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INTRODUCTION 

This r e p o r t  summarizes t h e  r e s u l t s  of a concentra ted resea rch  

e f f o r t  concerning i n t e g r a t e d  s e a t l r e s t r a i n t  systems. This  resea rch  

e f f o r t  has  determined t h e  c u r r e n t  s t a t e  of t h e  laws p e r t i n e n t  t o  

t h e  s u b j e c t  a s  w e l l  a s  def ined t h e  t echnolog ica l  s t a t e  of t h e  a r t  

p e r t i n e n t  t o  such systems. 

Using t h e  techniques  of t h e  systems engineer ,  a mathematical  

model has  been developed which r e l a t e s  t h e  occupant and h i s  geometry 

t o  t h e  mechanical and s p a t i a l  cond i t ions  of t h e  v e h i c l e ' s  seat and /or  

r e s t r a i n t  system dur ing a crash.  Using s i m i l a r  techniques ,  a computer- 

o r i e n t e d  economics model has  been proposed t o  measure t h e  cost /benef  i t  

r a t i o  f o r  c u r r e n t  and f u t u r e  s e a t  and r e s t r a i n t  systems. 

Based upon t h e  systems models a methodol-ogy is  proposed f o r  

s e t t i n g  and eva lua t ing  new Federal  s t andards  f o r  i n t e g r a t e d  s e a t  and 

r e s t r a i n t  systems f o r  both  n e a r  and long-term implementation. The 

s p e c i f i c ,  d e t a i l e d  r e s u l t s  of t h i s  s tudy a r e  presented i n  appended 

supplements A ,  B,  and C which a r e  concerned wi th  t h e  law, t echnolog ica l  

s t a t e  of t h e  a r t ,  and t h e  occupant model r e s p e c t i v e l y .  This r e p o r t  

only a t t empts  t o  summarize those  r e s u l t s .  The reader  should r e f e r  

t o  t h e  supplement i n  ques t ion  f o r  a d e t a i l e d  t reatment .  



CURRENT STATE OF THE LAWS RELATING TO 
AUTOMOBILE SEATS AM) RESTRAINT SYSTEMS 

A complete review of t h e  s t a t e  laws which a r e  r e l a t e d  t o  s e a t s  

and occupant r e s t r a i n t  systems i s  given i n  Appendix A of t h i s  r e p o r t .  

That appendix may be summarized by no t ing  t h a t  f o r t y  s t a t e s  have 

i n i t i a t e d  some l e g i s l a t i o n  on t h i s  t o p i c .  While t h e  i n d i v i d u a l  

s t a t e  laws v a r i e d ,  they commonly conta ined t h e  a u t h o r i z a t i o n  f o r  a  

Commission t o  s e t  s t andards  and approve s e a t  b e l t  assemblies ,  These 

laws a l s o  s p e c i f i e d  t h e  SAE s tandard requirement a s  a  minimum accepta- 

b l e  l e v e l  f o r  compliance. A l e s s  commonly s t a t e d  requirement 

s p e c i f i e d  t h a t  t h e  s a l e  o r  t r a n s f e r  of used v e h i c l e s  would only  be 

p o s s i b l e  i f  s e a t  b e l t s  were i n s t a l l e d .  



SUMMARY OF THE STATE OF THE ART OF 
INTEGRATED SEATIRESTRAINT SYSTEMS 

A survey of t h e  t e c h n i c a l  l i t e r a t u r e  i n  t h e  f i e l d s  of Biomechanics, 

Economics, Engineering,  Psychology and Medicine y ie lded  a t o t a l  of 

approximately 2500 a r t i c l e s  d e a l i n g  wi th  s e a t s ,  r e s t r a i n t  systems and 

i n t e g r a t e d  s e a t l r e s t r a i n t  systems. These were c r i t i c a l l y  evaluated 

and u l t i m a t e l y  reduced t o  t h e  approximately 650 p e r t i n e n t  e n t r i e s  which 

a r e  included i n  Appendix B.  These a r t i c l e s  were p r o f e s s i o n a l l y  coded 

and indexed. I n  a d d i t i o n ,  they were c l a s s i f i e d  us ing t h e  computer- 

compiled KWIC system. This coding is a l s o  included i n  t h e  Appendix. 

The c u r r e n t  s t a t e  of t h e  a r t  a s  determined from t h i s  l i t e r a t u r e  

review and d i s c u s s i o n s  w i t h  t h e  automobile manufacturers l e d  t o  t h e  

conclus ion t h a t  two s t a t e s  of t h e  a r t  e x i s t .  The f i r s t  i s  t h a t  which 

i s  represen ted  by t h e  ve ry  l a t e s t  publ ished s c i e n t i f i c  d a t a  r e l a t i n g  

t o  t h e  s u b j e c t .  The second concerns systems which a r e  o l d e r  i n  p o i n t  

of t ime bu t  which have been t e s t e d  ex tens ive ly .  For t h e s e  systems 

t o o l i n g  and product ion c a p a b i l i t y  e x i s t  and thus  they  may be c l a s s i f i e d  

a s  systems f o r  which economic d a t a  is  a v a i l a b l e  f o r  determining c o s t /  

b e n e f i t  r a t i o s .  The t ime l a g  between t h e  two s t a t e s  of t h e  art  v a r i e s  

according t o  t h e  t o o l i n g  and product ion c a p a b i l i t y  a v a i l a b l e  a s  wel.1 

a s  t h e  l e a d  t ime requ i red  t o  develop manufacturing techniques  requ i red  

f o r  mass product ion.  Although t h e  l e a d  t ime r e q u i r e d  f o r  t o o l i n g  i.s a  

r a t h e r  well-defined q u a n t i t y ,  t h e  t o t a l  t ime requ i red  t o  put  a  system 

i n t o  product ion w i l l  va ry  a s  a f u n c t i o n  of t h e  demand. I f  Federa l  

s t a n d a r d s  s p e c i f y  a  c e r t a i n  device ,  automobile s u p p l i e r s  and manu- 

f a c t u r e r s  can vary  resource  a l l o c a t i o n  based upon t h e  assured demand 



f o r  t h e  goods and thus  s h o r t e n  t h e  l ead  t ime requirement.  

The c u r r e n t  s c i e n t i f i c  s t a t e  of t h e  a r t  cannot be summarized by 

r e f e r r i n g  t o  a  s p e c i f i c  dev ice  o r  r e s t r a i n t  c u r r e n t l y  proposed bu t  

r a t h e r  must be d i scussed  i n  terms of s e v e r a l  dev ices  and i d e a s  which 

could be i n t e g r a t e d  wi th  t h e  i n t e r i o r  des ign  t o  provide t h e  optimunn 

i n  passenger r e s t r a i n t  and p r o t e c t i o n .  The i n t e g r a t e d  s e a t / b e l t  

system a s  t y p i f i e d  by t h e  Cox o r  L i b e r t y  Mutual s e a t s  o f f e r  more 

p r o t e c t i o n  a g a i n s t  l a t e r a l ,  rearward o r  s p i n  f o r c e s  than  i s  provided 

by t h e  common bench s e a t  p r e s e n t l y  o f f e r e d  i n  most product ion v e h i c l e s .  

The most widely used s e a t  of t h i s  type  i s  t h e  passenger and crew s e a t  

provided i n  a i r p l a n e s .  These s e a t s ,  however, a r e  no t  designed 

p r i m a r i l y  f o r  impact a t t e n u a t i o n  bu t  r a t h e r  f o r  passenger tie-down 

dur ing tu rbu lence  and rough land ings .  They a r e  no t  adequate ly  de- 

s igned f o r  impact u s e  and i n  f a c t  have a  h i s t o r y  of f a i l u r e  under 

moderate loads  (6G's) .  They do i n d i c a t e ,  however, t h a t  product ion 

s e a t i n g  i n  which passenger r e s t r a i n t  and s e a t i n g  a r e  coordinated i s  

f e a s i b l e .  

The crew s e a t s  i n c o r p o r a t e  a  four-point  harness  which i s  e a s i l y  

worn and which should be i n v e s t i g a t e d  i n  t h e  Phase I1 t e s t  program. 

