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1 . 0  INTRODUCTION 

T h i s  r e p o r t  p r e s e n t s  f i n d i n g s ,  c o n c l u s i o n s ,  and recommendations 

d e r i v e d  by t h e  Highway S a f e t y  R e s e a r c h  I n s t i t u t e  (HSRI) i n  a  Phase- I  

p l a n n i n g  s t u d y  per formed on  b e h a l f  of  t h e  N a t i o n a l  Highway S a f e t y  

Bureau (NBSB) of  t h e  F e d e r a l  Highway A d m i n i s t r a t i o n  and e n t i t l e d  

' 'Bas ic  V e h i c l e  Handl ing  P r o p e r t i e s . "  The b a s i c  o b j e c t i v e  of  t h e  s t u d y  

was t o  p l a n  a  program t h a t  w i l l  l e a d  t o  t h e  f o r m u l a t i o n  o f  i n t e r i m  

s t a n d a r d s  f o r  highway v e h i c l e  per formance .  

I n  t h i s  r e p o r t ,  t h e  t e rms  l t pe r fo rmance t '  and " h a n d l i n g  p r o p e r t i e s "  

r e f e r  t o  e q u i v a l e n t  c o n c e p t s  and s h o u l d  be  i n t e r p r e t e d  t o  mean b o t h  

t h e  s t a t i c  and dynamic r e s p o n s e  c h a r a c t e r i s t i c s  of t h e  motor  c a r  t o  

t h e  a c t i o n s  of  a  d r i v e r  i n  s t e e r i n g ,  b r a k i n g ,  and a c c e l e r a t i n g .  Ve- 

h i c l e  r e s p o n s e s  t o  d i s t u r b i n g  f o r c e s  o r i g i n a t i n g  from t h e  highway 

env i ronmen t  a r e  i n c l u d e d  a s  p a r t  o f  t h e  per formance  o r  hand l ing -p ro -  

p e r t y  d e s c r i p t i o n .  I t  s h o u l d  a l s o  be n o t e d  t h a t  a  d e s c r i p t i o n  of  

v e h i c l e - p e r f o r m a n c e  c h a r a c t e r i s t i c s  r e q u i r e s  t h e  i n c l u s i o n  of  measu re s  

o r  p a r a m e t e r s  d e f i n i n g  t h e  e x t e n t  t o  which t h e  d r i v e r  must p r o v i d e  con- 

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

s p o n s e .  

W i t h i n  t h e  s cope  o f  t h e  above d e f i n i t i o n s  f o r  per formance  and 

h a n d l i n g  p r o p e r t i e s ,  HSRI h a s  s o u g h t  t o  o b t a i n  b o t h  d e f i n i t i v e  and 

t e n t a t i v e  answers  t o  f i v e  major  q u e s t i o n s .  These q u e s t i o n s  d e r i v e  

from t h e  program-planning  o b j e c t i v e s  c i t e d  i n  Reques t  f o r  Procurement  

No. 1 4 1 ,  a s  i s s u e d  by t h e  F e d e r a l  Highway A d m i n i s t r a t i o n  of  t h e  U.S. 

Depar tment  of  T r a n s p o r t a t i o n .  The f i v e  q u e s t i o n s  a r e :  

( 1 )  What i s  t h e  e x i s t i n g  s t a t e  of  t h e  a r t  on  d e f i n i n g  v e h i c l e  

pe r fo rmance  and man-vehic le  r e l a t i o n s h i p s  ( a t  t h e  v e h i c l e - c o n t r o l  

i n t e r f a c e )  i n  o b j e c t i v e ,  q u a n t i t a t i v e  t e r m s ?  

( 2 )  What is t h e  s t a t e  of  knowledge r e l a t i v e  t o  r e q u i r e m e n t s  f o r  

v e h i c l e  pe r fo rmance  and man-vehic le  c o m p a t i b i l i t y  a s  d i c t a t e d  by 

s a f e t y  c r i t e r i a ,  o f  any manner o r  form? 

( 3 )  To what e x t e n t  have  a v a i l a b l e  d a t a  been a n a l y s e d  t o  i n d i -  

c a t e  t h e  r o l e  of per formance  f a c t o r s  and man-machine ma tch ing  f a c t o r s  

i n  t h e  p r o d u c t i o n  of  a c c i d e n t s ?  What a r e  t h e  s h o r t -  and long-term 

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

p o s s i b l e  t o  c l e a r l y  e s t a b l i s h  t h e  need f o r  (and fo rma t  o f )  i n t e r i m  

s t a n d a r d s  f o r  pe r fo rmance?  



( 4 )  What s h o u l d  be  t h e  n a t u r e  and scope  of t h e  fo l low-up s t u d y  

and t e s t  program t o :  

( a )  c r e a t e  t h e  d a t a  b a s e  r e q u i r e d  t o  s u p p o r t  a  c a s e  f o r  

i n t e r i m  s t a n d a r d s  f o r  per formance  

(b )  advance v e h i c l e  t echno logy  i n  o r d e r  t h a t  t h i s  d a t a  

b a s e  may be expanded and made more d i r e c t l y  a p p l i c a b l e  t o  

t h e  problem of  per formance  s p e c i f i c a t i o n  

( c )  d e v e l o p  p r o c e d u r e s  where in  t h e  p r i o r i t y ,  f e a s i b i l i t y ,  

and c o s t  of a  proposed  s t a n d a r d  may be e v a l u a t e d  

( d )  d e v e l o p  p r o c e d u r e s  where in  t h e  NHSB s h a l l  be a b l e  t o  

d e t e r m i n e  t h a t  s t a n d a r d s  promulga ted  f o r  new c a r  p r o d u c t i o n  

a r e  b e i n g  f u l f i l l e d  and a r e ,  i n d e e d ,  s e r v i n g  t h e i r  i n t e n d e d  

p u r p o s e ?  

(5)  What a r e  t h e  pe r fo rmance - s t anda rd  a c t i o n  g o a l s  t h a t  w i l l  

b e s t  s e r v e  t h e  i n t e r e s t s  o f  t h e  p u b l i c ,  t h e  government ,  and t h e  au to -  

mo t ive  i n d u s t r y  i n  a c h i e v i n g  improved l e v e l s  of  highway s a f e t y ?  

O v e r a l l  f i n d i n g s  a r e  summarized f o r  t h e  b e n e f i t  of t h e  r e a d e r ,  

w i t h  t h i s  s e c t i o n  fo l lowed  by t h e  main body of  t h e  r e p o r t  which is 

o r g a n i z e d  i n t o  f o u r  major  d i v i s i o n s .  These d i v i s i o n s  embrace ( 1 )  a  

r e v i e w  o f  knowledge p e r t i n e n t  t o  t h e  per formance  s t a n d a r d  problem,  

( 2 )  an  a s se s smen t  of  t h i s  problem w i t h i n  t h e  more g e n e r a l  c o n t e x t  of 

a c h i e v i n g  improved l e v e l s  of  highway s a f e t y ,  ( 3 )  recommendations f o r  

a fo l low-on program l e a d i n g  t o  t h e  development  of  i n t e r i m  s t a n d a r d s  

f o r  highway v e h i c l e  per formance ,  and ( 4 )  a  d e f i n i t i o n  of a  s e t  of 

nea r - t e rm g o a l s  f o r  a d o p t i o n  by t h e  NHSB. Supplementary  m a t e r i a l  

h a s  been p l a c e d  w i t h i n  s e c t i o n s  t h a t  a r e  appended t o  t h e  main body 

of t h e  r e p o r t .  



%,O SUMMARY OF FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 

The Highway S a f e t y  Resea rch  I n s t i t u t e ,  unde r  c o n t r a c t  t o  t h e  

F e d e r a l  Highway A d m i n i s t r a t i o n ,  h a s  engaged i n  p l a n n i n g  a  r e l a t i v e l y  

s h o r t - t e r m  program whose e x e c u t i o n  w i l l .  l e a d  t o  t h e  development o f  

i n t e r i m  s t a n d a r d s  f o r  h ighway-vehic le  per formance  and man-vehic le  

i n t e r f a c e  c h a r a c t e r i s t i c s .  The o b j e c t i v e  has  been  t o  deve lop  a  

program t h a t  rests i n  l a r g e  measure on e m p i r i c i s m ,  i n  view of  t h e  

u rgency  t o  a s s e s s  r a p i d l y  t h e  deg ree  t o  which "p re -c ra sh t '  s a f e t y  is  

compromised by t h e  l a c k  o f  s u c h  s t a n d a r d s .  

Wi th in  t h i s  c o n t e x t ,  p l a n s  have been  f o r m u l a t e d  t o  e x p l o i t  t h e  

e x i s t i n g  a c c i d e n t - d a t a  b a s e ,  t o  t h e  end t h a t  an  a n a l y s i s  may r e v e a l  

e l e m e n t s  w i t h i n  t h e  t o t a l  highway v e h i c l e  p o p u l a t i o n  which c a n  b e  

i d e n t i f i e d  a s  b e i n g  "ove r invo lved"  i n  a c c i d e n t s  r e l a t i v e  t o  t h e i r  

numbers and o p e r a t i o n a l  exposu re .  Accord ing ly ,  a  s y s t e m s  s t u d y  h a s  

been  p l anned  (a)  t o  d e t e r m i n e  whether  t h i s  ove r invo lvemen t  can  b e  

a t t r i b u t e d  t o  d e f i c i e n c i e s  i n  v e h i c l e - h a n d l i n g  p r o p e r t i e s  and (b) t o  

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

b a s i s  of  t h e  t o t a l  a c c i d e n t  c o s t  c r e a t e d  by any o v e r i n v o l v e d  v e h i c l e s  

p o s i t i v e l y  i d e n t i f i e d  a s  hav ing  per formance  d e f i c i e n c i e s .  

I n  view o f  t h e  major  d e f i c i e n c i e s  known t o  e x i s t  i n  t h e  cu r -  

r e n t l y  a v a i l a b l e  a c c i d e n t  d a t a ,  HSRI f e e l s  t h a t  i t  is  a b s o l u t e l y  

e s s e n t i a l  t o  improve t h e  e x i s t i n g  d a t a  b a s e  i n  o r d e r  t h a t  an  em- 

p i r i c a l l y  b a s e d  s t a n d a r d s  program b e  a s  v a l i d  a s  sound e n g i n e e r i n g  

and human-fac tors  p l a n n i n g  w i l l  p e r m i t .  I t  was conc luded  t h a t  a  

program f o c u s i n g  e x c l u s i v e l y  on t h e  need  f o r  i n t e r i m  d e c i s i o n s  

(namely, decisions t h a t  c o u l d  b e  made w i t h i n  a  one-year  p e r i o d  ) 

would b e  e x c e e d i n g l y  s h o r t - s i g h t e d  and s u b j e c t  t o  t h e  r i s k  o f  

f a i l u r e ,  T h i s  c o n c l u s i o n  deve loped  i n  t h e  c o u r s e  o f  t h e  s t u d y  a s  a 

r e s u l t  o f  a  c a r e f u l  l ook  a t  what i s  known abou t  (1) a c c i d e n t  causa-  

t i o n  p r o c e s s e s  i n  t e rms  o f  v e h i c l e  pe r fo rmance  f a c t o r s  and man- 

v e h i c l e  r e l a t i o n s h i p s ,  and (2) t h e  d a t a  b a s e  r e q u i r e d  t o  a s s e s s  a  

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

A t  t h e  o u t s e t  i t  was found n e c e s s a r y  t o  d e f i n e  some v e r y  p re -  

c i s e  t e r m i n o l o g y  i n  o r d e r  t o  p l a c e  t h e  r o l e  o f  " a s  new" pe r fo rmance  

i n  p r o p e r  p e r s p e c t i v e  w i t h  r e s p e c t  t o  t h e  t o t a l  number o f  v a r i a b l e s  

t h a t  b e a r  upon "pre-crash"  s a f e t y .  A s u r v e y  o f  t h e  l i t e r a t u r e  and 

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

t h a t :  



(1) E x t e n s i v e  a c c i d e n t  r e c o r d s  e x i s t ,  b u t  t h e s e  d a t a  have  

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

a  need  f o r  per formance  s t a n d a r d s .  The s y s t e m s  s t u d y  recommended i n  

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

p r e s e n t e d  by t h e  e x i s t i n g  d a t a  b a s e .  

(2 )  The t e c h n o l o g i c a l  b a s e  u n d e r l y i n g  t h e  measurement o f  t h e  

h a n d l i n g  p r o p e r t i e s  of  motor  v e h i c l e s  i s  e x c e e d i n g l y  weak. Objec- 

t i v e  measu re s  o f  per formance  and s t a n d a r d i z e d  t e s t  measu re s  need  t o  

b e  deve loped  a s  a  f i r s t  s t e p  t owards  e s t a b l i s h i n g  a  d a t a  b a s e  de- 

f i n i n g  t h e  per formance  p r o p e r t i e s  of  t h e  v e h i c l e  p o p u l a t i o n .  

(3) A s i g n i f i c a n t  q u a n t i t y  o f  human f a c t o r s  d a t a ,  a p p l i c a b l e  

t o  t h e  s p e c i f i c a t i o n  o f  s t a t i c  man-vehic le  ma tch ing  r e q u i r e m e n t s ,  

e x i s t  i n  t h e  l i t e r a t u r e .  Knowledge gaps do e x i s t  w i t h  r e s p e c t  t o  

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

w i t h  r e s p e c t  t o  human f o r c e  o u t p u t s  t h a t  c a n  b e  a c h i e v e d  unde r  

emergency c o n d i t i o n s .  A human f a c t o r s  r e s e a r c h  program a p p r o p r i a t e  

t o  f i l l i n g  t h e  o b s e r v e d  d a t a  gaps  is  recommended, and c o n c l u s i o n s  

a r e  drawn a b o u t  t h e  e x t e n t  t o  which t h e  expanded d a t a  b a s e  may b e  

a p p l i e d  i n  s e t t i n g  s t a n d a r d s  f o r  t h e  man-vehic le  i n t e r f a c e .  HSRI 

has  conc luded  t h a t  s u c h  s t a n d a r d s  a r e  j u s t i f i a b l e  w i t h o u t  s p e c i f i -  

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

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

"p re -c ra sh"  s a f e t y ,  

T h i s  Phase  I s t u d y  has  f u r t h e r  i n d i c a t e d  a  need  f o r  e s t a b l i s h i n g  

g o a l s  whose a t t a i n m e n t  w i l l  p e r m i t  t h e  N a t i o n a l  Highway S a f e t y  Bureau  

t o  p romulga t e  a  r e q u i r e m e n t  f o r  a c t i o n  s t e p s  l e a d i n g  t o  (1)  a  con- 

t i n u i n g  e x p a n s i o n  o f  t h e  d e s i r e d  per formance-da ta  b a s e  and (2)  an  

envi ronment  whe re in  f u l l  d i s c l o s u r e  o f  v e h i c l e  pe r fo rmance  cha rac -  

t e r i s t i c s  w i l l  s t i m u l a t e  m u l t i l a t e r a l  e f f o r t s  t o  upg rade  t h e  "pre-  

c r a s h "  s a f e t y  q u a l i t y  o f  o u r  highway v e h i c l e  p o p u l a t i o n .  



3 .0  STATE-OF-KNOWLEDGE REVIEW 

3 . 1  VEHICLE-PERFORMANCE FACTORS 

P r o j e c t  s t a f f  w i t h i n  HSRI had c o n s i d e r a b l e  f a m i l i a r i t y  wi th  t h e  

s u b j e c t  t o p i c  p r i o r  t o  commencing t h i s  s t u d y ,  and it was a n t i c i p a t e d  

t h a t  a  minimal amount of in fo rmat ion  would be found i n  a  l i t e r a t u r e  

s e a r c h  concerned wi th  t h e  s p e c i f i c s  of v e h i c l e  performance s t a n d a r d s ,  

measurement s t a n d a r d s ,  and t h e  r e l a t i o n s h i p  of v e h i c l e  performance 

t o  a c c i d e n t  invo1,vement. T h i s  hypo thes i s  proved t o  be c o r r e c t .  

In  a d d i t i o n  t o  su rvey ing  t h e  open l i t e r a t u r e  wi th  r e s p e c t  t o  

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

involvement 

(b) o b j e c t i v e  measures of performance and t h e  e x t e n t  t o  which 

t h e s e  measures have been s t a n d a r d i z e d  

( c )  o b j e c t i v e  methods f o r  e v a l u a t i n g  v e h i c l e  performance and 

t h e  e x t e n t  t o  which t e s t  methods have been s t a n d a r d i z e d ,  

HSRI under took t h e  expansion of t h e  above d a t a  base  by: 

( a )  making i n q u i r i e s  t o  consumer-oriented t e s t  o r g a n i z a t i o n s  

(b) i n i t i a t i n g  a  d ia logue  w i t h  t h e  automot ive  i n d u s t r y  t o  

o b t a i n  eng ineer ing  and management views on t h e  form, s c o p e ,  

and o b j e c t i v e s  of vehic le-performance s t a n d a r d s  (bo th  vol-  

u n t a r y  and s t a t u t o r y )  developed both  i n  t h e  Uni ted  S t a t e s  

and abroad 

(c)  examining t h e  t e c h n i c a l  and governmental  s t a n d a r d s  (bo th  

v o l u n t a r y  and s t a t u t o r y )  a p p l i c a b l e  t o  v e h i c l e  performance 

t h a t  have been developed bo th  i n  t h e  Uni ted  S t a t e s  and 

abroad.  

3 . 1 . 1  PERFORMANCE hIEASURES: DEFINITION AND MEASUREMENT PRACTICE 

S c h o l a r l y  e v a l u a t i o n s  and d i s c u s s i o n s  of performance f a c t o r s ,  

t h e i r  d e f i n i t i o n ,  and t h e i r  measurement, a r e  v i r t u a l l y  n o n e x i s t e n t .  

Most of t h e  a c t i v i t y  i n  t h i s  rea lm has  t aken  p l a c e  w i t h i n  ind iv idu ,a l  

companies and on a  s c a l e  a p p r o p r i a t e  on ly  t o  t h e i r  own i n t e r n a l  neleds. 

I n  o r d e r  t o  a s s e s s  t h e  s p a r s e n e s s  of vehic le-performance l i t e r a t u r e  

r e a l i s t i c a l l y ,  t h e  c o n d i t i o n s  t h a t  have i n f l u e n c e d  both  t h e  develop- 

ment of t h e  technology and t h e  e x t e n t  t o  which t h i s  technology is 

documented must be c o n s i d e r e d .  

I t  appears  t h a t  t h e  automobile i n d u s t r y  has  e s t a b l i s h e d  des ign  

g o a l s  f o r  v e h i c l e  performance a s  a  r e s u l t  of b a l a n c i n g  economic 

f a c t o r s  and t h e i r  d e s i r e  t o  make t h e  p roduc t  more a t t r a c t i v e  t o  t h e  
p u b l i c .  Product  a t t r a c t i v e n e s s  is g e n e r a l l y  c o n s i d e r e d  t o  d e r i v e  



from f e a t u r e s  r e l a t e d  t o  low c o s t ,  appearance,  performance and 

f u n c t i o n ,  and r e l i a b i l i t y .  I t  fo l lows  t h a t  t h e  development of t h e  

motor c a r  ( i n c l u d i n g  i t s  performance c h a r a c t e r i s t i c s )  has  been st imu- 

l a t e d  a lmost  e x c l u s i v e l y  by compet i t ion  i n  t h e  market p l a c e ,  and has  

i n  no major way been i n f l u e n c e d  by e x t e r n a l l y  imposed s p e c i f i c  r e -  

quirements  f o r  v e h i c l e  performance.  The absence of any des ign  con- 

s t r a i n t s  imposed by s t a n d a r d s  of any form c r e a t e d  an environment t h a t  

d i d  no t  encourage t h e  development of p r e c i s e  methods f o r  p r e d i c t i n g  

and measuring v e h i c l e  performance.  Fur thermore ,  it was no t  necessa ry  

t o  o b t a i n  a  consensus on t h e s e  m a t t e r s .  

Veh ic le  manufac tu re r s  r e a d i l y  admit t h a t  t h e i r  normal p r i o r i t i e s  

have n o t  j u s t i f i e d  t h e  e x p e n d i t u r e s  necessa ry  t o  develop p r e c i s e  

o b j e c t i v e  methods t o  measure veh ic le -hand l ing  p r o p e r t i e s  when sub- 

j e c t i v e  measurements have, up t o  t h e  p r e s e n t ,  adequa te ly  s a t i s f i e d  

t h e i r  needs .  However, t h e  t e c h n i c a l  community involved w i t h  auto-  

mobile des ign  and p roduc t ion  has  r e c e n t l y  been mot iva ted  t o  c o n s i d e r  

t h e  e s t a b l i s h m e n t  of c e r t a i n  s t a n d a r d s .  In  a d d i t i o n  t o  des ign  

s t a n d a r d s  v o l u n t a r i l y  adopted f o r  purposes  of r educ ing  manufactur ing 

c o s t s ,  automot ive  eng ineers  have genera ted  s t a n d a r d s  f o r  common t e s t  

p r a c t i c e  (c f . ,  SAE Handbook 111) .  S ince  adequate  b rak ing  performance - 
was g e n e r a l l y  conceded t o  be e s s e n t i a l  t o  s a f e  d r i v i n g ,  and i n  view 

of t h e  b rak ing  performance requirement  t h a t  was in t roduced  i n t o  t h e  * 
Uniform Vehic le  Code , t h e  t e c h n i c a l  community i n  t h e  U .  S. has  

g e n e r a t e d  a  number of b r a k e - t e s t  codes (SAE Recommended P r a c t i c e  

5843, 5786, 5667, 5658) and a  brake-performance s p e c i f i c a t i o n  (SAE 

5937--Service Brake System Performance Requirements--Passenger Car) 

[l] which is cla imed t o  " r e p r e s e n t  t h e  minimum performance recog- 

n i z e d  a s  a c c e p t a b l e  by v e h i c l e ,  b rake  sys tem,  and component manu- 

f a c t u r e r s  ." 
A p r e l i m i n a r y  i n v e s t i g a t i o n  of f o r e i g n  s t a t u t e s  ( c f .  Appendix I )  

r e v e a l s  t h a t  no s t a n d a r d s  e x i s t  r e q u i r i n g  s p e c i f i c  l e v e l s  of per-  

formance i n  s t e e r i n g  and a c c e l e r a t i o n  by passenger  v e h i c l e s .  A 

l a r g e  number of  c o u n t r i e s  appear t o  have type-approval  o rd inances  

t h a t  impose many des ign  l i m i t a t i o n s  and requ i rements  on v e h i c l e s .  

Braking-performance t e s t s  a r e  sometimes s p e c i f i e d  i n  g r e a t  d e t a i l ;  

most o f t e n ,  they  c o n s i s t  of methods f o r  e v a l u a t i n g  t h e  c a p a c i t y  of 

t h e  b rak ing  system t o  ach ieve  s p e c i f i e d  l e v e l s  of  d e c e l e r a t i o n  wi th  

a  s p e c i f i e d  amount of peda l  p r e s s u r e .  

*Uniform Vehic le  Code, 1962, A r t .  111; S e c t .  12-302; pp. 159,  160 ;  
Na t iona l  Committee on Uniform T r a f f i c  Laws and Ordinances .  



( I t  i s  no ted ,  i n  p a s s i n g ,  t h a t  a t t e m p t s  have been made r e c e n t l y  

t o  c r e a t e  a  s t a n d a r d  braking-performance s p e c i f i c a t i o n  a c c e p t a b l e  t o  

a l l  of t h e  Euralpean c o u n t r i e s .  Severa l  c o u n t r i e s  have e i t h e r  incor -  

p o r a t e d  o r  a r e  i n  t h e  p r o c e s s  of i n c o r p o r a t i n g  t h e  proposed s t a n d a r d  

i n  t h e i r  v e h i c l e  s t a t u t e s .  A s  i n  t h e  c a s e  wi th  t h e  U .  S .  s t a n d a r d  

t h a t  goes i n t o  e f f e c t  on 1 January 1968, t h e  l e v e l s  of b rak ing  

performance s p e c i f i e d  have been e s t a b l i s h e d  i n  an a r b i t r a r y  mann'er.) 

Examination of t h e  procedures  employed by consumer and u s e r  

groups  t o  e v a l u a t e  v e h i c l e  performance [2-71 shows t h a t  t h e s e  groups  

i n v a r i a b l y  employ q u a l i t a t i v e ,  s u b j e c t i v e  procedures  f o r  e v a l u a t i n g  

t h e  s t e e r i n g  performance of a  highway v e h i c l e ,  With r e s p e c t  t o  

b rak ing  and a c c e l e r a t i o n  performance,  q u a n t i t a t i v e  measures a r e  

g e n e r a l l y  employed. There is ,  however, g r e a t  v a r i a t i o n  i n  t e s t  

p r a c t i c e  and i n  t h e  o b j e c t i v e  measures adopted by t h e s e  t e s t  organ- 

i z a t i o n s .  I t  is no t  uncommon t o  encounter  s u b s t a n t i a l  chauvinism i n  

t h e i r  r e p o r t s ,  when, i n  f a c t ,  t h e  r e s u l t i n g  d a t a  seem t o  be dese rv ing  

of c o n s i d e r a b l e  s k e p t i c i s m .  

In  t h o s e  i r . s lances  wherein performance d a t a  and t e s t  p rocedures  

were a v a i l a b l e  f o r  s c r u t i n y ,  i t  was p o s s i b l e  t o  a s c e r t a i n  t h a t  

p o l i c i e s  r e l a t i v e  t o  t h e  p a r t i c i p a t i o n  of t h e  t e s t  d r i v e r  ( i . e , ,  

t h e  degree  t o  which t h e  t e s t  was a  t e s t  of v e h i c l e - d r i v e r  performance) 

were t h e  major s o u r c e  of d i f f e r e n c e s  between t h e  t e s t  r e s u l t s  

achieved by d i f f e r e n t  t e s t  groups .  Although v e h i c l e  manufac tu re r s  

employ brake-system e v a l u a t i o n  procedures  t h a t  g e n e r a l l y  e l i m i n a t e  

t h e  human o p e r a t o r  a s  a  v a r i a b l e ,  t h e y  r e p e a t e d l y  u s e  a  d r i v e r  a s  

t h e  " ins t rument"  by which they  a s s e s s  t h e  q u a l i t y  of t h e  s t e e r i n g  

and road-holding performance of a  motor v e h i c l e .  I n  t h e  c o u r s e  of  

e v a l u a t i n g  t h e  performance c h a r a c t e r i s t i c s  of each model schedu led  

f o r  p roduc t ion ,  t h e  manufacturer  accumulates o b j e c t i v e  and s u b j e c t i v e  

d a t a  f o r  a  v a r i e t y  of i n t e r n a l  r e a s o n s .  These d a t a  a r e  never  pub- 

l i c l y  d i s c l o s e d .  They a r e  not  used ,  f o r  example, t o  d e s c r i b e  t h e  

d e s i r a b l e  f e a t u r e s  of a  g iven model when i t  is o f f e r e d  f o r  s a l e .  

