -  

i s t i c s ,  c rash -abso rb i ng  a i r c r a f t  s t r u c t u r e ,  and c o c k p i t  t u b i n g  des igned 

t o  b u c k l e  ou tward  and s t r e s s e d  t o  p r e v e n t  c a b i n  c o l l a p s e  i n  t u r n o v e r s  

were among c r a s h  p r o t e c t i o n  f i n d i n g s  recommended. Twelve c u r r e n t  genera l  

a v i a t i o n  a i r c r a f t  had r e p o r t e d l y  adopted v a r i o u s  c r a s h  p r o t e c t i o n  changes 

as a  r e s u l t  o f  t h i s  s t udy .  

I n  1949 C I R  comp i led  a  r e p o r t ,  "Fea tu res  Govern ing S a f e t y  i n  A i r -  

c r a f t  Acc iden ts , "  w i t h  i l l u s t r a t i o n s  o f  ways o f  i n c r e a s i n g  c r a s h  p r o t e c t i o n  

i n  sma l l  p lanes .  A  summary was p u b l i s h e d  i n  A v i a t i o n  Week on 13 March 1950 

e n t i t l e d  "Crash Sa fe t y  Can be Engineered,"  and an a b b r e v i a t e d  l i s t  o f  

recommendat ions was p rov i ded  i n  t h e  C I R  annual  r e p o r t  f o r  1949-1 950 (No. 

6008, Sep t .  1950) .  

I n  1950 DeHaven r e p o r t e d  " i n  January 1950, i n f o r m a t i o n  was r e l e a s e d  

on  A i r  Force Exper iments  be i ng  conducted a t  Edwards A i r  Force Base, Muroc, 

Cal i f o r n i a ,  on  human t o 1  erance o f  c r a s h  dece l  e r a t i o n s .  These exper iments  

c o n c l u s i v e l y  demonstrated t h a t  t h e  human body can w i t h s t a n d  near  dece l -  

e r a t i o n s  o f  35 g  (and peak l oads  o f  57 g )  w i t h o u t  i n j u r y .  They t h e r e f o r e  

c o r r o b o r a t e  es t ima tes  made by Armstrong and Grow i n  1939 t h a t  human be ings  

c o u l d  s u r v i v e  30 t o  50 g  and s ta tements  by C I R  t h a t  a  person can, i f  p r o -  

p e r l y  p ro tec ted ,  w i t h s t a n d  d e c e l e r a t i o n s  wh ich  w i l l  demo1 i s h  t h e  c o c k p i t  

and c a b i n  s t r u c t u r e s  o f  e x i s t i n g  a i r c r a f t . . . F o r  many y e a r s  C I R  has been 

t r y i n g  t o  persuade a i r p l a n e  manu fac tu re r s  and eng ineers  t h a t  i n c reased  

c r a s h  p r o t e c t i o n  i n  t h e i r  p lanes  would be a  w o r t h w h i l e  i n ves tmen t  i n  

terms o f  l i v e s  saved" ( p .  8 ) .  



A  summary o f  1  i g h t  a i r c r a f t  a c c i d e n t  s t u d i e s  conduc ted  d u r i n g  t h e  

1940 ' s  shows t h a t  c r a s h  i n j u r y  a s p e c t s  had r e c e i v e d  e x t e n s i v e  i n v e s t i -  

g a t i o n  d u r i n g  t h i s  p e r i o d .  Some 2375 a c c i d e n t s  o c c u r r i n g  between 1942 - 
1952 have been s t u d i e d  f o r  c r a s h w o r t h i n e s s  and i n j u r y  c a u s a t i o n  by 

v a r i o u s  i n v e s t i g a t o r s ,  a1 though some o f  t h e s e  cases may have ove r l apped :  

1 943 30  l i g h t - a i r c r a f t  a c c i d e n t s  (DeHaven NRD Rept.230, 
17  Nov. 1943)  60 occupants  
( i n c l u d e d  60 a c c i d e n t s ,  30 s i d e  by  s i d e  occupants  
and 30 i n  tandem s e a t i n g ,  120  i n j u r e d  occupan ts )  

1948 655 a c c i d e n t s ,  11  05 i n j u r e d  occupants  ( DeHaven 1948)  

1949 1442 a c c i d e n t s ,  1942 occupants  (Marrow, 1949)  

1942-1 952 248 f r o n t - s e a t e d  occupants  (Pearson, 1961 ) 
s e l  ec ted  sampl e  

M i l i t a r y  Research. M i l i t a r y  s t u d i e s  and f i n d i n g s  d u r i n g  t h i s  1940- 

1949 p e r i o d  made m a j o r  c o n t r i b u t i o n s  t o  c r a s h w o r t h i n e s s  d e s i g n  knowledge. 

D u r i n g  Wor ld  War I 1  t h e  Germans i nc reased  t h e  r e s e a r c h  e f f o r t s  i n i t i a t e d  

i n  t h e  m i d - t h i r t i e s  i n  s t u d y  of  e j e c t i o n  s e a t s  and a c c e l e r a t i o n  e f f e c t s  

upon t h e  p i l o t .  Work a t  t h e  Med i ca l  Research I n s t i t u t e  a t  Garmissh- 

P a r t e n k i  nchen b y  Henschke i n v e s t i g a t e d  t h e  e f f e c t  o f  maximum a c c e l e r a t i o n s  

on t h e  p i l o t  (Love lace ,  1945; Love lace  and W u l f f ,  1946 ) .  A  m a j o r  ob- 

j e c t i v e ,  as  w i t h  t h e  B r i t i s h  and Amer ican m i l i t a r y  e f f o r t s ,  was t o  p r o t e c t  

personne l  i n  a i r c r a f t  c rashes .  

One s p e c i a l i z e d  o b j e c t i v e  o f  t h e  German s t u d i e s  was t o  d e s i g n  

t a c t i c a l  use  o f  a i r c r a f t  f o r  m i d - a i r  ramming o f  o t h e r  a i r c r a f t .  The 

1 i m i t  o f  t o l e r a n c e  o f  t h e  human body f o r  a c c e l e r a t i o n  f o r c e s  o f  s h o r t  

d u r a t i o n  was t h o u g h t  t o  a l l o w  c o n s i d e r a b l e  emphasis on  t h i s  work. R u f f  

had i n i t i a t e d  t e s t s  showing t h a t  100 g  impac t s  f o r  0.01 m i g h t  be ex- 

pec ted  ( A m y  A i r  Forces, 28 Feb rua ry  1946, p. 3 ) .  

I t  was found  t h a t  an a c c e l e r a t i v e  f o r c e  o f  1 0  g  d u r i n g  0.01 seconds 

a g a i n s t  t h e  head causes symptoms o f  c e r e b r a l  - concuss ion .  The 1  i m i t  o f  

d e c e l e r a t i o n  f o r c e  w i t h  an  occupant  p r o t e c t e d  by l a p  b e l t  and shou lde r  

harness was 34.3 g, w i t h o u t  symptoms o f  concuss ion .  T h i s  work was con- 

duc ted  on  a  swing.  I t  was conc luded t h a t  a i r c r a f t  c o c k p i t s  shou ld  be 

des igned t o  w i t h s t a n d  c rashes  o f  a t  l e a s t  34 g  (Andrews, 1946) .  



German f i n d i n g s  t h a t  50% o f  a l l  i n j u r i e s  i n  a i r c r a f t  a c c i d e n t s  were 

head i n j u r i e s ,  and t h a t  t h e y  accounted f o r  70  t o  80% o f  t h e  f a t a l  i n -  

j u r i e s ,  l e d  R u f f  t o  r e q u e s t  a  shou lde r  harness be worn i n  a l l  German A i r  

Force  a i r c r a f t ,  and t h a t  i n  t r a i n i n g  a i r c r a f t  t h e  f l i e r  be p reven ted  f rom 

s t r i k i n g  a  s t r u c t u r e  even when o n l y  a  l a p  be1 t i s  worn. Th i s  r e q u i r e d  

a  f r e e  space between t h e  b e l t  and panel  o f  31.5 t o  45.4 i nches  (80-90 cm). 

"Thus i n  a  c r a s h  l a n d i n g ,  t h e  upper  p a r t  o f  t h e  body can  f r e e l y  swing 

f o rwa rd  w i t h o u t  s t r i k i n g  a g a i n s t  s o l i d  p a r t s .  The p r a c t i c a l  a p p l i c a t i o n  

o f  t hese  i deas  i n  sma l l  p r i v a t e  and t r a i n i n g  p lanes  proved s a t i s f a c t o r y "  

(.Ruff, 1942, p. 597) .  R u f f ' s  work i n  c r a s h  l a n d i n g  p r o t e c t i o n ,  d e t e r m i n i n g  

human t o l e r a n c e s ,  and s e a t - r e s t r a i n t  s t u d i e s  was p r o b a b l y  t h e  most ex- 

t e n s i v e  t o  t h a t  t ime .  From t e s t s  and a n a l y s i s  o f  a c c i d e n t  da ta  he con- 

c l uded  t h a t  f o r w a r d  impac ts  o f  20 g  c o u l d  be t o l e r a t e d  w i t h o u t  i n j u r y  

w i t h  a  l a p  b e l t  o n l y ,  and r e a r - f a c i n g  impac ts  o f  28-30 g 

c o u l d  be t o l e r a t e d  w i t h o u t  i n j u r y .  I n  cadaver  s p i n e  v e r t i c a l  s t u d i e s  

he de te rmined  t h a t  26 g  was t h e  l i m i t ,  and conducted e j e c t i o n  t e s t s  o f  

human s u b j e c t s  t o  30 g  ( a t  0.1 sec )  wh ich  he f e l t  " a lmos t "  t h e  l i m i t  o f  

n o n - r e v e r s i b l  e  i n j u r y  t o 1  erance, and t h i s  subsequen t l y  was t h e  b a s i s  f o r  

German e j e c t i o n  s e a t  s p e c i f i c a t i o n s .  The f i r s t  t e s t  t r a c k  f a c i l i t y ,  

des igned  i n  Germany i n  1939, c o n s i s t e d  o f  a  l i g h t  c a b i n  p r o p e l l e d  by a  

f a l l i n g  we igh t .  However, a i r  r a i d s  des t r oyed  t h i s  f a c i l i t y  b e f o r e  i t  

was used. 

E a r l y  i n  Wor ld  War I 1  t h e  Germans used a  shou lde r  harness t h a t  would 

w i t h s t a n d  25 G ' s .  T h i s  was seve ra l  yea rs  b e f o r e  t h e  U.S. o r  B r i t i s h  i n -  

c reased  t h e i r  r equ i r emen ts  (AAF memo Rept. ,  20 March 1945, p .  9 ) .  

I n  England t h e  Royal A i r  Force, concerned abou t  t h e  l o s s e s  o f  f l y -  

i n g  personne l  i n  c rashes ,  had i n s t i t u t e d  a  number o f  e n g i n e e r i n g  s t u d i e s  

a t  t h e  Royal A e r o n a u t i c a l  Es tab l i shmen t  (R.A.E. )  i n  1941 t h rough  1943 

(Watson Jones, 1941; Pekarek, 1941; 1941a; 1942; 1943; 1943a) .  These 

d e a l t  w i t h  v a r i o u s  aspec ts ,  i n c l u d i n g  cause o f  i n j u r i e s  and r e l a t i o n -  

s h i p  t o  s t r u c t u r e s ,  d e c e l e r a t i o n  f o r c e s ,  d e f i c i e n c i e s  o f  e x i s t i n g  equ ip -  

ment, t e s t i n g  o f  sea t s  and r e s t r a i n t  systems. I t  was conc luded  by 1943 

t h a t  h i g h  p r i o r i t y  shou ld  be g i v e n  t o  o r g a n i z a t i o n  o f  a  s p e c i a l i z e d  group 

t o  i n v e s t i g a t e  t h e  c o r r e l a t i o n  o f  a i r c r e w  i n j u r i e s  o c c u r r i n g  w i t h  a i r -  

c r a f t  des i gn .  Improvements i n  c r a s h  d e s i g n  and s a f e t y  harnesses were 



proposed - t h a t  c o c k p i t s  be s t r eng thened ,  and t h a t  a  system be s t a r t e d  

t o  c o r r e l a t e  a i r c r a f t  damage and c r a s h  f a c t o r s  w i t h  i n j u r y  s u s t a i n e d .  

I t  was found  t h a t  head i n j u r i e s  r e s u l t e d  i n  up  t o  63% f a t a l i t i e s  i n  

v a r i o u s  commands (Cade, 1942; G i l s o n  and S tewa r t ,  1943) .  Pekarek s a f e t y  

c e l l s ,  des igned  t o  d i s t r i b u t e  t h e  impac t  f o r c e s  on t h e  body, were p ro -  

posed (.Pekarek, 1943) ,  and t h e  S u t t o n  Harness (7-89)  was m o d i f i e d  w i t h  

a  4-5" l a p  be1 t t o  w i t h s t a n d  1 0  g.  I n  a d d i t i o n ,  t h e  R.A.E. conducted 

t e s t s  on c a p t u r e d  German A i r  Force  1 0  g s a f e t y  harnesses (R.A.E. 1942; 

1942a; 1942b) .  I n  t h e  1947-58 p e r i o d ,  human d e c e l e r a t i o n  exper iments  

were conduc ted  a t  Farnborough u s i n g  a r o c k e t  d r i v e n  t r o l l e y  a l o n g  a 

r a i l r o a d  t r a c k  ( E l l i s ,  1955) .  

By 1944 t h e  B r i t i s h  had r a i s e d  c r a s h  d e c e l e r a t i o n  r equ i r emen ts  f o r  

a l l  f u t u r e  p i l o t ' s  sea t s  and harness f r om  1 0  t o  25 G, and 25' G f o r  crew.  

For  passengers i n  t r a n s p o r t  a i r c r a f t  t h e  B r i t i s h  proposed 1 0  G as ab- 

s o l u t e  minimum and 25 G as t h e  goa l  ( M i n i s t r y  o f  A i r c r a f t  P roduc t i on ,  

5 Jan. 1944; AAF memo r e p o r t ,  20 March 1945) .  

D u r i n g  t h i s  p e r i o d  t h e  U.S. Army A i r  Corps was d e v e l o p i n g  a ma jo r  

r o l e .  Techn i ca l  o r d e r  03-1-2 ( da ted  1 October  1940) and t e c h n i c a l  o r d e r  

03-1-2 ( o f  16  J u l y  1941) s p e c i f i e d  t h a t  army a i r p l a n e s  i n  a c t i v e  s e r v i c e  

would be equipped w i t h  a  s u i t a b l e  s a f e t y  be1 t wh ich  i n c l u d e d  t h e  Types 

A-1, B-6, B-10, B-11 "and commercial  t y p e  s a f e t y  b e l t s . "  F.0. Memo- 

randum No. 32, Addendum No. 21 ( d a t e d  8 June, 1942) and R e v i s i o n  No. 1, 

Addendum No. 21 ( da ted  30  March, 1943)  were superseded by  F.O. Memorandum 

No. 7-21 ( da ted  29 December 1943)  wh i ch  s e t  f o r t h  M i l i t a r y  Requi rements 

P o l i c i e s  f o r  " P i l o t ' s  S a f e t y  B e l t  and Shou lder  Harness." T h i s  s t a t e d  

t h a t  i t  was p o l i c y  t h a t  " P i l o t ' s  s a f e t y  b e l t  and shou lde r  harness s h a l l  

be i n s t a l l e d  i n  a l l  Army A i r  Forces a i r c r a f t  i n  s e r v i c e  o r  p r o d u c t i o n  

i n  a l l  p o s i t i o n s  where such t y p e  o f  be1 t i s  needed, i .e., p i l o t  and 

c o - p i l o t ;  and i n  tandem sea ted  t r a i n i n g  a i r c r a f t  - p i l o t  and s t u d e n t . "  

I n  December 1943, t h e  AAF equipment board recommended a s a f e t y  be1 t, 

shou lde r  harness, and i n e r t i a  l o c k  be r e q u i r e d .  

A c o m p i l a t i o n  o f  U.S. Army A i r  Corps memorandum and r e p o r t s  between 

1943-1 945 dea l  i n g  w i t h  t h e  shou lde r  harness has been made by Love lace  

(1  945). One s t udy  showed t h a t  80% o f  t hose  u s i n g  a shou lde r  harness i n  

c r a s h  l a n d i n g s  ( b e l l y  l a n d i n g s )  were u n h u r t ,  w h i l e  9 4 b f  t hose  n o t  



using a  harness were in ju red .  A r epor t  by the  Off ice  of Flying Safety  

analyzed 168 cases  and found, of 95 cases  of concussion in  head impact, 

the  shoulder harness was n o t  used or furnished in  78 cases  ( A A F  memo, 

20 March 1945).  

A s tudy of 1,536 acc iden ts  during t h r ee  months of 1943 in  the  

t r a i n ing  command showed t h a t  the head was involved i n  87.5% of the n o n -  

f a t a l  i n j u r i e s .  About 10% of the f a t a l i t i e s  could have been prevented 

with head protect ion and use of the  shoulder harness (10 August 1943).  

Studies  by Haas a t  the  School of Aviation Medicine a t  Randolph 

F ie ld ,  Texas were aimed a t  determining t h e  nature  of i n j u r i e s  t o  the  

abdominal area  a s  a  r e s u l t  of a i r c r a f t  acc iden ts  (Hass, 1944; 1944a; 

1 944b). He concluded t h a t  s t r uc tu r a l  redesign of cockpi ts  and s t reng th-  

ening of assemblies was necessary,  f ind ing  t h a t  some cockpi t  hazards 

and co l lapse  of  a i r c r a f t  s t r uc tu r e s  a r e  t he  cause of many abdominal 

i n j u r i e s .  

Concurrently, s t ud i e s  of c rash  i n j u r i e s  were continued by the  

Aeromedical Laboratory of t he  Engineering Division,  Material Center,  

a t  Wright Field.  A January 1943 quest ionnaire  on use of shoulder 

harness and c rash  i n j u r i e s ,  responded to  by a l l  Air Force commands, 

revealed t h a t  the  shoulder harness was n o t  un iversa l ly  ava i l ab l e  or 
used a t  t h a t  time (Benson, 1943).  

In February 1945 Army Air Forces Air Technical Command issued a  

Mil i t a r y  Requirements Pol i cy  (No. 21 , 18 January 1945) requir ing in-  

s t a l l a t i o n  of p i l o t ' s  s a f e ty  be l t s  and shoulder harness on a l l  Army Air 

Force combat a i r c r a f t ,  single-engine t r a i n e r s ,  cargo g l i d e r s ,  troop 

c a r r i e r  a i r c r a f t ,  and a l l  cargo a i r c r a f t  (except U C  and A T C )  in  se rv ice  

and in  production. This es tab l i shed  a  general policy fo r  f u t u r e  a i r -  

c r a f t  procurement, although some m i l i t a r y  a i r c r a f t  had shoulder harnesses 

much e a r l i e r ,  and No. 7-21 of December 1943, es tab l i shed  t h i s  a s  pol icy.  

The B-15 shoulder harness was standardized f o r  t h e  Army Air Forces 

in  1945. This had a  s t a t i c  t e n s i l e  s t reng th  o f  1,400 Ibs .  ( o r  7  g fo r  

200 Ib .  man). The B-14 s e a t  ( l a p )  be l t  was standard a t  t h i s  time and 

had a  s t a t i c  s t reng th  of 3,200 1 bs. (16 g  fo r  200 1 b .  man). This be l t  
and s e a t  assemblies were recommended to  be increased t o  25 to 40 g .  



P r i o r  t o  1945, Navy s e a t s  were s t r e s s e d  between 5  and 1 5  G ' s  " so  

t h a t  i n  c rashes  exceed ing  t h i s  amount t h e  p i l o t  and h i s  s e a t  b o t h  a r e  

c a t a p u l t e d  o n t o  t h e  r i g i d  p r o j e c t i n g  s t r u c t u r e s  o f  t h e  c o c k p i t "  (B ierman,  

1947a, p. 126 ) .  I n  1945 i t  was d e c i d e d  t o  s t r e s s  m i l i t a r y  s e a t s  t o  

40  GIs,  a1 t hough  t h i s  had been recommended f o r  many y e a r s  p r e v i o u s l y .  

I n  1946 B ie rman e t  a l .  o f  t h e  N a v y ' s  Bureau o f  M e d i c i n e  des i gned  

and t e s t e d  a  new "Model C "  s e m i - r i g i d  be1 t t y p e  harness  w h i c h  d i s t r i -  

bu ted  t h e  l o a d  o v e r  t h e  body, p r o t e c t e d  v o l u n t e e r  s u b j e c t s  a g a i n s t  

2,500 1  bs. f o r c e  ( equa l  t o  10,000 1  bs. i n  c o n v e n t i o n a l  ha rness ) ,  and was 

des i gned  f o r  40 G (Bierman, e t  a1 ., 1947) .  A  subsequent  i n v e s t i g a t i o n  

o f  n i n e  a i r c r a f t ,  c r ashed  e x p e r i m e n t a l l y  i n t o  a  s o l i d  d i r t  b a r r i e r  a t  

a p p r o x i m a t e l y  100  mph, and d e c e l e r a t i n g  w i t h i n  5  ft., was conduc ted  t o  

s i m u l a t e  s t a l l s  f r o m  300-500 f e e t  a1 t i t u d e .  I t  was f ound  t h a t  t h e  human 

i n j u r y  t h r e s h o l d  i s  exceeded o n l y  d u r i n g  t h e  f i r s t  0.1 5  second. He con- 

c l u d e d  t h a t  r e s t r a i n t  p r o t e c t i o n  up  t o  65 G 's  i s  p o s s i b l e  (B ierman,  

1946; 1947a) .  

I n  1947, t h e  U.S. Navy d y n a m i c a l l y  t e s t e d  some 77 c i v i l  a v i a t i o n  

s a f e t y  b e l t s  s u p p l i e d  by t h e  N a t i o n a l  Research C o u n c i l .  They conc l uded  

t h a t  i n d i v i d u a l  s  have f r e q u e n t l y  s u r v i v e d  i m p a c t  l o a d s  o f  2,500 1  bs.,  

even where t h e  b e l t  cove red  l e s s  t h a n  15  square  i n c h e s  o f  body s u r f a c e  

a t  g r e a t e r  t h a n  150  p s i ,  w i t h o u t  i n j u r y .  Compara t i ve  t e s t s  d i s c l o s e d  

t h a t  s t a t i c  t e s t s  gave v a l u e s  22% l e s s  t h a n  dynamic t e s t s  (Wurzel e t  a1 ., 
1948) .  

An a i r  i n s p e c t o r  r e p o r t  o n  Army A i r  Force  a c c i d e n t s  i n  1947 no ted  

t h a t  " s a f e t y  be1 t s  i n  gene ra l  u s e  by t h e  AAF a r e  n o t  des i gned  t o  w i t h -  

s t a n d  o v e r  1 0  G's," and s e a t  assemb l i es  " a r e  des i gned  t o  w i t h s t a n d  

1 0  G's  o r  l e s s , "  50 G ' s  was recommended. Sea t  f a i l u r e  was f ound  t o  

o c c u r  i n  4 .92 o f  a c c i d e n t s  and accoun ted  f o r  62 f a t a l i t i e s  i n  1,620 

a c c i d e n t s  (AAF, 1947, pp. 8 - 9 ) .  

On 5  May, 1945, a  j o i n t  c o n f e r e n c e  o f  NRC, Navy and t h e  A i r  Force  

was h e l d  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  a  j o i n t  p r o j e c t  t o  s t u d y  

e f f e c t s  o f  Crash  Forces  on Man and M a t e r i a l .  I n v e s t i g a t i o n s  t o  be under -  

t a k e n  i n c l u d e d  (1 )  compar ison  o f  dynamic and s t a t i c  t e s t i n g ,  ( 2 )  i n -  

v e s t i g a t i o n  o f  s t r e s s  f a i l u r e s  o f  a i r c r a f t  s e a t s ,  s h o u l d e r  harness,  s a f e t y  

b e l t s ,  i n e r t i a  l o c k s ,  and o t h e r  expe r imen ta l  d e v i c e s  wh i ch  may i n c r e a s e  



man's  t o l e r a n c e  a g a i n s t  c r a s h  f o r c e s ,  and ( 3 )  use  o f  an ima l s  and cadavers  

t o  de te rm ine  man's  t o l e r a n c e  t o  w i t h s t a n d  t h e  e f f e c t s  o f  c r a s h  f o r c e s .  

The p r o j e c t  o r i g i n a l l y  was t o  be under  t h e  d i r e c t i o n  o f  E.J. Baldes a t  

t h e  Mayo C l i n i c ,  b u t  r e q u i r e d  l a b o r a t o r y  f a c i l i t i e s  wh ich  c o u l d  b e s t  be 

p r o v i d e d  by t h e  A i r  Corps. 

As a  r e s u l t  o f  t h e  NRC Crash I n j u r y  Conferences,  t h e  Aero Med ica l  

L a b o r a t o r y  deve loped  a  1  i n e a r  r o c k e t  s l  ed dece l  e r a t o r  a t  Muroc E x p e r i -  

menta l  A i r  Base, C a l i f o r n i a ,  wh ich  was o p e r a t i o n a l  by December 1947. I n  

June 1949, Ma jo r  John Paul S tapp  made t h e  f i r s t  r e p o r t  o f  15  t e s t s  o f  

t h r e e  ma1 e  s u b j e c t s  ( i n c l u d i n g  h i m s e l f )  d e c e l e r a t e d  i n  5 G i nc rements  

t o  30  G 's  f o r  -11  second i n  t h e  backward f a c i n g  p o s i t i o n ,  w i t h o u t  

r e a c h i n g  v o l u n t a r y  t o l e r a n c e  1  e v e l s  (Stapp,  1949) .  

By March o f  1945 Army Air Corps a c c i d e n t s  i n  t h e  c o n t i n e n t a l  

l i m i t s  o f  t h e  U.S. were c o s t i n g  13 f a t a l i t i e s  and 12 a i r c r a f t  demol ished 

eve ry  day. A  memorandum r e p o r t  f rom t h e  Aero Med ica l  L a b o r a t o r y  r e -  

v iewed b o t h  m i l i t a r y  and c i v i l  f i n d i n g s  i n  d e t a i l .  Among c o n c l u s i o n s  

were t h a t  numerous a y r c r a f t  d e s i g n  changes were necessary .  These i n -  

c l  uded remov ing  hazardous p ro  j e c t i o n s  i n  c o c k p i t s ,  use  o f  t u r n o v e r  

p r o t e c t i o n ,  and t h a t  t h e  c o w l i n g  o f  t h e  i n s t r u m e n t  panel  shou ld  e i t h e r  

be e l i m i n a t e d ,  c o n s t r u c t e d  o f  r e s i l i e n t ,  p l i a b l e  m a t e r i a l ,  o r  r edes i gned  

t o  g i v e  adequate head c l e a r a n c e  i n  a  c r a s h .  C u r r e n t  l i g h t  me ta l  and 

wooden sea t s  were found  t o  f r e q u e n t l y  f a i l ,  and a  minimum o f  25 G and 

p r e f e r a b l y  40 G sea t s  were recommended. Rearward f a c i n g  passenger 

sea t s  were recommended. 

I n  1945 AAF s e a t  s p e c i f i c a t i o n  ANS-1 s t a t e d  t h a t  a  s e a t  be1 t fas ten-  

i n g  would be t e s t e d  t o  a  b r e a k i n g  s t r e n g t h  o f  1,600 1  bs. a t  40' f r om  t h e  

h o r i z o n t a l  f o r  bomber a i r c r a f t ,  and 2,400 I b s .  a t  40' i n  f i g h t e r  a i r c r a f t .  