The four-point  r e s t r a i n t  system i s  s i m i l a r  t o  t h a t  p r e s e n t l y  a v a i l a b l e  

wi th  t h e  Shelby Ford GT. The Shelby Ford system i s  unique i n  t h a t  i t  

i n c o r p o r a t e s  a n  i n e r t i a l  locking dev ice  which permits  motion of t h e  

upper t o r s o  dur ing t h e  normal d r i v i n g  t a s k  and y e t  locks  dur ing im-  

p a c t  t o  provide upper t o r s o  r e s t r a i n t  f o r  a l l  impacts a s  w e l l  a s  head 

r e s t r a i n t  dur ing r e a r  impact. 



Only a  l i m i t e d  amount of m a t e r i a l  e x i s t s  i n  t h e  l i t e r a t u r e  

regard ing  p a s s i v e  r e s t r a i n t  systems (systems no t  r e q u i r i n g  a c t i v e  

p a r t i c i p a t i o n  by t h e  u s e r  t o  enjoy t h e i r  b e n e f i t s ) .  Foremost among 

t h e s e ,  however, i s  t h e  a i r  bag system. Recent s t u d i e s  have shown 

t h a t  t h e s e  systems a r e  r a p i d l y  approaching t h e  p o i n t  where they may 

be  f e a s i b l e  f o r  i n c o r p o r a t i o n  i n t o  product ion v e h i c l e s .  These 

systems, which a r e  e l e c t r o n i c a l l y  a c t i v a t e d ,  can provide f r o n t a l  

p r o t e c t i o n  f o r  b e l t e d  o r  unbe l ted  occupants i n  t h e  f r o n t  and/or r e a r  

s e a t s .  A s  y e t  unresolved a r e  t h e  q u e s t i o n s  of c o s t ,  r e l i a b i l i t y ,  n o i s e  

l e v e l  dur ing a c t i v a t i o n ,  e f f e c t i v e  f a i l - s a f e  measures. 

The only o t h e r  f e a s i b l e  p a s s i v e  system suggested t o  d a t e  has  been 

t h e  c o l l a p s i b l e  s t e e r i n g  column employed i n  a l l  1968 motor v e h i c l e s .  

Th i s  system, however, s u f f e r s  from t h e  same f a u l t  a s  t h e  a i r  bag 

i n  t h a t  i t  is  i n e f f e c t i v e  f o r  anything but  a  f r o n t a l  c o l l i s i o n .  It 

does i l l u s t r a t e ,  however, what can occur when c o n t r o l l e d  deformat ion 

of v e h i c l e  components i s  used t o  absorb k i n e t i c  energy of t h e  v e h i c l e  

occupant.  

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

p l a s t i c  deformat ion of t h e  b e l t  anchor p o i n t s ,  p l a s t i c  elements i n  

s e r i e s  w i t h  t h e  b e l t ,  c r i t i c a l l y  damped b e l t  m a t e r i a l s  and more 

h igh ly  damped s e a t  s t r u c t u r e s  a l l  could combine t o  provide g r e a t e r  

c o n t r o l  over  occupant motion. Our p re l iminary  s t u d i e s  w i t h  a  s impl i -  

f i e d  mathematical  model (of f r o n t  and r e a r  occupant response)  i n d i c a t e  

t h a t  t h e  i n t e r a c t i o n  of f r o n t  and r e a r  s e a t  passengers  would be l e s s  

s e v e r e  o r  p o s s i b l y  would no t  occur a t  a l l  i f  more damping were p r e s e n t  

i n  t h e  upper t o r s o  r e s t r a i n t .  



The product ion s t a t e  of t h e  a r t  is  b e s t  i l l u s t r a t e d  i n  t h e  1968 

model motor v e h i c l e s .  These v e h i c l e s  inc lude  those  dev ices  f o r  which 

t o o l i n g  and manufacturing c a p a b i l i t y  now e x i s t  i n  s u f f i c i e n t  magni- 

tude  t o  equip t h e  p resen t  product ion expec ta t ions .  

The primary changes from t h e  1967 v e h i c l e s  c o n s i s t  of increased 

numbers of b e l t s  a s  w e l l  a s  more o r i g i n a l  approaches t o  t h e  problem 

of b e l t  s t o r a g e  and housekeeping. No manufacturer ,  however, has in- 

d i c a t e d  any change i n  t h e  b e l t  webbing m a t e r i a l .  Thus no improvement 

i n  t h e  energy-absorbing c a p a b i l i t y  of t h e  r e s t r a i n t  system is  

a n t i c i p a t e d .  

Although one manufacturer d i d  i n d i c a t e  t h a t  s e a t  parameters such 

a s  s p r i n g  r a t e  and compliance a r e  a f a c t o r  i n  s e a t  des ign  wi th  r e s p e c t  

t o  impact a t t e n u a t i o n ,  no s p e c i f i c  evidence was c i t e d  t o  confirm t h e  

s ta tement .  C e r t a i n l y  such parameters can play a major r o l e  and should 

be i n t e g r a t e d  i n t o  t h e  des ign  process .  

An example of t h i s  i s  t h e  c a s e  c i t e d  by an  i n d u s t r i a l  source  when 

questioned about head r e s t s  o r  h igher  s e a t  backs.  It was i n d i c a t e d  

t h a t  s u b s t a n t i a l  d e f l e c t i o n s  of t h e  s e a t  back allowed l a p  b e l t  s l a c k ,  

r e s u l t i n g  i n  g r e a t e r  angular  r o t a t i o n  of s u b j e c t ' s  head and neck and 

thus  p o t e n t i a l l y  i n c r e a s i n g  hyperextent ion-hyperf lexion i n j u r i e s ,  when 

a l a r g e  occupant i s  involved i n  a rearward c o l l i s i o n .  Such a situl- 

a t i o n  can be avoided by t h e  use  of systems models and t o t a l  des ign  

i n t e g r a t i o n  of t h e  s e a t  and b e l t  system, i n  a d d i t i o n  t o  t h e  use  of 

p roper ly  gathered anthropometr ic  d a t a .  This des ign  i n t e g r a t i o n  does 



not  n e c e s s a r i l y  imply t h a t  s e a t s  wi th  t h e  b e l t s  a t t a c h e d  t o  t h e  s e a t  

frames o f f e r  t h e  optimum s o l u t i o n .  It does imply t h a t  t h e  des ign  of 

t h e  s e a t  and r e s t r a i n t  system should be  considered a s  a t o t a l  package. 

S p e c i f i c a l l y ,  t r ade-of f s  between t h e  comfort and impact performance 

of t h e  s e a t  may be  requ i red .  



THE HSRI VEHICLE-OCCUPANT MATHEMATICAL SIMULATION PROGRAM 

A s  an important phase of i t s  research in to  integrated sea t  and 

occupant r e s t r a i n t  performance, the  Highway Safety Research I n s t i t u t e  

has developed a program using mathematical techniques t o  simulate the 

dynamic behavior of a motor vehic le  occupant. This program cons is t s  of 

th ree  p a r a l l e l  e f f o r t s :  development of simple one, two, or  th ree  mass 

element bodies simulating human motion i n  a c o l l i s i o n  s i t u a t i o n ;  

development of sophist icated d i g i t a l  computer programs simulating an 

automobile crash vict im i n  a f ront-rear  c o l l i s i o n ;  and development of 

more general simulations.  It i s  f e l t  t h a t  a l l  th ree  phases of t h i s  

research have already yielded r e s u l t s  usefu l  i n  the development of 

sa fe ty  performance standards and i n  general understanding of c o l l i s i o n  

dynamics . 
The simple model program has been s t a r t e d  qu i t e  recent ly .  Already 

i t  has been found t h a t  a very simple model can be used to  predict  

gross i n t e rac t ion  depending on r e s t r a i n t  system mater ial  parameters 

between f ron t  and r e a r  s ea t  passengers i n  an auto when the  front-  

seated passenger i s  res t ra ined  by both a sea t  b e l t  and a shoulder 

harness and the  rear-seated passenger is  res t ra ined  only by a s ea t  

b e l t .  See Appendix C f o r  d e t a i l s .  Br ie f ly ,  the simple model con- 

s idered 95th pe rcen t i l e  males occupying f ron t  and r ea r  s ea t s  re- 

s t ra ined  a s  indicated.  In  the  absence of damping i n  the  upper torso 

r e s t r a i n t  f o r  the forward passenger a 20-mph c o l l i s i o n  was predicted 

t o  produce dynamic motions y ie ld ing  impact between the  forward and 



r e a r  passengers .  The model demonstrated t h a t  i f  t h e  upper t o r s o  re -  

s t r a i n t  has  been given a proper damping (energy absorp t ion)  charac- 

t e r i s t i c  t h i s  impact would have been impossible .  It i s  considered 

t h a t  no a d d i t i o n a l  s o p h i s t i c a t i o n  of t h e  model i s  needed t o  draw such 

a conclus ion and t o  provide a v a l i d  empi r ica l  f i e l d  s o l u t i o n .  Such a 

s o l u t i o n  would, of course ,  n o t  be  optimum b u t ,  s i n c e  no o t h e r  a s p e c t  of 

t h e  c u r r e n t  s t a t e  of t h e  a r t  may be considered optimum a t  t h i s  d a t e ,  

i t  would be  a s  j u s t i f i a b l e  a s  any o t h e r  a s p e c t  of c u r r e n t  s e a t i n g  

s tandards  o r  p r a c t i c e .  A ref inement  of t h i s  model which i n c l u d e s  s e a t  

b e l t  e l a s t i c i t y  and damping i s  a p resen t  being prepared by t h e  