To r e c a p i t u l a t e ,  t h i s  s t u d y  has  i n d i c a t e d  t h a t  t h e r e  is no 

e s t a b l i s h e d  technology f o r  e v a l u a t i n g  t h e  performance of highway 

v e h i c l e s  i n  a  p r e c i s e ,  o b j e c t i v e  manner. Even i n  t h o s e  i n s t a n c e s  

where o b j e c t i v e  measures have been developed,  e . g . ,  f o r  b r a k i n g ,  

t h e r e  is c o n s i d e r a b l e  q u e s t i o n  a s  t o  whether t h e s e  measures have 

been adequa te ly  d e f i n e d  f o r  purposes  of a s s e s s i n g  t h e  s a f e t y  q u a l i t y  



r e s i d i n g  i n  a  v e h i c l e  when it becomes necessa ry  (dur ing  emergencies)  

t o  approach t h e  v e h i c l e ' s  maximum performance c a p a b i l i t y .  

Braking-performance s t a n d a r d s  which c a l l  f o r  minimum d e c e l e r a -  

t i o n  l e v e l s  (such a s  a r e  s p e c i f i e d  i n  t h e  Uniform Vehic le  Code) a r e  

r e l a t i v e l y  meaningless  i n  t h a t  a l l  v e h i c l e s  can d e c e l e r a t e  a t  a  "g" 

l e v e l  corresponding t o  t h e  a v a i l a b l e  f r i c t i o n  c o e f f i c i e n t  between 

t h e  t i r e s  and t h e  road ,  provided t h a t  t h e  wheels can be locked by 

t h e  b r a k e s .  An o b j e c t i v e  performance c r i t e r i o n  having more meaning 

f o r  s a f e t y  is  t h e  l e v e l  of d e c e l e r a t i o n  t h a t  can be produced p r i o r  

t o  lock ing  any of t h e  wheels .  A second and perhaps  more important  

measure of s t o p p i n g  q u a l i t y  i s  t h e  o r d e r  i n  which wheel lock ing  w i l l  

occur .  When one c o n s i d e r s  t h e  t o t a l  range of f r i c t i o n  c o e f f i c i e n t s  

t h a t  can be encountered by a  v e h i c l e  whose load ing  r a n g e s  from a  

s i n g l e  d r i v e r  t o  a  f u l l - l o a d  c o n d i t i o n ,  i t  is c l e a r  t h a t  an o b j e c t i v e  

measure of t h e  d e c e l e r a t i o n  l e v e l  a t  which t h e  f r o n t  o r  r e a r  wheels 

w i l l  l o c k  is a  t r u e  assessment of t h o s e  a s p e c t s  of b rak ing  p e r f o r -  

mance which a r e  determined by t h e  des ign  d e c i s i o n  governing f r o n t -  

v e r s u s  rea r -b rake  p r o p o r t i o n i n g .  Keedless  t o  s a y ,  t h e r e  a r e  o t h e r  

a t t r i b u t e s  of a  b rak ing  system which need o b j e c t i v e  d e f i n i t i o n  i n  

o r d e r  t o  make a  complete assessment of t h e  d e c e l e r a t i o n  performance 

of a  highway v e h i c l e .  

3 . 1 . 2  VEHICLE CHARACTERISTICS AND ACCIDENT INVOLVEMENT 

The p r e s e n t  s t a t e  of knowledge r e g a r d i n g  performance/accident  

r e l a t i o n s h i p s  d e r i v e s  from d a t a  which r e l a t e  t o  v e h i c l e  performance 

on ly  i . m p l i c i t l y ,  through d e f i n i t i o n s  of v e h i c l e  t y p e ,  s t y l e ,  make, 

y e a r ,  and model. These d a t a ,  however, a r e  very  ske tchy  and incom- 

p l e t e .  F u r t h e r ,  t h e  d a t a  t h a t  do e x i s t  have no t  been e v a l u a t e d  t o  

determine t h e i r  f u l l  s i g n i f i c a n c e .  In  t h e o r y ,  d e f i n i t i o n s  of 

v e h i c l e  t y p e ,  e t c .  would a l low t h e  r e s e a r c h e r  Lo compile performance 

d a t a  on a l l  t h e  v a r i o u s  v e h i c l e s ,  and t h u s  e v e n t u a l l y  t o  perform a  

s t a t i s t i c a l  a n a l y s i s  of a c c i d e n t  involvement v s .  performance.  Such 

a  procedure  would be very  d e f i c i e n t :  t h e  a c c i d e n t  d a t a  which iden- 

t i f y  v e h i c l e  t y p e  a r e  inadequa te ,  and t h e  subsequent  d a t a  a n a l y s i s  

would be p r o h i b i t i v e l y  time-consuming. 

The most c o n s i s t e n t  t a b u l a t i o n  of s t a t i s t i c s  r e l a t i n g  a c c i d e n t s  

and v e h i c l e  c a t e g o r i e s  a r e  t h o s e  which appear  a n n u a l l y  i n  Accident 

F a c t s ,  p u b l i s h e d  by t h e  Na t iona l  S a f e t y  Counci l .  These s t a t i s t i c s  

a r e  based on d a t a  from about h a l f  t h e  Uni ted  S t a t e s  ( s e e  Appendix 



11) and hence r e l y  on ex t r apo la t ions  t o  approximate n a t i o n a l  t r ends .  

I t  is commonly agreed t h a t  t he  p o t e n t i a l  f o r  inaccuracy i n  t hese  

t abu la t ions  is l a r g e .  Several summaries showing the  percentages of 

vehic le  ca t egor i e s  involved i n  acc idents  a r e  given i n  Tables I-VI:. 

Tables  I-V demonstrate t h a t  (1) passenger c a r s  a r e  involved in  

t h e  h ighes t  percentage,  by f a r ,  of motor-vehicle acc iden t s ,  (2) 

t rucks  have the  next highest  percentage,  and (3) t he  remaining 

veh ic l e  types have very small  percentages.  The da t a  do not i n d i c a t e  

t he  r e l a t i v e  (or  normalized) involvement i n  terms of percentages of 

r e g i s t e r e d  veh ic l e s  involved in  each category,  or  involvement per  

d i s t ance  t r a v e l l e d .  However, t he  da t a  do show a  s t rong  consisteclcy 

ac ros s  s eve ra l  regions of t he  United S t a t e s .  

Although s t a t e  accident  r e p o r t s  a r e  t he  most comprehensive 

source of raw da ta ,  research  s t u d i e s  i n t o  accident  causa t ion  have 

very seldom re so r t ed  t o  t h i s  da ta  source and, i n s t ead ,  have used 

much smal le r  da t a  samples c o l l e c t e d  s p e c i f i c a l l y  f o r  t he  purposes of 

t h e  s tudy .  Most of t h e  s t u d i e s  have involved numerous f a c t o r s  

e i t h e r  not repor ted  i n  o r  not e a s i l y  acces s ib l e  from s t a t e  r eco rds .  

I t  would appear,  then ,  t h a t  accident  records  produced by t h e  var ious  

s t a t e s  have not been used very ex tens ive ly  and t h a t  t h e i r  p o t e n t i a l  

a s  a  research  da t a  base remains t o  be f u l l y  demonstrated. 

The e a r l i e s t  comprehensive accident-data  ana lys i s  t h a t  sought 

r e l a t i o n s h i p s  between accident  involvement and a  few minor veh ic l e  

c h a r a c t e r i s t i c s  was performed in  the  l a t e  1950's by the  Bureau of 

Publ ic  Roads (BPR), under t he  d i r ec t ion  of Mr. Charles W .  P r i s k .  

This  s tudy r e s u l t e d  i n  a  congressional  r epo r t  e n t i t l e d  "The Federal  

Role i n  Highway Safety" [ B ]  and was based on accident  da t a  c o l l e c t e d  

over a  three-year  per iod on 35 s e c t i o n s  of road i n  eleven s t a t e s ,  

with t r a f f i c  volumes ranging from 1000 t o  24,000 vehic les  per  day. 

The accident-involvement r a t e s  (acc idents  per 10C mi l l i on  miles)  

determined i n  t h i s  study a r e  shown in  Figure 3-1 f o r  t h e  major 

veh ic l e  types.  In  addi t ion  t o  vehic le  type,  accident-involvement 

r a t e s  were computed a s  a  funct ion of passenger-car body s t y l e  and 

veh ic l e  age. Accident involvement r a t e s  were a l s o  computed a s  a  

func t ion  of vehic le  horsepower and a  l imi t ed  study was made t o  ex- 

amine t h e  c o r r e l a t i o n  of vehic le  make with acc ident  r a t e .  

Although the  r e s u l t s  obtained were given wide c i r c u l a t i o n  and 

p u b l i c i t y ,  t h e r e  i s  no reason t o  be l i eve  t h a t  t hese  da t a  can be 
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i n t e r p r e t e d  i n  any r e l i a b l e  manner w i t h  t h e  o b j e c t i v e  o f  i s o l a t i n g  

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

a c c i d e n t s .  The BPR r e p o r t  n o t e d  t h a t  t h e  i d e n t i f i c a t i o n  o f  v e h i c l e  

d e f e c t s  a s  a  c o n t r i b u t i n g  f a c t o r  i n  t h e  a c c i d e n t - c a u s a t i o n  p r o c e s s  

is p a r t i c u l a r l y  d i f f i c u l t ,  due ,  i n  p a r t ,  t o  d e s t r u c t i o n  o r  i r r acces s -  

i b i l i t y  of  t h e  e v i d e n c e  a f t e r  t h e  a c c i d e n t  t a k e s  p l a c e .  I n  a d d i t i o n  

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

was t h e  more f o r m i d a b l e  t a s k  o f  d e t e r m i n i n g  whe the r  a c c i d e n t s  a t t r i b -  

u t e d  t o  d r i v e r  e r r o r  were  a c t u a l l y  due  t o  t h e  d r i v e r ' s  i n a b i l i t y  t o  

surmount  d i f f i c u l t i e s  i n h e r e n t  i n  h i s  v e h i c l e ' s  d e s i g n .  

T h i s  l a t t e r  q u e s t i o n  o r  h y p o t h e s i s  h a s  n e v e r  been examined i n  

t h e  l i g h t  of  d a t a  o b t a i n e d  f rom t h e  f i e l d ,  and  it  a p p e a r s  t h a t  con- 

s i d e r a b l e  improvements  i n  t h e  d a t a  b a s e  w i l l  b e  r e q u i r e d  b e f o r e  

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

I n  1964 ,  t h e  Bureau of  P u b l i c  Roads p u b l i s h e d  a n o t h e r  r e p o r t  

[ 9 ]  which was t o u t e d  a s  t h e  s u c c e s s o r  t o  t h e  1959 c o n g r e s s i o n a l  

r e p o r t .  However, l i t t l e ,  i f  any ,  of t h e  d a t a  were  new. One s l i g h t  

d i f f e r e n c e  a p p e a r e d  i n  t h e  t r e a t m e n t  of  a c c i d e n t - i n v o l v e m e n t  d a t a  by 

make. The e a r l i e r  r e p o r t  had c o n c l u d e d  t h a t  make was " n o t  a  s i g n i -  

f i c a n t  f a c t o r "  b u t  d i d  n o t  p r e s e n t  any  d a t a .  The 1964  r e p o r t ,  

however,  p r e s e n t e d  a c c i d e n t - i n v o l v e m e n t  d a t a  w i t h  t h e  v a r i o u s  makes,  

g rouped  by p r i c e .  I n  v iew o f  t h e  r o l e  p l a y e d  by p u b l i c  and  human 

f a c t o r s  i n  t h e  p r o d u c t i o n  o f  a c c i d e n t s ,  it is  n o t  c l e a r  how one  c a n  

make any  r e l i a b l e  i n t e r p r e t a t i o n  of  t h e  r e s u l t s  when t h e y  a r e  g rouped  

i n  t h i s  f a s h i o n .  R e p o r t s  h a v i n g  similar d e f i c i e n c e s  have  been  pub- 

l i s h e d  s i n c e ,  b u t  t h e i r  c i t a t i o n  d o e s  n o t  seem p a r t i c u l a r l y  wor th-  

w h i l e .  However, t h e  Bureau  o f  Motor C a r r i e r  S a f e t y ' s  r e c e n t  d i s -  

c l o s u r e  t h a t  empty commerc ia l  c a r r i e r s  a c c o u n t  f o r  a p p r o x i m a t e l y  

50 p e r c e n t  of  t h e  t o t a l  a c c i d e n t s  r e p o r t e d  f o r  a  s e l e c t e d  sample  o f  

a c c i d e n t s  i n v o l v i n g  commerc ia l  v e h i c l e s  i s  viewed a s  a p a r t i c u l a r l y  

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

men t . 
3 . 2  THE MAN-VEHICLE CONTROL INTERFACE 

3 , 2 , 1  HUMAN ENGINEERING VARIABLES: OBJECTIVE MEASURES 

3 . 2 . 1 . 1  G e n e r a l  Remarks. The human-operator  i n t e r a c t s  w i t h  

h i s  v e h i c l e  i n  two ma jo r  ways,  d y n a m i c a l l y  and  s t a t i c a l l y .  I n  

t h e  f i r s t  i n s t a n c e ,  h e  is  p a r t  o f  a man-machine highway s y s t e m ,  i n  

which h e  p e r c e i v e s  t h e  r e s u l t s  of  h i s  p r e v i o u s  d e c i s i o n s  and  motor  



a c t i o n s  and proceeds on a  cont inuing b a s i s  t o  behave a s  a  dynamic 

c o n t r o l l e r .  In t he  second in s t ance ,  man i n t e r a c t s  with the  f i x e d  

f e a t u r e s  of t h e  d r i v e r ' s  compartment, and p a r t  of h i s  a b i l i t y  t o  

perform the  requi red  con t ro l  t a s k s  becomes a  func t ion  of t h e  s t a t i c  

geometry and fo rce  l e v e l s  p reva i l i ng  a t  t h i s  con t ro l  i n t e r f a c e  

between the  man and t h e  machine. 

The dynamic man-vehicle i n t e r a c t i o n  s t u d i e s  t h a t  have been 

repor ted  i n  t he  l i t e r a t u r e  t o  t h i s  time [ l o ,  11, 1 2 ,  13,  14, 151 

represent  a  beginning attempt t o  analyze a  complex problem, and tlhe 

r e s u l t s  a r e  not ye t  adequate f o r  der iv ing  s tandards  f o r  vehicle-  

handling p r o p e r t i e s .  Further  work is  needed i n  order  t o  understand 

t h e  r o l e  of t he  parameters a f f e c t i n g  dr iver -vehic le  compa t ib i l i t y  

u t i l i z i n g  dynamic c r i t e r i a  of performance: I t  appears t h a t  consider- 

ab l e  time w i l l  e lapse  before t he  dynamic i n t e r a c t i o n s  a f f e c t i n g  

handling performance a r e  adequately understood so  t h a t  t h i s  knowledge 

may be appl ied  t o  t h e  s p e c i f i c a t i o n  of performance s tandards .  

There i s ,  however, a  s i g n i f i c a n t  amount of information bearing 

on man's r e l a t i o n s h i p  t o  the  devices with which he c o n t r o l s  an auto- 

mobile.  Although the  p rec i se  na ture  of t he  r e l a t i o n s h i p  between these 

s t a t i c  i n t e r a c t i o n s  and system performance is not ye t  known, it is 

f u l l y  apparent t h a t  t h e  pos i t ion ing  and the  opera t ing  c h a r a c t e r i s -  

t i c s  of t h e s e  c o n t r o l s  must permit t he  d r ive r  t o  make f u l l  use  of t he  

performance provided i n  t he  o the r  components of the  automotive system. 

For t he  purpose of t h i s  r e p o r t ,  the  primary c o n t r o l s  a r e  taken t o  be 

those  t h a t  d i r e c t l y  a f f e c t  the  l a t e r a l  and long i tud ina l  motions of 

t h e  veh ic l e .  This  means t h a t  t h e  con t ro l s  of primary i n t e r e s t  a t  

t h i s  time a r e  t he  brake,  s t e e r i n g  wheel, a c c e l e r a t o r ,  c l u t c h ,  and 

parking brake.  Secondary con t ro l s  a r e  considered t o  be those  t h a t  

do not d i r e c t l y  a f f e c t  the  l a t e r a l  and long i tud ina l  motion of t h e  

veh ic l e .  A s  such they a r e  used l e s s  f requent ly  than the  primary 

c o n t r o l s .  

Basic t o  t he  design of t he  primary c o n t r o l s  a r e  (1) t h e i r  

d i s t ance  from the  opera tor  and (2) t he  fo rces  t h a t  a r e  r equ i r ed  t o  

ope ra t e  them. Adequate con t ro l  l oca t ion  is determined on t h e  b a s i s  

of anthropometric da t a  and is  a l s o  a  funct ion of t he  d r i v e r s '  cap.- 

a b i l i t y  of exe r t i ng  t h e  necessary fo rce  a t  var ious  given angular 

p o s i t i o n s  of t h e  limbs. Thus the  loca t ion  and f o r c e  requirements of 

man-machine matching cannot be determined independently.  Rather 



they  a r e  i n t e r a c t i n g  requ i rements  and must be cons ide red  s imul tan-  

e o u s l y .  T h i s  s i t u a t i o n  adds complexi ty  t o  t h e  des ign  t a s k  and means 

t h a t  a  c o n s i d e r a b l e  q u a n t i t y  and v a r i e t y  of d a t a  must be a v a i l a b l e  

t o  t h e  d e s i g n e r .  

Data p e r t a i n i n g  t o  t h e  des ign  of secondary c o n t r o l s  a r e  a l s o  

reviewed i n  t h i s  r e p o r t .  T h i s  review appears  d e s i r a b l e  s i n c e  t h e  

d r i v e r  may need t o  o p e r a t e  t h e s e  a d d i t i o n a l  c o n t r o l s  whi le  t h e  ve- 

h i c l e  is  i n  motion,  and i t  is important  t h a t  they  permit  quick and 

a c c u r a t e  manipu la t ion  wi th  minimal d i s t r a c t i o n  from o r  i n t e r f e r e n c e  

wi th  t h e  primary handl ing t a s k .  

In  l i n e  wi th  t h e  fo rego ing  remarks,  t h e  fo l lowing  c a t e g o r i e s  

of human f a c t o r s  d a t a  were sought i n  t h e  l i t e r a t u r e :  (a)  t h e  reach  

c a p a b i l i t y  of t h e  c i v i l i a n  p o p u l a t i o n  a t  v a r i o u s  a n g l e s  about  t h e  

body, (b) t h e  f o r c e s  t h a t  cou ld  be  genera ted  by t h e  v a r i o u s  l imbs of 

t h e  body a t  v a r i o u s  angu la r  p o s i t i o n s ,  (c)  t h e  a b i l i t y  t o  g r a s p  

o b j e c t s  i n  v a r i o u s  ways and t h e  f o r c e s  t h a t  could  be e x e r t e d ,  (d) t h e  

an th ropomet r i c  d a t a  r e l a t e d  t o  t h e  d r i v i n g  popu la t ion  o r  t o  c e r t a i n  

s p e c i f i e d  segments w i t h i n  t h a t  p o p u l a t i o n ,  and ( e )  t h e  r e s u l t s  

( i n c l u d i n g  t h e  methodology) of s t u d i e s  d i r e c t e d  s p e c i f i c a l l y  towards 

i n v e s t i g a t i n g  t h e  s t a t i c  and dynamic i n t e r f a c e  between a  d r i v e r  and 

automotive c o n t r o l  sys tems.  

3 . 2 . 1 . 2  The Scope O f  The L i t e r a t u r e  Review. A few r e s e a r c h  

s t u d i e s  have been performed t o  a s c e r t a i n  t h e  optimum geometry of 

f o o t  p e d a l s ,  such a s  t h e  a c c e l e r a t o r  peda l  on a  motor v e h i c l e  

[16,  1 7 ,  1 8 ,  191. These s t u d i e s  have a l s o  been concerned w i t h  a  d e t e r -  

mina t ion  of optimum r e s t o r i n g  f o r c e  c h a r a c t e r i s t i c s  [ 2 0 ] .  Informa- 

t i o n  a l s o  e x i s t s  wi th  r e s p e c t  t o  t h e  l i m i t i n g  f o r c e  c a p a b i l i t y  of 

d r i v e r s  f o r  f o o t -  and hand-operation of c o n t r o l s .  Many measurements 

have been t a k e n ,  i n  some i n s t a n c e s  on q u i t e  l a r g e  samples ,  on t h e  

human's a b i l i t y  t o  e x e r t  p r e s s u r e  i n  pushing movements wi th  t h e  f e e t  

a t  v a r i o u s  l a t e r a l  p o s i t i o n s  wi th  r e s p e c t  t o  t h e  m i d l i n e  of t h e  body 

and a t  v a r i o u s  h o r i z o n t a l  a n g l e s  and d i s t a n c e s  from t h e  body [21], 

S i m i l a r l y ,  c o n s i d e r a b l e  d a t a  have been c o l l e c t e d  i n d i c a t i n g  man's 

c a p a b i l i t y  i n  pushing and p u l l i n g  t a s k s  and t h e  e x t e n t  t o  which t h e  

hand can be moved i n  p rona t ion  and s u p i n a t i o n ,  The d a t a  a r e  l a r g e l y  

of v a l u e  f o r  des ign a p p l i c a t i o n s  o t h e r  than  t h o s e  of concern i n  t h e  

p r e s e n t  s t u d y ,  s i n c e  almost  a l l  s t u d i e s  concerned wi th  human f o r c e  

c a p a b i l i t y  have been c a r r i e d  o u t  upon samples s e l e c t e d  from m i l i t a r y  



p o p u l a t i o n s .  F o r  t h o s e  few s t u d i e s  i n  which d a t a  were  o b t a i n e d  f o r  

c i v i l i a n  p o p u l a t i o n s  t h e  samples  were  s m a l l  i n  s i z e  a n d ,  i n  any 

e v e n t ,  were  n o t  o b t a i n e d  f o r  t h e  American c i v i l i a n  p o p u l a t i o n .  I t  

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

t h e  an th roporne t r i c  measurements  of  German, R u s s i a n ,  A u s t r a l i a n ,  and  

c e r t a i n  o t h e r  p o p u l a t i o n s  a r e  q u i t e  s i m i l a r  t o  t h e  American popula-  

t i o n  [22 ,  2 3 1 .  However, t h e  meager d a t a  f o r  J a p a n e s e  ma les  and a 

s e l e c t e d  g roup  o f  young J a p a n e s e  f e m a l e s  which showed p e r c e n t i l e  

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

p r e s e n t  s t u d y .  

I t  is of i n t e r e s t  t o  n o t e  t h a t  t h e  5 t h  p e r c e n t i l e  young J a p a n e s e  

f ema le  c o u l d  e x e r t  a  maximum b r a k e  p e d a l  f o r c e  o f  o n l y  37  l b s  [ 8 ] .  

T h i s  means t h a t ,  on a  d r y  s u r f a c e ,  s h e  would be u n a b l e  t o  o b t a i n  

t h e  maximum b r a k i n g  c a p a b i l i t y  o f  any American c a r  w i t h o u t  power- 

a s s i s t e d  b r a k e s .  S i m i l a r l y ,  f o r  a  hand-opera ted  p a r k i n g  b r a k e ,  t h e  

5 0 t h  p e r c e n t i l e  young J a p a n e s e  f ema le  was a b l e  t o  e x e r t  a  p u l l  o f  

50 l b ,  which would n o t  be s u f f i c i e n t  t o  h o l d  most U. S. p a s s e n g e r  

v e h i c l e s  on a  27% g r a d e .  

Whi le  it  is e s s e n t i a l  t h a t  t h e  d r i v e r  be  a b l e  t o  e x e r t  s u f f i c i e n t  

f o r c e  t o  move t h e  c o n t r o l  s o  a s  t o  o b t a i n  t h e  d e s i r e d  o u t p u t ,  i t  is 

o b v i o u s l y  even  more e s s e n t i a l  t h a t  he  be  a b l e  t o  r e a c h  t h e  c o n t r o l  

w i t h  t h e  l imb  u s e d  t o  o p e r a t e  i t .  I n  o r d e r  t o  o b t a i n  d a t a  d e s c r i b -  

i n g  t h e  r e a c h  c h a r a c t e r i s t i c s  of  t h e  d r i v i n g  p o p u l a t i o n ,  t h e  l i t e r a -  

t u r e  s e a r c h  sough t  a n t h r o p o m e t r i c  d a t a  r e l a t i n g  t o  t h e  d r i v i n g  popu- 

l a t i o n .  Many s t u d i e s  i n  which a n t h r o p o m e t r i c  d a t a  were  c o l l e c t e d  

have  been  found ,  b u t  a g a i n ,  most of t h e s e  s t u d i e s  were per formed on 

armed f o r c e s  p e r s o n n e l .  We a r e  conce rned ,  however,  w i t h  t h e  c i v i l i a n  

p o p u l a t i o n ,  and i n  t h i s  r e g a r d  two i m p o r t a n t  s o u r c e s  were l o c a t e d .  

