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1.0 I n t r o d u c t i o n  - 
P r o t e c t i n g  t h e  head from i r r e v e r s i b l e  b r a i n  damage i s  o n e  of  t h e  

most c r i t i c a l  t a s k s  of t h e  automotive s a f e t y  design engineer  and of t h e  

r e g u l a t o r  who s e t s  Federa l  Motor Vehicle Sa fe ty  Standards  (MVSS). Both 

have based t h e i r  work on human p e r f o r m a n c e  a n d  i n j u r y  d a t a  f r o m  a  

v a r i e t y  of sources .  Although f i e l d  acc iden t  d a t a  a r e  a v a i l a b l e  i n  l a r g e  

volume, very l i t t l e  have been a b l e  t o  p r o v i d e  t h e  l e v e l  of d e t a i l  

necessary  t o  study a c t u a l  m e c h a n i s m s  o f  i n j u r y .  R e g u l a t o r s  a n d  

eng ineers  concerned w i t h  occupant p r o t e c t  ion  have i n s t e a d  used t h e  m o r e  

s c i e n t i f i c  d a t a  coming from l a b o r a t o r y  impact experiments w i t h  a n i m a l s  

and cadavers,  a s  w e l l  a s  from a c c e l e r a t i o n  e x p e r i m e n t s  w i t h  human 

vo lun tee r s ,  t o  determine an a c c e p t a b l e  l e v e l  of  p r o t e c t i o n  a n d  t o  

measure whether o r  not  a  system achieves  t h i s  l e v e l .  

The i n t e n t  of t h i s  s t u d y  i s  t o  r e v i e w  t h e  d e v e l o p m e n t  o f  

biomechanical knowledge about s k u l l l b r a i n  i n j u r y  t o l e r a n c e  t o  impact and 

o t h e r  a c c e l e r a t i o n s ,  t o  examine t h e  degree t o  which t h i s  knowledge  h a s  

been used by t h e  Na t iona l  Highway T r a f f i c  Sa fe ty  Adminis t ra t ion (NHT SA) 

i n  s e t t i n g  occupant p r o t e c t i o n  s t a n d a r d s ,  and t o  focus  a t t e n t i o n  on t h a t  

p o r t i o n  of the  evidence t h a t  has not  been e f f e c t i v e l y  t a p p e d .  T h i s  

l a t t e r  body of informat ion h a s  been developed p r imar i ly  i n  t h e  p e r i o d  

beginning 1972 ,  t h e  y e a r  i n  which t h e  Head I n j u r y  C r i t e r i o n  (HIC)  w a s  

incorporated i n t o  FMVSS 208 and a  cour t  d e c i s i o n  w a s  made r e q u i r i n g  

NHTSA t o  p r e c i s e l y  s p e c i f y  i t s  anthropomorphic t e s t  d e v i  c e  . F i n a l l y  , 

suggest ions  a r e  made f o r  f u r t h e r  r e s e a r c h  t h a t  w o u l d  e n h a n c e  o u r  

understanding of head i n j u r y  mechanisms and p r o t e c t i o n .  

The main body o f  t h e  r e p o r t  c o n t a i n s  a  r e v i e w  o f  l a n d m a r k  

l i t e r a t u r e  and r e g u l a t i o n s  r e l a t i n g  t o  head i n j u r y ,  along wi th  a  l i s t  of 



t h e  primary re fe rences .  Appended t o  t h e  r e p o r t  a r e  e x c e r p t s  f r o m  t h e  

F e d e r a l  R e g i s t e r  r e f e r r e d  t o  i n  t h e  r e v i e w  a n d  a n  e x t e n s i v e  

bibl iography.  An a d d i t i o n a l  appendix p r e s e n t s  i l l u s t r a t i o n s  o f  h e a d  

i n j u r y  acc iden t  d a t a  from NHTSA's Na t iona l  Crash Sever i ty  Study (NCSS). 

2.0 Ear ly  Per iod:  1960-1970 - 

2.1 Wayne S t a t e  Tolerance  Curve - 

The Wayne S t a t e  Tolerance  Curve (WSTC), f i r s t  suggested by L i s s n e r ,  

Lebow, and Evans ( 1 9 6 0 ) ~ ~  i s  t h e  foundat ion upon which m o s t  c u r r e n t l y  

accepted indexes  of head i n j u r y  t o l e r a n c e  a r e  b a s e d .  A s  o r i g i n a l l y  

p resen ted ,  t h e  " c u r v e "  i n c l u d e d  s i x  p o i n t s  t h a t  r e p r e s e n t e d  t h e  

r e l a t i o n s h i p  between a c c e l e r a t i o n  l e v e l  and i m p u l s e  d u r a t i o n  ( i n  t h e  

range of 1  t o  6  ms) found t o  produce l i n e a r  s k u l l  f r a c t u r e  i n  embalmed 

cadaver heads. Simply pu t ,  s h o r t  p u l s e s  of high a c c e l e r a t i o n  w i l l  cause  

i n j u r y ,  whi le  lower a c c e l e r a t i o n  l e v e l s  r e q u i r e  longer  d u r a t i o n  t o  d o  

harm. The curve was l a t e r  extended t o  p u l s e  d u r a t i o n s  above 6  m s  w i t h  

comparative animal and cadaver impact d a t a  a n d  w i t h  human v o l u n t e e r  

a c c e l e r a t i o n  t e s t  da ta .  The d e t a i l s  of t h e  h i s t o r y  o f  t h e  WSTC a r e  

2  
desc r ibed  i n  SAE J885b (1980) and w i l l  not  be repea ted  he re .  

The reader  should  be aware, however, of t h e  p h y s i c a l  n a t u r e  of t h e  

experiments of L i s s n e r  e t  a l .  t h a t  produced t h e  f i r s t  d a t a  p o i n t s  t o  b e  

used i n  t h e  WSTC. Embalmed human cadavers were used a s  opposed t o  f r e s h  

cadavers o r  severed heads. I n s t r u m e n t a t i o n  c o n s i s t e d  o f  p r e s s u r e  

t r ansducers  i n  t h e  r i g h t  temporal  and l e f t  p o s t e r i o r  r e g i o n s  o f  t h e  

s k u l l  and an acce le romete r  on t h e  c e n t e r  r e a r  of t h e  s k u l l .  The i m p a c t  

* s u p e r s c r i p t  numbers r e f e r  t o  c i t a t i o n s  l i s t e d  i n  s e c t i o n  6 . 0 :  
References.  C i t a t i o n s  may a l s o  be  i d e n t i f i e d  by a u t h o r ( s )  and d a t e  i n  
Appendix B : Bibl iography.  



was on t h e  forehead.  The membranes surrounding lobes  of t h e  b r a i n  w e r e  

mechanically punctured and t o r n  t o  a l low a l l  p a r t s  of t h e  c r a n i a l  c a v i t y  

t o  communicate. The impacts were accomplished by dropping t h e  c a d a v e r s  

on to  automotive ins t rument  p a n e l s ,  damped s t e e l  p l a t e s ,  s t e e l  a n v i l s ,  

and padded s t e e l  a n v i l s .  

The important  p o i n t s  f o r  t h e  p r e s e n t  d i s c u s s i o n  a r e  t h a t  (1) 

p r e s s u r e  change g r a d i e n t s  i n  t h e  r e g i o n  of  t h e  f o r a m e n  magnum w e r e  

understood t o  be t h e  primary b r a i n  s t e m  i n j u r y  m e c h a n i s m ;  ( 2 )  t h e  

o r i g i n a l  WSTC repor ted  p e a k  a c c e l e r a t i o n s  a n d  p e a k  p r e s s u r e s  f o r  

t r a n s l a t i o n a l  impact wi th  hard ,  f l a t  s u r f a c e s  i n  t h e  a n t e r i o r - p o s t e r i o r  

d i r e c t i o n ;  (3)  t h e  au thors  c a u t i o n e d  t h a t  much d a t a  w a s  n e e d e d  t o  

v a l i d a t e  t h e  curve,  but  ( 4 )  i t  was t h e  f i r s t  g r a p h i c a l  r e p r e s e n t a t i o n  of 

c r i t i c a l  i n j u r y  t h r e s h o l d  based on impact cond i t ions .  The au thors  a l s o  

provided i n s i g h t  i n t o  t h e  g o a l  f o r  e n e r g y  a b s o r b i n g  m a t e r i a l s  o r  

s t r u c t u r e s :  

Any padding arrangement o r  r educ t ion  i n  s t  i f f  n e s s  o f  t h e  
[ ins t rument]  p a n e l ,  o r  both ,  which i n c r e a s e s  t h e  t ime d u r a t i o n  
of impact i n  an  equa l  o r  diminished r a t i o  t o  t h e  d e c r e a s e  i n  
a c c e l e r a t i o n  o r  p r e s s u r e  produced, w i l l  be an improvement w i t h  
regard  t o  p reven t ion  of i n j u r y .  

The r e l a t i v e  dec reases  and i n c r e a s e s  necessary  a r e  descr ibed by a  curved 

l i n e ,  such a s  t h e  WSTC. 

Soon t h e r e a f t e r ,  Gadd ( 1 9 6 1 ) ~  s u g g e s t e d  p l o t t i n g  t h e  i n j u r y  

t h r e s h o l d  curve  on logar i thmic  s c a l e s  t o  ach ieve  a  s t r a i g h t  l i n e  f i t .  

The e x t e n t  t o  which t h e  s l o p e  of t h i s  l i n e  was s t e e p e r  t h a n  -1 w o u l d  

i n d i c a t e  a  g r e a t e r  dependence of i n j u r y  on t h e  i n t e n s i t y  of l o a d i n g ,  a s  

opposed t o  dependence on time o f  l o a d i n g .  He a l s o  s u g g e s t e d  t h a t  

m u l t i p l e  impulses could be analyzed f o r  i n j u r y  p o t e n t i a l  by i n t e g r a t i n g  

t h e  a c c e l e r a t i o n  over t h e  e n t i r e  i m p u l s e  p r o f i l e ,  u s i n g  t h e  p o w e r  



weighting f a c t o r ,  der ived above from t h e  s l o p e ,  on t h e  a c c e l e r a t i o n  

p o r t i o n  of t h e  p r o f i l e .  Th i s  fundamental engineering advice  f o r  t h o s e  

th ink ing  of e s t a b l i s h i n g  an index of i n j u r y  to le rance  was  l a t e r  t o  b e  

developed i n t o  t h e  Gadd Sever i ty  Index, d iscussed below. 

Before t h i s  index was f i n a l i z e d ,  however, changes were made i n  t h e  

WSTC. To make t h e  t r i a n g u l a r  peak a c c e l e r a t i o n  l e v e l s  c o m p a t i b l e  w i t h  

i r r e g u l a r  wave forms and wi th  t h e  t r a p e z o i d a l  waves of human v o l u n t e e r  

t e s t s  summarized by Eiband ( 1 9 5 9 ) ~ ,  t h e  o r d i n a t e  of t h e  c u r v e  was  

changed t o  "e f fec t ive"  o r  average a c c e l e r a t i o n .  A p l o t  i n  t h i s  f o r m  

5 appears i n  P a t r i c k ,  L i s s n e r ,  and Gurdj ian  (1963) . The asymptote of t h e  

curve,  o r  t h e  low-level a c c e l e r a t i o n  t h r e s h o l d  f o r  v e r y  l o n g  t i m e  

dura t ions ,  was given a s  4 2  g. The au thors  s t a t e d ,  however, t h a t  humans 

a r e  known t o  have wi ths tood considerably  h igher  a c c e l e r a t i o n s  i n  c a s e s  

where t h e r e  was no impact. They suggested then  a  th resho ld  of from 60 g  

t o  80 g ,  and they themselves u s e d  8 0  g  a s  t h e  u p p e r  s a f e  l i m i t  on 

e f f e c t i v e  a c c e l e r a t i o n  f o r  impacts wi th  a  padded su r face .  T h i s  f i g u r e  

was l a t e r  incorporated i n t o  FMVSS 201 i n s t r u m e n t  p a n e l  t e s t s  a n d  a n  

e a r l y  ve r s ion  of FMVSS 208. I t  must be remembered, however ,  t h a t  f o r  

non-rectangular wave forms, peak a c c e l e r a t i o n s  can be h igher  than  8 0  g.  

The authors  c i t e d  pe rmiss ib le  peaks of 110 g  f o r  s i n u s o i d a l  p u l s e s  a n d  

160 g f o r  t r i a n g u l a r .  

Other concepts coming from t h i s  paper t h a t  were t o  emerge l a t e r  i n  

s t andards  were (1) t h e  avoidance of high a c c e l e r a t i o n  p e a k s  l a s t i n g  

longer  than 1  m s  and ( 2 )  t h e  use  of i n t e r i o r  impact t e s t  v e l o c i t i e s  of 

one h a l f  the  probable v e h i c l e  v e l o c i t y  a t  i m p a c t .  T h e  r e a d e r  i s  

cautioned t h a t  t h e  l a t t e r  concept may not b e  v a l i d  i n  r e a l  c r a s h e s .  

V e l o c i t i e s  chosen f o r  impact t e s t s  should be r e e v a l u a t e d  a s  o c c u p a n t  



p r o t e c t i o n  systems change, because i n t e r i o r  s t r u c t u r e s  a n d  r e s t r a i n t  

systems i n f l u e n c e  occupant k inemat ics  and thus  i n t e r i o r  impact v e l o c i t y .  

2.2 Sever i ty  Index - 

A t  t h e  Tenth Stapp Car Crash Conference, Gadd (1966) b r o u g h t  t o  

matur i ty  t h e  ideas  p resen ted  i n  1961. Although a  l o g - l o g  p l o t  of  t h e  

WSTC r e s u l t e d  i n  a  somewhat curved l i n e ,  Gadd f e l t  h i s  s t r a i g h t - l i n e  

approximation was " s u f f i c i e n t  a t  t h i s  time" because of t h e  s c a t t e r  of  

t h e  data .  The s l o p e  of h i s  l i n e  was -2.5, and t h u s  2.5 became h i s  power 

weight ing f a c t o r .  Using t h e  S e v e r i t y  Index (SI)  formula d t ,  Gadd 

showed t h a t  a  t r i a n g u l a r  p u l s e  having t h e  same a r e a  a s  a  s q u a r e  p u l s e  

would have an i n j u r y  p o t e n t i a l  1.61 t imes a s  g r e a t .  Near t h e  end of h i s  

paper ,  Gadd re tu rned  t o  t h e  q u e s t i o n  of h i s  s t r a i g h t  l i n e  approx imat ion  

and suggested t h a t ,  a s  more d a t a  became a v a i l a b l e ,  a  curve of a r b i t r a r y  

shape could be c o n s t r u c t e d .  He c r e d i t e d  J. P. D a n f o r t h  w i t h  t h e  

sugges t ion  t h a t  t h e  weighting exponent need not  be c o n s t a n t  b u t  c o u l d  

vary a s  a  f u n c t i o n  of a c c e l e r a t i o n .  

2.3 FMVSS 201 - -- 
On December 3, 1966, t h e  proposed i n i t i a l  F e d e r a l  M o t o r  V e h i c l e  

Safe ty  Standards appeared i n  t h e  Federa l  Reg i s  t e r  [ 1 I * . FMVSIS 2 0 1 ,  

"Occupant P r o t e c t i o n  i n  I n t e r i o r  Impact, " was  among t h o s e  p r o p o s e d .  

Using t h e  g e n e r a l  t e s t  p rocedures  a n d  1 5 - p o u n d ,  6 . 5 - i n c h  d i a m e t e r  

headform from SAE 5921 ( 1 9 6 5 ) ~ ~  15 mph impacts w i t h  t h e  " h e a d  i m p a c t  

area"  of t h e  ins t rument  panel  were t o  be performed. 

The t e s t  c r i t e r i a  were a s  fo l lows:  

* 
Bracketed numbers r e f e r  t o  e x c e r p t s  i n  Appendix A of t h i s  r e p o r t .  

5 



a )  The d e c e l e r a t i o n  of t h e  head  form s h a l l  no t  exceed 80g f o r  1 . 0  

m i l l i s e c o n d  o r  more; and,  

b )  The p r e s s u r e  i n  t h e  a r e a  of c o n t a c t  s h a l l  n o t  exceed 100 p.s . i .  

The proposed r e g u l a t i o n  d i d  n o t  apply  t o  a r e a s  w i t h i n  5 i n c h e s  o f  t h e  

door  nor  c l o s e r  t o  t h e  w i n d s h i e l d  t h a n  c o u l d  b e  c o n t a c t e d  by  t h e  

headform. I t  should  be  noted  t h a t  t h e  80 g  e f f e c t i v e  a c c e l e r a t i o n  l i m i t  

5 sugges t ed  by P a t r i c k ,  e t  a l .  (1963) was i n c o r p o r a t e d  h e r e  a s  a  maximum, 

excep t  f o r  peaks of ve ry  s h o r t  d u r a t i o n  t h a t  were a l s o  a l lowed  by t h e s e  

a u t h o r s .  The p r e s s u r e  l i m i t  of b )  was inc luded  t o  c o n t r o l  f o r  i m p a c t s  

w i t h  p r o t r u s i o n s  t h a t  cou ld  be i n j u r i o u s  a t  low a c c e l e r a t i o n  l e v e l s .  

Two months af t e r  t h e  i n i t i a l  p r o p o s a l ,  t h e  r u l e  was i s s u e d  w i t h  t h e  same 

p r o v i s i o n s ,  excep t  t h a t  t h e  concept  of con tac t - a rea  p r e s s u r e  was dropped 

[21. 

A t  t h e  r e q u e s t  of p e t i t i o n e r s ,  h e a r i n g s  w e r e  h e l d  i n  May 1 9 6 7  

r e g a r d i n g  t h e  p r o v i s i o n s  of FMVSS 201. The r e s u l t i n g  r e v i s e d  r e g u l a t i o n  

131, i s s u e d  i n  August e l i m i n a t e d  a r e a s  of t h e  in s t rumen t  p a n e l  below a n  

upper  l i p  from any impact  t e s t i n g  a n d  l e n g t h e n e d  t h e  d u r a t i o n  o f  

a l l o w a b l e  d e c e l e r a t i o n  above 80 g  t o  3 m s .  Although no limit was p l a c e d  

on t h e  peak a l lowab le  d u r i n g  t h e  3 m s  window, i t  w o u l d  b e  r e a s o n a b l y  

d i f f i c u l t  t o  a c h i e v e  an  i n j u r i o u s  l e v e l  of a c c e l e r a t i o n  d u r i n g  t h i s  

s h o r t  a  p e r i o d  i f  t h e  impacted  s u r f a c e  w e r e  p a d d e d .  U s i n g  c u r r e n t  

methods t o  c a l c u l a t e  i n j u r y  t h r e s h o l d  (HIC<1000, t o  be  d i s c u s s e d  below),  

a  peak of 280 g  would s t i l l  be w i t h i n  t h e  s a f e  l i m i t .  

I n  October  of t h e  same y e a r ,  a n o t h e r  p r o p o s a l  [41 was i s s u e d  t h a t  

i n d i c a t e d  NHTSA was c o n s i d e r i n g  a d d i t i o n a l  a r e a s  t o  be  covered by FMVSS 

201, i n c l u d i n g  "A" and "B" p i l l a r s ,  w i n d s h i e l d  h e a d e r s ,  s u n  v i s o r s ,  



rearview m i r r o r s ,  r o o f s ,  e t c .  Comments were a l s o  requested on " the  need 

f o r  s p e c i f y i n g  more s t r i n g e n t  impact decelera t ion- t ime requirements. .  . I 1  

2.4 I n j u r y  Mechanisms - 

During t h i s  time, when t o l e r a n c e  curves  and i n j u r y  i n d e x e s  w e r e  

being developed and government s t andards  were t r y i n g  t o  r e f  l e c  t t h e s e  

developments, l abora to ry  resea rch  cont inued t o  be  c o n c e r n e d  w i t h  t h e  

a c t u a l  mechanisms w i t h i n  t h e  s k u l l  t h a t  produce b r a i n  i n j u r y  a n d  w i t h  

q u a n t i f y i n g  t h e  mechanical  p r o p e r t i e s  of t h e  s k u l l l b r a i n  s y s t e m .  T h e  

even tua l  goal  of t h i s  r e sea rch  would be  t h e  development of s o p h i s t i c a t e d  

a n a l y t i c a l  models t o  p r e d i c t  i n j u r y  from impact and a c c e l e r a t i o n .  

The WSTC was based on t r a n s l a t i o n a l  motion d a t a ,  but  r o t a t i o n  h a d  

a l s o  long been known t o  e f f e c t  i n j u r y  ( H o l b o u r n ,  1 9 4 3 ~ ;  G u r d j i a n ,  

9  
Webster, and L i s s n e r ,  1955 ). Gurdj ian ,  Rober ts ,  and Thomas ( 1 9 6 6 )  

1 0  

observed t h a t  t h e  " l i n e  of  a c t i o n "  o f  a  b low t o  t h e  h e a d  h a d  a  

s i g n i f i c a n t  e f f e c t  on t h e  r e s u l t i n g  i n j u r y .  I f  "an impact p r o v i d e s  a n  

unusual ly  abrup t  r o t a t i o n  of t h e  s k u l l ,  s e v e r e  e f f e c t s  c a n  o c c u r  i n  

a r e a s  not immediately ad jacen t  t o  t h e  p o i n t  of impact. I' Ommaya, Hirsch,  

and Martinez ( 1 9 6 6 ) 1 1  f o u n d  t h a t  a  c e r v i c a l  c o l l a r  r e d u c e d  t h e  

r o t a t i o n a l  a c c e l e r a t i o n  of monkey h e a d s  a n d  r a i s e d  t h e  c o n c u s s i o n  

t h r e s h o l d  f o r  o c c i p i t a l  impacts.  The au thors  a l s o  f o u n d  t h a t  a b r u p t  

r o t a t i o n  wi thou t  impact could a f f  e c t  sensory responses.  

A b r i e f  paper by Gurdj ian ,  Hodgson, e t  a l .  (1968)12 summarized t h e  

s t a t e  of unders tanding a t  t h a t  t ime of b r a i n  i n j u r y  mechanisms from head 

impacts.  S p e c i f i c a l l y  t h e  paper  mentioned (1) d i r e c t  c o n t u s i o n  f r o m  

deformation a t  t h e  p o i n t  of impact; ( 2 )  i n d i r e c t  contus ion p r o d u c e d  by 

nega t ive  p r e s s u r e  on t h e  s i d e  o p p o s i t e  t h e  impact; ( 3 )  b r a i n  deformation 

a s  i t  responds t o  p r e s s u r e  g r a d i e n t s ,  c a u s i n g  s h e a r  s t r e s s e s  a t  t h e  



c r a n i o s p i n a l  junc t ion ;  ( 4 )  con tus ion  from movement of t h e  b r a i n  a g a i n s  t 

rough and i r r e g u l a r  i n t e r i o r  s k u l l  s u r f a c e s ;  and (5) subdura l  hematoma 

from movement of t h e  b r a i n  r e l a t i v e  t o  i t s  d u r a l  envelope,  r e s u l t i n g  i n  

t e a r s  of corinect ing blood v e s s e l s .  

2 .5 Mathematical Modeling 

Ear ly  modeling e f f o r t s  included t h e  work of H o d g s o n  a n d  P a t  r i c k  

( 1968) 13, who developed a  s imple  one-degree-of -f reedom model t o  p r e d i c t  

t h e  response of the  o c c i p i t a l  bone t o  f r o n t a l  bone i m p a c t .  T h e  m o d e l  

was based on d a t a  from mechanical  impedance t e s t s  of a  human cadaver and 

two l i v i n g  human s u b j e c t s  i n  t h e  range of 0  t o  5 0 0 0  Hz. M e c h a n i c a l  

impedance measurements involve  determining t h e  r a t i o  of  a  s i n u s  o i  da  1 

f o r c e ,  app l i ed  t o  a  specimen, t o  a  p a r t i c u l a r  m e c h a n i c a l  r e s p o n s e  of  

t h a t  specimen. As t h e  frequency of t h e  a p p l i e d  f o r c e  v a r i e s ,  b o t h  t h e  

magnitude and t h e  phase of t h e  r e s p o n s e  v a r y .  Once  t h e  i m p e d a n c e  

f u n c t i o n  i s  known, t h e  impact response  can be c a l c u l a t e d .  The r e s u l t s  

can a l s o  be used t o  develop and v a l i d a t e  s imple  lumped parameter m o d e l s  

of t h e  head,  both  mathematical  and p h y s i c a l ,  i n c o r p o r a t i n g  t h e  same  

mechanical impedance i n  t h e  frequency range of i n t e r e s t .  The p a r t i c u l a r  

r e sponse  u s e d  by H o d g s o n  a n d  P a t r i c k  w a s  t h e  a m p l i f i c a t i o n  o f  

a c c e l e r a t i o n  a t  a  p o i n t  on t h e  head o p p o s i t e  t h e  a p p l i e d  f o r c e .  T h i s  

response of t h e  cadaver head was found t o  be s i m i l a r  t o  t h a t  of a  s imple  

spring-mass system w i t h  an a n t i r e s o n a n t  f r e q u e n c y  a t  3 1 3  Hz a n d  a  

resonant  frequency a t  900 Hz. A t  f r equenc ies  below 100 Hz, t h e  response  

was t h a t  of a  r i g i d  body. 

Another mechanical p roper ty  important  f o r  head i n j u r y  mode l i n g  i s  

t h e  dynamic complex s h e a r  modulus, G ,  of t h e  b r a i n .  Techn ica l ly ,  G i s  a  

v e c t o r  q u a n t i t y  express ing two p e r p e n d i c u l a r  c o m p o n e n t s :  G ' ,  t h e  



dynamic e l a s t i c  modulus r e p r e s e n t i n g  t h e  s p r i n g l i k e  s t  i f f  n e s  s o f  t h e  

m a t e r i a l  u n d e r  s h e a r  s t r e s s ,  a n d  G " ,  t h e  d y n a m i c  l o s s  m o d u l u s  

r e p r e s e n t i n g  t h e  v i s c o u s  l o s s e s  i n  t h e  m a t e r i a l .  T h i s  complex m o d u l u s  

i s  n e c e s s a r y  f o r  a  numer i ca l  a n a l y s i s  o f  a  v i s c o e l a s t i c  m a t e r i a l .  

F a l l e n s t e i n ,  Hulce ,  and Melvin (1969) l4 s t u d i e d  t h i s  p r o p e r t y  a s  t h e  

i n i t i a l  phase  of a l a r g e r  p r o g r a m  t o  c o m p l e t e l y  c h a r a c t e r i z e  t h e  

m a t e r i a l  of t h e  human head.  I n  t h e i r  p a p e r ,  t h e  a u t h o r s  d i s c u s s e d  t h e  

work of o t h e r s  who p r o v i d e d  guidance  f o r  t h e  program and r e p o r t e d  t h e i r  

own expe r imen ta l  r e s u l t s .  The v a l u e s  o b t a i n e d  f o r  i n  v i t r o  human b r a i n  

were  j u s t  below t h o s e  of i n  v i v o  human muscle t i s s u e .  H i g h e r  v a l u e s  

were  found i n  p r e l i m i n a r y  i n  v i v o  t e s t s  on Rhesus monkeys. The a u t h o r s  

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

h e l p  r e s o l v e  q u e s t i o n s  abou t  t h e  e f f e c t s  of post-mortem c h a n g e s ,  b l o o d  

p r e s s u r e ,  and f r equency  on t h e  dynamic p r o p e r t i e s  of b r a i n  t i s s u e .  

D r i v i n g  p o i n t  impedance  t e s t s  o f  t h e  h e a d  w e r e  c o n d u c t e d  b y  

15 
S t a l n a k e r ,  Fog le ,  and McElhaney (1970)  o n  a  human  c a d a v e r  a n d  o n  

l i v i n g  and cadave r  monkeys. The r a t i o  o f  t h e  d r i v i n g  f o r c e  t o  t h e  

v e l o c i t y  a t  t h e  d r i v e n  p o i n t  was measured o v e r  t h e  f r equency  r ange  of 30 

t o  5000 Hz. The a u t h o r s '  methods f o r  a t t a c h i n g  t r a n s d u c e r s  and h o l d i n g  

t h e  s u b j e c t s  i n  p l a c e  were  a n  improvement o v e r  t h o s e  u s e d  i n  p r e v i o u s  

impedance t e s t s .  A l i n e a r  two-degree-of -freedom m o d e l  w a s  d e v e l o p e d  

from t h e  d a t a  o b t a i n e d .  The a u t h o r s  found t h e  b r a i n  t o  be v e r y  n e a r l y  

16 c r i t i c a l l y  damped. Metz, McElhaney, and Ommaya (1970) r e p o r t e d  o n  a  

new method of measur ing  t h e  e l a s t i c  modulus of b r a i n  t i s s u e .  V a l u e s  

e q u i v a l e n t  t o  G '  were  found t o  be somewhat h i g h e r  t h a n  t h o s e  r e p o r t e d  by 

14 F a l l e n s t e i n ,  e t  a l .  (1969) . 



The m e c h a n i c a l  p r o p e r t i e s  of c r a n i a l  b o n e  w e r e  s t u d i e d  by 

McElhaney, Fogle, e t  a l .  (1970) 17. T h i s  work, l i k e  t h a t  of F a l l e n s t e i n ,  

e t  a l .  (1969)14, was p a r t  of a  program t o  adequate ly  c h a r a c t e r i z e  a l l  

t h e  m a t e r i a l s  of the  human head s o  t h a t  p h y s i c a l  and mathematical  models 

could be cons t ruc ted  f o r  s y s t e m a t i c  s tudy of head i n j u r y  m e c h a n i s m s .  

Th i s  work was sponsored by t h e  N a t i o n a l  I n s t i t u t e  o f  N e u r o l o g i c a l  

Diseases  and Stroke.  A v a r i e t y  of p r o p e r t i e s  were repor ted  i n  d e t a i l  a s  

w e l l  a s  t h e  dependence of t h e s e  p r o p e r t i e s  on t h e  s t r u c t u r a l  arrangement 

of the d i p l o e ,  a  c h a r a c t e r i s t i c  l i k e l y  t o  v a r y  c o n s i d e r a b l y  o v e r  a  

popu la t ion  of s u b j e c t s .  A m o d e l  w a s  d e v e l o p e d  t o  s u m m a r i z e  t h e  

v a r i a t i o n s  of mechanical p r o p e r t i e s  w i t h  respec t  t o  t h e  dens i ty  of t h i s  

region.  

2.6 FMVSS 208 --- 

Get t ing  ou t  of t h e  l a b o r a t o r y  f o r  a  moment, i t  i s  a p p r o p r i a t e  a t  

t h i s  po in t  t o  d i s c u s s  t h e  developments i n  t h e  a r e a  of r e g u l a t i o n  t h a t  

occurred i n  1970. I n  May, t h e  f i r s t  p roposa l  t o  i n c o r p o r a t e  a u t o m a t i c  

(pass ive )  c r a s h  p r o t e c t i o n  i n t o  FMVSS 2 0 8  a p p e a r e d  i n  t h e  F e d e r a l  

R e g i s t e r  [ 6 ]  . To t e s t  t h e  e f f e c t i v e n e s s  of t h e s e  systems,  t h e  s t a n d a r d  

w a s  t o  e s t a b l i s h  " b a s i c  i n j u r y  c r i t e r i a  w i t h  r e f e r e n c e  t o  a n  

anthropomorphic dummy, e x p r e s s e d  i n  t e r m s  of  maximum f o r c e s  a n d  

p r e s s u r e s  on c r i t i c a l  p a r t s  of t h e  body." The dummy t o  be used was t h a t  

desc r ibed  i n  SAE 3963 (1968)18. The occupant p r o t e c t i o n  s y s t e m s  w o u l d  

be  t e s t e d  t h e  f i r s t  y e a r  w i t h  dummies i n  a  f r o n t a l  f i x e d - b a r r i e r  c r a s h  

a t  30 mph, and l a t e r a l  and r o l l o v e r  t e s t s  would be added t h e  f o l l o w i n g  

yea r .  The p roposa l  s p e c i f i e d  t h a t  " the  r e s u l t a n t  h e a d  a c c e l e r a t i o n  

s h a l l  not  e x c e e d  8 0  g f o r  a n y  c o n t i n u o u s  p e r i o d  o f  m o r e  t h a n  3 

mil l iseconds ."  NHTSA admit ted  t h a t  t h e  s p e c i f i e d  dummy "may no t  provide  



t o t a l l y  r eproduc ib le  r e s u l t s .  I' There  was, however, no e a s i l y  a v a i l a b l e  

a l t e r n a t i v e  a t  t h e  t ime.  I t  should  b e  n o t e d  a s  w e l l  t h a t  t h e  t e s t  

c r i t e r i a  were based on t h e  magnitude of  t h e  r e s u l t a n t  a c c e l e r a t i o n  

r a t h e r  than  on i t s  p r o j e c t i o n  a l o n g  a  s i n g l e  a x i s ,  a s  w a s  u s e d  i n  

c o n s t r u c t i n g  t h e  o r i g i n a l  WSTC. An i n t e r i m  o p t i o n  o f  m a n u a l  l a p /  

shou lde r  b e l t s  t h a t  had t o  meet t h e  s a m e  t e s t  c o n d i t i o n s  w a s  a l s o  

inc luded  i n  t h e  p r o p o s a l .  Comments  o n  t h e  p r o p o s a l  e n s u e d .  A 

p r e s e n t a t i o n  of t h e  arguments on both  s i d e s  concerning t h i s  a n d  l a t e r  

p roposa l s  can be found i n  a  r e p o r t  by t h e  U.S. N a t i o n a l  T r a n s p o r t a t i o n  

S a f e t y  Board (1979) 19,  and t h e r e f o r e  only p e r t i n e n t  h i g h l i g h t s  w i l l  b e  

ment ioned h e r e .  T h e  p r i m a r y  o b j e c t i o n  t o  t h e  i n j u r y  c r i t e r i a  

measurements was t h a t  they were beyond t h e  s t a t e  of t h e  a r t .  