Highway Safe ty  Research I n s t i t u t e  f o r  v i s u a l  d i s p l a y  a s  t h e  ou tpu t  

from an  analog computer s imula t ion .  A s p e c i a l  r e p o r t  w i l l  be  r e l e a s e d  

based upon t h i s  model, which w i l l  more g r a p h i c a l l y  i l l u s t r a t e  t h e  

po in t  w i t h  a v a r i e t y  of p r a c t i c a l  parameters v a l u e s .  A three-mass 

body s imula t ion  i s  t h e  nex t  s t e p  i n  t h e  analog computer e f f o r t s  which 

a r e  p a r t  of t h e  ongoing r e s e a r c h  program of t h e  Highway Safe ty  Research 

I n s t i t u t e .  Work is  p r e s e n t l y  being i n i t i a t e d  f o r  cons ider ing  t h e  

motion of t h e s e  s imple  bod ies  i n  t h r e e  dimensions. It  i s  f e l t  t h a t  

t h i s  program involving s imple  models i s  p a r t i c u l a r l y  germane because 

near-term r e s u l t s  a r e  r e a l i s t i c a l l y  a t t a i n a b l e  a s  wi tnessed by t h e  

s imple  occupant i n t e r a c t i o n  model noted above. 

The second phase of t h e  Highway Safe ty  Research I n s t i t u t e ' s  

packaging r e s e a r c h  program has  developed a d e f i n i t e  d i r e c t i o n  during 

t h e  course  of t h i s  p r o j e c t .  The d i g i t a l  computer program f o r  simul- 

a t i n g  occupant dynamics which i s  c u r r e n t l y  being t e s t e d  a g a i n s t  



r e s u l t s  from s imi la r  programs i s  s l i g h t l y  more sophis t ica ted  than the  

e a r l i e r  e f f o r t s  documented i n  the  l i t e r a t u r e .  The main differences 

a r e  i n  the number of allowed body contacts  with the vehic le  i n t e r i o r .  

The occupant i s  s t i l l  approximated by an eight-segment a r t i c u l a t e d  

system of l i nks .  This computer program, by v i r t u e  of i t s  exis tence,  

i s  now being used by the  Highway Safety Research I n s t i t u t e  fo r  current  

parametric s tud ie s  of the r e l a t i o n  between the occupant, h i s  re-  

s t r a i n t  system, and the  auto i n t e r i o r .  Again t h i s  program of re- 

search has the advantage t h a t  i t s  r e s u l t s  can be used i n  the near- 

term development of performance standards on in tegra ted  sea t  and 

occupant r e s t r a i n t  performance. 

The t h i r d  phase of t h i s  pro jec t  has been a s  a c t i v e  a s  the f i r s t  

two. This phase was concerned primari ly  with advancing the s t a t e  of 

the  a r t  i n  a myriad of d i r ec t ions .  A sophist icated simulation has 

been developed and i s  the primary subject  of Appendix C of t h i s  repor t .  

This new model includes changes and improvements of the e a r l i e r  model 

which can be made without increasing the  number of degrees of f r ee -  

dom of the  auto occupant. However, p i t ch  and v e r t i c a l  motion of the  

vehic le  a r e  included i n  t h i s  model a s  wel l  a s  a rear-seat  passenger 

and occupant in jury  c r i t e r i a .  The flow diagrams f o r  d i g i t a l  simu- 

l a t i o n  a r e  included i n  Appendix C and the ac tua l  programming i s  

scheduled t o  begin soon. 

Another aspect of the th i rd  phase which has received considerable 

thought i s  three-dimensional modeling. The Biomechanics group of 

the  Highway Safety Research I n s t i t u t e  has developed a theory f o r  the  



three-dimensional modeling N-body problem of physics  which i s  par- 

t i c u l a r l y  adap tab le  t o  a system of a r t i c u l a t e d  l i n k s  (body elements)  

moving i n  t h r e e  dimensions. The theory has  been developed w i t h  d i g i t a l  

computation i n  mind. It i s  planned t h a t  more s o p h i s t i c a t e d  models 

than those  considered i n  Phase I w i l l  be  s t u d i e d .  

The Highway Safe ty  Research I n s t i t u t e  has  a l s o  i n i t i a t e d  a j o i n t  

e f f o r t  wi th  t h e  Mathematical Modeling Committee of t h e  Automobile 

Manufacturers Assoc ia t ion  t o  develop a r e f e r e n c e  v e h i c l e  i n t e r i o r  

f o r  use  wi th  mathematical  models of occupant dynamics. This would 

provide a uniform i n t e r i o r  c o n f i g u r a t i o n  wi th  a p p r o p r i a t e  geometry, 

load-def lec t ion  c h a r a c t e r i s t i c s ,  and acce le ra t ion- t ime  i n p u t s  f o r  

use  by Univers i ty ,  government, and i n d u s t r i a l  r e s e a r c h e r s  i n  t h e  

f i e l d  of occupant modeling. Such a conf igura t ion  w i l l  a l low any 

model t o  be mathematically compared wi th  previous  models. Thus i t :  

w i l l  provide  a common base  of knowledge f o r  a l l  i n t e r e s t e d  p a r t i e s .  

The Automobile Manufacturers Assoc ia t ion  i s  t h e  most l o g i c a l  

o r g a n i z a t i o n  t o  develop such a uniform body of d a t a  inasmuch a s  i t  

w i l l  r e f l e c t  t h e  b e s t  judgment of t h e  i n d u s t r y  a s  a whole. The 

Highway Safe ty  Research I n s t i t u t e ,  a s  a u n i v e r s i t y  resea rch  organi-  

z a t i o n ,  i s  i n  t h e  b e s t  p o s i t i o n  t o  s e r v e  t h e  i n t e r e s t s  of t h e  

government and i n d u s t r y  i n  such a coordinated e f f o r t .  

The Highway Safe ty  Research I n s t i t u t e  of The Univers i ty  of 

Michigan has a p a r t i c u l a r  capac i ty  f o r  under taking a resea rch  pro-- 

gram of t h e  type descr ibed above. These cons idera t ions  have l e d  t o  t h e  

d e f i n i t i o n  under t h i s  p r o j e c t  of a r e s e a r c h  program which i s  a l r e a d y  

beginning t o  y i e l d  a payoff i n  t h e  understanding and s imula t ion  of 

au to  occupant c o l l i s i o n  dynamics. 



PHASE I1 TEST PROGRAM 

Based upon t h e  r e s u l t s  of t h e l h a s e  I program, i t  is  p o s s i b l e  t o  

d e s c r i b e  a r e s e a r c h  program f o r  a Phase I1 e f f o r t  which w i l l  s e r v e  t o  

d e f i n e ,  ana lyze ,  and t e s t  i n t e g r a t e d  s e a t i r e s t r a i n t  systems, wher~e an  

automotive s e a t i r e s t r a i n t  system i s  def ined  t o  be  t h a t  s e t  of phys ica l  

u n i t s  which support  and r e s t r a i n  a human body dur ing t h e  r a p i d  a c c e l e r -  

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

of i t s  a b i l i t y  t o  p r o t e c t  t h e  body from unnecessa r i ly  ha rsh  c o n t a c t  

w i t h  t h e  v e h i c l e  i n t e r i o r  when t h e  v e h i c l e  undergoes v i o l e n t  motion 

i n  any d i r e c t i o n .  