I n  t h e  more minor o f  t h e s e  two s t u d i e s  [24 ]  d a t a  were  found  p r e s e n t -  

i n g  b a s i c  a n t h r o p o m e t r i c  measurements  as o b t a i n e d  from a  sample  o f  

commercia l  v e h i c l e  d r i v e r s .  The more i m p o r t a n t  s t u d y  [ 2 5 ]  was much 

l a r g e r  i n  s c o p e  and d e a l s  w i t h  measurements  c a r r i e d  o u t  on a b o u t  

7000 r e p r e s e n t a t i v e  members o f  t h e  c i v i l i a n  p o p u l a t i o n  between t h e  

a g e s  of  18 and 74.  The l a t t e r  d a t a  a r e  by f a r  t h e  b e s t  a v a i l a b l e  

s o u r c e  o f  a n t h r o p o m e t r i c  measurements  f o r  t h e  American c i v i l i a n  

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

p r e s e n t  s t u d y .  Twelve i m p o r t a n t  d imensions  f o r  t h e  s t a n d i n g  and 

s e a t e d  s u b j e c t  were  d e r i v e d .  Although t h e  s t u d y  was n o t  e x h a u s t i v e ,  

t h e s e  d a t a  have  been a c c e p t e d  a s  a d e q u a t e  by t h o s e  p e r s o n n e l  engaged 



i n  t h e  des ign  of automotive s e a t i n g  and t h e  i n t e r i o r  workspace,  

The problem of determining t h e  workspace r e q u i r e d  f o r  t h e  

d r i v e r  i s ,  however, not  a  s imple  t a s k .  S t a t i c  an th ropomet r i c  d a t a  

a r e  no t  s u f f i c i e n t  because  t h e  d r i v e r  can f r e q u e n t l y  u t i l i z e  body 

motions which may e n l a r g e  o r  dec rease  h i s  f u n c t i o n a l  r e a c h  d i s t a n c e .  

The S o c i e t y  of Automotive Engineers  has  developed an an th ropomet r i c  

dummy by which they  can t a k e  s t a t i c  r e a c h  measurements a s  w e l l  a s  

make e s t i m a t e s  of dynamic reach 1261. T h i s  is one approach t o  re -  

s o l v i n g  t h i s  complex problem and i t  is  p robab le  t h a t  f u r t h e r  inves-  

t i g a t i o n s  a r e  warranted i n  o r d e r  t o  develop a  uniform and a c c e p t a b l e  

methodology f o r  d e l i n e a t i n g  t h e  d r i v e r ' s  workspace. Although d a t a  

concerning reach  e x i s t  i n  t h e  l i t e r a t u r e ,  r each- fo rce  i n t e r a c t i o n  

d a t a  a r e  not  i n  hand a t  t h e  p r e s e n t  t ime .  

The s p e c i f i c  f i n d i n g s  of t h e  review of d a t a  t h a t  a r e  c u r r e n t l y  

a v a i l a b l e  and t h a t  a r e  a p p l i c a b l e  t o  t h e  human f a c t o r  a s p e c t s  of 

v e h i c l e  hand l ing  p r o p e r t i e s  a r e  d i s c u s s e d  i n  t h e  fo l lowing  s e c t i o n  

C3.2.21. 

3 . 2 . 2  MAN-VEHICLE hIATCHING DATA: AVAILABLE AND REQUIRED 

The l i t e r a t u r e  survey conducted on s t a t i c  man-vehicle r e l a t i o n -  

s h i p s  r e v e a l e d  a  g r e a t  d e a l  of a p p l i c a b l e  d a t a .  These d a t a  a r e  sum- 

marized below. They a r e  o rgan ized  a s  a  s e r i e s  of recommendations 

f o r  t h e  des ign  and placement of s p e c i f i c  c o n t r o l  e l ements .  Where 

a p p r o p r i a t e ,  t h e  l o g i c  employed t o  develop t h e s e  recommendations is 

a l s o  p r e s e n t e d .  A summary t a b u l a t i o n  of t h e  f i n d i n g s  i n  t h e  l i t e r a -  

t u r e  and t h e i r  i n t e r p r e t a t i o n  ( i n  t h e  c o n t e x t  of t h i s  s t u d y )  is 

provided a t  t h e  end of t h i s  s e c t i o n .  

3 . 2 . 2 . 1  Brake And Clutch.  F i g u r e  3-2 shows t h e  b a s i c  l a y o u t  of 

t h e  b rake  and c l u t c h  p e d a l s  and t h e  dimensions t h a t  appear  t o  be 

d e f i n a b l e  on t h e  b a s i s  of p r e s e n t l y  a v a i l a b l e  d a t a .  

(1) L a t e r a l  Locat ion:  An i n d i v i d u a l ' s  a b i l i t y  t o  push wi th  

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

t h e  c e n t e r  l i n e  of t h e  t o r s o  (14. Accordingly,  t h e  b rake  shou ld  

p rov ide  a  s u r f a c e  a s  c l o s e  a s  p o s s i b l e  t o  t h e  c e n t e r  l i n e  of t h e  

body. The c l u t c h  p e d a l ,  i n  c a r s  s o  equipped,  shou ld  be  l i n e d  up 

wi th  t h e  c e n t e r  l i n e  of t h e  l e f t  l e g .  The c l u t c h  would then  be  

p l a c e d  about 4 . 8  i n .  from t h e  c e n t e r  l i n e  of t h e  body 1;lq . To mini- 

mize t h e  p o s s i b i l i t y  of a  d r i v e r  i n a d v e r t e n t l y  o p e r a t i n g  both  p e d a l s ,  

a  minimum c l e a r a n c e  of 4 . 5  i n .  is recommended. T h i s  recommendation 
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is based on the  dimensions of a  95th p e r c e n t i l e  male f o o t  with shoe 

C211 
(2) Ver t i ca l  Location: The center  of t he  undeflected brake or  

c lu t ch  pedal should be lo0-20' below t h e  H po in t  [16]. 

(3) Longitudinal Location: I t  i s  des i r ab l e  t h a t  a t  t he  maxi- 

mum t r a v e l  po in t  f o r  'both brake and c l u t c h ,  t he  d r i v e r ' s  knee be a t  

an angle of not  more than 170°, and preferab ly  within a  range of 

160'-170'. There a r e  two reasons f o r  t h i s :  ( a )  it  in su res  t h a t  t he  

operator  may f u l l y  r e l e a s e  t h e  c lu t ch  and f u l l y  apply t h e  brake,  and 

(b) t hese  a r e  t he  knee angles  a t  which maximum fo rce  app l i ca t ion  is  

achieved. 

(4) Pedal Dimensions: The minimum hor i zon ta l  dimension of t h e  

brake and c lu t ch  pedals  should approximate the  width of a  small  

female f o o t .  Hence, a  minimum width of 3 . 5  i n .  i s  recommended C273. 

Addit ional  width appears d e s i r a b l e ,  p a r t i c u l a r l y  i n  t he  case  of t h e  

brake pedal i n  c a r s  not equipped with a  c lu t ch  i n  order  (a)  t o  mini- 

mize t h e  p r o b a b i l i t y  t h a t  t he  d r ive r  may miss t he  pedal a l t oge the r  o r  

h i t  i t  with such a  small  a rea  of t he  foo t  a s  t o  render h i s  ac t ion  

i n e f f e c t i v e ;  (b) t o  make ava i l ab l e  a  fo rce  poin t  f o r  t he  brake a s  

near t he  cen te r  l i n e  of t he  body a s  poss ib l e ;  and (c)  t o  allow two- 

footed brake app l i ca t ions  where it is  deemed expedient .  

The v e r t i c a l  dimension of t he  pedal is determined by t h e  d i f -  

fe rence  between the  heel- to-bal l  length of a  l a r g e  male foo t  and a  

small  female f o o t .  Available da t a  [28] i n d i c a t e  t h a t  a  5th p e r c e n t i l e  

female f o o t  length is  8 .8  i n .  and a  95th p e r c e n t i l e  male foo t  length  

is  11.5 i n .  The hee l - to-ba l l  foo t  length is about 75% of t hese  

dimensions. Hence, t he  female length  is  6 .6  i n . ,  t he  male length  

8.6 i n .  Adding 0 . 5  i n .  t o  t h e  male length  t o  allow f o r  e leva t ion  of 

t he  f o o t  caused by the  heel  of t he  shoe, t h i s  length  becomes 9 . 1  i n .  

This value (9 .1  i n . )  def ines  the  minimum height  of t h e  top edge of 

t h e  undeflected brake and c lu t ch  pedals  a s  measured from the  f l o o r .  

The female hee l - to-ba l l  foo t  length (6.6 i n . )  def ines  t he  maximum 

height  of t h e  lower edge of t h e  brake and c l u t c h  pedals  a s  measured 

from the  f l o o r .  Human-engineering cons idera t ion  of t he  design of 

foo t  pedals  a l s o  leads  t o  t he  following conclusions:  

(A)  I f  t h e  undeflected brake pedal is p o s i t i ~ n e d  t o  t h e  r e a r  

of t h e  a c c e l e r a t o r ,  a  downward-projecting f l ange  should be 

a t tached  t o  t h e  s i d e  of t h e  brake pedal next t o  t he  accel-  

e r a t o r ;  t h e  dimension of t he  f l ange  should be a t  l e a s t  



e q u a l  t o  t h e  d i s t a n c e  t h a t  t h e  b r a k e  p e d a l  is  above  t h e  

a c c e l e r a t o r .  Such a  f l a n g e  w i l l  h e l p  p r e v e n t  a  d r i v e r  

from c a t c h i n g  h i s  f o o t  u n d e r  t h e  b r a k e  w h i l e  moving t h e  

f o o t  from t h e  a c c e l e r a t o r  t o  t h e  b r a k e  p e d a l .  

(B) The s u r f a c e s  o f  t h e  b r a k e  and c l u t c h  p e d a l s  s h o u l d  b e  

f a c e d  w i t h  m a t e r i a l  t h a t  would minimize  t h e  p o s s i b i l i t y  

t h a t  t h e  f o o t  might  s l i p  from t h e  p e d a l .  

(C) Brake  and c l u t c h  p e d a l s  s h o u l d  be  s l i g h t l y  convex w i t h  t h e  

r a d i u s  a b o u t  t h e  h o r i z o n t a l  d imens ion .  T h i s  geometry  

would a d j u s t  f o r  t h e  i n c l i n a t i o n  o f  t h e  f o o t  t o  t h e  p e d a l  

s u r f a c e  an  i n c l i n a t i o n  which v a r i e s  a s  a  f u n c t i o n  o f  t h e  

o p e r a t o r ' s  s e a t e d  p o s i t i o n .  

(5) Maximum F o r c e  Requi rements :  The p e d a l  f o r c e s  r e q u i r e d  t o  

a c h i e v e  maximum d e c e l e r a t i o n  on d r y  pavement s h o u l d  n o t  exceed  t h e  

f o r c e  c a p a b i l i t i e s  of  a  s m a l l  f ema le .  While many s t u d i e s  have  ir ives-  

t i g a t e d  t h e  l e g - s t r e n g t h  c h a r a c t e r i s t i c s  of  c e r t a i n  s p e c i a l i z e d  popu- 

l a t i o n s  ( e . g . ,  m i l i t a r y  t r u c k  d r i v e r s ) ,  o u r  i n t e n s i v e  l i t e r a t u r e  

s e a r c h  h a s  f a i l e d  t o  d i s c o v e r  any i n v e s t i g a t i o n s  i n  which t h e  f o r c e  

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

The b e s t  app rox ima t ion  is a  Japanese  s t u d y  i n  which t h e  c a p a b i l i t i e s  

o f  a  f a i r l y  l a r g e  sample  of 16-year -o ld  s c h o o l  g i r l s  were  i n v e s t l -  

g a t e d .  The p e d a l  f o r c e  a c h i e v e d  by t h e  5 t h  p e r c e n t i l e  o f  t h i s  popu- 

l a t i o n  was 3 7 . 0  l b  [ 8 ] .  Other  s t u d i e s  i n v o l v i n g  male  U. S.  m i l i t a r y  

p e r s o n n e l  have  r e s u l t e d  i n  much h i g h e r  5 t h  p e r c e n t i l e  v a l u e s ,  e . g . ,  

407 l b  [29 ]  and 484 l b  [ 3 0 ] .  A l l  a v a i l a b l e  d a t a  a r e  c o n s i d e r e d  

s u s p e c t .  I t  a p p e a r s  t h a t  s t u d i e s  s h o u l d  b e  conduc ted  t o  e s t a b l i s h  

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

fo rce -endurance  c h a r a c t e r i s t i c s  f o r  t h e  same p o p u l a t i o n  s h o u l d  be  

a s s e s s e d  a s  w e l l .  

( 6 )  Force-Displacement  C h a r a c t e r i s t i c s :  The f o r c e - d i s p l a c e -  

ment c h a r a c t e r i s t i c s  of  b o t h  t h e  b r a k e  and c l u t c h  c o n s t i t u t e  a  

d i r e c t  and  i m p o r t a n t  f eedback  l o o p  t o  t h e  o p e r a t o r .  T h e r e  a r e  two 

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

o f  t h e s e  c o n t r o l s :  ( a )  t h e  maximum o u t p u t  c a p a b i l i t i e s  o f  t h e  weak- 

e s t  p e o p l e  who a r e  a p t  t o  o p e r a t e  t h e  v e h i c l e ,  and (b)  a  minimum 

f o r c e  o r  d i s p l a c e m e n t  de t e rmined  o p e r a t i o n a l l y  by t h e  p o i n t  a t  which 

t h e  d r i v e r ' s  a b i l i t y  t o  modu la t e  t h e  c o n t r o l  i s  degraded .  The con- 

f l i c t i n g  n a t u r e  o f  t h e s e  r e q u i r e m e n t s  c a n  be  r e a d i l y  a p p r e c i a t e d ,  

F o r  i n s t a n c e ,  r e d u c e d  g a i n  may make t h e  b r a k e ,  l a r g e l y  a  f o r c e -  



modulated c o n t r o l ,  e a s i e r  t o  modulate,  p a r t i c u l a r l y  under c o n d i t i o n s  

of i c y  pavement. But i f  t h e  g a i n  is made t o o  low, it may become 

imposs ib le  f o r  weaker females  t o  ach ieve  maximum d e c e l e r a t i o n  on dry  

pavement. I f  t h e  g a i n  i s  i n c r e a s e d  i n  c o n s i d e r a t i o n  of t h e s e  weaker 

f emales ,  t h e  range of f o r c e  through which modulation is p o s s i b l e  is  

reduced,  making a c c u r a t e  c o n t r o l  of d e c e l e r a t i o n  more d i f f i c u l t ,  

p a r t i c u l a r l y  under c o n d i t i o n s  of reduced c o e f f i c i e n t  of f r i c t i o n .  

Th i s  c o n f l i c t  seems t o  be a  very  d e l i c a t e  one,  and i t  is e s s e n t i a l  

t h a t  t h e  optimum g a i n  o r  t h e  r e g i o n  of b e s t  performance be d e f i n e d  

through c a r e f u l  r e s e a r c h .  F i g u r e  3-3 i l l u s t r a t e s  t h e  form i n  which 

t h e  d a t a  may appear a s  t h e  r e s u l t  of such an i n v e s t i g a t i o n .  

3 . 2 . 2 . 2  Acce le ra to r  Peda l .  

(1) Dimensions: I n  a d d i t i o n  t o  r e a c h ,  a  c r i t e r i o n  of comfort  

is  invo lved ;  hence t h e  minimum c o n t a c t  a r e a  of t h e  a c c e l e r a t o r  

shou ld  be w i t h i n  reach  of t h e  b a l l  of t h e  f o o t  o f ,  f o r  example, t h e  

1% female and a  99% male.  I n  each c a s e ,  t h e  h e e l  shou ld  r e s t  on t h e  

f l o o r .  Based on t h e  compi la t ion  by Damon, e t  a l .  r 2 h 3 ,  t h e  f o o t  

l e n g t h  of t h e  1% female  f o o t  appears  t o  be approximate ly  8 . 3  i n .  

The d i s t a n c e  from t h e  h e e l  t o  t h e  b a l l  of t h e  f o o t  i n  t h i s  i n s t a n c e ,  

i s  about 6 . 2  i n .  The same source  i n d i c a t e s  t h e  f o o t  l e n g t h  of t h e  

99 th  p e r c e n t i l e  male t n  be about 12 i n .  and t h e  h e e l - t o - b a l l  f o o t  

l e n g t h  t o  be  about 9  i n .  Thus, t h e  v e r t i c a l  dimension shou ld  be not  

l e s s  than  2 . 8  i n . ,  and it appears  a d v i s a b l e  t h a t  an inch  be  added t o  

p rov ide  a  peda l  a t  l e a s t  3 .8  i n .  long.  The minimum h o r i z o n t a l  dimen- 

s i o n  (width) is recommended a s  1 . 0  i n .  The minimum h e i g h t  of t h e  t o p  

of t h e  peda l  shou ld  be not  l e s s  than  t h e  h e e l - t o - b a l l  f o o t  d i s t a n c e  

of a  99% male (9.0 i n . ) ,  t h i s  d i s t a n c e  being measured from t h e  ac- 

c e l e r a t o r  r e f e r e n c e  p o i n t .  To t h e  e x t e n t  t h a t  t h e  t o p  of t h e  peda l  

i s  above t h i s  p o i n t ,  t h e  l e n g t h  of t h e  minimum pad shou ld  be  in-  

c r e a s e d  by a  l i k e  d i s t a n c e .  

( 2 )  C lea rances :  Obviously,  t h e r e  must be c l e a r a n c e  between 

t h e  c e n t e r  Line of t h e  peda l  and s t a t i o n a r y  o b j e c t s  i n  o r d e r  t o  

accomodate t h e  f o o t  width of t h e  95% male ( 4 . 3  i n .  1313) over  t h e  

f u l l  r ange  of peda l  t r a v e l .  Adding 0 .25  i n ,  on each s i d e  f o r  shoes ,  

t h e  c l e a r a n c e  about t h e  c e n t e r  l i n e  of t h e  peda l  shou ld  be  (4 .3  + 
0 . 5 0 ) / 2 ,  o r  approximate ly  2 .4  i n .  The p roper  minimum c l e a r a n c e  

between t h e  a c c e l e r a t o r  and brake peda l  would be t h e  same a s  t h a t  

between t h e  brake and c l u t c h  p e d a l ,  i . e . ,  4 . 5  i n .  In  o r d e r  t o  

minimize t h e  t ime r e q u i r e d  t o  move t h e  f o o t  between t h e  a c c e l e r a t o r  
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and t h e  b rake ,  a  c a s e  e x i s t s  f o r  recommending t h e  above c i t e d  mini- 

mum c l e a r a n c e  a s  a  maximum s e p a r a t i o n  between t h e  a c c e l e r a t o r  and 

brake peda l .  The c l e a r a n c e  dimension is p a r t i c u l a r l y  c r i t i c a l  

because  it i s  necessa ry  t o  p r e c l u d e  i n a d v e r t e n t  o p e r a t i o n  of t h e  

a c c e l e r a t o r  dur ing  b rak ing .  The recommended dimensions f o r  t h e  

a c c e l e r a t o r  peda l  a r e  g iven  i n  F i g u r e  3-4. 

(3) Acce le ra to r  Displacement C h a r a c t e r i s t i c s :  l~aximum angu la r  

d isplacement  shou ld  be 20' [16 ,  321 and l i n e a r  d isplacement  a t  t h e  

b a l l  of t h e  f o o t  shou ld  be about 1 . 5  - 2  i n .  [16 ,  32,  331. I t  ap- 

p e a r s  a d v i s a b l e  t h a t  t h e  maximum displacement  f o r  t h e  t h r o t t l e  be  a t  

a  p o i n t  about 15O b e f o r e  t h e  f o o t  i s  f u l l y  extended.  I n  f u l l  r e l e a s e  

p o s i t i o n  t h e  a n k l e  a n g l e  shou ld  no t  be  l e s s  than  90'. 

S e v e r a l  i n v e s t i g a t o r s  have pub l i shed  recommendations d e a l i n g  

wi th  t h e  r e s t o r i n g  f o r c e  of t h e  a c c e l e r a t o r  p e d a l .  The recommended 

v a l u e s  a r e  7 .7  l b  [16] ,  9  l b  [32] ,  o r  a  range of 6 . 5  t o  9  l b  [331 

and it f o l l o w s  t h a t  a  range of 6 . 5  t o  9  l b  is  i n d i c a t e d ,  where t h e s e  

f o r c e s  a r e  measured a t  t h e  c e n t e r  of t h e  b a l l - o f - f o o t  c o n t a c t  p a t c h .  

The peda l  shou ld  r o t a t e  about a  p o i n t  a t  t h e  h e e l  r e f e r e n c e  p o i n t ,  

s i n c e  t h i s  geometry is  a s s o c i a t e d  w i t h  minimum response  t ime ,  mini-  

mum e f f o r t ,  and g r e a t e s t  accuracy i n  a  c o n t r o l  t a s k  [ 9 ,  18 ,  19 ,  171. 

I t  is  b e l i e v e d  t h a t  t h e  e x i s t i n g  d a t a  p e r t a i n i n g  t o  s t a t i c  des ign  of 

t h e  a c c e l e r a t o r  a r e  adequa te .  However, a d d i t i o n a l  in fo rmat ion  is  

needed t o  determine t h e  d e s i r a b l e  displacement-performance c h a r a c t e r -  

i s t i c s  of t h e  a c c e l e r a t o r .  

3 . 2 . 2 . 3  Parking Brakes.  

(1) Hand Operated:  Some s t u d i e s  have been c a r r i e d  o u t  t o  

determine t h e  e f f e c t  of l imb p o s i t i o n  i n  p u l l i n g  and pushing w i t h  

t h e  hand C34, 35,  36,  373. I t  is concluded t h a t  t h e  hand le  of t h e  

hand-operated pa rk ing  b rake  should  be l o c a t e d  w i t h i n  t h e  dynamic 

reach  of a t  l e a s t  t h e  middle 90% of d r i v e r s ,  and t h e  o p e r a t i n g  

f o r c e s  r e q u i r e d  t o  hold  t h e  c a r  on a  r e a s o n a b l e  g rade  must be  w i t h i n  

t h e  f o r c e  c a p a b i l i t i e s  of a  5 t h  p e r c e n t i l e  female .  

(2) Foot Operated:  The maximum t r a v e l  r e q u i r e d  t o  s e t  t h e  

b rakes  t o  ho ld  t h e  c a r  on a  r easonab le  g rade  shou ld  no t  be beyond 

t h e  maximum r e a c h  of t h e  5 t h  p e r c e n t i l e  female ,  f o r  example. The 

maximum knee a n g l e  shou ld  not  be i n  excess  of 170'. The v e r t i c a l  

and l a t e r a l  l o c a t i o n  and t h e  f o r c e  requ i rements  shou ld  be w i t h i n  

t h e  c a p a b i l i t i e s  o f ,  f o r  example, t h e  5 t h  p e r c e n t i l e  female .  A t  

t h e  same t i m e ,  knee a n g l e s  of l e s s  than  90' shou ld  be  avoided f o r  
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two reasons :  (a)  t o  avoid  p l a c i n g  t h e  d r i v e r  i n  awkward p o s i t i o n s ,  

and (b) because  t h e  push c a p a b i l i t y  of human beings  is  g r e a t l y  r e -  

duced a t  knee a n g l e s  of 90' o r  l e s s ,  

(3) Re lease  Mechanisms: For thumb-operated r e l e a s e  mechanisms 

t h e  maximum recommended f o r c e  is 4 l b  and f o r  hand-squeezed r e l e a s e  

hand les  a  maximum r e l e a s e  f o r c e  of 2 2  l b  is  recommended [ 1 6 ] .  However, 

t h e  c h a r a c t e r i s t i c s  of t h e  popu la t ion  on which t h e s e  v a l u e s  a r e  based 

has  not  been adequa te ly  s p e c i f i e d .  For  parking-brake r e l e a s e  mech- 

anisms which r e q u i r e  a  t w i s t i n g  motion of t h e  hand, d a t a  a r e  a v a i l -  

a b l e  on t h e  p rona t ion  and s u p i n a t i o n  c a p a b i l i t i e s  of 5 t h  p e r c e n t i l e  

u n i v e r s i t y  s t u d e n t s  [38]  which i n d i c a t e  a  maximum t w i s t i n g  f o r c e  

c a p a b i l i t y  of 29 l b .  Again, however, t h i s  popu la t ion  was no t  t r u l y  

r e p r e s e n t a t i v e  of d r i v e r s .  No r e l e v a n t  d a t a  appear t o  e x i s t  f o r  t h e  

very  common T-handle p u l l  r e l e a s e  mechanism. 

(4) Recommended Addi t iona l  Informat ion:  A d d i t i o n a l  in fo rmat ion  

is  r e q u i r e d  i n  o r d e r  t o  p r o p e r l y  e s t a b l i s h  t h e  l i m i t i n g  pa ramete r s  

f o r  t h e  v a r i o u s  t y p e s  of pa rk ing  b rakes :  

a .  Dynamic reach  c a p a b i l i t y  of 5 t h  p e r c e n t i l e  f emales ;  

b .  Force  c a p a b i l i t y  of t h e  5 t h  p e r c e n t i l e  female t e s t e d  on 

r e p r e s e n t a t i v e  c o n f i g u r a t i o n s ;  

c .  hIaximum f o r c e s  on v a r i o u s  r e l e a s e  mechanisms f o r  t h e  5 t h  

p e r c e n t i l e  female;  

d .  A d e f i n i t i o n  of a  r e a s o n a b l e  t e s t  g rade  t o  e s t a b l i s h  t h e  

c o n d i t i o n s  under which pa rk ing  b rakes  shou ld  be t e s t e d .  

3 . 2 . 2 . 4  S t e e r i n g  Wheel. There a r e  b a s i c  d imensional  r e s t r i c t i o n s  

on t h e  s t e e r i n g  wheel .  A 26-in.  maximum dimension between t h e  lower 

s t e e r i n g  wheel r i m  and t h e  u n d e f e l e c t e d  brake pedal  a l l o w s  c l e a r a n c e  

f o r  t h e  95 th  p e r c e n t i l e  lower l e g  l e n g t h  a s  i n d i c a t e d  by McFarland [39].  

The 8 i n ,  minimum between t h e  lower r i m  and t h e  t o p  of t h e  s e a t  

a l lows  t h i g h  c l e a r a n c e  p l u s  1 i n .  f o r  a  95 th  p e r c e n t i l e  male [25] .  

The minimum-maximum range  of 12  t o  18 i n .  between t h e  lower r i m  and 

s e a t  back a l lows  abdominal c l e a r a n c e s  f o r  95 th  p e r c e n t i l e  i n d i v i d u a l s  

wi th  range adequate  f o r  adjus tment  t o  5 t h  p e r c e n t i l e  dimensions [39:. 