These were found i nadequa te  and 25 G (5,000 1  bs.  a t  40' a n g l e )  be1 t s  r e -  

commended. The A i r c r a f t  Labo ra to r y ,  AAF, s t a t e d  t h e i r  o b j e c t i v e  was t o  

r e q u i r e  5,550 1  b. be1 t s  (AAF Memo Repor t ,  20 March 1945) .  A t t e n t i o n  was 

p a i d  t o  t h e  DeHaven s t u d y  o f  30 l i g h t  p l a n e  a c c i d e n t s  i n  wh ich  s e a t  b e l t  

f a i l u r e  o c c u r r e d  i n  43% o f  t h e  c rashes  and t h e  b e l t  f a i l e d  t o  h o l d  30% 

o f  t h e  persons i n v o l v e d  (DeHaven, 1944) .  These recommendat ions were 

c i r c u l a t e d  t o  " a l l  des i gn  eng inee rs  o f  t h e  a i r c r a f t  companies f o r  i n -  

c o r p o r a t i o n  o f  such recommendat ions i n  f u t u r e  a i r c r a f t  ," i n c l u d i n g  t h e  

genera l  a v i a t i o n  manufactuers ,  Beech, P i p e r ,  Cessna, Waco, T a y l o r c r a f t ,  

and S t i n s o n  (AAF Memo Repor t ,  p .  25, 20 March 1945 ) .  



I n  Navy t e s t s  of  t h e  F6F f i g h t e r  s e a t  i t  was found t h a t  t h e  a p p l i e d  

s t a t i c  l oads  o f  7,300 1  bs. ( . equ i va len t  t o  36.5 g  f o r  200 1  b. p i l o t )  w i l l  

impose l o a d s  on t h e  s e a t  s t r u c t u r e  e q u i v a l e n t  t o  t h e  40  g  dynamic t e s t  

( G o t t l i e b ,  S., 1948) .  

Du r i ng  1948 and 1949 " r a d i c a l l y  new c rashwor thy  f e a t u r e s "  were em- 

bod ied  i n  p r e l i m i n a r y  des igns  f o r  t h e  CAA Texas A  & M Cropdus ter ,  t h e  

He l i op lane ,  and Beech Twin Bonanza, and d e t a i l s  o f  t h e i r  s t r u c t u r e  p ro-  

v i ded .  Crash d e s i g n  improvements were a l s o  no ted  f o r  t h e  Twin  Cessna, 

Meyers 4 -p lace ,  and Mooney 4-p lace ,  ( p . i v )  . The c r a s h  d e s i g n  f ea tu res ,  

i n c l u d i n g  s tanda rd  upper  t o r s o  r e s t r a i n t  o f  t h e  Meyers 145 were rev iewed 

i n  A v i a t i o n  Week (March 13, 1950) .  The development o f  c r a s h - s u r v i v a l  

des ign  was subsequent ly  d e t a i l e d  i n  a  r e p o r t  by  DeHaven i n  1953 i n  which 

" c rashwor th i ness  was f e a t u r e d  i n  t h e  des ign  and e n g i n e e r i n g  o f  b a s i c  

s t r u c t u r e s "  i n  t h r e e  smal l  a i r p l a n e s  d u r i n g  World War I 1  - t h e  Bendix,  

F a i r c h i l d ,  and - Waco ( p . i i i ) .  

I n  June 1949 a  USAF A i r  M a t e r i a l  Command Eng inee r i ng  D i v i s i o n  

s t u d y  conc luded t h a t  t h e  minimum s t r e n g t h  recommended f o r  USAF a i r c r a f t  

i s  16  g f o r w a r d  (excep t  f o r  8  g  s e a t s  i n  he1 i c o p t e r s ,  1  i a s o n  a i r c r a f t ,  

and t r o o p  s e a t s ) ,  and t h a t  a  40  g  f o r w a r d  s t r e n g t h  requ i remen t  ( a l r e a d y  

r e q u i r e d  by t h e  Navy) be e s t a b l i s h e d  f o r  f i g h t e r  and t r a i n e r  a i r c r a f t . *  

There was c o n s i d e r a b l e  c o n t r o v e r s y  ove r  t h e  e f f e c t  t h a t  i nc reased  s e a t  

s t r e n g t h  would have on  we igh t .  Boeing A i r c r a f t  Company r e p o r t e d  t o  t h e  

A i r  Force  t h a t  40  g  sea ts  on t h e  8-52 bomber would i n c r e a s e  w e i g h t  f o r  

a l l  crew s t a t i o n s  by 290 I bs. f o r  a  t o t a l  i n c r e a s e  o f  2,320 1 bs., s i n c e  

i t  r e p o r t e d l y  r e q u i r e d  7 I b s .  o f  f u e l  f o r  each a d d i t i o n a l  pound o f  we igh t .  

AMC es t ima ted  s e a t  we igh t s  would i n c r e a s e  t o  345 1  bs. b u t  o n l y  4  1  bs. o f  

f u e l  would be r e q u i r e d ,  t hus  1,725 t o t a l  w e i g h t  i nc rease .  However any 

we igh t  p e n a l t y  was balanced by t h e  p o t e n t i a l  number o f  1  i v e s  which c o u l d  

be saved. The A i r  I n s p e c t o r  General i n  a  communicat ion t o  t h e  USAF 

* For c l a r i f i c a t i o n ,  r e fe rences  t o  a  40 g  Navy sea t  a r e  based on t h e  
Navy d e f i n i t i o n  u s i n g  a  200 1 b. man, t h e r e f o r e  a  40 g  Navy sea t  i s  
e q u i v a l e n t  t o  a  8,000 1b. u l t i m a t e  l o a d  s t r e n g t h  (40  x 200 - 8,000 1 b . ) .  
However t h e  USAF d e f i n i t i o n  d i f f e r s  s i n c e  i t  i s  based on a  250 I b .  occupant ,  
t hus  t h e  USAF 16 g s e a t  i s  e q u i v a l e n t  t o  a  Navy 20 g  sea t  (1 6 x 250 = 
4,000 1  b . ) .  The USAF 8 g and 6  g sea ts  used i n  t h i s  p e r i o d  a r e  t h e r e -  
f o r e  equal t o  10  g  and 7 .5  g sea ts ,  u s i n g  PIavy s tandards .  



Chief of S t a f f  pointed ou t  t h a t  a  s tudy of USAF acc iden ts  had found s e a t  

f a i l u r e  i n  5% of "sudden stoppage acc iden ts"  with a  f a t a l  i t y  r a t e  of 

65% fo r  personnel occupying those s e a t s ,  and disputed t h a t  a  s i g n i f i c a n t  

weight penalty would be involved in  increasing s e a t  requirements t o  40 g  

l ong i t ud ina l l y  and 20 g  v e r t i c a l l y  f o r  t a c t i c a l  a i r c r a f t ,  and 20 g  long- 

i  t ud ina l l y  and 10 g ' s  v e r t i c a l l y  f o r  non-tactical  a i r c r a f t  ( 1  e t t e r  of 

28 April 1949; A i r c r a f t  Seat  F a i l u r e s ) .  

The Crash In jury  Research annual repor t  f o r  the  period July  1  , 1948 

to  June 30, 1949 reviewed data from 655 crashes  involving 1,105 individ-  

ua l s .  I t  was found t h a t  in  80% of the  cases  where s a f e ty  b e l t  i n s t a l l a -  

t i ons  f a i l e d  the  breakage occurred i n  the  webbing. "New "3000 pound" 
be1 t s  will  r equ i r e  webbing w i t h  a  loop holding capac i ty  of 4500 pounds" 

(CIR, August 12, 1949). 

The interchange of know1 edge concerning crash impact protect ion 

between the medical and engineering communities, es tabl  ished during WWI , 
was demonstrated i n  the  1940 's  by numerous examples as  previously noted. 

In 1949 the  Engineering sec t ion  of Aviation Week published a  summary of 

av i a t i on  medical knowledge of how much force  t he  body can withstand, 

together  w i t h  some of t he  f i r s t  to le rance  t ab l e s  and a  complex c h a r t  

providing body pos i t ions ,  a cce l e r a t i ons ,  stopping d i s t ance s ,  and time 

durat ion f a c t o r s  (Lombard, 1949).  Further a r t i c l e s  on crashworthiness 

appeared in t he  i s sues  of 20 February 1950 and March 13, 1950. During 

t he  1940 's  i t  became evident t h a t  crash t e s t i n g  of a i r c r a f t  under con- 

t r o l l e d  condi t ions  would become an important means of learning more 

about crashworthiness.  Such t e s t s  were urged by the m i l i t a r y ,  National 

Research Council and Crash In jury  Research, and by the  a i r 1  ine indus t ry  

(Lit t lewood, 1945).  By 1950 a subs tan t ia l  body of crash research data 

was ava i l ab l e ,  r e l a t i n g  t o  crash in ju ry  causat ion and protect ion in  

crash inves t iga t ions ,  r e s t r a i n t  systems, and crashworthiness.  





4.0 CONCLUSIONS 

Review o f  a c c i d e n t  s t a t i s t i c s  p rov ides  a  b a s i s  f o r  concern.  The 

U.S. general  a v i a t i o n  a i r c r a f t  f l e e t  has i nc reased  d u r i n g  t h e  p a s t  f i v e  

years  (1976-1980) a t  a  r a t e  o f  3.4 t o  7.3% p e r  y e a r  and p r e s e n t l y  num- 

bers  about  208,000 a c t i v e  a i r c r a f t ,  w i t h  an es t ima ted  250,000 t o t a l  

a i r c r a f t .  General a v i a t i o n  a i r c r a f t  a r e  expec ted  t o  number 31 5,500, a  

44.1% increase,  by 1992. I t  i s  apparent  t h a t  genera l  a v i a t i o n  i s  t h e  

most r a p i d l y  g rowing  fo rm o f  t r a n s p o r t a t i o n .  The f o l l o w i n g  s t a t i s t i c s  

show why t h e r e  i s  i n c r e a s i n g  urgency t o  deal  w i t h  general  a v i a t i o n  

c rashwor th iness  s a f e t y :  

1 .  P r o b a b i l i t y  o f  an Acc iden t .  Du r i ng  t h e  p a s t  decade (1 969- 

1978 o v e r  100,000 occupants have been i n v o l v e d  i n  43,557 genera l  a v i a -  

t i o n  a c c i d e n t s .  O f  these, 6,996 were f a t a l  ( . that  i s ,  one o r  more occu- 

pants  were f a t a l l y  i n j u r e d )  and d u r i n g  t h i s  p e r i o d  14,194 f a t a l i t i e s  

occur red .  Acc iden ts  were e q u i v a l e n t  t o  38% o f  t h e  t o t a l  U.S. n o n - c a r r i e r  

a i r c r a f t  p r o d u c t i o n  d u r i n g  t h i s  10-year  pe r i od ,  and ranged f rom 

25 t o  65% o f  annual p r o d u c t i o n .  It has been es t ima ted  t h a t  60-70% o f  

a l l  a i r c r a f t  manufactured w i l l  be i n v o l v e d  i n  an a c c i d e n t  d u r i n g  t h e i r  

1  i f e s p a n .  

2. P r o b a b i l i t y  o f  F a t a l i t y  When Acc iden t  Occurs. Annua l l y  t h e r e  

a r e  about  t w i c e  t h e  i n c i d e n c e  o f  f a t a l  i n j u r i e s  when compared t o  s e r i o u s  

i n j u r i e s .  The chances o f  b e i n g  k i l l e d  i n  a  genera l  a v i a t i o n  a c c i d e n t  

appear t o  be about  2 i n  3, as compared t o  r e c e i v i n g  more than  m ino r  i n -  

j u r y .  One's chances o f  r e c e i v i n g  d i s a b l i n g  ( s e r i o u s )  i n j u r y  a r e  about  25.8 

t imes t h a t  o f  b e i n g  f a t a l l y  i n j u r e d  i n  an au tomot ive  a c c i d e n t ,  g i v e n  

t h a t  t h e  a c c i d e n t  i s  severe enough t o  cause a t  l ' eas t  s e r i o u s  i n j u r i e s .  

3. General A v i a t i o n  F a t a l i t y  Rate. The f a t a l i t y  r a t e s  p r o v i d e  

ano the r  means by which t h e  c rash  s a f e t y  r e c o r d  o f  general  a v i a t i o n  a i r -  

c r a f t  can be judged, r e l a t i v e  t o  o t h e r  forms o f  t r a n s p o r t a t i o n .  Pub- 

1  i s h e d  f i g u r e s  t o  d a t e  c o n s i s t e n t l y  i n d i c a t e  t h a t  no o t h e r  form o f  

t r a n s p o r t a t i o n  except  motorcyc les  i s  more dangerous when a  c rash  oc- 

cu rs .  The f o l l o w i n g  s t a t i s t i c s  have n o t  p r e v i o u s l y  been pub1 ished.  As- 

suming an average l o a d  f a c t o r  o f  2.0, i n  1979 t h e r e  were 25.9 occupant  
8  f a t a l i t i e s  p e r  10  m i l l i o n  m i l e s ;  w i t h  a  l o a d  f a c t o r  o f  2.5 t h i s  changes 

t o  17.3.  Even t h e  l o w e r  f i g u r e  i s  432 t imes t h a t  o f  a i r  c a r r i e r s ,  and 

13  t imes t h e  r a t e  f o r  au tomobi les .  To be conse rva t i ve ,  assuming passen- 



ger f a t a l i t i e s  are 50% of total  f a t a l i t i e s ,  and reducing the 1979 gene- 

ral aviation occupant fa ta l i ty  rate from 17.3 t o  8.7, the general avia- 

tion a i rc ra f t  f a ta l i ty  rate i s  s t i l l  216 times that for the air l ines* 

and  6.5  times that of the automobile. 

4. Aircraft Damage and Occupant Injury Relationships. With 
180,854 active general aviation a i rc ra f t  registered in 1976, the 1,075 

a i rc ra f t  "destroyed" represented only 0.6% of the ent i re  f leet ,  or 7% 

(6 .959)  of the 15,447 a i rc ra f t  manufactured that year. However, i f  

planes receiving substantial damage are also included, over 2.3% of 

the total f l e e t  was involved, and the equivalent of 27% of a l l  a i rc ra f t  

manufactured that  year were either destroyed or received substantial damage. 

There i s  a lack of direct  relationship between a i rc ra f t  structural damage 

and resultant injuries.  

5.  FAA Certification. An important point often overlooked in 
considering state-of- the-art with respect t o  FAA cer t i  f i  cation require- 

ments i s  that a newly manufactured 1981 a i rc ra f t  may have been cer t i -  

fied under earl i e r  Part 3 requirements and "grandfathered." Most of 
today's general aviation f l ee t  was cer t i f ied  under ea r l i e r  CAR require- 

ments effective prior to Part 23 (1964). 

One especially important crashworthiness area where the problem 

of "newly cert if ied" a i rc ra f t  i s  apparent i s  in the FAA's amended 

shoulder harness rule. With a compliance date of 18 July 1978, this  

amendment added requi rements concerni ng shoul der harnesses and compart- 

ment in ter ior  design for the type cert if icat ion of small airplanes and 

an operating rule requiring a shoulder harness for each front seat  in 

certain newly manufactured small airplanes (Part  23.785 ( g )  . Thus only 
"certain newly manufactured'' a i rc ra f t  are actually required by the FAA 

t o  meet th is  amended standard. 

Yet the FAA stated that "over the next 25 years, i t  i s  estimated 

that approximately 1,875 1 ives may be saved by th is  amendment a t  an 
average cost of less than $5.5 million per year" ( F . R .  42(116): 30603, 
1 6  June 1 9 7 7 ) .  These data show that shoulder harnesses (even just  in 

the front seats)  represent a major step i n  occupant crash protection, 

supporting the NTSB position. However the FAA has chosen t o  l imit  this  
requirement t o  the relat ively few "newly cert if ied" a i rc ra f t  and has 
n o t  extended i t  t o  other seat positions. 

Domestic scheduled a i r  ca r r i e r ,  .04 passenger f a t a l i t i e s  per 100 
mil 1 i o n  passenger miles. 
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P a r t  23.561 Emergency Landing Cond i t i ons  

The c u r r e n t  FAR #23.561 c o n t a i n s  problems f o r  t h e  user  i n  i n t e r -  

p r e t a t i o n ,  c o n f u s i o n  i n  t e rm ino logy ,  and, perhaps most  i m p o r t a n t l y ,  

requ i rements  cons idered  t o  be ou tda ted  f o r  occupant  p r o t e c t i o n  i n  t o -  

d a y ' s  techno logy .  Thus, r a t h e r  t han  f o r m i n g  a s e t  o f  b a s i c  r e q u i r e -  

ments f o r  improved des ign ,  i t  encourages c o n t i n u i n g  t h e  des ign  s tandards  

o f  40 yea rs  ago, r e s u l t i n g  i n  second- ra te  ("minimum") c r a s h  p r o t e c t i o n  

f o r  a i r c r a f t  occupants.  

1 .  "Minor  Crash Landing."  A t  p resen t  t h e r e  i s  no o b j e c t i v e  de- 

s c r i p t i o n  f o r  t h e  term "minor  c rash  l a n d i n g "  i n  r equ i remen t  

#23.561 ( b )  . These c o n d i t i o n s  were s e t  f o r t h  i n  1946, a1 though 

t h e y  were n o t  s t a t e - o f - t h e - a r t  a t  t h a t  t ime .  I f  a "minor  c rash  

l a n d i n g "  i s  cons ide red  t o  i m p l y  t h a t  t h e  r e s u l t i n g  damage t o  t h e  

a i r c r a f t  i s  "m inor "  o r  l e s s ,  t h i s  appears t o  be u n r e a l i s t i c  when 

compared t o  a c c i d e n t  da ta  showing t h a t  o n l y  1.2% o f  a c c i d e n t s  

between 1968 and 1976 were assessed as r e s u l t i n g  i n  m ino r  damage 

The concept  o f  t h e  " s u r v i v a b l e  c rash "  was developed i n  t h e  

1940 's  by DeHaven, and r e s u l t e d  f rom a c c i d e n t  f i n d i n g s  i n  innu-  

merab le  i n v e s t i g a t i o n s  t o  s t u d y  t h e  problem o f  occupant  s u r v i v a l  

i n  a i r c r a f t  c rashes .  The U.S. Army c u r r e n t l y  uses t h e  term 

s u r v i v a b l e  a c c i d e n t ,  and has d e f i n e d  a " s u r v i v a l  envelope" o f  

env i ronmenta l  c o n d i t i o n s  i n  p r o v i d i n g  des ign  guidance f o r  t h e  

a i r c r a f t  eng ineer  . 
RECOMMENDATION: I t  i s  recommended t h a t  t h e  term " s u r v i v a  b l  e  

acc iden t , "  o r  " s u r v i v a b l e  crash,"  be s u b s t i t u t e d  i n  t h i s  

r equ i remen t  c23.561 (b ) ] .  

2. "Every  Reasonabl e Chance. " #23.561 ( b )  Paragraph ( b )  c u r r e n t l y  

reads  " t h e  s t r u c t u r e  must be designed t o  g i v e  each occupant  every  

reasonab le  chance of escap ing  s e r i o u s  i n j u r y  i n  a minor  c r a s h  

l a n d i n g  ..." Changing "eve ry  reasonab le  p r o b a b i l i t y "  t o  " reason-  

a b l e  assurance" weakened t h i s  r equ i remen t  i n  1946 and 1950, and 

m o d i f y i n g  t o  "eve ry  reasonab le  chance" i n  1964 d i d  1 i t t l e  t o  

s t r e n g t h e n  i t . The o r i g i n a l  word ing  o f  35 yea rs  ago was s t r o n g e r  



than tha t  of today, and today's requirement, changing "probabil- 

i ty"  to "chance," appears weakened by t h i s  modification, par t i -  

cularly in combination with the undefined term "minor crash 

landing." 

RECOMMENDATION: El imi nate the subjective terms a1 together, 

and consider rewording to "the s t ruc ture  must be designed so 

tha t  each occupant will escape serious injury in a survi- 

viable crash.. ." 
3. "Ultimate Iner t ia  Forces." #23.561 ( b )  (2 ) .  The load factors  

c r i t e r i a  for  occupant protection has no t  changed in 35 years 

despite  substantial advances in research on human to1 erances since 

1945; and termi no1 ogy changes have produced some apparent tec hni - 
cal errors  which remain unclarified a t  th i s  date.  I t  appears 

t h a t  the ultimate ine r t i a  forces c r i t e r i a  or ig inal ly  specified in 

1945 originated from the airframe s t ruc ture  rather  than tha t  of 

the human occupant. The basic s tructural  load fac tors  of fuse- 

lage strength dating back to 1926 required load factors  of 4 .5  

to 6.5, while s tructural  strength of landing gear in the 1926 re- 

quirements cal l  ed for  a s ide load of 1.5 times the (a i rp lane)  .weight. 

Fifty-five years l a t e r  the FAA standard s t i l l  requires only 1.5 g 

for  s ide loads on the occupant. 

Human impact tolerance desiqn 1 imits.  The pub1 ished data 

r e l a t ive  t o  human tolerances to crash impact landings i s  extensive. 

In most instances the " l imi ts"  derived from human subject t e s t s  

do - n o t  re fer  to f a t a l ,  or even severe (non-reversible) injury 

levels ,  b u t  have resulted from voluntary "whole body" t e s t s  u p  to 
a subjective pain or  discomfort level .  The deceleration referred 

to i s  "whole bodyn impact; contact with the chest ,  legs,  or head 

on in te r io r  s tructure i s  localized "regional" impact. These a re  

three levels  of whole body "tolerance": subjective pain 1 imits ,  

an i r revers ib le  or  serious injury level ,  and a fa ta l  l eve l .  In 

contrast  to the current FAR requirements discussed in regard to 

forces on the restrained general aviation a i r c r a f t  occupant 



(#23.561), f ie ld  data from a i r c r a f t  crash in- 

vestigations and research data related t o  human impact 
test ing have long documented that  current requirements pro- 

vide considerably 1 ess occupant protection than has been the 

state-of-the-art.  In the forward-facing ( - G x )  seated posi- 

t ion,  protected only by the lap be1 t res t ra in t ,  human sub- 

jects  have been voluntarily tested t o  32 G ( a t  a velocity of 

10.5 mph with a duration of 0.001 sec. a t  an onset rate 

of 1600 g/sec) with no significant  injury (Test No. 5 ) ,  

(Stapp, 1971). 

In human deceleration t es t s  conducted in 1957 a t  the 

University of Minnesota, a subject restrained by a lap be1 t 
only received no injury in a forward impact of 23 GIs and 

seat  belt force of 2800 1 bs ( a t  25 mph impact velocity) .  I t  

was concluded that a seat-belt  force of 7000 Ibs. and decele- 

ration force of 60 G's could be sustained w i t h  "no permanent 

injuries."  I t  has been found that seated human occupants 
restrained by a 3-in. lap belt  only and subjected t o  a i r c r a f t  

crash forces can survive 30 peak G a t  rates of onset below 

1,500 G/sec with only minor reversible injurious ef fects .  

B u t  i f  the torso i s  not also restrained,  the lap-belted occupant 

will almost certainly s t r ike  any forward structure.  Use of an 

upper torso res t ra in t  can increase whole-body human tolerance 

l imits  to approximately 50 G peak ( a t  500 G/sec ra te  of on- 

se t  for 0.25 sec duration) (Stapp, 1951) : "Abrupt decelera- 

tions of 50 GIs can be sustained w i t h o u t  loss of conscious- 
ness or injury and impact of more than 100 GIs can be sur- 

vived" (Stapp, 1971). 

Rearward- faci n q  ( + G x )  to1 erances are considerably higher 
than for e i the r  forward- or side-facing positions , primarily 

due t o  the greater distr ibution of loading throughout the 
ent i re  back area o f  the seated occupant, and thus the lower 

kg/sq cm (p s i )  per unit area. This results  in greater s t ress  
on the seat  back which must be constructed t o  f a i l  a t  higher 

levels than a forward-facing seat .  While human to1 erance for 



rearward-facing body orientation has n o t  been clearly esta- 

b l i  shed, the occupant so protected can be expected t o  with- 

stand 40 G peaks a t  30 G for 0.11 sec duration when calcu- 

lated rate of onset i s  1,065 G/sec (Stapp, 1949), and 40 G 

peaks a t  2,000 G/sec with severe b u t  transient responses 

(Stapp, 1961). To date, a level of 83 G (chest acceleration), 

a t  3,800 G/sec for 0.04 sec duration, has been tolerated,with 

only transient injuries reported (Beeding and Mosely , 1960). 

The current Air Force design limit f a l l s  between th is  and 

45 G for 0.1 sec endpoint (AFSC, 1969; 1974). Knowledge of 
human response t o  lateral  deceleration forces (+G ) i s  very 

Y 
limited, b u t  subjects with lap be1 t and upper torso res t ra int  

have been exposed t o  40 G ,  and 35 G for durations up  t o  0.1 

seconds duration i s  the estimated exposure 1 imit t o  prevent 

injury ( ~ t a p p ,  1971). The voluntary subjective tolerance level 

was found to be'l4.1 peak sled S a t  600 G/sec for 0.122 sec duration. 

General aviation a i r c r a f t  have no design standards, in con- 

t r a s t  to a l l  other categories, for downward forces. A down- 
ward value of 0 to 4.5 g was required for general aviation 

design in 1945, b u t  was dropped in 1946 (03.3811) without 

explanation. In contrast,  military a i rc ra f t  design standards 
have directly ut i l ized results  of human tolerance t es t s  and 

have reflected the state-of-the-art f a i r l y  closely for the 

past 30 years. An FAA Office of Aviation Medicine s ta f f  

study in 1968 concluded that  "there are no standards dealing 

w i t h  occupant protection in moderate t o  severe survivable 
accidents. I t  i s  concluded that  human tolerance t o  accelera- 

t i o n  forces i s  much greater than the forces generated during 
some of today's "nonsurvivable" accidents. We have 40 g 

people riding i n  20 g airplanes, and s i t t i ng  in 9 g seats 

and res t ra in t  systems." 

RECOMMENDATION: Human impact to1 erance 1 eve1 s for i n  jury 

are far  above present requirements. This fact  should be 



taken i n to  considerat ion in ugdating and increasing s ea t i ng ,  

r e s t r a i n t ,  and attachment design c r i t e r i a .  Par t  t23.561 

should be amended t o  include downward ( v e r t i c a l  ) and - rear-  

ward design values ( s i nce  rearward facing s ea t s  a r e  being used) .  - 
Confusion i n  terms. A technical  problem t h a t  has not apparent ly  

received f u r t h e r  a t t e n t i o n  was expressed in  an in te rna l  FAA anal-  

y s i s  which questioned the subs t i t u t i on  o f  the  term "force"  f o r  

"acce le ra t ion"  without revers ing t he  d i r ec t i ons .  In 1946 the 

term "u l t imate  acce le ra t ions"  was used (and re ta ined i n  the  re-  

v is ion adding #3.386 in  1950). However, the  present  #23.561 ( b )  

( 2 )  has used t he  term "u l t imate  i n e r t i a  forces"  s ince  1964. (The 

o r i g ina l  expression i n  1945 a1 so used "ul t imate i n e r t i a  forces"  

i n  " a l l  combinations").  The question was whether the upward and 

forward fo rce  i s  not a c t u a l l y  in  the  opposi te  d i r ec t i on  of  u p -  

ward and forward acce le ra t ion .  S imi la r ly ,  in Par t  23.561 ( b )  ( 2 )  

i s  "upward ul t imate  i n e r t i a  forces"  t he  same thing a s  "upward 

u t l  imate acce le ra t ions"  (Car 3.386)? 

RECOMMENDATION: A so lu t ion  to  c l a r i f y  t h i s  point  i s  simply 

t o  add a de f i n i t i on  ( o r  reference in glossary)  together with 

a simple coordinate system f igure  i l l u s t r a t i n g  exac t ly  what 

i s  meant r e l a t i v e  to  d i r ec t i on  of  loading on the  occupant. 

4. "Moderate Descent Yelocity". This phrase c i t e d  in  #23.561(c) 

( 2 )  provides t h a t  "Each a i rp l ane  w i t h  r e t r a c t a b l e  landing 
gear must be designed t o  p ro tec t  each occupant in  a landing - 
( 1 )  w i t h  wheels r e t r a c t ed ;  ( 2 )  w i t h  moderate descent ve loc i ty  

. . .". The o r i g ina l  #04.260 (14CFR3, 1945) requirement speci - 
f i e d  an "u l t imate  descent ve loc i t y  of 5 fps , "  b u t  this  was 

modified t he  following year  t o  the present "moderate descent 

ve loc i ty . "  Other than the  5 fps o r ig ina l  requirement, no 

fu r t he r  de f i n i t i on  has been found i n  the  FAR'S o r  amendments. 