On September 25 a  r e v i s e d  p roposa l  ( 7 1  was i s s u e d  s t a t i n g  t h a t  " the  

r e s u l t a n t  head a c c e l e r a t i o n  s h a l l  not  exceed 90 g ,  and s h a l l  no t  e x c e e d  

6 7  g  f o r  a  cumulat ive  d u r a t i o n  of more than  3 m i l l i s e c o n d s . "  T h e s e  

c r i t e r i a  d i f f e r e d  from t h o s e  of t h e  e a r l i e r  p roposa l  a n d  FMVSS 2 0 1  i n  

t h a t  a  peak a c c e l e r a t i o n  was e s t a b l i s h e d  a n d  t h e  3 m s  l i m i t  o n  h i g h  

a c c e l e r a t i o n s  became cumulative r a t h e r  than  continuous.  No e x p l a n a t i o n  

was given f o r  t h e  changes. The p roposa l  a l s o  inc reased  t h e  n u m b e r  of  

i n t e r i m  op t ions  a v a i l a b l e .  For f u l l y  au tomat ic  systems ( f i r s t  o p t i o n )  

and semi-automatic systems i n  which a  manual l a p  b e l t  could be i n c l u d e d  

(second o p t i o n ) ,  t h e  i n j u r y  c r i t e r i a  above were t o  be met under f r o n t a l  

f  i x e d - b a r r i e r  t e s t  cond i t ions .  For manual l a p / s h o u l d e r  b e l t s  ( t h i r d  

o p t i o n ) ,  t h e  t e s t  c o n d i t i o n s  remained t h e  same, but  t h e  only c r i t e r i o n  

f o r  p a s s i n g  t h e  t e s t  was t h a t  t h e  s y s t e m  " e x p e r i e n c e  n o  c o m p l e t e  

s e p a r a t i o n  of any element of a  s e a t  b e l t  assembly." T h i s  o p t i o n  w a s  



g i v e n  t o  reduce  t h e  c o s t  o f  c o m p l y i n g  w i t h  i n t e r i m  i m p r o v e d  b e l t  

systems. 

To p u t  FMVSS 201 somewhat more i n  l i n e  w i t h  208, a  p r o p o s a l  [81 was 

made t o  i n c r e a s e  t h e  t e s t  v e l o c i t y  f o r  t h e  head  impact a r e a s  a n d  l o w e r  

t h e  a l lowab le  headf orm d e c e l e r a t i o n s  such  t h a t ,  when t h e s e  a r e a s  w e r e  

impacted a t  25 mph by t h e  s t a n d a r d  headform, t h e y  c o u l d  n o t  c a u s e  a 

d e c e l e r a t i o n  of more t h a n  90 g f o r  a  cumula t ive  d u r a t i o n  of 1 m s  n o r  67  

g f o r  a  cumula t ive  d u r a t i o n  of more t h a n  3 m s .  The p r o p o s a l  a l s o  sought  

t o  i n c r e a s e  t h e  s i z e  and number of impact a r e a s  covered.  These changes, 

however, were never  p u t  i n t o  e f f e c t ,  and t h e  c u r r e n t  FMVSS 201  r e m a i n s  

e s s e n t i a l l y  a s  i t  was i n  1967. 

The f i r s t  FIIVSS 208 r u l e  i n c o r p o r a t i n g  automa t i c  r e s t r a i n t s  w a s  

i s s u e d  November 3 ,  1970 [ 9 ] .  The preamble read  a s  f o l l o w s  w i t h  r e g a r d  

t o  p e r m i s s i b l e  head a c c e l e r a t i o n s :  

~ h e i e v e l s  proposed i n  t h e  September 25 n o t i c e  a r e  adopted  
i n  t h i s  s t a n d a r d ,  w i t h  head a c c e l e r a t i o n s  changed from 67 g t o  
70 g ,  a s  t h e  b e s t  a v a i l a b l e  c r i t e r i a  f o r  t h e  q u a n t i t i e s  
measured. C o n s i d e r a t i o n  w i l l  b e  g i v e n  t o  a d o p t i o n  o f  a  
s e v e r i t y  i ndex  o r  o t h e r  c r i t e r i a  a s  f u r t h e r  r e s e a r c h  r e s u l t s  
become known. 

I n  t h e  same i s s u e  of t h e  F e d e r a l  R e g i s t e r ,  amendments t o  t h e  new 

r u l e  were proposed [ l o ]  . S t a t i n g  t h a t  "biomechanical  s t u d i e s  i n d i c a t e  

t h a t  t h e  l a t e r a l  a c c e l e r a t i o n  t o l e r a n c e  o f  t h e  h e a d  a n d  c h e s t  a r e  

s i g n i f i c a n t l y  l e s s  t h a n  t h e  f r o n t a l  a c c e l e r a t i o n  t o l e r a n c e , "  a  

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

a c c e l e r a t i o n s  could n o t  exceed 40 g f o r  a  cumula t ive  d u r a t i o n  o f  m o r e  

t h a n  3 m s .  The "biomechanical  s t u d i e s "  r e f e r r e d  t o  were no t  i d e n t i f i e d ,  

b u t  t h e  d a t a  were  presumably a s  y e t  unpubl i shed  r e s u l t s  f r o m  NHTSA's 

c o n t r a c t e d  r e s e a r c h  p r o j e c t  e n t i t l e d  "Door Crashwor th ines  s C r i t e r i a .  I' 

(The paper  by McElhaney, S t a l n a k e r ,  e t  a l .  ( ~ 9 7 1 ) ~ ~  l a t e r  p r e s e n t e d  t h e  



d a t a  base  from t h i s  p r o j e c t . )  The n o t i c e  a l s o  p r o p o s e d  r o l l o v e r  a n d  

moving-barrier  l a t e r a l  t e s t s .  

3.0 A Per iod of T r a n s i t i o n :  1970-1973 - 
3.1 A l t e r n a t e  Views of Head I n j u r y  - 

While NHTSA was cons ide r ing  i n j u r y  s e v e r i t y  indexes and l i m i t s  on 

l a t e r a l  impact a c c e l e r a t i o n ,  i n t e r e s t  continued i n  t h e  c o n t r i b u t i o n  o f  

r o t a t i o n a l  a c c e l e r a t i o n  t o  head i n j u r y .  A t  t h e  F o u r t e e n t h  S t a p p  C a r  

Crash Conference, Hirsch (having jo ined NHTSA's r e s e a r c h  s t a f f )  a n d  

Ommaya ( 1 9 7 0 ) ~ '  r e p o r t e d  con£ irrnation of t h e i r  e a r l i e r  f i n d i n g s  (Ommaya, 

11 
e t  a l . ,  1966 ) t h a t  r o t a t i o n a l  motion appeared t o  be more c r i t i c a l  t o  

t h e  p roduc t ion  of b r a i n  i n j u r y  than  t r a n s l a t i o n a l  motion. The a u t h o r s  

f u r t h e r  s t a t e d  t h a t  "no c o n v i n c i n g  e v i d e n c e  h a s  t o  t h i s  d a t e  b e e n  

p resen ted  which r e l a t e s  b r a i n  i n j u r y  and concuss ion  t o  t r a n s l a t i o n a l  

motion of t h e  head f o r  s h o r t  d u r a t i o n  f o r c e  i n p u t s ,  w h e t h e r  t h r o u g h  

whiplash o r  d i r e c t  impact. I' Caution was suggested when us ing  "cur ren t ly  

popular  head t o l e r a n c e  c r i t e r i a "  based on t r a n s l a t i o n a l  head motion. 

Other  r e s e a r c h e r s ,  however, were us ing  t h e i r  own exper imenta l  d a t a  

t o  develop head i n j u r y  indexes  t h a t  would approximate t h e  WSTC. T h e s e  

were t h e  J Tolerance  Index (JTI)  of S la t t enschek  (descr ibed i n  E n g l i s h  

22 
i n  S l a t t e n s c h e k  a n d  T a u f f k i r c h e n ,  1 9 7 0 )  , a n d  t h e  E f f e c t i v e  

Displacement Index (EDI) of Brinn and S t a f f e l d  ( 1 9 7 0 ) ~ ~ .  Both of t h e s e  

indexes were based on single-degree-of - f  r e e d o m  mas s - s p  r i n g - d a s h p o  t 

v i b r a t i o n  models. 

S t a l n a k e r  and McElhaney (1970) 24 f u r t h e r  developed t h e i r  two-mass  

model, based on d a t a  from t h e i r  d r i v i n g  p o i n t  i m p e d a n c e  t e s t s ,  a n d  

formulated a n  i n j u r y  index c a l l e d  t h e  Maximum S t r a i n  C r i t e r i o n  (MSC) . 
This  was p resen ted  i n  December a t  t h e  ASME w i n t e r  m e e t i n g .  T h e  MSC 



curve i n d i c a t e d  a  t o l e r a n c e  t h r e s h o l d  s i g n i f i c a n t l y  lower t h a n  d i d  t h e  

WSTC, and i n j u r y  t o l e r a n c e  was found t o  b e  d e p e n d e n t  o n  t h e  i m p a c t  

waveform. The MSC f o r  human l a t e r a l  head impact was a l s o  p resen ted  f o r  

t h e  f i r s t  time and was shown t o  b e  5 0  p e r c e n t  l o w e r  t h a n  t h a t  f o r  

l o n g i t u d i n a l  impact. 

F ive  y e a r s  a f t e r  Gadd's S e v e r i t y  Index had been adopted a s  a n  SAE 

2  5  
recommended p r a c t i c e  (SAE J885a, 1966) , and j u s t  a s  r e s e a r c h e r s  w e r e  

recommending t h e  u s e  of a l t e r n a t e  c r i t e r i a ,  NHTSA decided t o  a d o p t  t h e  

SI  a s  t h e  head i n j u r y  c r i t e r i o n  f o r  f i r s t  and second o p t i o n s  of  FMVSS 

208. I n  February 1971, a  n o t i c e  [ I l l  was i s s u e d  s t a t i n g  NHTSA's i n t e n t  

t o  r e q u i r e  completely automat ic  s y s  t e m s  t o  p r o v i d e  " p r o t e c t i o n  i n  

f r o n t a l  f i x e d  b a r r i e r  c r a s h  t e s t s  up t o  30 mph, and up t o  30 t o  e i t h e r  

s i d e  of t h e  pe rpend icu la r ,  and i n  l a t e r a l  and r o l l o v e r  c r a s h  t e s t s .  " 

T h e  o t h e r  two o p t i o n s  w e r e  t o  b e  t e s t e d  o n l y  i n  t h e  f r o n t a l  

pe rpend icu la r  conf igura t ion .  The f i r s t  a n d  s e c o n d  o p t i o n s  w e r e  t o  

q u a l i f y  under "a maximum h e a d  s e v e r i t y  i n d e x  of  1 0 0 0 ,  c a l c u l a t e d  

according t o  SAE J885a." The t h i r d  o p t i o n  ( l a p / s h o u l d e r  b e l t s )  was  

a g a i n  only requ i red  no t  t o  s u s t a i n  s t r u c t u r a l  f a i l u r e .  T h e  r u l e  [ 121 

appeared i n  March e s s e n t i a l l y  a s  announced, except  t h a t  t h e  t h i r d  o p t i o n  

was t o  be e l imina ted  a f t e r  August 1973. The preamble t o  t h e  r u l e  a l s o  

rea f f i rmed  NHTSA's op in ion  t h a t  t h e  SAE 5963 dummy spec i f  i c a t  i o n s  w e r e  

" the  b e s t  a v a i l a b l e . "  Research was being done, however, "with a  view t o  

i s suance  of f u r t h e r  s p e c i f i c a t i o n s  f o r  t h e s e  devices ."  Soon t h e r e a f t e r  

Chrys le r  i n i t i a t e d  l e g a l  proceedings t h a t  e v e n t u a l l y  e n d e d  t h e  u s e  o f  

t h e  SAE 5963 dummy. 

I n  October 1971, va r ious  amendments t o  t h e  r u l e  w e r e  i s s u e d  [ 131 

regarding t e s t i n g  procedures.  The preamble,  h o w e v e r ,  r e s p o n d i n g  t o  



comments t h a t  t h e  c r i t e r i o n  f o r  head i n j u r y  was too  s t r i n g e n t ,  r e s t a t e d  

NHTSA's b e l i e f  t h a t  t h e  SI<1000 was t h e  most accep tab le  c r i t e r i o n  a t  t h e  

t ime and t h a t  i t  would be r e t a i n e d .  Responding a g a i n  t o  comments t h a t  

SAE 5963 d i d  n o t  "completely d e f i n e  a l l  t h e  c h a r a c t e r i s t i c s  o f  t h e  

dummies t h a t  may be r e l e v a n t  t o  t h e i r  performance i n  a  c r a s h , "  NHTSA 

accepted t h e  v a l i d i t y  of t h e  comments but  s a i d ,  

I t  would be d i f f i c u l t ,  i f  no t  imposs ible ,  t o  d e s c r i b e  t h e  
t e s t  dummy i n  performance terms w i t h  s u c h  s p e c i f i c i t y  t h a t  
every dummy t h a t  could be  b u i l t  t o  t h e  s p e c i f i c a t i o n s  w o u l d  
perform i d e n t i c a l l y  under s i m i l a r  cond i t ions .  

NHTSA t h u s  dec l ined  t o  "f reeze"  dummy c o n s t r u c t  i o n  a n d  p e r f o r m a n c e  

s p e c i f i c a t i o n s  a t  t h a t  t ime.  I n  t h e  same F e d e r a l  R e g i s t e r  i s s u e ,  a  

p roposa l  [14] was made t o  e a s e  t h e  t i m i n g  f o r  m a n d a t o r y  a u t o m a t i c  

p r o t e c t i o n  systems by extending t h e  t h i r d  o p t i o n  f o r  two  y e a r s  w i t h ,  

however, t h e  requirement t h a t  ou tboard  l a p / s h o u l d e r  b e l t s  m e e t  t h e  

i n j u r y  c r i t e r i a  of a u t o m a t i c  r e s t r a i n t s  a n d  i n c l u d e  a n  i g n i t i o n  

i n t e r l o c k .  

3 . 2  Head I n j u r y  C r i t e r i a  -- 

The F i f t e e n t h  Stapp Car Crash Conference,  h e l d  i n  t h e  f a l l  of 1971, 

inc luded  s p e c i a l  s e s s i o n s  on head i n j u r y  a n d  b e  came a  f o r u m  f o r  t h e  

d i s c u s s i o n  of head i n j u r y  mechanisms, t o l e r a n c e  t h r e s h o l d s ,  a n d  t e s t  

c r i t e r i a .  T r a n s l a t i o n  v s .  r o t a t i o n  w a s  a g a i n  d i s c u s s e d  

(Unte rha rnsche id t ,  197 lZ6 ;  G e n n a r e l l i ,  Ommaya, and T h i b a u l t  , 1 9  7  1  ) ; 

Gadd (1971)28 suggested t h a t ,  based on r o c k e t  s l e d  e x p e r i m e n t s ,  t h e  

SI<1000 limit was much too  conse rva t ive  f o r  n o n - c o n t a c t ,  w h o l e - b o d y  

a c c e l e r a t i o n s ;  and Fan (1971)29 i n t r o d u c e d  t h e  R e v i s e d  B r a i n  M o d e l  

3 0 (RBM), a  m o d i f i c a t i o n  o f  t h e  J T I .  V e r s a c e  ( 1 9 7 1 )  p r e s e n t e d  a  

mathematical  c r i t i q u e  of t h e  S I  and sugges ted  a n  a l t e r n a t i v e  method f o r  



c a l c u l a t i n g  t h e  index number, i n  which t h e  e f f e c t i v e  a c c e l e r a t i o n ,  

I 
def ined a s  7 .fan dt, was r a i s e d  t o  t h e  2.5 power and m u l t i p l i e d  by t h e  

time dura t ion .  Versace argued t h e  approach was s t i l l  inadequate  because 

of two f a c t o r s :  (1) biomechanical  d a t a  were i n s u f f i c i e n t  t o  a c c u r a t e l y  

a r r i v e  a t  an a p p r o p r i a t e  exponent, and ( 2 )  t h e  index represen ted  only an  

in te rmedia te  s t a g e  i n  t h e  i n j u r y  cha in  of e v e n t s .  A m e a s u r e  o f  t h e  

a c t u a l  response  of t h e  b r a i n  t o  head impact would be more re levan t .  

NHTSA l i k e d  Versace's formula because i t  was a b l e  t o  h a n d l e  t h e  

seemingly high t o l e r a n c e  l e v e l s  i n  cases  of long d u r a t i o n ,  l o w - l e v e l  

a c c e l e r a t i o n  and i n  cases  of  two o r  m o r e  h i g h  p e a k  a c c e l e r a t i o n s  

a s s o c i a t e d  wi th  two o r  more impacts. I n  March 1972,  a  p roposa l  [I61 was 

i s s u e d  t o  r e p l a c e  t h e  S I  i n  FMVSS 208 w i t h  t h e  fo l lowing express ion:  

where "a" i s  t h e  r e s u l t a n t  a c c e l e r a t i o n  and ' I t  " and ' I t 2 ' '  a r e  a n y  two 
1 

p o i n t s  i n  time dur ing t h e  crash.  The dec i s ion  t o  change was s a i d  t o  b e  

based on resea rch  informat ion t h a t  "head a c c e l e r a t i o n  e x p o s u r e  i s  n o t  

always a d d i t i v e  r e l a t i v e  t o  head in ju ry . "  Although not formal ly  l abe led  

a t  t h a t  t ime,  t h e  new i n d e x  s o o n  b e c a m e  known a s  t h e  Head I n j u r y  

C r i t e r i o n  (HIC). 

I n  t h e  month p r i o r  t o  t h e  H I C  proposal ,  NHTSA i s sued  t h e  FMVSS 2 0 8  

r u l e  [15] t h a t  extended t h e  i n j u r y  c r i t e r i a  of a u t o m a t i c  r e s t r a i n t  

systems t o  t h e  manual l ap / shou lde r  b e l t s  of the  t h i r d  op t ion  a n d  a d d e d  

t h e  i g n i t i o n  i n t e r l o c k .  Vehic le  manufacturers commented t h a t ,  a s  1 o ng  

a s  t h e  head does not  con tac t  anything,  b e l t  systems a l l o w  t h e  h e a d  t o  

f l o p  loose ly  forward, c r e a t i n g  a  high SI  v a l u e  whi le  n o t  c o n t r i b u t i n g  



s i g n i f i c a n t l y  t o  i n j u r y .  When t h e  H I C  was adopted a s  a  r u l e  [181  i n  

June 1972, NHTSA r e s t r i c t e d  t h e  d e f i n i t i o n  of t2 and t l  t o  be " a n y  two 

p o i n t s  i n  time a f t e r  t h e  head c o n t a c t s  a  p a r t  of t h e  v e h i c l e  o t h e r  t h a n  

t h e  b e l t  system." Th i s  m o d i f i c a t i o n  a p p l i e d  o n l y  t o  b e l t  s y s t e m s  

allowed under t h e  i n t e r i m  t h i r d  op t ion .  The i s s u e  was not  r e so lved  y e t ,  

however, and i n  October a  f u r t h e r  r e s t r i c t i o n  was made t o  d i s c o u n t  t h e  

e f f e c t s  of g lanc ing  blows. The r e g u l a t i o n  [I91 then  s p e c i f i e d  "any two  

p o i n t s  i n  time dur ing  any i n t e r v a l  i n  which t h e  head i s  i n  c o n t i n u o u s  

con tac t  w i t h  a  p a r t  of t h e  v e h i c l e  o t h e r  than t h e  b e l t  system." 

3.3 Developments in Mathematical  and Mechanical Models - 

Although t h e  r e g u l a t o r  had updated i t s  i n j u r y  c r i t e r i o n  and t e s t i n g  

procedures ,  r e sea rch  continued t o  b e t t e r  c h a r a c t e r i z e  and p r e d i c t  s k u l l /  

b r a i n  i n j u r y  and t o  u s e  t h i s  in fo rmat ion  t o  develop t e s t  dummies h a v i n g  

reasonab le  l e v e l s  of r e p e a t a b i l i t y  and b i o f i d e l i t y .  These i s s u e s  w e r e  

t h e  s u b j e c t s  of s e v e r a l  papers  p r e s e n t e d  a t  t h e  Sympos ium o n  Human 

Impact Response i n  October 1972. 

A t  t h i s  symposium, McElhaney, S t a l n a k e r ,  a n d  R o b e r t s  ( 1 9 7 2 )  3 1 

presen ted  f u r t h e r  r e f i n e m e n t s  of  t h e  MSC a n d  c o m p a r e d  i t s  i n j u r y  

p r e d i c t i o n s  t o  t h o s e  of t h e  o t h e r  indexes ,  i . e . ,  S I ,  H I C ,  J T I ,  EDI, a n d  

RBM. The MSC was r e v i s e d  t o  r e p r e s e n t  t h e  Mean ( r a t h e r  t h a n  maximum) 

S t r a i n  C r i t e r i o n ,  where "mean s t r a i n "  was de f ined  a s  " the  d i s p l a c e m e n t  

of one s i d e  of t h e  head r e l a t i v e  t o  t h e  o t h e r ,  d iv ided by t h e  d i s t a n c e  

a c r o s s  t h e  cranium." Basing a  t o l e r a n c e  curve on a v e r a g e  r a t h e r  t h a n  

peak a c c e l e r a t i o n  l e v e l s  was more c o n s i s t e n t  w i t h  o t h e r  c r i t e r i a .  T h e  

mean t o l e r a b l e  s t r a i n  f o r  human heads was c a l c u l a t e d  t o  be .0061 i n / i n .  

Comparing t h e  MSC t o  o t h e r  indexes  f o r  s e v e r a l  s i m u l a t e d  c r a s h e s ,  t h e  

J T I ,  EDI, and RBM p r e d i c t i o n s  were s i m i l a r  t o  t h e  MSC, b u t  t h e  S I  a n d  



H I C  were much more conservat ive .  I n  t h e  f i n a l  s e c t i o n  of t h e  paper ,  t h e  

au thors  summarized d a t a  from human cadaver impact t e s t s ,  u n d e r t a k e n  t o  

e s t a b l i s h  force-  and acce le ra t ion- t ime  h i s t o r i e s  of t h e  human h e a d ,  s o  

t h a t  dummy head impact reponses could be s p e c i f i e d .  

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

c u r r e n t  s t a t e  of unders tanding o f  b r a i n  i n j u r y  m e c h a n i s m s  a n d  t h e  

i m p l i c a t i o n s  f o r  head i n j u r y  modeling. P a r t  o f  t h i s  d i s c u s s i o n  i s  

quoted he re :  

J.H. McElhaney: The model we p r o p o s e ,  w h i c h  a s  we s e e  
p r e d i c t s  e s s e n t i a l l y  t h e  same th ings  a s  many o t h e r  models,  i s  
based on informat ion from e s s e n t i a l l y  r i g i d  o r  a l m o s t  h a r d  
impacts.  Under t h e s e  cond i t ions  we g e t  a  c e r t a i n  t y p e  of  
i n j u r y .  We have c e r t a i n  i n j u r y  mechanisms i n v o l v e d .  We ' re  
s t a r t i n g  t o  b e l i e v e  more and more, t h a t  t h i s  m e c h a n i s m  i s  
c a v i t a t i o n  whereas a t  one t ime we thought i t  might b e  j u s t  a  
g r o s s  deformation i n  t h e  b r a i n . .  .We're s t i l l  s t a y i n g  w i t h  a  
lumped-parameter model,  b u t  w e ' r e  i n t r o d u c i n g  many m o r e  
parameters  i n  an  a t t empt  t o  b u i l d  i n t o  i t  t h e  a b i l i t y  t o  
cons ide r  d i f f e r e n t  m e c h a n i s m s  o f  i n j u r y .  We r e c o g n i z e  
p a r t i c u l a r l y  t h a t  a s  t h e  p u l s e  d u r a t i o n  i n c r e a s e s ,  t h e r e  i s  a  
d i f f e r e n t  mechanism of i n j u r y ;  a n d  i n  f a c t ,  i n  t h e  r i g i d  
s t r i k e r  impacts we s e e  predominately contracoup type i n j u r i e s .  
When we pad t h i s  s t r i k e r  we don't s e e  c o n t r a c o u p  i n j u r i e s  
anymore. We s e e  minute hemorrhaging i n  much l a r g e r  a r e a s  i n  
t h e  b r a i n .  Both of t h e s e  i n j u r y  types  cause some d i f f i c u l t y  
i n  assessment.  I f  t h e  i n j u r i e s  occur  i n  o n e  r e g i o n  o f  t h e  
b r a i n  our  p a t h o l o g i s t  t e l l s  u s  i t ' s  of no consequence; b u t  i f  
they occur i n  ano the r  r eg ion  of t h e  b r a i n  o r  t e a r  a  m a j o r  
a r t e r y ,  f o r  example, i t ' s  very  s e r i o u s . .  .When we g o  t o  l o n g  
p u l s e  dura t ions  where we have a  l o t  of angu la r  displacement of 
t h e  head o r  h i g h  a n g u l a r  v e l o c i t y ,  we s e e  a  c o m p l e t e l y  
d i f f e r e n t  type  of i n j u r y  mechanism. We s e e  subdural  hematomas 
and b r a i n  stem involvement. What I th ink  we w i l l  wind up w i t h  
i n  t h e  f u t u r e  i s  e i t h e r  s e v e r a l  i n j u r y  c r i t e r i a ,  each r e l a t i n g  
t o  a  s p e c i f i c  i n j u r y  depending on t h e  mechanism, o r  p o s s i b l y  
o n e  i n j u r y  c r i t e r i o n  t h a t  c o v e r s  a l l  of  t h e  i n j u r y  
mechanisms...This i s  a  d i f f i c u l t  problem, and i t s  not  going t o  
be  solved r i g h t  away; b u t  a t  t h e  same  t i m e  t h e  a u t o m o t i v e  
community i s  a l s o  faced  w i t h  a  d i f f i c u l t  p r o b l e m  t h a t  t h e y  
have t o  s o l v e  r i g h t  away, and I don' t  have much m o r e  a d v i c e  
than  t o  go slow u n t i l  we l e a r n  more. 

On December 5 ,  1 9 7 2 ,  t h e  U.S. Court of A p p e a l s ,  S i x t h  C i r c u i t ,  

r u l e d  on t h e  C h r y s l e r  s u i t  c h a l l e n g i n g  t h e  a u t o m a t i c  r e s t r a i n t  



r e g u l a t i o n s .  The d e c i s i o n  r e n d e r e d  t h e  FMVSS 2 0 8  t e s t  p r o c e d u r e s  

i n v a l i d  because of a n  inadequa te ly  s p e c i f i e d  t e s t  dummy. I n  response  t o  

t h i s  r u l i n g ,  NHTSA i s s u e d  a p roposa l  [201 i n  A p r i l  1973 t h a t  i n t r o d u c e d  

t h e  General  Motors Hybrid I1 Dummy, a  h igh ly  r e p e a t a b l e  t e s t  d e v i c e ,  a s  

t h e  new t e s t  dummy f o r  t h e  f i r s t  a n d  s e c o n d  o p t i o n s .  I n  J u n e ,  a  

r e g u l a t i o n  [22] was publ ished t h a t  e l imina ted  a l l  dynamic t e s t s  f o r  b e l t  

systems covered under t h e  t h i r d  o p t i o n  a s  a  r e s u l t  o f  f u r t h e r  c o u r t  

d e c i s i o n s  on t e s t  dummy inadequacies .  Dynamic t e s t s  f o r  t h i r d  o p t i o n  

manual b e l t s  were never  r e i n s t i t u t e d .  Automatic b e l t  systems,  however ,  

would be covered under t h e  f i r s t  o p t i o n  t e s t  cond i t ions .  

I n  August, a  new P a r t  572 was added t o  T i t l e  49 o f  t h e  Code  o f  

F e d e r a l  Regu la t ions  [231 t h a t  e s t a b l i s h e d  t h e  p rev ious ly  proposed dummy 

a s  NHTSA's t e s t  device.  The dummy was s p e c i f i e d  w i t h  d e t a i l e d  d r a w i n g s  

and performance c r i t e r i a .  The performance s p e c i f i c a t i o n s  of t h e  dummy 

head were a s  fo l lows:  

When t h e  head i s  dropped from a  h e i g h t  of 10 inches  . . . t h e  
peak r e s u l t a n t  a c c e l e r a t i o n s  a t  t h e  head's c e n t e r  of  g r a v i t y  
s h a l l  be n o t  l e s s  than  210 g  and no t  more  t h a n  2 6 0  g .  T h e  
a c c e l e r a t i o n / t i m e  curve f o r  t h e  t e s t  s h a l l  l i e  a t  o r  above t h e  
100 g  l e v e l  f o r  an  i n t e r v a l  no t  l e s s  than 1.5 m s .  

Except f o r  minor problems w i t h  s u r f a c e  t e x t u r e  a n d  a c c e l e r o m e t e r  

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

eng ineers .  

During t h i s  same p e r i o d ,  ano the r  dummy was be ing  developed t h a t  had 

t h e  j o i n t  goa l s  of p rov id ing  r e p e a t a b l e / r e p r o d u c i b l e  r e s u l t s  a s  w e l l  a s  

having a  biodynamic performance i n  f r o n t a l  impacts c l o s e l y  matching t h a t  

of unembalmed human c a d a v e r s .  T h e  dummy w a s  i n t r o d u c e d  a t  t h e  

Seventeenth  S tapp Car Crash Conference a s  "Repeatable p e t  el' (McElhaney , 
32 Mate, and Rober t s ,  1973 ) The development p rocess  f o r  t h e  h e a d  a n d  



t h o r a x  of  t h i s  dummy i s  s i g n i f i c a n t  i n  t h a t  i t  w a s  t h e  f i r s t  t i m e  a 

l a b o r a t o r y  had made mechanica l  measurements, des igned a p h y s i c a l  m o d e l ,  

and e v a l u a t e d  t h e  model u s i n g  t h e  same t e s t  equipment, i n s t r u m e n t a t i o n ,  

and p rocedures .  T h i s  c l o s e d - l o o p  p r o c e s s  r e s u l t e d  i n  t h e  f i r s t  

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

b iomechanica l  response .  

A t  t h e  same confe rence ,  S t a l n a k e r ,  R o b e r t s ,  and McElhaney (197 3 )  3 3 

r e p o r t e d  t h e  r e s u l t s  of new long-dura t ion  l a t e r a l  head impac t s  t o  human  

cadave r s  and l i v e  infrahuman p r i m a t e s .  U s i n g  d i m e n s i o n a l  a n a l y s i s  

t e c h n i q u e s ,  t h e  an imal  d a t a  were  s c a l e d  t o  e s t i m a t e  t h e  s i d e  i m p a c t  

t o l e r a n c e  of t h e  l i v i n g  human. The t h r e s h o l d  o f  human c l o s e d - b r a i n  

i n j u r y  was r e p o r t e d  t o  be 76 g f o r  a 20 m s  impulse.  A u t o p s i e s  s h o w e d  

t h a t  long-dura t ion  impacts  most commonly r e s u l t e d  i n  b r a i n  s t e m  a n d  

i n t e r n a l  b r a i n  hemorrhaging i n  a r e a s  remote from t h e  impact l o c a t i o n s .  

3.4 HIC Extens ions  - 

Retu rn ing  t o  r e g u l a t o r y  developments,  t h e  H I C  was b e i n g  e x t e n d e d  

i n t o  t h e  t e s t  c r i t e r i a  of o t h e r  s t a n d a r d s .  S h o r t l y  a f t e r  t h e  H I C  w a s  

proposed f o r  u s e  i n  FMVSS 208,  a p r o p o s a l  [ I 7 1  w a s  i s s u e d  f o r  a new 

s t a n d a r d  on motorcycle  he lmets .  I n i t i a l l y ,  t h e  h e l m e t s  w o u l d  m e e t  

c e r t a i n  peak and cumula t ive -du ra t ion  g c r i t e r i a ,  b u t  e v e n t u a l l y  t h e  

s t a n d a r d  would be upgraded t o  r e q u i r e  he lme t s  t o  meet t h e  proposed H I C .  