The upper r i m  of t h e  s t e e r i n g  wheel must no t  p r o t r u d e  i n t o  a  l i n e  of 

s i g h t  e s t a b l i s h e d  from t h e  eye p o i n t  f o r  a  1st p e r c e n t i l e  female t o  

some p o i n t  on t h e  road  s u r f a c e  [40] .  These dimensions a r e  shown i n  

F i g u r e  3-5. The d i s t a n c e  from t h e  automobile t o  t h e  c o n t a c t  p o i n t  

of  t h e  l i n e  of s i g h t  wi th  t h e  road needs t o  be determined.  One 

e f f o r t  t o  determine t h e  l i n e  of s i g h t  r e s u l t e d  i n  a recommendation 

f o r  a  s t a n d a r d  i n  England [ 4 f ] .  
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I t  appears  t h a t  t h e  s t e e r i n g  wheel shou ld  be s o  p o s i t i o n e d  t h a t  

i t  is p o s s i b l e  f o r  a l l  d r i v e r s  t o  a d j u s t  t h e i r  p o s i t i o n  t o  ach ieve  

an elbow ang le  of approximate ly  90'. T h i s  is t h e  b e s t  a n g l e  from 

t h e  p o i n t  of view of comfort  and e a s e  of r a p i d  wheel t u r n i n g  [16] .  

The importance of t h e  v e r t i c a l  o r i e n t a t i o n  of t h e  wheel i s  

i l l u s t r a t e d  i n  F i g u r e  3-6, which i n d i c a t e s  t h e  maximum f o r c e s ,  r a t e s  

of t u r n ,  and energy expend i tu res  which can be produced by human 

s u b j e c t s  a t  v a r i o u s  wheel ang les  [ 1 6 ] .  Data a r e  a l s o  a v a i l a b l e  r e -  

l a t i n g  t o  d e s i r a b l e  minimum f o r c e  l e v e l s  (2-5 l b  [ 1 6 ] ) ,  minimum c l e a r -  

ances  around t h e  wheel (3 i n .  [ 3 9 ] ) ,  r i m  d iamete r s  (0.75-2.00 i n .  

[ 3 2 j ) ,  wheel d iameter  (5-21 i n .  [ 3 2 ] ) .  

I n  HSRI's view t h e r e  a r e  s i g n i f i c a n t  knowledge gaps  i n  t h e  a r e a  

of s t e e r i n g  wheel des ign t h a t  shou ld  be e l i m i n a t e d .  Much of t h e  

a v a i l a b l e  d a t a ,  such a s  t h o s e  c i t e d  above, a r e  inadequa te .  

3 . 2 . 2 . 5  ~ l i s c e l l a n e o u s  Hand-Operated C o n t r o l s .  I n  automobi les  

t h a t  a r e  well-equipped wi th  o p t i o n a l  d e v i c e s ,  t h e r e  a r e  a  g r e a t  num- 

be r  of hand-operated c o n t r o l s .  A c o n s i d e r a b l e  amount of d a t a  per-  

t a i n i n g  t o  t h e  s i z e  of t h e s e  c o n t r o l s ,  t h e  f o r c e s  r e q u i r e d  i n  t h e i r  

o p e r a t i o n ,  and t h e i r  s e p a r a t i o n  d i s t a n c e s  a r e  a l r e a d y  a v a i l a b l e  [42] .  

However, r e a c h  d i s t a n c e s  a r e  no t  a v a i l a b l e  and must be  c o l l e c t e d  on 

r e p r e s e n t a t i v e  p o p u l a t i o n s .  

3 . 2 . 2 . 6  S e a t i n g .  The g e n e r a l  dimensions of v e h i c l e  s e a t s  

necessa ry  t o  conform t o  t h e  known c h a r a c t e r i s t i c s  of t h e  c i v i l i a n  

p o p u l a t i o n  [21]  have been w e l l  s p e c i f i e d  and a r e  i l l u s t r a t e d  i n  

F i g u r e  3-7 .  I n  a d d i t i o n  t o  t h e s e  s t a t i c  dimensions,  f o r e  and a f t  

ad jus tments  of 8 i n .  appear t o  be i n d i c a t e d .  T h i s  adjus tment  is 

necessa ry  i n  o r d e r  t o  accomodate v a r i a t i o n s  i n  l e g  l e n g t h .  V e r t i c a l  

adjus tment  c a p a b i l i t y  is f e l t  t o  be d e s i r a b l e  and a  range of 4 .5  i n .  

f o r  t h e  c i v i l i a n  popu la t ion  has been recommended 1213. 

While very  good anthropometr ic  d a t a  ( v i z . ,  12 body dimensions) 

a r e  a v a i l a b l e  [21] f o r  t h e  c i v i l i a n  d r i v i n g  p o p u l a t i o n ,  t h e  v a l u e s  

were o b t a i n e d  f o r  a p p l i c a t i o n  i n  s t a t i c  anthropometry.  Addi t iona l  

d a t a  a r e  p r e s e n t l y  be ing  c o l l e c t e d  by McFarland, e t  a l . ,  t o  o b t a i n  

i n d i c a t i o n s  of t h e  v a l u e s  t h a t  may be more r e a l i s t i c a l l y  a p p l i e d  t o  

problems of f u n c t i o n a l  r e a c h .  T h i s  program w i l l  a l s o  c o l l e c t  d a t a  

on t h e  dimensions of women i n  v a r i o u s  s t a g e s  of pregnancy; when 

t h e s e  d a t a  become a v a i l a b l e  they  w i l l  form a  v a l u a b l e  a d j u n c t  t o  t h e  

c u r r e n t l y  a v a i l a b l e  anthropometr ic  measures.  
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3.2,2.7 Tabula r  Summary of Human-Factor Data A p p l i c a b l e  - t o  

Man-Vehicle Matching ( S t a t i c ) .  -- 
I ,  Foot P e d a l s  

A ,  Brake  and Clu tch  

1. L a t e r a l  Loca t ion  

a ,  Brake a s  c l o s e  t o  t o r s o  c e n t e r  l i n e  a s  p o s s i b l e  

b ,  C lu tch  c e n t e r  l i n e  4.8 i n ,  l e f t  of  t o r s o  c e n t e r  

l i n e  

c. Minimum c l e a r a n c e  o f  4 , 5  i n .  edge  t o  edge 

2. V e r t i c a l  Loca t ion :  lo0-200 below H p o i n t  

3 .  Minimum Pad Dimensions: 3 .5  i n .  wide,  2 , 5  i n .  h i g h  

4. Height  From F l o o r :  Top edge 9 , l  i n ,  from f l o o r  (minimum) 

Bottom edge 6.6 i n .  from f l o o r  (maximum) 

5. Data Needed 

a ,  Maximum f o r c e  r e q u i r e m e n t s  

b ,  Force-displacement  c h a r a c t e r i s t i c s  

B. A c c e l e r a t o r  

1. Dimensions 

a .  3 , 8  i n .  l ong ,  1 i n .  wide (minimum) 

b ,  Top o f  p e d a l  9.6 i n ,  above A R P  (minimum) 

2. C lea rances  

a .  To s t a t i o n a r y  o b j e c t :  2,4 i n .  from p e d a l  c e n t e r  l i n e  

b.  To b r a k e :  4 .5  i n .  

3 .  Displacement c h a r a c t e r i s t i c s  

a .  Maximum d i sp lacement :  20' 

b. Minimum a n k l e  a n g l e :  90° 

c. Maximum t r a v e l  p o i n t :  15O b e f o r e  f u l l  a n k l e  

e x t e n s i o n s  

4. R e s t o r i n g  f o r c e  

6.5-9 l b .  

5 .  Data Needed 

Displacement-performance c h a r a c t e r i s t i c s  

11. P a r k i n g  Brakes  

A .  Hand-Operated 

(No d a t a )  

B. ~ o o t - o p e r ; t e d  

(No d a t a )  

- 
*ARP: AcceLera tor  Reference  P o i n t  



C, R e l e a s e  hlechanisms 

1. Thumb-operated: 4 l b ,  maximum 

2.  Squeeze-opera t  ed :  22 l b ,  maximum 

3 ,  Twis t -ope ra t ed :  29 l b ,  maximum 

D. Data Needed 

1. Dynamic r e a c h  c a p a b i l i t y  - 5% fema le  

2.  F o r c e  c a p a b i l i t i e s  - a l l  c o n f i g u r a t i o n s  - 5% f e m a l e  

3 .  T e s t  g r a d e  d e f i n i t i o n  

111. S t e e r i n g  Wheels 

A .  C l e a r a n c e s  

1. Brake  t o  wheel  r i m :  26 i n .  

2. S e a t  t o  wheel  r i m :  8 i n ,  

3 ,  S e a t  back  t o  wheel  r i m :  12-18 i n .  

4. Upper r i m  must n o t  p r o t r u d e  i n t o  v i s u a l  f i e l d  o f  1% 

d r i v e r s  

5. A l l  a round  wheel :  3 i n ,  

B. D r i v e r  r e l a t i o n  t o  t h e  wheel  

Elbow a n g l e  o f  90° 

C. S i z e s  

1. Wheel d i a m e t e r :  5-21 i n ,  

2.  Rim d i a m e t e r :  0.75-2,O i n ,  

Do  Data needed 

1, Maximum r i m  p u l l  o f  5% fema le  

2. Minimum r i m  p u l l  f o r  good c o n t r o l  

3 .  B e s t  wheel  a n g l e  and d i a m e t e r  

4. O p e r a t o r  r e s p o n s e  t o  power f a i l u r e s  

I V ,  S e a t i n g  ( s e e  F i g u r e  3-7) 

A .  F o r e  and a f t  a d j u s t m e n t :  0 .8  i n .  

B. V e r t i c a l  a d j u s t m e n t :  0 .45  i n .  
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4 . 0  AN ASSESSMENT OF THE PERFORMANCE-STANDARD (INTERIM) PROBLEM 

4 . 1  THE SYSTEMS ANALYSIS REQUIRED TO INITIATE AND MANAGE A PERFORMANCE- 

STANDARD PROGRAM 

The complexi ty  i n h e r e n t  i n  t h e  problem of deve lop ing  motor veh i -  

c l e  performance s tandards--even i n t e r i m  ones - - requ i res  a  sys tems ap- 

proach t o  c o n s t r u c t  a  s a t i s f a c t o r y  s o l u t i o n .  Th i s  means t h a t  t h e  

problem shou ld  be s t r u c t u r e d  i n  terms of a  system of i n t e r a c t i n g  com- 

ponents  and p r o c e s s e s  which a r e  i n t e g r a t e d  i n  optimum f a s h i o n ,  t h e n  

analyzed o b j e c t i v e l y ,  s t e p  by s t e p .  The system a n a l y s i s  r e q u i r e d  shou ld  

be based on a  model of t h e  a p p r o p r i a t e  p a r t  of t h e  highway s a f e t y  prob- 

lem, on comprehensive c r i t e r i a  f o r  optimum s t a n d a r d s ,  and on answering 

t h e  most p e n e t r a t i n g  q u e s t i o n s  i n  l o g i c a l  sequence.  The sys tem a n a l -  

y s i s  shou ld  t r e a t  a l l  major p a r t s  a t  each l e v e l  of t h e  problem e q u a l l y  

t o  avoid  b i a s  through e i t h e r  overemphasis o r  n e g l e c t .  

The development of t h e  sys tem-ana lys i s  p l a n s  p resen ted  i n  t h i s  

r e p o r t  is based upon c o n s i d e r a t i o n  of on ly  one p o r t i o n  of a  t o t a l  

sys tem model of  t h e  highway-safety problem. Th i s  p o r t i o n  c o n s i s t s  of 

a  model of t h e  r e l a t i o n s h i p s  between motor-vehic le  performance s t a n -  

d a r d s  and a c c i d e n t s .  The p o r t i o n  of t h e  t o t a l  highway-system model 

a p p l i c a b l e  t o  t h i s  s t u d y  is shown i n  F i g u r e  4-1. 

By u s i n g  t h e  diagrammed model, an a n a l y s i s  can be s t r u c t u r e d  

t h a t  proceeds  through s e v e r a l  s t e p s  t o  t h e  d e r i v a t i o n  of i n t e r i m  per-  

formance s t a n d a r d s .  These s t e p s  would appear t o  be a  f o l l o w s :  (1)  De- 

t e r m i n e ,  by t y p e ,  c o n f i g u r a t i o n ,  make, o r  model, t h o s e  v e h i c l e s  which 

a r e  over involved i n  a c c i d e n t  p roduc t ion .  ( 2 )  Determine t h e  e x t e n t  t o  

which performance f a c t o r s ,  a s  such ,  a r e ,  i n  l a r g e  measure,  r e s p o n s i -  

b l e  f o r  t h e  observed over involvement .  Th i s  d e t e r m i n a t i o n  is a  c r i t -  

i c a l  f e a t u r e  of t h e  a n a l y s i s  and may employ t e s t i n g  o r  t h e  a p p l i c a t i o n  

of v e h i c l e  dynamic a n a l y s e s .  ( 3 )  Compare "marginal" and average Pe- 

h i c l e s  w i t h  r e g a r d  t o  performance c a p a b i l i t i e s  s o  t h a t  r e a s o n a b l e  per-  

formance l e v e l s  may be chosen a s  t e n t a t i v e  s t a n d a r d s .  The s u c c e s s  o r  

f a i l u r e  of t h i s  i d e a l i z e d  procedure  i s ,  o r  c o u r s e ,  a  f u n c t i o n  of t h e  

e x i s t e n c e  and a c c e s s i b i l i t y  of an a p p l i c a b l e  d a t a  base .  

The systems approach may a l s o  be used t o  d e r i v e  a  recommended 

program f o r  a d m i n i s t e r i n g  t h e  s t a n d a r d s .  Th i s  t a s k  would invo lve  

d e f i n i n g  and comparing a l l  p o s s i b l e  program a l t e r n a t i v e s ,  on t h e  b a s i s  

of p r e - e s t a b l i s h e d  c r i t e r i a .  The most s a t i s f a c t o r y  a l t e r n a t i v e  could  





then  be s e l e c t e d .  A t  t h i s  p o i n t ,  t h e  c o s t  of t h e  s t a n d a r d s  program 

could  be e s t i m a t e d  u s i n g  s t r a i g h t - f o r w a r d  accoun t ing  p rocedures .  

The key t o  e f f e c t i v e  u s e  of a  sys tem model is t h e  s e l e c t i o n  of 

a  s e t  of "measures of e f f e c t i v e n e s s "  which apply  t o  t h e  p a r t i c u l a r  

problem under c o n s i d e r a t i o n .  The main c a t e g o r i e s  of t h e s e  measures 

appear t o  be sys tem s e r v i c e ( e . g . ,  veh ic les /hour  a t  a  g iven  i n t e r s e c -  

t i o n ) ,  sys tem comfor t ,  and system c o s t .  I n  examining t h e  problem of 

performance v s .  a c c i d e n t  involvement,  i t  is  l i k e l y  t h a t  o n l y  s a f e t y  

and c o s t  measures shou ld  be c o n s i d e r e d .  

4 . 2  THE COMPONENTS OF A VEHICLE-PERFORMANCE STANDARD 

The review of knowledge p resen ted  above is p r e d i c a t e d  on t h e  

assumpt ion t h a t  t h e r e  a r e  two major components of  a  v e h i c l e -  p e r f o r -  

mance v e c t o r  o r  d e s c r i p t i o n .  One coinponent i s  viewed a s  t h e  motion 

response  which a  v e h i c l e  is capab le  of producing a s  a  r e s u l t  of t h e  

d e s i g n  c h a r a c t e r i s t i c s  of v a r i o u s  v e h i c l e  subsystems,  e . g . ,  power 

p l a n t ,  d r i v e  t r a i n ,  runn ing  g e a r ,  suspens ion ,  c h a s s i s  geometry,  e t c .  

The second component is viewed a s  t h e  l e v e l  of t h e  c o n t r o l  a c t i o n  o r  

i n p u t  t h a t  must be provided by t h e  d r i v e r  i n  o r d e r  t o  o b t a i n  a  g iven  

"output"  r e sponse  on t h e  p a r t  of t h e  v e h i c l e .  The d e f i n i t i o n  of t h i s  

second component may be broadened t o  i n c l u d e  c o n s i d e r a t i o n s  of man- 

v e h i c l e  c o m p a t i b i l i t y  i n  t h e  r e g i o n  where t h e  d r i v e r  comes i n t o  con- 

t a c t  w i t h  h i s  v e h i c l e ,  namely, t h e  c o n t r o l  i n t e r f a c e .  

I n  d e r i v i n g  a  s t a n d a r d  f o r  v e h i c l e  performance,  t h e  q u e s t i o n  of 

whether t h e  o u t p u t  performance is s a t i s f a c t o r y  from t h e  s t a n d p o i n t  of 

a c h i e v i n g  s a f e r  o p e r a t i n g  l e v e l s  must be addressed .  I n  a d d i t i o n ,  one 

must a d d r e s s  t h e  q u e s t i o n  of whether c o n d i t i o n s  a t  t h e  i n t e r f a c e  be- 

tween t h e  d r i v e r  and t h e  v e h i c l e  a r e  such t h a t  a  s e l e c t e d  pe rcen tage  

of t h e  d r i v i n g  popu la t ion  can p rov ide  a l l  t h e  c o n t r o l  a c t i o n  o r  i n p u t  

t o  which t h e  v e h i c l e  can  respond .  I t  appears  t h a t  t h e  d e c i s i o n  a s  t o  

whether t h e  n a t u r e  and l e v e l  of "ou tpu t t t  performance is s u f f i c i e n t  

(by whatever s a f e t y  c r i t e r i a  a r e  s e l e c t e d )  is fundamental ly  d i f f e r e n t  

from and more d i f f i c u l t  than  t h e  d e c i s i o n  which must be made f o r  t h e  

requ i rements  f o r  t h e  man-vehicle i n t e r f a c e .  Discuss ions  h e l d  w i t h  

r e p r e s e n t a t i v e s  of t h e  t h r e e  major automobile manufac tu re r s  i n d i c a t e d  

t h a t  whi le  from t h e i r  p o i n t  of view no d a t a  base  e x i s t s  t o  i n d i c a t e  what 

l e v e l s  of o u t p u t  performance should  be des igned i n t o  an  automobi le ,  

they  acknowledged t h a t  a s  many d r i v e r s  a s  p o s s i b l e  should  be a b l e  t o  

e x t r a c t  from a  v e h i c l e  a l l  of t h e  performance t h a t  has  been b u i l t  i n t o  



t h e  v e h i c l e .  Thus t h e r e  a p p e a r s  t o  be g e n e r a l  agreement t h a t  good 

"human e n g i n e e r i n g "  shou ld  be i n c o r p o r a t e d  i n t o  automot ive  d e s i g n  

w i t h o u t  r e q u i r i n g  j u s t i f i c a t i o n  i n  terms o:f p o s s i b l e  i n c r e a s e d  l e v e l s  

of s a f e t y  . 
I t  shou ld  be unders tood t h a t  "human e n g i n e e r i n g , "  a s  used h e r e ,  

a p p l i e s  t o  t h e  t a s k  of e n s u r i n g  t h a t ,  f o r  example, t h e  s t a t i c  f o r c e  

and r e a c h  c a p a b i l i t i e s  o f  t h e  d r i v i n g  p o p u l a t i o n  have no t  been e x -  

ceeded .  However, man-machine matching i n v o l v e s  more compl ica ted  eon- 

s i d e r a t i o n s  t h a n  t h e  human e n g i n e e r i n g  of t h e  d r i v e r ' s  work s p a c e .  

A t  t h i s  t i m e ,  t h e  l o g i c a l  demand f o r  good man-machine matching prac-  

t i c e  can  n o t  be extended t o  t h e  q u e s t i o n  of whether t h e r e  is an 

optimum match between t h e  dynamic c h a r a c t e r i s t i c s  of  t h e  d r i v e r  and 

t h o s e  of t h e  highway v e h i c l e .  Obviously ,  some c a t e g o r i e s  of v e h i c l e  

behav io r  make g r e a t e r  demands on d r i v e r  s k i l l .  I t  may be argued t h a t  

i n t e r i m  performance s t a n d a r d s  shou ld  e l i m i n a t e  t h e  more obvious  m i s -  

matches such  a s  may be i n d i c a t e d  by a c c i d e n t  e x p e r i e n c e  i n  t h e  f i e l d .  

4 . 3  A NEAR- AND FAR-TERM APPROACH I N  RESOLVING THE NEED AND PRIORITY 

FOR A PERFORMANCE STANDARD 

A s  was d i s c u s s e d  i n  t h e  s ta te-of-knowledge rev iew,  t h e  a c c i d e n t  

d a t a  a v a i l a b l e  i n  t h e  p a s t  have been of such  c h a r a c t e r  t h a t  extreme 

c a r e  must be e x e r c i s e d  i n  a n a l y s i s  t o  i s o l a t e  t h o s e  v e h i c l e s  t h a t  a r e  

over- involved i n  t h e  a c c i d e n t  p r o c e s s .  I f  i t  is hypo thes ized  t h a t  

w i t h i n  t h e  t o t a l  p o p u l a t i o n  of v e h i c l e s  t h e r e  a r e  v e h i c l e s  whose per-  

formance c h a r a t e r i s t i c s  can be cons ide red  marg ina l  o r  d e f i c i e n t ,  i n  

t h a t  they  impose a  s u f f i c i e n t  burden upon t h e  d r i v e r  t o  i n c r e a s e  t h e  

p o t e n t i a l  f o r  an a c c i d e n t ,  then  i t  i s  e s s e n t i a l  t h a t  we d i s t i n g u i s h  

between "new c a r "  o r  p r o t o t y p e  performance and t h e  a c t u a l  performance 

of  an o p e r a t i o n a l  v e h i c l e .  

I n  a  subsequent  s e c t i o n  of t h i s  r e p o r t  a  follow-on program of 

a c c i d e n t - d a t a  a n a l y s e s  w i l l  be proposed and d i s c u s s e d ,  i n  l i g h t  04 t h e  

u r g e n t  r e q u i r e m e n t t o  i d e n t i f y  t h o s e  v e h i c l e  c a t e g o r i e s  t h a t  may w a r r a n t  

an  i n t e r i m  s t a n d a r d  f o r  v e h i c l e  performance.  I n  t h i s  s e c t i o n ,  we wish 

t o  comment on s e v e r a l  ve ry  r e a l  problems imposed by t h e  n a t u r e  of t h e  

highway t r a n s p o r t a t i o n  sys tem.  I t  has  been argued on p r e v i o u s  occa- 

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

d a t a  were s e r i o u s l y  d e f i c i e n t .  The d e f i c i e n c i e s  stemmed e i t h e r  from 

i n a p p r o p r i a t e  (o r  i n v a l i d )  s t a t i s t i c a l  t r e a t m e n t s  of t h e  raw d a t a  o r  



from i n a d e q u a c i e s  i n  hypotheses  o r  t h e o r e t i c a l  c o n s t r u c t s - - e i t h e r  be- 

c a u s e  t h e s e  hypotheses  were t o o  s i m p l i s t i c  i n  form, o r  because  t h e  

d a t a  base  was no t  a p p r o p r i a t e  t o  t e s t  o r  conf i rm t h e  h y p o t h e s i s .  Ex- 

p e r i e n c e  has  shown t h a t  i n  any e f f o r t  t o  a n a l y s e  and i n t e r p r e t  d a t a  

not  s p e c i f i c a l l y  c r e a t e d  f o r  t h e  purpose ,  t h e  need t o  proceed wi th  

c a u t i o n  cannot  be overemphasized.  

I n  t h e  r e a l  world of a c c i d e n t  p r o d u c t i o n ,  new-car performance is 

t r u l y  a  t h e o r e t i c a l  q u a n t i t y .  When v e h i c l e s  a r e  involved i n  a c c i d e n t s ,  

t h e i r  hand l ing  p r o p e r t i e s  may range  over a  specturm of performance 

c h a r a c t e r i s t i c s  d e p a r t i n g  widely  from t h e  performance l ' b u i l t  i n t o "  a  

new c a r .  New-car performance e x e r t s  a  c o n s i d e r a b l e  i n f l u e n c e  on "op- 

e r a t i o n a l ' '  performance which,  i n  t u r n ,  may have a  b e a r i n g  on a c c i d e n t  

p r o d u c t i o n .  We cannot  apply  t h e  i n v e r s e  of t h i s  s t a t e m e n t ;  namely, 

we cannot  deduce from a c c i d e n t  d a t a  whether new-car performance per  se  

was a  c o n t r i b u t i n g  f a c t o r .  Rather  we must d i s t i n g u i s h  among p e r f o r -  

mance p r o p e r t i e s  t h a t  r e s u l t  from (1 )  o f f - d e s i g n  o p e r a t i o n ,  ( 2 )  de- 

graded v e h i c l e  components, and ( 3 )  o r i g i n a l  new-car c h a r a c t e r i s i t i c s .  

The fo rego ing  is n o t  t o  a rgue  t h a t  t h e  marg ina l -veh ic le  hypoth- 

e s i s  is i n v a l i d ,  bu t  r a t h e r  t h a t  i t  is no t  a  s t r a i g h t f o r w a r d  m a t t e r  

of i s o l a t i n g  t h o s e  v e h i c l e s  whose o r i g i n a l  new-car performance may be 

judged n o t  conducive t o  s a f e  o p e r a t i o n s .  N e v e r t h e l e s s ,  t h e r e  is s t i l l  

t h e  o v e r r i d i n g  requ i rement  t h a t  o v e r r e p r e s e n t a t i o n  i n  a c c i d e n t s  be t h e  

c r i t e r i o n  de te rmin ing  t h e  need f o r  a  s t a n d a r d .  S ince  t h e  s t a n d a r d  

must d e a l  w i t h  o b j e c t i v e  and q u a n t i t a t i v e  measures of performance,  i t  

would be ve ry  d e s i r a b l e  t o  l i n k  a c c i d e n t  involvement r a t e s  wi th  a l l  

of t h e  e lements  i n  t h e  performance-parameter space  occupied by our  

o p e r a t i n g  v e h i c l e  p o p u l a t i o n .  HSRI s u g g e s t s  t h a t  t h e r e  is m e r i t  i n  

working toward t h i s  g o a l  even though t h e r e  a r e  many problems and prac-  

t i c a l  r e a s o n s  t h a t  w i l l  p reven t  complete ly  s a t i s f a c t o r y  a t t a i n m e n t .  