The FAA requirements fo r  ve r t i c a l  descent ve loc i ty  protect ion 
i s  present ly  on t he  order  of only 113 to 118 t h a t  of m i l i t a ry  

a i r c r a f t  (Air  Force standards a r e  25.0 G f o r  0.1 sec;  Army 

Design Guide spec i f i e s  protect ion in the  ve r t i c a l  impact d i -  



r e c t i o n  f o r  a  v e l o c i t y  change o f  42 f t l s e c . )  I n  v iew o f  

technology which has produced the  UTTAS crashworthy m i l  i t a r y  

h e l i c o p t e r ,  t he re  i s  no doubt  t h a t  t h e  s t a t e - o f - t h e - a r t  and 

technology i s  cons ide rab l y  beyond t h e  FAA requirement o f  

35 Years ago. "Moderate descent  v e l o c i t y "  i s  an 

unc l  ear term t h a t  must be b e t t e r  d e f i n e d  and 

upgraded t o  p rov ide  t h e  improved p r o t e c t i o n  a v a i l a b l e  w i t h  

t oday ' s  techno1 ogy. 

RECOMMENDATION: An o b j e c t i v e  and meaningfu l  d e f i n i t i o n  i s  

needed t o  c l a r i f y  s p e c i f i c a l l y  what t h i s  requ i rement  means. 

P a r t  #23.561 ( c )  ( 2 )  needs t o  be upgraded t o  b e t t e r  r e f 1  e c t  

t h e  s t a t e - o f - t h e - a r t  f o r  v e r t i c a l  impact  p r o t e c t i o n  and t h e  

mu1 t i tude o f  s t r u c t u r a l  means t o  accompl i s h  improved energy- 

abso rp t i on  and reduce l oads  on the  seated occupant i n  a  crash.  

5 .  "Turnover..Upward U l t i m a t e  I n e r t i a  Force o f  3  g." P a r t  #23. 

5 6 1 ( d ) ( l )  s t a t e s  " I f  a t u r n o v e r  i s  reasonably probable,  t h e  

s t r u c t u r e  must be designed t o  p r o t e c t  t h e  occupants i n  a  

complete tu rnove r ,  assuming i n  t h e  absence o f  a  more r a t i o n a l  

a n a l y s i s  - ( 1 )  an upward i n e r t i a  f o r c e  o f  3 g; and ( 2 )  a  co- 

e f f i c i e n t  o f  f r i c t i o n  o f  0.5 a t  t h e  ground." The o r i g i n s  o f  

t h e  present  t u rnove r  requ i rement  have r o o t s  back t o  a t  l e a s t  

1938. Since 1946, when t h e  d i s t i n c t i o n  between up and down 

v e r t i c a l  fo rces  was abandoned, i t  has n o t  been c l e a r  what 

t he  p resen t  "upward" f o rce  r e f e r r e d  t o  i n  23.561(b)(2)  and 

( d ) ( l )  means. Turnovers a re  n o t  uncommon. I n  one s tudy  o f  

crashes, 38% o f  t h e  h igh-wing general  a v i a t i o n  acc iden ts  

s t u d i e d  ended up i n v e r t e d ,  and 24% of  t h e  low-wings over -  

turned.  I n  n o r t h e r n  s t a t e s  such as Michigan i n  t h e  w i n t e r ,  

3  o u t  o f  5  a i r c r a f t  acc iden ts  i n  w i n t e r  months may i n v o l v e  

ove r tu rns .  The requ i rement  f o r  3 g p r o t e c t i o n  was e s t a b l i s h e d  

some 34 years  ago. Both a i r c r a f t  performance and s t r u c t u r e s  

have changed s i n c e  t h a t  t ime,  b u t  t h e r e  i s  no evidence t h a t  

t h e  FAA has at tempted t o  improve t h i s  requ i rement .  



RECOMMENDATION: In view of the apparent incidence of over- 

turns, at tention should be given to upgrading th is  section 

of #23.561, t o  require stronger cabin rollover protection. 

6. T i t l e  and Content Revision. The present #23.561 as the pri- 

mary occupant protection standard, has a number of weaknesses, 

inconsistencies, and many outdated requirements discussed pre- 

viously. In many ways i t  i s  not even as useful as the ea r l i e r  

CAR 3.386-1 (crash protection), which between 1951 and 1964 

provided a series of guidel ines for crashworthy design. In 

the past,  modifications have been made piecemeal by adding 

or dropping words or patching-in phrases. 

RECOMMENDATION: In view of the number of places needing u p -  

dating in th i s  section, i t  would make better  sense to modify 

23.561, by s tar t ing a l l  over and developing a to ta l ly  new 

section on occupant protection. Such a new section should 

re f lec t  the emphasis on crashworthiness by r e t i t l  i n g  i t  

from "emergency landing conditions" (of 1945) t o  something 

1 i ke "emergency crash landing conditions ," "crashworthiness 

protection ,I1 o r  "occupant crash protection." Further, - addi- 

tional guidel ines should be incorporated t o  provide more 

meaningful information t o  the designer. 

Part 23.785 provides requirements for  seats ,  berths, safety be1 t s ,  

and harnesses. I t  references emergency landing conditions in #23.561, 

f l igh t  control reactions in part #23.395, and f i t t i ng  factors in #23. 

625. Safety be1 t s  have been required in open. cockpit airplanes since 

1926. In 1934 belts  and thei r  attachments were f i r s t  required t o  w i t h -  

stand 1000 lb  crash loads, and t h i s  was upped t o  1500 Ibs i n  1950 ( a l -  

though the FAA made an exception t o  the NAS Standard 602 which speci- 

fied 3000 Ibs for  a single be1 t ) .  There has been no increase in safety 
belt  strength requirements in 31 years. 

1 . Occupant Weight (#23.785(a) ) . The present general aviation 
a i r c r a f t  design structural requirements for b o t h  seat  and re- 

s t r a i n t  strength are based upon a 170-pound occupant. This stan- 



dard has not been modified since f i r s t  specified in 1929, f i f ty -  

one years ago. The importance of the occupant weight specifica- 

tion to crashworthiness i s  often overlooked. However, i t  forms 

the basis for required seat  belt  and seat  s tructural  strength 

load tes ts .  

The U.S. population of 1980 i s  s ignificantly larger than  that  

of the 1920's. In a nationwide (HANES) health survey in the 1970's 

U.S. males were found to range from 129 I b s .  (5th percentile) t o  
173 Ibs. (50th percentile) t o  224 Ibs. (95th percentile).  Given 

that a 5 t h  percentile female w i t h  a mass of 104 Ibs.,  and a 95th 

percentile male (224 1 bs.), are each exposed t o  a 9 g acceleration 

( l i=MA) ,  the force on the seat/restraint/anchorage system wi 11 range 

from 936 Ibs. t o  2016 Ibs. - more than a two-fold difference. A 

170 Ib. occupant weight i s  close (170 vs 173 I b . )  to that  of the 

50th percentile U.S. male. However, i t  i s  f a r  short of today's 

95th percentile male of 224 1 bs., considerably less  than the 225 

Ibs. used by NASA in transport seat  design, the 250 Ib. USAF 

design occupant weight, (MIL-S-26688), a n d  the Army's 222 lbs.  

pi 1 o t ,  or trooplpassenger 95th percenti 1 e clothed wei g h t  of 265 
1 bs. (MIL-STD-1290 A V )  . 

A t  present about 15% of U.S. females and approximately 50% 

of U.S. males weigh more than 170 1 bs. Thus a significant  portion 

of general aviation pi lo ts  and passengers are not protected under 

#23.785(a). The CAA's f i r s t  art iculated crash dummy in 1950 

weighed 215 Ibs. From the point of view of protecting the greatest 

number of occupants, use of the 95th-percentile male basic weight 
of 224 lbs.  (101.8 k g )  would be current human factors design prac- 

t ice .  That would protect the middle 90% of the population. This 

would be in l ine  with current military use of the 95th percentile 
of the male population a t  r i sk .  Continued use of the 170 I b .  stan- 

dard means that  only 50% of the male population (and 85% of the fe- 
male population) i s  within th i s  range. The Army Crash Survival De- 
siqn Guide recommends that the upper and lower 1 imits of occupant 
weights be considered in seat design and that, ideally,  seat  s t roke 



l i m i t s  shou ld  be s i z e d  f o r  t h e  9 5 t h - p e r c e n t i l e  occupant ,  w h i l e  t h e  

occupan t  a c c e l e r a t i o n  l i m i t s  shou ld  be de te rmined  by t h e  5 t h -  

p e r c e n t i l e .  

RECOMMENDATION: P a r t  23.785(a) shou ld  be amended t o  i n c r e a s e  

t h e  occupan t  w e i g h t  r equ i r emen t  f r om  t h e  p r e s e n t  170 I b s .  t o  

224 1 bs., and t h e  Army's  p r a c t i c e  o f  u s i n g  b o t h  5 t h -  percen-  

t i l e  and 9 5 t h - p e r c e n t i l e  occupan t  we igh t s  shou ld  be adopted.  

(A U.S. 5 t h - p e r c e n t i l e  woman weighs 104 l b s . ) .  

S t a t i c  Load Reac t i on .  #23.785(e).  P a r t  e  p r e s e n t l y  r e q u i r e s  t h a t  

t h e  f o r w a r d  end o f  a  b e r t h  be c o n s t r u c t e d  t o  w i t h s t a n d  t h e  s t a t i c  

l o a d  r e a c t i o n  o f  t h e  occupant ,  when t h e  occupant  i s  s u b j e c t e d  t o  

f o rwa rd  i n e r t i a  l o a d s  s p e c i f i e d  i n  #23.561. A s t a t i c  t e s t  does 

n o t  r e a l  i s t i c a l l y  s i m u l a t e  a c r a s h  env i ronment ,  and a s t r u c t u r e  

des igned  t o  accommodate a s t a t i c  l o a d  r e a c t i o n ,  p a r t i c u l a r l y  a t  

t h e  l o w  l e v e l s  s p e c i f i e d  i n  #23.561, may f a i l  when s u b j e c t e d  t o  

t h e  dynamic l o a d i n g  o f  a  c r a s h  impac t .  FAA t e s t s  compar ing dynamic 

and s t a t i c  t e s t s  o f  a i r c r a f t  sea t s  conc luded  t h a t  s t a t i c  t e s t i n g  

canno t  be r e l a t e d  t o  c r a s h  env i ronments.  

RECOMMENDATION: P a r t  23.785(e) shou ld  be amended t o  r e q u i r e  

dynamic t e s t  c r i t e r i a  ( a l r e a d y  developed and used by  t h e  FAA). 

S t a t i c  Load Tests .  #23.785(e)(3) .  Three  a l t e r n a t i v e  p r o o f s  o f  

comp l iance  a r e  l i s t e d  f o r  s a f e t y  be1 t a t tachments  t o  t h e  b e r t h  under  

emergency l a n d i n g  c o n d i t i o n s  p r e s c r i b e d  i n  #23.561 f o r  l a t e r a l  

u l t i m a t e  i n e r t i a  f o r c e s  o f  1.5 g and upward f o r c e s  o f  3.0 g. No 

t e s t  i s  r e q u i r e d  f o r  f o rwa rd  f o r c e s .  A t  p r e s e n t  comp l iance  i s  

a l l o w e d  by  s t r u c t u r a l  a n a l y s i s ,  s t a t i c  l o a d  t e s t s ,  o r  a  combina- 

t i o n .  There i s  no p r o v i s i o n  f o r  more r e a l i s t i c  dynamic l o a d  t e s t s .  

1969 FAA t e s t s  compar ing p rocedures  o f  TSO C-22 and C-39 f o r  

c e r t i f y i n g  a i r c r a f t  were compared t o  t h e  dynamic t e s t  procedures 

t h e  FAA developed.  These t e s t s  documented and c l e a r l y  e s t a b l  i s h e d  

t h e  r equ i r emen ts  f o r  dynamic s e a t  t e s t i n g ,  and ques t i oned  t h e  

v a l i d i t y  o f  s t a t i c  t e s t s .  

RECOMMENDATION: P a r t  23.785(e) ( 3 )  shou ld  be amended t o  

r e q u i r e  dynamic t e s t  c r i t e r i a .  



Safe ty  Be1 t (Shoulder Harness). P a r t  23.785(g). Sec t i on  g pre-  

s e n t l y  r e q u i r e s  a s a f e t y  b e l t  and shoulder harness o n l y  i n  t h e  

f r o n t  seats,  d e s p i t e  a cons ide rab le  body o f  da ta  d a t i n g  back t o  

t h e  1940's (pnd e a r l i e r )  documenting t h e  c rash  p r o t e c t i o n  o f f e r e d  

t h e  occupant. The NTSB has recommended t o  t h e  FAA s i n c e  1964 t h a t  

shou lder  harnesses by r e q u i r e d  f o r  each occupant. The FAA r e -  

sponded i n  1965 by say ing t h e r e  was n o t  s u f f i c i e n t  j u s t i f i c a t i o n  

( d e s p i t e  t h e  FAA's own research s t u d i e s  t o  t h e  c o n t r a r y ) .  The 

1973 NPRM inc luded  proposa ls  t o  i n s t a l l  shoulder harnesses. A 

f i n a l  r u l e  was pub1 ished i n  1977, and harnesses i n  t h e  f r o n t  sea t  

were n o t  r e q u i r e d  i n  newly c e r t i f i e d  a i r c r a f t  u n t i l  a f t e r  18  J u l y  

1978. I t  r e q u i r e d  14 years  f o r  FAA t o  a c t  on t h i s  NTSB recommen- 

d a t i o n .  

RECOMMENDATION: (1 ) Amend p a r t  23.785(g) t o  r e q u i r e  i n s t a l  - 
l a t i o n  o f  approved shoulder harnesses a t  a l l  seat  l o c a t i o n s  

(.as o u t l i n e d  i n  NPRM 73-1 and recommended i n  A-77-70 December 

8, 1977 by t h e  NTSB). ( 2 )  Amend 14 CFR 91.33 t o  r e q u i r e  i n -  

s t a l l a t i o n  o f  approved shoulder harnesses on a1 1 general  

a v i a t i o n  a i r c r a f t  manufactured be fo re  J u l y  18, 1978, a f t e r  

a reasonable l e a d  t ime, and a t  a l l  seat  l o c a t i o n s  as o u t l i n e d  

i n  NPRM 73-1 and recommended i n  A-77-71 December 8, 1977 by 

t h e  NTSB. ( 3 )  The FAA has no standard r e l a t e d  t o  shoulder 

harness performance. Tes t  procedures f o r  compl i ance  should 

be issued immediate ly.  ( 4 )  The FAA has no standard r e l a t e d  

t o  i n e r t i a  r e e l  t e s t  performance. Tes t  procedures f o r  com- 

p l i a n c e  should be issued immediate ly.  

TSO's. The Technical  Standard Order system i s  one o f  severa l  methods 

o f  o b t a i n i n g  approval  f o r  a m a t e r i a l ,  p a r t ,  process o r  app l i ance  

t o  be used on an a i r c r a f t .  I t  was es tab l i shed  by t h e  C i v i l  Aero- 

n a u t i c s  Ac t  o f  1938 and i s  found i n  P a r t  514 o f  t h e  Regu la t ions  o f  

t h e  A d m i n i s t r a t o r .  A l l  TSO's have been p r e v i o u s l y  l i s t e d  i n  P a r t  

37 o f  14 Code o f  Federal Regu la t ions .  E f f e c t i v e  September 9, 1980 

under a TSP Rev is ion  Program in tended t o  exped i te  t h e  issuance o f  

standards a new p u b l i c  procedure has been adopted, and P a r t  37 has 

been revoked. The manufac turer  o b t a i n s  a TSO a u t h o r i z a t i o n  by 



s u b m i t t i n g  an  a p p l i c a t i o n  and v a r i o u s  s u p p o r t i n g  documents t o  t h e  

r e g i o n  i n  wh ich  t h e  manufac tu rer  i s  l o c a t e d ,  a1 though t h e r e  i s  

"shopp ing  around" s i n c e  u n t i l  December 1980 each r e g i o n  s e t  i t s  

own i n t e r p r e t a t i o n s .  The FAA found 47 o f  t h e  86 c u r r e n t  TSO's 

o b s o l e t e  i n  a  1971 rev iew .  

RECOMMENDATION: A1 1  TSO' s shou ld  be immedia te ly  rev iewed r e -  

l a t i v e  t o  s t a t e - o f - t h e - a r t  and amended t o  r e f l e c t  t h e  u p d a t i n g  

necessary.  P r i o r i t y  a t t e n t i o n  shou ld  be g i v e n  t o  fo rmer  P a r t  

37.136 (TSO-C39a) f o r  sea t s  ( a l s o  TSO-C25a f o r  a i r  c a r r i e r  

sea t s ) ,  and fo rmer  P a r t  37.132 (TSO-C22f) f o r  s a f e t y  be1 t s .  

TSO-C39a/NAS 809. The minimum performance s tandards  f o r  sea ts  and 

b e r t h s  t o  be i n s t a l l e d  i n  c e r t i f i e d  genera l  a v i a t i o n  a i r c r a f t  i s  

c u r r e n t l y  p rov ided  i n  TSO-C39a f o r  Type I 1  - normal and u t i l i t y  

ca tegory .  The p r e s e n t  FAA requ i rements  f o r  sea t s  and s e a t  t e s t s  

were l a s t  r e v i s e d  i n  1956 (when NAS 809 r e p l a c e d  NAS 806, d a t i n g  

f rom 1950) as r e f e r e n c e d  i n  TSO-C39a. The FAA p u b l i s h e d  a  N P R M  

i n c l u d i n g  a  p roposa l  t o  i nc rease  c e r t a i n  a i r c r a f t  s e a t  s t r e n g t h  

requ i rements  i n  1969, and i n i t i a t e d  development o f  new s e a t  TSO 

s tandards  i n  1970, which i n c l u d e d  genera l  a v i a t i o n  by 1977, w i t h  

new d r a f t .  TSO s e a t  s tandards  completed i n  1978. A  1967 FAA r e -  

p o r t  had shown s e a t  s t r e n g t h s  " inadequate"  i n  17% o f  a c c i d e n t s  i n  

t h e  f o rwa rd  d i r e c t i o n ,  36% t o  58% downward ( P a r t  23 has no r e q u i r e -  

ment f o r  t h i s  d i r e c t i o n  Another  1967 FAA r e p o r t  s t a t e d  t h a t  1.5 

g  s i d e  l o a d  requ i remen t  i s  inadequate.  I n  one 1978 s t u d y  s e a t  

f a i l u r e  was found i n  28% o f  a l l  f a t a l  and s e r i o u s  i n j u r y  a c c i d e n t s .  

M i l  i t a r y  s tandards  have l o n g  been s i g n i f i c a n t l y  h i ghe r ,  and a t  

l e a s t  one manufac tu rer  has developed a  25 g  seat .  

RECOMMENDATION: General a v i a t i o n  s e a t  s t r e n g t h  requ i rements  

s p e c i f i e d  i n  TSO-C39a shou ld  r e c e i v e  p r i o r i t y  a t t e n t i o n  t o  

upgrade. As an i n t e r i m  measure t h e  new FAA TSO completed i n  

1978 shou ld  r e p l a c e  t h e  p resen t  TSO. 



Safety Be1 t s .  TSO-C22f formerly (-Part 34.132). Since 1929, there 

has been only two updatings of the original 850 1 b. sea t  be l t  

strength requirement for  c iv i l  a i r c r a f t .  Increased to 1000 1 bs. 

in 1934, U.S. c iv i l  a i r c r a f t  sea t  be l t  strength i s  promulgated on 

standards (NAS 802) l a s t  revised 27 years ago (1950). The FAA in 

TSO-C22f allows an exception in sea t  belt  assembly strength,  re- 

ducing the 1950 standard by 50%. Current FAA bel t  strength stan- 

dards for  a l l  categories of c i v i l  a i r c r a f t  a re  1500 I b .  i n  tension 

load and 1.9 times rated strength (loop load strength of 2850 1 bs .) 

in a s t a t i c  t e s t .  The accident record, however, has shown tha t  

these minimums have needed t o  be updated since the original National 

Research Council crash injury studies of the 1940's. Virtually 

every accident survey from 1943 on emphasized be1 t (as  well as  an- 

chorage, and sea t )  fa i lures  and the need for  stronger be1 t s .  In 

1961 the FAA found tha t  42% of sea t  bel ts  tested fa i led  to  meet 

minimum webbing strength t e s t s .  The Commonwealth of Australia has 

reported a be1 t or attachment f a i l u r e  r a t e  of 182 in fa ta l  and 

serious-injury accidents occurring during 1969 and 1970 i n  general 

aviation accidents. Accident studies r e su l t s  have been supported 

by crash seats .  NACA i n  1953 concluded tha t  be1 t s  should be capable 

of withstanding higher breaking loads than those presently i n  use. 

During the 1970's there has been increasing use of stronger bel ts  

by the general aviation manufacturers as  automotive webbing manu- 

factured to  FMVSS 209 has been readily i n  supply. However, although 

5500 16. webbing has been commonly supplied to the manufacturers, 

most general aviation bel ts  a r e  s t i l l  rated a t  1500 1 bs., primarily 

due to l imitat ions of the hardware [buckle), although some i s  rated 

a t  3000 1 bs. Military r e s t r a in t s  and automotive r e s t r a i n t s ,  from 

the same suppliers ,  a re  rated a t  6000 1 b .  (Type I )  and above. 

RECOMMENDATION: In view of the accident crash t e s t  data over 
the past 30 years documenting the need for  stronger r e s t r a i n t  
systems, TSO-C22f should be upgraded to be a t  l e a s t  comparable 
to the webbing strength protection provided i n  automobil es .  
The res t ra in t -sea t  system must be considered as a whole, 

since r e s t r a i n t  i s  no stronger than i t s  weakest l ink - in 

t h i s  case the hardware (buckle and attachments), which should 



be upgraded as w e l l .  I t  i s  recommended t h a t  r e s t r a i n t  systems 

i n  gene ra l  a v i a t i o n  a i r c r a f t  shou ld  be des igned  f o r  a  f o r w a r d  

l o a d  o f  25 G's  a p p l i e d  20 degrees t o  e i t h e r  s i d e  o f  t h e  a i r p l a n e ' s  

l o n g i t u d i n a l  a x i s ;  an  upward l o a d  o f  16  G; a  downward l o a d  o f  

15  G; and an a f t  l o a d  o f  5  G. 

S a f e t y  B e l t s  and Harnesses. #23.1413. The r a t e d  s t r e n g t h  o f  s a f e t y  

b e l t s  and harnesses i s  s p e c i f i e d  t o  be n o t  l e s s  t h a n  t h e  u l t i m a t e  l o a d  

f a c t o r s  o f  #23.561 ( b ) ,  o r  3  g  upward, 9  g  f o rwa rd ,  and 1 .5  g  s ideward .  

A p p l i e d  t o  a  170 1  b. occupant ,  t h i s  t r a n s l a t e s  t o  a  r e q u i r e d  minimum 

be1 t s t r e n g t h  o f  51 0  1  bs. upward, 1530 1  bs. f o rwa rd ,  and 255 1 bs. s i d e -  

ward. No f i t t i n g  f a c t o r  i s  i n v o l v e d .  S i n c e  FMVSS No. 209 r e q u i r e s  

au tomob i l es  manufac tu red  f o r  s a l e  i n  t h e  U.S. t o  use  6,000 l b .  webbing 

f o r  Type 1  ( l a p  b e l t )  r e s t r a i n t s  and 5,000 I b .  p e l v i c  webbing and 

4,000 1  b. webbing i n  t h e  s h o u l d e r  harness (36  FR 22902, Dec. 2, 1971 ) ,  

webbing o f  t h i s  s t r e n g t h  has been c u r r e n t l y  a v a i l a b l e  f o r  many yea rs .  

RECOMMENDATION: P a r t  23.1 41 3  shou ld  be m o d i f i e d  t o  r e a l  i s t i c a l  l y  

upda te  t h e s e  webbing s t r e n g t h  r equ i r emen ts  t o  t a k e  i n t o  c o n s i d e r -  

a t i o n  t h e  s t a t e - o f - t h e - a r t  o f  p r e s e n t  (5500-6000 I b . )  b e l t  a v a i l -  

b i l i t y .  T h i s  would a l s o  se r ve  t o  g r e a t l y  s t r e n g t h e n  and upgrade 

one i m p o r t a n t  l i n k  i n  t h e  occupan t  c r a s h  r e s t r a i n t  c h a i n .  

F i t t i n g  F a c t o r s .  #23.625. The p r e s e n t  r e q u i r e m e n t  f o r  f i t t i n g  has been 

i n  e f f e c t  s i n c e  1964, as amended by 23-7 (34  FR 13091, August  13, 1969) .  

S e c t i o n  ( d )  r e q u i r e s  a  f i t t i n g  f a c t o r  o f  1.33, as f o l l o w s .  T h i s  means 

t h a t  s e a t  and b e l t  a t t achmen ts  must  be shown t o  w i t h s t a n d  1 .33  t imes  t h e  

9  g, 3 g, and 1 .5  g  u l t i m a t e  i n e r t i a  f o r c e s  l i s t e d  i n  23.561, o r  4  g  

(3 .99)  upward, 12  g  (11.97) f o rwa rd ,  and 2  g  (1 .99)  s ideward .  The f i t -  

t i n g  f a c t o r  has been decreased f r om  t h e  1929 1 .80  r e q u i r e m e n t  t o  i t s  

c u r r e n t  v a l u e  o f  1  .33. 

RECOMMENDATION: S i n c e  t h i s  r e q u i r e m e n t  has an i m p o r t a n t  b e a r i n g  

on s e a t  and s a f e t y  be1 t a t t achmen t  s t r e n g t h ,  i t  deserves f u r t h e r  

e n g i n e e r i n g  r e v i e w .  

C o n s o l i d a t i o n  o f  sea t ,  b e l t ,  b e r t h ,  and b e l t  a t t achmen t  f a c t o r s .  I n  

1969 t h e  FAA proposed t h a t  P a r t  23 be f u r t h e r  amended f o r  sma l l  a i r p l a n e  



type c e r t i f i c a t i o n ,  proposing t h a t  23.625, 23.785, and 23.1413 be consol- 

i d a t e d  t o  p lace seat, ber th ,  and b e l t  attachment f a c t o r s  a l l  i n  one sect ion.  

A t  the  present  t ime, i n  o rde r  t o  f i n d  p e r t i n e n t  requirements f o r  seats 

and r e s t r a i n t s  one must go t o  th ree  separate p a r t s  o f  P a r t  23 (23.625, 

23.785, and 23.1413), which i n  t u r n  re ference o the r  sect ions and standards 

(23.561, NAS 806, NAS 809, f34.132 - TSO-C22f). 

RECOMMENDATION: Consol i d a t e  a1 1 seat, ber th ,  and be1 t attachment 

f a c t o r  requirements i n t o  a s i n g l e  sect ion.  