When FMVSS 218 [241 was i s s u e d  i n  A u g u s t  1 9 7 3 ,  h o w e v e r ,  t h e  l a t t e r  

a s p e c t  w a s  d e f e r r e d  p e n d i n g  f u r t h e r  r e s e a r c h  a n d  t e s t i n g .  A 

comprehensive review of head impact  r e s e a r c h  and i n j u r y  c r i t e r i a  a s  they  

34 r e l a t e  t o  he lmet  s t a n d a r d s  can  be  found i n  Robbins (1980) . 
A p r o p o s a l  [ 2 5 1  f o r  a new s t a n d a r d  o n  s c h o o l  b u s  o c c u p a n t  

p r o t e c t i o n  was i s s s u e d  i n  J u l y  1973. The p r o p o s a l  a p p l i e d  t h e  H I C  t o  



t h e  t e s t i n g  of head impact a r e a s ,  such t h a t  when they were i m p a c t e d  a t  

15 mph by a n  11.5-pound, 6.5-inch-diameter hemispher ica l  headf o rm,  t h e  

H I C  was t o  be l e s s  t h a n  1000, us ing  t h e  r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  

headf o m  c e n t e r  of g r a v i t y .  The p roposa l  a l s o  desc r ibed  t h e  fo rce -  t ime  

h i s t o r y  on t h e  headform by s t a t i n g  t h a t  t h e  e n e r g y  a b s o r b e d  by t h e  

impacted m a t e r i a l  must be g r e a t e r  than  40 inch-pounds b e f o r e  t h e  f o r c e  

l e v e l  on t h e  impactor  exceeded 150 pounds; and i t  d e s c r i b e d  t h e  l o a d  

d i s t r i b u t i o n  by s t a t i n g  t h a t ,  a t  5-f t / s  impacts,  t h e  a r e a  impacted mus t 

be  g r e a t e r  than 3 square  inches .  I n  A p r i l  1975, t h e  p roposa l  [271  w a s  

a l t e r e d  t o  l i m i t  t h e  H I C  c a l c u l a t i o n  t o  t h e  u s e  o f  " a x i a l "  o r  

t r a n s l a t i o n a l  a c c e l e r a t i o n  of t h e  headform i n  i t s  d i r e c t i o n  o f  t r a v e l .  

I n  January 1976, FMVSS 222 [29] was i s s u e d  w i t h  t h e  h e a d f o r m  i m p a c t  

requirements  included a s  proposed. 

4.0 L a t e r  Pe r iod :  1974-1980 -- 
4.1 F i n i t e  Element and Kinematic Models 

I n  t h e  m i d - 1 9 7 0 ' ~ ~  new modeling e f f o r t s  were launched us ing  f i n i t e  

element a n a l y s i s  methods. F i n i t e  element models d i f f e r  from t r a d i t i o n a l  

" i n f i n i t e s i m a l  models" p r i m a r i l y  i n  t h e  manner i n  which c o n t i n u i t y  i s  

expressed.  G e n e r a l l y ,  t h e  f o r m e r  a r e  m o r e  a d a p t a b l e  t o  d i g i t a l  

computation t e c h n i q u e s  a n d  m o r e  r e a d i l y  a c c e p t  v a r i o u s  f o r m s  o f  

c a l c u l a t i o n  t o l e r a n c e s .  The a b i l i t y  of t h i s  type  of approach t o  h a n d l e  

i r r e g u l a r  shapes  and inhomogeneous m a t e r i a l s  made i t  p a r t i c u l a r l y  

s u i t a b l e  f o r  modeling t h e  mechanical  s t r u c t u r e s  a n d  r e s p o n s e s  of  t h e  

head. These e f f o r t s  were hampered, however, by t h e  l ack  of a c o m p l e t e  

s e t  of d a t a  d e s c r i b i n g  t h e  p r o p e r t i e s  of t h e  v a r i o u s  m a t e r i a l s  o f  t h e  

head. 



Chan ( 1 9 7 4 ) ~ ~ ~  fo l lowing  a d i s c u s s i o n  of s h e l l  models and a c a r e f u l  

review of t h e  continuum mechanics r esea rch  on impact l o a d i n g  o f  h e a d -  

l i k e  forms, p resen ted  a f i n i t e  element model t h a t  p r e d i c t e d  b o t h  s h e a r  

s t r a i n  and reduced p r e s s u r e  e f f e c t s .  The model was t h r e e - d i m e n s i o n a l  

and had a symmetric a x i s  of r e v o l u t i o n .  A more complex model, bu t  s t i l l  
D 

36 of i d e a l i z e d  shape,  was l a t e r  developed by K h a l i l  and Hubbard (1977) . 
Two models r e f l e c t i n g  t h e  a c t u a l  g e o m e t r y  of  t h e  h e a d  w e r e  

developed u n d e r  NHTSA s p o n s o r s h i p .  T h e s e  w e r e  r e p o r t e d  t o  t h e  

Nineteenth  Stapp Car Crash C o n f e r e n c e .  ( S h u g a r ,  1 9 7 5 3 7  ; Ward a n d  

38 
Thompson, 1975 ) The Shugar model concentra ted  on t h e  m e c h a n i c s  of 

s k u l l  deformation and f r a c t u r e ,  t r e a t i n g  t h e  b r a i n  a s  a h o m o g e n o u s ,  

n e a r l y  incompress ible  m a t e r i a l .  The Ward m o d e l ,  o n  t h e  o t h e r  h a n d ,  

assumed t h e  s k u l l  t o  a c t  a s  a r i g i d  s h e l l  and only addressed t h e  complex 

e f f e c t s  of impact and a b r u p t  a c c e l e r a t o n  o n  t h e  b r a i n  i t s e l f .  F o r  

p r a c t i c a l  and economic reasons ,  t h e s e  two a p p r o a c h e s  c o u l d  n o t  b e  

i n t e g r a t e d  because each had s e v e r a l  hundred degrees of freedom. S i n c e  

t h e  Ward model was more a p p r o p r i a t e  t h a n  t h e  S h u g a r  m o d e l  f o r  t h e  

longer-durat ion impacts exper ienced i n  c rash  environments having e n e r g y  

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

suppor ted  by NHTSA. 

Mucc ia rd i ,  S a n d e r s ,  a n d  E p p i n g e r  ( 1 9 7 7 )  3 9  d e m o n s t r a t e d  a n  

i n t e r e s t i n g  approach t o  p r e d i c t i n g  b r a i n  i n j u r y  by a n a l y z i n g  h e a d  

motion. Data from head impacts  t o  monkeys performed by HSRI were u s e d .  

Measured t r a n s l a t i o n a l  a n d  r o t a t i o n a l  a c c e l e r a t i o n  a n d  v e l o c i t y  

waveforms were t r e a t e d  by a non- l inear  Adaptive Learning Network (ALN) 

program developed t o  produce empi r i ca l ly -de r ived  p r e d i c t  i v e  mode 1s o f  

head i n j u r y .  The i n j u r y  c r i t e r i o n  was a s p e c i a l  computed o v e r a l l  A I S .  



Time d e r i v a t i v e s  were used t o  c r e a t e  " j e rk"  w a v e f o r m s  t o  b e  u s e d  i n  

a d d i t i o n  t o  t h e  m e a s u r e d  w a v e f o r m s .  From t h i r t y - f o u r  a v a i l a b l e  

k inemat ic  parameters ,  t h e  ALN model s u c c e s s f u l l y  p r e d i c t e d  t h e  o b s e r v e d  

i n t e g e r  AIS (us ing  seven pa ramete r s ) ,  t h e  unconsciousness AIS ( u s i n g  s i x  

p a r a m e t e r s ) ,  and t h e  t ime of unconsciousness (us ing seven p a r a m e t e r s  ) . 
The a u t h o r s  concluded t h a t  t h e  o v e r a l l  AIS was a  f u n c t i o n  of t h e  t o t a l  

momentum t r a n s f e r r e d  from t h e  impact and t h e  r a t e  of momentum t r a n s f e r .  

The i r  r e s u l t s  suggested t h a t  r o t a t i o n a l  m o t i o n  m i g h t  b e  a  p r o m i n e n t  

f a c t o r  i n  caus ing  u n c o n s c i o u s n e s s ,  b u t  t h a t  t h e  o v e r a l l  AIS  w a s  

p r i m a r i l y  dependent upon t r a n s l a t i o n a l  motion. 

4.2 Experimental  Advances and Model V a l i d a t i o n  - 

Hore exper imenta l  d a t a  were s t i l l  needed b e f o r e  b r a i n  i n j u r y  c o u l d  

c o n f i d e n t l y  be  p r e d i c t e d ,  and exper imenta l  methods a l s o  n e e d e d  t o  b e  

4 0 improved. Nahum and Smith (1976) made c o n t r i b u t i o n s  t o  b o t h  a r e a s .  ' 

They performed exper imenta l  b l u n t  impacts t o  t h e  heads of human cadavers 

whose f l u i d  p ressues  i n  t h e  c e r e b r o s p i n a l  f l u i d  space  and c e r e b r a l  blood 

v e s s e l s  had been r a i s e d  t o  s i m u l a t e  r e a l i s t i c  l e v e l s .  R e s u l t a n t  

a c c e l e r a t i o n s  were ob ta ined  f rom t h e  s i g n a l s  of  f o u r  h e a d - m o u n t e d  

acce le romete r s  and were used  t o  c a l c u l a t e  S I  and H I C  values .  T h e  t i m e  

h i s t o r i e s  of t h e  a c c e l e r a t i o n s  and impact f o r c e s  were p r e s e n t e d  a l o n g  

w i t h  autopsy e v a l u a t i o n s  of t h e  i n j u r i e s  produced. T h e s e  e x p e r i m e n t s  

i n d i c a t e d  t h a t  l a b o r a t o r y  procedures  could produce i n j u r i e s  s i m i  l a  r t o  

t h o s e  s e e n  i n  a  c l i n i c a l  p r a c t i c e  and t h a t  a  rough c o r r e l a t i o n  e x i s t e d  

between c u r r e n t l y  used head i n j u r y  c r i t e r i a  and t h e  i n t r a c r a n i a l  t r a u m a  

observed. 

I n  a  c o n t i n u a t i o n  of t h e i r  work, Nahum, Smith, and Ward ( 1 9  7 7 )  4 1 

measured i n t r a c r a n i a l  p r e s s u r e s  a r i s i n g  from head motion d u r i n g  imp a c t  



a n d  c o m p a r e d  t h e s e  t o  p r e s s u r e s  p r e d i c t e d  by  t h e  Ward  m o d e l .  

C o r r e l a t i o n s  were g e n e r a l l y  good, e s p e c i a l l y  i n  t h e  f r o n t  a 1  r e g i o n  o f  

t h e  b r a i n .  Mod i f i ca t ions  t o  t h e  damping f a c t o r  and c o m p e s s i b i l i t y  o f  

t h e  b r a i n  model were  made t o  improve t h e  c o r r e l a t i o n s .  A d d i t i o n a l  

c o r r e l a t i o n s  of model p r e d i c t i o n s  w i t h  l i v e  monkey tests a t  HSRI showed  

t h e  same r e l a t i o n s h i p  as t h o s e  f o r  p r e s s u r i z e d  c a d a v e r s  a n d  t h u s  

i n d i c a t e d  t h a t  t h e  expe r imen ta l  p rocedures  adequa te ly  s i m u l a t e d  t h e  

viva s t a t e .  T h i s  c o o p e r a t i v e  e x p e r i m e n t a l / a n a l y t i c a l  r e s e a r c h  p r o g r a m  

was of b e n e f i t  t o  bo th  approaches.  

F u r t h e r  c o n t r i b u t i o n s  t o  e x p e r i m e n t a l  p r o c e d u r e s  w e r e  made  by  

4 2 S t a l n a k e r ,  Melvin,  e t  a l .  (1977)  . I n  a  s e r i e s  of h e a d  i m p a c t s  w i t h  

human cadave r s ,  head motion was measued u s i n g  a  new t h r e e - d i m e n s i o n a l  

a c c e l e r o m e t r y  t e c h n i q u e  t h a t  made  t h e  c a l c u l a t i o n  of  a n g u l a r  

a c c e l e r a t i o n s  p o s s i b l e  f o r  t h e  f i r s t  t ime.  These d a t a  were compared t o  

b r a i n  motion obse rvab le  u s i n g  a  new high-speed c i n e r a d i o g r a p h i c  s y s  tern. 

B r a i n  v a s c u l a r  p r e s s u r i z a t i o n  methods were a l s o  deve loped  a n d  u s e d  i n  

some of t h e  t e s t s .  P r e l i m i n a r y  a n a l y s i s  of t h e  d a t a  i n d i c a t e d  t h a t  t h e  

b r a i n  was only  p a r t i a l l y  coupled t o  t h e  s k u l l  du r ing  impact ,  r e s u l t i n g  

i n  a n  e f f e c t i v e  head mass t h a t  v a r i e d  w i t h  t i m e  d u r i n g  t h e  i m p a c t .  

P r e s s u r i z a t i o n  was found t o  improve s k u l l / b r a i n  coupl ing .  I n  a d d i t  i o n ,  

t h e  a u t h o r s  observed a  d e g r a d a t i o n  of b r a i n  s t  i f f  n e s s  a s  t i m e  a £  t e r  

dea th  i n c r e a s e d .  

Biomechanical  d a t a  was a l s o  be ing  used  by t h o s e  des ign ing  i m p r o v e d  

p h y s i c a l  models. F o s t e r ,  Kor tge ,  and Wolanin ( 1 9 7 7 1 ~ ~  i n t r o d u c e d  t h e  

new Genera l  Motors Hybrid 111 Dummy, which had been u n d e r  d e v e l o p m e n t  

s i n c e  1975. While r e t a i n i n g  t h e  r e p e a t a b i l i t y  of t h e  H y b r i d  11, t h e  

Hybrid 111 provided  b iomechanica l  r e s p o n s e s ,  i n c l u d i n g  t h o s e  o f  t h e  



head, c o n s i s t e n t  w i t h  responses  found i n  p u b l i s h e d  l i t e r a t u r e .  L i k e  

"Repeatable  P e t e , "  however, b i o f i d e l i t y  of t h i s  dummy was l i m i t e d  t o  t h e  

f r o n t a l  impact d i e c t i o n .  

I n  May 1978, a  p roposa l  [311 was i s s u e d  f o r  a n  upgraded s t a n d a r d  on 

c h i l d  r e s t r a i n t  sys tems,  FMVSS 213. Dynamic t e s t s  were t o  be r e q u i r e d  

f o r  t h e  f i r s t  t ime u s i n g  a  "three-year-old" dummy t o  r e p r e s e n t  c h i 1  d r  e n  

b e t w e e n  2 0  a n d  5 0  p o u n d s  i n  a  3 0  mph b a r r i e r  c r a s h .  L a c k i n g  

biomechanical  d a t a  f o r  c h i l d  i n j u r y  t o l e r a n c e ,  NHTSA s p e c i f i e d  t h e  s a m e  

H I C  t h r e s h o l d  a s  t h a t  f o r  " a d u l t "  d u m m i e s .  R e s t r a i n t  s y s t e m s  f o r  

i n f a n t s  had only  t o  meet c e r t a i n  head-area padding requirements ,  because 

t h e  " in fan t "  t e s t  dummies were not s u i t a b l e  f o r  m a k i n g  a c c e l e r a t i o n  

measurements. The r u l e  [321 appeared a  y e a r  and a  h a l f  l a t e r  w i t h  t h e  

i n j u r y  c r i t e r i o n  inc luded  a s  proposed. 

I n  a n  a t tempt  t o  determine t h e  v a l i d i t y  of t h e  H I C  t h r e s h o l d  o f  

1000, Got, P a t e l ,  e t  a l .  ( 1 9 7 8 1 ~ ~  c a l c u l a t e d  t h e  H I C  f o r  42 f r e e - f a l l  

impacts t o  t h e  heads of human cadavers.  Some were helmeted,  s o m e  w e r e  

no t .  Using t h e i r  own method of measuring a c c e l e r a t i o n s  t o  c a l c u l a t e  t h e  

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

f r a c t u r e  was much g r e a t e r  than t h e  H I C  would a l low.  They suggested t h a t  

HIC<1500 was a p p r o p r i a t e  f o r  both  f r o n t a l  and l a t e r a l  impacts.  

A t  t h e  Twenty-Third Stapp Car Crash Conference,  new head r o t  a t  i o n  

exper iments  were  r e p o r t e d ,  and f u r t h e r  exper imenta l  v a l i d a t i o n s  o f  t h e  

Ward b r a i n  model were p resen ted .  G e n n a r e l l i ,  A b e l ,  e t  a l .  ( 1 9 7 9 )  4 5  

s u b j e c t e d  monkeys t o  r o t a t i o n a l  h e a d  a c c e l e r a t i o n s  a n d  f o u n d  t h e  

t h r e s h o l d  f o r  f r o n t a l  lobe  c o n t u s i o n  t o  b e  l e s s  t h a n  t h a t  f o r  t h e  

temporal  lobe. The au thors  a t t r i b u t e d  t h i s  f i n d i n g  t o  d i f f e r e n c e s  i n  



mechanical inpu t  t o  t h e  two regions  r a t h e r  than t o  d i f f e r e n c e s  i n  t i s s u e  

p r o p e r t i e s .  

Nahum, Smith, e t  a l .  ( 1 9 7 9 ) ~ ~  p r e s e n t e d  r e s u l t s  of i m p a c t s  t o  

helmeted, human cadavers,  f i n d i n g  t h a t  t h e  p r o t e c t i v e  device  p r e v e n t e d  

high-magnitude, shor t -dura t ion  i n t r a c r a n i a l  p ressures  f o r  t h e  f i r s  t 8 

ms. P o s i t i v e  p o s t e r i o r  p r e s s u r e s ,  w h i c h  s e e m e d  t o  b e  u n i q u e  t o  

helmeted-head impacts,  developed af  t e r  8 m s  and were not  computed by t h e  

model. 

Recognizing t h e  f a c t  t h a t  head impact t o l e r a n c e  of l i v i n g  humans  

would never be exper imenta l ly  measured t o  t h e  i n j u r i o u s  l e v e l ,  Nusholtz , 

Melvin, and Alem ( 1 9 7 9 ) ~ ~  compared t h e  head impact response  of l i v e  a n d  

post-mortem monkeys and r e l a t e d  t h e  r e s u l t s  t o  t h e  e a r l i e r  cadaver t e s t s  

of S t a l n a k e r ,  e t  a l e  ( 1 9 7 7 ) ~ ~ .  D i f f e r e n c e s  i n  a c c e l e r a t i o n -  a n d  

p ressure - t  ime h i s t o r i e s  were found between t h e  l i v e  and u n p  r e s  s u r  i z  e d  

post-mortem s t a t e s ,  t h e  l a t t e r  r e s u l t i n g  i n  lower p e a k s  a n d  s m o o t h e r  

waveforms. Comparisons w i t h  t h e  human cadaver t e s t s  were complicated by 

d i f f e r e n c e s  i n  head s i z e  and headlneck muscle s t r u c t u r e .  T h e  a u t h o r s  

found, however, t h a t  by changing t h e  d a t a  parameters from t i m e  t o  p a t h  

a r c  l eng th ,  t h e  head response  waveforms f o r  monkeys and humans cou ld  b e  

made more congruent. 

The e p i d u r a l  p r e s s u r e s  measured above were compared t o  p r e d i c t i o n s  

of t h e  Ward model, a d j u s t e d  f o r  monkey head mass  a n d  g e o m e t r y .  T h e  

r e s u l t s ,  r epor ted  by Nusholtz,  Axe l rod ,  e t  a l .  ( 1 9 7 9 ) ~ ~ ,  i n d i c a t e d  

s i g n i f i c a n t  d i f f e r e n c e s  between t h e  l i v e  and post-mortem b r a i n  responses 

i n  terms of response  t ime and magnitude, damping, c o m p r e s s i b i l i t y  , a n d  

coupl ing e f f e c t s  between t h e  b r a i n  and c e r v i c a l  c o r d .  T h e  a u t h o r s  



suggested t h a t  f u r t h e r  t e s t s  and s imula t ions  of t h e  impact r e s p o n s e  o f  

p r e s s u r i z e d  post-mortem monkeys were needed. 

From time t o  t ime,  Ward h a s  made comparisons between t h e  v a l i d a t e d  

i n j u r y  p r e d i c t i o n s  of h e r  model and t h o s e  of t h e  H I C  a n d  f o u n d  t h e  

l a t t e r  index t o  be u n r e l i a b l e .  These comparisons w i l l  appear i n  a  paper  

t o  be p resen ted  a t  t h e  Twenty-Fourth Stapp Car Crash Conference i n  1980. 

5.0 Conclusions - 
Those who know t h e  h i s t o r y  and/or  p a r t i c i p a t e d  i n  t h e  d e v e l o p m e n t  

of t h e  Head  I n j u r y  C r i t e r i o n  a r e  t h e  f i r s t  t o  a c k n o w l e d g e  i t s  

weaknesses: i t w a s b a s e d  o n  s p a r s e  e x p e r i m e n t a l  d a t a ,  i t  i s  n o t  

a c t u a l l y  a  measure of i n j u r y ,  and i t  does not  n e c e s s a r i l y  correspond t o  

i n j u r i e s  produced under c o n t r o l l e d  l abora to ry  condi t ions .  Add t o  t h i s  

t h e  f a c t  t h a t  t h e  P a r t  572  Dummy, t h e  t e s t  device  used t o  p r o d u c e  t h e  

d a t a  w i t h  which t h e  H I C  i s  c a l c u l a t e d ,  claims only t o  have r e p e a t a b i l i t y  

and not  biof i d e l i t y  . Under c e r t a i n  impact cond i t ions ,  t h e  dummy h e a d ,  

because of i t s  s t i f f n e s s ,  produces h igher  a c c e l e r a t i o n s  than  s h o u l d  b e  

expected. The q u e s t i o n  then a r i s e s ,  j u s t  what is being measured? 

It  seems u n l i k e l y ,  however, t h a t  NHTSA w i l l  exchange t h e  H I C  f o r  

ano the r  index i n  t h e  n e a r  f u t u r e .  P a r t  of t h e  reason f o r  a  r e l u c t a n c e  

t o  change may be t h a t  t h e r e  i s  no o t h e r  c o m p l e t e l y  v a l i d a t e d  i n j u r y  

p r e d i c t i o n  t o o l  a v a i l a b l e .  Even though e x p e r i m e n t a l  t e c h n i q u e s  h a v e  

been r e f i n e d  s o  t h a t  new and b e t t e r  m e a s u r e m e n t s  c a n  b e  made ,  d a t a  

a n a l y s i s  methods have been devised t o  d e a l  wi th  s u r r o g a t e  s u b j e c t s ,  a n d  

mathematical  models have been developed t h a t  i n c o r p o r a t e  t h e  mechanic a 1  

p r o p e r t i e s  and r e s p o n s e s  m e a s u r e d  i n  t h e  l a b o r a t o r y ,  s u f f i c i e n t  

l a b o r a t o r y  head impact r e sea rch  w i t h  human cadavers o r  w i t h  animals h a s  

not  y e t  been done, and very l i t t l e  is  c u r r e n t l y  being conducted. 



Notwithstanding t h e  advent of automat ic  r e s t r a i n t  systems,  t h e  head 

w i l l  remain a  c r i t i c a l  a r e a  t o  d e a l  w i t h  i n  a n y  o c c u p a n t  p r o t e c t  i o n  

system. Not only w i l l  t h e r e  con t inue  t o  be head impac t s  w i t h  v a r i o u s  

i n t e r i o r  s t r u c t u r e s ,  b u t  t h e  e f f e c t  of new systems on n o n - c o n t a c t  h e a d  

a c c e l e r a t i o n s  must not  be  neg lec ted .  Proven l a b o r a t o r y  t e c h n i q u e s  a r e  

c u r r e n t l y  a v a i l a b l e  t h a t  can p rov ide  f o r  s i g n i f i c a n t  p r o g r e s s  t o w a r d  

meaningful  unders tanding of human b r a i n  i n  ju ry  under impact c o n d i t i o n s  . 
I n  a d d i t i o n  t o  t e c h n i q u e s  o f  s u b j e c t  p r e p a r a t i o n  a n d  p a r a m e t e r  

measurement, a  v a r i e t y  of s o p h i s t i c a t e d  methods of a n a l y  s i s  h a v e  b e e n  

c r e a t e d  and t e s t e d .  Research should  be c a r r i e d  o u t  dur ing t h e  next  f e w  

y e a r s  t h a t  would pursue  a  number of t h e s e  techniques .  L a t  e r a 1  i m p a c t  

s t u d i e s  and i n v e s t i g a t i o n s  i n t o  t h e  r e l a t i v e  i n £  luence o f  s u b  j e c  t -t o-  

s u b j e c t  parameter v a r i a b i l i t y  should  a l s o  be conducted. 

The q u e s t i o n  of t h e  r e l a t i v e  r o l e s  of p r e s s u r e  a n d  s h e a r  s t r a i n  

seems answerable,  a t  l e a s t  f o r  midplane impacts,  and i t  i s  reasonable  t o  

b e l i e v e  t h a t  t h e  v a r i a b l e  r e l a t i o n s h i p  found between a c t u a l  i n j u r y  a n d  

H I C  va lues  can be exp la ined  t o  some e x t e n t .  An e v o l u t i o n a r y  t y p e  of  

i n j u r y  c r i t e r i a  f o r  t h e  head shou ld  then  r e s u l t ,  t h a t  can change a s  o u r  

knowledge and unders tanding c h a n g e s .  T h e  u t i l i t y  o f  t h e  H I C  a s  a  

reasonable  t o o l  f o r  r e g u l a t i o n  would not be  s e r i o u s l y  th rea tened  by such 

r e s e a r c h ,  whi le  t h e  cond i t ions  f o r  s u r v i v a l  under impact load ing  of t h e  

head would be  b e t t e r  understood.  
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APPENDIX A 





Appendix & F e d e r a l  R e g i s t e r  Excerpts  

[ l l  31 FR 15212, December 3,  1966. 
FMVSS 201, p roposa l ;  Docket 3 ,  Not ice  1. 
Occupant P r o t e c t i o n  i n  I n t e r i o r  Impact--Passenger Cars . . .  
S3.1 Ins t rument  p a n e l s .  Except a s  provided i n  S3.1.1, when  t h a t  

a r e a  of t h e  ins t rument  pane l  t h a t  i s  w i t h i n  t h e  h e a d  i m p a c t  a r e a ,  
u n r e s t r a i n e d  c h i l d  impact a r e a ,  o r  knee and l e g  impact a r e a  i s  i m p a c t e d  
by a 15 pound, 6.5-inch-diameter head form a t  a r e l a t i v e  v e l o c i t y  o f  1 5  
miles  p e r  hour-- 

( a )  The d e c e l e r a t i o n  of t h e  head form s h a l l  not  exceed 80g f o r  1.0 
m i l l i s e c o n d  o r  more; and, 

( b )  The p r e s s u r e  i n  t h e  a r e a  of c o n t a c t  s h a l l  n o t  e x c e e d  1 0 0  
p . s . i .  

S3.1.1 The requirements  of S3.1 do not  apply t o  areas--  

( a )  Less than  5 inches  inboard from t h e  j u n c t u r e  of t h e  ins t rument  
pane l  a t tachment  t o  t h e  body s i d e  i n n e r  s t r u c t u r e ;  and, 

(b)  C lose r  t o  t h e  windsh ie ld  j u n c t u r e  than  t h o s e  c o n t a c t a b l e  by 
t h e  head form w i t h  t h e  windsh ie ld  i n  p l a c e .  

[2] 32 FR 2408, February 3 ,  1967. 
FMVSS 201, r u l e ;  Docket 3.  
Occupant P r o t e c t  i o n  i n  I n t e r i o r  Impact--Passenger Cars . . .  
S3.1. Ins t rument  pane l s .  Except a s  provided i n  S3.1 . I ,  when t h a t  

a r e a  of t h e  ins t rument  p a n e l  t h a t  is  w i t h i n  t h e  head impact a r e a  o r  knee 
and l e g  impact a r e a  is impacted by a 15  pound, 6.5 inch  d i a m e t e r  h e a d  
form a t  a r e l a t i v e  v e l o c i t y  of 15 m i l e s  p e r  hour ,  t h e  d e c e l e r a t i o n  o f  
t h e  head form s h a l l  not  exceed 80g f o r  1.0 m i l l i s e c o n d .  

S3.1.1 The requirements  of S3.1 do not apply  t o  areas--  

( a )  Less  than  5 inches  inboard from t h e  j u n c t u r e  of t h e  i n s t r u m e n t  
p a n e l  at tachment t o  t h e  body s i d e  i n n e r  
s t r u c t u r e ;  o r ,  

(b )  C lose r  t o  t h e  windsh ie ld  j u n c t u r e  than  t h o s e  c o n t a c t  a b l e  by 
t h e  head form w i t h  t h e  windsh ie ld  i n  p lace .  



S3.2 Seat  backs. Except a s  provided i n  S3.2.1, when t h a t  a r e a  of  
t h e  s e a t  back t h a t  is w i t h i n  t h e  head impact a r e a  o r  knee and l e g  impact 
a r e a  i s  impacted by a 15 p o u n d ,  6 . 5  i n c h  d i a m e t e r  h e a d  f o r m  a t  a 
r e l a t i v e  v e l o c i t y  of 15  m i l e s  pe r  hour,  t h e  d e c e l e r a t i o n  o f  t h e  h e a d  
form s h a l l  not  exceed 80g f o r  1.0 mi l l i second  o r  more. 

[3] 32 FR 11776, August 16,  1967. 
FMVSS 201, r u l e ;  Docket 19. 
Occupant P r o t e c t i o n  i n  I n t e r i o r  Impact, Passenger  Cars 
and R e l a t e d  D e f i n i t i o n s  

Af t e r  review of t h e  evidence p resen ted  a t  t h e  hea r ings  o r d e r e d  by 
t h e  F e d e r a l  Highway Admin i s t ra t ion ,  t h e  r e p o r t  of t h e  p r e s i d i n g  o f f i c e r ,  
and t h e  Bureau's a n a l y s i s  of t h e  eng ineer ing  meetings w i t h  t h e  i n d u s t r y ,  
I have determined t h a t  Standard 201 i s s u e d  January 31,  1967, s h o u l d  b e  
superseded by a new Standard t h a t  s p e c i f i e s  i n i t i a l  r e q u i r e m e n t s  t o  
a f f o r d  impact p r o t e c t i o n  f o r  o c c u p a n t s  a n d  t h a t  c e r t a i n  r e l a t e d  
d e f i n i t i o n s  should  be amended accordingly .  

3. Revise  t h e  d e f i n i t i o n  of 'head impact a rea"  t o  read a s  follows: 
"Head impact a rea"  means a l l  non-glazed s u r f a c e s  of t h e  i n t e r i o r  of  a 
v e h i c l e  t h a t  a r e  s t a t i c a l l y  c o n t a c t a b l e  by a 6.5-inch diameter  s p h e r i c a l  
head form of a measuring dev ice  having a p i v o t  po in t  t o  " t o p - o f - h a n d "  
dimension i n f i n i t e l y  a d j u s t a b l e  from 29 t o  33 inches  i n  accordance w i t h  
t h e  fo l lowing procedure ,  o r  i t s  g r a p h i c  e q u i v a l e n t :  

( a )  A t  each des igna ted  s e a t i n g  p o s i t i o n ,  p l a c e  t h e  p i v o t  p o i n t  of  
t h e  measuring device-- 

(1) For  s e a t s  t h a t  a r e  a d j u s t a b l e  f o r e  and a f t ,  at-- 
( i )  The s e a t i n g  r e f e r e n c e  p o i n t ;  and 
( i i )  A p o i n t  5 inches  h o r i z o n t a l l y  f o r w a r d  o f  t h e  s e a t i n g  
r e f e r e n c e  p o i n t  and v e r t i c a l l y  above  t h e  s e a t i n g  r e f e r e n c e  
p o i n t  an  amount equa l  t o  t h e  r i s e  which r e s u l t s  from a 5 - i n c h  
forward adjustment of t h e  s e a t  o r  0.75 inch ;  and 

(2 )  For s e a t s  t h a t  a r e  not a d j u s t a b l e  f o r e  and a f t ,  a t  t h e  s e a t i n g  
r e f e r e n c e  p o i n t .  

(b )  With t h e  p i v o t  p o i n t  t o  "top-of-hand" dimension a t  each v a l u e  
al lowed by t h e  dev ice  and t h e  i n t e r i o r  d i m e n s i o n s  of  t h e  v e h i c l e ,  
determine a l l  c o n t a c t  p o i n t s  above t h e  lower windshie ld  g l a s s  l i n e  a n d  
forward of t h e  s e a t i n g  r e f e r e n c e  p o i n t .  

( c )  With t h e  head form a t  each con tac t  p o i n t ,  and w i t h  t h e  d e v i c e  
i n  a v e r t i c a l  p o s i t i o n  i f  no con tac t  p o i n t  e x i s t s  f o r  a p a r t i c u l a r  
a d j u s t e d  l e n g t h ,  p i v o t  t h e  measuring dev ice  forward and downward through 
a l l  a r c s  i n  v e r t i c a l  p lanes  t o  90 degrees  e a c h  s i d e  of t h e  v e r t i c a l  



l o n g i t u d i n a l  p l a n e  through t h e  s e a t i n g  r e f e r e n c e  p o i n t ,  u n t i l  t h e  h e a d  
form c o n t a c t s  an  i n t e r i o r  s u r f a c e  o r  u n t i l  i t  i s  t angen t  t o  a  h o r i z o n t a l  
p l a n e  1 inch above t h e  s e a t i n g  r e f e r e n c e  p o i n t ,  whichever occurs  f i r s t .  . . .  