F i r s t ,  t h e r e  is t h e  problem of an inadequa te  d a t a  base .  I f  we s e e k  

t o  r e l a t e  v e h i c l e  performance t o  a c c i d e n t  involvement ,  t h e n  it is 

mandatory t h a t  d a t a  be developed t o  d e s c r i b e  t h e  performance p r o p e r t i e s  

of t h e  o p e r a t i n g - v e h i c l e  popu la t ion .  On t h e  o t h e r  hand, i t  has  been 

e s t a b l i s h e d  t h a t  t h e r e  a r e  no demonstra ted  and e s t a b l i s h e d  p rocedures  

f o r  e i t h e r  d e f i n i n g  o r  measuring t h e  performance c h a r a c t e r i s t i c s  of 

automot ive  v e h i c l e s .  I n  HSRI's view, it  is e s s e n t i a l  t h a t  s t e p s  be 

t aken  f i r s t  t o  e s t a b l i s h  s t a n d a r d i z e d  o b j e c t i v e  measures and s t a n -  

d a r d i z e d  t e s t  p rocedures .  U n t i l  t h i s  s t e p  is accomplished,  t h e  d a t a  



base  r e q u i r e d  f o r  a s s e s s i n g  t h e  need f o r  a  s t a n d a r d ,  l e t  a l o n e  de- 

f i n i n g  t h a t  s t a n d a r d ,  w i l l  be s e r i o u s l y  d e f i c i e n t .  When s t a n d a r d i z e d  

performance d a t a  become a v a i l a b l e  f o r  t h e  r e c o r d ,  t h e  p r o s p e c t s  of 

making meaningful  c o r r e l a t i o n s  between a c c i d e n t  involvement and per-  

formance c h a r a c t e r i s t i c s  w i l l  be c o n s i d e r a b l y  enhanced. 

I n  a s s e s s i n g  t h e  performance-standard problem, we have noted 

t h a t  t h e  performance-data base  must be expanded i n  o r d e r  t o  meet t h e  

needs of t h o s e  charged w i t h  t h e  t a s k  of s e t t i n g  s t a n d a r d s .  Not t o  be 

over looked ,  however, a r e  t h e  long-term g a i n s  t h a t  would a c c r u e  t o  t h e  

government,  t h e  p u b l i c ,  and t h e  i n d u s t r y  a s  a  r e s u l t  of deve lop ing  

s t a n d a r d i z e d  measures of performance and a s s o c i a t e d  t e s t  p rocedures .  

P u b l i c  d i s c l o s u r e  of v e h i c l e  performance p r o p e r t i e s  produces an  en- 

vironment i n  which t h e  v e h i c l e  manufacturer  w i l l  be mot ivated t o  

c h a l l e n g e  t h e  i n t e g r i t y  and s a f e t y  of eve ry  new d e s i g n  i n  a  manner 

more e f f i c i e n t  than  is  p r e s e n t l y  t h e  c a s e .  C u r r e n t l y ,  e v e r y  v e h i c l e  

producer r u n s  a  p r o t o t y p e  development e f f o r t  i n  which he de te rmines  

t h a t  he is o f f e r i n g  f o r  s a l e  a  v e h i c l e  t h a t  is b a s i c a l l y  roadworthy.  

S i n c e  ( a s  po in ted  o u t  e a r l i e r )  t h e  e v a l u a t i o n  p rocedures  a r e  l a r g e l y  

s u b j e c t i v e ,  t h e  producer has  no e x a c t  method f o r  a s s e s s i n g  forward 

p r o g r e s s ,  o r  p o s s i b l e  r e t r o g r e s s i o n ,  from year  t o  y e a r .  Over t h e  

long t e rm,  advances a r e  made. But whether t h e  producer has  made a 

g a i n  f o r  s a f e t y  o b j e c t i v e s  o r  whether he has  n o t ,  he canno t  r e a l l y  

document h i s  c a s e ;  t h e  d a t a  a r e  no t  a v a i l a b l e .  I t  would appear  t h a t  

everyone s t a n d s  t o  g a i n  by modifying t h e  c u r r e n t  s i t u a t i o n ,  a l b e i t  

t h e r e  w i l l  be an i n i t i a l  c o s t  f o r  g e n e r a l l y  upgrading t h e  performance 

e v a l u a t i o n  technology a s s o c i a t e d  wi th  highway v e h i c l e s .  



5.0 A PLAN FOR A PHASE 11-PROGRAM I N  
"BASIC VEHICLE HANDLING PROPERTIES" 

5 . 1  GENERAL REMARKS 

T h i s  s e c t i o n  o f  t h e  r e p o r t  d e f i n e s  t h e  Phase  I 1  program which 

h a s  emerged from t h e  s t u d i e s  pu r sued  i n  Phase  I .  S i n c e  i n  HSRI's 

view t h e r e  a r e  many d i f f i c u l t  problems c o n f r o n t i n g  a n  a t t e m p t  t o  

l i n k  measures  o f  "p re -c ra sh  s a f e t y 1 '  w i t h  v e h i c l e  h a n d l i n g  p r o p e r t i e s ,  

we have conc luded  , t h a t  a  fol low-on program s h o u l d  c o n t a i n  components 

t h a t  a r e  more long-term i n  n a t u r e ,  i n  a d d i t i o n  t o  a  ma jo r  program 

e lement  t h a t  would s e e k  t o  a t t a i n  i t s  o b j e c t i v e  w i t h i n  a  one-year  

p e r i o d ,  The l a t t e r  program e lement  is e n v i s i o n e d  a s  s a t i s f y i n g  a  

r e q u i r e m e n t  f o r  t h e  NHSB t o  de t e rmine ,  by means o f  d a t a  r e s o u r c e s  

c u r r e n t l y  a v a i l a b l e ,  whether  t h e r e  a r e  v e h i c l e s  which,  by v i r t u e  o f  

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

T h i s  p o r t i o n  of  t h e  fol low-on program is viewed a s  a  d i r e c t  aittempt 

t o  r e s o l v e  t h e  q u e s t i o n  o f  t h e  need  f o r  and form o f  i n t e r i m  s t a n d a r d s .  

The r ema in ing  p o r t i o n s  o f  t h e  program a r e  viewed a s  e s s e n t i a l  backup 

a c t i v i t i e s  which HSRI b e l i e v e s  w i l l  g e n e r a t e ,  i n  due c o u r s e ,  t h e  

d a t a  b a s e  r e q u i r e d  by t h e  NHSB t o  f o r m u l a t e ,  and where n e c e s s a r y  t o  

j u s t i f y ,  s t a n d a r d s  o f  per formance  f o r  highway v e h i c l e s ,  

I t  s h o u l d  b e  f u r t h e r  u n d e r s t o o d  t h a t  whereas  t h e  development 

o f  t h e  p roposed  d a t a  b a s e  is h e l d  t o  b e  n e c e s s a r y  t o  f o r m u l a t e  

s t a n d a r d s  f o r  ' f o u t p u t "  per formance ,  t h e  e x i s t e n c e  o f  a d a t a  b a s e  is 

n o t  n e c e s s a r i l y  s u f f i c i e n t .  I t  w i l l  b e  n e c e s s a r y  t o  supplement  t h e  

a c t i v i t i e s  d e s c r i b e d  h e r e i n  w i t h  long-term r e s e a r c h  e f f o r t s  s p e c i -  

f i c a l l y  d i r e c t e d  towards  improving ou r  u n d e r s t a n d i n g  o f  t h e  a c c i d e n t -  

c a u s a t i o n  p r o c e s s .  I n  p a r t i c u l a r ,  we need  t o  i n c r e a s e  o u r  under-  

s t a n d i n g  o f  t h e  e x t e n t  t o  which t h e  h a n d l i n g  p r o p e r t i e s  o f  t h e  

v e h i c l e  p o p u l a t i o n ,  t o g e t h e r  w i t h  t h e  v a r i a b l e  p r o p e r t i e s  and a t t i -  

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

t h e  v a r i a b l e s  d e r i v i n g  from t h e  highway envi ronment  and t h e  t r a n s -  

p o r t  o b j e c t i v e  t o  produce  a  p o t e n t i a l  f o r  t h o s e  kys tem f a i l u r e s  

which we c a l l  a c c i d e n t s ,  S i n c e  t h e  t o t a l  sys t em p r o c e s s  o f  pro-  

duc ing  a c c i d e n t s  i s  s o  complex,  i t  a p p e a r s  l o g i c a l  f o r  f u t u r e  r e -  

s e a r c h  t o  c o n s i d e r  t h e  manner i n  which v e h i c l e - h a n d l i n g  p r o p e r t i e s  

c o n t r i b u t e  t o  t h e  p o t e n t i a l  f o r  l o s s  of  c o n t r o l  when t h e  human opera-  

t o r  is r e q u i r e d  t o  e x e c u t e  demanding maneuvers a s  a  r e s u l t  o f  

(1)  h i s  own e r r o r s  i n  judgment,  (2) e r r o r s  mzde by o t h e r  d r i v e r s ,  o r  



(3)  e x i g e n c i e s  d e r i v i n g  from t h e  o p e r a t i o n a l  envi ronment .  I t  is  

b e l i e v e d  t h a t  t h e  knowledge produced by long-term r e s e a r c h  o f  t h i s  

k i n d  i n  combina t ion  w i t h  a c t u a l  d a t a  on v e h i c l e  per formance  and ac- 

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

e s s e n t i a l  f o r  c o n t r o l l i n g  and managing ou r  h ighway- t r l anspor t a t ion  

sys t em i n  t h e  p u b l i c v s  i n t e r e s t ,  

To b e t t e r  o r g a n i z e  t h e  d e f i n i t i o n  o f  t h e  work t h a t  s h o u l d  b e  

pu r sued  i n  "Bas i c  Veh ic l e  Handling P r o p e r t i e s , "  we have grouped t h e  

t a s k s  i n t o  s y s t e m s - a n a l y s i s  and t e c h n i c a l  a c t i v i t i e s .  A program is 

d e s c r i b e d  i n  b o t h  a r e a s .  We have e l e c t e d  t o  s i n g l e  o u t  t h o s e  t a s k s  

and o b j e c t i v e s  t h a t  s h o u l d  b e  sough t  w i t h i n  a one-year  time s p a n  

and t h e  a c t i v i t i e s  t h a t  would b e  p a r t  of  a  c o n t i n u i n g  e f f o r t  t o  up- 

g r a d e  and expand t h e  d a t a  b a s e  n e c e s s a r y  t o  t h e  s e t t i n g  o f  p e r f o r -  

mance s t a n d a r d s ,  

5 , 2  A RECOMMENDED FOLLOW-ON PROGRAM: PHASE I1 

5 , 2 . 1  SYSTEnl ANALYSIS TASKS 

The r equ i r emen t  f o r  i n t e r i m  performance  s t a n d a r d s ,  t h e i r  form 

and t h e i r  s c o p e ,  c o n s t i t u t e  a  s e r i e s  o f  q u e s t i o n s  t h a t  can  b e  ad- 

d r e s s e d  s i m u l t a n e o u s l y ,  p r o v i d e d  c a r e  is t a k e n  t o  f o r m u l a t e  an ap- 

p r o p r i a t e  sys t ems  s t u d y .  Although t h i s  r e p o r t  has  sounded many 

words of  c a u t i o n ,  b o t h  w i t h  r e s p e c t  t o  t h e  inadequacy o f  t h e  d a t a  

b a s e  and t h e  many a n a l y t i c a l  h u r d l e s  which would have t o  b e  over-  

come i n  i d e n t i f y i n g  over involvement  t h a t  s t ems  from performance  f ac -  

t o r s ,  HSRI r e c o g n i z e s  t h a t  t h i s  a t t e m p t  needs  t o  be  made i n  view o f  

t h e  mandate s e t  f o r t h  by t h e  Congress ,  Thus,  t h e  q u e s t i o n  i s  n o t  

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

l a b e l e d  a s  p r o v i d i n g  u n a c c e p t a b l e  l e v e l s  o f  " p r e - c r a s h t t  h a z a r d ,  b u t  

whether  s u c h  v e h i c l e s  c o u l d  b e  i d e n t i f i e d  w i t h i n  a  t i m e  p e r i o d  com- 

p a t i b l e  w i t h  NHSB o b j e c t i v e s  f o r  e s t a b l i s h i n g  i n t e r i m  performance  

s t a n d a r d s .  

P o s i n g  t h e  problem i n  t h i s  manner and c o n s i d e r i n g  t h e  a l t e r n a -  

t i v e s  f o r  a t . t a c k i n g  t h e  problem, HSRI conc ludes  t h a t  a s e v e r a l -  

pronged sys t ems  a n a l y s i s  needs  t o  b e  pu r sued ,  t o g e t h e r  w i t h  t h e  two 

t e c h n i c a l  programs recommended i n  S e c t i o n s  5 . 2 , 2  and 5 , 2 . 3  f o r  a  

fo l low-on Phase  I1 s t u d y ,  A f low c h a r t  diagramming t h e  recommended 

sys t ems  a n a l y s i s  is p r e s e n t e d  i n  F i g u r e  5-1. I t  is s e e n  t h a t  t h e  

a n a l y s i s  b e g i n s  w i t h  an  "Accident-Data C o r r e l a t i o n  S t u d y o Y 1  I n  many 
r e s p e c t s ,  t h i s  t a s k  c o n s t i t u t e s  t h e  h e a r t  o f  t h e  sys t ems  s t u d y .  





The d i f f i c u l t i e s  i n h e r e n t  i n  t h i s  t a s k  can  n o t  b e  overemphas ized  

and it is n o t e d  t h a t  t h e  manpower and time r e q u i r e m e n t s  c o u l d  b e  

r a t  h e r  e x t e n s i v e  . 
From t h i s  b e g i n n i n g  p o i n t ,  t h e  main f low i n  t h e  recommended 

s y s t e m s  a n a l y s i s  e f f o r t  p r o c e e d s  t o  a  " T r a f f i c  S i t u a t i o n  A n a l y s i s , "  

whose pu rpose  would b e  t o  p r o v i d e  t h e  a n a l y t i c a l  f o u n d a t i o n  r e -  

q u i r e d  t o  d e r i v e  c o n c l u s i o n s  abou t  t h e  form and s c o p e  o f  i n t e r i m  

pe r fo rmance  s t a n d a r d s .  

The n e x t  a n a l y s i s  ( s e e  F i g u r e  5-1) would b e  t o  i s o l a t e  t h e  

s p e c i f i c  pe r fo rmance  a r e a s  i n d i c a t e d  by t h e  f i e l d  d a t a  and ' the t r a f -  

f i c  s i t u a t i o n  a n a l y s e s  a s  d e s e r v i n g  f u r t h e r  examina t ion  and s t u d y .  

A t  t h e  c o m p l e t i o n  o f  t h i s  t a s k  a  t e n t a t i v e  s e l e c t i o n  o f  i n t e r i m  

s t a n d a r d s  c o u l d  presumably b e  made and c o u l d  s e r v e  a s  a  b a s i s  f o r  

a n a l y z i n g  a l t e r n a t i v e  q u a l i f i c a t i o n  and compl i ance  m o n i t o r i n g  pro-  

c e d u r e s .  A s u b s i d i a r y  ( b u t  p a r a l l e l )  l i n e  o f  a n a l y s e s  would con- 

sist  o f  e v a l u a t i n g  p r i o r i t i e s  on a  c o n t i n u i n g  b a s i s ,  l e a d i n g  f i n a l l y  

t o  an  e v a l u a t i o n  o f  f e a s i b i l i t y  and c o s t s .  

To e s t a b l i s h  more c l e a r l y  t h e  o b j e c t i v e s  and s c o p e  o f  t h e  recom- 

mended sys t ems  s t u d y ,  each  o f  t h e  t a s k s  i n d i c a t e d  i n  F i g u r e  5-1 is 

f u r t h e r  d i s c u s s e d  below. 

5 . 2 , 1 , 1  Acc iden t  Data C o r r e l a t i o n  Study.  The o b j e c t i v e  s h a l l  

b e  t o  employ p r e s e n t l y  a v a i l a b l e  a c c i d e n t  d a t a  ( p r i m a r i l y  t h o s e  d a t a  

t h a t  a r e  s t o r e d  i n  a  f a s h i o n  p e r n l l t t i n g  machine s o r t i n g  and a n a l y s i s )  

t o  e s t a b l i s h  involvement  r a t e s  f o r  highway v e h i c l e s  b o t h  g rouped  i n t o  

c a t e g o r i e s  and i d e n t i f i e d  a s  s p e c i f i c  v e h i c l e s  ( i , e . ,  make and 

mode l ) ,  I t  is b e l i e v e d  t h a t  t h i s  t a s k  s h o u l d  be conce rned  o n l y  w i t h  

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

t o  e x p l a i n  o r  d e t e r m i n e  t h e  r e a s o n s  f o r  any o b s e r v e d  o v e r i n ~ o l v e ~ e n t .  

I t  is  r e c o g n i z e d  t h a t  o v e r i n v o l v e m e n t s ,  i f  t h e y  e x i s t ,  may stem from 

many s o u r c e s .  I n  subsequen t  a n a l y s e s ,  i t  w i l l  be n e c e s s a r y  t o  con- 

c l u d e  whe the r  a  g i v e n  ove r invo lvemen t  is p e r f o r m a n c e - r e l a t e d .  A t  

t h i s  p o i n t  i n  t h e  s t u d y ,  a n a l y s t s  would b e  w e l l - a d v i s e d  t o  concen- 

t r a t e  on o b t a i n i n g  a n  a d e q u a t e  sample  o f  a c c i d e n t  d a t a  which  would 
t h e n  b e  n o r m a l i z e d ~ f o r  e x p o s u r e  a s  a c c u r a t e l y  a s  t h e  d a t a  b a s e  w i l l  

p e r m i t .  

S i n c e  t h e  d a t a  c o l l e c t e d  by t h e  v a r i o u s  s t a t e s  t o  i d e n t i f y  t h e  

make and model of  v e h i c l e s  i n v o l v e d  i n  a c c i d e n t s  a r e  e x c e e d i n g l y  



s p a r s e ,  c a r e  shou ld  be t aken  t o  s e l e c t  d a t a  from s o u r c e s  t h a t  main- 

t a i n  computer-s tored a c c i d e n t  f i l e s ,  A t  t h e  p r e s e n t  t i m e ,  s e v e r a l  

s t a t e  governments and insurance  companies a r e  developing computer 

sys tems t h a t  w i l l  be of v a l u e  t o  t h e  r e s e a r c h e r  whi le  s a t i s f y i n g  

t h e  o p e r a t i o n a l  r equ i rements  of t h e s e  j u r i s d i c t i o n s  and/or i n s t i t u -  

t i o n s  a s  w e l l .  I t  is  no ted  t h a t  one of t h e  o b j e c t i v e s  of P r o j e c t  17-1 

of  t h e  N a t i o n a l  Cooperat ive  Highway Research Program was t o  determine 

" t h e  adequacy,  r e l i a b i l i t y ,  and u t i l i z a t i o n  of p r e s e n t  a c c i d e n t  

r e p o r t i n g  and r e c o r d s . "  G a r r e t t  [l] has  p o i n t e d  o u t  t h a t  t h e  m a j o r i t y  

of a c c i d e n t  r e c o r d s  a r e  gea red  t o  t h e  o p e r a t i o n a l  r equ i rements  and 

p rocedures  of  s t a t e  a g e n c i e s .  Accordingly ,  t h e  d a t a  sys tem developed 

over  t h e  y e a r s  t o  meet t h e  day-to-day o p e r a t i o n a l  demands of t h e  

s t a t e s  is  n o t  w e l l - s u i t e d  t o  t h e  needs of t h e  r e s e a r c h  community. I t  

i s  a b s o l u t e l y  e s s e n t i a l  t h a t  t h i s  s i t u a t i o n  be recogn ized  a s  a  f a c t  

of l i f e ,  o r  t h e  r e s e a r c h e r  w i l l  f i n d  himself  f r u s t r a t e d  a t  eve ry  t u r n .  

A review of t h e  p o s s i b l e  d a t a  s o u r c e s  has i n d i c a t e d  t h a t  t h e  

New York S t a t e  Department of  Motor Vehic les  i s  probably  i n  t h e  fo re -  

f r o n t  of t h e  c u r r e n t  e f f o r t  t o  modify r e p o r t i n g  procedures  i n  o r d e r  

t o  f a c i l i t a t e  v a r i o u s  r e s e a r c h  programs. I n q u i r i e s  have e s t a b l i s h e d  

t h a t  t h e  A l l s t a t e  Insurance  Company has  i n s t i t u t e d  a  number of com- 

p u t e r i z e d  f i l e s  which, when proper  i n t e g r a t i o n  and s o r t i n g  procedures  

a r e  i n i t i a t e d ,  can y i e l d  i n c i d e n t s  t h a t  c o n t a i n  v e h i c l e  make and 

model in fo rmat ion .  I n  t h i s  r e g a r d ,  t h e  C a l i f o r n i a  and Oregon a c c i -  

den t  r e p o r t i n g  systems a r e  cons ide red  t o  o f f e r  s i g n i f i c a n t  p o t e n t i a l ,  

i n c l u d i n g  a c c e s s i b i l i t y .  A l i s t i n g  and e v a l u a t i o n  of d a t a  s o u r c e s  

a p p l i c a b l e  t o  f u l f i l l i n g  t h e  o b j e c t i v e s  of t h e  recommended s t u d y  is  

given i n  Appendix 11. 

5.2.1.2 T r a f f i c  S i t u a t i o n  Ana lys i s .  I n  o r d e r  t o  p rov ide  b road  

t h e o r e t i c a l  s u p p o r t  f o r  t h e  r a t i o n a l  s e l e c t i o n  of t h e  format and 

scope  a p p r o p r i a t e  t o  i n t e r i m  performance s t a n d a r d s ,  i t  is recommended 

t h a t  a  v a r i e t y  of emergency t r a f f i c  s i t u a t i o n s  be  analyzed.  T h i s  

recommendation is  based on t h e  b e l i e f  (or  r a t h e r ,  t h e  c o n v i c t i o n )  

t h a t  on ly  i n  emergency s i t u a t i o n s  a r e  t h e  v e h i c l e  hand l ing  p r o p e r t i e s  

l i k e l y  t o  b e  major c o n t r i b u t i n g  f a c t o r s  i n  c a u s i n g  a c c i d e n t s .  There  

appear  t o  b e  f o u r  b a s i c  t y p e s  of d r i v e r  a c t i o n  which can p l a c e  de- 

mands on hand l ing  p r o p e r t i e s .  These a r e  (1) normal, (2) c a u s a t i v e ,  

(3) p r e v e n t i v e ,  and (4) c o r r e c t i v e  a c t i o n s .  I n  normal d r i v i n g  



a c t i o n s ,  t h e r e  a r e  no u n u s u a l  demands which migh t  l e a d  t o  a c c i d e n t s .  

In c a u s a t i v e  a c t i o n s ,  t h e  d r i v e r  makes u n n e c e s s a r y  c o n t r o l  i n p u t s  

(pe rhaps  i n a d v e r t e n t l y ,  u n c o n s c i o u s l y ,  o r  i n  a n g e r )  which c a n  c a u s e  

a c c i d e n t s ;  o b v i o u s l y  t h e  h a n d l i n g  p r o p e r t i e s  a r e  n o t  i n v o l v e d .  I n  

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

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

a g a i n ,  i t  i s  n o t  l i k e l y  t h a t  h a n d l i n g - p r o p e r t i e s  would c o n t r i b u t e  

t o  a n  a c c i d e n t .  However, i n  t h e  l a s t  c a t e g o r y  (namely, c o r r e c t i v e  

a c t i o n s )  t h e r e  a r e  l i k e l y  t o  b e  ex t r eme  demands p l a c e d  on h a n d l i n g  

p r o p e r t i e s  a s  a  r e s u l t  o f  3udden emergency maneuvers.  

I t  a p p e a r s  a d v i s a b l e  t h a t  m a t h e m a t i c a l  models  of  emergency 

s i t u a t i o n s  b e  c o n s t r u c t e d  t o  a n a l y z e  t lwors t -case ' t  v e h i c l e  t r a j e c -  

t o r i e s  f o r  a  set o f  p o s t u l a t e d  emergency c o n d i t i o n s ,  Emergency 

s i t u a t i o n s  s h o u l d  b e  s e l e c t e d  guch t h a t  t h e  g r e a t e s t  p o s s i b l e  de- 

mands a r e  p l aced ,  on t h e  b r a k i n g ,  s t e e r i n g ,  and a c c e l e r a t i o n  per -  

formance  o f  a p n e u m a t i c - t i r e d  v e h i c l e ,  Foundat ion  s t u d i e s  e x i s t  

f o r  some o f  t h e  p o s s i b l e  a n a l y s e s  t h a t  c o u l d  b e  made. For example,  

t h e  work o f  Lehmann and Fox [23 on c a r - f o l l o w i n g  is  d i r e c t l y  ap- 

p l i c a b l e  t o  t h e  a n a l y s i s  o f  minimum b r a k i n g  pe r fo rmance  and t h e  work 

o f  S i l v e r  r3-j on o v e r t a k i n g  and p a s s i n g  is  d i r e c t l y  a p p l i c a b l e  t o  

t h e  a n a l y s i s  o f  minimum a c c e l e r a t i o n  per formance .  

The key e lement  i n  t h e  recommended a n a l y s i s  e f f o r t  is t h e  s e l e c -  

t i o n  o f  a p p r o p r i a t e  and s p e c i f i c  emergency t r a f f i c  s i t u a t i o n s  f o r  

a n a l y s i s .  Each o f  t h e s e  s i t u a t i o n s  s h o u l d  b e  deve loped  from a  s t a r t -  

i n g  p o i n t  d e f i n e d  by a  s p e c i f i c  c r i t i c a l  maneuver t h a t  may b e  pe r -  

formed by a  v e h i c l e  i n  t r a f f i c .  I t  would a p p e a r  a p p r o p r i a t e  t o  f o r -  

m u l a t e  a  comple t e  l i s t i n g  o f  s u c h  maneuvers i n  t h e  a c c e l e r a t i o n ,  

b r a k i n g ,  and s t e e r i n g  c a t e g o r i e s ,  and combina t ions  t h e r e o f .  The sb-  

j e c t i v e  s h o u l d  b e  t o  d e t e r m i n e  c r i t i c a l  r e l a t i o n s h i p s  be tween 

emergency-maneuver r e q u i r e m e n t s  and t h e  h a n d l i n g  p r o p e r t i e s  o f  h igh-  

way v e h i c l e s ,  

5.2.1.3 T r i a l  S e l e c t i o n  o f  I n t e r i m  S t a n d a r d s .  The two t a s k s  - 
o u t l i n e d  i n  S e c t i o n s  5.2.1.1 and 5.2.1.2 c o u l d  'be p u r s u e d  i n  p a r a l l e l .  

These  t a s k s  a r e  l o g i c a l l y  f o l l o w e d  by an  a n a l y s i s  which examines  

e a c h  v e h i c l e ,  i d e n t i f i e d  a s  b e i n g  o v e r i n v o l v e d ,  t o  d e t e r m i n e  whet;her 

t h e  o b s e r v e d  ove r invo lvemen t  c a n  b e  a t t r i b u t e d  t o  pe r fo rmance  

f a c t o r s .  