C h i l d  and I n f a n t  R e s t r a i n t  (TSO-C100, proposed). Equal p r o t e c t i o n  has 

n o t  been prov ided t o  a11 a i r c r a f t  passengers. To date the re  a re  no 

standards regard ing  r e s t r a i n t  p r o t e c t i o n  a t  a1 1 f o r  c h i l d r e n  o r  i n f a n t s  

under two years o f  age. FAR P a r t  91.14(a) (2)  s t a t e s  t h a t  a person who 

has n o t  reached h i s  second b i r t h d a y  may be h e l d  by an a d u l t  who i s  

occupying a seat  o r  ber th .  FAR P a r t  121.311 (b )  and FAR P a r t  127.109(b) 

uses s i m i l a r  statements. Yet t e s t s  conducted a t  the  U n i v e r s i t y  o f  Michigan 

have c l e a r l y  documented t h a t  i n  moderate o r  severe crash dece le ra t ions  

i t  i s  n o t  p o s s i b l e  f o r  l a p  and shoulder b e l t e d  a d u l t s  t o  adequately 

r e s t r a i n  c h i l d r e n  i n  t h e i r  laps by h o l d i n g  on t o  them. FAA t e s t i n g  o f  

i n f a n t l c h i l d  r e s t r a i n t s  has been proposed s ince 1961. I n  1974 a CAM1 

t e s t  s tudy was conducted, fo l lowed by f u r t h e r  i n f a n t l c h i l d  dynamic t e s t s  

i n  1975, and d r a f t  TSO s p e c i f i c a t i o n s .  The 1974 s tudy was n o t  pub l ished 

f o r  f o u r  years,  and the  d r a f t  TSO n o t  issued f o r  p u b l i c  comment u n t i l  

October 1980. Proposed as TSO-C100 i n  the Federal Reg is te r  o f  October 

2, 1980, i n  general the proposed TSO i s  based upon the c u r r e n t  auto- 

mot ive v e h i c l e  FMVSS No. 213 (49 CFR 571), w i t h  a d d i t i o n a l  p r o v i s i o n s  

addressing m a t e r i a l s  f l a m m a b i l i t y ,  i n - f l i g h t  body containment, and marking 

and data  requirements. The number o f  i n f a n t l c h i l d  r e s t r a i n t s  which a r e  

a c t u a l l y  i n  use i n  general a v i a t i o n  a i r c r a f t  a re  unknown. 

RECOMMENDATIONS: (1  ) P i  1 o t s  should be educated concerning adequate 

p r o t e c t i o n  o f  t h e i r  younger passengers. 

(2 )  An i n t e r i m  a c t i o n  i n  a1 low ing  c e r t a i n  autornoti ve i n f a n t l r e s t r a i  n t  
systems be used on a i r c r a f t  seats ( n o t  b l o c k i n g  emergency egress) 

would o f f e r  cons iderab ly  g r e a t e r  impact p r o t e c t i o n  t o  c h i  1 dren than 

i s  p r e s e n t l y  the  case where an i n f a n t  must be h e l d  i n  t h e  p a r e n t ' s  
l a p  w i t h o u t  r e s t r a i n t  o r  c h i l d r e n  are improper ly  and inadqequately 

p laced i n  a d u l t  r e s t r a i n t s .  



The purpose o f  t h i s  study was t o  prov ide AOPA w i t h  an in-depth  

review o f  t h e  c u r r e n t  FARS i n  P a r t  23 r e l a t e d  t o  general a v i a t i o n  a i r -  

c r a f t  crashworthiness sa fe ty ,  t o  see how w e l l  t h e  FAA has kep t  up w i t h  

t h e  s ta te-o f - the-ar t ,  and suggest any areas where improvements should 

be considered. The bas ic  quest ion i s ,  how w e l l  are today 's  general 

a v i a t i o n  a i r c r a f t  p i  1  o t s  and passengers p ro tec ted  from crash impact? 

It i s  concluded t h a t  present standards f o r  general a v i a t i o n  a i r c r a f t  do 

n o t  p rov ide  t h e  l e v e l s  o f  occupant crash p r o t e c t i o n  f e a s i b l e  w i t h i n  the  

techn ica l  s ta te -o f - the -a r t ,  and "minimum" standards must be r a i s e d  

( r e f .  49 U.S. Code Sect. 1421 (a )  minimum standards ( I ) ,  p. 12057). 

I n  rev iew ing  the  monumental l i t e r a t u r e  and documents a v a i l a b l e  

regard ing  research r e s u l t s  (many conducted by o r  f o r  the  FAA i t s e l f )  , one 

i s  s t r u c k  by t h e  r e a l i z a t i o n  t h a t  " t h i s  has a l l  been s a i d  before . "  There 

are  l i t e r a l l y  thousands o f  s tud ies  (over  6000 on r e s t r a i n t s  alone t o  

1964) documenting a1 1  aspects o f  occupant p r o t e c t i o n .  As i s  d i  scussed 

i n  t h e  body o f  t h i s  r e p o r t ,  many e x c e l l e n t  s tud ies  have prov ided crash- 

worthiness recommendations fo r  t h e  p a s t  70 years. But, i n  p a r t i c u l a r ,  

much i n f o r m a t i o n  from exper imental  and crash research i n v e s t i  gat ions 

d a t i n g  from t h e  1940's appears n o t  t o  have been u t i l i z e d  i n  the r e g u l a t o r y  

process. I r o n i c a l l y ,  today 's  FAR'S p rov ide  even l e s s  guidance t o  the 

manufacturer and r e q u i r e  l e s s  crash p r o t e c t i o n  i n  some areas than the  

preceding CAR'S o f  30 years ago (see P a r t  3.386-1, 1950). 

P e r i o d i c a l l y  over  t h e  pas t  40 years,  excel  l e n t  summaries o f  t h e  

crashworthiness s t a t e - o f - t h e - a r t  have been produced. A l l  of them pro- 

v ide documentation and say e s s e n t i a l l y  the  same th ing .  Some outstand- 

i n g  examples inc lude  the  s e r i e s  o f  acc ident  s tud ies  and r e p o r t s  o f  t h e  

Nat iona l  Research Council  and Crash I n j u r y  Research, and t h e  p u b l i c a t i o n s  

o f  DeHaven and DuBois and t h e  NRC i n  the  eng ineer ing and medical l i t e r -  

a t u r e  o f  the 1940's; t h e  numerous NACA documents o f  the  e a r l y  1950's 

r e s u l t i n g  from dynamic crash t e s t s  a t  Cleveland o f  l i g h t  a i r c r a f t ,  

summarized i n  "NACA Conference on A i rp lane  Crash-Impact Loads, Crash 

I n j u r i e s  and P r i n c i p l e s  o f  Seat Design f o r  Crashworthiness" (1  956) ; 
Hegenwald's ana lys is  o f  the  crash p r o t e c t i o n  s t a t e - o f - t h e - a r t  t r a n s p o r t  

design i n  1962; Bruggink '  s  1961 A v i a t i o n  Crash I n j u r y  Research (Av-CIR) 

r e p o r t  on impact s u r v i v a l  i n  a i r  t r a n s p o r t  accidents;  20 years o f  crash 



injury/safety/occupant protection recommendations -- and more recently, 
the U.S. Army's Aircraft Crash Survival Design Guide (Versions 1967 

through 1980), and the proceedings of the 1975 Aircraft Crashworthiness 
Conference, to select b u t  a few. The pioneering work of Beechcraft, 
which in 1951 led the general aviation industry by conducting dynamic 
shoulder restraint tests resulting in a 20.3 G shoulder harness (the 
216 I b .  dummy used was equal to 25 G protection for a 160 I b .  man)-- 
which s t i  11 exceeds many present instal lations 30 years la te r ,  apparently 
made no impression on the FAA. Upper shoulder harnesses had been 
installed in aircraf t  in the 1940's (a t  Ohio State University since 
19481, and one model has had upper shoulder harness in the rear seat 
as well as the front seat since 1954. 

By the 1940's there was n o t  only abundant documentation from both 

civil accident investigation and military studies of the need for 
improved crashworthiness protection, b u t  what could be done and how. 
The findings of "needless injury" described by DeHaven in 1943 have 
been supported by a number of studies in the 1950's and 1960's 
(particularly by FAA's own researchers) warning that as many as half 
of those ki 1 led annually in accidents could survive, and dangerous-to-1 i fe 
injuries could be prevented in 1000 individuals per year i f  existing 
information on occupant protection were incorporated in aircraft  design. 
As the above documents i l lus t ra te ,  there was a growing body of knowledge 
available 30-40 years ago. This knowledge has been incorporated into 
mi 1 i tary ai rcraft desi gn speci f i  cati ons for 35 years. Some features, 
such as shoulder harnesses in civil aircraft  purchased by the military, 
or exported t o  England or Australia, have been required for over a 
decade. This knowledge has been the basis for Federal Motor Vehicle 
Safety Standards that make today's automobiles far safer i n  a crash 
than in a general aviation aircraft .  

I t  i s  concluded that the FAA has given insufficient attention t o ,  
and has in the past resisted, updating regulations in the area of crash- 
worthiness which would effectively reduce fatali  t i es  and serious injuries 
in general aviation crashes. Since general aviation i s  the most rapidly 
growing forms of transportation, with a 44.1 percent increase t o  315,000 

aircraft  estimated by 1992, priority attention should be given t o  updating 
the FAR'S related t o  crashworthiness. 
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1. PURPOSE 

The purpse of  t h i s  A R P  i s  t o  provide  des ign  c r i t e r i a  f o r  p i l o t  
and passenger  s e a t s  f o r  genera l  a v i a t i o n  a i r c r a f t .  I t  i nc ludes  
recomwndations f o r  f e a t u r e s  involv ing  func t ion  and u t i l i t y  a s  we1 1 a s  
f o r  minimum s t r e n g t h  and energy abso rp t ion  c a p a b i l i t i e s .  

In t h e  p repa ra t ion  of  t h i s  reconlmended p r a c t i c e ,  c o n s i d e r a t i o n  
was given t o  t h e  requirements  of t h e  Federal Avia t ion  Regula t ions ,  t h e  
r e s u l t s  o f  numerous acc iden t  i n v e s t i g a t i o n s  and r e sea rch  programs 
and t h e  recommendations of  a i r c r a f t  o p e r a t o r s  and manufac turers .  

2. SCOPE - 
The p i l o t / p a s s e n g e r  s e a t  i s  t h e  b a s i c  l i n k  between t h e  occupant  

and t h e  prirnary s t r u c t u r e  of t h e  a i r c r a f t .  I t  i s  e s s e n t i a l  t h a t  t h e  
suppor t  and tie-down f u n c t i o n s  be accomplished in  a  manner t h a t  w i l l  
provide maximum p r a c t i c a l  s a f e t y  and s e c u r i t y  dur ing  a l l  normal con- 
d i t i o n s  of f l i g h t ,  emergency f l i g h t  maneuvers, c r a sh  landings  and 
su rv ivab le  type acc iden t s .  These b a s i c  func t ions  s h a l l  be given 
major cons ide ra t i on  a s  compared t o  o t h e r  f a c t o r s  such a s  comfort o r  
appearance. ,' 

This  A R P  i s  intended f o r  application t o  a i r c r a f t  approved under 
P a r t  23 of t h e  Federal  Avia t ion  Regulat ions.  A1 though most genera l  
a v i a t i o n  a i r c r a f t  i n  t h i s  ca tegory  a r c  approved f o r  s i n g l e  p i l o t  
ope ra t ion ,  those  recommendations noted a s  applying s p e c i f i c a l  l y  t o  
p i l o t  s e a t s  w i l l  be understood t o  apply  t o  any s e a t s  f o r  which th?  
occupant has access  t o  the a i r p l a n e  f l i g h t  c o n t r o l s .  

In t h e  design a r e a s  f o r  which they  app ly ,  t h e  Federal Avia t ion  
Rcgula t i o n s  should be cons idered  rninirsum requirements .  

3.1 S o ( l t  As:crr:bly - Onc conip lc tc  seat  u n i t ,  whether f o r  s i n g l e  o r  
Kf t i p l c  occupancy. The s c ~ t  assc~nbly  may inc lude  but not be 1 it:ii t cd  
t o  t he  s c a t  s t r r l c tu rc ,  cushions ,  t r im ~ a n e l s ,  arm r e s t s ,  d r e s s  c o v e r s ,  
astiti-ays , head res t s  and accessorv  ~ q c ! ~ l ? t ~  or c h e l ~ l e s  a5 appl icabl  e .  
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It  does not imp l i c i t l y  include s ea t  b e l t s ,  shoulder harnesses,  s e a t  
t racks  o r  o ther  equipment normally a t tached t o  the primary s t r uc tu r e  
of the  a i r c r a f t .  

3 . 2  Sedt Pr i ra ry  S t ruc tures  - That portion of the s e a t  s t r uc tu r e  which pro- 
vides the support ,  r e s t r a i n t  and energy absorption l i nk  between the 
occupant and the a i r c r a f t  primary s t r uc tu r e .  

3.3 Seat Secondar-:I S t ruc ture  - That portion of the s ea t  s t r u c t u r e  intended 
t o  rneet coinfort, u t i  1 i t y  o r  appearance requirements. 

3.4 Seat Ultimate S t a t i c  Load - The highest  load t o  which the  s e a t  may be 
subjected t o r  a  m i n i m u m  of th ree  ( 3 )  seconds without f a i l u r e .  

3.5 S e a t U l t i r n a t e D y n a r n i c L o a d - T h e  highest  l o a d t o w h i c h  t h e s e a t m a y b e  
subjected under conditions of dynamic a r r e s t  without f a i l u r e  or l o s s  
of r e s t r a i n t  function.  

3.6 Standard Occ~~oant  !,leight - S t a t i c  and dynamic s e a t  loads sha l l  be based 
on a  standard occupant weight of 170 pounds (ac roba t ic  190 pounds), 

3.7 Neutral Seat Reference Point - T h e  i n t e r s e c t i o n o f  a  l i n e  tangent t o  
the surface of the s ea t  bottom cushion and a  1  ine through the  s e a t  back 
cushion represen ta t ive  of a back tangent l i n e ,  under a  no-load cond- 
i t ion.  

3.8 Seat-Back Breakover - The design fea tu re  which p ~ r m i t s  the  seat-back t o  
fold forward from the normal upright pos i t ion  f o r  purposes of passenger 
access o r  s e a t  i n s t a l l a t i o n ,  removal o r  s to rage .  

4.1 Dimensions - The recommended ranges f o r  s ea t  dinlensions a r e  given in 
Figure 1 .  I l l u s t r a t i o n s  a r e  for dimensional purposes only and a r e  not 
intended t o  f i x  the actual  shape of the  s ea t .  I t  i s  understood t h a t  a l l  
dimensions influenced by passenger weight ( i  .e . ,  cushion def lec t ion)  a re  
t o  be measured under 1  g  s t a t i c  loading with an occupant of standard 
weight. 

4.2 Ad,i~~stment - Adjustable p i l o t  s ea t s  a r e  recorlimended i n  order  t o  insure  
t h a t  occupants of d i f f e r e n t  s i z e s  and weights can perfor111 t h e i r  work 
in the most e f f i c i e n t  and cornfortablc manncr. Blhen such adjirstable 
seat;  a r c  provided, the  following acljustment ranges a re  recommended. 

V ~ r t i c a l  Ad.it.~stment - Where p r a c t i c a l ,  the p i l o t  sea t s  should he 
n j l l s f ; ; l b l e  v r l r t m y  throuqh a range of a t  l e a s t  ' four  ( 4 )  inches in 
i n c r ~ r ~ i c n t s  o f  no g r ea t e r  than 1 inch throu!jhout thc e n t i r e  ra tye .  The 
purpozr! of s ca t  adjuztment i s  t o  provide the optirllrrni eye 1oc;ltion f o r  
v i s i l ~ i l  i t y  ins ide  and outs ide  the cockpit  and t o  provide co~i i f 'orf ;~blc  
ant1 e f f i c i e n t  access to  the controls .  The ad,jr~str;icnt mechanisr~i shor~ld 
iricorporate a  means of r a i s i ng  the spa t  f r c e l y  t o  t h ~  nia:tirnu~n u p  pos- 
i t i o n .  I t  should be designed in  such a  way as  t o  insure  aga ins t  
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inadver tant  actuat ion t o  extreme posi t ions  during nor~llal o r  errlergency 
f l  ight  condi t ions .  I t  i s  reco~rimcnded t h a t  the  ve r t i c a l  adjustment 
con t ro l s  f o r  the s ea t  should be located under the  l e f t  hand forward 
portion of fhe sea t .  

4.2.2 Anqr~lar Adiustnent of Seat-Back - I f  angular ad ju s t r en t  i s  provided o r  
i f  the  sea^-back has bre3kover provis ions ,  i t  need not be res t ra ined  
in the norr;:al upright posi t ion i g a i n s t  forward motion under the loads 
s p ~ c i f i e d  in Section 4 unless the shoulder r e s t r a i n t  harness i s  a t tached 
t o  the s e a t  back s t ruc ture .  I f  the  shoulder r e s t r a i n t  harness i s  
at tached t o  the s ea t  back, then the s e a t  back should be capable of 
t;/ithstanding, in  any normal pos i t ion ,  the i n e r t i a  loads spec i f i ed  in  
Section 4.4.2. 

4.2.3 Fore and Aft Adiustments - Illhere p r a c t i c a l ,  the  p i l o t  s e a t  should be 
ad,iusiaSle in the  fo r e  and a f t  d i r e c t i on  f o r  a  d i s tance  of a t  l e a s t  
e i g h t  (8)  inches i n  increments of not l e s s  t h a n  one ( 1 )  inch. For 
a i r c r a f t  equipped with ad jus tab le  rudder pedals,  appropr ia te  reductions 
in fo re  and a f t  adjustment a r e  acceptable so long as  the r e l a t i onsh ip  
bptxeen the s e a t  pos i t i on ( s )  arld the control  f o r  p i t ch  and r o l l  permits 
e f f i c i e n t  and comfortable operation.  

The fo r e  and a f t  ad jus t ing  mechanism and la tches  should be de- 
signed i n  such a  way as t o  insure  aga ins t  inadver tant  ac tua t ion ,  
e i t h e r  by the  occupant o r  by i n a r t i a l  fo rces ,  t o  extreme posi t ions  
during normal o r  emergency f l i g h t  conditions.  In the i n t e r e s t  of 
s t andard iza t ion ,  the  fo re  and a f t  s e a t  actuat ion con t ro l s  should be 
located under the r i g h t  forward portion of the s ea t .  

5 .3  Arm R ~ s t s  - If arm r e s t s  a re  provided as par t  of ttie s e a t  s t r u c t u r e ,  
tney srlol~ld be designed t o  fold  in such a  way as  t o  minimize i n t e r -  
ference with entrance to  o r  e x i t  from the s ea t .  Insofar  as  p r a c t i c a l ,  
arm r e s t s  should be padded o r  designed t o  reduce the 1  ikel  i  hood of 
in jury to  the occupants in the event of a  survivable  crash.  

4.4 Strength - Pi lo t  and passenger s ea t s  should be designed t o  the  following 
genera 1 and spec i f i c  s t reng th  recommendations. 

4.4.1 General I 

4.4.1.1 Fai lure  of the s ea t  secondary s t r uc tu r e  under crash landing condi t ions  
should not a f f c c t  the s t rength of the s ea t  basic s t r uc tu r e .  Con- 
s idera t ion  should bc givcn t o  design fea tu res  \ihich would lninirrlize the  
p o s s i b i l i t y  of incapaci ta t ing o r  f a t a l  in jury to occupants in  the  event 
of a fai1ur.e. 

4.4,1.2 Likcly ~ i c f l c c t i o n  of f l oo r  and sidcvrall s t r u c t ~ ~ r c  ~ r r~dc r  crash latiding 
con~litioti: should he considcrcd i n  e s tab l  ishing s ca t  and s ea t  a t tachn~cnt 
intclgri ty.  

4 . 4 . 1 . 3  !,lr!fir a n d  Tc1lr duc! t o  norn~al I I S P  should !I? considered i n  dcsi:lning tlic 
scat  basic s t r ~ ~ c t u r ' c  t o  mcct t h ?  spccif icd load conditions.  Special 
co~ls idcra  t ion should be g i j~cn  to the design of adjustrncnt meclianisrns, 
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4.4.1.4 Flater ial  s e l e c t i o n  and t e s t i n g  should take i n t o  account  p o s s i b l e  de- 
t e r i o r ~ t i o n  of s t r e n g t h  p r o p e r t i e s  n i  t h  time f o r  t hose  n ~ a t c r j a l  s 
which have an e f f e c t  on s e a t  s t r e n g t h .  

4 .4.1.5 Th? s e a t  b a s i c  s t r u c t u r e  should be s u i t a b l y  p ro t ec t ed  a g a i n s t  c o r r o -  
s i on  of a l l  typzs  t o  which i t  may be sub, jected i n  s a r v i c e .  The 
design should avoid wherever p r a c t i c a l  t rapped a r e a s  where s p i l l e d  
1  i qu id s  can accumulate and cause c o r r o s i o n .  

4.4.1.6 Sea t  de s ign ,  c o n s t r u c t i o n  and a t t a c h ~ e n t  should be such as t o  ? r e -  
ven t  o b j e c t a b l e  f l e x i n g  of  t h e  s e a t  under t u r b u l e n t  f l i g h t  cond- 
i t i o n s .  

4.4.2 Dynamic Ul t imate  Loads - The p i l o t  and passenger  s e a t s  and t h e i r  
a t tachnient  t o  t h e  a i r f r a m e  should be designed i n  conjunc t ion  w i th  
t he  occupant r e s t r a i n t  system, t o  wi ths tand  tlie f o l  lokling dytianic 
load f a c t o r s  wi thout  s e p a r a t i o n  f a i l u r e  ( r e f e r  t o  4.5 on Energy 
Absorp t ion) .  

4.4.2.1 A for!:iard load o f  twenty- f ive  ( 2 5 )  g ' s  app l i ed  tl;/enty (20 )  degrees  
t o  e i t h e r  s i d e  of  t h e  l o n g i t u d i n a l  a x i s  an a f t  load of 5 g ' s ,  an 
upq::ard load of 16 g ' s  and a  downward load of 15 g ' s .  Load d i r e c t i o n s  
sliould be determined wi th  r e s p e c t  t o  t he  l o n g i t u d i n a l  a x i s  of t h e  
a i r p l a n ? .  The pu l se  shapes and d u r a t i o n s  f o r  t h e  above l oads  a r e  
s p e c i f i e d  in  F igure  2 .  Load f a c t o r s  should be mzasured a t  t h?  s e a t  
t r a c k s  o r  on t h e  cor responding  a i r f r ame  suppor t  s t r u c t u r e .  

4.4.2.2 S t r u c t u r a l  cornpl i ance  should be demonstrated f o r  t h e  most adve r se  
combination of t h e  l oads  s p e c i f i e d  i n  4.4.2.1. 

4.4.2.3 Af t - f ac ing  s c a t s  should be designed and q u a l i f i e d  t o  t he  load; spec-  
i f i ~ d  i n  4.4.2.1. The occupant c e n t e r - o f - g r a v i t y  t o  be ~ s e d  i n  
t he  ana1,yses of t e s t s  f o r  a f t - f a c i n g  s e a t s  i s  given i n  F igure  1 .  
\,)hen head re s t s  a r e  incorpora ted  a s  p a r t  of t h e  r e s t r a i n t  system, 
cons ide ra t i on ;  should be given t o  t h e  r e s u l t i n g  body load d i s t r i b -  
u t i on .  

4.4.2.4 S ide- fac ing  s e a t s  a r e  not  recommended. I f  used,  they  should be de- 
s igned o r  l oca t ed  s o  t h a t  t h e  o c c u p ~ n t  i s  r e s t r a i n e d  from l a t e r a l  
load ings  in excess  of  tlie s i d e  loads  r e s u l t i n g  from t h e  l oad ings  
s p e c i f i e d  in  4.4.2.1 i n  ca se  of forward f a c i n g  s e a t s .  

4.4.3 S t a t i c L o ~ d s - S i n c c t h e r e d o e s n o t ~ a p p c a r t o b e a c o n s i s t e n t r e l a t i o n -  
sh i  (1 l :et\~een s t ~ t i c  and dynamic s t r c n q t h  of complcx s  t r ~ r c t u r e s ,  
no a1 t c r n ~ t c  s t a t i c  loads  a r e  rccoll~irlcndcd f o r  s  t r ~ ~ c t u r , i l  s u b s t a n t -  
i s t i o t i  o f  a i r c r a f t  s e a t 5  f o r  use i n  l . icu of t h c  rlynaliiic load; !jive11 
in  4.4.2. 

4 . 5 __., En.\-i1/ ___. Al):orotion -- - As a  minilrilii~i r c q ~ i i r ~ r ~ i ? n  t , t he  s e a t  s t r u c  t u r c  
:hcu l d bc d c s i ? r ~ c d  t o  deform pi-oqrcssivcly vilirn tiir u l  t imdtc d;ln- 

J I I ~ C  10sd i s  ~ X C C C I ( I C ~  ~ n r i ,  dur inq  dpfot- nation, t o  absorb a s  r:iuctl 
cn(!rgy as  possi  blc. For sc?n t; dcsiqlied ;pcci f i c ~ l  l y  t o  a t t c t i ~ l ~ t r l  
cr(7sh f o r c e s ,  p l a s t i c  deformation o f  t hc  cnc:rcly al,;orption clcnlcnts  
: h o ~ ~ l d  not !)c! cons idcrod  t o  be a  z t r u c t u r a l  f , l i lurc! so lonrl CIS t h e  
occupant suppor t  f unc t i on  r ' 1 -, 
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i1 .6 Res t ra in t  S!/stems - The s ea t  r~prc:sents one par t  of the over-all  
occupant r e s t r a i n t  system, vihicll rnay a l s o  include the  l a p  b e l t  and 
upper to r so  r e s t r a i n t .  The s ea t  should be d c s i g n ~ d  in  conjunction 
with the  o ther  elernznts of the  re : ; t ra int  system and shor~ld not i n t e r -  
f e r e  with t h c i r  proper funct ion.  Specif ical  ly :  

4.6.1 U n n ~ r  Torso Rest,:.aint - Seat-back heinht spec j f i c a t i ons  o f  Figlire 1 
a r e  baseij on  consia::ratiotis of p ro tec t ion ,  cornfort and con\~pnience.  
If  the seat-back incorporates provision fo r  shoulder harness a t tdch-  
ment, the attachment posi t ion sho~rl d be 1 ocatzr f  atlove shoulder height 
o r  be dasigned so as  t o  prevent the shoulder harness from imposing 
unccnfortabl e  dam 1 oads under normal operat ing conditions . I f  
a t t a ch  point i s  located 1o:;ler on the s ea t  back, the seat-back should 
nct  f a i l  under the  spec i f i ed  dynamic conditions.  (Refer t o  SAE A R P  
1 2 2 6 ,  Occupant Res t ra in t  System (Active) f o r  General Aviation Air- 
c r a f t ) .  

4 .6 .2  Lan E ~ l t  - I f  r e s t r a i n t  system loads a r e  carkqied by the s e a t s ,  the  
sea t- to-airfranie attachment s t rength should be eqiral t o  o r  g r ea t e r  
than the dynamic lead f ac to r s  given i n  4 .4 .2 .  

4 . 6 . 3  G e n e r a l  - Seat b e l t s  and shoulder harness should be designed to  be 
used and s tored in  such a  bray as  t o  prevent entanglements with s e a t ,  
con t ro l s  o r  s t r uc tu r e .  Automatic s torage provisions a re  de s i r ab l e .  

4.7 -- D c s i ~ n  - The fol  lowing general design recoir;:~endations a re  intended 
t o  improve the comfort, u t i l i t y  and the s a f e ty  of the p i l o t  and 
p a s s e n g ~ r  s ea t s .  

4.7.1 The s ea t  should be designed to  support the occuoant within the normal 
f l i g l ~ t  envelope atid under crash conditions as  defined by the nitiim~~rn 
applied un i t  loadings of 4.4.2.1 and 4.4 .2 .3 .  Ttie provision i s  p;rt- 
i cu l a r l y  i~npot-tant f o r  the design o f  s ea t  pans t o  absorb v c r t i c s l  
impact forces .  

4.7.2 Seat mater ia ls  should comply with the flammahil i  t y  requirements of 
F l  i g h t  Standards Service Release [lo. 453 o r  l a t e r  anpl icable  documents, 
In add i t ion ,  s ca t  a n d  arrnrest cushions and d r ~ s s  covers should be 
sel  f -ext inguishing when sub.jectcd t o  c i g a r e t t e  burns. 

4 . 7 . 3  i ( 1 a t c r i ~ l s  and f i n i she s  which gcneriite appreciable a~t~ounts  of toxic  
gases o r  dense smoke when subjcct  t;o flarlic or. licat should be avoitled. 