S3. Requirements--S3.1 Ins t rument  Panels .  Except a s  p rov ided  i n  
S3.1.1,  when t h a t  a r e a  of the  ins t rument  pane l  t h a t  i s  w i t h i n  t h e  ~ h e a d  
impact a r e a  i s  impacted i n  accordance w i t h  S3.1.2 by a  15-pound, 6 . 5 -  
inch  diameter  head form a t  a  r e l a t i v e  v e l o c i t y  of 15 mi les  p e r  hour ,  t h e  
d e c e l e r a t i o n  of t h e  head form s h a l l  not  exceed 80 g  c o n t i n u o u s l y  f o r  
more than  3  mi l l i seconds .  

S3.1.1 The requirements  of 53.1 do not  apply to-- 

( a )  Console assembl ies ;  

( b )  Areas l e s s  than 5 inches  inboard f r o m  t h e  j u n c t u r e  of t h e  
ins t rument  pane l  a t tachment  t o  t h e  body s i d e  i n n e r  s t r u c t u r e ;  

\ ( c )  Areas c l o s e r  t o  t h e  windsh ie ld  j u n c t u r e  than  t h o s e  s t a t i c a l l y  
c o n t a c t a b l e  by t h e  head form w i t h  t h e  windshie ld  i n  p lace .  

(d )  Areas outboard of any p o i n t  of t a n g e n c y  o n  t h e  i n s t r u m e n t  
pane l  of a  6.5-inch d iamete r 'head  fo rm t a n g e n t  t o  a n d  i n b o a r d  of  a  
v e r t i c a l  l o n g i t u d i n a l  p l a n e  tangent  t o  t h e  inboard edge of t h e  s t e e r i n g  
wheel; o r  

( e )  Areas below any po in t  a t  which a  v e r t i c a l  l i n e  i s  t a n g e n t  t o  
t h e  rearmost s u r f a c e  of t h e  pane l .  

S3.2 Seatbacks.  Except a s  provided i n  53.2.1, when t h a t  a r e a  o f  
t h e  s e a t  back t h a t  i s  w i t h i n  t h e  h e a d  i m p a c t  a r e a  i s  i m p a c t e d  i n  
accordance w i t h  S3.2.2 by a  15-pound, 6.5-inch diameter  head f o r m  a t  a  
r e l a t i v e  v e l o c i t y  of 15 m i l e s  pe r  hour ,  t h e  d e c e l e r a t i o n  o f  t h e  h e a d  
form s h a l l  not  exceed 80 g  cont inuously  f o r  more than  3  mi l l i seconds .  

[4 ]  32 FR 14278, October 14 ,  1967. 
FMVSS 201, p roposa l ;  Docket 2-1. 
Occupant P r o t e c t i o n  i n  I n t e r i o r  Impact--Passenger Cars 

Standard No. 201, i s s u e d  August 11, 1967 (32 F.R. 11776), s p e c i f i e s  
i n i t i a l  requirements  f o r  ins t rument  p a n e l s ,  s e a t  backs, sun v i s o r s ,  a n d  
a r m r e s t s  t o  a £  f o r d  impact p r o t e c t i o n  f o r  occupants.  The A d m i n i s t r a t o r  
i s  cons ide r ing  extending t h e  requirements  t o  i n c l u d e  a d d i t i o n a l  a r e a s  of 
p r o t e c t i o n  and t o  i n c r e a s e  t h e  l e v e l  of t h i s  p r o t e c t i o n .  S p e c i  f  i c a  1 l y  
b e i n g  cons ide red  a r e  a p p r o p r i a t e  r e q u i r e m e n t s  f o r  t h e  f o l l o w i n g :  
p r o t r u s i o n s ,  windshie ld  header  a r e a ,  "A" and "B" p i l l a r s ,  sun v i s o r s  and 
mountings, rearview m i r r o r s  and mountings, r o o f s ,  i n s t r u m e n t  p a n e l s ,  
conso les ,  and s e a t  backs.  



Comments a r e  a l s o  requested regard ing  t h e  need f o r  s p e c i f y i n g  m o r e  
s t r i n g e n t  impact dece le ra t ion- t ime  requirements  o r  h i g h e r  imp a c t  t e s t  
v e l o c i t i e s  o r  both.  

[ 5 ]  33 FR 5120, March 26, 1970. 
W S S  213, r u l e .  
Child Sea t ing  Systems . . . 
S4.10 Impact p r o t e c t i o n .  

S4.10.1 Head. Any r i g i d  component of a c h i l d  s e a t i n g  system t h a t  
dur ing forward,  r i g h t - s i d e ,  l e f  t - s ide ,  o r  rearward impact, may c o n t a c t  
t h e  head of a c h i l d  w i t h i n  t h e  weight and h e i g h t  range r e c o m m e n d e d  i n  
accordance wi th  S 4 . l ( h )  who i s  p o s i t i o n e d  i n  t h e  system i n  a c c o r d a n c e  
wi th  t h e  i n s t r u c t i o n s  r e q u i r e d  by S4.2 sha l l - -  

( a )  have no corner  o r  edge w i t h  a r a d i u s  of l e s s  than  t h r e e - f o u r t h  
inch;  and 

(b)  b e  covered w i t h  deformable,  n o n - r e c o v e r y  o r  s l o w - r e c o v e r y  
energy-absorbing m a t e r i a l  having a t h i c k n e s s  of a t  l e a s t  one-half inch.  

[6] 35 FR 7187, May 7 ,  1970. 
FMVSS 208, p roposa l ;  Docket 69-7, Not ice  4 .  
Occupant Crash P r o t e c t  ion;  Passenger  Cars ,  
Mul t ipurpose  Passenger  Veh ic les ,  Trucks and Buses 

On J u l y  2 ,  1969, an  advance n o t i c e  of p r o p o s e d  r u l e  m a k i n g  w a s  
i s s u e d  (34 F.R. 11148), r e q u e s t i n g  c o m m e n t s  o n  s y s t e m s ,  i n c l u d i n g  
i n f l a t a b l e  r e s t r a i n t  sys tems,  f o r  c rash  p r o t e c t i o n  of v e h i c l e  o c c u p a n t s  
t h a t  r e q u i r e  no vo lun ta ry  a c t i o n  on t h e i r  p a r t .  

The purpose of t h i s  n o t i c e  i s  t o  propose  a motor v e h i c l e  s a f e t y  s t andard  
f o r  Occupant C r a s h  P r o t e c t i o n ,  w h i c h  w o u l d  s p e c i f y  p e r f o r m a n c e  
requirements  f o r  p r o t e c t i o n  of v e h i c l e  o c c u p a n t s  i n  c r a s h e s  b o t h  by 
systems t h a t  do and t h o s e  t h a t  do no t  r e q u i r e  v o l u n t a r y  a c t i o n .  T h e  
proposed s t a n d a r d  would r e p l a c e  t h e  e x i s t i n g  Standard No. 208, S e a t  B e l t  
I n s t a l l a t i o n s .  . . . 

The proposed s t a n d a r d  e s t a b l i s h e s  b a s i c  i n j u r y  c r i t e r i a  w i t h  
r e f e r e n c e  t o  a n  anthropometr ic  dummy, e x p r e s s e d  i n  t e r m s  o f  maximum 
f o r c e s  and p r e s s u r e s  on c r i t i c a l  p a r t s  of t h e  body. I t  w o u l d  r e q u i r e  
passenger  c a r s  manufactured on o r  a£  t e r  January 1 ,  1972, t o  m e e t  t h e s e  
c r i t e r i a  w i t h  dummies placed a t  each des igna ted  s e a t i n g  p o s i t i o n ,  i n  a 
f r o n t a l  f i x e d  b a r r i e r  c rash  a t  30 mi les  p e r  hour. S ince  i t  appears  t h a t  
some manufacturers w i l l  be unable  t o  meet t h e s e  r e q u i r e m e n t s  by t h a t  
d a t e  w i t h  systems t h a t  a r e  p u r e l y  p a s s i v e ,  b e c a u s e  of  i n a d e q u a t e  
s u p p l i e s  of such systems,  passenger  c a r s  manufactured d u r i n g  c a l e n d a r  
y e a r  1972 would be pe rmi t t ed  t o  meet t h e  c r i t e r i a  w i t h  advanced sys tems,  



such a s  v e h i c l e - s e n s i t i v e  3-point b e l t s ,  t h a t  do r e q u i r e  a c t i o n  by t h e  
occupants.  On o r  a f t e r  J a n u a r y  1 ,  1 9 7 3 ,  p a s s e n g e r  c a r s  w o u l d  b e  
r e q u i r e d  t o  meet t h e  f r o n t a l  c r a s h  t e s t ,  a n d  i n  a d d i t i o n  a  l a t e r a l  
impact t e s t  and a  r o l l o v e r  t e s t ,  by means r e q u i r i n g  no a c t i o n  by v e h i c l e  
occupants.  

The a n t h r o p o m e t r i c  dummy i s  a n  i m p o r t a n t  p a r t  o f  t h e  t e s t  
requirements  of t h e  proposed s t a n d a r d .  T h e  s p e c i f i c a t i o n s  of  SAE 
Recommended P r a c t i c e  5963, "Anthropome t r i  c  T e s t  D e v i c e  f o r  D y n a m i c  
T e s t i n g , "  a r e  employed f o r  t h e  p u r p o s e s  of  t h i s  p r o p o s a l .  I t  i s  
recognized t h a t  t h e s e  s p e c i f i c a t i o n s ,  ev iden t ly  t h e  mos t comp l e t  e  s e t  
a v a i l a b l e  a t  t h i s  t ime,  may not  pro-vide t o t a l l y  r e p r o d u c i b l e  r e s u l t s  i n  
t e s t i n g  v e h i c l e  performance.  F u r t h e r  w o r k  o n  t h i s  s u b j e c t  i s  i n  
p rogress ,  and comments a r e  s p e c i f i c a l y  reques ted  o n  a n y  c h a n g e s  t h a t  
should  be made. . . . 

S4. Occupant p r o t e c t i o n  requirements .  

S4.1 F r o n t a l  b a r r i e r  c rash .  When t h e  v e h i c l e  i m p a c t s  a  f i x e d  
c o l l i s i o n  b a r r i e r  p e r p e n d i c u l a r l y  o r  a t  any angle  up t o  30 degrees  f r o m  
t h e  p e r p e n d i c u l a r  i n  e i t h e r  d i r e c t i o n ,  w h i l e  m o v i n g  l o n g i t u d i n a l l y  
forward a t  any speed up t o  30 m i l e s  per  hour ,  i t  s h a l l  meet t h e  i n  j u r y  
c r i t e r i a  of S4.4, under t h e  cond i t ions  of S6. 

S4.2 L a t e r a l  b a r r i e r  c rash .  When t h e  v e h i c l e  i m p a c t s  a  f i x e d  
c o l l i s i o n  b a r r i e r  p e r p e n d i c u l a r l y ,  whi le  moving l a t e r a l l y  a t  1 5  m i l e s  
p e r  hour ,  i t  s h a l l  m e e t  t h e  i n j u r y  c r i t e r i a  of S 4 . 4 ,  u n d e r  t h e  
cond i t ions  of S6 excep t  t h a t  a l l  a d j u s t a b l e  v e h i c l e  windows a r e  f u l l y  
open. 

S4.3 Rol lover .  When t h e  v e h i c l e  i s  s u b j e c t e d  t o  2  c o m p l e t e  
r o l l o v e r s  on l e v e l  ground from a  forward speed between 30 and 6 0  m i l e s  
p e r  hour ,  under t h e  c o n d i t i o n s  of S6 except  t h a t  a l l  a d j u s t a b l e  v e h i c l e  
windows a r e  f u l l y  open, no anthropometr ic  t e s t  dev ice  s h a l l  b e  e j e c t e d  
from t h e  passenger  compartment. 

S4.4 1n.jury c r i t e r i a .  The fo l lowing  i n j u r y  c r i t e r i a  apply t o  each 
anthropometr ic  t e s t  dev ice  p l a c e d  i n  a  des igna ted  s e a t i n g  p o s i t i o n  o f  
t h e  v e h i c l e  under t h e  cond i t ions  of S6. 

S4.4.1 The d e v i c e  s h a l l  not  be e j e c t e d  from t h e  v e h i c l e  p a s s e n g e r  
compartment. 

S4.4.2 The r e s u l t a n t  head a c c e l e r a t i o n  s h a l l  not  exceed 8 0  g  f o r  
any cont inuous  p e r i o d  of more t h a n  3  mi l l i seconds .  

[7] 35 FR 14941, September 25, 1970. 
FMVSS 208, Docket 69-7, Not ice  6. 
Occupant Crash P r o t e c t  ion ,  Passenger  Cars ,  Mul t ipurpose  
Passenger Veh ic les ,  Trucks,  and Buses 



The purpose  of t h i s  n o t i c e  i s  t o  propose requirements  f o r  o c c u p a n t  
c r a s h  p r o t e c t i o n  f o r  v e h i c l e s  manufactured on o r  a f t e r  Jauary  1 ,  1 9 7 2 .  
A prev ious  n o t i c e  pub l i shed  on May 7 ,  1970 ( 3 5  F. R .  7 1 8 7 )  p r o p o s e d  
requirements  f o r  bo th  " p a s s i v e "  c r a s h  p r o t e c t i o n  a n d  f o r  i n t e r i m  
"ac t ive"  systems,  and a p u b l i c  meeting was h e l d  on June 24 and 25, 1970, 
t o  d i s c u s s  t h e  con ten t s  of t h a t  proposed s t a n d a r d .  On t h e  b a s i s  o f  
comments and in fo rmat ion  rece ived  s i n c e  t h e  e a r l i e r  n o t i c e ,  t h i s  n o t i c e  
proposes modified requirements  f o r  t h e  i n t e r i m  systems e f f e c t i v e  January 
1 ,  1972. 

Under t h i s  proposed s t a n d a r d ,  manufacturers of passenger  c a r s  would 
be g iven  t h r e e  op t ions  under which they could p r o v i d e  o c c u p a n t  c r a s h  
p r o t e c t i o n  i n  v e h i c l e s  manufactured on o r  a f t e r  January 1 ,  1972. 

The f i r s t  op t ion  would be a p a s s i v e  p r o t e c t i o n  system t h a t  r e q u i r e s  
no a c t  i o n  by v e h i c l e  occupants.  A v a r i e t y  of s y s  t ems may b e  u s e d  t o  
meet t h i s  requirement ,  among which a r e  p a s s i v e  cushioning of t h e  v e h i c l e  
i n t e r i o r ,  s e l f - f  a s t e n i n g  b e l t  systems,  c r a s h  deployed n e t s ,  " b l a n k e t s ,  " 
and a i r  bags. 

The second o p t i o n  would r e q u i r e  a Type 1 l a p  b e l t  i n  a l l  p o s i t i o n s ,  
and would e i t h e r  (1)  be  t e s t e d  by a 30-m.p .h .  b a r r i e r  c r a s h  w i t h  
anthropometr ic  dummies r e s t r a i n e d  by l a p  b e l t s  i n  t h e  f r o n t  o u t b o a r d  
s e a t i n g  p o s i t i o n s ,  wi th  t h e  same i n j u r y  c r i t e r i a  a s  t h e  p a s s i v e  s y s t e m ;  
o r  (2)  conform t o  t h e  updated requirements  proposed i n  t h e  n o t  i c e s  of  
proposed amendment t o  Motor Vehicle Sa fe ty  Standards  No. 201 and 203 (35 
F.R. 14936, 35 F.R. 14940).  

The t h i r d  o p t i o n  would be  an i m p r o v e d  c o m b i n a t i o n  of  l a p - a n d -  
shou lde r  b e l t  system i n  t h e  f r o n t  outboard s e a t i n g  p o s i t i o n s ,  w i t h  l a p  
b e l t s  i n  o t h e r  p o s i t i o n s .  The f r o n t  outboard systems would be  t e s t e d  by 
a 30-m.p.h. c r a s h  i n  which b e l t  sys tems,  used w i t h  t e s t  dummies, w o u l d  
be requ i red  t o  remain i n t a c t .  . . .  

S e v e r a l  comments were rece ived  c o n c e r n i n g  t h e  i n j u r y  c r i t e r i a  
s p e c i f i e d  f o r  pass ive  systems.  Most commenters f e l t  t h a t  t h e  f o r c e  a n d  
p r e s s u r e  measurements s p e c i f i e d  were beyond t h e  s t a t e  of  t h e  a r t .  I t  
has  been determined t h a t  an  adequate  measurement of i n j u r y  c a n  b e  made 
i n  terms of head a c c e l e r a t i o n ,  c h e s t  a c c e l e r a t i o n ,  a n d  t h e  f o r c e  
t r a n s m i t t e d  through each femur, and v a l u e s  f o r  e a c h  o f  t h e s e  i n j u r y  
c r i t e r i a  a r e  s p e c i f i e d  i n  t h i s  n o t i c e .  . . .  

S3.1 F i r s t  option--passive p r o t e c t i o n  system. When t h e  v e h i c l e  
pe rpend icu la r ly  i m p a c t s  a f i x e d  c o l l i s i o n  b a r r i e r ,  w h i l e  m o v i n g  
l o n g i t u d i n a l l y  forward a t  any speed up t o  30 m.p.h., i t  s h a l l  m e e t  t h e  
i n j u r y  c r i t e r i a  of  S 5 ,  u n d e r  t h e  t e s t  c o n d i t i o n s  o f  S4 u s i n g  
u n r e s t r a i n e d  anthropomorphic t e s t  dev ices ,  by means  t h a t  r e q u i r e  no  
a c t  i o n  by v e h i c l e  occupants.  

S 3 . 2  Second option--combination system. The v e h i c l e  sha l l - -  . . .  



(d )  Meet e i the r - -  

(1) The i n j u r y  c r i t e r i a  of S5, under t h e  t e s t  c o n d i t i o n s  o f  S4 
w i t h  anthropomorphic t e s t  d e v i c e s  a t  e a c h  f r o n t  o u t b o a r d  p o s i t  i o n  
r e s t r a i n e d  only  by Type 1  s e a t  b e l t  a s s e m b l i e s ,  when t h e  v e h i c l e  
p e r p e n d i c u l a r l y  i m p a c t s  a  f i x e d  c o l l i s i o n  b a r r i e r  w h i l e  m o v i n g  
l o n g i t u d i n a l l y  forward a t  any speed up t o  30 m.p.h.; o r  

( 2 )  The requirements  proposed,  a s  an amendment t o  Standard No. 2 0 1  
(35 F.R. 14936) f o r  t h e  windsh ie ld  header ,  t h e  A-p i l l a r ,  and Zones 1 ,  2 ,  
3 ,  and 4;  and t h e  requirements  proposed, a s  an amendment  t o  S t a n d a r d  
No. 203 (35 F.R. 14940) f o r  t h e  s t e e r i n g  c o n t r o l  assembly. 

S3.3 Third  opt ion--bel t  system. The v e h i c l e  sha l l - -  

( a )  Except i n  c o n v e r t i b l e s  and open-body type  v e h i c l e s ,  have a  Type 
2  s e a t  b e l t  assembly, w i t h  e i t h e r  a n  i n t e g r a l  o r  de tachab le  upper t o r s o  
p o r t i o n ,  a t  each f r o n t  outboard s e a t i n g  p o s i t i o n ,  t h a t  c o n f o r m s  t o  
Standard No. 209 and S3.4 and S3.5 of t h i s  s t andard ;  

( b )  Have a  s e a t  b e l t  warning system a t  each f r o n t  outboard  s e a t i n g  
p o s i t i o n  t h a t  conforms t o  S3.6; 

( c )  Have e i t h e r  a  Type 1 o r  a  T y p e  2  s e a t  b e l t  a s s e m b l y  t h a t  
conforms t o  S3.4 and S3.5 a t  a l l  des igna ted  s e a t i n g  p o s i t i o n s ,  and o t h e r  
than  t h o s e  s p e c i f i e d  i n  S3.3 ( a ) ;  and 

(d )  When t h e  v e h i c l e  p e r p e n d i c u l a r l y  impac t s  a  f i x e d  c o l l i s i o n  
b a r r i e r ,  whi le  moving l o n g i t u d i n a l l y  f o r w a r d  a t  a n y  s p e e d  u p  t o  30 
m. p. h. ,  under t h e  t e s t  cond i t ions  of S4 w i t h  a n t h r o p o m o r p h i c  t e s t  
dev ices  a t  each f r o n t  outboard  p o s i t i o n  r e s t r a i n e d  by Type 2  s e a t  b e l t  
assembl ies ,  exper ience  no complete s e p a r a t i o n  of any element o f  a  s e a t  
b e l t  assembly . . . .  

S5. I n . i u r y  c r i t e r i a .  When t e s t i n g  c o n f o r m i t y  t o  S 3 . 1  o r  
S3.2(d) ( l ) ,  t h e  f o l l o w i n g  i n j u r y  c r i t e r i a  s h a l l  a p p l y  t o  e a c h  
anthropomorphic t e s t  dev ice  p laced  i n  t h e  r e q u i r e d  d e s i g n a t e d  s e a t i n g  
p o s i t i o n s  of t h e  v e h i c l e ,  under t h e  cond i t ions  of S4. 

S5.1 No p o r t i o n  of t h e  t e s t  dev ices  s h a l l  p r o t r u d e  b e y o n d  t h e  
boundar ies  of t h e  v e h i c l e  passenger  compartment. 

S5.2 The r e s u l t a n t  head a c c e l e r a t i o n  s h a l l  no t  exceed 9 0  g  , a n d  
s h a l l  not  e x c e e d  67  g  f o r  a  c u m u l a t i v e  d u r a t i o n  of  m o r e  t h a n  2  
mi l l i seconds .  

S5.3 The r e s u l t a n t  c h e s t  a c c e l e r a t i o n  s h a l l  no t  exceed 40 g  f o r  a  
cumulative d u r a t i o n  of more than  2  mi l l i seconds .  

S5.4 The a x i a l  f o r c e  t r a n s m i t t e d  t o  t h e  p e l v i s  through each femure 
s h a l l  not  exceed 1,400 pounds. 



[8] 35 FR 14936, September 25, 1970. 
FMVSS 201, p r o p o s a l ;  Docket 2-1, N o t i c e  2. 
Occupant P r o t e c t i o n  i n  I n t e r i o r  Impact 

S t anda rd  No. 201 p r e s e n t l y  r e q u i r e s  i n s t r u m e n t  p a n e l s  a n d  s e a t  
backs  t o  a f  f o r d  occupan t s  a c e r t a i n  measure of i ~ n p a c t  p r o t e c t  i o n  i n  a  
c r a sh .  T h i s  n o t i c e  p roposes  t o  i n c r e a s e  t h a t  p r o t e c t  i o n  by  e n l a r g i n g  
t h e  s u r f a c e  a r e a  s u b j e c t  t o  t h e  s t a n d a r d ' s  r equ i r emen t s ,  by lower ing  t h e  
p e r m i s s i b l e  d e c e l e r a t i o n s ,  by i n c r e a s i n g  t h e  t e s t  v e l o c i t y  i n  s o m e  
a r e a s ,  by r e q u i r i n g  e x t e n s i v e  u s e  of f o r c e - d i s t r i b u t i n g  m a t e r i a l ,  and by 
s e t t i n g  l i m i t a t i o n s  on  p r o t r u d i n g  s u r f a c e s  w i t h i n  s p e c i f i e d  a r e a s .  

I n  p l a c e  of p r e s e n t  r e f e r e n c e s  t o  i n s t r u m e n t  p a n e l s  and s e a t  backs ,  
s i x  impact  zones  a r e  e s t a b l i s h e d  and d e f i n e d .  I n  a d d i t i o n  t o  t h e  a r e a s  
i n c l u d e d  i n  t h e  p r e s e n t  s t a n d a r d ,  t h e  zones i n c l u d e  a  l a r g e r  p o r t i o n  o f  
t h e  s e a t  back a r e a ,  t h e  lower s u r f a c e  of t h e  i n s t r u m e n t  p a n e l  o n  t h e  
pas senge r ' s  s i d e ,  and t h e  uppe r  s u r f  a c e  and p a r t  of t h e  lower  s u r f a c e  of 
t h e  in s t rumen t  p a n e l  on t h e  d r i v e r ' s  s i d e .  

It i s  proposed t o  t e s t  two of t h e s e  zones--the upper  s u r f a c e  of t h e  
pas senge r ' s  s i d e  of t h e  i n s t r u m e n t  p a n e l ,  and t h e  t o p  of t h e  s e a t  back-- 
a t  25 m.p.h., and t o  t e s t  t h e  remaining  z o n e s  a t  1 5  m.p.  h .  F o r  a n y  
zone,  t h e  d e c e l e r a t i o n  would n o t  exceed 67 g  f o r  a  cumula t ive  d u r a t i o n  
of more t h a n  3 m i l l i s e c o n d s  n o r  exceed 90 g  f o r  a  cumula t ive  d u r a t i o n  of 
more t h a n  1  m i l l i s e c o n d ,  a  r e s t r i c t i o n  on t h e  shape  of t h e  d e c e l e r a t i o n  
cu rve  n o t  found i n  t h e  e x i s t i n g  s t a n d a r d .  

T h i s  n o t i c e  p roposes  t o  r e q u i r e  f o r c e - d i s t r i b u t i n g  m a t e r i a l  on t h e  
door  p i l l a r s ,  roof i n t e r i o r s ,  and w i n d s h i e l d  h e a d e r s ,  i n  a d d i t i o n  t o  
a l t e r i n g  t h e  r equ i r emen t s  p r e s e n t l y  a p p l i c a b l e  t o  s u n  v i s o r s  a n d  a r m  
r e s t s .  I n  p l a c e s  where padding  i s  n o t  r e q u i r e d ,  a s  o n  d o o r  l a t c h  
r e l e a s e s  and window and o t h e r  c o n t r o l s ,  t h e  not  i c e  p roposes  s u r f  a c e  a r e a  
and minimum d iame te r  r equ i r emen t s  t o  l e s s e n  t h e  h a z a r d  t o  occupants .  

With in  t h e  impact  zones ,  t h e  n o t i c e  p roposes  t o  p r o h i b i t  p r o t r u d i n g  
s u r f  a c e s  t h a t  can  p e n e t r a t e  a  s p e c i f i e d  head form more t h a n  0 . 3  75  i n c h  
unde r  a  90-pound load .  I t  i s  proposed t h a t  p r o t r u d i n g  s u r f a c e s  o n  t h e  
roof i n t e r i o r ,  conso le ,  o r  s e a t  backs  must a l s o  meet s p e c i f i e d  s a f e t y  
r equ i r emen t s .  . . .  

S4.1 Impact zones .  

S4.1.1 When any p o i n t  i n  t h e  a r e a  of t h e  motor v e h i c l e  i n t e r i o r  i n  
impact  zones  1 ,  2 ,  5 ,  o r  6 ,  a s  s p e c i f i e d  i n  S4.1.6 and  F i g u r e  1 ,  o r  a n y  
p o i n t  on a  conso le  assembly no t  i n  a  zone ,  i s  impacted by a  r i g i d ,  6 . 5 -  
i n c h  d i a m e t e r ,  15-pound s p h e r i c a l  h e a d  f o r m  w i t h  i t s  l e a d i n g  p o i n t  
t r a v e l i n g  i n  a  d i r e c t i o n  normal t o  t h e  s u r f a c e  a t  t h e  v e l o c i t y  s p e c i f i e d  
below, t h e  d e c e l e r a t i o n  of t h e  head  form s h a l l  n o t  e x c e e d  6  7  g  f o r  a  
cumula t ive  d u r a t i o n  of more t h a n  3 m i l l i s e c o n d s ,  and s h a l l  n o t  exceed 90 
g  f o r  a  cumula t ive  d u r a t i o n  of more t h a n  1 m i l l i s e c o n d ,  when measured a t  
Erequencies  between 0.5 and 1 ,000 c y c l e s  p e r  second.  

(1) F o r  impact  zone 1, a t  25 m i l e s  p e r  hour ;  
( 2 )  For  impact zone 2 ,  a t  15  m i l e s  p e r  hour ;  
( 3 )  For  impact  zone 5 ,  a t  15  m i l e s  p e r  hour ;  



(4)  F o r  impact zone 6 ,  a t  25 mi les  p e r  hour;  
(5) For  any p a r t  of a console  assembly not  w i t h i n  an  impact z o n e ,  
a t  15 m i l e s  p e r  hour.  . . .  
S4.1.4 The c o n t a c t a b l e  s u r f a c e  of impact zones 1 a n d  2 s h a l l  b e  

covered w i t h  f o r c e - d i s t r i b u t i n g  m a t e r i a l  having a t h i c k n e s s  of a t  l e a s t  
1.5 inches  and meeting t h e  requirements  of S4.2. 

( a )  Impact zone 1 i s  t h e  a r e a  of t h e  ins t rument  pane l  between t h e  
passenger ' s  windsh ie ld  p i l l a r  r e f e r e n c e  p lane  and t h e  s t e e r i n g  w h e e l  
p l a n e ,  and forward of t h e  i n s t r u m e n t  p a n e l  c o n t o u r  l i n e  u p  t o  a n d  
i n c l u d i n g  t h e  rearmost c o n t a c t a b l e  s u r f a c e  rearward of t h e  j u n c t u r e  o f  
t h e  pane l  and t h e  windshie ld .  . . .  

( b )  Impact zone 2 i s  t h e  a r e a  of t h e  ins t rument  pane l  between t h e  
d r i v e r ' s  windsh ie ld  p i l l a r  r e f e r e n c e  p l a n e  a n d  t h e  s t e e r i n g  w h e e l  
r e f e r e n c e  p l a n e ,  and forward of t h e  ins t rument  pane l  con tour  l i n e  u p  t o  
and i n c l u d i n g  t h e  rearmos t c o n t a c t a b l e  s u r f a c e  rearward of t h e  j u n c t u r e  
of t h e  p a n e l  and t h e  windsh ie ld .  

( e )  Impact zone 5 i s  t h e  a r e a  of each s e a t  b a c k ,  e x c l u d i n g  t h e  
s e a t  back of a rearmost ,  s ide - fac ing ,  back-to-back, f o l d i n g  a u x i l i a r y  
jump, o r  temporary s e a t ,  inboard of i t s  s e a t  back r e f e r e n c e  p l a n e  o r  
p l a n e s ,  t h a t  i s  below t h e  s e a t  back contour  l i n e  and above a h o r i z o n t a l  
p l a n e  p a s s i n g  through t h e  s e a t  back a t  a  p o i n t  1 0  i n c h e s  v e r t i c a l l y  
above t h e  s e a t i n g  p o i n t .  

( f )  Impact zone 6 i s  t h e  a r e a  of t h e  s e a t  b a c k ,  i n c l u d i n g  h e a d  
r e s t r a i n t s  i n  t h e i r  h i g h e s t  des ign  adjustment p o s i t i o n  b u t  excluding t h e  
s e a t  back of a rearmost ,  s ide - fac ing ,  back-to-back, f o l d i n g  a u x i l i a r y  
jump, o r  temporary s e a t ,  inboard of i t s  s e a t  back r e f e r e n c e  p l a n e  o r  
p lanes ,  and above and forward of t h e  s e a t  back contour  l i n e .  

[9] 35 FR 16927, November 3 ,  1970. 
FMVSS 208, r u l e ;  Docket 69-7, Not ice  7 .  
Occupant Crash P r o t e c t i o n  i n  Passenger  Cars ,  Mul t ipurpose  Passenger  
Vehic les ,  Trucks,  and Buses 

The purpose  of t h i s  amendment  t o  S t a n d a r d  2 0 8  i s  t o  s p e c i f y  
occupant c r a s h  p r o t e c t i o n  requirements  f o r  passenger  c a r s ,  mult i-purpose 
passenger  v e h i c l e s ,  t r u c k s ,  and buses ,  manufactured on o r  a f t e r  J u l y  1 ,  
1973, w i t h  a d d i t i o n a l  requirements  coming i n t o  e f f e c t  f o r  c e r t a i n  of  
t h o s e  v e h i c l e s  manufactured on o r  a f t e r  J u l y  1 ,  1974. 