A s  such,  t h e  s e a t l r e s t r a i n t  system c o n s i s t s  of a f i n i t e  number 

of subsystems, each of which can b e  c h a r a c t e r i z e d  by a s e t  of engi- 

neer ing  parameters.  The subsystems of geometr ical  and phys ica l  

c h a r a c t e r i s t i c s ,  anthropometr ics ,  weight ,  and human t o l e r a n c e  t o  

e x t e r n a l  f o r c e s  a l l  combine t o  provide t h e  cond i t ions  d e f i n i n g  

passenger s e a t i n g  and r e s t r a i n t .  Design can be accomplished e i t h e r  

on a n  i n t u i t i v e  and/or  a r t  form base  us ing  r u l e s  of thumb and good 

engineer ing p r a c t i c e  t o  y i e l d  a n  empi r ica l  engineer ing s o l u t i o n ,  o r  

by means of a systems o r  s e m i a n a l y t i c a l  approach based upon a wel l -  

de f ined  s e t  of c r i t e r i a .  However, on ly  by t h e  u s e  of systems engi- 

neer ing  techniques  can t h e  optimum i n t e g r a t i o n  of t h e  t o t a l i t y  of 

f a c t o r s  involved be achieved.  

Some of t h e  subsystems which combine t o  provide occupant s e a t -  

i n g  and r e s t r a i n t  a r e :  



(1) Head r e s t  (5) Upper t o r s o  b e l t s  

( 2 )  Sea t  back 

( 3 )  Seat  pan 

(6 )  Lap b e l t s  

( 7 )  Foot suppor t  

( 4 )  Seat  t r a c k  & s t r u c t u r e  (8) Knee support  

( 9 )  R e s t r a i n t  anchor p o i n t s  

Each of t h e  above may be c h a r a c t e r i z e d  by i t s  geometry and by p e r t i -  

nen t  phys ica l  parameters  d e s c r i b i n g  dynamic load-def lec t ion  response.  

If we u s e  t h e  s e a t  back a s  a n  example, t h e  geomet r ica l  v a r i a b l e s  

inc lude  : 

(1)  T o t a l  h e i g h t  

( 2 )  Depth w i t h  r e s p e c t  t o  
a  r e f e r e n c e  s u r f a c e  

(4)  L a t e r a l  suppor t  pro- 
us ions ,  l o c a t i o n  and 
con£ i g u r a t  i o n  

(5) Mass 
(3) Radius of g y r a t i o n  

To t h e s e  must be added t h e  deformation c h a r a c t e r i s t i c s  o f :  

(1) Load-def lect ion response of t h e  s p r i n g  s t r u c t u r e  a s  a  

f u n c t i o n  of l o c a t i o n .  

( 2 )  Load-def lect ion of t h e  s e a t  structfi',ue f o r  forward,  rearward,  

l a t e r a l ,  and o b l i q u e  load ing .  

(3) Damping c h a r a c t e r i s t i c s  of t h e  s p r i n g s  and s e a t  s t r u c t u r e  a s  

a  f u n c t i o n  of f o r c e  d i r e c t i o n  and r a t e  of load ing .  

A l l  of t h e s e  v a r i a b l e s  must be q u a n t i f i e d  f o r  each subsystem and 

t h e n  combined mathemat ical ly  i n  a n  ordered m a t r i x  t o  s tudy  t h e i r  i n t e r -  

r e l a t i o n s h i p s .  Based upon t h e  computer s i m u l a t i o n  of t h e  t o t a l  system, 

t h e  exper imental  v e r i f i c a t i o n  of r e s u l t s  w i l l  a l l o w  t h e  es tab l i shment  



of s p e c i f i c  numerical c r i t e r i a  which w i l l  serve a s  the  bas i s  of 

fu tu re  Federal s tandards.  Furthermore, i t  w i l l  allow sea t ing  and 

r e s t r a i n t  systems to  be developed i n  a  manner s imi l a r  to  t h a t  ac-- 

cepted a s  normal procedure i n  the aerospace, communications, and 

defense indus t r i e s .  

It i s  important t o  r e a l i z e  t h a t  a t  t h i s  time no in tegra ted  

s e a t l r e s t r a i n t  system fo r  automotive use e x i s t s  which i s  predicated 

upon ordering and optimizing a l l  t he  l og ica l  subsystems in to  a  use- 

ab l e  package. Although from the  standpoint of comfort, t he  study 

of sea t ing  has produced some empir ical ly  derived design parameters, the 

systematic determination of func t iona l  forms f o r  impact a t tenuat ion  

i s  not y e t  a  r e a l i t y .  

In  order t o  study the  t o t a l i t y  of f a c t o r s  involved and i n t e g r a t e  

them using systems engineering techniques, the  numerical character- 

i z a t i o n  of ex i s t i ng  s e a t s ,  s e a t  s t r u c t u r e s ,  and r e s t r a i n t  systems 

must be achieved. A t  p resent ,  these parameters e x i s t  only f o r  a  

l imi ted  sample, and the gaps i n  t he  ava i l ab l e  knowledge a r e  f i l l e d  

i n t u i t i v e l y  ra ther  than e x p l i c i t l y .  Such parameters development is  

a  s t raightforward engineering laboratory procedure requir ing only 

commonly ava i l ab l e  techniques and quipment. 

Inherent i n  such a program i s  the a v a i l a b i l i t y  of a  highly 

developed mathematical simulation of the  occupant and the  s e a t /  

r e s t r a i n t  system. This simulation capab i l i t y  should not be contin- 

gent upon vehic le  i n t e r i o r  impact per s e  unless the i n t e r i o r  i s  



designed t o  a c t  s p e c i f i c a l l y  a s  a  p a r t  of t h e  r e s t r a i n t  system. That 

i s ,  t h e  occupants '  displacement and v e l o c i t y  envelopes should be 

determined and minimized c o n s i s t e n t  wi th  human t o l e r a n c e  in format ion ,  

bu t  t h e  v e h i c l e  s t r u c t u r e  a s  such is  n o t  considered t o  be a  p a r t  of 

t h i s  r e s e a r c h  program. Th is  s i m u l a t i o n  c a p a b i l i t y  w i l l  a l low t h e  e- 

v a l u a t i o n  and o p t i m i z a t i o n  of a l l  t h e  f a c t o r s  involved,  inc lud ing  

concepts  t h a t  may seem c u r r e n t l y  i m p r a c t i c a l ,  t o  provide t h e  foun- 

d a t i o n  f o r  j u s t i f i a b l e  s t a n d a r d s  which s h a l l  be a p p r o p r i a t e  from t h e  

s t andpoin t  of t h e  p e r t i n e n t  human f a c t o r s ,  eng ineer ing ,  and biodynamic 

c o n s i d e r a t i o n s .  A f t e r  t h e  f e a s i b i l i t y  of t h e  des ign  concepts  i s  

e s t a b l i s h e d  t h e n  economic e v a l u a t i o n  w i l l  be used t o  provide a d d i t i o n a l  

in fo rmat ion  regard ing  t h e  f e a s i b i l i t y  of implementation.  The auto-  

mobile i n d u s t r y  has  been a c t i v e l y  developing such a  c a p a b i l i t y  w i t h i n  

t h e  p a s t  two y e a r s .  The r e s u l t s  of t h e i r  programs and t h e  performance 

of t h e  s e a t i n g  and r e s t r a i n t  subsystems a r e  n o t  a v a i l a b l e  i n  t h e  open 

l i t e r a t u r e , a l t h o u g h  i t  i s  known t h a t  comparative s t u d i e s  of s e a t i n g  

and r e s t r a i n t  system a r e  being performed. I f  t h e  Bureau i s  t o  p roper ly  

e v a l u a t e  t h e i r  des igns  and s e t  adequate  s t a n d a r d s ,  i t  must have t h e  

c a p a b i l i t y  t o  perform independent a n a l y s i s ,  t e s t ,  and v e r i f i c a t i o n  of 

e x i s t i n g  and proposed s e a t l r e s t r a i n t  sys tems,  

I n  o rder  t o  ach ieve  t h e  above requirements ,  t h e  fo l lowing  i n f o r -  

mation must be determined by a  comprehensive r e s e a r c h  program in- 

vo lv ing  eng ineer ing  c h a r a c t e r i s t i c s ,  s imula t ion ,  and v a l i d a t i o n .  



Such a program should i n c l u d e  t h e  fo l lowing  in format ion  i n  i t s  e a r l y  

phases b e f o r e  t e s t i n g  s p e c i f i c  s e a t s  and r e s t r a i n t  dev ices .  