S i n c e  i t  is n o t  p o s s i b l e  t o  s p e c u l a t e  on t h e  f i n d i n g s  t h a t  would 



b e  o b t a i n e d  i n  t h e  recommended "Accident  Data C o r r e l a t i o n  S tudy , "  

one canno t  p r e d i c t  i n  advance  t h e  d e p t h  o f  t h e  a n a l y s e s  t h a t  would 

b e  r e q u i r e d  t o  e s t a b l i s h  t h a t  per formance  f a c t o r s  a r e ,  i n  f a c t ,  

r e s p o n s i b l e  f o r  an obse rved  l a r g e  involvement r a t e .  D e f i n i t i v e  per -  

formance d a t a  would g r e a t l y  enhance t h e  e f f e c t i v e n e s s  o f  t h i s  d i s -  

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

t h a t  s u f f i c i e n t  per formance  d a t a  c o u l d  n o t  b e  s u p p l i e d  by t h e  v e h i c l e  

m a n u f a c t u r e r ,  t h a t  s t e p s  b e  t a k e n  t o  p r o c u r e  t h e  needed d a t a .  The 

d e t a i l s  o f  t h i s  procurement s h o u l d  b e  gu ided  by s t a t i s t i c s  d e f i n i n g  

t h e  k i n d s  o f  a c c i d e n t s  i n  which t h e  v e h i c l e  b e i n g  s c r u t i n i z e d  was 

invo lved .  T h e r e f o r e ,  t o  t h e  e x t e n t  t h a t  t h e  raw d a t a  b a s e  can  b e  

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

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

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

c o n s i d e r e d  s u s p e c t ,  

These  recommendations p r o v i d e  an e x c e l l e n t  example of  t h e  k i n d s  

o f  a c c i d e n t  i n f o r m a t i o n  needed by r e s e a r c h e r s  whose needs ,  i n  most 

i n s t a n c e s ,  were no t  a n t i c i p a t e d  by t h o s e  a g e n c i e s  r e s p o n s i b l e  f o r  

d e c i d i n g  t h e  c o n t e n t  o f  a c c i d e n t  r e p o r t s .  HSRI s u b m i t s  t h a t  one  o f  

t h e  most v a l u a b l e  p r o d u c t s  o f  t h e  sys t ems  s t u d y  recommended h e r e i n  

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

p r o c e d u r e s  c o u l d  b e  s u b s t a n t i a l l y  improved t o  a i d  i n  s t u d i e s  con- 

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

I d e a l l y ,  t h e  p r e s e n c e  o f  a  per formance  d e f i c i e n c y  r e s p o n s i b l e  

f o r  a  r e c o r d  o f  over involvement  s h o u l d  b e  e s t a b l i s h e d  a s  d e f i n i t i v e l y  

a s  p o s s i b l e .  T h i s  w i l l  b e  a  most d i f f i c u l t  t a s k ,  I t  would appea r  

t h a t  t h e  major  p i e c e  o f  ev idence  i n d i c a t i n g  t h a t  a  s p e c i f i c  v e h i c l e  

i s  m a r g i n a l  w i t h  r e s p e c t  t o  some a s p e c t  of  per formance  would b e  a  

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

d e p a r t  c o n s i d e r a b l y  from norms e s t a b l i s h e d  by t h e  t o t a l  v e h i c l e  

p o p u l a t i o n .  O b j e c t i v e  per formance  d a t a  s u i t a b l e  f o r  c a r r y i n g  o u t  

t h i s  d e t e r m i n a t i o n ,  a s  p r e c i s e l y  a s  one  would l i k e ,  do n o t  e x i s t  

t oday .  Recommendations a r e  made i n  S e c t i o n  5.2.3 below; i n  HSRIPs 

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

d a t a  gap. 

5.2.1.4 D e f i n i t i o n  o f  a  S t a n d a r d s  A d m i n i s t r a t i o n  Program, I n  

t h e  f o l l o w i n g  s e c t i o n s ,  a  number of  sys t em a n a l y s e s  a r e  recommended 

t o  i d e n t i f y  a  per formance-s tandards  a d m i n i s t r a t i o n  program which 



c o u l d  b e  c o n s i d e r e d  t o  b e  t h e  tloptimumll program. The ques t i .ons  o f  

p recedence ,  q u a l i f i c a t i o n ,  compl iance  m o n i t o r i n g ,  and c o s t s  a r e  d i s -  

c u s s e d  i n  t h e  o r d e r  named. 

5.2.1.4.1 Examination o f  P r e c e d e n t s :  Among t h e  v a r i o u s  

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

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

i n  t h e  U, S . ,  and t h e  motor-vehic le-performance s t a n d a r d s  i n  f o r c e  

i n  o t h e r  c o u n t r i e s .  I t  is  recommended t h a t  each o f  t h e s e  p r e c e d e n t s  

b e  e v a l u a t e d  i n  o r d e r  t o  de te rmine  t h e i r  e f f e c t i v e n e s s  and t h e  ex- 

t e n t  t o  which t h e y  p r o v i d e  g u i d e l i n e s  f o r  s e t t i n g  performance s t a n -  

d a r d s  f o r  highway v e h i c l e s ,  Appendix I  is a  p r e l i m i n a r y  example of 

t h e  k i n d  o f  i n f o r m a t i o n  t h a t  c a n  b e  g a t h e r e d  from f o r e i g n  s o u r c e s ,  

A l l  s t a n d a r d s  programs have a  r equ i rement  f o r  e v a l u a t i n g  corn-. 

p l i a n c e ,  However, t h e  programs of major i n t e r e s t  t o  t h i s  s t u d y  a r e  

t h o s e  which b e a r  on t h e  p u b l i c  s a f e t y .  On t h e  n a t i o n a l  l e v e l ,  two 

of t h e  most nota 'b le  programs a r e  found i n  t h e  a i r c r a f t  and t h e  food  

and drug f i e l d s ,  The a i r c r a f t  performance s t a n d a r d s ,  e s t a b 1 , i s h e d  

and a d m i n i s t e r e d  by t h e  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n ,  a r e  des igned  

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

o p e r a t i n g  i n  t h e  Uni ted  S t a t e s .  (This o b j e c t i v e  is q u i t e  analogous  

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

motor -veh ic le  p o p u l a t i o n . )  Befo re  b e i n g  o f f e r e d  f o r  s a l e ,  eve ry  

a i r c r a f t  is r e q u i r e d  t o  undergo i n s p e c t i o n  and t e s t i n g  f o r  " t y p e  

c e r t i f i c a t i o n , "  namely, a  g e n e r a l  approva l  o f  i t s  s a f e t y  and a i r -  

w o r t h i n e s s  q u a l i t i e s .  The Food and Drug A d m i n i s t r a t i o n  a d m i n i s t e r s  

food  and drug s t a n d a r d s  by i n s p e c t i n g ,  g r a d i n g ,  sampl ing ,  and 

l i c e n s i n g .  Meats, f o r  example, a r e  i n s p e c t e d  and g raded  a t  t h e  

s o u r c e ,  whereas new drugs  a r e  l i c e n s e d  a f t e r  e x t e n s i v e  t e s t i n g ,  and 

drug manufac tu r ing  p r o c e s s e s  a r e  moni tored  by b a t c h  sampl ing.  

I t  is recommended t h a t  t h e s e  U. S. p r e c e d e n t s  b e  a n a l y z e d  t o  

produce  a  t a b u l a t i a n  o f  s p e c i f i c  s t a n d a r d s ,  t h e i r  a s s o c i a t e d  ve r i - .  

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

s e t t i n g  v e h i c l e  performance s t a n d a r d s .  B r i e f  a s s e s s m e n t s  s h o u l d  

a l s o  b e  made of s t a n d a r d s  programs i n  o t h e r  a r e a s  i n  o r d e r  t o  un- 

cover  any un ique  methods f o r  d e a l i n g  w i t h  q u a l i f i c a t i o n  and/or com- 

p l i a n c e  problems,  I n  e v a l u a t i n g  v e h i c l e  s t a n d a r d s  programs i n  o t h e r  

c o u n t r i e s ,  emphasis  s h o u l d  b e  p l a c e d  on h a n d l i n g  o r  performance r e -  

q u i r e m e n t s ,  a s  d i f f e r e n t i a t e d  from d e s i g n  f e a t u r e s .  



5.2.1.4.2 Q u a l i f i c a t i o n  and Compliance-Monitoring Pro- 

c e d u r e s :  Q u a l i f i c a t i o n  p rocedures  g e n e r a l l y  i n v o l v e  t e s t i n g  a  few 

r e p r e s e n t a t i v e  p r o t o t y p e  v e h i c l e s  t o  e n s u r e  t h a t  t h e y  meet t h e  mini-  

mum l e v e l  s p e c i f i e d  i n  t h e  s t a n d a r d .  I n  c e r t a i n  i n s t a n c e s ,  q u a l i f i -  

c a t i o n  p r o c e s s e s  employ a n a l y t i c a l  p rocedures .  The e x t e n t  o f  t h e  

p r o c e s s  depends on t h e  complexi ty  o f  t h e  s t a n d a r d s .  

U n t i l  t h e  fo rma t  and scope  o f  i n t e r i m  s t a n d a r d s  a r e  e s t a b l i s h e d  

i n  t h e  " t r i a l  s e l e c t i o n t 1  p o r t i o n  o f  t h e  recommended sys t ems  s t u d y ,  

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

q u a l i f i c a t i o n  program. Accord ing ly ,  a t  t h i s  t i m e ,  a  sys t em s t u d y  

s h o u l d  d e r i v e  b a s i c  q u a l i f i c a t i o n  o b j e c t i v e s  and d e f i n e  g r o s s l y  t h e  

v a r i o u s  a l t e r n a t i v e s  f o r  check ing  compl iance  w i t h  key a s p e c t s  o f  t h e  

s t a n d a r d s .  I n  t h i s  manner q u a l i f i c a t i o n  r e q u i r e m e n t s  c o u l d  b e  de- 

r i v e d  w i t h o u t  s i g n i f i c a n t  d e l a y ,  a f t e r  t h e  format  and scope  o f  t h e  

i n t e r i m  s t a n d a r d s  have been  d e r i v e d .  The p o s s i b i l i t y  o f  s u b s t i t u t i n g  

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

f e a s i b l e ,  e s t i m a t e s  s h o u l d  b e  made of  t h e  t i m e  t h a t  would b e  r e -  

q u i r e d  t o  e s t a b l i s h  t h e s e  methods. Obvious ly ,  i f  a n a l y t i c a l  methods 

appea r  f e a s i b l e ,  p l a n s  s h o u l d  b e  made t o  i n c o r p o r a t e  them i n t o  t h e  

o v e r a l l  q u a l i f i c a t i o n  program. I n  t h i s  p o r t i o n  o f  t h e  s t u d y ,  t h e  

magni tude  o f  q u a l i f i c a t i o n  a c t i v i t y  s h o u l d  b e  reviewed i n  t e rms  o f  

t h e  a c t u a l  number o f  v e h i c l e  models t h a t  must b e  c o n s i d e r e d  a s  u n i t s  

t o  b e  q u a l i f i e d  i n  any g i v e n  y e a r .  

Whereas q u a l i f i c a t i o n  p rocedures  d e a l  w i t h  t h e  p r o t o t y p e  

v e h i c l e ,  compl iance  m o n i t o r i n g  is concerned  w i t h  a s s u r i n g  t h a t  pro-  - 
d u c t i o n  v e h i c l e s  c o n t i n u e  t o  e x h i b i t  per formance  c h a r a c t e r i s t i c s  

mee t ing  t h e  minimum l e v e l s  s p e c i f i e d  i n  t h e  s t a n d a r d .  The l a t t e r  

p rocedure  i n t r o d u c e s  t h e  q u e s t i o n  of  where and how t h i s  sample  

s h o u l d  b e  o b t a i n e d .  A p r o p e r l y  des igned  sys t ems  s t u d y  s h o u l d  c a r e -  

f u l l y  i n v e s t i g a t e  t h e  manner i n  which c o s t  and e f f e c t i v e n e s s  a r e  i n -  

f l u e n c e d  by t h e  v a r i o u s  a l t e r n a t i v e  p rocedures  t h a t  c o u l d  b e  adop ted  

i n  t h e  q u a l i f i c a t i o n  and compl iance-moni tor ing  t a s k s .  

5.2.1.4.3 Cos t s :  I n  e v a l u a t i n g  t h e  c o s t s  of a motor- - 
v e h i c l e  per formance  s t a n d a r d  program, HSRI recommends t h a t  emphasis  

b e  p l a c e d  on t h e  d i s t i n c t i o n s  between c o s t s  t o  t h e  government and 

c o s t s  t o  t h e  au tomobi l e  manufac tu r ing  i n d u s t i y ,  Cos t s  t o  a t h i r d  

segment o f  s o c i e t y ,  t h e  g e n e r a l  p u b l i c ,  s h o u l d  b e  d e r i v e d  e n t i r e l y  

from t h e  o t h e r  two. 



The n a t u r e  of t h e  c o s t  e s t i m a t i o n  problem is  l a r g e l y  dependent 

on t h e  t r a d e o f f s  invo lved  i n  s e l e c t i n g  an optimum performance- 

s t a n d a r d  a d m i n i ~ ~ t r a t i o n  program. E s p e c i a l l y  c r u c i a l  a r e  t h e  v a r i a -  

t i o n s  among t h e  a l t e r n a t i v e s  f o r  q u a l i f i c a t i o n  and compliance moni- 

t o r i n g  procedures .  These procedur8es w i l l  have t o  be  e s t a b l i s h e d  

b e f o r e  t h e  program c o s t s  can be  e s t i m a t e d .  

F a c i l i t i e s  and manpower c o n s i d e r a t i o n s  a r e  b e l i e v e d  t o  b e  t h e  

two major a s p e c t s  of t o t a l  c o s t s ,  and each shou ld  b e  broken down i n t o  

c o s t  e lements  a s  s m a l l  a s  necessa ry  t o  ach ieve  r e a s o n a b l e  e s t i m a t i n g  

accuracy ,  Es t ima tes  shou ld  b e  based on e x t r a p o l a t i o n  from e x i s t i n g  

d a t a  and on exper ience  w i t h  s i m i l a r  programs, such a s  have been 

developed i n  t h e  ae rospace  i n d u s t r y ,  

5.2.1.5 Establ ishment  of P r i o r i t i e s .  HSRI conce ives  a  p r i o r i t i e s  - 
a n a l y s i s  a s  a c o n t i n u i n g  t a s k  fo l lowing  t h e  "Accident Data Corre la-  

t i o n  Study" and i n t e r a c t i n g  w i t h  most of t h e  succeeding system 

a n a l y s i s  t a s k s .  

An a p p r o p r i a t e  s t a r t i n g  p o i n t  f o r  a  p r i o r i t i e s  a n a l y s i s  would 

appear  t o  be t h e  involvement-ra te  d a t a  t o  be sought  i n  t h e  c o r r e l a -  

t i o n  s t u d y  o u t l i n e d  i n  S e c t i o n  5.2.1.1. For each v e h i c l e  model 

i d e n t i f i e d  a s  over invo lved  i n  a c c i d e n t  p r o d u c t i o n  compared w i t h  t h e  

norms e s t a b l i s h e d  by t h e  v e h i c l e  p o p u l a t i o n  a s  a  whole, i t  w i l l  be  

necessa ry  t o  r e i n t e r r o g a t e  t h e  d a t a  f i l e  t o  o b t a i n  d a t a  p e r t a i n i n g  

t o  t h e  consequences of t h e  a c c i d e n t s  exper ienced  by t h e  over invo lved  

models. Up t o  t h i s  p o i n t ,  t h e  q u e s t i o n  of  a c c i d e n t  s e v e r i t y  has  not  

been r a i s e d  s i n c e  it  is  assumed t h a t  t h e  t fp re -c rash"  s a f e t y  de- 

s i g n e d  i n t o  a  motor c a r  is b e s t  a s s e s s e d  by t h e  accident- involvement  

measure. I f  i n t e r i m  s t a n d a r d s  of performance a r e  conceived a s  a  

means t o  e l i m i n a t e  from t h e  t o t a l  v e h i c l e  p o p u l a t i o n  t h o s e  v e h i c l e s  

whose overinvolvement i n  a c c i d e n t s  can b e  a t t r i b u t e d  t o  performance 

d e f i c i e n c i e s ,  then  t h e  q u e s t i o n  of which "case" t o  t r e a t  f i r s t  

shou ld  l o g i c a l l y  be  decided by t h e  t o t a l  p r o p e r t y  damage, p e r s o n a l  

i n j u r y ,  and income l o s s  a s c r i b e d  t o  each c a s e  of  overinvolvement.  

S i n c e  t h e s e  a c c i d e n t  c o s t s  a r e  o f t e n  not  e x p l i c i t l y  g iven i n  t h e  

a c c i d e n t  r e c o r d s  a v a i l a b l e  f o r  a n a l y s i s ,  it w i l l  b e  necessa ry  t o  es-  

t a b l i s h  a  method wbereby t o t a l  c o s t s  a r e  approximated from an ex- 

t r a p o l a t i o n  of in fo rmat ion  inc luded  i n  t h e  a c c i d e n t  r e p o r t .  I n  t h i s  

manner t h e  p r i o r i t i e s  a n a l y s i s  becomes weighted b o t h  by (1) t h e  

" c r a s h  s a f e t y "  q u a l i t y  and (2)  t h e  damage- in f l i c t ing  p o t e n t i a l  of  

t h e  over invo lved  e lements  of t h e  t o t a l  v e h i c l e  p o p u l a t i o n .  



A few c a s e s  w i l l  show how t h i s  we igh t ing  would be mean ingfu l  t o  

t h e  p r i o r i t i e s  i s s u e .  Fo r  example: 

(1)  V e h i c l e  A has  an acc iden t - invo lvemen t  r a t e  s i m i l a r  t o  t h e  

r a t e s  e x h i b i t e d  by v e h i c l e s  B  and C ,  b u t  r e p r e s e n t s  a  much s m a l l e r  

p r o p o r t i o n  of t h e  v e h i c l e  p o p u l a t i o n  s o  t h a t  i t s  t o t a l  " a c c i d e n t  c o s t "  

is  much s m a l l e r  t h a n  t h e  c o s t s  imposed by v e h i c l e s  B  and C .  

(2)  V e h i c l e  A has  a  h i g h e r  acc ident - involvement  r a t e  t h a n  ve- 

h i c l e s  B  and C, r e p r e s e n t s  a  g r e a t e r  p r o p o r t i o n  of  t h e  v e h i c l e  popu- 

l a t i o n  t h a n  do v e h i c l e s  B  and C ,  b u t  because  of a s s o c i a t e d  f a c t o r s  

( such  a s  s p e e d s ,  t r a n s p o r t  o b j e c t i v e s ,  e t c . )  p roduces  a c c i d e n t s  of  a  

lower a v e r a g e  c o s t  t h a n  v e h i c l e s  B and C and t h e r e b y  p roduces  a  t o t a l  

a c c i d e n t  c o s t  t h a t  is l e s s  t han  t h a t  produced by v e h i c l e s  B  and C .  

(3)  Vehic l e  A h a s  an acc iden t - invo lvemen t  r a t e  s i m i l a r  t o  

v e h i c l e s  B  and C ,  r e p r e s e n t s  a  s m a l l e r  p r o p o r t i o n  of t h e  v e h i c l e  

p o p u l a t i o n  t h a n  do v e h i c l e s  B  and C ,  b u t  because  of  i ts s i z e  and 

weight  f r e q u e n t l y  i n v o l v e s  more s e v e r e l y  damaged v e h i c l e s  and conse-  

q u e n t l y  is  r e s p o n s i b l e  f o r  a  g r e a t e r  a c c i d e n t  c o s t  t h a n  v e h i c l e s  B  and C .  

The f o r e g o i n g  approach t o  t h e  p r i o r i t i e s  q u e s t i o n  is c h a r a c t e r i z e d  

by i t s  s i m p l i c i t y .  I n  HSRI's view, t h i s  approach w i l l  g e t  t o  t h e  

nub o f  t h e  i s s u e .  However, t h e  v a l i d i t y  o f  t h e  answers w i l l  depend 

on t h e  adequacy o f  ou r  e x i s t i n g  d a t a  r e s o u r c e s  and on t h e  i n g e n u i t y  

t h a t  can  b e  b rough t  t o  b e a r  i n  r e s o l v i n g  t h e  d e t a i l e d ,  p r a c t i c a l  

i s s u e s  t h a t  w i l l  b e  encoun te red  by r e s e a r c h e r s  w r e s t l i n g  w i t h  t h e  

e x i s t i n g  d a t a  b a s e ,  

5 , 2 , 2  EXPANSION OF THE DATA BASE ON THE MAN-VEHICLE INTERFACE 

The f o l l o w i n g  s e c t i o n s  summarize s t u d i e s  which,  i n  HSRI's view, 

w i l l  p r o v i d e  t h e  a d d i t i o n a l  d a t a  needed t o  s e t  s t a n d a r d s  f o r  t h e  

d r i v e r - v e h i c l e  i n t e r f a c e .  A s i z e a b l e  number o f  s t u d i e s  appea r  t o  b e  

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

t h e  s p e c i f i c  n a t u r e  o f  t h e  d a t a  t o  b e  a c q u i r e d .  Recommended f o r  

fo l low-on Phase  I 1  e f f o r t  a r e :  

(1)  a  number o f  s t u d i e s  t o  g a t h e r  i n f o r m a t i o n  r e l a t i v e  t o  

a c c e p t a b l e  l o c a t i o n  and a p p l i c a t i o n  f o r c e  l e v e l s  f o r  t h e  s e r v i c e  

b r a k e ,  p a r k i n g  b r a k e ,  and c l u t c h  c o n t r o l s  (5.2.2.1)  

(2) i n v e s t i g a t i o n s  of  t h e  i n f l u e n c e  o f  fo rce -d i sp l acemen t  

l e v e l s  upon b r a k e ,  c l u t c h  and a c c e l e r a t o r  c o n t r o l l a b i l i t y  (5.2.2.2)  

(3)  an  i n v e s t i g a t i o n  of  t h e  c o n t r o l  consequences  o f  a  f a i l u r e  



i n  t h e  power ' -ass is t  b r a k e  s e r v o  (5.2.2.3) 

(4) s t u d i e s  of s t e e r i n g  c o n t r o l  v a r i a b l e s ,  analogous  t o  t h o s e  

recommended f o r  b r a k e s  (5 ,2 ,2 .4 ,  5,2.2.5) 

(5)  a  development o f  schemes f o r  r ank  o r d e r i n g  of  hand-operated 

c o n t r o l s ,  f o r  app ly ing  coding t e c h n i q u e s ,  and f o r  de te rmin ing  s p a c i n g  

d i s t a n c e s  between c o n t r o l  e lements  (5 ,2 .2 ,6 )  

(6) a su rvey  of man-vehicle i n t e r f a c e  c h a r a c t e r i s t i c s  f o r  a  

r e p r e s e n t a t i v e  sample o f  1968 v e h i c l e s  (5.2.2.7) 

These recommendations a r e  fo l lowed  by a  l i s t i n g  of  s p e c i f i c  

man-machine i n t e r f a c e  e lements  f o r  which s t a n d a r d s  may b e  c r e a t e d  

upon amalgamation o f  c u r r e n t l y  a v a i l a b l e  d a t a  and d a t a  t h a t  would 

b e  produced a s  a  r e s u l t  of  t h e  r e s e a r c h  recommended h e r e i n  f o r  

Phase  I1 (5.2.2,8) 

5 . 2 . 2 , l  Maximum Forces :  S e r v i c e  Brake,  Pa rk ing  Brake,  and 

Clu tch  C o n t r o l s ,  The s t u d i e s  recommended i n  t h i s  s e c t i o n  de te rmine  

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

o p e r a t i n g  v a r i o u s  pa rk ing  and s e r v i c e  b r a k e  and c l u t c h  c o n f i g u r a t i o n s ,  

Data s h o u l d  b e  c o l l e c t e d  f i r s t  under i d e a l  c o n d i t i o n s ;  t h a t  i s ,  sub- 

j e c t s  shou ld  be  p o s i t i o n e d  w i t h  r e f e r e n c e  t o  t h e  c o n t r o l s  i n  such  a  

way t h a t  t h e i r  f o r c e  o u t p u t s  would b e  maximum. Subsequent s t u d i e s  

shou ld  i n v e s t i g a t e  t h e  e f f e c t s  of a  v a r i e t y  o f  d e s i g n  pa ramete r s  

under l e s s  t h a n  i d e a l  c o n d i t i o n s ,  These l a t e r  i n v e s t i g a t i o n s  c o u l d ,  

presumably,  be  conducted w i t h  much s m a l l e r  samples ,  Performance of  

t h e  s u b j e c t s  shou ld  b e  compared under t h e  f f i d e a l l l  c o n d i t i o n  and 

under t h e  a l t e r e d  c o n d i t i o n  of  i n t e r e s t .  

Study 1. The purpose  of t h i s  s t u d y  is t o  d e f i n e  t h e  maximum 

f o r c e s  which a  5 t h  p e r c e n t i l e  female  can  e x e r t  on a  v a r i e t y  of  

parking-brake,  c l u t c h ,  and s e r v i c e - b r a k e  c o n f i g u r a t i o n s .  A sample 

of  a t  l e a s t  300 r e p r e s e n t a t i v e  female  s u b j e c t s  shou ld  be employed. 

Care s h o u l d  b e  t a k e n  ( through t h e  u s e  of  known an th ropomet r i c  d i s -  

t r i b u t i o n s  such a s  h e i g h t  o r  weight)  t o  i n s u r e  t h a t  t h e  t e s t  popu- 

l a t i o n  is indeed  r e p r e s e n t a t i v e  of  t h e  known female  p o p u l a t i o n .  

Each s u b j e c t  shou ld  b e  t e s t e d  under i d e a l  c o n d i t i o n s  on t h e  b r a k e  

and c l u t c h  c o n f i g u i a t i o n s  of i n t e r e s t .  

Study 2 ,  A s t u d y  is  recommended t o  a s s e s s  t h e  e f f e c t  of  moti-  

v a t i o n  on t h e  fo rce -ou tpu t  c a p a b i l i t i e s  of a  group o f  s u b j e c t s .  

s t u d y  3 .  A s t u d y  is recommended t o  a s s e s s  t h e  e f f e c t  of  a  



v a r i e t y  o f  p u l l  b r a k e  l o c a t i o n s  on t h e  a b i l i t y  o f  s u b j e c t s  t o  e x e r t  

a  p u l l  f o r c e .  