The n o t i c e  of proposed rulemaking pub l i shed  on September 2 5 ,  1 9  70 
(35 F.R. 14941),  proposed i n j u r y  c r i t e r i a  t h a t  a r e  modified from t h e  May 
7 n o t i c e .  These c r i t e r i a  would limit head a c c e l e r a t i o n s  t o  6 7  g e x c e p t  
f o r  cumulative p e r i o d s  of 3 mi l l i seconds  w i t h  a maximum of 90 g ,  l i m i t  



c h e s t  a c c e l e r a t i o n s  t o  4 0  g ,  e x c e p t  f o r  c u m u l a t i v e  p e r i o d s  o f  2  
m i l l i s e c o n d s ,  and limit t h e  a x i a l  f o r c e  through each upper l e g  t o  1 , 4 0 0  
pounds. Comments t o  t h e  May 7  and t h e  S e p t e m b e r  2 5  n o t i c e s  v a r i e d  
widely i n  t h e i r  recommendations. Some advocated t h e  u s e  of  s e v e r i t y  
i n d i c e s ,  whi le  o t h e r s  d i s p u t e d  t h e  methods o r  t h e  q u a n t i t a t i v e  l e v e l s  of 
t h e  i n d i c e s .  The l e v e l s  proposed i n  t h e  September 25 n o t i c e  a r e  adopted 
i n  t h i s  s t a n d a r d ,  wi th  t h e  liead a c c e l e r a t i o n  changed from 67 g  t o  70  g ,  
a s  t h e  b e s t  a v a i l a b l e  c r i t e r i a  f o r  t h e  q u a n t i t i e s  m e a s u r e d .  
Cons ide ra t ion  w i l l  be g iven t o  adop t ion  of a  s e v e r i t y  i n d e x  o r  o t h e r  
c r i t e r i a  a s  f u r t h e r  r e sea rch  r e s u l t s  become known. Research r e s u l t s  and 
comments r e l a t e d  t o  t h e  problem i n d i c a t e ,  however, t h a t  human t o l e r a n c e s  
f o r  l a t e r a l  a c c e l e r a t i o n s  on t h e  head and c h e s t  a r e  s i . g n i f i c a n t l y  l o w e r  
than  f o r  forward o n e s ,  a n d  t h e  s e p a r a t e  n o t i c e  i s s u e d  t o d a y  ( 3 5  
F.R. 16937) proposes a d d i t i o n a l  i n j u r y  c r i t e r i a  w i t h  r e s p e c t  t o  t h e  
l a t e r a l  component of head and c h e s t  a c c e l e r a t i o n s .  . . .  

On c o n s i d e r a t i o n  of a l l  a v a i l a b l e  d a t a ,  i t  has been determined t h a t  
dummies con£ orming t o  t h e  SAE s p e c i f i c a t i o n s  a r e  t h e  most c o m p l e t e  a n d  
s a t i s f a c t o r y  ones p r e s e n t l y  a v a i l a b l e .  More complete s p e c i f i c a t i o n  have 
been added f o r  t h e  c o n f i g u r a t i o n  of t h e  p e l v i s ,  t h e  p o s i t i o n i n g  o f  t h e  
dummies i n  t h e  v e h i c l e ,  a n d  t h e  i n s t r u m e n t a t i o n  t e c h n i q u e s .  T h e  
p o s i t i o n i n g  of i n s t r u m e n t a t i o n  w i t h i n  t h e  dummies is s p e c i f i e d  t o  i n s u r e  
more c o n s i s t e n t  and r e p e a t a b l e  r e s u l t s .  A requirement t h a t  a c c e l e r a t i o n  
d a t a  be f i l t e r e d  t o  exclude f r e q u e n c i e s  h i g h e r  t h a n  2 5 0  c y c l e s  p e r  
second has  been added, i n  response  t o  s e v e r a l  comments ,  t o  e l i m i n a t e  
sha rp  s p i k e s  due t o  e l e c t r o n i c  n o i s e  and dummy resonance t h a t  a r e  n o t  
considered s i g n i f i c a n t  w i t h  r e s p e c t  t o  i n j u r y .  

[ l o ]  35 FR 16937, November 3 ,  1970. 
FMVSS 208, p roposa l ;  Docket 69-7, Not ice  8. 
Occupant Crash P r o t e c t i o n  I n  Passenger  Cars ,  
Mul t ipurpose  Passenger  Veh ic les ,  Trucks,  and Buses 

The purpose  of t h i s  n o t i c e  i s  t o  propose amendments t o  t h e  r e v i s e d  
Motor Vehicle Sa fe ty  Standard No. 208, Occupant Crash P r o t e c t i o n ,  i s s u e d  
today (35 F.R. 16926),  t h a t  would add a d d i t i o n a l  i n j u r y  c r i t e r i a  f o r  
l a t e r a l  a c c e l e r a t i o n  of t h e  head and c h e s t ,  s p e c i f y  t e s t  c o n d i t i o n s  f o r  
t h e  l a t e r a l  moving b a r r i e r  c r a s h  t e s t  and t h e  r o l l o v e r  t e s t  , o m i t  t h e  
excep t ion  of openbody type  v e h i c l e s  from t h e  r o l l o v e r  r e q u i r e m e n t  t h a t  
was proposed i n  t h e  n o t i c e  of play 7 ,  1970 (35 F.R. 7187), and e s t a b l i s h  
a  minimum v e h i c l e  speed f o r  a c t u a t i o n  of  c r a s h - d e p l o y  e d  p r o t e c t i o n  
systems. 

The s t andard  a s  i s s u e d  p rov ides  t h a t  t h e  r e s u l t a n t  a c c e l e r a t i o n s  of 
t h e  head of a n  anthropomorphic t e s t  device  i n  t h e  s p e c i f i e d  c r a s h e s  
s h a l l  not  be  more than  70 g ,  except  f o r  a  c u m u l a t i v e  d u r a t i o n  of  3  
m i l l i s e c o n d s ,  w i t h  a n  a b s o l u t e  maximum of 90 g. . . . 

Biomechanical s t u d i e s  i n d i c a t e  t h a t  t h e  l a t e r a l  a c c e l e r a t i o n  
t o l e r a n c e  of t h e  head and c h e s t  a r e  s i g n i f i c a n t l y  l e s s  than  t h e  f r o n t  a 1  
a c c e l e r a t i o n  t o l e r a n c e .  I t  i s  accord ing ly  proposed t h a t  i n  a d d i t i o n  t o  



t h e  c r i t e r i a  desc r ibed  above f o r  r e s u l a n t  a c c e l e r a t i o n s ,  a  r e q u i r e m e n t  
be added l i m i t i n g  t h e  l a t e r a l  component of head a c c e l e r a t i o n s  t o  4 0  g  , 
except  f o r  a  cumulative pe r iod  of 3 mil l i seconds .  . . . 

A moving b a r r i e r  t e s t  is proposed i n  p l a c e  o f  t h e  f i x e d  b a r r i e r  
c o l l i s i o n .  The moving b a r r i e r  s p e e d  i s  s e t  a t  2 0  m . p . h . ,  a  s p e e d  
c a l c u l a t e d  t o  approximate t h e  impact of a  15-mile-per-hour f i x e d  b a r r i e r  
impact, o r  a  30-mile-per-hour car-to-car c o l l i s i o n .  . . .  

This  n o t i c e  proposes a  procedure f o r  r o l l o v e r  t e s t i n g  w h e r e b y  t h e  
v e h i c l e  i s  launched t r a n s v e r s e l y  w i t h  a  s p e c i f i e d  d e c e l e r a t i o n  p u l s e  
from a  r a i s e d  ca r r i age - type  p la t fo rm on to  a  concre te  s u r f a c e .  

To avoid  v a r i a b l e  r e s u l t s  from c o l l i s i o n s  b e t w e e n  d u m m i e s ,  t h e  
s t andard  provides  t h a t  dummies a r e  t o  be p o s i t i o n e d  only i n  t h e  outboard 
p o s i t i o n s  on t h e  s i d e  of t h e  impact,  f o r  t h e  l a t e r a l  i m p a c t  t e s t ,  a n d  
only i n  t h e  outboard p o s i t i o n s  on t h e  lower s i d e  of t h e  v e h i c l e s  a s  
mounted on t h e  t e s t  p la t fo rm,  f o r  t h e  r o l l o v e r  t e s t .  . . .  

A f i n a l  proposed amendment concerns t h e  minimum v e h i c l e  s p e e d  f  o r  
deployment of crash-deployed systems. Comments on t h e  May 7 n o t i c e  a n d  
o t h e r  i n £  ormation i n d i c a t e  t h a t  f i x e d  energy-absorption m a t e r i a l s  a r e  
capable of meeting t h e  occupant p r o t e c t  ion  requirements  a t  low s p  e e d s  . 
I t  is  t h e r e f o r e  proposed t o  r a i s e  t h e  minimum d e p l o y m e n t  s p e e d  f o r  
crash-deployed systems t o  15 mi les  p e r  hour. I t  i s  proposed t o  r e t a i n  
t h e  requirement t h a t  t h e  minimum deployment speed be a p p l i c a b l e  a t  a n y  
ang le  of impact,  s i n c e  p r e s e n t l y  a v a i l a b l e  s e n s o r s  c a n  p r o v i d e  t h e  
necessa ry  d i r e c t  iona l -ve loc i ty  d i s c r i m i n a t i o n ,  and i t  i s  important  t h a t  
crash-deployed systems do not  deploy except  i n  c r a s h  s i t u a t i o n s  f o r  
which they a r e  designed.  

[ l l ]  36 FR 2815, February 10,  1971. 
FMVSS 208, n o t i c e .  
Occupant Crash P r o t e c t i o n ,  Not ice  of 1972 Requirements 

Th i s  n o t i c e  i s  i s sued  a s  a d v a n c e  p u b l i c  i n f o r m a t i o n ,  f o r  t h e  
purpose of informing motor v e h i c l e  manufacturers of t h e  main h i g h l i g h t s  
of t h e  Occupant Crash P r o t e c t i o n  s t andard  (No. 208) t h a t  w i l l  a p p l y  t o  
passenger  c a r s  beginning January 1 ,  1972, t o  e n a b l e  t h e m  t o  i n i t i a t e  
p r e p a r a t i o n  f o r  p roduc t ion  w i t h  minimum l o s s  of t h e  remaining l e a d t  ime.  
The f e a t u r e s  of t h e  s t a n d a r d  s e t  f o r t h  h e r e i n  r e p r e s e n t  f i n a l  d e c i s  i o n s  
w i t h  r e s p e c t  t o  t h e  s t a n d a r d ,  which i s  p r e s e n t l y  b e i n g  p r e p a r e d  f o r  
i s suance  i n  t h e  n e a r  f u t u r e .  

Passenger  c a r s ,  a t  each des igna ted  s e a t i n g  p o s i t i o n ,  mus t m e e t  a t  
l e a s t  one of t h r e e  s e t s  of requirements ,  o r  op t ions ,  a s  follows: 

F i r s t  Option--Complete P a s s i v e  P r o t e c t  ion  System 



1. The v e h i c l e  s h a l l  p rov ide  pass ive  p r o t e c t i o n  i n  f r o n t a l  f  i x e d  
b a r r i e r  c rash  t e s t s  up t o  30 m.p.h., and up t o  30 degrees  t o  e i t h e r  s i d e  
of the  pe rpend icu la r ,  and i n  l a t e r a l  and r o l l o v e r  c r a s h  t e s t s .  S e a t  
b e l t s  a r e  not  r e q u i r e d ,  and excep t  f o r  t h e  completely p a s s i v e  type  b e l t  
system, may not be  used f o r  t e s t i n g .  

2.  T h e  t e s t  dummy i s  a s  d e s c r i b e d  i n  SAE 5 9 6 3 ,  w i t h  
ins t rumenta t ion  a s  desc r ibed  i n  SAE J211. 

3 .  The i n j u r y  c r i t e r i a  a r e  ( a )  a  maximum head s e v e r i t y  i n d e x  of  
1,000,  c a l c u l a t e d  a c c o r d i n g  t o  S A E  J 8 8 5 a ,  ( b )  a  maximum c h e s t  
a c c e l e r a t i o n  of 60g, except  f o r  p e r i o d s  w i t h  cumulative d u r a t i o n  of n o t  
more than  3 m i l l i s e c o n d s ,  and (c )  a  maximum upper l e g  f o r c e  of 1,400 

pounds. 

Second Option--Lap B e l t  P r o t e c t i o n  System w i t h  Be l t  Warning . . .  
4 .  F o r  f r o n t  o u t b o a r d  s e a t s ,  t h e  v e h i c l e s  s h a l l  m e e t  a  

pe rpend icu la r  30 m.p.h. f i x e d  b a r r i e r  c rash  t e s t  wi th  ins t rumented t e s t  
dummies and i n j u r y  c r i t e r i a  a s  desc r ibed  i n  t h e  f i r s t  o p t i o n ,  b u t  w i t h  
t h e  dummies l ap -be l t ed .  No s h o u l d e r b e l t  i s  r e q u i r e d ,  a n d  e v e n  i f  
fu rn i shed  is  not  used f o r  t e s t i n g  under t h i s  opt ion.  . . . 
Third  Option--Lap and Shoulder B e l t  P r o t e c t i o n  System w i t h  
B e l t  Warning 

1.  The v e h i c l e  s h a l l  p rov ide  a  l a p  and shou lde r  b e l t  assembly f o r  
t h e  f r o n t  outboard s e a t s ,  and l a p  b e l t s  a t  t h e  o t h e r  s e a t i n g  p o s i t i o n s .  

2. A b e l t  warning system a s  desc r ibed  above i s  r e q u i r e d  f o r  t h e  
l ap -be l t  p o r t i o n s  of t h e  f r o n t  outboard s e a t i n g  p o s i t i o n s .  Requirements 
f o r  l ap -be l t  r e t r a c t o r s ,  method of r e l e a s e ,  and f o r  ranges  of adjustment 
a r e  t h e  same a s  i n  t h e  second op t ion .  

3 .  The l a p  and shou lde r  b e l t s  i n  t h e  f r o n t  outboard p o s i t i o n s  a r e  
t e s t e d  w i t h  dummies i n  a  p e r p e n d i c u l a r  30-m.p.h. f i x e d  b a r r i e r  c r a s h ,  
w i t h  .the requirement t h a t  t h e r e  b e  no  s t r u c t u r a l  f a i l u r e s  o f  t h e  
r e s t r a i n t  system. 

[12] 36 FR 4600, March 10 ,  1971. 
FMVSS 208, r u l e ;  Docket 69-7, Not ice  9. 
Occupant Crash P r o t e c t i o n  i n  Passenger  Cars ,  
Mul t ipurpose  Passenger  Veh ic les ,  Trucks,  and Buses 

The purpose  of t h i s  amendment t o  Standard No. 208, 49 CFR 5 7 1 . 2  1 ,  
i s  t o  s p e c i f y  occupant c r a s h  p r o t e c t i o n  r e q u i r e - m e n t s  f o r  p a s s e n g e r  
c a r s ,  mul t ipurpose  passenger  v e h i c l e s ,  t r u c k s ,  and buses manufactured on 
o r  a f t e r  January 1, 1972, w i t h  a d d i t i o n a l  r e q u i r e m e n t s  c o m i n g  i n t o  
e f f e c t  f o r  c e r t a i n  of those  v e h i c l e s  on A u g u s t  1 5 ,  1 9  7 3 ,  A u g u s t  1 5 ,  
1975, and August 15,  1977. The requirements  e f f e c t i v e  f o r  t h e  p e r i o d  
beginning on January 1,  1972, were t h e  s u b j e c t  of a  n o t i c e  of p r o p o s e d  



rulemaking pub l i shed  September 25, 1970 (35 F.R. 1 4 9 4 1 ) ,  a n d  a p p e a r  
today f o r  t h e  f i r s t  t ime i n  t h e  form of a  r u l e .  The r e q u i r e m e n t s  f o r  
subsequent pe r iods  were i s s u e d  i n  r u l e  form o n  November  3 ,  1 9 7 0  ( 3 5  
F.R. 16927),  and a r e  r e i s s u e d  today i n  amended f o r m  a s  t h e  r e s u l t  of  
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 .  . . .  

The s t a n d a r d  e s t a b l i s h e s  q u a n t i t a t i v e  c r i t e r i a  f o r  occupant i n j u r y ,  
a s  determined by u s e  of anthropomorphic t e s t  devices .  For  t h e  head, t h e  
c r i t e r i o n  i s  a  s e v e r i t y  index of 1,000,  c a l c u l a t e d  a c c o r d i n g  t o  SAE 
Inf  ormation Report  J885a. 

On January 1 ,  1972, a  passenger  c a r  w i l l  be r e q u i r e d  t o  p rov ide  one 
of t h r e e  op t ions  f o r  occupant p r o t e c t  ion:  (1 )  P a s s i v e  p r o t e c t i o n  s y s  t e m  
t h a t  meets t h e  above i n j u r y  c r i t e r i a  i n  a l l  impact modes a t  a l l  s e a t i n g  
p o s i t i o n s ;  (2)  l a p  b e l t s  a t  a l l  p o s i t i o n s ,  w i t h  a  requirement t h a t  t h e  
f r o n t  outboard  p o s i t i o n s  meet t h e  i n j u r y  c r i t e r i a  w i t h  l a p - b e l t e d  
dummies i n  a  30-m.p. h. b a r r i e r  c r a s h  wi thou t  b e l t  o r  anchorage f a i l u r e ,  
and l a p  b e l t s  i n  o t h e r  p o s i t i o n s .  . . .  

On August 15 ,  1973, a  passenger  c a r  w i l l  be r e q u i r e d  t o  p rov ide  one 
of two op t ions  f o r  occupant p r o t e c t i o n :  (1 )  P a s s i v e  p r o t e c t i o n  t h a t  
meets t h e  i n j u r y  c r i t e r i a  i n  a l l  impact modes a t  a l l  s e a t i n g  p o s i t i o n s ;  
o r  ( 2 )  a  system t h a t  p rov ides  p a s s i v e  p r o t e c t i o n  f o r  t h e  f r o n t  p o s i t i o n s  
i n  a  p e r p e n d i c u l a r  f r o n t a l  f i x e d  b a r r i e r  c r a s h ,  t h a t  inc ludes  l a p  b e 1  t s 
a t  a l l  s e a t i n g  p o s i t i o n s  such t h a t  t h e  i n j u r y  c r i t e r i a  a r e  m e t  a t  t h e  
f r o n t  p o s i t i o n s  b o t h  w i t h  a n d  w i t h o u t  l a p  b e l t s  f a s t e n e d  i n  a  
pe rpend icu la r  f r o n t a l  f i x e d  b a r r i e r  c r a s h ,  a n d  t h a t  h a s  a  s e a t  b e l t  
warning system a t  t h e  f r o n t  outboard p o s i t i o n s .  

On and a f t e r  August 15 ,  1975, a  passenger  c a r  w i l l  be r e q u i r e d  t o  
meet t h e  i n j u r y  c r i t e r i a  i n  a l l  impact modes a t  a l l  s e a t i n g  p o s i t i o n s  by 
p a s s i v e  means. . . .  
The t h i r d  o p t i o n  proposed i n  t h e  September 25 n o t i c e  h a s  b e e n  a d o p t e d  
w i t h  some changes. I t  c o n s i s t s  of a n  improved combinat i o n  o f  l a p  a n d  
shou lde r  b e l t s  i n  t h e  f r o n t  outboard s e a t i n g  p o s i t i o n s ,  w i t h  l a p  b e l t s  
i n  o t h e r  p o s i t i o n s .  The b e l t s  and anchorages  a t  t h e  f r o n t  o u t b o a r d  
p o s i t i o n s  must be  capable  of r e s t r a i n i n g  a  dummy i n  a  30-m.p.h. f r o n t a l  
p e r p e n d i c u l a r  i m p a c t  w i t h o u t  s e p a r a t i o n  of  t h e  b e l t s  o r  t h e i r  
anchorages.  . . .  

The d a t e  on which a  passenger  c a r  must p r o v i d e  p a s s i v e  m e a n s  of  
meeting t h e  i n j u r y  c r i t e r i a  i n  a  s i d e  impact is changed t o  A u g u s t  1 5 ,  
1975, t o  r e f l e c t  t h e  g r e a t e r  leadt ime needed t o  d e v e l o p  s u c h  p a s s i v e  
systems. To p rov ide  uniform phasing,  and a l low time f o r  development of  
p a s s i v e  p r o t e c t i o n  i n  t h e  a n g u l a r - i m p a c t  a n d  r o l l o v e r  m o d e s ,  t h e  
e f f e c t i v e  d a t e s  f o r  t h e s e  requirements  is a l s o  s e t  a t  August 1 5 ,  1 9 7 5 .  



Thus, a f t e r  August 15 ,  1975, each passenger c a r  m u s t  m e e t  t h e  c r a s h  
p r o t e c t i o n  requirements  a t  each s e a t i n g  p o s i t i o n  i n  a l l  impact modes by 
means t h a t  r e q u i r e  no a c t i o n  by v e h i c l e  occupants. . . .  

A number of p e t i t i o n s  ob jec ted  t o  t h e  r e q u i r e m e n t  f o r  a  minimum 
speed below which a  c r a s h - d e v e l o p e d  s y s t e m  may n o t  d e p l o y .  Upon 
c o n s i d e r a t i o n  of t h e  p e t i t i o n ,  i t  h a s  b e e n  d e t e r m i n e d  t h a t  i t  i s  
p r e f e r a b l e  t o  a l low m a n u f a c t u r e r s  f r e e d o m  i n  t h e  d e s i g n  o f  t h e i r  
p r o t e c t i v e  systems a t  a l l  speeds ,  and t h i s  requirement i s  hereby d e l e t e d  
from t h e  s tandard.  

The i n j u r y  c r i t e r i a  s p e c i f i e d  i n  t h e  November 3  amendment were t h e  
s u b j e c t  of numerous p e t i t i o n s .  The b a s i c  ob jec t ions  t o  t h e  head i n j u r y  
c r i t e r i a  w e r e  t h a t  t h e  7 0 g - 3 - m i l l i s e c o n d  r e q u i r e m e n t  w a s  t o o  
conse rva t ive ,  wi th  r e s p e c t  t o  both  a c c e l e r a t i o n  l e v e l s  and t ime f a c t o r s .  
Review of t h e s e  o b j e c t i o n s  a n d  a  r e e v a l u a t i o n  of t h e  i n f o r m a t i o n  
a v a i l a b l e  t o  t h e  Admin i s t ra t ion  l eads  t o  t h e  conclus ion t h a t  t h e  h e a d  
i n j u r y  c r i t e r i a  can be more a p p r o p r i a t e l y  based on t h e  s e v e r i t y  i n d e x  
desc r ibed  i n  t h e  Soc ie ty  of Automotive E n g i n e e r s  I n f o r m a t i o n  R e p o r t  
J885a, June 1966. Accordingly,  t h e  s t andard  adop t s  a s  t h e  c r i t e r i o n  f o r  
head i n j u r y  a  s e v e r i t y  index of 1,000 c a l c u l a t e d  by t h e  m e t h o d  i n  t h e  
SAE r e p o r t .  . . .  

The u s e  of t h e  anthropomorphic t e s t  device  d e s c r i b e d  i n  SAE 5 9 6 3  
was ob jec ted  t o  by s e v e r a l  p e t i t i o n e r s ,  on t h e  g r o u n d s  t h a t  f u r t h e r  
s p e c i f i c a t i o n s  a r e  needed t o  ensure  r e p e a t a b i l i t y  of t e s t  r e s u l t s .  T h e  
Adminis t ra t ion f i n d s  no  s u f f i c i e n t  reason t o  a l t e r  i t s  c o n c l u s i o n  t h a t  
t h e  SAE s p e c i f i c a t i o n  i s  t h e  b e s t  a v a i l a b l e .  The NHTSA i s  s p o n s o r i n g  
f u r t h e r  r e sea rch  and examining a l l  a v a i l a b l e  d a t a ,  however, wi th  a  v i e w  
t o  i s suance  of f u r t h e r  s p e c i f i c a t i o n s  f o r  t h e s e  devices.  

[13] 36 FR 19254, October 1 ,  1971. 
FMVSS 208, r u l e ;  Docket 69-7, n o t i c e  12. 
Occupant Crash P r o t e c t i o n  f o r  P a s s e n g e r  C a r s ,  M u l t i p u r p o s e  
Passenger Vehic les ,  Trucks,  and Buses 

The purpose  of t h i s  n o t i c e  i s  t o  r e s p o n d  t o  p e t i t i o n s  f i l e d  
pursuant  t o  P a r t  553.35 of T i t l e  4 9 ,  Code of F e d e r a l  R e g u l a t i o n s ,  
r eques t ing  r e c o n s i d e r a t i o n  of Motor Vehicle S a f e t y  S  t a n d a r d  No. 2  0 8 ,  
Occupant Crash P r o t e c t i o n  (49 CFR 571.21), publ ished on March 1 0 ,  1 9 7  1  
(36 F.R. 4600). 

The u s e  of t h e  s e v e r i t y  index of 1000 a s  the  c r i t e r i o n  f o r  h e a d  
i n j u r y  was ob jec ted  t o  a s  t o o  s t r i n g e n t ,  a n d  a m o r e  l e n i e n t  i n d e x  
requested.  Considering t h e  p r e s e n t  s t a t e  o f  t h e  a r t  i n  h e a d  i n j u r y  
measurement, i t  has  been determined t h a t  a  S e v e r i t y  Index of 1000 i s  t h e  
most accep tab le  c r i t e r i o n  a t  t h i s  t i n e ,  a n d  i t  h a s  t h e r e f  o r e  b e e n  
r e t a i n e d .  . . .  



S e v e r a l  p e t i t i o n e r s  noted t h a t  t h e  requirements  f o r  anthropomorphic 
t e s t  devices  s p e c i f i e d  i n  t h e  s t a n d a r d ,  mainly t h o s e  s e t  f o r t h  i n  SAE 
Recommended P r a c t i c e  5 9 6 3 ,  d o  n o t  c o m p l e t e l y  d e f i n e  a l l  t h e  
c h a r a c t e r i s t i c s  of t h e  dummies t h a t  may be r e l e v a n t  t o  t h e i r  ( a n d  t h e  
v e h i c h l e ' s )  performance i n  a  c r a s h  t e s t .  T h e  NHTSA c o n s i d e r s  t h e  
comment v a l i d .  I t  would a c t u a l l y  be d i f f i c u l t ,  i f  not  i m p o s s i b l e ,  t o  
d e s c r i b e  t h e  t e s t  dummy i n  performance terrns w i t h  such s p e c i f i c i t y  t h a t  
every  dummy t h a t  could be b u i l t  t o  t h e  s p e c i f i c a t i o n s  w o u l d  p e r f o r m  
i d e n t i c a l l y  under s i m i l a r  cond i t ions .  Of course ,  s i n c e  t h e  dummy i s  
merely a  t e s t  ins t rument  and no t  a n  i t e m  of r e g u l a t e d  equ ipment ,  i t  i s  
n o t  necessa ry  t o  d e s c r i b e  i t  i n  performance terms ; i t s  d e s i g n  c o u l d  
l e g a l l y  be "frozen" by d e t a i l e d ,  b luepr in t - type  drawings a n d  c o m p l e t e  
equipment s p e c i f i c a t i o n s .  Such an a c t i o n  does n o t ,  however, a p p e a r  t o  
be d e s i r a b l e  a t  t h i s  time. Considerable  development work i s  i n  p r o c e s s  
under v a r i o u s  a u s p i c e s  t o  r e f i n e  t h e  d y n a m i c  c h a r a c t e r i s t i c s  o f  
a n t h r o p o m o r p h i c  d e v i c e s ,  t o  d e t e r m i n e  w h i c h  d e s i g n s  a r e  m o s t  
p r a c t i c a b l e ,  o f f e r  t h e  most u s e f u l  r e s u l t s ,  a n d  b e s t  s i m u l a t e  t h e  
c r i t i c a l  c h a r a c t e r i s t i c s  of t h e  human body. The NHTSA i s  m o n i t o r i n g  
t h i s  work (and sponsor ing some of i t ) ,  and in tends  t o  propose amendments 
of t h e  s t a n d a r d  i n  accordance w i t h  i t  t o  add more d e t a i l e d  p e r f o r m a n c e  
and d e s c r i p t i v e  s p e c i f i c a t i o n s  f o r  t h e  t e s t  dummies, a l though no changes 
a r e  being made i n  t h a t  r e s p e c t  by t h i s  n o t i c e .  

[14] 36 FR 19266, October 1 ,  1971. 
FMVSS 208, p roposa l ;  Docket 69-7, Not ice  13. 
Occupant Crash P r o t e c t i o n  i n  Passenger  Cars 

I n  response  t o  r e q u e s t s  by s e v e r a l  manufacturers f o r  a  delay i n  t h e  
d a t e  by which pass ive  p r o t e c t i o n  must be provided i n  passenger  c a r s ,  f o r  
t h e  reasons  d i scussed  i n  t h e  n o t i c e  of a c t i o n  on t h e  p e t i t i o n s ,  i t  i s  
hereby proposed t h a t  a  t h i r d  o p t i o n  b e  a l l o w e d  f o r  t h e  p e r i o d  f r o m  
August 15,  1973, t o  August 15,  1975. . . . 

(7) A l l  b e l t s  would be  requ i red  t o  conform t o  S t a n d a r d  No. 2 0 9 ;  
t h e  f r o n t  outboard b e l t s ,  whether l a p  b e l t s  o r  n o n d e t a c h a b l e  l a p  a n d  
shou lde r  b e l t  combinations,  would have t o  meet t h e  i n j u r y  c r i t e r i a  of  
t h e  s t a n d a r d  when t e s t e d  w i t h  dummies i n  a  30-m.p.h. f r o n t a l  b a r r i e r  
c r a s h ;  and t h e  l a p  b e l t s  i n  t h e  f r o n t  c e n t e r  p o s i t i o n  ( i f  a n y )  m u s t  
remain i n t a c t  i n  t h e  same c r a s h  t e s t .  Although a  d e t a c h a b l e  s h o u l d e r  
b e l t  i s  not p r o h i b i t e d  a t  t h e  f r o n t  outboard p o s i t i o n s ,  an  assembly w i t h  
a  de tachab le  shou lde r  b e l t  would have t o  meet t h e  i n j u r y  c r i t e r i a  w i t h  
t h e  l a p  b e l t  a lone.  

S4.1.2 Passenger c a r s  manufactured from August 15, 1973 t o  A u g u s t  
14 1975. 2- . . .  

S4.1.2.3 Third  option--lap and shou lder  b e l t  p r o t e c t i o n  s y s t e m  
w i t h  i g n i t i o n  i n t e r l o c k  and b e l t  warning. . . .  



(d )  A t  each f r o n t  outboard  des ignated s e a t i n g  p o s i t i o n  m e e t  t h e  
f r o n t a l  c r a s h  p o s i t i o n  requirements  of S5.1, i n  a p e r p e n d i c u l a r  i m p a c t ,  
wi th  t h e  t e s t  dev ice  r e s t r a i n e d  by a Type 1 s e a t b e l t  assembly o r  a T y p e  
2 s e a t b e l t  assembly w i t h  a nondetachable upper t o r s o  p o r t i o n ;  and 

( e )  When i t  p e r p e n d i c u l a r l y  impacts a f i x e d  c o l l i s i o n  b a r r i e r ,  
whi le  moving l o n g i t u d i n a l l y  forward a t  any speed up t o  and i n c l u d i n g  30 
m.p.h., under t h e  t e s t  c o n d i t i o n s  of S8.1, wi th  an  anthropomorphic t e s t  
dev ice  a t  any f r o n t - c e n t e r  s e a t i n g  p o s i t i o n  r e s t r a i n e d  by a T y p e  1 o r  
Type 2 s e a t b e l t  assembly, exper ience  no complete s e p a r a t i o n  of any load- 
bea r ing  element of t h e  s e a t b e l t  assembly o r  anchorage. 

[I51 36 FR 3911, February 24, 1972. 
FMVSS 208, r u l e ;  Docket 69-7, Not ice  16.  
Occupant Crash P r o t e c t i o n  

The purpose  of t h i s  n o t i c e  i s  t o  amend Standard No. 208, O c c u p a n t  
Crash P r o t e c t i o n ,  a s  proposed September 29, 1971 (36 F.R. 19266, October 
1, 1971) w i t h  r e s p e c t  t o  t h e  occupant p r o t e c t  i o n  o p t i o n s  a v a i l a b l e  
between August 15 ,  1975. The amendments proposed on S e p t e m b e r  29 a r e  
adopted e s s e n t i a l l y  as proposed,  wi th  minor modi f i ca t ions .  

The n o t i c e  proposed a t h i r d  occupant p r o t e c t  ion  o p t i o n  ( S 4 . 1  . 2 . 3  ) 
f o r  passenger  c a r s  manufactured between August 15 ,  1973 and A u g u s t  1 5 ,  
1975. The s a l i e n t  f e a t u r e  of t h e  new op t ion  was t h e  use  of s e a t  b e l t s  
equipped w i t h  an i g n i t i o n  sys tem t h a t  would p r e v e n t  t h e  e n g i n e  f r o m  
s t a r t i n g  i f  any f r o n t  s e a t  occupant d i d  not  have h i s  b e l t  f a s t ened .  The 
b e l t s  a t  t h e  f r o n t  outboard  p o s i t i o n s  would h a v e  t o  m e e t  t h e  i n j u r y  
c r i t e r i a  of t h e  s t andard  i n  a 30-m.p.h. f r o n t a l  b a r r i e r  c r a s h ,  a n d  a n y  
l a p  b e l t  i n  t h e  c e n t e r  p o s i t i o n  would have t o  remain i n t a c t  i n  t h e  s a m e  
crash.  I f  shou lde r  b e l t s  were provided a t  t h e  f r o n t  p o s i t i o n s ,  t h e y  
would have t o  be nondetachable  and have emergency lock ing  r e t r a c t o r s .  . . .  