4.7.4 The .,eat should he f r ee  from sharp cd(ics o r  p r o j ~ c t i o n s  which corlld 
catr:r! dar::agrl to  the s a f e ty  be l t  o r  clothin!! o f  t h r t  o c c ~ ~ p a n t  or 
\,~tii ctl rnigtit i n ju re  the h~t ids  of thc! occup;ln t as  hc opcr.3 tes  cclu.il!:~icn t 
witliin h i s  r ~ a c h .  

February 25, 1975 
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SPECITICATION - AIRSFAFT SEATS AhD 3Et)TIiS 

This spec i f i ca t ion  def ines  t h e  mini- 
nun performance and s a f e t y  s ta rdards  
f o r  s e a t s  and ber ths  t o  be i n s t a l l e d  
i n  ce r t i f i ca t ed  a i r c r a f t ,  

1.1 The l a t e s t  i s sue  and amendment of t h e  following docuients &re  r i d e  a 
part of t h i s  spec i f i ca t ion  by reference t o  t h e  appl icable  sec t ions  
hereinapt e r  noted . 
1.1.1 CAR Safe ty  3 e ~ d a t i o n  Release Xo, 250, nConpliance of Equip- 

ment and Mater ials  Used in Air Carr ie r  A i rc ra f t  with -?ire 
Prevent i o n  Requirements . 

2.1 This spec i f i ca t ion  covers all types of crew and passenger s ea t s  a ~ 2  
berths  f o r  c i v i l  a i r c r a f t  use in  t h e  f o l l o ~ i i n g  categories:  

m e  I Transport 
T~ype I1 Normal - U t i l i t y  
Type I11 Acrobatic 

3.1 Materials s h d l  be of a q u a l i t y  which experience and/or t e s t s  have 
conclusively demonstrated t o  be s u i t a b l e  f o r  use i n  a i r c r a f t  s e a t s  
and berths .  Siorkmnship s h a l l  be consis tent  with high-grade a i r -  
c r a f t  manufacturing pract ice.  

3 . 1  Protection: A l l  members of t he  s t r u c t w e  s h a l l  Se su i t ab ly  
protected aga ins t  de t e r io ra t ion  o r  l o s s  of s t rength  i n  ser- 
v i ce  due t o  weathering, corrosion, abrasion o r  o ther  causes 
where the  type of mater ia l  requi res  such protect ion,  

3.1,2 M r e  Precaution: The covering and upholstery ar.d all other  
exposed mater ia l  used i n  t h e  sea t  o r  ber th  s h a l l  have flane- 
r e s i s t a n t  proper t ies  as specif ied by CALI Safe ty  Xegulation 
Release No. 259. If ash t rays  a r e  i n s t a l l e d  i n ,  o r  attached 
t o ,  t h e  s ea t  o r  ber th,  they  s h a l l  be of a self-contained, 
completely removable t n e ,  

4. DETAIL TdQCII-?.3EIJTS 

L.1 Desim 

a INACTIVE FOR N E W  DESIGN 

SEE NAS809 

FOR VINOOR M A N U C A C T ~ ~ R C R S  NOT UTCR m r r c  a M J N T H S  A r r c r  tnc wrcrr OATC o r  A r r R o v A L  r w o w n ,  
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1 General: The sea t  s h a l l  be clesigned so t h a t  i n  any of i t s  
ad jus tab le  pos i t ions  a d  l~hen i n s t a l l e d  fac ing  in  a specif ied 
d i r e c t i o n  o r  d i r ec t ions ,  it \,rill ?TO-~ide pro tec t ion  f o r  t h e  
occupant i n  a runner compatible with t h e  funct ion f o r  trhich 
t h e  sea t  i s  designed, i .e . ,  ? i l o t ,  cabin a t tendant ,  check 
p i l o t ,  passenger, and t h e  l i k e .  

+ 2  Strenz-th: ALt sea';s ?.n? beYtl:s intenaed f o r  s i n g l e  occupancy 
s h a l l  be designed f o r  :he u l t i n a t e  loads specif ied in Table 
I t o  which occcpsnts a r e  sabjected. The loads s h a l l  be con- 
sidered as ac t ing  separa te ly  wd s h a l l  'he based on a passen- 
ger  weight of 170 nouncls f o r  T 3 e  I and 190 pounds ( includes 
pv -chu te )  f o r  Types I1 wd 111. The sideward, upward and 
downward loads,  a s  specif ied in Table I, are t h e  minimums 
corresponcling t o  f l i g h t  and ground load conclitions prescrib- 
ed in t h e  appl icable  C i v i l  Air iiegulations. The forward 
loads correspond t o  t h e  emergency cozdit  ions prescriSed i n  
t h e  appl icable  C i v i l  Air Re&dat ions .  For s e a t s  intended 
f o r  n u l t i p l e  occ~~pancy  t h e  loacls . x s t  be increased accord- 
ingly. Ultfnate loads a r e  1.5 t irres t h e  limit loads. 

I 3irecti0n 
? m e  I ? m e  11* >,TO I11 

Ton.rard 1020 lbs .  (6.0 g) 
Sideward 255 lb s .  (1.5 g) 
 UP^ 340 l b s *  (2,Og) 
~owntmrd 765 lbs.  (4.5 g) 

1710 lbs .  (9.0 g) 1710 lbs .  (9.0 g) 
235 lb s .  (1.5 g) 285 lbs .  (1.5 g) 
570 lbs.  (3.0 g) ,955 Ibs. (4.5 g) 

I254 lbs .  (6.6 g) lno lbs .  (9.0 g) 

*Civil Air Regulations requi re  c s e  of parachute in u t i l i t y  
cat e g o r j  a i r c r a f t  operzt ed in acro5at ic  flig!lt when carry- 
ing passengers. 

4.1.2.1 U l t i m t e  Load Stren,&k: The sea t  o r  ber th  in any 
of i t s  ad jus tab le  o s i t i o n s  ?,rhile ins ta l led .  fac ing  
in  a s ~ e c i f i e d  d i r e c t i o n  o r  d i r ec t ions ,  when occu- 
pied by madmm cunber or" occus;znts, s k l l  be c a p  
ab le  of withstmiling u l t i r z t e  loads :,rlthout f a s u r e  
f o r  a t  l e a s t  t h r e e  ( 3 )  secords. 

4.1.2.2 L i m i t  Lozd Stren,rth: The sea t  o r  ber th  i n  any of 
i t s  a d j c s i a j l e  pos i t ions  s h a l l  be capable of with- 
standing t h e  limit loads without suf fer ing  Zetr i -  
mental permanent deformt ion .  d t  all 1022s up t o  

/ NAS 806 
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t he se  limit loads t k e  deformation s h a l l  be such a s  
not t o  i n t e r f e r e  wit:? safe  o p e r ~ t i c n  of t::e a i r -  
plane, (Kote: t h i s  limit load requirement i s  not 
appl icable  t o  t he  forward loadizg s ince  it i s  an 
emergemy cocdi t ion)  , 

L.1.3 Safe ty  3 e l t  Anchorages: ihen  anchorzges f o r  s a f e t y  
b e l t s  a r e  provided they  s h a l l  be of a t p e  which 
will permit se l f -a l ign ing  of t h e  b e l t  and f i t t i n g ,  

L.1.4 -- Should or Barn-ess Ahchoraaes : When anchorages f o r  
shoulder harnesses a r e  provided, they  s h a l l  be so 
located 8s t o  ensure they  will be above t h e  shoul- 
d e r  l e v e l  of t h e  o c c ~ p a n t .  

4.1.5 b o f e c t i o n s :  The surfaces of t h e  sea t  s h a l l  be 
f r e e  from sharp edyes o r  ,227 project ions wkich my 
chafe the  s a f e t y  b e l t  o r  hamess  vebbicg, projec- 
t i ons ,  sharp comers ,  and o the r  hazardous fea tures ,  
against  which o c c u ~ a n t s  my be t k ~ o w n  during a 
crash, s h a l l  be avoised Lqsofar a s  zossible .  Any 
unavoidable fcaturss of t h i s  c a t w e  s h a l l  be ade- 
quat e l  y  add ed . 

4.2 B.r!dnq: B c h  sea t  o r  ber th  s h a l l  be l e & i S b  and perm- 
nen t ly  marked with t h e  following W o n r a t i o n :  

Nanufacturer ts  Xame 
Model Number o r  Eodel !lame 
Seat Tlype 
S e r i a l  Number o r  Date of l ,hnufact9ne 
National iIircm;?t Standard Xunber (!AS-) 

4.3 Q u a l i f i c a t i o n  Tests: Tes ts  s h a l l  be conducted ss necessary 
t o  demonstrzte t h e  following: ( a )  t h a t  s e a t s  o r  ber ths  
manufactwet! in  accordance with thds spec i f i ca t ion  a r e  cap- 
able o f  supporting t h e  l i m i t  loads without detr imental  
permanent deformation; ( b )  t k a t ,  a t  a l l  loads up t o  lMt 
loads,  t he  deformation s h a l l  be such a s  not t o  i n t e r f e r e  
with t h e  s e f e  operat ion of t h e  a i r c r a f t ;  and ( c )  t h a t  t h e  
s t r u c t u r e  i s  capable o f  supporting t h e  u l t imate  loads speci- 
f i ed  here in  without f a i l u r e  f o r  a t  l e a s t  3 seconds. 

4.3 1 Detail Q u a l i f i c a t i o n  Test Reauirsments: The s e a t  
o r  ber th  s h a l l  be loaded i n  t e s t s  such t h a t  t h e  
loads hposed  on t h e  sea t  o r  ber th by the occupant(s) 
in conjunction v i t h  t h e  sa?ety b e l t  o r  b e l t s  and 
t h e i r  attachments a r e  sccw-tel;r  s i c d a t e d  by neaxs 
of a block o r  frame o r  dmny, said block o r  frame o r  

TITLE 
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dummy being restrained i n  the seat o r  berth by the  
be l t  o r  be l t s  attached t o  t h e i r  fittings. The 
t e s t s  may be conduoted i n  a j i g  simulating ins ta l la-  
t i on  conditions, 

4.3.1.1 When a seat  o r  berth is t o  be ins ta l led o r  
adjus ts  t o  face in  other than the  forward 
direction,  sufficient  t e s t s  shall be made 
t o  substantiate t he  seat  strength f o r  a 
intended posit ions, 

4.3,1,2 When tes t ing  f o r  a par t icular  load condi- 
t i o n  of a ver t i ca l ly  or  horizontally ad- 
justable seat ,  the  most c r i t i ca l  seat  posi- 
t i on  associated with that  load shall be 
used f o r  t h e  t es t .  

4.3.1..3 Where t h e  esfe ty  be l t  o r  be l t s  o r  harness 
are not attached t o  the  seat  OE berth 
structure,  the  seat o r  berth shall be 
t e a t&  f o r  t he  loads which vould be ~IW 

posed on such ins te l la t ion.  

4.3,2 Flame-iiesistance Test of Seat Covers! Specimens of  
the  seat  covering and upholstery sha l l  meet the  t e s t a  
o u t l b d  in C U  Safety Regulation Release Mo. 259. 
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IIICEX OF CUImNT SXEETS Rev. No. - Date 
Sheet  1 
Sheet  2 
Sheet 3 
Sheet  4 
Sheet 5 
Sheet  6 

1.1 Scope - T'his s p e c i f i c a t i o n  d e f i n e s  t h e  minirmun performance -and s a f e t y  
s t andards  f o r  s e a t s  and ber ths  t o  be i n s t a l l e d  in- certificate^ a i r c r a f t .  

1.2 Types - This s p e c i f i c a t i o n  covers a l l  types  of crew and passenger s e a t s  
and b e r t h s  f o r  c i v i l  a i r c r a f t  use  i n  t h e  following ca tegor ies :  

Type I Transpor t  . 
Type I1 Nomzl  & U t i l i t y  
Type I11 Acrobatic 
Type IV Ro t o r c r a f  t 

2.1 The l s t e s t  i s s u e  and amendment of t h e  following documents a r e  made a  p a r t  
of t h i s  s p e c i f i c a t i o n :  

ShS keronout ica l  P a t e r i d  S p e c i f i c a t i o n  PJiS 3852, I1Flame .Resistant  
P r o 2 e r t i e s  f o r  A i r c r a f t  I L l a t e r i 6 1 ~ ~ ~  

3.1.1 Protect ion:  A l l  members of t h e  s t r u c t u r e  s h a l l  be p r c t e c t e c  
&g;inst d e t e r i o r a t i o n  o r  l o s s  of strengti-. i n  s e r v i c e  due t o  
weathering, cor ros ion ,  bbrssio:: o r  o t h e r  causes  where t h e  t y ? e  
of m a t e r i d  used  require,^ such g ro tec t ion .  

z 
0 
5i - 
> 

3.1.2 F i r e  2 r o t e c t i o n :  The c o v e r i ~ g  and c?ho ls te ry  and a i l  c t h e r  
exposed m a t e r i a l  used i n  t h e  s e a t  o r  be r th  s h z l l  have f lzne-  
r e s i s t a n t  p r o ? e r t i e s  a s  sgec i f  i e d  i n  A e r o n a ~ t i c a l  ;b:aterl~ l 

3.1  M a t e r i e l s  s h a l l  be o f  a  q u a l i t y  which exser ience and/or t e s t s  have 
de~nons t ra ted  t o  be s u i t a b l e  f o r  use  i n  a i rc ra . f t  s e a t s  snd berths. '  - - -- 
r/rorhanshi;, s h a l l  be c o n s i s t e n t  wi th  high-grade a i r c r a f t  nanufactur ing 
p r a c t i c e .  

r'FLi'hFLED 3Y THE AIEWOI;.THI:~ESS ~&UIR"o'~l2PI1TS CO:.?.IITTZ': 

TITLE 

T U I O  D R A W I N G  SUPCRSCDCI ALL ANTECEDENT ~ T A Y O A I D  DRAWINGI TOR THC IAYC PRODUCT. AND SUALL r r c o w c  c r r c c r l v c  

FOR VEHOOR MANUFACTURTRS nor LATLR THAN r M > N T H I  A r T c R  r u e  LATCST D A T r  o r  A r r R o v h L  SUOWN. 

Copyright, 1 9 5 6 ,  Aircraf t  Industr ies  Association of Amerlca ,  Inc .  

i L . . I i l l C * I I 0 r ,  

SFECTF ICATIC:; 

SPECIE'IC.;T;C:: - AILCF*FT ,SEATS :,;D :EF.;.T)!; 
NAS 809 Sheet 1 cf 6 



NATIONAL AIRCRAFT STANDARDS COMMITTEE 
AIRCRAFT INDUSTRIES ASSOCIATION OF AMIRICA, 1NC.e 610 SHOREHAM BUILDING, WASHINGTON 3, 0. C. 

Spec i f i ch t ion  (SAE) Ai4S 3652. If ash t r h y s  a r e  i n s t a l l e d  i n  o r  
a t t ~ c h e d  t o  t h e  s e c t  o r  b e r t h ,  they s h a l l  be of s s e l f - c o n t ~ i c e d ,  
com?letely renovtible t i p e .  

4 .  DETAIL PJ$UILDIENTS 

4 . 1  Design 

4.1.1 G e n e r ~ l :  The s e a t  s h a l l  be designed so t h a t  i n  any of i t s  
a d j u s t a b l e  po.si t ions and when i n s t a l l e d  fac ing  i n  a s2ecif ' ied d i rec -  
t i o n  o r  d i r e c t i o n s ,  i t  w i l l  provide p ro tec t ion  f o r  t h e  occupant, 
i . e . ,  p i l o t ,  cabin a t t e n d a n t ,  check p i l o t  o r  passenger.  

4.1.1.1 Accomnodation f o r  Parachutes:  Types I1 and I11 s e a t s  sha1.l 
be designed t o  acconmodate dassengers weari'rlg ?arachutes ,  
except t h a t  Type 11 s e a t s  designed s p e c i f i c a l l y  f o r  i~lOhYkL ' 
CATEGORY AIKCRAFT need n o t  comply with t h i s  reauirecer, t  bu t  
s h h l l  be i d e n t i f i e d  i n  t h e  marking required i n  4.2 a s ,  
"FOR NGRPIkL CATEGOFLY AIRCRAFT ONLY. " 

Aft Facing Sea t s :  The s e a t  back height s h a l l  be s u f f i c i e n t  
t o  provide 36-1/2 inches sup?or t  f o r  t h e  occu2ant e s  
measured from t h e  point  of maximum s e a t  cushion depress ion 
t o  t h e  top of t h e  s e a t  back. This dimension may be 
deternined w i t h  t h e  s e a t  s t a t i c a l l y  subjected t o  the  loads  
s?ec i f i ed  i n  Table I .  Padding f o r  t h e  back of the  head 
should prevent  I1bottoming" on the  s e a t  s t r u c t u r e  un less  
t h i s  s t r u c t u r e  i s  designed t o  absorb the  remaining energy. 

4.1.2 St rength:  A l l  s e a t s  and be r ths  in tended f o r  s i n g l e  occu9acy  s h a l l  
be ciesigned f o r  the  u l t i m a t e  loads  s p e c i f i e d  i n  Tsble  I .  The loads  
s h d l  be consicered a s  a c t i n g  s e p a r a t e l y  and s h a l l  be based on a 
passenger weight of 170 pounds f o r  Tyses I and IV s e a t s  and 140 
lounds ( inc ludes  ~ a r z c h u t e )  f o r  Types 11 and I11 s e a t s .  The weight 
of the  s e a t  o r  b e r t h  ~ i o e s  the  approximate l1gIt value s h a l l  be added 
t o  t h e  u l t i m a t e  loads  s p e c i f i e d  i n  Table I. F o r  s e a t s  intended f o r  
m u l t i p l e  occupancy t h e  Loads inust be increased accordingly .  
Ult imhte loads  a r e  1.5 t imes the  l i m i t  loads.  

TABLE I 
Load 
Ci rec t ion  Type I Type lIw Type I11 Type IV 

Forward 1510 l b s .  (9.0g) 1710 l b s .  (9.3g) 1710 l b s .  (9.0g) 680 15s.  (4.0g) 
Sidewardi* 510 l b s .  (3.0g) 570 lbs .  (3.0g) 570 l b s .  (3.0g) 340 l b s .  ( 2 . 0 ~ )  
Upward 340 l b s -  (2.0g) 570 l b s -  (?.3g) 855 l b s .  ( 4 . 5 g )  255 l b s .  (1 .5F)  
Downward 1020 l b s .  (6.0g)* 1?30 l b s .  (7.0g)* 1710 l b s .  (9.02) 680 l b s .  ( 4 . 0 ~ )  

* The reason f o r  t h e  down l o a d s  exceeding those  ?rescr ibed i n  the  ecergency land- 
i n g  cona i t i cns  of t h e  a p p l i c a b l e  C i v i l  Air Regulations i s  t o  3rovi.de f o r  the  
reduced weight gust - loaa-factor  o r  s p e c i a l  landing recu i renen t s  uhick,, i n  some 
ctises, nay t e  g r e a t e r  t%n t h e  emergepcy 1andi.n~ loecs.  
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C i v i l  Air Reguletions r e q u i r e  u s e  of parachute i n  UTILITY CATEGORY hIRCPiAFT 
opera ted  i n  a c r o b a t i c  f l i g h t .  

+x+Y See 4.3 ?e r t&in ing  t o  s i d e  load  f o r  arm r e s t s ,  Item ( c ) .  

4.1.2.1 P i l o t  and Co-Pilot S e a t  Loads: I n  a d d i t i o n  t o  t h e  loads  
s p e c i f i e d  i n  Table I above, p i l o t  and co-p i lo t  s e a t s  
s h a l l  be des igned t o  wi ths tand  t h e  fol lowing rearward 
loads  app l ied  8 inches  above t h e  i n t e r s e c t i o n  of t h e  s e a t  
back and s e a t  bottom t o  provide f o r  t h e  a p p l i c a t i o n  of 
p i l o t  f o r c e s  t o  t h e  f l i g h t  con t ro l s :  

Type I s e a t s  450 pounds 

Type I1 and I11 s e a t s  300 f o r  a i r c r a f t  weighing 
5000 pounds o r  under,  and 450 
pounds f o r  a i r c r a f t  weighing over 
5000 pounds. . 

Type I V  s e a t s  195 pounds 

4.1.2.2 Back Rest  Loads: The back r e s t  of rearward f a c i n g  s e a t s ,  
when i n  t h e  most v e r t i c a l  j o s i t i o n ,  s h a l l  wi ths tand the  
fol lowing a i r p l a n e  forward l o a d s  appl ied separa te ly :  

Type I S e a t s  -- 1530 pounds d i s t r i b u t e d  o v e r  t h e  s e a t  
back with t h e  load  C.G. l o c a t e d  10.5 inches  up from the  
base  of t h e  s e & t  back a s  desc r ibed  i n  t h e  no te  i n  
Sec t ion  4.3.1. 

Types I1 and TI1 S e a t s  - 1710 pounds d i s t r i b u t e d  over 
t h e  s e a t  back wi th  t h e  load C.G. l oca ted  10.5 inches  up 
from t h e  base  of t h e  s e a t  back a s  descr ibed i n  t h e - n o t e  -- 
i n  Sect ion 4.3.1. 

4.1.2.3 Cast ing Factors :  I f  c a s t i n g s  a r e  used i n  t h e  const ruct ion 
of t h e  s e a t  t h e  c a s t i n g s  s h d l  have a f a c t o r  of s a f e t y  of 
2.0 where only v i s u a l  i n s p e c t i o n  i s  employed except t h a t  
i t  need n o t  exceed 1.25 with r e s p e c t  t o  bear ing  s t r e s s e s .  
A s a f e t y  f a c t o r  of 1.25 i s  s a t i s f a c t o r y  i f  t h e  c a s t i n g  i s  
s u b s t a n t i a t e d  by t e s t i n g  a t  l e a s t  t h r e e  sani$es and i f  
v i s u a l  and rad iograph ic  i n s p e c t i o n  i s  employed on a l l  2ro- 
duc t ion  c a s t i n g s  t o  assure  t h a t  they are a t  l e a s t  equiva- 
l e n t  t o  t h e  t e s t  specimens. The samples s h a l l  withstand 
t h e  u l t i m a t e  l o ~ d s  rriultiplied by t h e  1.25 f a c t o r  and the  
l i m i t  loads  m u l t i p l i e d  by t h e  f a c t o r  of 1.15. These loads  
should be app l ied  separa te ly .  Die cas t ings  s h a l l  not  be 
used i n  t h e  ?rimary s t r u c t u r e  of the  s e a t  without 10% 
radiographic  inspec  t i o n .  Cast ing f a c t o r s  o t h e r  than those 

I 
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4.1.2.3 (Cont ld . )  
s p e c i f i e d  above s h a l l  be acceptable  i f  they a r e  found t o  
be appropr ia te ly  r e l a t e d  t o  t e s t s  and t o  i n s p e c ~ i o n  
procedures. 

4.1.2.4 Ul t imate  Load Strength:  The s e a t  o r  b e r t h  i n  any of i t s  
a d j u s t a b l e  p o s i t i o n s ,  when i n s t a l l e d  facing i n  a s g e c i f i e d  
d i r e c t i o n  o r  d i r e c t i o n s  and when occu2ied by maximm num- 
b e r  of occupants, s h a l l  be capable of wi ths tand ing  u l t imate  
l o a d s  without f a i l u r e  f o r  a t  l e a s t  t h r e e  (3 )  seconds. 

4.1.2.5 L imi t  Load S t rena th :  The s e a t  o r  be r th  i n  any of i t s  
a d j u s t a b l e  p o s i t i o n s  s h a l l  be capable -of wi ths tanding the  
limit loads  wi thout  su f fe r ing  de t r imenta l  j e n a n e n t  defoma-  
t i o n .  A t  a l l  l o a d s  up t o  these  l i m i t  loads  t h e  deformation 
s h a l l  be such as no t  t o  i n t e r f e r e  with s a f e  opera t ion  of 
t h e  a i r p l m e .  (Note: t h i s  l i m i t  load requirement i s  not  
app l icab le  to t h e  forward o r  t h e  3 "gtl s i d e  lotiding s ince  
it  i s  an emergency condi t ion.  ) 

4.1.3 attach me^: For Types I ,  I1 and I11 s e a t s  and ber ths  t h e  s t reng th  
of the  s e a t  o r  be r th  attac'nrnents to t h e  s t r u c t u r e  and safeq: b e l t  c r  
shoulder harness a t t a c h e n t s  t o  the  s e a t  o r  s t r u c t u r e ,  s h a l l  be 1.33 
tiines t h e  u l t i m a t e  loads  s p e c i f i e d  i n  Table I excegt t h a t  t h e  down 
load need n o t  be considered f o r  t h e  s a f e t y  b e l t  o r  shoulaer  hem-ess 
a t t a c h e n t s .  When anchorages f o r  s a f e t y  b e l t s  a r e  provided, they 
should be of a  type which w i l l  permit se l f -a l ign ing  of t h e  b e l t  o r  
f i t t i n g .  For be r th  b e l t  at tachments,  t h e  f a c t o r  s h a l l  be 1.15.  

4.1.4 Pro jec t ions :  The sur faces  of the  s e a t  s h a l l  be f r e e  from sherp 
edges o r  p ro jec t ions  which may chafe t h e  sei 'ety b e l t  o r  shoulder 
harness webbing. P r o j e c t i o n s ,  sharp corners ,  and o t h e r  hazerdous 
f e a t u r e s ,  a g a i n s t  which t h e  s e a t  occupant nay be throhn dur ing a 
cresh,  s h a l l  be avoided i n s o f a r  a s  poss ib le .  Any unavoidable 
f e a t u r e s  of t h i s  na tu re  s h z l l  be padded t o  ?revent s e r i o u s  head, 
neck o r  c h e s t  in ju ry  t o  t h e  occugants. 

4.2 Marking: Each s e a t  o r  ber th  s h a l l  be l e g i b l y  end permenently rnarkeci with 
t h e  following information: 

Mmufacturer  s Name 
i 4 o ~ e l  :;umber o r  Name 
Seat  and Facing Direct ion ( e .  g . ,  forward, &f t ,  sideward, swivel)  
S e r i a l  Number o r  Date of Manufacture 
L4titionhl A i r c r a f t  Standard !<umber (NAS 1 

4.3 Q u a l i f i c a t i o n - T e s t s :  Tests  s h a l l  be conducied a s  necessary t o  dernonstrate: 

( a )  t h a t  the  se i i t s  o r  be r ths  a r e  capable of sup?orting the  limit loads  
without de t r imenta l  ?emanent  deformation ; 

( b )  tk t ,  a t  a l l  lonas  up t o  l i m i t  loads,  the  defornat ion s k l l  be such 
as, not  t o  i n t e r f e r e  with the  s a f e  opera t ion  of the  a i r s c r a f t ;  

I 
CL. l * I I IC I . ,O*  
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( c )  t h a t  t h e  s t r u c t u r e  i s  capab le  of suppor t ing,  without f a i l u r e  f o r  a t  
l e a s t  3 seconds,  the  ult . imate l o ~ d s  s p e c i f i e d  herein when app l i ed  
s e p a r a t e l y .  

If i t  can be shown t h a t  f a i l c r e  of an a n  r e s t  on a s e a t  assembly does n o t  
reduce t h e  degree  of s a f e t y  a f fo rded  t h e  occupant,  such f a i l u r e  K i l l  n o t  
be cause f o r  r e j e c t i o n .  

4 .3 .1  =ail Q u a l i f i c a t i o n  T e s t  Reauirements: The s e a t  o r  b e r t h  s h a l l  be 
. loaded i n  t e s t s  such t h a t  t h e  l o a d s  imposed on t h e  s e a t  o r  b e r t h  by 

the  occupan t ( s )  i n  conjunct ion w i t h  t h e  s a f e t y  b e l t  o r  b e l t s  and 
t h e i r  a t tachments  a r e  a c c u r a t e l y  s imula ted  by means of a block o r  
f r m e  o r  dummy which i s  : res t ra ined i n  t h e  s e a t  o r  b e r t h  by the  b e l t  
o r  b e l t s  a t t a c h e d  t o  t h e i r  f i t t i n g s .  The t e s t s  may be conducted i n  
a j i g  s imula t ing  i n s t a l l a t i o n  condi t ions .  The u l t i m a t e  l o a d s ,  when 
app l i ed  s e p a r a t e l y ,  w i l l  se rve  t o  s imula te  t h e  l o a d s  h p o s e d  by t h e  
occup&nt. 