S tudy 4 ,  A s t u d y  i s  recommended t o  a s s e s s  t h e  e f f e c t  o f  l imb 

p o s i t i o n  on t h e  a b i l i t y  o f  s u b j e c t s  t o  e x e r t  f o r c e ,  T h i s  s t u d y  

w i l l  complement r e s u l t s  r e p o r t e d  i n  t h e  l i t e r a t u r e  showing t h e  e f -  

f e c t  o f  l imb p o s i t i o n  on t h e  maximum f o r c e s  t h a t  s u b j e c t s  c o u l d  

e x e r t .  A number o f  knee  a n g l e s ,  elbow a n g l e s ,  and t o r s o  p o s i t i o n s  

s h o u l d  b e  e v a l u a t e d  f o r  t h e i r  e f f e c t  on t h e  maximum f o r c e  o u t p u t  o f  

t h e  o p e r a t o r .  

S tudy 5. S i n c e  t h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  d r i v e r s  o f t e n  

assume s e a t i n g  p o s i t i o n s  d e t r i m e n t a l  t o  f o r c e  o u t p u t ,  r e a l i s t i c  

a s s e s s m e n t s  o f  t h e  o u t p u t  o f  t h e  5 t h  p e r c e n t i l e  d r i v e r  s h o u l d  t a k e  

t h i s  p o s s i b i l i t y  i n t o  accoun t .  A s u r v e y  is recommended t o  d e t e r m i n e  

whether  s m a l l e r  f ema les  do, i n  f a c t ,  t e n d  t o  assume d r i v i n g  p o s i -  

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

S tudy 6 .  A s t u d y  is recommended t o  a s s e s s  t h e  e f f e c t  o f  s e a t  

compl iance  on t h e  f o r c e  c a p a b i l i t y  o f  human s u b j e c t s .  

S tudy 7 ,  A s t u d y  is recommended t o  p r o v i d e  d a t a  i n d i c a t i n g  t h e  

f o r c e  c a p a b i l i t i e s  o f  5 t h  p e r c e n t i l e  f ema les  i n  o p e r a t i n g  t y p i c a l  

pa rk ing -b rake  r e l e a s e  mechanisms. 

5.2.2.2 Brake ,  C lu t ch  and A c c e l e r a t o r  Force-Displacement 

C h a r a c t e r i s t i c s ,  A s t u d y  is recommended t o  e s t a b l i s h  t h e  optimum 

fo rce -d i sp l acemen t  c h a r a c t e r i s t i c s  f o r  t h e  b r a k e ,  c l u t c h ,  and ac- 

c e l e r a t o r  c o n t r o l s .  I t  must b e  r e c o g n i z e d  t h a t  t h e s e  s t a t i c  i n t e r -  

f a c e  c h a r a c t e r i s t i c s  i n t e r a c t  w i t h  t h e  dynamic p r o p e r t i e s  o f  t h e  

v e h i c l e  and u l t i m a t e l y  t h e s e  c h a r a c t e r i s t i c s  s h o u l d  b e  e s t a b l i s h e d  

by means o f  r e s e a r c h  i n v o l v i n g  t h e  t o t a l  man-vehicle sys tem.  Bow- 

e v e r ,  i t  is  f e l t  t h a t  f o r  t h e  s h o r t  t e rm some approx ima te  v a l u e s  

may b e  o b t a i n e d  by means o f  s i m u l a t i o n  t e c h n i q u e s  and r e l a t i v e l y  

s i m p l e  f i e l d  checks .  

5.2.2.3 Power F a i l u r e  I n v e s t i g a t i o n s :  Brak ing .  A s t u d y  is  

recommended t o  d e t e r m i n e  t h e  a d d i t i o n a l  f o r c e  t h a t  a  5 t h  p e r c e n t i l e  

f ema le  c a n  and w i l l  app ly  t o  a  b r a k i n g  sys t em which has  f a i l e d  under  

emergency c o n d i t i o n s .  I t  a p p e a r s  t h a t  a  f u l l - s c a l e  c a r  s h o u l d  b e  

employed and a  r e a l i s t i c  and t a x i n g  d r i v i n g  s i t u a t i o n  p r o v i d e d  i n  

which t h e  b r a k e  sys t em can  b e  f a i l e d  and t h e  p e d a l  f o r c e s  e x e r t e d  

by t h e  d r i v e r  can  be  measured.  



5.2.2.4 Maximum S t e e r i n g  Forces .  A s t u d y  is recommended t o  - 
a s s e s s  t h e  maximum t o r q u e  c a p a b i l i t i e s  o f  a  5 t h  p e r c e n t i l e  female  

on a  t y p i c a l  s t e e r i n g  wheel ,  I t  appea r s  d e s i r a b l e  t h a t  t h i s  s t u d y  

b e  r u n  a t  t h e  same t i m e  (and employ t h e  same sample female  popula-  

t i o n )  a s  t h e  b r a k e  and c l u t c h  f o r c e  c a p a b i l i t y  s t u d y  ment ioned 

e a r l i e r ,  During t h i s  s t u d y  an a t t e m p t  s h o u l d  be  made t o  a s s e s s  t h e  

f r equency  w i t h  which d r i v e r s  w i l l  s e l e c t  p o s i t i o n s  which p l a c e  them 

a t  a  d i s a d v a n t a g e  i n  t e rms  o f  s t r e n g t h  and s p e e d  w i t h  which t h e  

wheel  c a n  b e  t u r n e d .  I f  it is found t h a t  a  s i g n i f i c a n t  number of 

d r i v e r s  assume poor  p o s i t i o n s ,  a  r e v i s i o n  o f  p e r c e n t i l e  c u t - o f f s  

may b e  i n d i c a t e d .  

5 .2 ,2 ,5  - Power F a i l u r e  I n v e s t i g a t i o n s :  S t e e r i n g .  A s t u d y  is  

recommended t o  p r o v i d e  d a t a  i n d i c a t i n g  t h e  t o r q u e s  t h a t  c a n  b e  pro- 

duced by a  5 t h  p e r c e n t i l e  female  under c o n d i t i o n s  o f  power - s t ee r ing  

f a i l u r e .  I t  is n o t e d  t h a t  t h e  a c t u a l  t o r q u e  o u t p u t  produced by an 

i n d i v i d u a l  d u r i n g  an emergency c o n d i t i o n  is de te rmined ,  i n  p a r t ,  by 

t h e  c i r c u m s t a n c e s  su r round ing  t h e  f a i l u r e .  Hence, t h i s  i n v e s t i g a t i o n  

s h o u l d  b e  conducted  i n  such  a  manner a s  t o  make due a l lowance  f o r  

t h i s  e f f e c t .  

5 ,2 .2 ,6  - C l a s s i f i c a t i o n ,  Coding, and S e p a r a t i o n  D i s t a n c e  f o r  

Hand-Operated C o n t r o l s .  A s t u d y  is recommended t o  e s t a b l i s h ,  on a  

r a t i o n a l  b a s i s ,  t h e  r e l a t i v e  impor tance  of t h e  l a r g e  number o f  hand- 

o p e r a t e d  c o n t r o l s  which a  c a r  might c a r r y ;  t o  de te rmine  t h e  b e s t  

p o s i t i o n  f o r  t h o s e  c o n t r o l s  deemed o f  maximum impor tance ;  and t o  

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

between t h e s e  and o t h e r  c o n t r o l s  i n  emergency b l i n d - r e a c h  s i t u a t i o n s .  

5 .2 ,2 .7  Survey of 1968 Veh ic les .  I t  is  recommended t h a t  

measurements be  t a k e n  on a  s e l e c t e d  sample o f  1968 v e h i c l e s  t o  

e v a l u a t e  a l l  s t a t i c  i n t e r f a c e  f a c t o r s  f o r  which it is a n t i c i p a t e d  

t h a t  s t a n d a r d s  s h o u l d  b e  developed.  Such a  measurement program 

would i n d i c a t e  c u r r e n t  p r a c t i c e  and p r o v i d e  a  b a s e l i n e  from which 

one c o u l d  a s s e s s  t h e  magnitude of t h e  changes from c u r r e n t  p r a c t i c e  

t h a t  may b e  recommended on t h e  b a s i s  o f  t h e  f i n d i n g s  o b t a i n e d  i n  

Phase  11. 

5.2.2.8 Human F a c t o r s  S t a n d a r d s  Which May Become F e a s i b l e  a t  - 
t h e  Conclus ion of  t h e  Recommended Phase  I1 Study.  Based on d a t a  

p r e s e n t l y  a v a i l a b l e  and d a t a  which would b e  g e n e r a t e d  by t h e  r e s e a r c h  

recommended by HSRI, i t  would be  p o s s i b l e  t o  s e t  s t a n d a r d s  w i t h  r e s p e c t  

t o  t h e  below l i s t e d  e l ement s  of t h e  man-vehicle i n t e r f a c e .  



I ,  Foot  p e d a l s  

A .  Brake  and C l u t c h  

1. Loca t ion :  h o r i z o n t a l ,  v e r t i c a l ,  and l o n g i t u d i n a l  

2 .  Minimum p e d a l  pad d imensions  

*3 ,  Maximum f o r c e  r e q u i r e m e n t s  

*4.  Force  t h r e s h o l d s  f o r  power f a i l u r e s  

*5 .  Force-d isp lacement  c h a r a c t e r i s t i c s  

B. A c c e l e r a t o r  

1, Dimensions 

2 .  C l e a r a n c e s  

3 ,  Displacement  c h a r a c t e r i s t i c s  

4 ,  R e s t o r i n g  f o r c e  

*5.  Displacement-per formance  c h a r a c t e r i s t i c s  

11. P a r k i n g  Brakes  

A .  Hand-Operated 

1 Locat  i o n s  and d i s t a n c e s  

*2.    la xi mum f o r c e  r e q u i r e m e n t s  

B. Foot-Operated 

1. hlaximum d i sp lacemen t  

*2 ,  L o c a t i o n  

*3 .  blaximum f o r c e  r e q u i r e m e n t s  

C. R e l e a s e  Mechanisms 

* Maximum f o r c e  r e q u i r e m e n t s  

111. S t e e r i n g  Wheels 

A.  C l e a r a n c e s  

B. D r i v e r  r e l a t i o n s h i p  t o  wheel  

C, Wheel geometry 

1 Angle 

*2.  Diameter  

3 .  Rim d i a m e t e r  

D, F o r c e  C h a r a c t e r i s t i c s  

*I. Maximum f o r c e  r e q u i r e m e n t s  

*2.  Force  t h r e s h o l d s  f o r  power f a i l u r e s  

I V .  S e a t i n g  

A .  S e a t  d imensions  

B , .  Adjustment  p a r a m e t e r s  

*New d a t a  t o  b e  s u p p l i e d  by  p roposed  r e s e a r c h  



5 ,2 .3  THE DEFINITION AND MEASUREMENT OF "OUTPUT" PERFORMANCE 

HSRI1s assessment  of  t h e  t echno logy  a p p l i c a b l e  t o  d e f i n i n g  and 

measur ing vehic le-performance p r o p e r t i e s  i n d i c a t e s  t h a t  t h e r e  a r e  

s e r i o u s  shor tcomings  which s h o u l d  b e  e l i m i n a t e d  a s  r a p i d l y  a s  it is 

f e a s i b l e  t o  do s o ,  Although i t  is p o s s i b l e  t o  j u s t i f y  an  immediate 

s e a r c h  f o r  m a r g i n a l  v e h i c l e s  i n  t h e  absence  of a v a i l a b l e  methods of 

d e f i n i n g  and measuring v e h i c l e  performance,  i t  would be  i n  t h e  i n t e r -  

ests o f  highway s a f e t y  t o  t a k e  immediate s t e p s  t o  a c q u i r e  t h e  needed 

performance-data  b a s e ,  I t  would appear  t h a t  t h e  r e f inement  o f  i n t e r i m  

s t a n d a r d s  w i l l  b e  i m p o s s i b l e  w i t h o u t  a  d a t a  b a s e  d e f i n i n g  t h e  steer- 

i n g ,  b r a k i n g ,  and a c c e l e r a t i o n  p r o p e r t i e s  of  t h e  highway-vehicle 

p o u p l a t i o n ,  and t h e r e  is no a s s u r a n c e  t h a t  i n t e r i m  s t a n d a r d s  can  even 

b e  developed w i t h o u t  t h i s  d a t a  b a s e .  Thus t h e r e  a r e  good r e a s o n s  

f o r  making t h e  development o f  s t a n d a r d i z e d  performance measures  and 

tes t  p r a c t i c e s  a  f i r s t  o r d e r  of  b u s i n e s s ,  

I n  o r d e r  t o  e x p e d i t e  t h e  a t t a i n m e n t  o f  t h i s  g o a l ,  a  t e n t a t i v e  

s e t  o f  performance measures  have been d e f i n e d  i n  t h i s  Phase  I s t u d y .  

I n  HSRI1s view, t h e s e  measures s h o u l d  be  c h a r a c t e r i z e d  by 

(1) An a p p r e c i a t i o n  f o r  t h e  c o n t r o l  i n p u t s  t h a t  must b e  pro-' 

v ided  by t h e  d r i v e r  

(2) The requ i rement  f o r  s e l e c t i n g  measures t h a t  d e s c r i b e  

v e h i c l e  b e h a v i o r  n e a r  o r  a t  t h e  l i m i t  o f  t i r e - r o a d  adhes ion  

(3)  The r e c o g n i t i o n  t h a t  performance measures s h o u l d  r e l a t e  

t o  t h e  d r i v i n g  p r o c e s s ,  y e t  remain open-loop measures o f  v e h i c l e  

b e h a v i o r  

(4) An a p p r e c i a t i o n  f o r  t h e  p r o s p e c t s  o f  deve lop ing  r e l i a b l e  

t e s t  p r o c e d u r e s  whose format  and scope  w i l l  enhance t h e  p o s s i b i l i t i e s  

f o r  i n d u s t r y  a c c e p t a n c e  and f u r t h e r  development. 

These measures  a r e  summarized and d i s c u s s e d  below. A more de- 

t a i l e d  o u t l i n e  of  t h e  measures t h a t  a r e  proposed (on t h e  b a s i s  o f  

t h e  t h i n k i n g  done t o  d a t e )  a r e  p r e s e n t e d  i n  an  appendix  t o  t h i s  

r e p o r t .  Also  p r e s e n t e d  below a r e  t h e  e l ement s  of  a  program which,  

i n  HSRI1s view, w i l l  a s s i s t  i n  deve lop ing  a  v e h i c l e - t e s t  t echno logy  

c a p a b l e  o f  producing t h e  d e s i r e d  performance-data  b a s e .  D i f f i c u l t i e s  

t o  b e  r e s o l v e d  i n  t h e  development of a  performance i d e n t i f i c a t i o n  

code a r e  a l s o  d i s c u s s e d  below. 

5.2.3.1 A T e n t a t i v e  S e t  of  Performance Measures. Performance 



measures  d e r i v e ,  a  p r i o r i ,  from veh ic l e -mechan ic s  c o n s i d e r a t i o n s .  

C o n t r o l  o f  t h e  p o s i t i o n  o f  t h e  au tomobi l e  i n  t h e  h o r i z o n t a l  p l a n e  

i n v o l v e s  b o t h  l o n g i t u d i n a l  and l a t e r a l  p o s i t i o n i n g  t a s k s .  Three  

b a s i c  c o n t r o l s  a r e  a v a i l a b l e  t o  t h e  d r i v e r :  he u s e s  h i s  t h r o t t l e  

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

l o n g i t u d i n a l  d i r e c t i o n  and h i s  s t e e r i n g  mechanism t o  c o n t r o l  h i s  

a c c e l e r a t i o n ,  v e l o c i t y , a n d  p o s i t i o n  i n  t h e  t r a n s v e r s e  ( l a t e r a l )  

d i r e c t i o n ,  The manner i n  which t h e s e  maneuvers a r e  accompl ished  

and t h e  e x t e n t  t o  which t h e r e  is  i n t e r a c t i o n  between l o n g i t u d i n a l  

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

mechan ica l  p r o p e r t i e s  of  t h e  pneumat ic  t i r e .  T h i s  i n t e r a c t i o n  in-  

c r e a s e s  a s  maneuvers a r e  made which r e q u i r e  l a r g e r  h o r i z o n t a l  f o r c e s  

a t  t h e  t i r e - r o a d  i n t e r f a c e .  S i n c e  t h e  maneuver l e v e l s  i n f l u e n c e  t h e  

v e r t i c a l  l o a d  between t h e  t i r e  and t h e  r o a d ,  and t h e  maximum ob- 

t a i n a b l e  h o r i z o n t a l  f o r c e s  a r e  a  f u n c t i o n  o f  t h e  v e r t i c a l  l o a d  and 

t h e  a v a i l a b l e  f r i c t i o n  c o e f f i c i e n w a t  t h e  t i r e - r o a d  i n t e r f a c e ,  t h e  

mot ion  b e h a v i o r  o f  a  v e h i c l e  i n  t h e  n e a r - s k i d  regime is  a  complex 

i n t e r a c t i o n  ( n o n - l i n e a r )  of  t h e  mechanics of  t h e  v e h i c l e  ( p l u s  t i r e s )  

and t h e  l e v e l  o f  t i r e - r o a d  f r i c t i o n .  

Measures o f  v e h i c l e  per formance  i n  t h e  n e a r - s k i d  regime a r e  

b e l i e v e d  t o  b e  a  v e r y  impor t an t  a s p e c t  o f  t h e  per formance  p r o p e r t i e s  

o f  p n e u m a t i c - t i r e d  v e h i c l e s .  Accord ing ly ,  i t  is n e c e s s a r y  t h a t  any 

p roposed  measure of  n e a r - s k i d  per formance  b e  no rma l i zed  i n  t e r m s  o f  

t h e  f r i c t i o n  c o e f f i c i e n t  a v a i l a b l e  a t  t h e  t i r e - r o a d  i n t e r f a c e .  I t  

is e x t r e m e l y  i m p o r t a n t  t o  o b s e r v e  t h a t  t h e  s o - c a l l e d  " f r i c t i o n  co- 

e f f i c i e n t "  is n o t  a  s i m p l e  number b u t  i s ,  i n  f a c t ,  a  complex func- 

t i o n  o f  t h e  s l i p  r a t i o  between t h e  t i r e  and t h e  r o a d .  Thus,  t h e  

n o r m a l i z a t i o n  o f  braking-performance  measures  s h o u l d  u t i l i z e  f r i c -  

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

t h e  n o r m a l i z a t i o n  o f  s t e e r i n g - p e r f o r m a n c e  measures  s h o u l d  u t i l i z e  a  

f r i c t i o n  c o e f f i c i e n t  a c h i e v e d  by a  s i d e s l i p p i n g  t i r e .  Fu r the rmore ,  

t h i s  n o r m a l i z a t i o n  p r o c e d u r e  must u s e  f r i c t i o n - c o e f f i c i e n t  d a t a  

o b t a i n e d  by means o f  a  test  i n  which a  t i r e  ( i . e . ,  a  t i r e  o f  t h e  
same d e s i g n ,  mechan ica l  p r o p e r t i e s ,  and t r e a d  s t o c k  a s  t h a t  o f  t h e  

t i r e s  mounted on a  g i v e n  v e h i c l e )  is o p e r a t e d  a t  l o a d s  and i n f l a t i o n  

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

*The t e r m s  " f r i c t i o n  c o e f f i c i e n t "  and " f r i c t i o n "  a r e  b e i n g  u s e d  h e r e  
i n  a  v e r y  l o o s e  s e n s e  ( a s  i n d i c a t s d  i n  t h e  subsequen t  p a r a g r a p h ) .  



p r e s s u r e s  used  on t h e  t e s t  v e h i c l e .  I n  view of  t h e  l a r g e  i n f l u e n c e  

of  t h e  l o c a t i o n  of  t h e  c e n t e r  of g r a v i t y  on t h e  s t a t i c  d i s t r i b u t i o n  

o f  v e r t i c a l  t i r e  l o a d i n g s  and on t h e  mechanics (both  s t a t i c s  and dy- 

namics) of  t h e  v e h i c l e ,  p e r  s e ,  it a p p e a r s  necessa ry  t h a t  v e h i c l e -  

performance measures b e  d e f i n e d  r a t h e r  r i g o r o u s l y  i n  terms of a  

s p e c i f i e d  l o a d i n g  c o n d i t i o n ,  

Two extremes of  load ing  a r e  proposed a s  a  means of  bounding 

t h e  performance e x h i b i t e d  by a  pneumat ic - t i r ed  v e h i c l e .  One ob- 

v ious  extreme is t h e  empty v e h i c l e  p l u s  d r i v e r .  The o t h e r  extreme 

is t h e  f u l l  l o a d  c o n d i t i o n ,  and h e r e  i t  is  proposed t h a t  f u l l  l o a d  

b e  d e f i n e d  a s  v e h i c l e ,  p l u s  t h e  maximum number o f  150-pound a d u l t s  

which t h e  v e h i c l e  was des igned t o  s e a t  ( i n  c o m f o r t ) ,  p l u s  a  t r u n k  

l o a d  which i n s t e a d  of  be ing  a  f i x e d  number of  pounds would b e  s p e c i -  
3 

f i e d  a s  b e i n g  a  l o a d  t o  be  d e r i v e d  from t h e  t r u n k  volume ( f t  ) t imes  
3 

a  s t a n d a r d i z e d  ca rgo-dens i ty  f a c t o r  ( l b / f t  ) ,  I n  t h i s  manner, 

eve ry  v e h i c l e  model e s t a b l i s h e s  i ts own minimum and maximum l o a d  

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

t h e  recommended p r a c t i c e  of t h e  manufac tu re r  o r  i n  accordance w i t h  

i n f l a t i o n  p ressure - load  s c h e d u l e s  t h a t  may b e  s t a n d a r d i z e d  a t  some 

f u t u r e  d a t e .  

Examination of Appendix I11 w i l l  show t h a t  measures of  a c c e l -  

e r a t i o n  performance a r e  proposed which w i l l  y i e l d  t h e  l o n g i t u d i n a l  

a c c e l e r a t i o n  produced by an a p p l i c a t i o n  of  f u l l - t h r o t t l e  ( i n  a  s t e p -  

wise  manner) th rough  a  r ange  of i n i t i a l  s t e a d y - v e l o c i t y  c o n d i t i o n s  

cor respond ing  t o  t h e  s t e a d y  d r i v i n g  speeds  which t h e  vehicle-power 

p l a n t  combination is c a p a b l e  of  ach iev ing .  Th i s  a c c e l e r a t i o n -  

performance measure is conceived a s  a  s t e a d y - s t a t e  measure i n f l u e n c e d  

by v e h i c l e  d rag  i n  a d d i t i o n  t o  t h e  a v a i l a b l e  p r o p u l s i v e  t h r u s t .  The 

t e s t  emphasizes t h e  a c c e l e r a t i o n  performance ach ieved  by a p p l y i n g  

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

minimize c e r t a i n  t r a n s i e n t  a s p e c t s  of t h i s  p r o c e s s  by c a l l i n g  for1 

t h e  a c c e l e r a t i o n  a t t a i n e d  when t h e  v e l o c i t y  has  i n c r e a s e d  t o  a  ce r -  

t a i n  l e v e l  ( e , g , ,  f i v e  o r  t e n  mph) above t h e  s t e a d y  v e l o c i t y  e s t a b -  

l i s h e d  p r i o r  t o  t h e  i n i t i a t i o n  of  t h e  t h r o t t l e  opening.  

Proposed measures of b r a k i n g  performance s t r e s s  (1) normal ized  

b r a k i n g  d e c e l e r a t i o n  v e r s u s  a p p l i e d  p e d a l  f o r c e  and (2) t h e  orderD 

of wheel l o c k i n g ,  a s  p e d a l  f o r c e  is  i n c r e a s e d  t o  t h e  p o i n t  a t  which 

a l l  wheels  w i l l  l ock  up on t h e  v e h i c l e ,  I n  c o n t r a s t  t o  t h e  propc~sed 
measures  o f  a c c e l e r a t i o n ,  t h e  b r a k i n g  d e c e l e r a t i o n s  a r e  measured 



f o r  a  comple te  r a n g e  o f  p e d a l - f o r c e  a p p l i c a t i o n s .  However, t h e  

b r a k i n g  per formance  measure is  s i m i l a r  t o  t h e  a c c e l e r a t i o n  measure 

i n  t h a t  i t  is conce ived  a s  a  s t e a d y - s t a t e  measure which is  a  f u n c t i o n  

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

b r a k e .  The d e c e l e r a t i o n  r e a d i n g  would b e  t a k e n  a t  some a r b i t r a r i l y  

e s t a b l i s h e d  decrement i n  v e l o c i t y  from t h e  i n i t i a l  v e l o c i t y .  

The braking-performance  measure ,  a s  proposed ,  r e q u i r e s  measure- 

ment o f  t h e  l o n g i t u d i n a l  a c c e l e r a t i o n ,  v e h i c l e  v e l o c i t y ,  and wheel  

r o t a t i o n  r a t e ,  a s  w e l l  a s  an  independent  measurement o f  t h e  t i r e -  

r o a d  f r i c t i o n  c o e f f i c i e n t  e x i s t i n g  a t  t h e  t e s t  s i t e .  Care would 

have t o  be t a k e n  t o  c o n t r o l  t h e  e f f e c t s  o f  b r a k e  t e m p e r a t u r e  on 

b r a k e  l i n i n g  e f f e c t i v e n e s s ,  Note, however, t h a t  t h e  measures  ou t -  

l i n e d  i n  Appendix 111 do n o t  r e q u i r e  t h a t  t h e  v e h i c l e  come t o  a  

f u l l  s t o p  b u t  mere ly  a c h i e v e  t h e  a r b i t r a r i l y  e s t a b l i s h e d  v e l o c i t y  

decrement.  Thus, t h e  proposed  t e s t  p rocedure  w i l l  t e n d  t o  minimize 

t h e  t o t a l  horsepower o r  energy  t h a t  must b e  abso rbed  by t h e  b r a k i n g  

sys t em,  

C o n s i d e r a t i o n  o f  t h e  b rake - fade  phenomenon i n d i c a t e s  t h a t  t h i s  

c o n d i t i o n  w i l l  most l i k e l y  a f f e c t  t h e  ave rage  d r i v e r  when he  i s  

o p e r a t i n g  h i s  v e h i c l e  i n  h i l l y  o r  mountainous t e r r a i n .  A b rak ing -  

per formance  measure is r e q u i r e d  t o  i n d i c a t e  t h e  d e c e l e r a t i o n  per -  

formance o f  a  v e h i c l e  f o l l o w i n g  a  c o n s t a n t - v e l o c i t y  d e s c e n t  down a 

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

t o  Grovide  t h i s  i d e a l i z e d  o p e r a t i o n a l  s i t u a t i o n ,  Thus,  a  per formance  

measure i s  needed which i s  d e f i n e d  i n  t e rms  o f  a  l i n i n g - t e m p e r a t u r e  

i n c r e a s e  produced by abso rbed  horsepower e q u i v a l e n t  t o  a  s p e c i f i e d  

d e s c e n t  c o n d i t i o n ,  w i t h  a l lowances  made f o r  c o o l i n g  p r o c e s s e s  which 

would b e  i n f l u e n c e d  by t h e  v e l o c i t y  o f  t h e  assumed d e s c e n t .  