4. A new s e c t i o n  S4.1.2.3 i s  added, reading a s  fo l lows:  

S4.1.2.3 Third option--lap gcJ shou lder  b e l t  p r o t e c t i o n  s y s t e m  
with  i g n i t i o n  i n t e r l o c k  and b e l t  warning. . . .  

(d)  A t  each f r o n t  outboard  des igna ted  s e a t i n g  p o s i t i o n ,  m e e t  t h e  
f r o n t a l  c r a s h  p r o t e c t i o n  r e q u i r e m e n t s  o f  S 5 . 1 ,  i n  a p e r p e n d i c u l a r  
impact,  wi th  t h e  t e s t  dev ice  r e s t r a i n e d  by a Type 1 s e a t  b e l t  a s s e m b l y  
o r  a Type 2 s e a t  b e l t  assembly w i t h  a nondetachable upper t o r s o  p o r t i o n ;  
and 

( e )  When i t  p e r p e n d i c u l a r l y  impacts a f i x e d  c o l l i s i o n  b a r r i e r ,  
whi le  moving l o n g i t u d i n a l l y  forward a t  any speed up t o  and i n c l u d i n g  30 
m.p.h., under t h e  t e s t  cond i t ions  of S3.1, w i t h  an anthropomorphic t e s t  
dev ice  a t  any f r o n t  c e n t e r  s e a t i n g  p o s i t i o n  r e s t r a i n e d  by a T y p e  1 o r  
Type 2 s e a t b e l t  assembly, exper ience  no complete s e p a r a t i o n  of any load- 
bea r ing  element of t h e  s e a t b e l t  assembly o r  anchorage. 



[16] 37 FR 5507, March 16,  1972. 
W S S  208, p roposa l ;  Docket 69-7, Not ice  1 7 .  
Occupant Crash Protection--Head I n j u r y  C r i t e r i o n  

The purpose  of t h i s  n o t i c e  is t o  propose an  amendment t o  t h e  h e a d  
i n j u r y  c r i t e r i o n  i n  S6.2 of Motor Vehicle Sa fe ty  Standard No. 208, Crash 
P r o t e c t i o n ,  49  CFR 571.203. 

The proposed c r i t e r i o n  d i f f e r s  from i t s  p redecessors  i n  t h a t  i t  i s  
based on average a c c e l e r a t i o n .  Expressed v e r b a l l y ,  t h e  c r i t e r i o n  i s  
t h a t  t h e  r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  c e n t e r  of g r a v i t y  o f  t h e  h e a d  
dur ing  t h e  c rash  s h a l l  be such t h a t  when  t h e  a v e r a g e  a c c e l e r a t i o n  
(expressed i n  g ' s )  dur ing  any t ime i n t e r v a l  i s  r a i s e d  t o  t h e  2 . 5  p o w e r  
and m u l t i p l i e d  by t h e  l e n g t h  of t h e  i n t e r v a l  i n  s e c o n d s ,  t h e  p r o d u c t  
s h a l l  not  e x c e e d  1 , 0 0 0 .  I n  m a t h e m a t i c a l  t e r m s :  T h e  r e s u l t a n t  
a c c e l e r a t i o n  a t  t h e  c e n t e r  of g r a v i t y  of t h e  head s h a l l  be  such t h a t  t h e  
express ion :  

where "a" i s  t h e  r e s u l t a n t  a c c e l e r a t i o n  expressed a s  a  m u l t i p l e  o f  "g"  

( t h e  a c c e l e r a t i o n  of g r a v i t y ) ,  and "tl" and ''t2" a r e  any two p o i n t s  i n  
t ime dur ing  t h e  c r a s h ,  s h a l l  not  exceed 1,000. 

The i n t e n t  of t h e  s t a n d a r d ' s  head i n j u r y  c r i t e r i o n  i s  t o  s e t  limits 
on t h e  a c c e l e r a t i o n  exposure  of t h e  head t h a t  r e f l e c t  t h e  a v a i l a b l e  
biomechanical  d a t a  i n  terms t h a t  can be s a t i s f a c t o r i l y  m e a s u r e d  by  a  
t e s t  dummy. The r u l e  pub l i shed  November  3 ,  1 9 7 0  ( 3 5  F . R .  1 6 9 2 7 ) ,  
s p e c i f i e d  an  a c c e l e r a t i o n  l e v e l  of 70 g  t h a t  could no t  be exceeded f o r  a  
cumulative d u r a t i o n  of more than  3  m i l l i s e c o n d s  a n d  a  maximum p e a k  
a c c e l e r a t i o n  of 90 g. I n  t h e  i s suance  of March 10,  1971 ( n o t i c e  9 ,  3 6  
F.R. 4600), t h e  c r i t e r i o n  f o r  h e a d  i n j u r y  was   changed t o  t h e  SAE 
S e v e r i t y  Index system o r i g i n a l l y  developed by C .  W. Gadd. The S e v e r i t y  
Index i s  computed by t a k i n g  t h e  head a c c e l e r a t i o n  a t  each i n s t a n t a n e o u s  
p o i n t  d u r i n g  t h e  c r a s h  e v e n t ,  r a i s i n g  i t  t o  t h e  2 . 5  p o w e r  a n d  
i n t e g r a t i n g  over  t h e  e n t i r e  t ime i n t e r v a l .  The a c c e p t a b l e  i n d e x  l e v e  1 
e s t a b l i s h e d  i n  t h e  s t a n d a r d  was 1,000,  on t h e  b a s i s  of d a t a  f r o m  h e a d  
impact t o l e r a n c e  s t u d i e s  a t  Wayne S t a t e  u n i v e r s i t y  a n d  w h o l e b o d y  
a c c e l e r a t i o n  t o l e r a n c e  d a t a  from A .  M. Eiband. 

The S e v e r i t y  Index format  had s e v e r a l  advantages over  t h e  e a r l i e r  
c r i t e r i a .  I t  de r ived  more c l o s e l y  from human d a t a ,  i t  took i n t o  account 
t h e  e f f e c t s  of a c c e l e r a t i o n  o u t s i d e  t h e  i n t e r v a l s  of peak a c c e l e r a t  i o n ,  
and i t  had ob ta ined  a  degree  of acceptance  i n  t h e  biomechanical  r e sea rch  
community and i n  t h e  automotive i n d u s t r y ,  a s  evidenced by i t s  appearance 
i n  t h e  SAE Handbook a s  Recommended P r a c t i c e  J885a. 



There  a r e  i n d i c a t i o n s ,  however, t h a t  t h e  S e v e r i t y  I n d e x  h a s  some 
shortcomings a s  a  p r e d i c t o r  of head i n j u r y .  The S e v e r i t y  I n d e x  i s  a n  
a d d i t i v e  measure, t h a t  i s ,  i t  t r e a  s t h e  a c c e l e r a t i o n  e x p o n e n t i a l l y  , 

5.5 m u l t i p l i e s  by t h e  t ime d u r a t i o n  (a t )  and adds t h e  r e s u l t i n g  p r o d u c t s  
t o  a r r i v e  a t  t h e  index  number. The S e v e r i t y  Index i s  c a l c u l a t e d  on t h e  
b a s i s  of t h e  e n t i r e  even t ,  i n c l u d i n g  t h e  i n i t i a l  d e c e l e r a t i o n  a s  t h e  
occupant i s  s topped and t h e  subsequen t  a c c e l e r a t i o n  a s  h e  r e b o u n d s  
a g a i n s t  t h e  s e a t  back. T h i s  impact-rebound sequence is c h a r a c t e r i s t i c  
of t h e  performance of most r e s t r a i n t  systems.  

Recent d a t a  s u g g e s t  t h a t  head a c c e l e r a t i o n  exposure i s  n o t  a l w a y s  
a d d i t i v e  r e l a t i v e  t o  head i n j u r y .  For example, i n  human v o l u n t e e r  t e s t s  
conducted by t h e  NHTSA a t  Holloman A i r  Force Base, t h e  v o l u n t e e r s  w e r e  
not  i n j u r e d  i n  a i r  bag t e s t s  a t  speeds up t o  30 m.p.h., bu t  t h e  S e v e r i t y  
I n d i c e s  c a l c u l a t e d  from t h e  t e s t  d a t a  exceeded 1,000 i n  s e v e r a l  c a s e s ,  
where i t  was t h e  a d d i t i o n  of  t h e  r e b o u n d  p h a s e  t h a t  p r o d u c e d  t h e  
excess ive  S e v e r i t y  Index. The a d d i t i o n  of t h e  two p h a s e s  d o e s  n o t ,  
t h e r e f o r e ,  appear  t o  be a p p r o p r i a t e .  

I n  cons ide r ing  a  s u b s t i t u t e  f o r  t h e  whole-event S e v e r i t y  Index,  t h e  
NHTSA has u t i l i z e d ,  i n t e r  a l i a ,  t h e  o r i g i n a l  d a t a  f r o m  w h i c h  t h e  
Sever i ty  Index was de r ived .  The Wayne S t a t e  s tudy ,  a  d i r e c t  s o u r c e  of  
h e a d  i n j u r y  ( s k u l l  f r a c t u r e )  d a t a ,  w a s  b a s e d  on " e f f e c t i v e  
a c c e l e r a t i o n , "  i. e. , average a c c e l e r a t i o n .  A s i m i l a r  p r o c e d u r e  w a s  
followed i n  t h e  Eiband e v a l u a t i o n  of whole-body a c c e l e r a t i o n  t o l e r a n c e  
d a t a  from human v o l u n t e e r  t e s t s .  The fo rmula t ion  of t h e  S e v e r i t y  I n d e x  
does not  employ average a c c e l e r a t i o n .  T h e  new a p p r o a c h  e m p l o y s  a n  
average a c c e l e r a t i o n  fo rmula t ion  s i m i l a r  t o  t h a t  used i n  t h e  o r i g i n a l  
p r e s e n t a t i o n  of i n j u r y  t o l e r a n c e  d a t a .  I t  thus  avoids  t h e  i n a p p r o p r i a t e  
accumulation of independent s u b i n j u r y  exposures which i s  inheren t  i n  t h e  
S e v e r i t y  Index.  

Although t h e  u s e  of ave rage  a c c e l e r a t i o n  a v o i d s  t h e  a d d i t i v e  
e f f e c t s  of t h e  S e v e r i t y  Index,  t h e r e  must be  l i m i t s  t o  t h e  p e r i o d  o v e r  
which t h e  a c c e l e r a t i o n  i s  t o  be averaged.  Otherwise,  t h e  average can be 
lowered t o  unreasonable  l e v e l s .  T h e  p r o p o s e d  a m e n d m e n t  t h e r e f o r e  
e s t a b l i s h e s  a s  t h e  c r i t e r i o n  t h e  h i g h e s t  va lue  achieved by r a i s i n g  t h e  
average a c c e l e r a t i o n  over  any i n t e r v a l  t o  t h e  2.5 power and m u l t i p l y i n g  
by t h e  d u r a t i o n  of t h e  i n t e r v a l .  By a n d  l a r g e ,  t h i s  v a l u e  w i l l  b e  
achieved over  t h e  i n t e r v a l  t h a t  i n c l u d e s  t h e  h i g h e s t  a c c e l e r a t i o n  p e a k ,  
which may f a l l  i n  e i t h e r  t h e  i n i t i a l  p o r t i o n  o r  t h e  rebound p o r t i o n  o f  
t h e  c r a s h .  I s o l a t e d  peaks g e n e r a l l y  would n o t  c o m b i n e  t o  p r o d u c e  a  
maximum, due t o  t h e  averaging e f f e c t  of the  l e s s e r  a c c e l e r a t i o n s  i n  
between. However, s u c c e s s i v e  a c c e l e r a t i o n  w i t h  s h a r p  p e a k s  c l o s e  
t o g e t h e r  could produce a  h igh v a l u e .  E a c h  of  t h o s e  r e s u l t s  s e e m s  
a p p r o p r i a t e  from w h a t  i s  known of t h e  m e c h a n i c s  of  h e a d  i n j u r y .  
Although t h e  proposed computation would be d i f f i c u l t  i f  p e r  f o r m e d  by 
t r a d i t i o n a l  a n a l y t i c a l  m e t h o d s ,  i t  i s  r o u t i n e  w h e n  p e r f o r m e d  by 
e l e c t r o n i c  computer, a s  i s  commonly a v a i l a b l e  t o  t h o s e  who c u r r e n t l y  
conduct t h i s  type  of t e s t i n g .  

I t  i s  t h e r e f o r e  proposed t h a t  S6.2 i n  Motor Vehic le  S a f e t y  Standard 
No. 208 (49  CFR 571.208) be amended t o  read a s  fo l lows:  



S6.2 The r e s u l a n t  a c c e l e r a t i o n  a t  t h e  c e n t e r  of  g r a v i t y  o f  t h e  
head s h a l l  be such t h a t  t h e  express ion  

2.5 

/11 a dt] ( t 2  - t,) t2  - tl 
t 1 

where "a" i s  t h e  r e s u l t a n t  a c c e l e r a t i o n  expressed a s  a  m u l t i p l e  o f  " g "  

( t h e  a c c e l e r a t i o n  of g r a v i t y ) ,  and "tl" and "t2" a r e  any two p o i n t s  i n  
time dur ing t h e  c r a s h ,  s h a l l  not  exceed 1,000. 

[17] 37 FR 10079, May 19,  1972. 
FMVSS 218, p roposa l ;  Docket 72-6, Not ice  1 .  
Motorcyle Helmets . . .  
T h e  i m p a c t  a t t e n u a t i o n  t e s t  w o u l d  e s t a b l i s h  t h e  m a x i m u m  

a c c e l e r a t i o n  which can be imparted dur ing gu ided- fa l l  d r o p  t e s t s  t o  a  
t e s t  headform on which t h e  helmet is  mounted. The r e q u i r e m e n t s  u n d e r  
t h i s  t e s t  t h a t  would be e f f e c t i v e  March 1 ,  1973, a r e  based i n  l a r g e  p a r t  
on t h e  American Na t iona l  Standard s p e c i f i c a t i o n s  f o r  P r o t e c t i v e  Headgear 
f o r  Vehicular  Users,  ANSI 290.1-1971. E a c h  t e s t  a r t i c l e  w o u l d  b e  
impacted wi th  two s u c c e s s i v e  impacts on f o u r  t e s t  s i t e s ,  two of w h i c h  
a r e  upon a  f i x e d ,  r i g i d  f l a t  s t e e l  a n v i l  and two of  w h i c h  a r e  u p o n  a  
hemispher ica l  s t e e l  a n v i l .  During t h e s e  imp a c t s  p e a k  a c c e l e r a t i o n s  
exper ienced by t h e  t e s t  headform and h e a d g e a r  c o m b i n a t i o n  c o u l d  n o t  
exceed 400 g. Also,  a c c e l e r a t i o n s  would not  be pe rmi t t ed  t o  exceed 2 0 0  
g. f o r  a  cumulative d u r a t i o n  of more than  2  mi l l i seconds  o r  1 5 0  g. f o r  
more than  4  mi l l i seconds .  

E f f e c t i v e  September 1 ,  1974, t h e  requirements would be upgraded t o  
r e q u i r e  t h a t  t h e  impacts meet t h e  h i g h e r  p e r f o r m a n c e  l e v e l s  of  t h e  
proposed head i n j u r y  c r i t e r i o n  of Federa l  Motor Vehic le  Sa fe ty  S t a n d a r d  
No. 208, Occupant Crash P r o t e c t i o n .  

S5.1 Impact a t t e n u a t i o n .  

S5.1.1 With r e s p e c t  t o  helmets  manufactured from March 1 ,  1973, t o  
August 31, 1974, when an i m p a c t  a t t e n u a t i o n  t e s t  i s  c o n d u c t e d  i n  
accordance w i t h  S7.2, a l l  of t h e  fo l lowing requirements  s h a l l  be met: 

( a )  Peak a c c e l e r a t i o n s  s h a l l  not  exceed 400 g.; 

(b )  A c c e l e r a t i o n s  i n  e x c e s s  o f  2 0 0  g .  s h a l l  n o t  e x c e e d  a  
cumulative d u r a t i o n  of 2 m i l l i s e c o n d s ;  and 

( c )  A c c e l e r a t i o n s  i n  e x c e s s  o f  1 5 0  g .  s h a l l  n o t  e x c e e d  a 
currmlative d u r a t i o n  of 4  mi l l i seconds .  



S5.1.2 With r e s p e c t  t o  helmets manufactured on o r  a f t e r  Sep tember  
1, 1974, when an impact a t t e n u a t i o n  t e s t  i s  conducted i n  accordance w i t h  
S7.2, t h e  r e s u l t a n t  a c c e l e r a t i o n  s h a l l  be such t h a t  t h e  express ion  

where "a" i s  t h e  r e s u l t a n t  a c c e l e r a t i o n  expressed a s  a  m u l t i p l e  of "g"  

( t h e  a c c e l e r a t i o n  of g r a v i t y ) ,  and "tl" and "t " a r e  any two p o i n t s  i n  
time dur ing t h e  crash,  s h a l l  not  not  exceed 1,600. 

[I81 37 FR 12393, June 23, 1972. 
FMVSS 208, r u l e ;  Docket 69-7, Not ice  19. 
Occupant Crash P r o t e c t i o n  

The p u r p o s e  of t h i s  n o t i c e  i s  ( 1 )  t o  a d o p t  t h e  m e t h o d  of  
c a l c u l a t i n g  head i n j u r y  p r o p o s e d  i n  N o t i c e  17  o f  D o c k e t  69-7 ( 3 7  
F.R. 5507) a s  a n  amendment t o  S6.2 of Motor V e h i c l e  S a f e t y  S t a n d a r d  
No. 208, Occupant Crash P r o t e c t i o n ,  49 CFR 571.203, and (2) t o  r e s p o n d  
i n  p a r t  t o  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  of t h e  a m e n d m e n t s  t o  t h e  
s t andard  publ ished i n  Not ice  16,  February 24, 1972 (37 F.R. 3911). T h e  
i s s u e  involving Not ice  16 addressed by t h i s  n o t i c e  is  t h e  a p p l i c a b i l i t y  
of t h e  head i n j u r y  c r i t e r i o n  of S6.2 t o  s e a t  b e l t  r e s t r a i n t  s y s t e m s .  
Act ion on t h e  remaining i s s u e s  has  been scheduled f o r  c o m p l e t i o n  n o t  
l a t e r  than  J u l y  1 ,  1972. 

I. Ca lcu la t ion  of h e a d  i n j u r y  c r i t e r i o n .  Some s u b s t a n t i v e  
ob jec t ions  were r a i s e d  t o  t h e  proposed method of c a l c u l a t i n g  t h e  h e a d  
i n j u r y  c r i t e r i o n .  S e v e r a l  comments q u e s t i o n e d  t h e  u s e  of  r e s u l t a n t  
a c c e l e r a t i o n s  r a t h e r  than t h e  a n t e r i o r - p o s t e r i o r  a c c e l e r a t i o n s  u s e d  i n  
t h e  o r i g i n a l  development of t h e  Wayne S t a t e  Univers i ty  t o l e r a n c e  c u r v e .  
Although t h e  c u r v e  w a s  o r i g i n a l l y  b a s e d  o n  a n t e r i o r - p o s t e r i o r  
a c c e l e r a t i o n  d a t a ,  i t s  v a l i d i t y  f o r  r e s u l t a n t  a c c e l e r a t i o n s  a p p e a r s  t o  
be confirmed by subsequent t e s t s  us ing  r e s u l t a n t  a c c e l e r a t i o n s  computed 
from b i a x i a l  accelerometers .  R e s u l t a n t  a c c e l e r a t  i o n s  h a v e  t h e  r e f  o r e  
been used i n  t h e  amended c r i t e r i o n .  

The q u e s t i o n  of t h e  p e r m i s s i b l e  l e v e l  was aga in  r a i s e d  w i t h  some 
commenters suppor t ing  a  l e v e l  of 1,500 even under . the  r e v i s e d  method o f  
c a l c u l a t i o n .  Th i s  agency's p o s i t i o n  i s  t h a t  adequate j u s t i f i c a t i o n  h a s  
no t  been demonstrated f o r  a  numerical  i n c r e a s e  i n  t h e  s e v e r i t y  l e v e l ,  
al though adjus tments  i n  t h e  method of c a l c u l a t i o n  a d o p t e d  h e r e i n  may 
have t h e  e f f e c t  of a l lowing g r e a t e r  cumulative a c c e l e r a t i o n s  than w o u l d  
h a v e  b e e n  a l l o w e d  u n d e r  t h e  Gadd S e v e r i t y  I n d e x .  W i t h  a  new 
c a l c u l a t i o n ,  t h e  h igher  numerical  l e v e l  i s  l e s s  suppor tab le  than b e £  o r e  
and i t  is  accordingly  r e j e c t e d .  The amendment t o  S 6 . 2  i s  a d o p t e d  a s  
proposed. 



11. A p p l i c a b i l i t y  of t h e  h e a d  i n j u r y  c r i t e r i o n  to s e a t b e l t  
systems. The d e c i s i o n  t o  postpone t h e  d a t e  of mandatory i n s t a l l a t i o n  of 
pass ive  r e s t r a i n t s  u n t i l  August 15,  1975, was made i n  c o n s i d e r a t i o n  o f  
t h e  ha rdsh ip  t h a t  would have been imposed on many m a n u f a c t u r e r s  by a  
requirement t o  p rov ide  pass ive  r e s t r a i n t s  by t h e  o r i g i n a l  d a t e  of August 
15,  1973. The i n j u r y  c r i t e r i a  of t h e  s t a n d a r d ,  measured i n  a  b a r r i e r  
c r a s h  w i t h  ins t rumented dummies, were app l i ed  t o  b e l t  systems a s  w e l l  a s  
pass ive  systems t h a t  might be  used t o  m e e t  t h e  r e q u i r e m e n t s  o f  t h e  
s t andard ,  beginning August 15 ,  1973. 

Severa l  manufacturers  have p e t i t i o n e d  f o r  t h e  removal of t h e  i n j u r y  
c r i t e r i a ,  p a r t i c u l a r l y  those  f o r  head i n  j u r y ,  f r o m  t h e  b e l t  s y s  t e m  
t e s t s .  T h e i r  concern a r i s e s  from t h e i r  t e s t  r e s u l t s  i n d i c a t i n g  t h a t  i n  
many v e h i c l e s  c u r r e n t l y  a v a i l a b l e  b e l t  systems e i t h e r  do  n o t  m e e t  o r  
only marginal ly  meet t h e  head i n j u r y  c r i t e r i a .  They h a v e  a r g u e d  t h a t  
much, perhaps  most, of t h e  a c c e l e r a t i o n  t h a t  c o n t r i b u t e s  t o  t h e  h e a d  
S e v e r i t y  Index measurement w i t h  a  shoulder-bel ted  dummy o c c u r s  a s  t h e  
head f l o p s  loose ly  forward wi thout  s t r i k i n g  a n y t h i n g  i n  t h e  v e h i c l e  . 
Actua l  f i e l d  c o l l i s i o n  d a t a ,  they mainta in ,  does not  i n d i c a t e  t h a t  t h i s  
type  of head movement by shoulder-bel ted  v e h i c l e  occupants i n  a  c rash  i s  
a  s e r i o u s  injury-producing f a c t  o r .  T h e y  q u e s t  i o n  t h e  c o r r e l a t i o n  
b e t w e e n  r e s u l t s  of  t h e  dummy t e s t s  a n d  t h e  a c t u a l  p r o t e c t i v e  
c h a r a c t e r i s t i c s  of t h e  b e l t  s y s  t e r n .  

The NHTSA recogn izes  t h e  u n c e r t a i n t y  concerning t h e  s i g n i f i c a n c e  of 
head movement by a  shoulder-bel ted  occupant whose head does n o t  s t r i k e  
t h e  forward p a r t  of t h e  v e h i c l e ,  a l t h o u g h  i t  c o n s i d e r s  t h e  p r e s e n t  
evidence t o o  scan ty  t o  be conclus ive  i n  e i t h e r  d i r e c t i o n .  I t  a l s o  
recogn izes  t h a t  t h e  l ead t ime  f o r  any major design o r  component c h a n g e s  
f o r  t h e  1974 models h a s  been v i r t u a l l y  e x h a u s t e d .  R e c e n t  m a t e r i a l s  
submit ted  t o  t h e  docket  i n d i c a t e  t h a t  p r e s e n t l y  e x i s t i n g  i n f l a t a b l e  
r e s t r a i n t  systems c a n  m e e t  t h e  h e a d  i n j u r y  c r i t e r i a  w i t h  l i t t l e  
d i f f i c u l t y .  The i n h e r e n t  l i m i t a t i o n s  i n  lap-and-shoulder-belt  s y s  t ems 
make i t  cons ide rab ly  more d i f f i c u l t  f o r  t h o s e  s y s t e m s  t o  m e e t  t h e s e  
c r i t e r i a ,  al though b e l t  systems have been found t o  provide  p r o t e c t i o n  a t  
moderate speeds.  

F o r  t h e s e  r e a s o n s ,  i t  h a s  b e e n  d e c i d e d  t h a t  a  t e m p o r a r y  
modi f i ca t ion  i n  t h e  head i n j u r y  m e a s u r e m e n t s  f o r  b e l t  s y s t e m s  i s  
j u s t i f i e d .  The amendment made by t h i s  n o t i c e  i n  r e s p o n s e  t o  t h e  
p e t i t i o n s  a f f e c t s  v e h i c l e s  manufactured b e f o r e  A u g u s t  1 5 ,  1 9 7 5 ,  a n d  
provides  t h a t  measurement of head a c c e l e r a t i o n s  begins ,  f o r  purposes  o f  
computing t h e  head i n j u r y  c r i t e r i o n  f o r  b e l t e d  d u m m i e s ,  o n l y  a t  t h e  
moment a t  which t h e  head s t r i k e s  some p o r t i o n  of t h e  v e h i c l e  o t h e r  t h a n  
a  b e l t .  The measurement  w i l l  t h u s  i n c l u d e  a n y  c o n t a c t  w i t h  t h e  
windshie ld  o r  dashboard, f o r  example, o r  t h e  e f f e c t s  of rebound a g a i n s t  
t h e  s e a t  back, but  preimpact a c c e l e r a t i o n s  of t h e  head w i l l  be excluded. 

Th i s  agency w i l l  examine c l o s e l y  t h e  a c c i d e n t  d a t a  b e a r i n g  o n  t h e  
t r aumat ic  e f f e c t  of nonimpactive head a c c e l e r a t i o n s ,  a s  w e l l  a s  s u c h  
l a b o r a t o r y  d a t a  as may be ga the red ,  f o r  example from c a d a v e r  s t u d i e s .  
Work i s  a l s o  i n  p rogress  concerning t h e  c o r r e l a t i o n  b e t w e e n  dummy a n d  



human behavior ,  wi th  a  view t o  more s o p h i s t i c a t e d  i n s t r u m e n t a t i o n  a n d  
measurement of v e h i c l e  performance, and t o  continued e v a l u a t i o n  o f  t h e  
head i n j u r y  c r i t e r i o n  f o r  t h e  e n t i r e  t e s t  crash  event.  

I n  cons ide ra t ion  of t h e  foregoing,  paragraph S6.2 of Motor V e h i c l e  
Safe ty  Standard No. 208, Occuptant Crash P r o t e c t i o n ,  49 CFR 571.208, i s  
amended t o  read a s  follows: 

S6.2 The r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  c e n t e r  of g r a v i t y  of  t h e  
head s h a l l  be such ' t h a t  t h e  express ion:  

s h a l l  not  exceed 1 , 0 0 0 ,  w h e r e  " a "  i s  t h e  r e s u l t a n t  a c c e l e r a t i o n  
expressed a s  a  mu1ti;ple of "g" ( t h e  a c c e l e r a t i o n  of g r a v i t y ) ,  a n d  "t 'I 

and "t I' a r e  any two p o i n t s  i n  time dur ing t h e  crash.  However, i n  t i e  
case  o$ a  v e h i c l e  manufactured b e f o r e  August 15,  1975, when t h e  dummy i s  
r e s t r a i n e d  by a  s e a t  b e l t  system, t l  and t a r e  any two p o i n t s  i n  t i m e  
a f t e r  t h e  head c o n t a c t s  a  p a r t  o f  t h e  v e z i c l e  o t h e r  t h a n  t h e  b e l t  
system. 

[I91 37 FR 22871, October 26, 1972. 
FMVSS 208, r u l e ;  Docket 69-7, Not ice  23. 
Occupant Crash P r o t e c t i o n  

The purpose of t h i s  n o t i c e  i s  t o  rep ly  t o  p e t i t i o n s  f i l e d  p u r s u a n t  
t o  49 CFR 553-35 r e q u e s t i n g  r e c o n s i d e r a t i o n  of t h e  requirements  of Motor 
Vehicle Safe ty  Standard No. 208 r e l a t i n g  t o  s e a t b e l t s  i n  v e h i c l e s  
manufactured a f t e r  August 15,  1973, a s  amended by Not ices  19 a n d  20 o f  
Docket 69-7 (37 F.R. 12393; 37 F.R. 13265). 

1. S e a t b e l t s  and t h e  i n j u r y  c r i t e r i a  of S6. The primary o b j e c t i o n  
r a i s e d  by p e t i t i o n e r s  is t h a t  Not ices  1 9  a n d  20 d i d  n o t  a l t o g e t h e r  
revoke t h e  requirement t h a t  s e a t b e l t s  used t o  meet t h e  1 9  7  3  i n t e r  l o c k  
op t ion  must be capable of meeting t h e  i n j u r y  c r i t e r i a  of S6. A l t h o u g h  
review of t h e  p e t i t i o n s  sugges t s  t h a t  a d d i t i o n a l  m o d i f i c a t i o n  o f  t h e  
head i n j u r y  c r i t e r i o n  i s  a d v i s a b l e ,  t h e  NHTSA d e c l i n e s  t o  g r a n t  
p e t i t i o n e r s '  r e q u e s t  f o r  complete r e l i e f  from t h e  i n j u r y  c r i t e r i a .  

Review of t h e  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  o f  N o t i c e  1 6  showed  
t h a t  b e l t s  would have d i f f i c u l t y  m e e t i n g  t h e  f u l l  c r i t e r i a .  S i n c e  
leadt ime was i n s u f f i c i e n t  f o r  major des ign changes i n  b e l t s  b e f o r e  1973, 
i t  was found necessary  e i t h e r  t o  remove t h e  i n j u r y  c r i t e r i a  o r  m o d i f y  
them s o  t h a t  t h e  changes needed t o  enable  b e l t s  t o  conform could be  made 
i n  1973. 

Upon review, i t  was concluded t h a t  t h e  i n j u r y  c r i t e r i a ,  e v e n  i n  
modified form, would have t h e  b e n e f i c i a l  e f f e c t  of r e g u l a t i n g  t h e  
o v e r a l l  p r o t e c t i o n  c h a r a c t e r i s t i c s  of t h e  occupant compartment and b e l t  



system. Regu la t ion  of t h e  s e a t b e l t  a s  a  s e p a r a t e  c o m p o n e n t ,  a s  i n  
Standard 209, does not  i n s u r e  t h a t  t h e  b e l t  w i l l  b e  i n s t a l l e d  i n  a  
manner c a l c u l a t e d  t o  i n s u l a t e  t h e  occupant from i n j u r i o u s  c o n t a c t  w i t h  
t h e  i n t e r i o r  of t h e  v e h i c l e .  I t  was t h e r e f o r e  d e c i d e d  t o  r e t a i n  t h e  
i n j u r y  c r i t e r i a ,  w i t h  such modi f i ca t ions  a s  seemed n e c e s  s a r y  t o  a l l o w  
manufacturers t o  conform t o  S4.1.2.3 by August 15,  1973. 

The most s i g n i f i c a n t ,  though by no means t h e  only ,  a g e n t  o f  h e a d  
i n j u r y  i s  impact w i t h  t h e  v e h i c l e  i n t e r i o r .  I n  reviewing t h e  p e t i t i o n s  
on Not ice  16, i t  w a s  d e c i d e d  t h a t  n o  i n t e r i m  c r i t e r i a  w o u l d  b e  
accep tab le  t h a t  d i s regarded  any impact- re la ted  a c c e l e r a t i o n s .  Not ice  19 
t h e r e f o r e  amended t h e  head  i n j u r y  c r i t e r i o n  i n  a  m a n n e r  t h a t  w a s  
in tended t o  inc lude  a l l  impact a c c e l e r a t i o n s  and t o  d i s r e g a r d  t h e  e f f e c t  
of nonimpact a c c e l e r a t i o n s .  A s  s e v e r a l  p e t i t i o n e r s  p o i n t  o u t ,  however ,  
t h e  amendment d i d  n o t  f u l l y  c a r r y  o u t  t h i s  i n t e n t .  S6 .2 ,  a s  a m e n d e d ,  
would have d i s r e g a r d e d  only t h o s e  a c c e l e r a t i o n s  o c c u r r i n g  b e £  o r e  t h e  
head impacted t h e  v e h i c l e  and would have counted a l l  a c c e l e r a t i o n s  a f t e r  
t h a t  p o i n t .  One e f f e c t  of t h i s  formula was t h a t  a  g lanc ing  i m p a c t  , i n  
i t s e l f  i n s i g n i f i c a n t ,  would cause  a l l  subsequent nonimpact a c c e l e r a t i o n s  
t o  be counted even though such a c c e l e r a t i o n s  would be  d i s t i n g u i s h a b l e  i n  
k ind  from t h e  preimpact a c c e l e r a t i o n .  To avoid t h i s  r e s u l t ,  t h e  a g e n c y  
has  decided t o  i n c l u d e  i n  t h e  c a l c u l a t i o n  of t h e  head i n j u r y  c r i t e r i o n  
only t h o s e  a c c e l e r a t i o n s  t h a t  occur w h i l e  t h e  head i s  i n  c o n t a c t  w i t h  
t h e  v e h i c l e .  