1. A s tandard  s e t  of anthropomorphic d a t a  r e p r e s e n t a t i v e  of 

t h e  popula t ion  of v e h i c l e  occupants being developed needs 

t o  be agreed upon. The n e c e s s i t y  f o r  such agreement is  

i l l u s t r a t e d  by t h e  r e c e n t  con t roversy  over Federa l  s t andard  

201. One of t h e  primary a r e a s  of disagreement revolved 

around t h e  l a c k  of accord over a r e p r e s e n t a t i v e  s e t  of 

such d a t a .  

2. A m a t r i x  of geomet r ica l  and p h y s i c a l  c h a r a c t e r i s t i c s  f o r  

c u r r e n t  product and p ro to type  s e a t  and r e s t r a i n t  sub- 

systems must b e  determined t o  provide a d a t a  bank f o r  use  

i n  t h e  s i m u l a t i o n  of s e a t l r e s t r a i n t  performance. When 

such d a t a  a r e  a v a i l a b l e ,  f u r t h e r  documentation of t h e  

p resen t  s t a t e  of t h e  a r t  w i l l  be  p o s s i b l e  and t h e  per- 

formance of f u t u r e  s e a t s  and r e s t r a i n t  systems can be 

a c c u r a t e l y  measured a g a i n s t  t h o s e  now a v a i l a b l e .  

3 .  A computer s i m u l a t i o n  of occupant response invo lv ing  

s imple  analog and more d e t a i l e d  d i g i t a l  models should be 

formulated and exper imenta l ly  v e r i f i e d ,  us ing t h e  above 

d a t a .  

These requirements  have been included a s  one phase of a mul t i -  

phased r e s e a r c h  program of 26-month d u r a t i o n .  This program has  

been designed t o  p rov ide  t h e  Federa l  Highway Safe ty  Bureau w i t h  

t h e  fol lowing i n f  ormation.  



1. A complete d a t a  bank which documents the  performance of 

c u r r e n t l y  a v a i l a b l e  s e a t  and r e s t r a i n t  systems. (6 months) 

2 .  A program which w i l l  provide  t h e  engineer ing,  psycho log ica l ,  

biodynamic, and economic d a t a  r e q u i r e d  t o  produce s t a n d a r d s  

s u i t a b l e  f o r  near-term implementation. It i s  a n t i c i p a t e d  

t h a t  agreement by government, i n d u s t r y ,  and r e s e a r c h  

o r g a n i z a t i o n s  can be reached w i t h i n  one year  and a s t andard  

method of a n a l y s i s  ( v i a  s imula t ion)  which w i l l  p r e - t e s t  

s e a t l r e s t r a i n t  systems a g a i n s t  a s e t  of r e a l i s t i c  performance 

measures.  This w i l l  a l low des ign  f l e x i b i l i t y  on t h e  p a r t  of 

manufacturers and s e r v e  a s  a b a s i s  f o r  p r e c e r t i f i c a t i o n  of 

des ign  concepts .  (13 months) 

3. A program which w i l l  analyze ,  c o n s t r u c t ,  and t e s t  i n t e g r a t e d  

s e a t l r e s t r a i n t  systems which may meet economic cost /benef  i t  

c r i t e r i a  and thus  be s u i t a b l e  f o r  long-term implementation. 

(26  months) 

A t ime-scaled flow c h a r t  shows t h e  i n t e r a c t i o n  of t h e  major even t s  

of t h e  t o t a l  r e s e a r c h  program. This program i s  an o u t l i n e  of p a r t  of 

t h e  p ro jec ted  a c t i v i t y  of t h e  Biomechanics Department of t h e  Highway 

Safe ty  Research I n s t i t u t e .  A s  such i t  w i l l  u t i l i z e  t h e  l a r g e  hybr id  

a n a l o g - d i g i t a l  computer f a c i l i t y  which i s  being acquired and which w i l l  

be used f o r  f u r t h e r  s t u d i e s  of two- and three-dimensional occupant 

k inemat ics ,  Impact s l e d s  capable  of s imula t ing  f r o n t ,  r e a r ,  l a t e r a l ,  

and ob l ique  impacts a r e  being purchased and w911 be supplemented wi th  

a l i m i t e d  e l e c t r o n i c s  and o p t i c a l  ins t rumenta t ion  package. The s l e d s  
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w i l l  be  complemented by a h igh-ve loc i ty  impact machine now on o rder  

which w i l l  be used t o  c h a r a c t e r i z e  t h e  dynamic mechanical  p r o p e r t i e s  

of s e a t  and r e s t r a i n t  subsystems. 

The i n t e r n a l  I n s t i t u t e  program i n  t h e  a r e a  of s e a t  and r e s t r a i n t  

systems w i l l  be  funded a t  t h e  annual  r a t e  of four  man y e a r s  f o r  t h e  

nex t  f i v e  ca lendar  y e a r s  r e g a r d l e s s  of e x t e r n a l  c o n t r a c t  support:. At 

t h e  end of f i v e  y e a r s  i t  is  expected t h a t  t h e  r e s e a r c h  o b j e c t i v e s  

above w i l l  have been achieved.  A t  t h e  inhouse l e v e l  of e f f o r t  i t  is  

expected t h a t  approximately one s l e d  run  per  week w i l l  be produced 

and t h a t  two r a t h e r  than  f i v e  anthropometr ic  dummies w i l l  have been 

used.  

We would recommend t h a t  t h e  Bureau supplement our proposed pro- 

gram a t  t h e  l e v e l  of seven man y e a r s  per  year  i n  o rder  t o  accomplish 

t h e  d e s i r e d  r e s u l t s  i n  t h e  s h o r t e r  time per iod  shown on t h e  time- 

s c a l e d  flow c h a r t .  This  coopera t ive  program would a l low an  e f f o r t  

of approximately twenty-two t o  twenty-four man y e a r s  d i r e c t e d  toward 

achieving t h e  t h r e e  major elements desc r ibed  p rev ious ly .  I n  t a b u l a r  

form below a r e  i n d i c a t e d  t h e  major elements and t h e  man y e a r s l y e a r  

provided by t h e  Highway S a f e t y  Research I n s t i t u t e  and t h e  proposed 

Bureau suppor t .  



HSRI F a c i l i t i e s  
(minimum instrumentation) 

Analog-Digi t a l  Hybrid 
Computer 

D i g i t a l  Computer 
Simulation 

Impact Sleds 
( l a rge  //I, 000 payload) 
(small #200 payload) 

HSRI Program DOT Program 
per year p e r  year 

1/ 2 Man Year 1 Man Year 

1 Man Year 2 Man Years 

2 Man Years 3 Man Years 

Plastech Impact Machine 
and Mechanical t e s t  devices - 1 / 2  Man Year 1; Krin Year 

4 Man Years 7 Man Years 

I n  addi t ion  t o  t he  support required f o r  personnel,  funds w i l l  be 

required f o r  computer time charges and f u r t h e r  instrumentation 

sophis t ica t ion .  



PROPOSED STANDARDS FOR NEAR AND LONG TERM IMPLEMENTATION 

The development of f u t u r e  Federa l  s t andards  concerned wi th  t h e  

i n t e g r a t i o n  of t h e  s e a t  and of r e s t r a i n t  systems can l o g i c a l l y  be 

organized i n t o  those  which can be accomplished w i t h i n  a per iod of 

twenty-four months (near term) and those  which a r e  suggested f o r  

f u t u r e  implementation when t h e  necessary  t e s t s ,  product ion f e a s i b i -  

l i t y ,  and cost lbenef  i t s  c r i t e r i a  a r e  f i r m l y  e s t a b l i s h e d .  

Near Term - 

The r e c e n t  concern regarding impact between t h e  f r o n t  and 

r e a r  s e a t  occupants wi th  t h e  upper t o r s o  r e s t r a i n t  worn by t h e  

f r o n t  s e a t  occupant could have been minimized had a d d i t i o n a l  energy 

a b s o r p t i o n  been included i n  t h e  upper t o r s o  r e s t r a i n t .  I f  t h e  

energy which i s  i r r e v e r s i b l y  absorbed by t h e  system i s  inc reased ,  

t h e r e  i s  every reason  t o  b e l i e v e  t h a t  a d d i t i o n a l  b e n e f i t s  i n  occupant 

impact r educ t ion  w i l l  be markedly inc reased .  