Forward Fecing Sidewzrd Facing Rearward Facing 
S e a t  - -- !:eat Sea t  - 

Dom Evenly over  s e a t  Evenly o v e r  s e a t  Evenly over  s e a t  
Load bottom bottom bottom 

Side* 10.5" up from base 10.511 u? from base 10.5" up from base  
Load of block and about of block and about of block and about  

8.51f forward from 8.5" forward from 8.5'' forward from 
bsck of  block.  back of' block. back of block.  

Loaa I up- 
Fo m a r d  
Load 

Applied as s p e c i f i e d  
i n  4.1.2.2 - - -- 

*Note: These dimensions f o r  .the l o c a t i o n  of load a p p l i c a t i o n  assume t h a t  the  s e a t  
u,c back cushion a r e  i n  p lace  and t h a t  t h e  s e a t  cushion i s  compressed 2 inches .  
If t h e  cushions  a r e  removed f o r  t h e  t e s t  o r  i f  t h e  s e a t  cushion compression w r i e s  
from 2 inches ,  the  l o c a t i o n  f o r  applying t h e  loads  s h a l l  be changed accordingly .  

This s i n p l i f i e d  body block is  s a t i s f a c t o r y  f o r  t e s t  purposes. I t  may be re f ined  
o r  ffioaified i f  d e s i r e d ;  however, t h e  a p p l i c a t i o n  of a l l  t e s t  loads  should be 
modified accordingly  i f  necessary .  
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I--- Fron t  1 6 ~ 4  View 1 - . J 8 " . .  . 

Side View 'd 
A 

Sec t ion  A-A 

4.2.1.1 When a s e a t  o r  be r th  i s  t o  be i n s t a l l e d  o r  a d j u s t s  t o  
face  i n  o t h e r  than the  forward d i r e c t i o n ,  s u f f i c i e n t  
t e s t s  s h a l l  be made t o  s u b s t a n t i a t e  t h e  s e a t  s t r e n g t h  
f o r  a l l  intended pos i t ions .  

4.3.1.2 When t e s t i n g  f o r  a p a r t i c u l a r  load cond i t ion  of a 
v e r t i c a l l y  c r  h o r i z o n t a l l y  ad jus tab le  , s e a t ,  the  most 
c r i t i c a l  s e a t  p o s i t i o n  a s s o c i a t e d  with t h a t  load s h a l l  
be used f o r  t h e  t e s t .  

4.3.1.3 Where t h e  s a f e t y  b e l t  o r  b e l t s  o r  harness  a r e  no t  
a t tached t o  t h e  s e a t  o r  b e r t h  s t r u c t u r e ,  t h e  s e a t  o r  
b e r t h  s h a l l  be t e s t e d  f o r  t h e  loads  which would be 
imposed on such i n s t a l l a t i o n .  

L.3.2 F1m.e-Resistance T e s t  of Seht Covers: Specimens of t h e  s e a t  
cover ing and uphols te ry  s h a l l  meet t h e  ap2 l icab le  t e s t s  speci-  
f i e d  i n  3.1.2. 
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SPECIFICATION - AIRCRrlFT SAF'EXY BELTS 

This spec i f ica t ion  def ines  the minimum 
performance and sa fe ty  s tmdards  f o r  
a i r c r o f t  sa fe ty  b e l t s  t o  be i n s t d l e d  
i n  c e r t i f i c a t e d  a i r c r a f t .  

1. APPLICABLE SPECIFICATIOKS 

1.1 The l a t e s t  i s sue  and m.endment of t h e  f o l l o ~ i n g  documents a r e  made a 
p a r t  of t h i s  spec i f ica t ion  by reference t o  t h e  appl icable  sec t ions  
he re ina f t e r  noted. 

1.1.1 Aeronautical Mater iels  S ~ e c i f  i c a t i o n s  (SAE) 
N4S 3852, Flame-Resistant Proper t ies  f o r  A i rc ra f t  Materials 

2. TYPES I 
2.1 This spec i f ica t ion  covers all types of sa fe ty  b e l t s  f o r  c i v i l  a i r c r a f t  use. 

3. ldATEP,IAL AND FFOTJQUNSHIP 

3.1 Mater ia l s  s h a l l  be of a qua l i t y  which experience md/or t e s t s  heve con- 
c lu s ive ly  demonstretc-d t o  be su i t ab l e  f o r  m e  i n  a i r c r a f t  sa fe ty  be l t s .  
P;orkmmship s h a l l  be consis tent  with high-grade a i r c r a f t  mulufacturing 
p r r c t i c e .  

3.1.1 Strennth of Webbing Yateria.1: The rntcd mininw bredcing s t rength  of 
t he  viebbing t o  be used in b'elts s h a l l  be , a t  l e a s t  5% grcz t e r  than the 
r a t e d  s t rength of t h e  complete b e l t  assen~bly as specif ied i n  Section 
4.1.1 rhen t e s t e d  under standard t e s t  condi t ions (see 4.3.1.2). 

3.1.2 Age of V!ebbing: No riebbing ~ h i c h  i s  more then s i x  (6)  months old from 
da te  of weaving s h a l l  be used in the  nanufacture o r  f ab r i ca t ion  of a  
s a fe ty  b e l t  assembly unless t he  rebbing has been r e t e s t ed  i n  accordarice 
with Section 4.3.1.2. 

3.1.3 Protection: A l l  por t ions of t he  be l t  assembly s h a l l  t e  protected 
agc ins t  de t e r io ra t ion  o r  l o s s  of s t rength i n  serv ice  due t o  ~ e e t h e r -  
inq, corrosion, abrasion from sharp corners,  o r  other  ceuses ?;here t h e  
t y p e  of a c t e r i a l  requires  such protect ion.  Belt viebbing c-hick i s  
subject  t o  e f f e c t s  of aildew s h a l l  be t r ea t ed  ngainst ail6em. 

3.1.4 F i r e  Precaution: The webbing and a l l  other   ater riel;^ u e d  i n  the  b e l t  
essembly s h a l l  have f l m e - r e s i s t a n t  proper t ies  a s  spec i i led  by dero- 
nautical. Mzterial  Specif icat ion MS 3852. 

. >;I-- ! 
0 TITLE 

;..s,llli*T,O. t 

S?ECI?IC.i-TICN : 
1 

T H I S  3 R A W I N G  SUPeRSEDCS ALL ANTCCLDENT STANOAR0 3 R A W l N G I  COR THC S4MC PPOOUS7 A N D  S l i A L i  c lECO- i  ZFCTC-"IE 

F O R  V E N C O R  ~ ~ N u F A C T - F I E C S  - 0 7  LATER TMAN 8 U 3 N T t . S  AFTgR -L(C 4 T E S T  DA-F' ? f  A P O O G Y A ,  5).1cn'( 

D- 1 



r NATIONAL AIRCRAFT STANDARDS COMMlTEE 

I AIRCRAFT INDUSTRIES ASSOCIATION OF AMERICA. INC.. 610 SHOREHAM BUILDING. WASHINGTON 5. D. C. I 

4.1.1 h t e d  Strenath of Belt Assenblx: The sa fe ty  b e l t  assembly, intended 
f o r  use with a sea t  designed f o r  s ing le  occupency, including ~ e b b i n g ,  
re lease  mechanism, and a l l  p a r t s  i n t e k ~ a l  with the b e l t  which a r e  
necessary f o r  i n s t d l i n g  the  be l t ,  s h a l l  be designed t o  a i ths tand  a t  
l e a s t  a 3000 pound load applied i n  alignment with the  anchored be l t  
according t o  t he  t e s t  requirements specif ied in Section 4.3.2.1. If 
designed f o r  double occupancy, the  r a t ed  s t rength s h a l l  be increased 
t o  a t  l e a s t  6000 pounds. The r a t ed  s t rength of the  safe ty  b e l t  assem- 
bly shall. be su i t ab ly  mzrked upon each half  of t he  safe ty  b e l t  ~ssembly. 

2 Safety Belt Releese Mechanism: The safe ty  b e l t  assembly s h a l l  be 
adjustable  and s h a l l  include an eas i ly  operable quick-release 
mechanism which w i l l  enable t h e  wearer t o  r e l ea se  himself e a s i l y  
under a load simulating the  wearer hanging i n  t h e  be l t  e f t e r  an 
appl icat ion of a load t h a t  m i l l  impose a t e n s i l e  loading on the  
b e l t  webbing a t  l e a s t  equal t o  t he  ra ted  s t rength of t he  b e l t  
assembly a s  defined in Section 4.1.1. 

4.1.3 Width of Nebbinq: The vridth of t he  safety b e l t  webbing s h a l l  not 
be l e s s  than 2 inches. 

4.2 Marking: Each ha l f  of the b e l t  assembly s h a l l  have leg ib ly  and per- 
manently muked on or  attached t o  it a nameplzte o r  i den t i f i ca t ion  l a b e l  
bearing the  following inforination: 

i~!mufacturer s name 
Xodel nunber o r  model name 
Date of manufacture of t he  sa fe ty  b e l t  assembly ( ~ o t e  Section 3.1.2). 
Fated strength of safety be l t  assembly 
Nztional Ai rcraf t  Standard Nunber (NAS 802) 

I 
4.3 9ua l i f i ca t ion  Tests  

4.3.1 Rebbina Tests  

1 . 1  F l m e  Eesistence Test: Specimens of t he  b e l t  xebbing s h a l l  ?ass 
the  t e s t s  out l ined in MS 3852, Flame-R~sistant Propert ies  or" 
Aircrsl't Xzter ial .  

4 . 3 .  Tensile T2st - 7 ~ t e d  Lfinirnu~ Breakih~ Strenrth:  A f t e r  a l l  s p e c i d  
firAishing processes which nay be required have been ~acconplisheci 
t o  provide f o r  nildew and flame res is twce,  three  samples af  :ieb- 
bin& sha l l  be prepared f o r  t e s t i ng .  It i s  desirable  t h a t  t h e  
three  smples  be taken a t  random from d i f f e ren t  r o l l s  o r  l o t s  of 
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4.3.1.2 Continued 

t h e  type of uebbing intended t o  be used i n  t h e  manufacture of 
t h e  s a f e t y  b e l t  Seing t e s t e d ,  Tke t e s t s  s h a l l  be conducted 
when each sanple i s  i n  m~oisture equilibrium v i t h  cn atnosphere 
having a r e l a t i v e  humieity of 65% and a tenporature of 70°?, 
-4 tolerance of plus o r  pinus 2% i s  permitted i n  r e l a t i v e  hunid- 
i t y  and plus 10°F, i n  t en13erature. The samples s h z l l  be t e s t ed  
i n  a sn i t ab l e  t e r b i l e  t e s t i n g  machine acceptable t o  t h e  mnu- 
fac turer .  The samples s k a l l  be mounted i n  the  machine y:rl?en t h e  
heads a r e  10 inches apart .  The heads s h a l l  separate a t  t 3 e  r a t e  
of 4 inches per minute maximum under no load. Each t e s t  ssrrple 
of t h e  \rebbing s h a l l  wi2hstsnd a load a t  l e a z t  equal t o  i ts  
rated nininum breaking s t rength  without f a i l u r e  f o r  a t  l e a s t  
t h ree  seconds. 

4.3.2 Complete Belt  iZssenbla Tests  

Tensi le  Test - Rated S t r e n d h :  Three i d e n t i c a l  samples of a 
s a f e t y  b e l t  asserni~lg shal l  be tcs tcd  t o  deterr?ine the  r t t ed  
s t rength,  If the  design incorpor2tes adjustnent adapters,  t h e  
adapters s h a l l  be nosi t  ioned ap;roxir:z t e l g  haif~~ra;; between t h e  
buckle and t h e  end f i t t i n g s .  I f  a cam-type buclde i s  used, 
about 10 inches of t h e  f r e e  end of t ke  :rebSing s h a l l  e-xtend be- 
yond t h e  c m  vhen the  l a t c h  i s  i n  t he  loc!:ed position. The 
t e s t s  mar be conducted under prevai' i!?g a tmos;heric conditions. 
The ends of the.  assembly s h a l l  be attzched t o  tile s ta t ionary  and 
movable heads of t h e  t e s t i n g  nachtne by means of adequate f i t -  
t i ngs .  The heads s h a l l  n e y r c t e  a t  t h e  r e t e  of 4 inches yer 
minute naximum under no load, The btlclcle s h a l l  be i n  a locked 
pos i t ion  and t h e  e z t i ~ e  asse?!bly should be i n  a x i a l  aligrment 
with the  heads of t h e  te;tin;i; machine. d1.l prec?utions s h a l l  
be taken t o  prevent e c c e ~ l t r i c  loading, Each s a n d e  s k s l l  be 
pulled a t  l e a s t  t o  t h e  load designated i n  4.1.1 a s  the  rated 
s t rength.  !iftsr r~mova l  of t h e  load, t h e  webbing and s t i t c h i n g  
s h a l l  sko:~ 110 signs of f a i l u r e  o r  weakening and t h e  metal com- 
ponent r: s h a l l  c!lot.r no !:em~r.ent defomat ion  rrhich : r i l l  r es i i l t  
i n  nalfunctioning of t he  be1.t asscr:bl;.. The t o t a l  slippa,oe i n  
t h e  ad jus t ing  aT--nn2c>.ent o r  t k e  cuicls-rslease mchanisin s h a l l  
not exceed l inch. 

4.3.2.2 h c t  lo rn1  Test - ?.elez 5s : 'ech~nisn:  A t  l e z s t  th ree  i d e ~ t  .tical 
smpi$s  of a s-i:e'i-: b e l t  aase.?.Sl:- s h z l l  11e tc r ted  t o  d c t ~ m i n e  

- - 
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I 4.3.2.2 Continued 

Each sa fe ty  be l t  sample i n  turn  s h a l l  then be tesCYed in a t e s t  
j i g ,  the  end f i t t i n g s  being at tached t o  j i g  anchorage f i t t i n g s  
located 20 inches a p a r t  horizontal ly  and so posi t ioned a s  t o  
suspend t h e  b e l t  in a v e r t i c a l  plane. It s h a l l  be possible  t o  
apply the  required loading v e r t i c a l l y  downward through a 6-inch 
th i ck  semicircular wooden form having a radius of no t  more than 
8 inches. The curved port ion of t h i s  t e s t  form may provide a 
cut-out t o  accom~.odzte t he  b e l t  buckle and nay have i n s t a l l e d  
on it padding t o  simulate t h e  wearerrs clothes.  The t e s t s  may 
be conducted under preva i l ing  atmospheric conditions.  

A s t a t i c  load of 1.9 times t h e  r a t ed  s t rength  of the  b e l t  
assembly s h a l l  be applied t o  t h e  b e l t  assembly through t h e  
~ o o d e n  form f o r  a o n e  o r  two-person b e l t  and then re l ieved  
t o  250 pounds f o r  a one-person b e l t  o r  500 pounds f o r  a 
two-person be l t .  

The quick-release mechanism s h a l l  then be operable a t  no more 
than a &-pound p u l l  applied i n  the  'direction which would 
normally ac tua te  t h e  re lease .  The l a t t e r  measurement may be 
taken by using a small prec is ion  hand scale .  After r e n o v d  
of t he  loads, t he  quick-release mechanism s h a l l  show no s igns 
of fa i lwre  o r  s u f f i c i e n t  permanent deformation t o  prevent t h e  
operztion of t he  release.  The t o t a l  slippage i n  t h e  ad jus t ing  
arrzngement o r  t h e  quick-release mechanism s h a l l  no t  exceed 
1 inch. 
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Title 49-Transportation 

S6.4 Tires are inflated to the vehi- 
cle manufacturer's specifications. 

56.5 The windshield mounting ma- 
terial and all vehicle components in 
direct contact with the mounting ma- 
terial are at  any temperature between 
15' F and 110' F. 
C41 FR 36494. Aug. 30. 1976. as amended at 
42 FR 34289, July 5, 1977; 45 FR 22046, Apr, 
3,19801 

8 571.213 Standard No. 213; child restraint 
systema 

Sl. Scope. This standard specifies re- 
quirements for child restraint systems 
used in motor vehicles. 

82. Purpose. The purpose of this 
standard is to reduce the number of 
children killed or injured in motor ve- 
hicle crashes. 

53. Application. This standard ap- 
plies to child restraint systems for use 
in motor vehicles. 

54. Deffnitions. 
"Car bed" means a child restraint 

system designed to restrain or position 
a child in the supine or prone position 
on a continuous flat surface. 

"Child restraint system" means any 
device, except Type I or Type 11 seat 
belts, Qesigned for use in a motor vehi- 
cle to restrain, seat, or position chtl- 
dren who weigh not more than 50 
pounds. 

"Contactable surface" means any 
child restraint system surface (other 
than that of a belt, belt buckle, or belt 
adjustment hardware) that may con- 
tact any part of the head or torso of 
the appropriate test dummy, specified 
in 57, when a child restraint system is 
tested in accordance with S6.1. 

"Seat orientation reference Line" or 
"SORL" means the horizontal line 
through Point Z as illustrated in 
Figure 1A 

"Torso" means the portion of the 
body of a seated anthropomorphic test 
dummy, excluding the thighs, that lies 
between the top of the child restraint 
system seating surface and the top of 
theshoulders of the test dummy. 

S5. Requirements. Each child re- 
straint system shall meet the require- 
ments in this section when. as speci- 
fied, tested in accordance with S6.1. 

55.1 Dynamic performance. 

S5.1.1 ChiEd restraint system integti- 
ty. When tested in accordance with 
S6.1, each child restraint system shall: 

(a) Exhibit no complete separation 
of any load bearing structural element 
and no partial separation exposing 
either surfaces with a radius of less 
than YI inch or surfaces with protru- 
sions greater than H inch above the 
immediate adjacent surrounding con- 
tactable surface of any structual ele- 
ment of the system; 

(b) If adjustable to different posi- 
tions, remain in the same adjustment 
position during the testing as it was 
immediately before the testing; and 

(c) If a front facing child restraint 
system, not allow the angle between 
the system's back support surfaces for 
the child and the system's seating sur- 
face to be less than 45 degrees at the 
completion of the test. 

55.1.2 Injury criteria. When tested 
in accordance wlth S6.1, each child re- 
straint system that, in accordance 
with S5.5.2(f ), is recommended for use 
by children weighing more than 20 
pounds, shall- 

(a) Limit the resultant acceleration 
at  the location of the accelerometer 
mounted in the test dummy head as 
specified in Part 572 such that the ex- 
pressiox 

shall not exceed 1,000, where a is the 
resultant acceleration expressed as a 
multiple of g (the acceleration of grav- 
ity), and t, and t are any two mo- 
ments during the impacts. 

(b) Limit the resultant acceleration 
at the location of the accelerometer 
mounted in the test dummy upper 
thorax as specified in Part 572 to not 
more than 60 g's, except for intervals 
whose cumulative duration is not more 
than 3 milliseconds. 

55.1.3 Occupant ezcursion. When 
tested in accordance with S6.1 and ad- 
justed .in any position which the man- 
ufacturer has not, in accordance with 
S5.5.2(i), specifically warned against 
using in motor vehicles, each child re- 
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straint system shall meet the applica- 
ble excursion limit requirements speci- 
fied in S5.1.3.1-55.1.3.3. 
55.1.3.1 Child restraint systems other 

than rear-facing ones and car beds. In 
the case of each child restraint system 
other than a rear-facing child re- 
straint system or a car bed, the test 
dummy's torso shall be retained 
within the system and no portion of 
the test dummy's head shall pass 
through the vertical transverse plane 
that is 32 inches forward of point z on 
the standard seat assembly, measured 
along the center SORL (as illustrated 
in Mgure lB), and neither knee pivot 
point shall pass through the vertical 
transverse plane that is 36 inches for- 
ward of point 2; on the standard seat 
assembly, measured along the center 
SORL, and at the time of maxlmum 
knee forward excursion the forward 
rotation of the dummy's torso from 
the dummy's initial seating configura- 
tion shall be at l e s t  15' measured in 
the saggltal plane along the line con- 
necting the shoulder and hip pivot 
points. 
S5.1.3.2 Rear-facing child restraint 

svstm. In the case of each rear- 
facing child restraint system, all por- 
tions of the test dummy's torso shall 
be retained within the system and no 
portion of the target point on either 
side of the dummy's head shall pass 
through the transverse orthogonal 
planes whose intersection contains, 
the forward-most and topmost points 
on the child restraint system surfaces 
(illustrated in Figure 1C). 
55.1.3.3 Car beds. In the case of car 

beds, all portions of the test dummy's 
head and torso shall be retained 
within the confines of the car bed. 
S5.1.4 Back support angle. When a 

rear-facing child restraint system is 
tested in accordance with 56.1, the 
angle between the system's back sup- 
port surface for the child and the ver- 
tical shall not exceed 70 degrees. 
S5.2 Force distribution 
55.2.1 Minimum head support sur- 

face--child restraints other than car 
beds. 
S5.2.1.1 Except as provided in 

55.2.1.2, each child restraint system 
other than a car bed shall provide re- 
straint against rearward movement of 
the head of the child (rearward in re- 

lation to the child) by means of a con- 
tinuous seat back which is an integral 
part of the system and which- 

(a) Ha a height, measured along the 
system seat back surface for the child 
ir~ the vertical longitudinal plane pass- 
ing through the longitudinal center- 
line of the child restraint systems 
from the lowest point on the system 
seating surface that is contacted by 
the buttocks of the seated dummy, as 
follows: 

W W t  (in pounds) Heighta (m 
lIIChbS) - 

Lesaihan20Ib ............................................... 18 
20 Ib of mow, bl not more than 40 Ib ................. 20 
h e  40 Ib ...................................... . 22 

t When r W ralrunt system is m m e n d e d  under 
S.S(t) fa wr by children ol ttw above weightr. 

~Ruh.ightotth.portknofttwryrtnn~etbackprovidinp 
head restraint W no( bd leas than the above. 

~:b) Has a width of not less than 8 
inches, measured in the horizontal 
plane at the height specified in para- 
graph (a) of this section. Except that a 
child restraint system with side sup- 
ports extending at least 4 inches for- 
ward from the padded surface of the 
portion of the restraint system pro- 
vided for support of the child's head 
may have a width of not less than 6 
inches, measured in the horizontal 
plane at the height specified in para- 
graph (a) of this section. 

(c) Limits the rearward rotation of 
the test dummy head so that the angle 
between the head and torso of the 
dummy specified in 57 when tested in 
accordance with S6.1 is not more than 
45 degrees greater than the angle be- 
tween the head and torso after the 
dummy has been placed in the system 
in accordance with 56.1.2.3 and before 
the system is tested in accordance 
with S6.1. 
S5.2.1.2 A front-facing child re- 

straint system is not required to 
comply with S5.2.1.1 if the target 
point on either side of the dummy's 
head is below a horizontal plane tan- 
gent to the top of the standard seat as. 
sembly when the dummy is positioned 
in the system and the system is in- 
stalled on the assembly in accordance 
with S6.1.2. 
S5.2.2 Torso impact protection. Each 

child restraint system other than a car 
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bed shall comply with the applicable 
requirements of S5.2.2.1 and S5.2.2.2. 

S5.2.2.lta) The system surface pro- 
vided for the support of the child's 
back shall be flat or concave and have 
a conttnuous surface area of not less 
than 85 square inches. 

(b) Each system surface provided for 
support of the side of the child's torso 
shall be flat or concave and have a 
continuous surface of not less than 24 
square inches for systems recommend- 
ed for children weighing 20 pounds or 
more. or 48 square inches for systems 
recommended for children weighing 
less than 20 pounds. 

tc) Each horizontal cross section of 
each system surface designed to re- 
strain forward movement of the 
child's torso shall be flat or concave 
and each vertical longitudinal cross 
section shall be flat or convex with a 
radius of curvature of the underlying - structure of not less than 2 inches. 

55.2.2.2 Each forward facing child 
restraint system shall have no fixed or 
movable surface directly forward of 
the duuuny and intersected by a hori- 
zontal line parallel to the SORL and 
passing tbough any portion of the 
dummy, except for surfaces which re- 
strain the dummy when the system is 
tested in accordance with 56.1.2.1.2 so 
that the child restraint system shall 
conform to the requirements of S5.1.2 
and 55.1.3.1. 

55.2.3 Head impact protection. 
55.2.3.1 Each child restraint system. 

other than a child harness, which is 
recommended under S5.5.2(f) for chil- 
dren weighing less than 20 pounds 
shall comply with S5.2.3.2. 

S5.2.3.2 Each system surface, except 
for protrusions that comply with 
55.2.4, which is contactable by the 
dummy head when the system is 
tested in accordance with S6.1 shall be 
covered with slow recovery, energy ab- 
sorbing material with the following 
characteristics: 

(a) A 25 percent compression-deflec- 
tion resistance of not less than 0.5 and 
not more than 10 pounds per square 
inch when tested in accordance with 
8 6.3. 

(b) A thickness of not less than Yz 
inch if the material has a 25 percent 
compression-deflection resistance of 
not less than 3 and not more than 10 

pounds per square inch when tested in 
accordance with S6.3. If the material 
has a 25 percent compression-deflec- 
tion resistance of less than 3 pounds, it 
shall have a thickness of not less than 
% inch. 

55.2.4 Pmtnuton limitation. Any 
portion of a rigid structural compo- 
nent within or underlying a contacts- 
ble surface, or any portion of a child 
restraint system surface that Is subject 
to the requirements of S523  W, 
with any padding or other flexible 
overlay material removed, have a 
height above any immediately adja- 
cent restraint. system surface of not 
more than % inch and no exposed 
edge with a radius of less than W inch 

55.3 I m t d a t i m  
S5.3.1 Each child restraint system 

shall have no means designed for at- 
taching the system to a vehicle seat 
cushion or vehicle seat back and no 
component (except belts) that is de- 
signed to be inserted between the vehi- 
cle seat cushion and vehicle seat back. 

S5.3.2 When installed on a vehicle 
seat, each child restraint system. other 
than child harnesses, shall be capable 
of being restrained against forward 
movement solely by means of a Type I 
seat belt assembly (defined in 
S571.209) that meets Standard No. 208 
(S571.208). or by means of a Type I 
seat belt assembly plus one additional 
anchorage strap that is supplied with 
the system and conforms to 55.4. 

55.3.3 Car beds. Each car bed shall 
be designed to be installed on a vehicle 
seat so that the car bed's longitudinal 
axis is perpendicular to a vertical lon- 
gitudinal plane through the longitudi- 
nal axis of the vehicle. 

S5.4 Belts, belt buckles, and belt web- 
bing. 

55.4.1 Perfomnce requirements. 
The webbing of belts provided with a 
child restrain system and used to 
attach the system to the vehicle or to 
restrain the child within the system 
shall- 

(a) After being subjected to abrasron 
as specified in S5.l(d) or S5.3tc) of 
FMVSS 209 ( 9  571.2091, have a break- 
ing strength of not less than 75 per- 
cent of the strength of the unabraded 
webbing when tested in accordance 
with S5.l(b) of FMVSS 209. 
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(b) Meet the requirements of 54.2 
(el through (h)  of FMVSS No. 209 
(5571.209); and 

tc) If contactable by the test dummy 
torso when the system is tested in ac- 
cordance with S6.1, have a width of 
not less than 1 Yz inches when meas- 
ured in accordance with 55.4.1.1. 

55.4.1.1 Width test procedure. Con- 
dftion the webbing for 24 hours in an 
atmosphere of any relative humidity 
between 48 and 67 percent, and any 
ambient temperature between 70-d 
?T F. Measure belt webbing width 
under a tension of 5 pounds applied 
lengthwise. 

55.4.2 Belt buckles and belt a W t -  
ment hardware. Each belt buckle and 
item of belt adjustment hardware used 
in a child restraint system shall con- 
form to the requirements of S4.3ta) 
and S4.3(b) of FMVSS No. 209 
(5571.209). 