Some p e t i t i o n e r s  suggested t h a t  even whi le  t h e  head i s  touching t h e  
v e h i c l e ,  a  s i g n i f i c a n t  p a r t  of t h e  head's d e c e l e r a t i o n  i s  d u e  t o  t h e  
r e s t r a i n i n g  a c t i o n  of t h e  b e l t  and not t o  t h e  s u r f a c e  t h a t  head s t r i k e s .  
Although t h e r e  i s  undeniably  more than  one f o r c e  t h a t  c o n t r i b u t e s  t o  
head d e c e l e r a t i o n ,  t h e  f o r c e  produced by t h e  impacted s u r f a c e  b e c o m e s  
i n c r e a s i n g l y  important  a s  t h e  d u r a t i o n  of t h e  impact inc reases .  I f  t h e  
a c c e l e r a t i o n s  dur ing  a n  impact a r e  of such an a m p l i t u d e  a n d  d u r a t i o n  
t h a t  a  H I C  v a l u e  of 1,000 i s  approached, t h e  a c c e l e r a t i o n  caused by t h e  
b e l t  i s  genera ly  i n s i g n i f i c a n t .  The c r i t e r i o n  t h e r e f o r e  c o u n t s  a l l  
a c c e l e r a t i o n s  dur ing  t h e  impact phase. . . . 

I n  c o s i d e r a t i o n  of t h e  fo rego ing ,  Motor V e h i c l e  S a f e t y  S t a n d a r d  
No. 208, Occupant Crash P r o t e c t i o n ,  4 9  CFR 5 7  1 . 2 0 8 ,  i s  a m e n d e d  a s  
fo l lows:  

1. S6.2 i s  amended t o  read:  

S6.2 The r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  c e n t e r  of g r a v i t y  o f  t h e  
head s h a l l  be such t h a t  t h e  express ion :  

s h a l l  not  exceed 1 ,000,  where "a" i s  t h e  r e s u l a n t  a c c e l e r a t i n  e x p r e s  s e d  
a s  a  m u l t i p l e  of "g" ( t h e  a c c e l e r a t i o n  of g r a v i t y ) ,  and "t  " a n d  " t 2 ' l  

a r e  any two p o i n t s  i n  t ime dur ing  t h e  c rash .  However, i n  t h e  c a s e  o f  a  



passenger  c a r  manufactured b e f o r e  A u g u s t  1 5 ,  1 9 7 5 ,  o r  a  t r u c k  o r  
mul t ipurpose  passenger  v e h i c l e  w i t h  a  GVWR o f  1 0 , 0 0 0  p o u n d s  o r  l e s s  
manufactured b e f o r e  August 15 ,  1977, when t h e  dummy i s  r e s t r a i n e d  by a  
s e a t b e l t  system, t l  and t a r e  a n y  two p o i n t s  i n  t i m e  d u r i n g  a n y  
i n t e r v a l  i n  which t h e  heaa  i s  i n  continuous con tac t  w i t h  a  p a r t  of  t h e  
v e h i c l e  o t h e r  than t h e  b e l t  system. . . .  

E f f e c t i v e  da te :  August 15,  1973. 

[201 38 FR 8455, A p r i l  2, 1973. 
P a r t  572, p roposa l ;  Docket 73-8; Not ice  1. 
Occupant Crash Protection--Proposed T e s t  Dummy 
S p e c i f i c a t i o n s .  

The purpose of t h i s  n o t i c e  i s  t o  propose s p e c i f i c a t i o n s  f o r  t h e  
t e s t  dummy t o  be used i n  t e s t i n g  v e h i c l e s  f o r  c o m p l i a n c e  w i t h  M o t o r  
Vehic le  Sa fe ty  Standard No. 208, O c c u p a n t  C r a s h  P r o t e c t i o n ,  a n d  t o  
propose  an amendment  t o  S t a n d a r d  No. 2 0 8  i n c o r p o r a t i n g  t h e  new 
s p e c i f i c a t i o n .  . . .  

The dummy design t h a t  h a s  been t e n t a t i v e l y  s e l e c t e d  by t h e  NHTSA, 
and is hereby proposed, i s  a  composite des ign u s i n g  components developed 
by Alderson Research L a b o r a t o r i e s ,  S i e r r a  Engineering Co. , and G e n e r a  1 
Motors. Th i s  dummy des ign  has  been des ignated by General  Motors a s  t h e  
"GM Hybrid I1 Dummy," and has  undergone e x t e n s i v e  t e s t i n g  by GM. I n  t h e  
judgement of t h e  NHTSA, on t h e  b a s i s  of in fo rmat ion  r e c e i v e d  t o  d a t e  and 
on t h e  b a s i s  of t h e  agency's own t e s t  program, i t  r e p r e s e n t s  t h e  m o s t  
s a t i s f a c t o r y  des ign t h a t  i s  c u r r e n t l y  commercially a v a i l a b l e .  . . . 

The NHTSA i s  c o n t i n u i n g  t o  s u p p o r t  a d v a n c e d  r e s e a r c h  a n d  
development work on d e v i c e s  t h a t  s i m u l a t e  t h e  human body. I t  is  w i d e l y  
recognized t h a t  t h e  technology i n  t h i s  a r e a  i s  i n  a  r e l a t i v e l y  e a r l y  
s t a g e  of development. I n  t h e  judgement of t h i s  a g e n c y ,  h o w e v e r ,  t h e  
dev ice  proposed f o r  u s e  by t h i s  n o t i c e  i s  f u l l y  a d e q u a t e  f o r  t h e  
purpose,  and i t  is  a n t i c i p a t e d  t h a t ,  a s  f i n a l l y  i s s u e d ,  t h e  p r o p o s e d  
dummy s p e c i f i c a t i o n s  w i l l  remain s t a b l e  f o r  s e v e r a l  yea r s .  

The head proposed f o r  t h e  dummy i s  t h e  l a t e s t  i n  a  s e r i e s  of 
aluminum heads developed by S i e r r a  Engineering Co. A f t e r  reviewing t h e  
impact t e s t  d a t a  of heads having a  v a r i e t y  of des igns  and c o m p o s i t i o n s ,  
t h e  NHTSA has  determined t h a t  t h e  a l u m i n u m  h e a d  i s  l e s s  l i k e l y  t o  
becloud t h e  a c c e l e r a t i o n  d a t a  w i t h  i t s  own resonances than a r e  heads  of  
o t h e r  m a t e r i a l s .  

The performance of t h e  head i s  eva lua ted  by a  t e s t  i n  w h i c h  t h e  
head i s  dropped forehead f i r s t  on to  a  s t e e l p l a t e .  T h e  a c c e l e r a t i o n s  
recorded by t h e  accelerometers  i n  t h e  head must f a l l  w i t h i n  s p e c i f i e d  
limits i n  o r d e r  f o r  t h e  head t o  q u a l i f y  f o r  use  i n  compliance t e s t .  



The neck chosen f o r  t h e  dummy i s  made of  r u b b e r  a n d  m e e t s  t h e  
des ign  s p e c i f i c a t i o n  of  G e n e r a l  M o t o r s  D r a w i n g  No. 5 0 - 3 .  I t s  
performance i s  eva lua ted  by a  pendulum impact t e s t ,  i n  which t h e  mot i o n  
of t h e  head al lowed by t h e  neck must f a l l  w i t h i n  s p e c i f i e d  l i m i t s  du r ing  
a  c o n t r o l l e d  d e c e l e r a t i o n  of t h e  pendulum. Data f r o m  p e n d u l u m  t e s t s  
conducted by Calspan Corp., i n d i c a t e  t h a t  t h e  t e s t  i s  s e n s i t i v e  t o  
d i f f e r e n c e s  i n  des ign and r e p e a t a b l e  i n  s u c c e s s i v e  t e s t s  of  t h e  same  
neck. . . . 

To reduce v a r i a n c e s  i n  p e r f o r m a n c e  c a u s e d  by d i f f e r e n c e s  i n  
ins t rumenta t ion  l o c a t i o n  and mounting, t h e  p r o p o s e d  r e g u l a t i o n  a l s o  
s p e c i f i e d  t h e  manner i n  which ins t ruments  a r e  t o  be l o c a t e d  and mounted. 

I n  l i g h t  of t h e  above, i t  is  proposed t h a t  Chapter V of T i t l e  4 9 ,  
Code of F e d e r a l  Regula t ions ,  be amended by adding a  new P a r t  572, " T e s t  
Dummy S p e c i f i c a t i o n s "  a s  s e t  f o r t h  below. 

I t  i s  a l s o  proposed t h a t  s e c t i o n  S8.1.8 o f  S t a n d a r d  No. 2 0 8  b e  
amended by s u b s t i t u t i n g  a  r e f e r e n c e  t o  t h e  P a r t  5 7 2  dummy f o r  t h e  
p r e s e n t  r e f e r e n c e  t o  t h e  SAE 5963 dummy. I t  i s  f u r t h e r  p r o p o s e d  t h a t  
t h e  f i r s t  and second r e s t r a i n t  op t ions  a v a i l a b l e  t o  manufacturers b e f o r e  
p a s s i v e  p r o t e c t i o n  b e c o m e s  m a n d a t o r y ,  s u s p e n d e d  by t h e  C h r y s l e r  
d e c i s i o n ,  b e  r e i n s t a t e d  i n  t h e  s t a n d a r d ,  t h e r e b y  p e r m i t t i n g  
manufacturers t o  e l e c t  t o  i n s t a l l  pass ive  r e s t r a i n t  systems dur ing  t h a t  
per iod.  

The NHTSA does not  i n t e n d  h e r e b y  t o  make t h e  P a r t  5 7 2  dummy 
a p p l i c a b l e  t o  s e a t  b e l t s  under t h e  t h i r d  o p t i o n  i n  1973 (S4.1.2.3). 

[21] 38 FR 9830, A p r i l  20, 1973. 
FMVSS 208, p roposa l ;  Docket 69-7, Not ice  26. 
Occupant Crash Protection--Proposed I n t e r l o c k  Amendments 

The i n i t i a l  amendment proposed by t h i s  n o t i c e  i s  t h e  d e l e t i o n  o f  
t h e  i n j u r y  c r i t e r i a  a s  a p p l i e d  t o  b e l t s  under t h e  i n t e r l o c k  o p t i o n  i n  
1973. Th i s  amendment is  p r o p o s e d  a s  a  d i r e c t  c o n s e q u e n c e  of  t h e  
d e c i s i o n  of t h e  U.S. Court of Appeals f o r  t h e  S i x t h  C i r c u i t  i n  F o r d  
v. Na t iona l  Highway T r a f f i c  S a f e t y  Adminis t ra t ion,  No. 72-1179, d e c i d e d  - 
February 2 ,  1973. The c o u r t  i n  Ford r u l e d  t h a t  i t s  e a r l i e r  o p i n i o n  i n  
Chrys le r  v. Volpe, S i x t h  C i r c u i t ,  No. 71-1339 e t  a l . ,  decided D e c e m b e r  
5, 1973, was d i s p o s i t i v e  of t h e  Ford p e t i t i o n ,  and t h e r e f o r e  i n v a l i d a t e d  
t h o s e  p o r t i o n s  of t h e  s e a t b e l t  i n t e r l o c k  op t ion  t h a t  r e l y  on t h e  t e s t  
dummy f o r  measurement of i n j u r y  c r i t e r i a .  

Although under t h e  c o u r t ' s  d e c i s i o n s  t h e r e  i s  no o b s t a c l e  t o  t h e  
impos i t ion  of i n j u r y  c r i t e r i a  w i t h i n  a  reasonable  t ime a f t e r  t h e  a g e n c y  
s p e c i f i e s  a  new t e s t  dummy, t h e  r e c e n t l y  proposed t e s t  dummy r e g u l a t i o n  
w i l l  not  r e s u l t  i n  a  f i n a l  s p e c i f i c a t i o n  i n  t ime f o r  m a n u f a c t u r e r s  t o  
conduct a  new s e r i e s  of s e a t b e l t  e v a l u a t i o n  t e s t s  b e f o r e  t h e  1974 m o d e l  
year .  Accordingly,  i t  i s  proposed t h a t  t h e  paragraph r e q u i r i n g  b e l t s  t o  
meet t h e  i n j u r y  c r i t e r i a  (S4.1 .2 .3 . l (d))  be d e l e t e d .  



Also  a f f e c t e d  by t h e  i n v a l i d a t i o n  o f  t h e  t e s t  dummy i s  t h e  
requi rement  t h a t  t h e  c e n t e r  f r o n t  s e a t b e l t  r e s t r a i n  a  dummy i n  a  30-mi/h 
b a r r i e r  t e s t  w i t h o u t  b e l t  breakage  (S4.1.2.3.1 ( e ) ) .  To r e i n s t a t e  t h i s  
requi rement  f o r  1974 models ,  t h e  agency wou ld  n e e d  t o  r e e s t a b l i s h  a  
dummy s p e c i f i c a t i o n  i n  t ime  f o r  c e r t i f i c a t i o n  t e s t s  t o  be run.  P r e s e n t  
i n f o r m a t i o n  i n d i c a t e s  t h a t  t h e  b r e a k a g e  t e s t  r e q u i r e m e n t  d o e s  n o t  
c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h e  performance o f  b e l t  s y s t e m s .  I t  i s  
t h e r e f  o r e  proposed t h a t  t h e  requi rement  be  d e l e t e d .  

[22] 38 FR 16072, June  20, 1973. 
FMVSS 208, r u l e ;  Docket 69-7, No t i ce  27. 
S e a t b e l t  I n t e r l o c k  Requirements  . . .  
A s  amended, t h e r e f o r e ,  S4 .1 .2 .3 . l (a )  p r o v i d e s  t h a t  a t  t h e  f r o n t  

outboard  p o s i t i o n s  a  manufac turer  may i n s t a l l  e i t h e r  a  Type 2  s e a t b e l t  
assembly t h a t  conforms t o  s t a n d a r d  No. 2 0 9 ,  o r  a  t y p e  1  s e a t b e l t  
assembly t h a t  meets t h e  i n j u r y  c r i t e r i a  of S5.1. I n s o f a r  a s  t h e  i n j u r y  
c r i t e r i a  themselves  a r e  con t ingen t  upon t h e  e s t a b l i s h m e n t  of a n  adequa te  
method of measurement through t h e  a.dop t i o n  o f  a  new t e s t  dummy, a 
manufac turer  who i n t e n d s  t o  produce v e h i c l e s  w i t h  type  1  b e l t s  a t  t h e  
f r o n t  outboard  p o s i t i o n s  w i l l  have  t o  awa i t  t h e  a d o p t i o n  o f  t h e  new 
dummy r e g u l a t i o n  and i t s  i n c o r p o r a t i o n  i n t o  t h e  o p t i o n s  unde r  S4.1.2. . . .  

S4.1.2.3 Th i rd  option-- lap and s h o u l d e r  b e l t  p r o t e c t  i o n  s y s t em 
w i t h  i g n i t i o n  i n t e r l o c k  and b e l t  warning-- 

S4.1.2.3.1 Except  f o r  c o n v e r t i b l e s  and open-body v e h i c l e s ,  t h e  
v e h i c l e  sha l l - -  

( a )  A t  each f r o n t  ou tboa rd  d e s i g n a t e d  s e a t i n g  p o s i t i o n  h a v e  a  
s e a t b e l t  assembly t h a t  conforms t o  S7.1 and S7.2 o f  t h i s  s t a n d a r d ,  a  
s e a t b e l t  warning sys tem t h a t  conforms t o  5 7 . 3  a n d  a  b e l t  i n t e r l o c k  
sys tem t h a t  conforms t o  S7.4. The b e l t  assembly s h a l l  be  e i t h e r  a  t y p e  
2  s e a t b e l t  assembly w i t h  a  nondetachable  s h o u l d e r  b e l t  t h a t  conforms t o  
s t a n d a r d  No. 209 ( 571.209), o r  a  t y p e  1  s e a t b e l t  a s s e m b l y  s u c h  t h a t  
w i t h  a t e s t  d e v i c e  r e s t r a i n e d  by t h e  assembly  t h e  v e h i c l e  m e e t s  t h e  
f r o n t a l  c r a s h  p r o t e c t i o n  r equ i r emen t s  of S5.1 i n  a  p e r p e n d i c u l a r  impact .  

(b )  A t  any c e n t e r  f r o n t  d e s i g n a t e d  s e a t i n g  p o s i t i o n ,  have a  t y p e  1 
o r  t ype  2  s e a t b e l t  assembly t h a t  conforms t o  s t a n d a r d  No. 209 ( 571.209) 
and t o  S7.1 and S7.2 of t h i s  s t a n d a r d ,  and a  s e a t b e l t  w a r n i n g  s y s t e m  
t h a t  conforms t o  S7.3; and 

( c )  A t  each o t h e r  d e s i g n a t e d  s e a t i n g  p o s i t i o n ,  h a v e  a  t y p e  1  o r  
t ype  2  s e a t b e l t  assembly t h a t  c o n f o r m s  t o  s t a n d a r d  No. 2 0 9  ( P a r t  
571.209) and t o  S7.1 and S7.2 of t h i s  s t anda rd .  

[23] 38 FR 20449, August 1, 1973. 
P a r t  572, r u l e ;  Docket 73-8, N o t i c e  2. 
Anthropomorphic T e s t  Dummy--Occupant Crash P r o t e c t i o n  



The purposes of t h i s  n o t i c e  a r e  (1)  t o  a d o p t  a  r e g u l a t i o n  t h a t  
s p e c i f i e s  a  t e s t  dummy t o  m e a s u r e  t h e  p e r f o r m a n c e  of  v e h i c l e s  i n  
c rashes ,  and (2) t o  i n c o r p o r a t e  t h e  dummy i n t o  M o t o r  V e h i c l e  S a f e t y  
Standard No. 208 (49 CFR 571.208), f o r  t h e  l i m i t e d  purpose of e v a l u a t i n g  
v e h i c l e s  w i t h  p a s s i v e  r e s t r a i n t  op t ions  between A u g u s t  1 5 ,  1 9 7 3 ,  a n d  
August 15,  1975. The q u e s t i o n  of t h e  r e s t r a i n t  system r e q u i r e m e n t s  t o  
be i n  e f f e c t  a f t e r  August 15,  1975, i s  not addressed by t h i s  n o t i c e  a n d  
w i l l  be t h e  s u b j e c t  of f u t u r e  rulemaking a c t i o n .  

The t e s t  dummy r e g u l a t i o n  (49 CF'R P a r t  572) and t h e  a c c o m p a n y i n g  
amendment t o  Standard No. 208 were proposed i n  a  n o t i c e  publ ished A p r i l  
2 ,  1973 (38 F'R 8455). The dummy descr ibed i n  t h e  r e g u l a t i o n  i s  t o  b e  
used t o  e v a l u a t e  v e h i c l e s  manufactured u n d e r  s e c t  i o n s  5 4 . 1 . 2 . 1  a n d  
S4.1.2.2, ( t h e  f i r s t  and second op t ions  i n  t h e  pe r iod  f r o m  A u g u s t  1 5 ,  
1973, t o  August 15,  1975),  and t h e  s e c t i o n  i n c o r p o r a t i n g  t h e  dummy i s  
accordingly  l i m i t e d  t o  t h o s e  s e c t i o n s .  The dummy has  not  been s p e c i f i e d  
f o r  u s e  w i t h  any p r o t e c t i o n  systems a f t e r  A u g u s t  1 5 ,  1 9 7 5 ,  n o r  w i t h  
a c t i v e  b e l t  systems under t h e  t h i r d  r e s t r a i n t  op t ion  (S4 .1  . 2 . 3 )  . T h e  
r e c e n t  d e c i s i o n  i n  Ford v. NHTSA, 473 F.2d 1241 ( 6 t h  Cir. 1973), removed 
t h e  i n j u r y  c r i t e r i a  from such systems. To make t h e  dummy a p p l i c a b l e  t o  
b e l t s  under t h e  t h i r d  o p t i o n ,  t h e  a g e n c y  w o u l d  h a v e  t o  p r o v i d e  
a d d i t i o n a l  n o t i c e  and oppor tun i ty  t o  comment. . . .  

The immediate purpose of t h i s  rulemaking i s  t o  r e c o n s t i t u t e  t h o s e  
p o r t i o n s  of t h e  s t a n d a r d  t h a t  w i l l  enable  manufacturers t o  b u i l d  pass ive  
r e s t r a i n t  v e h i c l e s  dur ing t h e  p e r i o d  when they a r e  o p t i o n a l .  T h e  t e s t  
dummy s e l e c t e d  by t h e  agency "GM Hybrid II", a  composite d e v e l o p e d  by 
General  Motors l a r g e l y  from commercially a v a i l a b l e  components. GM h a d  
reques ted  NHTSA t o  adopt t h e  Hybrid I1 on t h e  grounds t h a t  i t  h a d  b e e n  
s u c c e s s f u l l y  used i n  v e h i c l e  t e s t s  wi th  pass ive  r e s t r a i n t  s y s t e m s ,  a n d  
was a s  good a s ,  o r  b e t t e r  than ,  any o t h e r  immediately a v a i l a b l e  dummy 
system. On c o n s i d e r a t i o n  of a l l  a v a i l a b l e  evidence,  t h e  NHTSA c o n c u r s  
i n  t h i s  judgement. . . .  

The Hybrid I1 dummy has  been found by NHTSA t o  be a  s a t  i s  f  a c t  o r y  
t e s t  ins t rument .  I n  s l e d  and b a r r i e r  t e s t s  conducted by GM wi th  t h e  G M  
r e s t r a i n t  systems and i n  s l e d  t e s t s  conducted by Calspan Corp. on behalf  
of NHTSA, t h e  Hybrid I1 h a s  produced r e s u l t s  t h a t  a r e  c o n s i s t e n t  a n d  
repea tab le .  Th i s  is  not  t o  say t h a t  each t e s t  a t  t h e  same nominal speed 
and d e c e l e r a t i o n  has  produced i d e n t i c a l  va lues .  

I n  t e s t i n g  w i t h  impact s l e d s ,  and t o  an even g r e a t e r  e x t e n t  w i t h  
c rash- tes ted  v e h i c l e s ,  t h e  t e s t  e n v i r o n m e n t  i t s e l f  i s  c o m p l e x  a n d  
necessa r ly  s u b j e c t  t o  v a r i a t i o n s  t h a t  a f f e c t  t h e  r e s u l t s .  The t e s t  d a t a  
show, however, t h a t  t h e  v a r i a n c e  from dummy t o  dummy i n  t h e s e  t e s t s  i s  
s u f f i c i e n t l y  smal l  t h a t  a  manufacturer  w o u l d  h a v e  n o  d i f f i c u l t y  i n  
deciding whether h i s  v e h i c l e  would be l i k e l y  t o  f a i l  i f  t e s t e d  by NHTSA. 



The p rov i s ions  of t h e  dummy r e g u l a t i o n  have been modified somewhat 
from those  proposed i n  t h e  n o t i c e  of proposed rulemaking, l a r g e l y  a s  a  
r e s u l t  of comments from GM. Minor cor rec t ions  h a v e  b e e n  made i n  t h e  
drawings and m a t e r i a l s  s p e c i f i c a t i o n s  a s  a  r e s u l t  of comments by GM a n d  
t h e  p r i n c i p a l  dummy s u p p l i e r s .  The dummy s p e c i f i c a t i o n ,  a s  . . . f i n a l l y  adopted,  reproduces the  Hybrid I1 i n  each d e t a i l  of  i t s  
des ign and provides ,  a s  a  c a l i b r a t i o n  check, a  s e r i e s  of  p e r f o r m a n c e  
c r i t e r i a  based on t h e  o b s e r v e d  p e r f o r m a n c e  c r i t e r i a  of  n o r m a l l y  
func t ion ing  Hybrid I1 components. The performance c r i t e r i a  a r e  w h o l l y  
d e r i v a t i v e  and a r e  in tended t o  f i l t e r  ou t  dummy a b e r r a t i o n s  t h a t  e s c a p e  
d e t e c t i o n  i n  t h e  manufacturing process  o r  t h a t  o c c u r  a s  a  r e s u l t  of  
impact damage. The r e v i s i o n s  i n  t h e  performance c r i t e r i a ,  a s  d i s c u s s e d  
h e r e a f t e r ,  a r e  in tended t o  e l i m i n a t e  p o t e n t i a l  v a r i a n c e s  i n  t h e  t e s t  
procedures and t o  hold  t h e  performance of t h e  H y b r i d  I1 w i t h i n  t h e  
narrowest  p o s s i b l e  range. . . .  

The head performance c r i t e r i a  a r e  adopted a s  proposed. . . .  
The neck performance c r i t e r i a  a r e  r ev i sed  i n  s e v e r a l  r e s p e c t s ,  i n  

keeping wi th  GM's recommendations. . . .  
572.6 Head. . . .  
( b )  When t h e  head i s  d r o p p e d  f r o m  a  h e i g h t  of 1 0  i n c h e s  i n  

accordance wi th  paragraph ( c )  of  t h i s  s e c t i o n ,  t h e  p e a k  r e s u l t a n t  
a c c e l e r a t i o n s  a t  t h e  head's c e n t e r  of g r a v i t y  s h a l l  n o t  b e  l e s s  t h a n  
210g, and not more than 260g. The a c c e l e r a t i o n / t i m e  curve f o r  t h e  t e s t  
s h a l l  be unimodal and s h a l l  l i e  a t  o r  a b o v e  t h e  lOOg l e v e l  f o r  a n  
i n t e r v a l  n o t  l e s s  t h a n  0 . 9  m i l l i s e c o n d s  a n d  n o t  m o r e  t h a n  1 . 5  
mi l l i seconds .  

[24] 38 FR 22390, August 20, 1973. 
FMVSS 218, r u l e ;  Docket 72-6, Notice 2. 
Motorcycle Helmets 

The purpose of t h i s  amendment t o  P a r t  5 7 1  o f  T i t l e  4 9 ,  Code of 
Federa l  Regula t ions ,  is t o  add a  new M o t o r  V e h i c l e  S a f e t y  S t a n d a r d  
No. 218, Motorcycle Helmets, 49 CFR 571.218, t h a t  e s t a b l i s h e s  minimum 
r e q u i r e m e n t s  f o r  m o t o r c y c l e  h e l m e t s  m a n u f a c t u r e d  f o r  u s e  b y  
motorcyc l i s t s  and o t h e r  motor v e h i c l e  use r s .  . . .  

I n  t h e  p rev ious  n o t i c e ,  t h e  N H T S A  p r o p o s e d  t h a t ,  e f f e c t i v e  
September 1 ,  1974, t h e  performance l e v e l s  f o r  t h e  imp a c t  a t t e n u a t i o n  
requirements be upgraded t o  t h a t  of the  Head I n  j u r y  C r i t e r i o n  (HIC)  
required by Motor Vehicle Sa fe ty  Standard No. 208. A number of comments 
on t h i s  s u b j e c t  sought t o  d e f e r  a  f i n a l  d e t e r m i n a t i o n  u n t i l  f u r t h e r  
r e sea rch  and a d d i t i o n a l  t e s t s  c o u l d  b e  c o n d u c t e d .  T h e  a g e n c y  h a s  
c a r e f u l l y  r e v i e w e d  t h e  i s s u e s  r a i s e d  by t h e s e  comments  a n d  h a s  



determined t h a t  t e c h n i c a l  d a t a  p r e s e n t l y  being genera ted on t h i s  m a t t e r  
by s e v e r a l  i n v e s t i g a t i o n s  should  be considered i n  upgrading t h e  i m p a c t  
a t t e n u a t i o n  requirements .  Accordingly,  a  d e c i s i o n  on t h e  upgrading w i l l  
be d e f e r r e d  u n t i l  a f t e r  t h i s  r e sea rch  has been completed and t h e  r e s u l t s  
eva lua ted ,  and a f t e r  any a p p r o p r i a t e  d a t a  have been reviewed. 

Comments t o  t h e  d o c k e t  o n  t h e  i n i t i a l  i m p a c t  a t t e n u a t i o n  
requirement ranged from a b o l i s h i n g  t h e  time d u r a t i o n  c r i t  i e r i a  of  2  0  
m i l l i s e c o n d s  a n d  4 . 0  m i l l i s e c o n d s  a t  t h e  2 0 0 g  a n d  1 5 0 g  l e v e l s ,  
r e s p e c t i v e l y ,  t o  i n c r e a s i n g  t h e s e  c r i t e r i a  t o  2.8 m i l l i s e c o n d s  a t  t h e  
200g l e v e l  and 5.6 m i l l i s e c o n d s  a t  t h e  150g l e v e l .  One a p p r o a c h  t a k e n  
i n  regard  t o  t h i s  requirement contends t h a t  t h e  a v a i l a b l e  t e s t  d a t a  a r e  
i n s u f f i c i e n t  f o r  q u a n t i f y i n g  t i m e  l i m i t s  f o r  t h e  r e l a t i v e l y  s h o r t  
d u r a t i o n  a c c e l e r a t i o n s  which a r e  involved i n  helmet t e s t i n g  . S e v e r a l  
comments ques t ioned  t h e  v a l i d i t y  of t h e  proposed time d u r a t i o n  l i m i t s  , 
s i n c e  t h e s e  limits were based on t h e  o p t i o n a l  swing-away (as opposed t o  
f i x e d  a n v i l )  t e s t  of t h e  American Na t iona l  Standards  I n s  t i t u  t e  (ANSI ) 
Standard 290.1-1966, which was omi t t ed  from t h e  most r e c e n t  i s s u e s  of  
t h e  Z90.1 Standard (1971 and 1973) and was not conta ined i n  t h e  proposed 
motorcycle helmet s t andard .  An a d d i t i o n a l  comment p o i n t s  ou t  t h a t  t h e  
helmets  designed t o  m e e t  h i g h e r  e n e r g y  i m p a c t s  t h a n  t h e  i n i t i a l  
a t t e n u a t i o n  requirement o c c a s i o n a l l y  h a v e  d i f f i c u l t y  m e e t i n g  a  2 . 0  
mi l l i second  requirement  a t  t h e  200g l e v e l .  

A review of a v a i l a b l e  biomechanical  d a t a  i n d i c a t e s  t h a t  t h e  h e a d  
impact exposure al lowed by t h e  2.0 and 4.0 m i l l i s e c o n d  l i m i t s  a t  t h e  
200g and 150g l e v e l s ,  r e s p e c t i v e l y ,  i s  g r e a t e r  t h a n  t h a t  a l l o w e d  by 
o t h e r  measures of head i n j u r y  p o t e n t i a l .  I t  i s  t h e  a g e n c y ' s  v i e w ,  
moreover, t h a t  t h e  b e s t  evidence i n d i c a t e s  t h a t  an i n c r e a s e  i n  t h e  t i m e  
d u r a t i o n  c r i t e r i a  would permit  a  s u b s t a n t i a l  r e d u c t i o n  i n  t h e  p r o t e c t i o n  
provided t o  t h e  helmet wearer .  S ince  t h e  comments t o  t h e  docket  d i d  not  
p rov ide  any new d a t a  o r  s u f f i c i e n t l y  compelling arguments  w h i c h  w o u l d  
j u s t i f y  r e l a x i n g  t h e  proposed limits f o r  t o l e r a b l e  head impact exposure,  
t h e  2.0 and 4.0 m i l l i s e c o n d  c r i t e r i a  a r e  r e t a i n e d  a s  p a r t  of t h e  i n i t i a l  
impact a t t e n u a t i o n  c r i t e r i a .  

[251 39 FR 27585, J u l y  30,  1974. 
FMVSS 222, p roposa l ;  Docket 73-3, Not ice  2. 
School Bus Passenger  Crash P r o c t e c t i o n  

Th i s  n o t i c e  proposes  a  new motor v e h i c l e  s a f e t y  s t a n d a r d  School bus 
passenger  s e a t i n g  and c r a s h  p r o t e c t i o n ,  t h a t  w o u l d  s p e c i f y  s e a t i n g ,  
r e s t r a i n i n g  b a r r i e r ,  and impact zone requirements f o r  schoo l  b u s  e s  a n d  
o t h e r  buses s o l d  f o r  t h e  primary purpose of c a r r y i n g  c h i l d r e n  t o  a n d  
from school .  