Based on t h e  a v a i l a b l e  l i t e r a t u r e  and our computer model 

s t u d i e s  i t  is  suggested t h a t  a performance s tandard  be  e s t a b l i s l ~ e d  

regarding t h e  energy-absorbing c a p a b i l i t y  of t h e  anchor p o i n t - b e l t  

system. This  would i n c l u d e  t h e  anchors ,  f a s t e n e r s ,  b e l t s  and 

a s s o c i a t e d  hardware i n  t h e  t o t a l  system. 

Thus, i t  is  proposed t h a t  t h e  energy absorbed i r r e v e r s a b l y  

by t h e  b e l t s  and anchor p o i n t s  f o r  each model v e h i c l e ,  when dynami- 

c a l l y  loaded and unloaded t o  a peak load  of 80% of t h e  5,000-lb 

maximum of t h e  p r e s e n t  system, be doubled f o r  t h e  corresponding 1970 

model v e h i c l e s .  This  should be done i n  a manner which w i l l  l i m i t  



t he  deformation so t h a t  t he  occupant s h a l l  not contact  t he  vehic le  

i n t e r i o r  i n  a manner d i f f e r e n t  from the  previous year.  This w i l l  

al low the  automobile manufacturers complete freedom of design i n  

meeting the  requirement and y e t  s e t  a r e a l i s t i c  l e v e l  t o  be obtained with 

regard t o  impact a t tenuat ion .  It should s t imula te  new research on 

the  pa r t  of the companies i n t o  the  methods of achieving such a goal .  

It should be noted t h a t  s u f f i c i e n t  methods such a s  new 

webbing mater ia l s ,  mechanically ac t ing  devices, and techniques f o r  

introducing cont ro l led  deformation of the elements of system a r e  

present ly ava i lab le  so t h a t  a l l  manufacturers can meet the  re-  

quirement. Since SAE standards which specify the  t e s t  techniques 

f o r  determining anchor point and b e l t  performance a r e  already i n  

exis tence,  the new t e s t  procedure should not place an undue harld- 

ship on the  industry,  t echnica l ly .  I f  there  i s  s u f f i c i e n t  reason 

to  be l ieve  t h a t  addi t iona l  bene f i t s  can be derived by increased 

energy absorption then the  standard can be ra i sed  f o r  fu tu re  model 

years .  

Long Term 

For long term standards i t  i s  suggested t h a t  performance 

c r i t e r i a  be es tab l i shed  which a r e  coupled t o  impact surv iva l  f o r  a 

given l e v e l  f rontal impact  i n t o  an SAE b a r r i e r ,  a prescribed l a t e r a l  

impact,and a r ea r  impact. Such a standard could be t i e d  t o  the 

average performance of a l l  vehic les  i n  a p a r t i c u l a r  p r io r  model year .  

In  following years  the l e v e l  of a l l  vehic les  produced could then be 

required t o  exceed the  performance of the  average vehic le  i n  the 

base year.  The standard could thus pyramid, bui lding on previous 



y e a r s ,  u n t i l  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  had been achieved.  

This  procedure would a l l o w  t h e  manufacturer complete freedom of 

des ign  cho ice  and y e t  ach ieve  t h e  d e s i r e d  o b j e c t i v e  of i n c r e a s i n g  

crash-worthiness  of automobiles.  For example, i t  might be  p o s s i b l e  

f o r  one manufacturer t o  meet t h e  s t andard  by u s i n g  l a p  b e l t s  and 

shoulder  ha rnesses  whi le  ano ther  might use  on ly  l a p  b e l t s  and a 

t h i r d  no a c t i v e  r e s t r a i n t  system a t  a l l .  Thus t h e  compet i t ive  

s i t u a t i o n  would encourage a c t i v e  company r e s e a r c h  and promotion 

of a s p e c i f i c  des ign  concept t o  t h e  buying p u b l i c .  

Although t h e  c r i t e r i a  f o r  e v a l u a t i n g  v e h i c l e  performance are 

y e t  unresolved,  t h e r e  i s  every reason  t o  b e l i e v e  t h a t  adequate  

biomechanical  d a t a  w i l l  be forthcoming t o  provide such a per- 

f ormance index.  



One of t h e  p r e s s i n g  needs of a program o r i e n t e d  toward developing 

m a t e r i a l  f o r  f u t u r e  Federa l  s t a n d a r d s  is t h e  development of t h e  economic 

base  r e q u i r e d  t o  j u s t i f y  t h e  c o s t / b e n e f i t s  r a t i o s  f o r  proposed improvements. 

Th i s  need was recognized i n  t h e  s t a tement  of work f o r  t h i s  c o n t r a c t  and t h e  

p re l iminary  model proposed h e r e  i s  a f i r s t  a t tempt  t o  develop such a sound 

base  f o r  d i g i t a l  computer s i m u l a t i o n  of va ry ing  occupant p o s i t i o n s  and re-  

s t r a i n t  systems t o  rank t h e  p r i o r i t y  of adopt ion of new systems and e v a l u a t e  

t h e  performance of e x i s t i n g  one. 

The model i s  t r e a t e d  i n  two segments: b e n e f i t s  and c o s t .  When t h e i r  

r a t i o  i s  g r e a t e r  than one,  t h e  dev ice  is  considered t o  be accep tab le .  

B e n e f i t s  

The computation of c o s t s  and b e n e f i t s  i s  b e s t  handled on an oc- 

cupant-by-occupant b a s i s  except  i n  t h e  c a s e  where a g iven r e s t r a i n t  system 

is cons t ruc ted  s o  a s  t o  be a p p l i c a b l e  t o  a number of occupants.  I n  t h i s  

case  t h e  hardware c o s t s  would be c a l c u l a t e d  on t h e  b a s i s  of t h e  minimum in-  

cremental  u n i t  b a s i s .  

The b e n e f i t  de r ived  from t h e  i n s t a l l a t i o n  depends on a number of 

p r o b a b i l i s t i c  f a c t o r s :  whether t h e  v e h i c l e  is involved i n  an  a c c i d e n t ,  whether 

t h e  occupant is occupying a given l o c a t i o n ,  and whether t h e  occupant is us ing  

t h e  device .  Given t h e s e  p r o b a b i l i t i e s  t h e  b e n e f i t  i s  t h e  v a l u e  of t h e  reduced 

p r o b a b i l i t y  of dea th  p l u s  t h e  reduced p r o b a b i l i t y  of i n j u r i e s  i n  a n o n f a t a l  

acc iden t .  



where B = expected b e n e f i t  of i - t h  dev ice  i n  j - t h  p o s i t i o n  
i j 

P(A) = p r o b a b i l i t y  of v e h i c l e  being involved i n  an a c c i d e n t  

P(J) - p r o b a b i l i t y  of j- th p o s i t i o n  being occupied.  

P(U) = p r o b a b i l i t y  of i - t h  dev ice  being used.  

Po(D) = p r o b a b i l i t y  of dea th  wi thout  t h e  dev ice  

P1(D) = p r o b a b i l i t y  of dea th  w i t h  t h e  dev ice  

Po(Tk) p r o b a b i l i t y  of s u s t a i n i n g  a k-th type trauma without  dev ice  

P (T ) = p r o b a b i l i t y  of s u s t a i n i n g  a k-th type trauma wi th  dev ice  
1 k  

Cd = c o s t  of dea th  

C t k  = c o s t  of a k-th type trauma. 

The model g iven was der ived  i n  t h e  most r igorous  manner p o s s i b l e  i n  

o r d e r  t o  c l e a r l y  i n d i c a t e  t h e  a r e a s  i n  which d a t a  must be  sought and t o  in -  

d i c a t e  i f  necessa ry  t h e  e f f e c t  of any compromises which d e f i c i e n t  d a t a  might 

produce. 

Given thewell-knownlimitations of d a t a  i n  t h e  f i e l d ,  t h e  model w r i l l  

s t i l l  provide b e s t  e s t i m a t e s  of t h e  e f f e c t i v e n e s s  of t h e  systems. This may 

be f u r t h e r  e l a b o r a t e d  by providing secondary e s t i m a t e s  showing t h e  range of 

v a r i a t i o n  i n  t h e  model f o r  perhaps t h e  .95 conf idence i n t e r v a l .  