S5.4.3 Belt Restraint. 
S5.4.3.1 Gene& Each belt that is 

part -of a child restraint system and 
that is designed to restrain a child 
using the system shall be adjustable to 
snugly fit any child whose height and 
weight are within the ranges recom- 
mended- in accordance with S5.5.2(f) 
and who is positioned in the system in 
accordance with the instructions re- 
quired by S5.6. 

55.4.3.2 Direct restraint. Each belt 
that is part of a child restraint system 
and that is designed to restrain a ckiild 
using the system and to attach the 
system to the vehicle shall, when 
tested in accordance with S6.1, impose 
no loads on the child that result from 
the mass of the system or the mass of 
the seat back of the standard seat as- 
sembly specified in 57.3. 

S5.4.3.3 Seating systems. Except for 
child restraint systems subject to, 
55.4.3.4, each child restraint system 
that is designed for use by a child in a 
seated position and that has belts de- 
signed to restrain the child, shall, with 
the test dummy specified in S7 posi- 
tioned .in. the system in accordance 
with 56.1.2.3 provide: 

(a) Upper torso restraint in the form 
of: 

(i). Belts passing over each shoulder 
of the child, or 

(ii) A fixed or movable surface that 
complies with S5.2.2.l(c), and 

(b) Lower torso restraint in the form 
of: 

(i) A lap belt assembly making an 
angle between 45" and 90' with the 
child restraint seating surface at the 
lap belt attachment points. or 

(ii) A fixed or movable surface that 
complies with S5.2.2.ltc), and 

tc) In the case of each seating system 
recommended for children over 20 
pounds, crotch restraint in the form 
of: 

( i )  A crotch belt connectable to the 
lap belt or other device used to restrain . 
the lower torso, or 

(ii) A fixed or movable surface that 
complies with S5.2.2.l(c). 

55.4.3.4 Harnesses. Each child har- 
:ness shall: 

(a) Provide upper torso restraint, in- 
cluding belts passing over each shoul- 
'der of the child; 

(b) Provide lower torso restraint by 
:means of lap and crotch belt; and 

(c) Prevent a child of any height for 
.which the restraint is recommended 
:for use pursuant to S5.5.2(f) from 
standing upright on the vehicle seat 
when the child is placed in the device 
:in accordance with the instructions re- 
quired by S5.6. 

S5.4.3.5 Buckle relecrse. Any buckle 
in a child restraint system belt assem- 
bly designed to restrain a child using 
the system shall, when tested in ac- 
cordance with S6.2, not release when a 
force of nor more than 12 pounds is 
applied before the test specified in 
96.1, and (b) release when a force of 
not more than 20 pounds is applied 
after the test specified in S6.1. 

55.5 Labeling. 
55.5.1 Each child restraint system 

shall be permanently labeled with the 
information specified in 55.5.2 (a) 
through (k). 

S5.5.2 The information specified in 
paragraphs (a)-(k) of this section shall 
be stated in the English language and 
lettered in letters and numbers that 
:ue not smaller than 10 point type and 
are on a contrasting background. 

(a) The model name or number of 
the system. 
(b) The manufacturer's name. A dis- 

t;ributorJs name may be used instead if 
the distributor assumes responsibility 
for all duties and liabilities imposed on 
!;he manufacturer with respect to the 
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system by the National Traffic and 
Motor Vehicle Safety Act, ss amended. 

(c) The statement: "Manufactured in - ." inserting the month and year of 
manufacture. 

(dl The place of manufacture tcity 
and State, or foreign country). Howev- 
er, if the manufacturer uses the name 
of the distributor, then it shall state 
the location tcity and State, or foreign 
country) of the principal offices of the 
distributor. 

(el The statement: "This child re- 
straint system conforms to all applica- 
ble Federal motor vehicle safety stand- 
ards." 

(f) One of the following statements, 
inserting the manufacturer's recom- 
mendations for the maximum weight 
and height of children who can safely 
occupy the system: 

(i) This infant restraint is designed 
for use by children who weigh - 
pounds or less and whose height is - Lnches or less; or 

(ii) This child restraint is designed 
for use only by children who weigh be- 
tween - and - pounds and 
whose height is - inches or less 
and who are capable of sitting upright 
done; or 

(iii) This child restraint is designed 
for use only by children who weigh be- 
Ween - and - pounds and are 
between - and - inches in 
height. 

(g) The following statement, insert- 
ing the location of the manufacturer's 
installation instruction booklet or 
sheet on the restraint: 
WARNING! FAILURE TO FOLLOW EACH 
OF TEE FOLLOWING INSTRUCTIONS 
CAN RESULT IN YOUR CHILD STRIK- 
ING THE VEHICIES INTERIOR 
DURING A SUDDEN STOP OR CRASH. 
SECURE TRIS CHIID RESTRAINT 
WITH A VEHICLE BELT AS SPEClFIED 
IN THE hbAuFACIpRER'S INSTRUC- 
TIONS LOCATED--. 

(h) in the case of each child re- 
straint system that has belts designed 
to restrain children using them: 
SNUGLY ADJUST BELTS PRO- 
VIDED WITH THIS CHILD RESTRAINT 
AROUND YOUR CHILD. 

(i) In the case of each child restraint 
system which is not intended for use 
in motor vehicles at certain adjust- 
ment positions, the following state- 

ment, inserting the manufacturer's ad- 
justment restrictions. 
DO NOT USE THE--ADJUSTMENT 
POSITION(S) OF THIS CELILD RE- 
STRAINT IN A MOTOR VERICLE. 

(1) In the case of each child restraint 
system equipped with an anchorage 
strap, the statement: 
SECURE THE TOP ANCHORAGE STRAP 
PROVIDED WITH THIS CEIILD RE- 
STRAINT AS SPECIFIED M THE MANU- 
FACTURER'S INSTRUCTIONS. 

(k) In the case of each child re- 
straint system which can be used in a 
rear-facing position, one of the follow- 
ing statements: 

(i) PLACE THIS CHILD .RE 
STRAINT IN REAR-FACING POSI- 
TION WHEN USING JT WITH AN 
INFANT; or 

(ii) PLACE THIS WEANT RE- 
STRAINT IN A REAR.FACING PO- 
SITION WREN USING IT IN THE 
VEILI- 

(1) An installation diagram showing 
the child restraint system installed in 
the right front outboard seating posi- 
tion equipped with a continuous-loop 
lap/shoulder belt and in the center 
rear seating position as specified in 
the manufacturer's instructions. 

S5.5.3 The information specified in 
S5.5.2 (gf-(k) shall be located on the 
child restraint system so that it is risi- 
ble when the system is installed as  
specified in S5.6. 

55.6 Installation instructions. Each 
child restraint system shall be accom- 
panied by printed instructions in the 
Ehglish language that provide a step- 
by-step procedure, including diagrams, 
for installing the system in motor ve- 
hicles, securing the system in the vehi- 
cles, positioning a child in the system, 
and adjusting the system to fit the 
child. 

S5.6.l The instructions shall state 
that the rear center seating position is 
the safest seating position in most ve- 
hicles for installing a child restraint 
system. 

S5.6.2 The instructions shall speci- 
fy  in general terms the types of vehi- 
cles, seating positions, and vehicle lap 
belts with which the system can or 
cannot be used. 

S5.6.3 The instructions shall ex- 
plain the primary consequences of 
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noting following the warnings re- 
quired to be labeled on the child re- 
straint system in accordance with 
S5.5.2 (g)-(K). 

55.6.4 The instructions for each car 
bed shall explain that the car bed 
should position in such a way that the 
child's head is near the center of the 
vehicle. 

S5.6.5 The instructions shall state 
that child restraint systems should be 
securely belted to the vehicle, even 
when they are not occupied, since in a 
crash an unsecured child restraint 
system may injure other occupants. 

S5.6.6 Each child restraint system 
shall have a location on the restraint 
for storing the manufacturer's instruc- 
tions. 

55.7 Flammability. Each material 
used in a child restraint system shall 
conform to the requirements of 54 of 
M S S  No. 302 (S571.302). 

S6 Test conditions and procedure.c:. 
S6.1 Dynamic systems test 
S6.l.l Test conditions. 
S6.1.1.1 The test device is the 

standard seat assembly specified in 
S7.3. It  is mounted on a dynamic test 
platform so that the center SORL of 
the seat is parallel to the direction of 
the test platfonn travel and so that 
movement between the base of the as- 
sembly and the platform is prevented. 
The platform is instrumented with an 
accelerometer and data processing 
system having a frequency response of 
60 Hz channel class as specified in So- 
ciety of Automotive Ebgineers Recorn- 
mended Practice J211a "Instrumenta- 
tion for Impact Tests." The accelero- 
meter sensitive axis is parallel to the 
direction of the test platfonn travel. 

56.1.1.2 The tests are frontal bar- 
h~)rLc! $~1~~~h~n.9 &TTd f ~ ? -  

(a) Test configuration I specified in 
56.1.2.1.1, are at a velocity change of 
30 mph with the acceleration of the 
test platform entirely within the cunre 
shown in figure 2. 

(b) Test configuration I1 specified in 
56.1.2.1.2. are at a velocity change of --  - 

-^ -nh with the accelektion of the 
Zv UAW.. ' '-- d t h i n  the curt'e 
t.est platform entirely WAU..-- 

showr; i2 figure 3. 
56.1.1.3 ~ ~ r ; :  ! seat belt assemblies 

meeting the requiremecz Of Standard 
No. 209 (5571.209) and having w<>?.ing 
with a width of not more than 2 

inches are attached, without the use 
of retractors or reels of any kind, to 
the seat belt anchorage points (illus- 
trated in Figure 1B) provided on the 
standard seat assembly. 

56.1.1.4 Performance tests under 
S6.1 are conducted at any ambient 
temperature from 66' to 78' F and at 
any relative humidity from 10 percent 
to 70 percent. 

S6.1.2 Dynamic test procedure. 
56.1.2.1 Test configuration 
S6.1.2.1.1 Test configuration I. In 

the case of each child restraint 
system, install a new child restraint 
system at the center seat position of 
the standard seat assembly in accord- 
ance with the manufacturer's instruc- 
tions provided in accordance with S5.6 
with the system. 

S6.1.2.1.2 Test configuration XI. In 
the case of each child restraint 
system, other than a child harness, 
which is equipped with an anchorage 
belt or a fixed or movable surface de- 
scribed in S5.2.2.2, install a new child 
restraint system at the center seat po- 
sition of the standard seat assembly 
using only the standard seat lap belt 
to secure the system to the standard 
seat. 

S6.1.2.2 Tighten all belts used to 
attach the child restraint system to 
the standard seat assembly to a ten- 
sion of not less than 12 pounds and 
not more than 15 pounds, as measured 
by a load cell used on the webbing por- 
tion of the belt. 

S6.1.2.3 Place in the child restraint 
any dummy specified in S7 for testing 
systems for use by children of the 
heights and weights for which the 
system is recommended h zaccsrdance 
with 85.5. 

S6.1.2.3.1 When placing the 3-year- 
old test dummy in child restraint sys- 
tems other than car beds, position the 
test dummy according to the instruc- 
tions for child positioning provided by 
the manufacturer with the system in 
accordance with S5.6 while confonn- 
ing to the followion: 

(a) Place the test dummy ir, the 
-'-A ---itinn within the system witf: 

seaceu yuu.w.,.. .. .. 
the midsagittal plane of the test 
dummy head coincident with the 
center SORL of the standard seating 
z~embly ,  holding the torso upright 



until it contacts the system's design 
seating surface. 

(b) Extend the arms of the test 
dummy as far as possible in the 
upward vertical direction. Extend the 
legs of the dummy as far as possible in 
the forward horizontal direction. with 
the dummy feet perpendicular to the 
centerline of the lower legs. 

tc) Using a flat square surface with 
an area of 4 square inches, apply a 
force of 40 pounds, perpendicular to 
the plane of the back of the standard 
seat assembly, first against the 
dummy crotch and then at the dummy 
thorax in the midsagittal plane of the 
dummy. For a child's restraint system 
with a fixed or movable surface de- 
scribed in 55.2.2.2 which is being 
tested under the conditions of test 
configuration 11, do not attach any of 
the child restraint beIts unless they 
are an integral part of the fixed or 
movable surface. For all other child 
restraint systems and for a child re- 
straint system with a fixed or movable 
surface which is being tested under 
the conditions of test conffguration I. 
attach all appropriate child restraint 
belts and tighten them as specified in 
S6.1.2.4. Attach al l  appropriate vehicle 
belts and tighten them as specified in 
56.1.2.2. Position each movable surface 
in accordance with the manufacturer's 
instructions provided in accordance 
with 55.6. 

(dl After the steps specified in para- 
graph tc) of this section, rotate each 
dummy limb downwards in the plane 
parallel to its midsagittal plane until 
the limb contacts a surface of the 
child restraints system or the standard 
seat. Position the limbs, if necessary, 
so that i h b  ;!wement does not inhib- 
it torso or head move!nex ?t k&.. 
conducted under S6. 

56.1.2.3.2 When placing the 6- 
month-old dummy in child restraint 
system other than car beds, position 
the test dummy according to the 
instructions for child positioning pro- 
vided with the system by the manufac- 
turer in accordance with S5.6 while 
co.?forming to the following: 
(a) With thn Aar---. '- '' 
.-. ..-, ..-- ,uuurJ KI Gne suphe 

position on a horizontal surface, and 
while preventing movement of the 
dummy torso by placing a hand on the 
center of the torso, rotate the dummy 

legs upward by lifting the feet until 
the legs contact the upper torso and 
the feet touch the head. and then 
slowly release the legs but do not 
return them to the flat surface. 

(b) Place the dummy in the child re- 
straint system so tha& the back of the 
dummy torso contacts the back s u p  
port surface of the system. For a 
child restraint system with a fixed or 
movable surface described in 55.2.2.2 
which is being tested under the condi- 
tions of test configuration 11, do not 
attach any of the child restraint belts 
unless they are an integral part of the 
fixed or movable surface. For all other 
child restraint systems and for a child 
restraint system with a fixed or mov- 
able surface which is being tested 
under the conditions of test colifigura- 
tion I, attach all approwate child re- 
straint belts and tighten them as spec- 
ified in S6.1.2.4. Attach all appropriate 
vehicle belts and tighten them as spec- 
ified in S6.1.2.2. Position each movable 
surface in accordance with the manu- 
facturer's instructions provided in ac- 
cordance with 55.6. If the dummy's 
head does not remain Ln the proper 
position, it shall be taped against the 
front of the seat back surface of the 
system by means of a single thickness 
of Y4-inch-wide paper masking tape 
placed across the center of the dummy 
face. 

(c) Position the dummy arms verti- 
cally upwards and then rotate each 
arm downward toward the dummy's 
lower body until it contacts a surface 
of the child restraint system or the 
standard seat assembly, ensuring that 
no arm is restrained from movement 
m sther than the downward direction. 
by any part oi the system or the belts 
used to anchor the system to the 
standard seat assembly. 

S6.1.2.3.3 When placing the 6- 
month-old dummy or 3-year-old 
dummy in a car bed, place the dummy 
in the car bed in the supine position 
with its midsagittal plane peruendicu- 
lar to the center SORL of tk ;;tan& 
ard sent, 0----- ' ' .-. -cmoly and position the 
dummy within the car bed in t",Zbrd. 
ance. with instructions zr posi- 
tioning provid.cS a t h  the car bed by 

m-","ii~acturer in accordance with 
65.6. 
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S6.1.2.4 If provided, shoulder and 
pelvic belts that directly restrain the 
dummy shall be adjusted as follows: 

Tighten the belts until a 2-pound 
force applied (as illustrated in figure 
5) to the webbing at the top of each 
dummy shoulder and to the pelvic 
webbing two inches on either side of 
the torso midsagittal plane pulls the 
webbing I / r  inch from the dummy. 

S6.1.2.5 Accelerate the test plat- 
form to simulate frontal impact in ac- 
cordance with S6.1.1.2(a) or 
S6.1.1.2(b), as appropriate. 

S6.1.2.6 Measure dummy excursion 
and determine conformance to the re- 
quirements specified in S5.1 as appro- 
priate. 

S6.2 Buckle release test procedure. 
The buckles on the belts of each child 
restraint system equipped with buck- 
led belts shall be tested in accordance 
with S6.2.1 through 56.2.5. 

S6.2.1 Install the child restraint 
system on a standard seat assembly 
and place the appropriate test dummy 
in the system In accordance with 
S6.1.2.1 through S6.1.2.4. 

36.2.2 Tie a self-adjusting sling to 
each ankle and wrist of the dummy in 
themanner illustrated in figure 4. 

56.2.3 Pull the sling horizontally in 
the manner illustrated in figure 4 and 
parallel to the center SORL of the 
seat. assembly and apply a force of 20 
pounds in the case of a system tested 
with a 6 month-old dummy and 45 
pounds in the case of a system tested 
with a 3 year-old dummy. 

56.2.4 While applying the force 
specified in S6.2.3, operate the buckle 
release mechanism in the manner 
specified in S5.2(d) of Standard No. 
209 (S571.209). 

56.2.5 Measure the force required 
to release the buckle. 

S6.3 Head impact protection- 
energy absorbing material test proce- 
dure. 

S6.3.1 Prepare and test specimens 
of the energy absorbing material used 
to comply with S5.2.3 in accordance 
with the applicable 25 percent com- 
pression-deflection test described in 
the American Society for Testing and 
Materials ( ASTM) Standard D 1056-73, 
"Standard Specification for Flexible 

Cellular Materials--Sponge or Ex- 
panded Rubber." or D1564-71 "Stand- 
ard Method of Testing Flexible Cellu- 
lar Materials-Slab Urethane Foam" 
or D1565-76 "Standard Specification 
for Flexible Cellular Materials-Vinyl 
Chloride Polymer and Copolymer 
open-cell foams." 

S7 Test dummies. 
57.1 Six-month-old dummy. An un- 

clothed "Six-month-old Size Manikin" 
conforming to Subpart D of Part 572 
of this chapter is used for testing a 
child restraint system that is recom- 
mended by its manufacturer in accord- 
ance with S5.6 for use by children in a 
weight range that includes children 
weighing not more than 20 pounds. 

S7.2 Three-year-old dummy. A 
three-year-old dummy conforming to 
Subpart C of Part 572 of this chapter 
is used for testing a child restraint 
that is recommended by its manufac- 
turer in accordance with S5.6 for use 
by children in a weight range that in- 
cludes children weighing more than 20 
pounds. 

S7.2.1 Before being used in testing 
under this standard, the dummy is 
conditioned at any ambient tempera- 
ture from 66' F to 78" and at any rel- 
ative humidity from 10 percent to 70 
percent for at least 4 hours. 

S7.2.2 When used in testing under 
this standard, the dummy is clothed in 
thermal knit waffle-weave polyester 
and cotton underwear, a size 4 long- 
sleeved shirt weighing 0.2 pounds, a 
size 4 pair of long pants weighing 0.2 
pounds and cut off just far enough 
above the knee to allow the knee 
target to be visible, and size 7M sneak- 
ers with rubber toe caps, uppers of 
dacron and cotton or nylon and a total 
weight of 1 pound. Clothing other 
than the shoes is machine-washed in 
160' F to 180' F water and machine- 
dried at 120' F to 140' F for 30 min- 
utes. 

S7.3 Standard seat assembly. The 
standard seat assembly used in testing 
under this standard is a simulated ve- 
hicle bench seat, with three seating 
positions, which is described in Draw- 
ing Package SAD-100-1000 and con- 
sists of drawings and a bill of materi- 
als. 
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SORL-SEAT ORIENTATION REFERENCE LINE tHORIZONTAL) 

SORL LOCATION O N  THE STANDARD SEAT 

FIGURE 1A 



I 
N o w :  11) Uppw TOM &It Anchor- Point , 

Locamd 21.4" R~ght or Loll 01 tha 
Concn SORL mr shown in Fig. 1A. 

(2) Raw Lap &It Budclm Locaul  7.0" 
Right or Loit 01 th. Contu SORL 
r shown on Fig. 1A. 

LOCATIONS OF ADDITIONAL BELT ANCHORAGE POINTS AND FORWARD EXCURSION LIMIT 

FIGURE 1B 



Seatback frontal surface plane extended 

Note: The limits 
illusvated move 
during dynamic' 
testing 

REAR FACING CHILD RESTRAINT 
FORWARD AND UPPER HEAD EXCURSION LIMITS 

FIGURE 1C 
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BUCKLE RELEASE TEST 
FIGURE 4 

Direction of Pull 
Dimension A .  Widt!~ of Webblnq Plus 118 Inch 

Dimension 0 .  1/2 of  Oimens~on A 

WEBBINCi TENSION PULL DEVICE 

FIGURE 5 

I I 
I 

Insert to Rest Webblng Agalnst / 2. I 

Th~s Surface 

/ 
1116 Inch J~arneter wlre 

4- 
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(Sea. 103, 112, 119 Pub. L 89-563, 80 Stat. 
718 (15 U.S.C. 1392. 1401. 1407); delegation 
of authority at  49 C F a  1.50) 
(44 F'R 72147. Dec. 13, 1979, as amended at 
45 FR 29047, May 1. 19801 
Emmm D A ~  Nom At 44 FR 72147. 

Dec. 13, 1979. 5 571.213 was revised a t  45 FR 
29047, May 1, 1980, the effective date of 
this revision was changed to January 1. 
1981. For the convenience of the user, the 
superseded text appears below. 

8571213 Standard No. 213: Child seating s p  
tema 

S1. Purpose and scoye This standard 
specifi~.q rg&-ements for child seating sys- 
tems to minimize the likelihood of death 
and injury to children in vehicle crashes or 
sudden stops by ejection from the vehicle, 
contact with the vehicle interior, or contact 
with a child seating system. 

52. Application This standard applies to 
child seating systems for use in passenger 
cars, multipurpose passenger vehicles. 
trucks and buses. This standard does not 
apply to Type 3 seat belt assemblies, a s  de- 
fined in O 571.209, or to systems for use only 
by recumbent or semirecumbent children. 

S3. Definitions "Child seating system" 
means an item of motor vehicle equipment 
for seating a child being transported in a 
motortehicle. 

S4. Requirements. Each child seating 
system manufacturer before June 1, 1980, 
shall meet, a t  the option of the manufactur- 
er, either the requirements of S4.1 through 
S4.11 of this standard, or the requirements 
of 9 571.213 of this part (Standard No. 213. 
Child Restraint Systems). 

54.1 Labeling. Each child seating system 
shall have a label permanently affixed to it. 
The label shall contain the following infor- 
mation in the English language in letters 
and numerals not less than %z-inch high: 

(a) The manufacturer's name. However, a 
distributor's name may be placed on the 
label in place of the manufacturer's name if 
the distributor assumes responsibility for all 
duties and liabilities imposed on the manu- 
facturer by the National Traffic and Motor 
Vehicle Safety Act with respect to the 
system. 

(b) Model number or name. 
(c) Month and year of manufacture. 
(d) Place of manufacture (city and State 

or foreign country). However, if the label 
contains the distributor's name in place of 
the name of the manufacturer, the city and 
State or foreign country of the distributor's 
principal offices shall appear on the label. 

(e)  A statement describing in general 
terms both the types of motor vehicles and 
the designated seating positions in those ve- 
hicles in which the system is either recom- 
mended or not recommended for use. A 
child seating system may not be recom- 

mended for use in other than a designated 
seating position. The following, either 
stated separately or in combinatlon, are ex- 
amples of acceptable statements: 

(1) "Recommended for use only on bench 
seats of passenger cars manufactured after 
January 1, 1968. by the Motor 
Company." 

(2) "Recommended for use only on seats 
that have head restraints on (make or 
model designation(s)) passenger cars manu- 
factured after January 1.1969." 

(3) "Not recommended for use in t r u c e  
and buses." 

(f) Except as provided in 54.1.1, the fol- 
lowing statement: "Not for use on hinged or 
folding vehicle seats or seat backs unless the 
seat or seat back Is equipped with a latch." 

(g) Unless the system is a rearward-facing 
child seating system, the following state- 
ment: "For use only on forward-facing vehi- 
cle seats." 

(h )  The following statement, inserting in 
the blank spaces the manufacturer's recom- 
mendations of the maximum height and the 
minimum and maximum weight of children 
who can safely occupy the system: "For use 
only by children who weigh between - 
and - pounds and whose height is - 
inches or less." 

S4.1.1 Exemption A part of the warning 
required by S4.l(f) relating to use of a child 
seating system on a hinged or folding vehi- 
cle seat or on a vehicle seat having a hinged 
or folding back. or on both, may be omitted 
in the following circumstances: 

(a)  The part of the warning that relates to 
vehicle seats may be omitted if the child 
seating system includes a component to re- 
strain a hinged or folding vehicle seat and 
if, when the system and the component are 
both installed in the seat inaccordance with 
the recommendation required by S4.l(e) 
and the instructions required by S4.2, the 
component will not fail when a forward lon- 
gitudinal force equal to 20 times the weight 
of the vehicle seat is applied through the 
seat's center of gravity and maintained for 
10 seconds. 

(b) The part of the warning that relates to 
seat backs may be omitted ii the child seat- 
ing system includes a component to restrain 
the hinged or folding seat back and if, when 
the system and the component are both in- 
stalled in the vehicle seat in accordance 
with the recommendation required by 
S4.l(e) and the instructions required by 
S4.2, the component will not fail when a for- 
ward longitudinal force equal to 20 times 
the weight of the vehicle seat back is ap- 
plied through the back's center of gravity 
and maintained for 10 seconds. 

(c) The entire warning may be omitted if 
the child seating system includes the com- 
ponents for restraining the seat and seat 
back specified in (a)  and (b). 
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54.2 Installation instmctions. Each child 
seating system shall be accompanied by an 
instruction sheet, providing a stev-by-step 
procedure (which may include diagrams) for 
installing the system in the vehicles In 
which it is recommended for use in accord- 
ance with SQ.lte), securing the system with 
a Type 1 or Type 2 seat belt asembly, mi- 
tionlng a child in the system, and tLdlustlng 
the system to fit the chfld. 

54.3 Adjustment Each adjustable child 
seating system component and each belt; 
system designed to restrain the child direct. 
ly shall be sufficiently adjustable to fit ac 
child of any size for which the seat is recom- 
mended pursuant to paragz'aph S4.l(h) and 
who is positioned in the system in accord- 
ance with the instructions required by 54.2.. 
A belt system used to restrain the child di 
rectly shall be sufficiently adjustable to fit, 
snugly any such child. 

S4.4 Attachment Each child seating 
system shall be designed and constructed so 
t h a t  

(a) The system has no provision for at- 
tachment to a vehicle seat back other than 
by means of a component that is inserted 
between the vehicle seat back and the vehi- 
cle seat cushion; and 

(b) When installed in accordance with the 
instructions required by 54.2, a system in. 
stalled on a forward-facing vehicle seat shall 
be restrained against forward movement. 
and a system installed on a rearward-facing 
vehicle seat shall be restrained against rear- 
ward movement, by a Type 1 or Type 2 seat 
belt assembly as defined in 8 571.209. . 

S4.5 DfPtribution of restraint forces. 
S4.5.1 Forward-facing systnns. When a 

forward-facing child seating system is in- 
stalled in a vehicle and a child is positioned 
in the system in accordance with the 
Instructions required by 54.2, components 
of the child seating system and the vehicle's 
seat belt assemblies that apply restraining 
forces directly to the chlld shall, during for- 
ward movement of the child relative to the 
vehicle in which the system is installed. dis- 
tribute those forces on both the pelvis and 
thorax of the child. Restraint forces may 
also be distributed over other areas of the 
child's body as long as both the pelvis and 
thorax are restrained. 

S4.5.2 Reanoard-facing systnns. When a 
rearward-facing chfld seating system is in- 
stalled in a vehicle and a child is positioned 
In the system in accordance with the 
instructions required by S4.2, the compo- 
nents of the child seating system and the 
vehicle's seat belt assemblies that app;i re- 
straining forces directly to the child shall- 

(a)  Durtng forward movement of the child 
relative to the vehicle in which the system 
is installed, distribute those forces on both 
the back of the child's torso and the back of 
the child's head: and 

(b) During rearward movement of the 
child relatlve to the vehicle in which the 
system is installed, distribute those forces 
on both the pelvis and thorax of the child. 
Restraint forces may also be distributed 
over other areas of the child's body as long 
as both the back of the torso and head are 
restrained during forward movement and 
both the pelvis and thorax are restrained 
during rearward movement. 