Th i s  p roposa l  a g a i n  s p e c i f i e s  two zones i n  which impact by a  h e a d  
form must conform t o  s p e c i f i e d  f o r c e  d i s t r i b u t i o n  and c e r t a i n  f o r c e  o r  
a c c e l e r a t i o n  l e v e  1s. . . .  



S5.3.1 Head p r o t e c t i o n  zone. Any c o n t a c t a b l e  s u r f a c e  of  t h e  
v e h i c l e  w i t h i n  a n y  z o n e  s p e c i f i e d  i n  S 5 . 3 . 1 . 1  s h a l l  m e e t  t h e  
requirements of S5.3.1.2 and S5.3.1.3. However, a s u r f a c e  a r e a  t h a t  has  
been contacted p u r s u a n t  t o  a n  i m p a c t  t e s t  n e e d  n o t  m e e t  f u r t h e r  
requirements conta ined i n  S5.3. 

S5.3.1.1 The head p r o t e c t i o n  zones i n  each v e h i c l e  a r e  t h e  s p a c e s  
i n  f r o n t  of each schoo l  bus passenger  s e a t  which, i n  r e l a t i o n  t o  t h a t  
s e a t  and i t s  s e a t i n g  r e f e r e n c e  p o i n t ,  a r e  e n c l o s e d  by t h e  f o l l o w i n g  
planes  : 

( a )  Hor izon ta l  p lanes  12 inches  and 40 inches  above t h e  s e a t i n g  
re fe rence  po in t  ; 

(b )  A v e r t i c a l  l o n g i t u d i n a l  p lane  tangent  t o  t h e  i n b o a r d  ( a i s l e  
s i d e )  edge of t h e  s e a t ;  

( c )  A v e r t i c a l  l o n g i t u d i n a l  p l a n e  3 . 2 5  i n c h e s  i n b o a r d  o f  t h e  
outboard edge of t h e  s e a t ,  and 

(d )  V e r t i c a l  t r a n s v e r s e  p lanes  through and 30 i n c h e s  f o r w a r d  o f  
t h e  s e a t i n g  re fe rence  po in t .  

S5.3.1.2 Head form impact r e q u i r e m e n t .  When a n y  c o n t a c t a b l e  
s u r f a c e  of t h e  v e h i c l e  w i t h i n  t h e  z o n e s  s p e c i f i e d  i n  S 5 . 3 . 1 . 1  i s  
impacted from any d i r e c t i o n  a t  1 5  m i l e s  p e r  h o u r  by t h e  h e a d  f o r m  
descr ibed i n  S6.6, t h e  r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  c e n t e r  of  g r a v i t y  
of t h e  head form s h a l l  be such t h a t  t h e  express ion  

s h a l l  not  exceed 1,000 where "a" i s  t h e  r e s u l t a n t  a c c e l e r a t i o n  expressed 
a s  a m u l t i p l e  of "g" ( t h e  a c c e l e r a t i o n  due t o  g r a v i t y  ) , a n d  ' I t  l "  a n d  
l l t 2 1 t  a r e  any two p o i n t s  i n  time dur ing t h e  impact. 

S5.3.1.3 Head form f o r c e  d i s t r i b u t i o n .  When a n y  c o n t a c t a b l e  
s u r f a c e  of t h e  v e h i c l e  w i t h i n  t h e  z o n e s  s p e c i f i e d  i n  S 5 . 3 . 1 . 1  i s  
impacted from any d i r e c t i o n  a t  1 5  m i l e s  p e r  h o u r  by t h e  h e a d  f o r m  
descr ibed i n  S6.6, t h e  energy necessary t o  d e f l e c t  t h e  impacted m a t e r i a l  
s h a l l  be not  l e s s  than  40 inch-pounds be fo re  t h e  f o r c e  l e v e l  on t h e  head 
form exceeds 150 pounds. When any con tac tab le  s u r f a c e  w i t h i n  such zones 
i s  impacted by t h e  head form from any d i r e c t i o n  a t  5 f e e t  p e r  s e c o n d ,  
t h e  con tac t  a r e a  on t h e  head form s u r f a c e  s h a l l  n o t  b e  l e s s  t h a n  3 
square  inches.  . . . 

56.6 Head form. The head form f o r  t h e  measurement of a c c e l e r a t i o n  
i s  a r i g i d  s u r f a c e  comprised of two hemispher ica l  s h a p e s ,  w i t h  t o t a l  
equ iva len t  weight of 11.5 pounds. The f i r s t  of t h e  two h e m i s p h e r i c a l  
s h a p e s  h a s  a d i a m e t e r  of  6 . 5  i n c h e s .  T h e  s e c o n d  of  t h e  t w o  



hemispher ica l  shapes  has  a  two-inch diameter  and i s  cen te red  a s  shown i n  
F i g u r e  3  t o  p r o t r u d e  from t h e  o u t e r  s u r f a c e  of the  f i r s t  h e m i s p h e r i c a l  
shape. 

S6.6.1 The d i r e c t i o n  of t r a v e l  of t h e  head f o r m  i s  c o i n c i d e n t a l  
w i t h  t h e  s t r a i g h t  l i n e  connect ing t h e  c e n t e r p o i n t s  of t h e  two s p h e r i c a l  
o u t e r  s u r f a c e s  which c o n s t i t u t e  t h e  head-form shape. 

S6.6.2 The head form i s  instrumented w i t h  a n  a c c e l e r a t i o n  s e n s i n g  
dev ice  whose output  i s  recorded i n  a  d a t a  channel t h a t  conforms t o  t h e  
r e q u i r e m e n t s  f o r  a  1 , 0 0 0  Hz c h a n n e l  c l a s s  a s  s p e c i f i e d  i n  SAE 
Recommended P r a c t i c e  5211, October 1970. T h e  h e a d  f o r m  e x h i b i t s  n o  
resonant  frequency below 3,000 hz. The a x i s  of t h e  a c c e l e r a t i o n  s e n s i n g  
dev ice  co inc ides  w i t h  t h e  s t r a i g h t  l i n e  connect ing t h e  c e n t e r p o i n t s  of  
t h e  two hemispher ica l  o u t e r  s u r f a c e s  which c o n s  t i  t u t e  t h e  h e a d  f o r m  
shape.  

S6.6.3 The head form i s  guided by a  s t r o k i n g  d e v i c e  s o  t h a t  t h e  
d i r e c t i o n  of t r a v e l  of t h e  head form i s  no t  a f f e c t e d  by impact w i t h  t h e  
s u r f a c e  being t e s t e d  a t  t h e  l e v e l s  c a l l e d  f o r  i n  t h e  s t andard .  . . .  

[261 39 FR 38380, October  31, 1974. 
FMVSS 208, r u l e ;  Docket 74-39, Not ice  1 .  
Sea t  B e l t  I n t e r l o c k  Option 

T h i s  n o t i c e  amends Standard No. 208, Occupant c r a s h  p r o t e c t i o n ,  4 9  
CFR 571.208, by e l i m i n a t i n g  t h e  i g n i t i o n  i n t e r l o c k .  P a r a l l e l  c h a n g e s  
a r e  made t o  t h e  p a s s i v e  s e a t  b e l t  assembly r e q u i r e m e n t s  ( S 7 . )  o f  t h e  
s t andard .  

[27] 40 FR 17855, A p r i l  23, 1975. 
FMVSS 222, p roposa l ;  Docket 73-3, Not ice  3. 
School Bus Passenger  S e a t i n g  and Crash P r o t e c t i o n  

This n o t i c e  proposes  a  new motor v e h i c l e  s a f e t y  s t a n d a r d  f o r  s c h o o l  
bus s e a t i n g  and c r a s h  p r o t e c t i o n ,  modified i n  s e v e r a l  r e s p e c t s  from t h e  
J u l y  30,  1974, p roposa l  (39 FR 27585). 

The major f e a t u r e s  of t h i s  p r o p o s a l  d i f f e r  l i t t l e  f r o m  t h o s e  o f  
Not ice  2. 

S5.3.1.2 Head form impact r e q u i r e m e n t .  When a n y  c o n t a c t  a b l e  
s u r f a c e  of t h e  v e h i c l e  w i t h i n  t h e  z o n e s  s p e c i f i e d  i n  S 5 . 3 . 1 . 1  i s  
impacted from any d i r e c t i o n  a t  22 f e e t  p e r  s e c o n d  by t h e  h e a d  f o r m  
desc r ibed  i n  S6.6, t h e  a x i a l  a c c e l e r a t i o n  a t  t h e  c e n t e r  o f  g r a v i t y  o f  
t h e  head form s h a l l  be such t h a t  t h e  express ion:  



s h a l l  not  exceed 1,000,  where "a" is  t h e  a x i a l  a c c e l e r a t i o n  expressed a s  
a  m u l t i p l e  of "g" ( t h e  a c c e l e r a t i o n  due t o  g r a v i t y ) ,  and "tl" a n d  "t 2 "  
a r e  any two p o i n t s  i n  t ime dur ing  t h e  impact. 

[28] 40 FR 33462, August 8 ,  1975. 
P a r t  572, p roposa l ;  Docket 73-8, Not ice  3. 
Anthropomorphic T e s t  Dummy. * . . .  
S e v e r a l  v e h i c l e  manufacturers  ques t ioned t h e  adequacy of t h e  h e a d  

t o  measure l a t e r a l  impact f o r c e s .  The s p e c i f i c a t i o n s  p rov ide  a  t r i a x i a l  
accelerometer  s o  t h a t  t h e  l a t e r a l  v e c t o r  i s  r e g i s t e r e d  i n  t h e  s a m e  way 
a s  fore-and-aft  fo rces .  F u r t h e r ,  NHTSA c o n t r a c t  exper ience  w i t h  dummies 
i n s t a l l e d  a t  f r o n t  and r e a r  s e a t i n g  p o s i t i o n s  of v e h i c l e s  u n d e r g o i n g  
s i d e  impact by o t h e r  v e h i c l e s  demonstrates no a r t i f i c i a l l y - h i g h  readings  
(Contract  DOT-HS-4-00922, 5 t h  & 6 t h  p rogress  r e p o r t s ) .  

Severa l  manufacturers ques t ioned  t h e  o b j e c t i v i t y  of t h e  dummy a s  a  
whole because P a r t  572 does not  inc lude  a  "whole systems" c a l i b r a t i o n  of 
t h e  assembled dummy. The NHTSA has  considered t h e  a d v i s a b i l i t y  of s u c h  
a  t e s t  and has  decided a g a i n s t  i t  f o r  s e v e r a l  reasons.  Foremost i s  t h e  
d i f f i c u l t y  of dev i s ing  a  c a l i b r a t i o n  p r o c e d u r e  w h i c h  i n t r o d u c e s  no  
s i g n i f i c a n t  v a r i a b i l i t y  i n t o  t h e  t e s t .  I t  i s  c l e a r  t h a t  S t a n d a r d  
No. 208 dynamic d e c e l e r a t i o n  of t h e  dummy i n t r o d u c e s  many c o m p l e x  
v a r i a b l e s  i n t o  t h e  t e s t ,  such a s  r e s t r a i n t  des ign and v e h i c l e  d e s i g n .  
I n  t h e  d e s c r i p t i o n  of s l e d  t e s t i n g  of t h e  GM50X dummy ( r e f .  Repor ts :  SAE 
1/740590, DOT-HS-299-3-569), G e n e r a l  M o t o r s  p o i n t e d  o u t  t h a t  t h e i r  
r e s u l t s  demonstrate t h e  complexity of t h e  problem. 

Another r eason  f o r  not  i n t r o d u c i n g  a  "whole systems" c a l i b r a t i o n  i s  
t h a t  t h e  exper ience  t o  d a t e  w i t h  w e l l - c o n t r o l l e d  h a r d  s e a t  s l e d  t e s t s  of 
t h e  dummy show good measurement s t a b i l i t y  of t h e  dummy a s  a  whole system 
a s  long a s  t h e  dummy meets P a r t  572 s p e c i f i c a t i o n s .  T h e  m o s t  r e c e n t  
p r e s e n t a t i o n  of such in fo rmat ion  appears  i n  a n  SAE p a p e r  by G e n e r a l  
Motors eng inee rs ,  comparing a n  advanced dummy w i t h  t h e  P a r t  5 7 2  dummy 
(Proceedings of Th i rd  I n t e r n a t i o n a l  Conference on Occupant P r o t e c t  i o n ,  
pg. 369).  Table  10 of t h a t  paper  shows t h e  c o e f f i c i e n t  of v a r i a t i o n  of  
a  Hybrid I1 dummy t o  be only 4.5 pe rcen t  i n  a  m e a s u r e  of  Head  I n j u r y  
C r i t e r i a  and 3 . 3  p e r c e n t  i n  a  m e a s u r e  of C h e s t  S e v e r i t y  I n d e x .  
V a r i a t i o n  of t h e s e  c r i t e r i a  between dummies is  3.5 pe rcen t  and 6 percen t  
r e s p e c t i v e l y .  S i m i l a r  c o n c l u s i o n s  w e r e  r e a c h e d  by J .  V e r s a c e  a n d  
R .  J .  B e r t o n  of  t h e  F o r d  M o t o r  Company i n  SAE p a p e r  7 5 0 3 9 5 ,  
"Determination of R e s t r a i n t  Ef fec t iveness" ,  pg. 5 .  Based on e x p e r i e n c e  
of t h i s  n a t u r e ,  and i n  view of t h e  ex tens ive  s p e c i f i c a t i o n  i n  P a r t  5 7 2 ,  
t h e  NHTSA concludes t h a t  a  "whole systems" c a l i b r a t i o n  is  no t  r e q u i r e d  
t o  e s t a b l i s h  t h e  dummy a s  an o b j e c t i v e  measuring device .  

*This n o t i c e  i s  unusual  i n  t h a t  i t  r e f e r s  t o  and comments o n  s p e c i f i c  
t e c h n i c a l  papers.  

[29] 41 FR 4016, January 28, 1976. 



FMVSS 222, r u l e ;  Docket 73-3, Not ice  5. 
School Bus Passenger  S e a t i n g  and Crash P r o t e c t i o n  

T h i s  n o t i c e  e s t a b l i s h e s  a new m o t o r  v e h i c l e  s a f e t y  S t a n d a r d  
No. 222, School Bus S e a t i n g  a n d  C r a s h  P r o t e c t i o n ,  t h a t  s p e c i f i e s  
s e a t i n g ,  r e s t r a i n i n g  b a r r i e r ,  and impact zone r e q u i r e m e n t s  f o r  s c h o o l  
buses.  . . .  

E f f e c t i v e  da te :  October 26, 1976. 

S5.3.1.2 -- Head form impact r e q u i r e m e n t .  When a n y  c o n t a c t a b l e  
s u r f a c e  of t h e  v e h i c l e  w i t h i n  t h e  z o n e s  s p e c i f i e d  i n  S 5 . 3 . 1 . 1  i s  
impacted from any d i r e c t i o n  a t  22 f e e t  p e r  s e c o n d  by t h e  h e a d  f o r m  
desc r ibed  i n  S6.6, t h e  a x i a l  a c c e l e r a t i o n  a t  t h e  c e n t e r  of  g r a v i t y  o f  
t h e  head form s h a l l  be such t h a t  t h e  express ion  

s h a l l  not  exceed 1,000 where "a" i s  t h e  a x i a l  a c c e l e r a t i o n  e x p r e s s e d  a s  
a m u l t i p l e  of "g" ( t h e  a c c e l e r a t i o n  due t o  g r a v i t y ) ,  and "tl" a n d  " t2"  
a r e  any two p o i n t s  i n  t ime dur ing  t h e  impact. 

S5.3.1.3 Head form f o r c e  d i s t r i b u t i o n .  When a n y  c o n t a c t a b l e  
s u r f a c e  of t h e  v e h i c l e  w i t h i n  t h e  z o n e s  s p e c i f i e d  i n  S . 5 . 3 . 1 . 1  i s  
impacted from any d i r e c t i o n  a t  22 f e e t  p e r  s e c o n d  by t h e  h e a d  f o r m  
desc r ibed  i n  S6.6, t h e  energy necessary  t o  d e f l e c t  t h e  impacted m a t e r i a l  
s h a l l  be not  l e s s  than  30 inch-pounds b e f o r e  t h e  f o r c e  l e v e l  on t h e  head 
form exceeds 150 pounds. When any c o n t a c t a b l e  s u r f a c e  w i t h i n  such zones 
i s  impacted by t h e  head form from any d i r e c t i o n  a t  5 f e e t  p e r  s e c o n d ,  
t h e  c o n t a c t  a r e a  on t h e  head form s u r f  a c e  s h a l l  b e  n o t  l e s s  t h a n  3 
square  inches .  

[301 41 FR 54961, December 16,  1976. 
FMVSS 208, n o t i c e ;  Docket 74-14, Not ice  7. 
Advance Not ice  Concerning Improvements of Sea t  Bel t  
Assemblies . . .  
Would t h e  es tab l i shment  of i n j u r y  c r i t e r i a  and d y n a m i c  t e s t s  f o r  

s e a t  b e l t  assembl ies  i n s t a l l e d  i n  v e h i c l e s  be a n  a p p r o p r i a t e  m e a n s  t o  
improve s e a t  b e l t  e f f e c t i v e n e s s ?  . . . 

The NHTSA, a s  i t  s t a t e d  i n  A p r i l  1973 ( 3 8  F R ,  A p r i l  2 0 ,  1 9 7 3 ) ,  
b e l i e v e s  t h a t  a s t r u c t u r a l  i n t e g r i t y  requirement d o e s  n o t  c o n t r i b u t e  
s u b s t a n t i a l l y  t o  t h e  performance of b e l t  systems,  which a r e  r e q u i r e d  by 
Standard No. 209 t o  have h i g h e r  breaking s t r e n g t h  t h a n  t h e y  w o u l d  b e  
s u b j e c t e d  t o  dur ing  a 30-m.p.h. b a r r i e r  impact. The a g e n c y  c o n s i d e r s  



t h a t  a  more a p p r o p r i a t e  a s s e s s m e n t  o f  a  b e l t  s y s t e m ' s  p r o t e c t i v e  
performance c a p a b i l i t y  l i e s  i n  i t s  a b i l i t y  t o  p r o p e r l y  r e s t r a i n  a  P a r t  
572 t e s t  dummy i n  a  s i m u l a t e d  c r a s h  e n v i r o n m e n t .  T h e  a g e n c y  i s  
contemplating a  requirement f o r  a  dynamic t e s t  f o r  b e l t  s y s t e m s .  T h e  
t e s t  would be a  f r o n t a l  and f r o n t a l  o b l i q u e  t e s t  a t  3 0  m .  p .  h .  i n t o  a  
f i x e d  f l a t  b a r r i e r .  A number of a l t e r n a t i v e s  e x i s t  t o  e v a l u a t e  t h e  b e l t  
systems p r o t e c t i v e  performance. F i r s t ,  t h e  head and c h e s t  a c c e l e r a t i o n s  
and femur f o r c e  l e v e l s  measured on t h e  dummy could be l i m i t e d  t o  some  
l e v e l s ,  al though t h e s e  may no t  n e c e s s a r i l y  b e  t h e  e x i s t i n g  l e v e l s  
s p e c i f i e d  i n  S5 of FMVSS 208. 

[31] 43 FR 21470, May 18 ,  1978. 
FMVSS 213, p roposa l ;  Docket 74-9, Not ice  4. 
Child R e s t r a i n t  Systems 

Th is  n o t i c e  i s  be ing  i s s u e d  i n  response  t o  p u b l i c  r e q u e s t s .  I t  
would amend t h e  e x i s t i n g  c h i l d  r e s t r a i n t  s t a n d a r d  by e x t e n d i n g  i t s  
a p p l i c a b i l i t y  t o  a l l  t y p e s  of c h i l d  r e s t r a i n t s  designed f o r  u s e  i n  motor 
v e h i c l e s .  I t  would a l s o  upgrade e x i s t i n g  c h i l d  r e s t r a i n t  p e r f o r m a n c e  
requirements  by improving t h e  performance c r i t e r i a  a n d  by r e p l a c i n g  
s t a t i c  t e s t s  w i t h  dynamic t e s t s  us ing  an th ropomorph ic  c h i l d  dummies .  
The amendments a r e  in tended  t o  reduce t h e  number o f  c h i l d r e n  u n d e r  5  
y e a r s  of age t h a t  a r e  k i l l e d  o r  i n j u r e d  i n  motor v e h i c l e  a c c i d e n t s .  . . .  

SUMMARY OF PROPOSED AMENDMENTS 

The most s i g n i f i c a n t  amendments proposed by t h i s  n o t i c e  a r e  s e t  
f o r t h  below: 

(1) Dynamic t e s t s  would be used t o  e v a l u a t e  t h e  performance of t h e  
c h i l d  s e a t i n g  system i n  a  manner which s i m u l a t e d  a n  a c t u a l  v e h i c l e  
crash.  The s imula ted  c r a s h  would be s t r a i g h t  forward (0 degree  f r o n t a l )  
a t  30 m.p.h. . . .  

(3) I n j u r y  c r i t e r i a  would be s p e c i f i e d  f o r  both  t h e  head and c h e s t  
of t h e  dummy f o r  c h i l d  r e s t r a i n t s  recommended by t h e i r  manufacturers  f o r  
c h i l d r e n  over  20 pounds. Padding requirements  would have t o  b e  m e t  by 
r e s t r a i n t s  t o  be used by c h i l d r e n  weighing n o t  more than  20 pounds. . . .  

TEST DUMMIES 

A six-month o l d  dummy a n d  a  t h r e e - y e a r  o l d  dummy h a v e  b e e n  
t e n t a t i v e l y  s e l e c t 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 y s  t e m s  u n d e r  t h e  
proposed s t andard .  The s ix-month o l d  dummy was s p e c i f i e d  i n  t h e  1 9 7 4  
p roposa l  a s  being of " s a i l c l o t h  c o n s t r u c t i o n  f i l l e d  w i t h  p l a s t i c  p e l l e t s  
and l ead  s h o t  f o r  c o r r e c t  weight  d i s t r i b u t i o n . "  T h e  dummy h a s  s i n c e  
been dynamically t e s t e d ,  modified,  and r e t e s t e d  i n  i n f a n t  c a r r i e r s  of  
t h r e e  d i f f e r e n t  manufacturers .  The new dummy r e p r e s e n t s  an  a d v a n c e  i n  
t h e  s t a t e -o f - the -a r t  and is  v a s t l y  s u p e r i o r  t o  t h e  former dummy. V e r y  



p r e c i s e  d e f i n i t i o n s  of t h e  new dummy a r e  c o n t a i n e d  i n  a s e t  o f  f i v e  
b l u e p r i n t s  and a n  eng ineer ing  d e s c r i p t i o n  which a r e  a v a i l a b l e  i n  d o c k e t  
74-9 t o  a l l  i n t e r e s t e d  persons .  

The t e n t a t i v e l y  s e l e c t e d  three-year  o l d  dummy i s  t h e  NHTSA t e s t  
dummy SA103C, a s l i g h t l y  modified v e r s i o n  of t h e  Alderson Model VIP- 3C 
dumnrj. . . . 

I n j u r y  c r i t e r i a  ( e x p r e s s e d  i n  t e r m s  o f  l i m i t s  on r e s u l t a n t  
a c c e l e r a t i o n )  a r e  proposed f o r  both  t h e  head and c h e s t  of t h e  thee-year-  
o l d  t e s t  dummy t o  a l low a q u a n t i t a t i v e  e v a l u a t i o n  of  t h e  d y n a m i c  
performance of t h e  c h i l d  r e s t r a i n t s  t o  be made. T h i s  approach p e r m i t s  
t h e  measurement of padding e f f e c t i v e n e s s  dur ing t h e  dynamic t e s t ,  t h u s  
e l i m i n a t i n g  any need f o r  a s e p a r a t e  t e s t  f o r  t h a t  purpose and t h e  c o s t s  
a s s o c i a t e d  w i t h  such a t e s t .  S ince  t h e  c o n s t r u c t i o n  of t h e  s i x - m o n t  h-  
o l d  dummy p r e v e n t s  i n s t a l l i n g  acce le romete r s  s o  t h a t  they w i l l  s t a y  i n  
p l a c e  w i t h i n  t h e  dummy dur ing  a t e s t  and g ive  a c c u r a t e  measurements, t h e  
i n j u r y  c r i t e r i a  would apply  only t o  r e s t r a i n t s  r e  commended by t h e i r  
manufacturers f o r  u s e  by c h i l d r e n  weighing over  20 pounds. . . .  

U n l i k e  t h e  1 9 7 4  p r o p o s a l ,  t h i s  p r o p o s a l  d o e s  n o t  c o n t a i n  
requirements  f o r  l a t e r a l  d y n a m i c  t e s t s  a n d  f o r  l i m i t s  o n  l a t e r a l  
excurs ion .  

3.  A new F e d e r a l  Motor Veh ic le  Sa fe ty  Standard No. 213-80, C h i l d  
R e s t r a i n t  Systems, would be  added t o  read a s  s e t  f o r t h  below. 

571.213-80 Standard No. 213-80; c h i l d  r e s t r a i n t  systems.  . . .  
S5.1.2 I n j u r y  c r i t e r i a .  When t e s t e d  i n  accordance w i t h  S6.1 ,  each 

c h i l d  r e s t r a i n t  s y s t e m  t h a t ,  i n  a c c o r d a n c e  w i t h  S 5 . 5 . 2 ( £ ) ,  i s  
recommended f o r  u s e  by c h i l d r e n  weighing more than  20 pounds, sha l l - -  

( a )  L imi t  t h e  r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  l o c a t i o n  o f  t h e  
acce le romete r  mounted i n  t h e  t e s t  dummy head a s  s p e c i f i e d  i n  P a r t  5 72 
such t h a t  t h e  express ion :  

s h a l l  n o t  exceed 1 , 0 0 0 ,  w h e r e  " a "  i s  t h e  r e s u l t a n t  a c c e l e r a t i o n  
expressed a s  a m u l t i p l e  of "g" ( t h e  a c c e l e r a t i o n  of g r a v i t y ) ,  a n d  " t l l '  
and "t2" a r e  any two moments dur ing t h e  impacts.  

[321 44 FR 72131, December 13, 1979. 



FMVSS 213, r u l e ;  Docket 74-9, Not ice  6. 
Chi ld  R e s t r a i n t  Systems S e a t  B e l t  Assemblies 
and Anchorages . . .  
SUMMARY: Th is  r u l e  e s t a b l i s h e s  a  new S t a n d a r d  No. 2 1 3 ,  C h i l d  

R e s t r a i n t  Systems, which a p p l i e s  t o  a l l  types  of c h i l d  r e s t r a i n t s  u s e d  
i n  motor v e h i c l e s .  I t  a l s o  u p g r a d e s  e x i s t i n g  c h i l d  r e s t r a i n t  
performance requirements  by s e t t i n g  new p e r f o r m a n c e  c r i t e r i a  a n d  by 
r e p l a c i n g  t h e  c u r r e n t  s t a t i c  t e s t s  wi th  dynamic s l e d  t e s t s  t h a t  s i m u l a t e  
v e h i c l e  c rashes  and u s e  anthropomorphic c h i l d  t e s t  dummies .  T h e  new 
s tandard  would reduce t h e  number of c h i l d r e n  under 5 y e a r s  of age k i l l e d  
o r  i n j u r e d  i n  motor v e h i c l e  a c c i d e n t s .  . . .  

Severa l  manufacturers  (GM, Ford,  Q u e s t o r ,  a n d  o t h e r s )  a n d  JPMA 
ob jec ted  t o  t h e  proposed head and c h e s t  a c c e l e r a t i o n  l imi t s  t h a t  m u s t  
not  be  e x c e e d e d  i n  t h e  d y n a m i c  t e s t i n g .  They  a r g u e d  t h a t  t h e  
a c c e l e r a t i o n  limits a r e  based on biomechanical  d a t a  f o r  a d u l t s  and t h e r e  
is  no d a t a  showing t h e i r  a p p l i c a b i l i t y  t o  ch i ld ren .  Because of t h e  l a c k  
of biomechanical  d a t a  on c h i l d r e n ' s  t o l e r a n c e  t o  impact f o r c e s  , NHTSA 
has  conducted t e s t s  of c h i l d  r e s t r a i n t s  w i t h  l i v e  p r imates  t o  s e r v e  a s  
s u r r o g a t e s  f o r  three-year-old c h i l d r e n .  Pr imates  a r e  s i m i l a r  i n  c e r t a i n  
r e s p e c t s  t o  c h i l d r e n  and have been u s e d  by G M ,  F o r d ,  a n d  o t h e r s  a s  
s u r r o g a t e s  i n  c h i l d  r e s t r a i n t  t e s t i n g  t o  a s s e s s  p o t e n t i a l  i n  j u r i e s  t o  
c h i l d r e n  i n  crashes .  I n  s imula ted  30 mph crashes  conducted f o r  NHTSA, 
s i m i l a r  t o  t h e  t e s t  p r e s c r i b e d  i n  t h e  proposed s t a n d a r d ,  t h e  p r i m a t e s  
e i t h e r  were not  i n j u r e d  o r  s u s t a i n e d  on ly  minor i n j u r i e s .  NHTSA h a s  
a l s o  conducted c h i l d  r e s t r a i n t  t e s t s  us ing  i n s t r u m e n t e d  t e s t  dummies  
r e p r e s e n t i n g  three-year-old c h i l d r e n  i n s t e a d  of p r i m t e s .  I n  t h e  t e s t s ,  
t h e  f o r c e s  measured on t h e  t e s t  dummies, which had not  been i n j u r i o u s  t o  
t h e  pr imates ,  d i d  not  exceed t h e  head and c h e s t  a c c e l e r a t i o n s  c r i t e r i a  
proposed i n  t h e  s t andard .  NHTSA i s  t h u s  c o n f i d e n t  t h a t  t h e  c h i l d  
r e s t r a i n t s  which do not  e x c e e d  t h e s e  p e r f o r m a n c e  c r i t e r i a  i n  t h e  
p r e s c r i b e d  t e s t s  should  p reven t  o r  r e d u c e  i n j u r i e s  t o  ' c h i l d r e n  i n  
crashes .  

Use of instrumented t e s t  dummies should not  unduly r a i s e  t h e  p r i c e  
of c h i l d  r e s t r a i n t s .  S ince  many c h i l d  r e s t r a i n t  s y s t e m s  a r e  a l r e a d y  
c l o s e  t o  compliance, t h e  c o s t  p e r  r e s t r a i n t  of any n e e d e d  d e s i g n  a n d  
t e s t i n g  c o s t s  should  be minimal. . . .  

S5.1.2 I n j u r y  c r i t e r i a .  When t e s t e d  i n  accordance w i t h  S6 . l ,  each 
c h i l d  r e s t r a i n t  s y s t e m  t h a t ,  i n  a c c o r d a n c e  w i t h  S 5 . 5 . 2 ( £ ) ,  i s  
recommended f o r  u s e  by c h i l d r e n  weighing more than  20 pounds, sha l l - -  

( a )  Limit  t h e  r e s u l t a n t  a c c e l e r a t i o n  a t  t h e  l o c a t i o n  o f  t h e  
accelerometer  mounted i n  t h e  t e s t  dummy head a s  s p e c i f i e d  i n  P a r t  5 72 
such t h a t  t h e  express ion:  



s h a l l  no t  exceed 1 , 0 0 0 ,  w h e r e  " a "  i s  t h e  r e s u l t a n t  a c c e l e r a t i o n  
expressed  a s  a  m u l t i p l e  of "g" ( t h e  a c c e l e r a t i o n  of g r a v i t y ) ,  a n d  "t l "  
and ' I t 2 "  a r e  any two moments dur ing  t h e  impacts.  . . .  

S5.2.3 Head impact p r o t e c t i o n .  

S5.3.2.1 Each c h i l d  r e s t r a i n t  system, o t h e r  than  a  c h i l d  h a r n e s s ,  
which is  recommended under S5.5.2(£) f o r  c h i l d r e n  weighing l e s s  t h a n  2 0  
pounds s h a l l  comply w i t h  S5.2.3.2. 

S5.2.3.2 Each system s u r f a c e  which i s  c o n t a c t a b l e  by t h e  dummy 
head when t h e  sys tem i s  t e s t e d  i n  accordance w i t h  S6.1 s h a l l  be  c o v e r e d  
w i t h  slow recovery,  energy a b s o r b i n g  m a t e r i a l  w i t h  t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  

( a )  A 25 p e r c e n t  compress ion-def lec t ion r e s i s t a n c e  o f  n o t  l e s s  
than  0.5 and not more t h a n  10 pounds p e r  s q u a r e  i n c h  when  t e s t e d  i n  
accordance w i t h  S6.3. 

(b )  A t h i c k n e s s  of not  l e s s  than 112 inch i f  t h e  m a t e r i a l  h a s  a  25 
pe rcen t  compress ion-def lec t ion r e s i s t a n c e  of not  l e s s  t h a n  3 a n d  n o t  
more than  10 pounds p e r  square  inch when t e s t e d  i n  accordance w i t h  S6.3. 
I f  t h e  m a t e r i a l  has  a  25 p e r c e n t  compress ion-def lec t ion r e s i s t a n c e  o f  
l e s s  t h a n  3  pounds, i t  s h a l l  have a  t h i c k n e s s  of not  t h a n  314 inch.  
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