Sources of t h e  d a t a  a r e  d i v e r s e ,  For n a t i o n a l  acc iden t  s t a t i s t i c s  and 

f a t a l i t y  d a t a ,  p r e s e n t  in fo rmat ion  sources  such a s  state a c c i d e n t  r e p o r t s  and 

NSC f i g u r e s  may be used,  While t h e s e  c o n t a i n  well-known sources  of e r r o r ,  

t h e  p ropor t ion  of f a t a l  and s e r i o u s  pe rsona l  i n j u r i e s  a c c i d e n t s  i n d i c a t e d  the re -  

i n  may be  c l o s e  t o  t h e  t r u e  va lues .  

A s  a supplement t o  t h i s  in fo rmat ion  t h e  I n s t i t u t e ' s  System Analysis  Group 

has  n e a r l y  completed t h e  development of a comprehensive d a t a  bank on t r a f f i c  

i n c i d e n t s ,  i n c l u d i n g  a c c i d e n t s ,  f o r  Washtenaw County, Michigan. Th is  d a t a  bank 



can provide a check a g a i n s t  t h e  acc iden t  f i g u r e s  f o r  t h e  n a t i o n a l  d a t a  and a l s o  

provide v a l u a b l e  informat ion on such problems a s  occupancy p a t t e r n s  i n  t h e  

automobile. With r e s p e c t  t o  i n j u r y  d a t a  i t  i s  expected t h a t  t h e  resea rchers  

w i l l  be  a b l e  t o  draw upon c u r r e n t  s t u d i e s  of t h e  Nat ional  Blue Cross and Blue 

Shie ld  o rgan iza t ions  concerning causes  of h o s p i t a l i z a t i o n  by cause and trauma 

type a s  w e l l  a s  t h e  c o s t s  of such h o s p i t a l i z a t i o n ,  Fur the r  d a t a  w i l l  be de- 

r i v e d  from e x i s t i n g  s t u d i e s  by t h e  Pub l ic  Health Serv ice  and o t h e r  organi-  

z a t i o n s .  

With r e s p e c t  t o  t h e  problem of useage of t h e  devices  well-defined d a t a  

i s  p r i m a r i l y  nonex is ten t .  I t  is proposed t h a t  a s e r i e s  of survey-research 

type p r o j e c t s  t o  i n d i c a t e  approximate va lues  f o r  t h i s  parameter be  c a r r i e d  

ou t .  Furthermore, the  r e s u l t s  could be augmented wi th  a s e n s i t i v i t y  model 

wi th  r e s p e c t  t o  t h i s  parameter. Standard economic d a t a ,  whi le  s u b j e c t  t o  

d i f f i c u l t i e s  of i n t e r p r e t a t i o n  of i n t e r e s t  p r i m a r i l y  t o  t h e  professilonal 

economist, should be r e a d i l y  a v a i l a b l e  from s tandard  government publi tcations 

of t h e  Bureau of Labor S t a t i s t i c s  and t h e  O f f i c e  of Business Economics. Fur- 

t h e r  sources  may be der ived  from t h e  l a r g e  informat ion bank of t h e  u n i v e r s i t y ' s  

Survey Research Center on consumer f inances .  The c l o s e  working r e l a t i o n s h i p  

between t h e  s t a f f s  of t h e  Highway Safe ty  Research I n s t i t u t e  and t h e  Center 

should provide easy access  t o  t h e  a v a i l a b l e  d a t a  p l u s  inva luab le  counsel  on 

t h e  s t a t i s t i c a l  problems, 

Since  t h e  a c c i d e n t s  do no t  occur a t  a s i n g l e  given p o i n t  i n  time t h e  para- 

meters given i n  equat ion 1 should be r e l a t e d  t o  time over t h e  l i f e  of t h e  v e h i c l e .  

Given t h i s  formulat ion i t  is  p o s s i b l e  t o  s t a t e  t h e  p resen t  v a l u e  of t h e  b e n e f i t s  

a s  



where B i s  a s  above 
I.1 

PU(B ) p r e s e n t  va lue  of b e n e f i t s  
i j  

r = An i n t e r e s t  r a t e  

t = expected l i f e - t i m e  of t h e  v e h i c l e  

The parameters Cd and C t  a r e  p r imar i ly  economic da ta .  The c o s t s  of a 
k 

f a t a l i t y ,  o t h e r  than i n t a n g i b l e  l o s s e s  such a s  t h e  fami ly ' s  g r i e f  and t h e  

k i l l e d  person 's  s u b j e c t i v e  v a l u a t i o n  of h i s  own l i f e ,  a r e  p r i n c i p a l l y  h i s  l o s t  

ea rn ings ,  h i s  b u r i a l  expenses,  and t h e  expenses of s e t t l i n g  h i s  e s t a t e .  From 

these  must be deducted t h e  saving of h i s  no t  consuming goods and s e r v i c e s  over 

t h e  remainder of h i s  h e r e t o f o r e  expected l i f e .  

where Cd and r a r e  a s  above and 

R 
= earnings  i n  yea r  R 

CR = consumption yea r  R 

BR = b u r i a l  expenses i n  yea r  R 

Bt = b u r i a l  expense i n  year  t 

R 
= e s t a t e  expenses i n  yea r  2 

Et = e s t a t e  expenses i n  yea r  t 

t = number of yea r s  t i l l  death  otherwise  

The measurement of consumption is  a f a r  from s e t t l e d  i s s u e  e i t h e r  i n  

economic theory o r  p r a c t i c e .  Given t h i s  u n c e r t a i n t y ,  one i s  reduced t o  making 

a r b i t r a r y  d e f i n i t i o n s  and assumptions. For t h e  sake of convenience, we w i l l  

accept  t h e  d e f i n i t i o n s  of consumption used by t h e  Bureau of Labor S t a t i s t i c s  i n  

t h e i r  budget s t u d i e s .  

With respec t  t o  t h e  s p e c i f i c  problem a t  hand, t h e r e  is a s e p a r a t e  problem 



of measuring t h e  consumption a t t r i b u t a b l e  t o  a p a r t i c u l a r  i n d i v i d u a l ,  I f  

s o c i e t y  were composed of autonomous i n d i v i d u a l s ,  t h e  de te rmina t ion  of con- 

sumption f o r  t h e  i n d i v i d u a l  would be  a s imple  mat te r  of determining what t h e  

consumption would be  given h i s  age,  income, educat ion,  and geographic a rea .  

However, most i n d i v i d u a l s  i n  s o c i e t y  a r e  a s s o c i a t e d  wi th  c o l l e c t i v e  consump- 

t i o n  u n i t s  enjoying t h e  b e n e f i t s  of j o i n t  consumption and of c e r t a i n  econom- 

ies of s c a l e .  

Since  t h e r e  is no r a t i o n a l  means of a l l o c a t i n g  j o i n t  c o s t s ,  t h e  measure 

of consumption must be confined s o l e l y  t o  t h e  consumption a t t r i b u t a b l e  t o  the  

given family  member. A s  a p r a c t i c a l  m a t t e r ,  t h e r e  a r e  only a few means of 

achieving t h i s  a t t r i b u t i o n ,  One way is t o  compare consumption of f a m i l i e s  

d i f f e r i n g  only i n  t h e  presence o r  absence of t h e  given i n d i v i d u a l  under con- 

s i d e r a t i o n ;  i. e . ,  f a m i l i e s  i n  t h e  Northeast  w i t h  t h r e e  and f o u r  c h i l d r e n  

r e s p e c t i v e l y .  A l t e r n a t i v e l y ,  we could ,  on t h e  b a s i s  of budget s t u d i e s ,  impute 

c e r t a i n  expendi tures  t o  t h e  given family  member and assume t h a t  a l l  o t h e r  

family consumption i tems were j o i n t  c o s t s .  Lacking t h e  d a t a  f o r  t h e  above 

a n a l y s i s ,  we could assume t h a t  x% of t h e  fami ly ' s  expendi tu res  were j o i n t l y  

consumed and t h a t  y% of them could be d i r e c t l y  a t t r i b u t a b l e  t o  t h e  given in- 

d i v i d u a l  and then perform t h e  a n a l y s i s  on t h e  b a s i s  of t h e  aseumed percent-  

ages .  S p e c i f i c  c l a s s e s  of family  members should b e  considered f o r  any seeming 

d i f f e r e n c e s  i n  t h e  model suggested above. 