54.6 Head restminf 
54.6.1 Except as  provided in S4.6.2, each 

forward-facing child seating system shall 
have a head restraint that limits rearward 
angular displacement of the chiid's head 
relative to the child's torso line. The height 
of the head restraint, measured as the 
straight line distance between the highest 
point a t  the lateral center of the head re- 
straint and the point on the longitudinal 
centerline of the seating surface at the In- 
tersection of a plane parallel to the rear sur- 
face of the torso block through the torso 
block reference specified in 55.1. when the 
torso block is positioned in the child seating 
system in accordance with the instructions 
required by 54.2, shall be as follows: 

If t h ~  maximum weight of children 7 7 ~  heght ol the head 
fqr wham the system u mtramt shaU be at 

recommended is: least (inches) 
20 pounds or l h s  , .................................... ...... 15 
More IkM 20 punds bul not mwe than 25 

pounds ................................................................ 16.2 
Mwe than 25 pounds but not more man 30 

pounds .............................................................. 17.9 
More man 30 pounds bvt not more Man 35 

pounds .............................................................. 18.9 
More lhan 35 pounds ........................................... 20 

S4.6.2 Paragraph S4.6.1 does not apply to 
a child seating system if- 

(a) In accordance with S4.l(e), the system 
is recommended for use only at designated 
seating positions in makes and models of ve- 
hicles at which the vehicle's seat back or 
head restraint limits rearward angular dis- 
placement of the child's head relative to the 
child's torso line; and 

(b) When the system is installed in accord- 
ance with the instructions required by S4.2, 
the distance from the lowest point a t  the 
lateral center of the child seating surface to 
a horizontal plane tangent to the highest 
point of the vehicle seat back or head re- 
straint in its highest adjustable position, at 
the lateral center of the designated seating 
position, measured on a line parallel to the 
rear surface of the vehicle seat back, is at 
least equal to the seat back height specified 
for the seating system in S4.6.1. 

S4.7 Webbing. If a child seating system 
has webbing to distribute restraint forces as 
required by S4.5- 

(a) The webbing that directly contacts the 
child's body shall have a minimum width of 
1 Ya inches: and 

(b) The webbing that sustains restraint 
forces shall meet the reauirernents for web- 
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bing in a Type 3 seat belt assembly specified 
in paragraph S4.2(b) through paragraph 
S4.2(h) of g 571.209. 

54.8 Hardtnare. Attachment hardware of 
each child seating system that sustains re- 
straint forces shall meet the corrosion rests- 
tance requirements for attachment hard- 
ware of a seat belt assembly specified in 
p a m m p h  S4.3(a) of P 571.209. Buckles, re- 
tractors, and metallic parts other than at- 
tachment hardware that sustain restraint 
forces shall meet the corrosion resistance 
requirements for buckles, retractors. and 
metallic parts other than attachment hard- 
ware of a seat belt assembly specified in 
paragraph S4.3(a) of O 571.209. 

54.9 Relccwe mechanism The mechanism 
for releasing components of a child seating 
system that directly restrain the child shall 
release when a force of not more than 20 
pounds is applied in accordance with S5.3. 

S4.10 Impact protection 
S4.10.1 Head and tono. Except as pro- 

vided in S4.10.2, any rigid component of a 
child seating system (except restraint buck- 
les, and belt adjustment hardware attached 
only to webbing) that, during forward, right 
side, left side, or rearward impact, may con- 
tact the head or brso of a child within the 
height and weight range recommended in 
accordance with S4.l(h) shall: 

(a) Have no comer or edge with a radius 
of less than one-quarter inch; and 

(b) Except a9 provided in 54.10.2. be cov- 
ered with deformable force-distributing ma- 
terial having a thickness of at least one-half 
inch. 

S4.10.2 ~ t c e v t i o n  S4.10.l(b) does not 
apply to the area of a rigid back or side of a 
chlld seating system that is contactable only 
by the child's torso, if the contactable area 
of the back or side is at  least 24 square 
inches. 

S4.11 Perfonnonce. 
S4.11.1 All child seating system 
(a) When tested in accordance with S5.1 

each child seating system shall- 
(1) Retain the torso block in the system; 
(2) Sustain a m t h  load of 1,000 pounds in 

the forward direction; and 
(3 )  Restrict forward horizontal movement 

of the torso block reference point: 
(1) When the vehicle seat is in its forward- 

most adjustment position, to not more than 
12 inches; 

(ii) When the vehicle seat is rearward of 
I t s  forwardmost adjustment position, to not 
more than 12 inches plus the distance. 
measured horizontally, that the vehicle seat 
is rearward of its forwardmost adjustment 
position. 

(b) A child seating system in which the at- 
titude of the child is adjustable pursuant to 
the instructions provided in accordance with 
paragraph S4.2 shall meet these require- 
ments at each designed adjustment position. 

S4.11.2 Rearnard-facing child seating 
systems. 

(a) When tested in accordance with S5.2. 
each rearward-facing child seating system 
shall- 

(1) Retain the torso block In the system; 
(2) Sustain a static load of 500 pounds in 

the rearward direction; and 
(3) Restrict rearward horizontal move- 

ment of the torso block reference point to 
12 inches or less. 

(b) A child seating system in which the a t  
titude of the child is adjustable pursuant to 
the instructions provided in accordance with 
paramph S4.2 shall meet these require- 
ments a t  each designed adjustment position. 

S5. Test procedure& 
S5.1 AU seating systems. The child seat- 

ing system shall be subjected to a gatic 
load, using the torso block shown in Figure 
6 of Federal Motor Vehicle Safety Standard 
No. 209, as follows: 

(a) Locate the torso block reference point, 
which is 2.9 inches above the bottom sur- 
face of the torso block and 2.1 inches for- 
ward of the back surface of the torso block. 

(b) Install the system in accordance with 
the manufacturer's instructions required by 
54.2 on a vehicle seat other than a seat on 
which the manufacturer does not recom- 
mend its installation in the recommendation 
required by S4.1(e). 

(c) Position the torso block in the system 
in accordance with the manufacturer's 
instructions required by S4.2, and adjust the 
system in accordance with those instruc- 
tions. 

(dl Apply an increasing load to the torso 
block in a forward dlrection, not more than 
15' and not less than 5' above the horizon- 
tal. until a load of 1,000 pounds is achieved. 
The intersection of the load application line 
and the back surface of the torso block, at 
the time that the force removes the slack 
from the load application system, shall not 
be more than 8 inches or less than 6 inches 
above the bottom surface of the torso block. 
Maintain the 1,000-pound load for 10 sec- 
onds. 

(e) Measure the horizontal movement of 
the torso block reference point. 

S5.2 Rearward-facing child seating sys- 
tem. The rearward-facing child seating 
system shall be subjected to the test proce- 
dure specified in S5.1, except that- 

(a) A load of 500 pounds shall be achieved: 
and 

(b) The load shall be applied in a rearward 
direction. 

S5.3 Release mechanism Conduct the 
following tests for forward-facing and rear- 
ward-facing child seating systems, as appro- 
priate, using a torso block configured so 
that it does not contact the buckle in a 
manner as to affect the buckle release force. 

S5.3.1 For forward-facing child seating 
systems- 
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(a) Test the system with a 1,000-pound 
force as specified in S5.1; 

(b) Reduce the force to 45 pounds; and 
tc) Release the mechanism in a manner 

typical of that employed in actual use. 
S5.3.2 For rearward-facing child seating 

systems-- 
(a) Test the system with a 500-pound 

force as specified in 55.2; 
(b) Reduce the force to 45 pounds; and 
tc) Relesse the mechanism In a manner 

typical of that employed in actual use. 

(W. 112 and 114, Pub. L 89-563, 80 Stat. 
718, 15 U.S.C. 1401. 1403; delegation of au- 
thority at 49 CFR 1.51) 
t36 FR 22902, Dec. 2,1971, as amended at 38 
FR 7563. Mar. 23, 1973: 44 FR 72147, Dec. 
13.19791 
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6. INSTAU4TION 

Each child restraint device shall be capable of be~ng properly installed in a civil air transport passenger 
seat, using only the standard adult lap belt assembly which is provided with the adult seat. .Uditional 
attachment to the seat, seat cushion, seat back, or to the aircraft shall not be necessary. 

7. BODY CONTACT SURFACES 

When the primary reaction of the impact load is provided by a surface supportiq the chtldfs back, that 
surface shall have a continuous area of at  least 85 sq. in. 

When the primary mactfon to the impact crash load is provided by a surface supporting the front of the 
cMldls torso, that surface shall have a contFnuous area of at least 48 sq. io., wlth a minimum bowing 
of at least 6 in. (152.4 mm). r 

Each nstlaint device shall provide a surface for head support and for Mting  head and neck rotation 
relattve to the body during impact deceleration. Surfaces of the restraint, such as webbing or belts, 
shall be capable of distributing the impact load and absorbing impact energy to prevent localized injuries. 
Them shall be no sharp edges which might puncture any da tab le  emergency egress/floWon equipment 
or be an injuzy hazard. 

8. LABEtING 

Each child seating system shall have a label permanently afftxed to it. The label shall contain the followbg 

a) The msmrtadwer's name and location 
* 

However, a dtstrfbutor4s name may be blaced on ths label b place of the manufacturer's nam% if 
the distributor assumes the responsibility for all duties and liabilities impsed on the manufacturer 
by Federal Aviation Regulations wtth respect to the system. 

b) Model number o r  nazne .. 

c) Date of mannfactur8 

d) mace of mawfacture 

e) Any spsdf(c P C C O I P I P ~ ~ ~ ~ ~ ~ O M  and instnrctions relaw to use 

9 Weight capacity 

9. SANIllATfON 

The devica shsil be easily cleanable for sanltary reuse. 

10. FUMMABLLITY 

The n?rmmnbility should be no less than flame resistance of the seat to which it is attached. 

11. NOTES 

11.1 Xaminal lndicia: No phi (a symbol is used to indfcate tecfirucal changes from the previous ~ssue of 
this U P  because of the extensive nature of all changes. 

F-2 
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Time (Milliseconds) 

When aubjectfng the system to a dynamic test having 
a velocity change of at least 30 mph (44 ft/sec.) the sled 
acceleratian-time ?mffle must be contained entirely within 
the shaded area of Fig. 1 when filtered at ShE Class 60 
(as spedfied by SAE J211b). 

Pennisslble Range of Acceleration RmcUon for 4V = 30 MPH 
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RESTXAINT DEVICE FOR INFAiYTS 

] AEROSPACE ARP 1469 
RECOMMENDED 

Society of Automotive Engineers, Inc. PRACTlCE October 1978 

400 COYYQMwIAb7M OItV.. W A I I ~ N D A L L .  .A. !¶Om. 

T h h  Aerospace Recommended Practice (AIL?) establishes guidelines for the performance of 
restraint systems, applicable for use in c i d  tansport aircraft, for recumbent position infants 
weigtrlns up to 20 lb (9.1 kg). 

The restmint device described in thia ARP is intended to be used by infants weighing up to 20 Ib 
(9.1 kg) (and unable to sit up) to provide improved protection during landings and takeoffs, tuzbulence, 
and survivable impacts. The device will be used in a not otherwise occupied adult passenger seat in 
civil transport aircraft, and be held to the seat by the adult seat belt or attachment. 

3. DYNAMIC IMPACT PROTECTION 

The restmint device, when occupied by an infant in a c i ~ i l  transport passenqer seat with folding 
back, shall be capable of providing impact protection during an impact which produces a 44 ft/sec. 
(13.4 m/sec. ) velocity change Mth g levels not exceed@ the range specified in Wg. 1, with the de- 
celezation vector at any angle wlthin a forward 45" cone of the longitudinal axis of the aircraft. The 
infant shall be restained within the system; the system shall show no separation of components or 
joints; no portion of any belt restraint system shall release; the infaux shall be protected against 
compression between any parts of the restraint device and/or the passenger seat back. 

4. PROTECTION AGmST TURBULENT FLICBT CONDITIOLW 

To provide protection against turbulence encountelred in normal flight, the n s t a in t  device, installed 
in a civil tansport passenger seat wlth foldfq back, shall retain the infant in a n o w  position 
thmughout m cycles of cfmpleta inversion (roll-over upside down and remain in place). 

5. RESTRADlT DEVICE RELEASE 

5.1 Ogeatton of the restraint dievice and its release shall be obvtous. The force required to release 
the restraFnt device shall not exceed 14 lb (6.4 kg) while a horizontal load of 45 lb (20 kg) is being 
agplfed to the system. It shall be possible to release the device with the aircraft in an inverted 
position. 

The'rnechardsm by which the child is released either from the unit o r  the seat, shall be accessible, 
and vtsible under emergency light conditions. 

Each infant restraint device shall be capable of being properly installed in a civil air  transport 
passenger seat, with folding back, using only the standard adult lap belt assembly which is provided 
with the adult seat. 

, -  I .iddi#onal attachmenrs to he seat, seat cushion, seat back, or to the aircraft shall mt be necessary. 

ti- 1 brnfi~M 19 78 by Sod* o( ~utomociva Engineam, 1% 

All rights reserved. 
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7. BODY CONTACT SURFACES 

When the primary reacdon of the impact load is provided by a surface supporting the infant's back, that 
surface shall have a contrnuous area of at least 35 sq. In. 

When the primary reaction to the impact crash load is provided by a surface supporti& the fmnt of the 
infant's torso, that surface shall have a continuous area of at least 48 sq. ~IL , with a minimum bowing of 
at least 6 in. (152.4 mm). 

Each restraint device shall amvide a surface for head support and for Wtlng head and neck rotation 
relative to the body during an impact deceleration. 

Ang surface which can be contactad by the head or body of the infaat shall be capable of distributing the 
impact load and absorbing impact energy to pcsvent localized injuries. 

There shall be w sharp edges which might puncture a slide/raft or be an injurp hazard. 

8. L A B E m G  

Each infant seating system shall have a label pemanently affixed to it. The label shall contain the fol- 
lowlog information in the English lsl~lrape in letters and numerals not less than 3/32-in. (2.38-mm, hi& 
the label shall contsln the followtng: 

a) make, model 

b) manufachuerts name, location 

c) date of maaufactum 

d) installatton iwtrpcUons 

e) weight capocity -. 

- f )  In addition the following labeiaust state this device ts in compliance mth 765 unless superseded 
by FAR or TSO. 

9. VrSDlLTTY # 

The mechaalsm for releasing the infat from the unit shall be readily visible under emergency lighting 
caaditioas utilizing color a d o r  independent lighting technique. 

10. W A T Z O N  

The device s h a l l  be easily cleanable.for sanitary reuse. 

U. FLAM?dABELfiY 

FlammabUty shall be no less than £lame resistance of seat to which it is attached. 

G- 2 
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When sub]ecting the system to a dynamic teat having a velocity change of at least 30 mph 
(94 ft/sec) the sled acceleatlon-time profile must be contamed entirely vdthin the shaded area 
of Fig. 1 whaa atered at SAE dass 60 (as specifled by 9AE J211b). 
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APPENDIX H 

PROPOSED 
SAE ARP 1226 

AEROSPACE RECOFTISENDED PRACTICE 

FOR GENERAL AVIATION AIRCRAFT 

Approved by SAE Committee A23 October 21, 1975 
Disapproved by SAE Aerospace Counci 1 /Equipment Division 
December 30, 1,975. Publ ished as Appendix in SAE Publ ication 
No. 7701 54, February 1978. Reprinted in 1978 SAE Transactions. 

1.0 PURPOSE - The purpose of this ARP is to provide recommendations that 
m a d  to advancement of restraint protection for occupants of 
general aviation aircraft and to provi ce increased safety during 
survivable accidents, emergency landings and turbulent f l  ight. It is 
not the purpose of this document to specify design methods or mechanisms 
to be used in accompl ishing the objectives of this document or to re- 
commend specific test methods to verify performance of the system, 

2.0 LIMITATIONS - This ARP is applicable only to those active restraint 
systems such as conventional webbing strap devices, Advanced systems, 
such as passive restraints, air cushions, rigid load distribution 
systems, etc., are not considered by this ARP. ARP 1318, General 
Aviation Seat Design, should be c~nsulted to assure compatibility of 
restraint system and seating system configurations. 

INTRODUCTICN - A restraint system (which may incl ude seat be1 t/shoul der 
harness systems) compri ses a1 1 components of the occupant restraining 
device, exclusive of the seat, couch or berth structure. However, since 
the seat normally assumes the function of providing restraint against 
crash loads imposed from the bottom and rear of the aircraft and of 
absorbing rebound energy of the occupant resulting from restraint 
elastic properties, attention should be given to ARP 1318 to assure 
seat design compatible with the objectives of this restraint system 
ARP. Consideration should also be given to details of cabin interior, 
seat adjustment range, and restraint structural anchorage location, 
a11 of which can modify performance required of the restraint system. 
Particular concern should be given to designs incorporating seats 
which deform (absorb energy) during a crash to assure that the de- 
formati on does m t  al ter the occupant/restraint re1 a tionship snd increase 
injury potential. 

3.1 Restraint systems are provided for the protection of occupants of 
aircraft during routine takeoffs and landings, turbulent flight, 
emergency conditions (such as intentional ditchings and crash-landings) 
and unexpected crash conditions of a survivable nature. Restraint 
integrity should be maintained through crash conditions having rnul ti pi e 
impacts. 

February 23, 1975 



Occupant Resti4ai nt Syst~ms !,4ctive) 
for General Aviation Aircraft (cont Id) 

3 . 2  A restrain; syst?!nt; pr-irnary function is to safely retain the occu- 
pant sn h i s  seat, c o ~ c h  or berth and prevent secondary impact between 
the occLpant and the iaain intzrior, without, in itself, endangering 
the occupant during or immediately after an incident or accident. 

3.3 To encourage constant use during routine flight, the restraint system 
should provide a high degree of comfort, ease of adjustment, and be 
easily donned, removed and stowed convenient for ready .access. 

3.4 Requirements of FAA FAR'S and Technical Standard Orders for occupant 
restraint systems should be considered as minimum requirements, 1 imi ted 
by the necessary condition that they be applicable to any general con- 
figuration. Specific configurations of seating, cabin interiors, 
airframe design or opera ti onal appl ication may generate more stringent 
requirements for the occupant restraint system. 

4.0 RECOMMENDAiiONS - The recommendations contained herein apply primarily 
to restraints for forward-facing seating positions; however, design 
of restraint systems should take int3 account the fact that crash 
loads may be applied from any direction; i .e., combinations of forward, 
lateral and spinal loadings, and may be in excess of those specified 
in current FAR'S. 

The fol 1 owing criteria a?e recommended: 

4.1 Upper torso restraints shall not be ~ s e d  in the absence of an appropriate 
lower torso restraint. 

4.2 If the restraint system is attached to the seat, the strength of the 
restraint systemjseat combination should not be less than the strength 
of the seat/aircraft attachment, even after degradation due to environ- 
mental exposure. 

4.3 If the restraint system is attached directly to the aircraft structure 
(by-passing the seat) the ultimate load capacity of the restraint 
system/aircraft attachment should be sufficiently high as to insure 
integrity of the restraint-to-aircraft-load-path even after seat failure. 

4.4 Each occupant shouldbe provideil,vith his own individual restraint 
system; shared systems are not considered acceptable. 

4.4.1 For criteria relar'ng to jpecial restraint devices for small chi1 dren, 
see AR? 766, Restraint Device =or Small Children. 

3 . 5  In the absence of crash environmental data or test requirements for the 
specific apolication under cansideration, the systm should at least 
provide restraint against t he  static load vectors shown in Figure 1 ,  
acting independently or concurrently, \whichever is most critical. 
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Occupant Restraint Systems (Active) 
for  General Aviation Aircraft (cont ' d )  

4.6 Elongation of any portion of the res t ra int  system (other than that  
specif ical ly designed for control 1 ed energy absorption), due to  impact 
loading, should be held t o  a minimum t o  provide maximum benefit from 
crush characterist ics of the a i r c r a f t  strtrcture and t o  reduce potential 
for  secondary impact between the olzcupant and the a i rc ra f t  interior .  

4,7 The attachment point (s)  of the upper torso res t ra int  systems (or the 
harness guide, i f  used) should be focated,insofar as possible, to m i n -  
imi ze la tera l  movement of the upper torso during sideward deceleration 
of the a i r c r a f t ,  to avoid discomfort due t o  neck chafing by the res t ra in t ,  
to  assure proper location of the res t ra in t  over shoulder, and to  reduce 
e l a s t i c  deformation of the system under dynamic load. 

4.8 Integri ty of the res t ra int  system should not be compromised by deform- 
ation of the attachment structure that  can be reasonably expected i n  
a survivable crash. 

4.9 The material composing those portions of the res t ra in t  system in con- 
t a c t  w i t h  the occupant's body should be pliable (with the exception 
of necessary buckle or adjuster hardware), and should have no sharp 
cutting edges. Sharp discontinuities between component widths should 
be el iminated wherever possible. lower torso res t ra in t  material should 
n o t  be less than two inches in width; upper torso material should n o t  
be less than 1-1/2  inches in w i d t h .  

4.10 Restraint loads should be distributed by the system so as to  apply 
minimal pressure on  vi tal  body areas, exploiting, as much as possible, 
the strength and  res i l  iency of the heavily muscled and/or skeletal 
s tructure of the body, such as the pelvis, r ib  cage, and shoulders, 
Heavy res t ra int  loads should n o t  be applied against the abdominal area. 
Excessive compression, torsion or bending 1 oads should n o t  be induced 
on the occupant's spine because of the res t ra in t  system configuration. 

4.11 The res t ra in t  system should provide necessary upper torso freedom of 
movement during normal f l igh t  as i s  required for  a l l  necessary f l i gh t  
duties u n d e r  a l l  operating conditions. 

4.12 The lower torso portion of the res t ra in t  system should maintain firm, 
b u t  comfortable, contact of the buttocks with the seat ,  so as t o  re- 
duce unwanted movement, regardless of the direction of crash loading 
or of gust (rough a i r )  acce1eration.s. During crash loading of the 
res t ra in t  system by the occupant, &he resubtant load vector should cross 
the i l i a c  cres ts  (hips)  between 45 a n d  55 re la t ive  t o  the compressed 
plane of the seat  cushion as shown i n  Figure 2 .  The tendency of the 
upper torso res t ra in t  t o  displace the lower torso res t ra in t  i n  an upward 
direction under h i g h  dynamic loading conditions must be given special 
design at tention.  
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The restraint  system should provide freedom from undue fatigue during 
normal f l ight  over extended periods of time, such as two or more hours 
of uninterrupted use. 

The buckle, or other such locking-unlocking device, should be minimal 
in size,  lightweight, easily operable by the user in any position of 
his body with respect t o  the seat,  and should have no sharp cutting 
edges nor protuberances that might be injurious t o  the occupant. False 
latching of the buckle should no t  be possible. 

The system configuration should be such that the correct method of wear- 
ing the restraint i s  obvious t o  the occupant. The system should be 
capable of being easily donned and removed by a n  inexperienced user, 
and i t s  manner of use, locking, adjustment and unlocking should be ob- 
vious w i t h o u t  the need for printed or verbal instruction. 

I f  conventional type shoulder harness straps are used in the sys.tem, 
the straps should be installed so as t o  prevent their  snagging on 
near-by structures; spl ices should pass freely through the harness 
guides or f i t t ings  t o  precl ude "fa1 se" decel eration/accel eration and 
subsequent inadvertent locking of the inertia reel ( i f  used). 

When shoulder straps are used in the system, they should cross the 
shoulder t o  prevent edge chaffing against the neck (see Figure 3.) 

- -  
TQe angle,of the shoulder straps t o  the shoulder should be between 
0 and 30 above a l ine para1 lel t o  the longitudinal axis of the a i r -  
craf t  (see Figure 4. ) 

I f  a single diagonal strap type of upper torso restraint i s  uti l ized, 
the strap should cross the chest above the c.g. of the torso [Figure 3) 
so as t o  minimize the chance of the shoulders rolling o u t  of the "open" 
side of the restraint system during accelerations involving a comb- 
ination of lateral  and forward loads. 

When a single diagonal strap type of upper torso restraint i s  u t i l -  
ized on a forward-facing seat,  the upper part of the strap should 
preferably cross the "outboard" shoul der-trapezia1 sl ope, so as t o  
~rovide  maximum lateral  restraint of the upper torso relative t o  near- 
by structure: The lower end of the strap should be located near the 
inboard hip (see Figure 5 ) .  

When a sinole diasonal chest strap i s  utilized on a side-facing seat,  
the upper, end of the strap should' cross the forward shoulder; the 
lower end should attach near the "rear" hip (seeFigure 5 ) .  Side- 
facing seats are no t  recommended. 

If  a n  inertia reel or similar device i s  utilized t o  maintain contact 
between the restraint system and the occupant's upper torso d u r i n ~  
normal movement and  act ivi ty ,  the "reel-in" or retraction tension l o a d  
imposed on the shoulders should be minimal (less than one-half p o u n d ) .  
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Occupant Restraint Systems (Active) 
for  General Aviation Aircraft (cont 'd)  

4.23 The cabin in ter ior  should be designed so that serious injury cannot 
be sustained by the occupant as his torso moves forward a t  rates below 
the "lock-up" level of the inert in ree l ,  

4.24 Automatic "lock-up" of the upper torso iner t ia  system should resul t  
solely from a 2 . 5  - + 0 . 5  g acceleration of the occupant's torso, 

4 . 2 5  Manual release o f  the res t ra in t  system should be easi ly accomplished 
by the occupant regardless of body at t i tude (hanging inverted or on 
side, e t c . , )  and should require only a single motion of the release 
devi ce. 

4 .26 Manual release of the res t ra in t  system should n o t  require the use of 
more than any one finger or t h u m b  of e i ther  hand of the wearer, a f t e r  
1 imit loading and while the ~ c u p a n t  i s  hanging inverted in the re- 
s t r a i n t  system. 

4 . 2 7  Manual release of the res t ra in t  system should require release of only 
one'unlocking device in order t o  release the total  system from the 
user. 

4.28 The design of the res t ra in t  system should minimize the possibil i ty 
of inadvertent release through acc.identa1 contact with the user's 
body, apparel, or any near-by component. 

4.29 The res t ra in t  system should no t  be capable of inadvertently releasing 
the occupant from i t s  protective confines due t o  accelerations/de- 
celerations imposed on the system or on i t s  associated devices, 

4.30 Automatic release of the occupant from the res t ra int  system while the 
a i r c r a f t  i s  mdergoing deceleration ,and/or while the occupant i s  
hanging inverted in the system should not be acceptable. 

4.31 To prevent "snap" loads being imposed on the occupant's body and on 
the res t ra in t  system and i t s  anchorages, the system should be designed 
in such a manner as to encourage i t s  use in snug  - b u t  comfortable - 
contact with the occupant's body a t  a l l  times. 

4.32 Unused res t ra in t  systems i n  unoccupied seats should n o t  cause an 
operationally unsafe condition. 

4.33 Automatic storage of the res t ra in t  system, when n o t  in use, i s  a de- 
s i rable  feature,  

4.34 The res t ra int  system and i t s  f i t t i ngs  should be designed so as t o  re- 
duce the potential for  improper ins ta l la t ion in the a i rc ra f t  by pro- 
duct i on and/or mai ntenance personnel . 

4,35 The res t ra in t  system should be lightweight, easi ly cleaned, and incap- 
able of supporting combuaon or of emitting poisonous fumes when sub- 
jected to  flame or heat. 
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Recommended  angle and  locction of s e ~ t  

belt centerline to pelvis a n d  seat. 

Plcne of c o n p r ?  
seat  cushion -- a 

Belt centerlinz should cross most  forvrord 

point on iliac crest, a t  50°25" relative t o  

the plane of the compressed seat  cushion. 

FIGURE 2. 



FIGURE 3 .  



Recommended angle o f  s h o u l d e r  s t r aps  

t o  shoulder of 95 percent i le  man, refer- 
enced t o  longitudinal axis of aircraft .  

Figure 4. 
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