a .  The f a t h e r ,  o r  p r i n c i p a l  income ea rner .  The dea th  of t h e  f a t h e r  

would reduce t h e  f a m i l y ' s  consumption by a t  l e a s t  t h e  amount of t h e  consump- 

t i o n  d i r e c t l y  a t t r i b u t a b l e  t o  him. The t o t a l  family  consumption w i l l  prob- 

ab ly  drop more than t h e  p reacc iden t  consumption of t h e  f a t h e r  a lone due t o  t h e  

l o s s  of h i s  income, I n i t i a l  cons idera t ion  might i n d i c a t e  t h e  we should mea- 



s u r e  t h i s  t o t a l  drop i n  consumption, due t o  t he  income e f f e c t ,  but  t h i s  

would not  be co r r ec t  f o r  t he  following reasons.  F i r s t ,  i t  would be empir- 

i c a l l y  d i f f i c u l t  t o  determine t h e  magnitude of t h i s  change. Second, i t  

would be incons is ten t  with the  model f o r  ind iv idua l  imputation. Thirti, 

i t  would involve a  form of double counting i n  t h a t  we a r e  concerned with 

attempting t o  measure the  ne t  s o c i a l  l o s s ;  t o  i n d i c a t e  t h a t  t h e  ne t  s o c i a l  

l o s s  was reduced by i t s  causing lo s se s  t o  a  t h i r d  pa r ty ,  t h e  family,  would 

involve a  cont rad ic t ion .  It is t r u e  t h a t  t he  family s u f f e r s  a  reduct ion i n  

consumption, but  t h i s  is  simply because they bear  d i r e c t l y  t he  l o s s  of soc- 

i a l  output  represented by t h e  f a t h e r ' s  income. The log i c  of t h i s  can be more 

c l e a r l y  seen i f  we consider two independent ind iv idua ls ,  A and B, I f  A is 

removed from the  labor  fo rce ,  n e t  output drops; s i n c e  t h i s  output has f a l l e n ,  

there  is less f o r  B t o  consume. Clear ly ,  t h a t  B consumes l e s s  because t he re  

is less t o  consume does no t  represent  a  saving. Fourth, given t h e  necessary 

p a r t i a l  na ture  of t h e  ana lys i s ,  i t  is  necessary t o  c u t  o f f  e f f e c t s  of t he  ac- 

c ident  a t  some a r b i t r a r y  po in t .  Deprived of t he  f a t h e r ' s  income, t he  ch i l -  

dren might ob ta in  a  less complete education and thus would be l e s s  produc- 

t i v e ,  e n t a i l i n g  f u r t h e r  s o c i a l  l o s se s ,  Since t h i s  i s  pr imari ly  a  mat ter  of 

specula t ion ,  though, a  more conservat ive and sound approach would simply be 

t o  measure what can be r ead i ly  determined. 

b. The mother's consumption poses no p a r t i c u l a r  problems beyond t h a t  

of t he  f a t h e r ' s .  However, he r  income may be r a t h e r  d i f f i c u l t  t o  es t imate .  

I f  she  were simply a  housewife, on f i r s t  approximation her  income would be 

zero,  but  t h i s  would no t  measure the  opportunity cos t  of he r  being l o s t  t o  

soc i e ty .  A more v a l i d  procedure would be  t o  impute an income t o  he r  equal  

t o  t h a t  f o r  female employees of t he  same age and education, s i n c e  t h i s  would 



represent  the  income t h a t  she would have foregone t o  be a housewife and, con- 

sequent ly,  must be an ind ica t ion  of the  va lue  of her  se rv ices  t o  the family. 

c .  I n  the  sho r t  run, the  consumption of dependent ch i ldren  is the  

e a s i e s t  t o  est imate s ince  i t  only involves determining the  d i f fe rences  i n  

consumption between fami l ies  with n and n-1 chi ldren.  For the  expected 

l i f e t ime  l o s s  from the death of the  ch i ld ,  i t  is  more d i f f i c u l t  t o  deter-  

mine. While soc io logica l  techniques may permit ex t rapola t ing  the  c h i l d ' s  

fu tu re  income and consumption from t h a t  of the  parents ,  i t  is s t i l l  eco- 

nomically uncertain what path these parameters w i l l  take beyond approxi- 

mately h i s  e ighteenth bir thday.  Beyond t h i s  point  we would have t o  a t -  

t r i b u t e  t o  the  chi ld an income and consumption equal t o  t he  na t iona l  per  

cap i t a  f i gu res  f o r  each age bracket of h i s  expected l i f e .  

From a da ta  standpoint C t k  cos t  of the  k-th type trauma is a some- 

what more involved var iab le .  The p r inc ipa l  elements of cos t  a r e  the  vic-  

tim's medical expenses, l o s s  of earnings,  and add i t i ona l  consumption ex- 

penditures.  There is a f u r t h e r  problem of d e f i n i t i o n  of recovery time and 

d i f f e r e n t i a t i o n  between cos t s  of death and in jury  i n  t he  case of an individ- 

u a l  who i s  not  immediately k i l l e d ,  but whose i n j u r i e s  subsequently prove f a t a l ,  

The a r b i t r a r y  d e f i n i t i o n  w i l l  be applied t h a t  any vict im who does not expire  

within one month a f t e r  the  accident  w i l l  be sa id  only t o  have been injured.  

His subsequent death w i l l  be handled by appropriate  va r i a t i on  of the  

parameters given below. The time to recovery s h a l l  be defined a s  t h a t  time 

when i d e n t i f i a b l e  i n j u r i e s  cease. 

t Y - Y '  
C$ t M  

ct  = 1 " k t  - - +  1 -- ~lk 
a-o ( l+r)  a-o (I+=) (=o ( I t r )  
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where C t k ,  r ,  Y a r e  def ined a s  above and 

Ydk = income earned a f t e r  r e t u r n i n g  t o  work a f t e r  s u s t a i n i n g  

a  k-th trauma i n  time per iod R 

kk 
= a d d i t i o n a l  consumption n e c e s s i t a t e d  by k-th type  trauma i n  

t ime R 

MQk = medical  expense incur red  i n  t r e a t i n g  k-type trauma i n  time P 

The c o s t  of t h e  system o r  i - t h  dev ice  i n  t h e  j - th  p o s i t i o n  are f a r  

more s t r a i g h t f o r w a r d ,  I n  t h e  c a s e  of a dev ice  which may be  i n s t a l l e d  i n  

t h e  j - th  p o s i t i o n  f a r  one c o s t  and i n  t h e  ( j  + 1) - th  p o s i t i o n  f o r  ano ther ,  

they may be  combined i n  such a manner t h a t  t h e  c o s t s  of i n s t a l l i n g  both  

j o i n t l y  a r e  less than t h e  sum of t h e  i n d i v i d u a l  p o s i t i o n s ,  i. e . ,  

C 
'ij + Ci,j+l ( i j + i ,  j t l )  

Analysis  should be  conducted i n  terms of t h e  devices  independently and 

j o i n t l y .  The c o s t  of t h e  devices  is t h e  sum of t h e i r  hardware c o s t  amortized 

over t h e  l i f e  of t h e  v e h i c l e  p l u s  t h e  c o s t  of any device-induced i n j u r i e s  o r  

deaths .  This  second c o s t  should be c l e a r l y  separa ted  from t h e  o t h e r  p a s t  

device  i n j u r i e s  i n  concept . 

Where P(A), P(J), P(u) , Cd, C t k ,  and r a r e  a s  above 

and PU(C ) = presen t  va lue  of t h e  c o s t  of t h e  i - t h  device  i n s t a l l e d  i n  
ij 

t h e  j - th  p o s i t i o n  

CH = equipment c o s t  of t h e  i - t h  dev ice  i n  t h e  j - th  p o s i t i o n  
i j 



PI (D) = probabi l i ty  of device-induced death 

P  (T ) = probabi l i ty  of device-indaced trauma of type k 
I k  

While i t  leaves much to  be desired,  the simple cost-benefit  r a t i o  would 

seem t o  be appropriate  f o r  f i r s t  approximations. A device which s a t i s f i e d  

the c r i t e r i o n  t h a t  

would be considered acceptable,  For purposes of ranking systems care  must 

be excercised i n  choice of i n t e r e s t  r a t e s  and i n  the  absolute  magnitudes in- 

volved because the  cos t  of adopting a device which was expensive enough t o  

a f f e c t  s ign i f i can t ly  the cos t  of the  vehic le  might we l1 , a f f ec t  the  para- 

meters, espec ia l ly  those involving use of the  device and vehic le  demand, 

which determine the  benef i t s .  