A v a r i e t y  o f  o b j e c t i v e  measures  o f  s t e e r i n g  per formance  a r e  

p roposed  f o r  d e f i n i n g  t h e  s t e e r i n g  p r o p e r t i e s  o f  t h e  v e h i c l e  popu- 

l a t i o n ,  The proposed  measures  s t r e s s  s t e a d y - s t a t e  i n p u t - o u t p u t  

r e l a t i o n s h i p s .  No measures  o f  dynamic o r  t r a n s i e n t  b e h a v i o r  a r e  

p roposed ,  s i n c e  a  s e l e c t i o n  o f  same is  no t  obvious  i n  view o f  t h e  

e x i s t i n g  knowledge on d r i v e r - v e h i c l e  i n t e r a c t i o n .  R a t h e r ,  it is  

proposed  t h a t  a  dynamic index ,  namely, t h e  r a t i o  of  v e h i c l e  mass 
2 ( lb - sec  / f t )  t o  t h e  t o t a l  c o r n e r i n g  s t i f f n e s s  o f  a l l  f o u r  t i r e s  

( l b / r a d ) ,  b e  u s e d  t o  c l a s s i f y  v e h i c l e s  acco rd ing  t o  t h e i r  s p e e d  of  
r e s p o n s e  t o  a  s t e e r i n g  d i sp l acemen t .  The p roposed  i n d e x  i s  



p r o p o r t i o n a l  t o  t h e  b a s i c  t ime  c o n s t a n t  of  t h e  automobi le  when t h e  

automobi le  i s  c h a r a c t e r i z e d  a s  a  l i n e a r  dynamic system [ 4 ] .  I t  i s  

p o s t u l a t e d  t h a t  t h e  proposed index t o g e t h e r  w i t h  (1) measures o f  

p a t h  c u r v a t u r e  a s  a  f u n c t i o n  of s t ee r ing-whee l  d isplacement  and 

t o r q u e  and (4!) measures of  t h e  maximum l a t e r a l  a c c e l e r a t i o n ,  nor- 

ma l i zed  i n  t e rms  of t h e  e x i s t i n g  f r i c t i o n  c o e f f i c i e n t ,  w i l l  g i v e  a 

fundamental  d e s c r i p t i o n  o f  s t e e r i n g  p r o p e r t i e s  t h a t  have a  meaning- 

f u l  r e l a t i o n s h i p  t o  t h e  c o n t r o l  o f  a  v e h i c l e  i n  bo th  normal and 

emergency s i t u a t i o n s .  I f  tests a r e  performed i n  an a p p r o p r i a t e  

manner ( s e e  Appendix 111) ,  d a t a  w i l l  b e  o b t a i n e d  d e f i n i n g  t h e  f r e e  

p l a y  and f r i c t i o n  i n  a  s t e e r i n g  system. These d a t a  d e r i v e  from t h e  

h y s t e r e s i s  loop  t o  be  o b t a i n e d  i n  t h e  v a r i o u s  inpu t -ou tpu t  measure- 

ments ,  

5 , 2 , 3 . 2  Development of T e s t  Procedures .  C o n s i d e r a t i o n  o f  t h e  - 
need f o r  a  performance-data b a s e  and a  c o r o l l a r y  assessment  of  t h e  

s t a t e  o f  t h e  v e h i c l e - t e s t i n g  a r t  f o r c e s  HSRI t o  conclude  t h a t  i t  IS 

b o t h  d e s i r a b l e  and f e a s i b l e  t o  develop s t a n d a r d  t e s t  p rocedures  

( y i e l d i n g  v a l i d  and r e l i a b l e  v a l u e s  f o r  t h e  proposed measures)  

w i t h i n  a  one-year t ime  p e r i o d .  I t  would appear  t o  b e  a d v i s a b l e  t o  

pur sue  t h e  proposed o b j e c t i v e  on a  n o n - u n i l a t e r a l  b a s i s .  Th i s  is 

t o  s a y  t h a t  a t t e m p t s  shou ld  b e  made t o  promote m u l t i l a t e r a l  a c t i v l -  

t i e s  w i t h i n  t h e  v e h i c l e  i n d u s t r y  which would a i d  i n  a c h i e v i n g  t h e  

d e s i r e d  o b j e c t i v e ,  namely, s t a n d a r d i z e d  pe r fo rmance- t e s t ing  proce- 

dures .  Very l i k e l y ,  t h e  i n d u s t r y  would conclude  t h a t  t h e i r  own 

c o o p e r a t i v e  mechanisms f o r  working towards t h i s  g o a l  would r e q u i r e  

t i m e  p e r i o d s  f a r  i n  excess  o f  a  one-year p e r i o d ,  and under p r e s e n t  

c o n d i t i o n s ,  t h i s  c o n c l u s i o n  is undoubtedly  c o r r e c t .  Thus, a  r e -  

qui rement  i s  posed f o r  a c c e l e r a t i n g  a c t i v i t i e s  beyond t h a t  r a t e  

which cou ld  be  pursued by means o f  committee-type o r g a n i z a t i o n s  

w i t h i n  t h e  i n d u s t r y  o r  w i t h i n  t h e  automot ive-engineer ing community, 

Accord ing ly ,  HSRI has  concluded t h a t  t h e  NHSB s h o u l d  s u p p o r t  a  

performance-measure d e f i n i t i o n  and t e s t  development program which,  

by means of independent  and c o o p e r a t i v e  a c t i v i t y ,  would s e e k  t o  

demons t ra t e  adequa te  test  methods w i t h i n  a  one-year p e r i o d .  

The proposed measures i n t r o d u c e  s e v e r a l  new requ i rement s  f o r  

v e h i c l e  performance t e s t s .  F i r s t ,  it w i l l  be  n e c e s s a r y  t o  have a  

mobi le  t i r e - t e s t  d e v i c e  t h a t  can  b e  t a k e n  t o  a  g iven  t e s t  s i t e  t o  

o b t a i n  t h e  r e q u i r e d  measures of t i r e - r o a d  i n t e r f a c e  f r i c t i o n ,  

Second, s u f f i c i e n t  t i r e  t e s t  f a c i l i t i e s  must b e  made a v a i l a b l e  t o  



p r o v i d e  t h e  c o r n e r i n g - s t i f f n e s s  d a t a  r e q u i r e d  t o  d e f i n e  t h e  p roposed  

i n d e x  f o r  t h e  t o t a l  number o f  v e h i c l e - t i r e  combina t ions  and l o a d i n g  

c o n d i t i o n s .  L a s t ,  t h e  p roposed  t e s t s  f o r  s t e e r i n g  p r o p e r t i e s  ( s e e  

Appendix 111)  make s i z e a b l e  demands on t h e  a v a i l a b i l i t y  o f  paved 

a r e a s  which a r e  l a r g e ,  l e v e l ,  and smooth. 

I n  a d d i t i o n  t o  t h e  o t h e r  a c t i v i t i e s  recommended f o r  implementa- 

t i o n  i n  a  one-year ,  Phase  I 1  e f f o r t ,  HSRI recommends t h a t  t h e  NHSB 

s u p p o r t  an  i n t e g r a t e d  program hav ing  a s  i t s  g e n e r a l  o b j e c t i v e  t h e  

f o r c e d  e x t e n s i o n  o f  t echno logy  a p p l i c a b l e  t o  measur ing  t h e  p e r f o r -  

mance o f  p n e u m a t i c - t i r e d  v e h i c l e s .  S p e c i f i c a l l y ,  we recommend t h a t  

NHSB s u p p o r t  programs d e s i g n e d  t o  

(1)  Extend and r e f i n e  measures  o f  v e h i c l e  per formance  beyond 

t h o s e  o f f e r e d  i n  Appendix I 1 1  

(2)  Develop i n s t r u m e n t a t i o n  methods and packages  e x p r e s s l y  

s u i t e d  t o  t h e  veh ic l e -pe r fo rmance  measurement needs  

(3) Develop t e s t  p r o c e d u r e s  t h a t  a r e  a c c e p t a b l e  w i t h  r e s p e c t  

t o  s c i e n t i f i c  r i g o r  and p r a c t i c a l  imp lemen ta t ion  

(4)  Encourage t h e  development o f  t i r e - r o a d  i n t e r f a c e  t e s t  

d e v i c e s  s u i t a b l e  f o r  e v a l u a t i n g  t h e  p roposed  per formance  measu res ,  

and 

(5) Encourage t h e  expans ion  o f  t h e  t i r e - t e s t  c a p a b i l i t y  

e x i s t i n g  w i t h i n  t h e  i n d u s t r y  and t h e  r e s e a r c h  community. 

5 . 2 , 3 . 3  Development o f  a  Per formance  I d e n t i f i c a t i o n  Code. The 

per formance  o r  h a n d l i n g - p r o p e r t y  d a t a  t o  b e  g e n e r a t e d  by t h e  pro-  

posed  s t a n d a r d i z e d  t e s t  p r o c e d u r e s  w i l l  c o n s t i t u t e  a  d a t a  package  

t h a t  w i l l  va ry  i n  one o r  more r e s p e c t s  f o r  each  chass is -power  p l a n t  

combina t ion  produced by a  g i v e n  m a n u f a c t u r e r ,  S i n c e  it  is d e s i r a b l e  

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

h a n d l i n g  p r o p e r t i e s  o f  t h e  i n v o l v e d  v e h i c l e  i n  i t s  "as  new" condi -  

t i o n ,  i t  is obv ious  t h a t  a  means must b e  deve loped  whereby t h e  

t o t a l  per formance  d e s c r i p t i o n  can  b e  i d e n t i f i e d  by a  code  'fnumberu 

which c a n  b e  p l a c e d  on t h e  v e h i c l e  by t h e  manufac tu re r .  

I t  is mere ly  n e c e s s a r y  t o  c o n s i d e r  f o r  a  s h o r t  p e r i o d  t h e  in -  

f o r m a t i o n  e l emen t s  r e q u i r e d  i n  t h e  proposed  code  and many problems 

a r e  d i s c o v e r e d .  For example,  a  method may b e  needed f o r  mod i fy ing  

t h e  code  number t o  accoun t  f o r  changes  t h a t  may b e  i n t r o d u c e d  a t  a  

s a l e s  agency.  Q u e s t i o n s  a r i s e  a s  t o  t h e  t o t a l  number o f  model 



c o n f i g u r a t i o n s  ( f o r  any g iven  make) t h a t  s h o u l d  b e  c o n s i d e r e d  t o  

p o s s e s s  s i g n i f i c a n t l y  d i f f e r e n t  performance c h a r a c t e r i s t i c s .  Power- 

p l a n t  and t i r e  o p t i o n s  a v a i l a b l e  t o  t h e  p u r c h a s e r  a r e  f a c t o r s  which 

may b e  s i g n i f i c a n t  i n  i n c r e a s i n g  t h e  t o t a l  number o f  p o s s i b l e  com- 

b i n a t i o n s .  C e r t a i n l y ,  t h e  p r e s e n c e  o r  absence  o f  power s t e e r i n g ,  

power -ass i s t ed  b r a k e s ,  and au tomat i c  t r a n s m i s s i o n  d i r e c t l y  i n f l u e n c e s  

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

t h e  v e h i c l e  t o  b e  coded. I t  is recommended t h a t  e f f o r t s  t o  b e  

d i r e c t e d  towards  ex tend ing  pe r fo rmance- t e s t  technology f o r  pneu- 

m a t i c - t i r e d  v e h i c l e s  be  supplemented by a  s t u d y  which s h a l l  c o n s i d e r  

a l l  p o s s i b l e  a l t e r n a t i v e s  f o r  implementing a  s o - c a l l e d  performance 

code.  
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6 . 0  RECOMMENDATIQNS FOR ACTION GOALS 

I t  is  f a i r l y  o b v i o u s  by now t h a t  s e t t i n g  s t a n d a r d s  c a n  b e  a1 

v e r y  messy b u s i n e s s ,  no m a t t e r  how c a r e f u l l y  t h e  groundwork i s  l a i d  

f o r  t h e  e s t a b l i s h m e n t  o f  t h e  s t a n d a r d .  S t a n d a r d s  wh ich  a r e  de-  

s i g n e d  t o  m in imize  t h e  o c c u r r e n c e  o f  a n  u n d e s i r a b l e  e v e n t  a r e ,  by 

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

wh ich  a r e  d e s i g n e d  t o  m in imize  t h e  c o n s e q u e n c e s  o f  t h e  u n d e s i r a b l e  

e v e n t .  I t  s h o u l d  n o t  b e  n e c e s s a r y  t o  e l a b o r a t e ,  h e r e ,  on  t h e  v e r y  

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

d e r i v i n g  and  p r o m u l g a t i n g  s t a n d a r d s  r e l a t e d  t o  " p r e - c r a s h  s a f e t y "  

a s  opposed  t o  " c r a s h "  and  " p o s t - c r a s h  s a f e t y . "  

I n  view o f  t h e  c o m p l e x i t i e s  and  u n c e r t a i n t i e s  t h a t  w i l l  con- 

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

t h e  l e v e l s  o f  " p r e - c r a s h  s a f e t y "  i n  o u r  highway s y s t e m ,  i t  a p p e a r s  

p r u d e n t  f o r  t h e  NHSB t o  c o n s i d e r  a c t i o n  s t e p s  o t h e r  t h a n  s t a n d a r d -  

s e t t i n g .  A s  a  r e s u l t  o f  d e l i b e r a t i o n s  p u r s u e d  i n  t h i s  Phase - I  

s t u d y ,  HSRI h a s  c o n c l u d e d  t h a t  t h e r e  a r e  t h r e e  a c t i o n  s t e p s  wh ich ,  

i f  implemented ,  would s i g n i f i c a n t l y  u p g r a d e  s e v e r a l  a c t i v i t i e s  b e a r -  

i n g  on t h e  u n d e s i r a b l e  end  r e s u l t ,  namely ,  t h e  v e h i c u l a r  t r a f f i c  ac-  

c i d e n t .  The f i r s t  a c t i v i t y  i s  one i n  which  t h e  v e h i c l e  m a n u f a c t u r e r  

g e n e r a t e s  a  p r o d u c t  which  he  f e e l s  c o n f i d e n t  is a s  " s a f e "  a s  t h e  

s t a t e  of  t h e  e n g i n e e r i n g  a r t  and  economic c o n s t r a i n t s  w i l l  p e r m i t .  

The s e c o n d  a c t i v i t y  is one  i n  which  t h e  p u b l i c ,  a s  r e p r e s e n t e d  b o t h  

by e l e c t e d  and  a p p o i n t e d  o f f i c i a l s ,  a s c e r t a i n s  w h e t h e r  t h e  p u b l i c ' s  

w e l f a r e  ( i n  t h i s  c a s e ,  s a f e t y )  is b e i n g  compromised by t h e  a c t i v i t i e s  

t h a t  t a k e  p l a c e  i n  p r i v a t e  s e c t o r s .  The t h i r d  a c t i v i t y  i n v o l v e s  

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

and  p r i v a t e ,  and  t o  r e s e a r c h e r s  and  d e c i s i o n - m a k e r s .  ( I n  c o n n e c t i o n  

w i t h  t h i s  l a s t  p o i n t ,  i t  s h o u l d  b e  r e a l i z e d  t h a t  t h e  e x i s t i n g  c o l -  

l e c t e d  and  p r o c e s s e d  a c c i d e n t  d a t a  have  v e r y  l i t t l e  r e l e v a n t  va lue- -  

we r e p e a t ,  v e ry  l i t t l e  r e l e v a n t  v a l u e - - t o  t h e  s p e c i a l i s t  who n e e d s  -- 
t o  know more t h a n  t h a t  t h e r e  is a  h ighway- sa f e ty  p rob l em. )  - - 

The recommended a c t i o n  s t e p s  d e r i v e ,  i n  p a r t ,  f rom t h e  d i s -  

c u s s i o n  p r e s e n t e d  i n  S e c t i o n  4 . 3  of  t h i s  r e p o r t  a n d ,  i n  p a r t ,  f rom 

t h e  r e c o g n i t i o n  t h a t  t h e s e  a c t i o n  s t e p s  c o n s t i t u t e  g o a l s  t h a t  would 

p r o v i d e  a  v e r y  d e s i r a b l e  f o c u s  f o r  t h e  s t u d i e s  and  programs  t o  b e  

s u p p o r t e d  by t h e  NHSB. Even more i m p o r t a n t ,  t h e  p r o p o s e d  a c t i o n  

s t e p s  a r e  deemed t o  b e  i n  t h e  i n t e r e s t  o f  a l l  g r o u p s  s u c h  t h a t  t h e s e  



g r o u p s ,  w i t h  o t h e r w i s e  o p p o s i n g  i n t e r e s t s ,  would  b e  m o t i v a t e d  t o  work 

c o o p e r a t i v e l y  (on a  m u l t i l a t e r a l  b a s i s )  t o w a r d s  t h e  day  when t h e s e  

a c t i o n  s t e p s  c o u l d  b e  made e f f e c t i v e .  A t  s u c h  time t h a t  s u f f i c i e n t  

p r o g r e s s  h a s  b e e n  made by t h e  NHSB a n d  t h e  a u t o m o t i v e  i n d u s t r y  i n  

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

s t a n d a r d i z e d  t e s t  m e t h o d s ,  HSRI recommends t o  t h e  NHSB: 

A .  The p r o m u l g a t i o n  o f  a  r e q u i r e m e n t  t h a t  a  m a n u f a c t u r e r  d i s -  

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

new c a r s  i n  terms o f  a  s t a n d a r d i z e d  s e t  o f  o b j e c t i v e  m e a s u r e s  p r i o r  

t o  o f f e r i n g  t h e  v e h i c l e  f o r  s a l e .  

B .  The p r o m u l g a t i o n  o f  a  r e q u i r e m e n t  t h a t  v e h i c l e s  b e  marked  

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

f o r m a n c e - d a t a  t a b u l a t i o n s  d i s c l o s e d  by t h e  m a n u f a c t u r e r .  

C.  The p r o m u l g a t i o n  o f  a  r e q u i r e m e n t  t h a t  t h e  a c c i d e n t - r e c o r d i n g  

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

c o d e  number i d e n t i f y i n g  t h e  "new c a r "  p e r f o r m a n c e  a n d  m a n - v e h i c l e  

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



Appendix I 

A PRELIMINARY INVESTIGATION OF THE PERFORMANCE MEASURES, 

STANDARDS, AND COMPLIANCE PROCEDURES EMPLOYED I N  OTHER COUNTRIES 

INTRODUCTION 

The purpose of t h i s  su rvey  was t o  r ev iew f o r e i g n  l i t e r a t u r e  r e -  

l a t i n g  t o  t e s t  s p e c i f i c a t i o n s ,  l e v e l s  of performance,  and l e v e l s  of  

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

mance c h a r a c t e r i s t i c s  r e s u l t i n g  from i n p u t s  by t h e  human o p e r a t o r .  

In fo rmat ion  was a l s o  reviewed r e l a t i n g  t o  t h e  compliance moni to r ing  

t echn ique  used by v a r i o u s  c o u n t r i e s  o r  o r g a n i z a t i o n s  t o  i n s u r e  t h a t  

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

a r e  met.  

W r i t t e n  r e q u e s t s  were made t o  f i f t e e n  c o u n t r i e s  f o r  informatiion 

used by government, p r o f e s s i o n a l  o r g a n i z a t i o n s ,  o r  manufac tu re r s ,  

and r e p l i e s  were r e c e i v e d  from seven of t h e s e  c o u n t r i e s .  I n  addi-  

t i o n ,  p e r s o n a l  c o n t a c t  was made wi th  an o f f i c i a l  from A u s t r a l i a .  

The r e s u l t s  of t h e  survey a r e  g iven  below. 

AUSTRIA 

A new motor v e h i c l e  code [ I ]  w i l l  become e f f e c t i v e  i n  A u s t r i a  on 

January 1, 1968, and new r e g u l a t i o n s  s p e c i f y i n g  c o n s t r u c t i o n ,  cornpon- 

e n t s ,  and t e s t i n g  of motor v e h i c l e s  a r e  be ing  p repared  a t  t h e  p r e s e n t  

t ime .  

The t e x t  of t h e  new code c o n t a i n s  t h e  f o l l o w i n g  i n f o r m a t i o n :  

Type Approval.  The r e q u e s t  f o r  an examinat ion r e q u e s t i n g  t y p e  

approva l  of a  s e r i e s  of v e h i c l e s  may be p r e s e n t e d  o n l y  by t h e  manu- 

f a c t u r e r  through an agen t  who is a  r e s i d e n t  of  A u s t r i a  and a  f u l l y  

a u t h o r i z e d  r e p r e s e n t a t i v e  of t h e  manufac tu re r .  

F e d e r a l  e x p e r t s  a r e  r e q u i r e d  t o  examine t h e  v e h i c l e  type  and t o  

s i g n  a f f i d a v i t s  summarizing t h e  r e s u l t s  of t h e  examina t ion .  I f  one 

of a  g i v e n  type  of v e h i c l e s  is approved,  t h e n  a l l  of t h a t  type  a r e  

approved.  Owners of  v e h i c l e s  t h a t  have type  approva l  r e c e i v e  c e r t i f -  

i c a t e s  when t h e  c a r  is purchased;  t h e s e  c e r t i f i c a t e s  a r e  l a t e r  used 

f o r  p e r i o d i c  i n s p e c t i o n s .  

Every t h r e e  y e a r s  a f t e r  a  v e h i c l e  is purchased an i n s p e c t i o n  i s  



r e q u i r e d  t o  i n s u r e  t h a t  t h e  v e h i c l e  c o n t i n u e s  t o  comply w i t h  r e g u l a -  

t i o n s ;  however,  t h e  i n s p e c t i o n  c a n  t a k e  p l a c e  s o o n e r  i f  an  o f f i c a l  

c o n s i d e r s  t h e  c a r  t o  be  u n s a f e .  The owner must pay a  f e e  t o  c o v e r  

t h e  c o s t s  of t h e  e x a m i n a t i o n .  

I f  t h e  v e h i c l e  d o e s  n o t  comply w i t h  r e g u l a t i o n s , t h e  owner must 

have  t h e  c a r  r e p a i r e d  and r e i n s p e c t e d .  The re  is no s p e c i f i e d  t i m e  

l i m i t  f o r  t h i s  r e p a i r  and r e e x a m i n a t i o n .  

Brake  Spec i f  i c a t i o n s  . 
1. Two b r a k e  s y s t e m s  ( s e r v i c e  and emergency) must be p r o v i d e d ;  

t h e y  must o p e r a t e  i n d e p e n d e n t l y  of  e a c h  o t h e r ,  b u t  may have a  

common b r a k i n g  d e v i c e .  Dur ing  a p p l i c a t i o n ,  t h e  b r a k i n g  a c t i o n  

must be  e q u a l  on  b o t h  s i d e s  of  t h e  l o n g i t u d i n a l  c e n t e r  p l a n e  of  

t h e  v e h i c l e .  

2 .  The s e r v i c e  b r a k e s  must o p e r a t e  e f f e c t i v e l y  unde r  maximum 

p e r m i s s i b l e  l o a d s ,  on a l l  s l o p e s  t h a t  may be  e n c o u n t e r e d ,  w h i l e  

p u l l i n g  a  t r a i l e r ,  and a t  a l l  p e r m i s s i b l e  s p e e d s ,  t o  i n s u r e  a  

s a f e  and q u i c k  s t o p  ove r  t h e  s h o r t e s t  p o s s i b l e  d i s t a n c e  unde r  

s u r r o u n d i n g  t r a f f i c  c o n d i t i o n s .  

3 .  The s e r v i c e  b r a k e  must be o p e r a b l e  w i t h  b o t h  hands on t h e  

s t e e r i n g  whee l .  The emergency b r a k e  must be o p e r a b l e  w h i l e  t h e  

d r i v e r  has  a t  l e a s t  one  hand on  t h e  s t e e r i n g  whee l ,  and c a n  be 

l e s s  e f f i c i e n t  t h a n  t h e  s e r v i c e  b r a k e .  

4 .  The p a r k i n g  b r a k e  must be o p e r a b l e  from t h e  f r o n t  p a s s e n g e r ' s  

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

when t h e  d r i v e r  is a b s e n t .  

O the r  S p e c i f i c a t i o n s .  The f o l l o w i n g  r e f e r e n c e  r e l a t i n g  t o  t h e  

need f o r  s t e e r i n g  s p e c i f i c a t i o n s  is c o n t a i n e d  i n  t h e  motor  v e h i c l e  

code  : 

I n s o f a r  a s  t h e  p r e s e n t  s t a t e  o f  t echno logy  is c o n c e r n e d ,  
r e g u l a t i o n s  must e s t a b l i s h  more p r e c i s e  d e f i n i t i o n s  of  
t h e  maximum p e r m i s s i b l e  t u r n i n g  r a d i u s ,  t h e  maximum 
p e r m i s s i b l e  w i d t h  o f  t h e  d e s c r i b e d  c i r c l e ,  a s  d e f i n e d  
by t h e  d i s t a n c e  between t h e  ex t r eme  o u t s i d e  and ex t r eme  
i n s i d e  o f  t h e  v e h i c l e  when t u r n i n g  unde r  maximum con- 
d i t i o n s ,  and t h e  need f o r  an  a u x i l i a r y  s t e e r i n g  sys t em.  

No i n f o r m a t i o n  was found r e l a t i n g  t o  horsepower r e q u i r e m e n t s  o r  

a c c e l e r a t i o n  pe r fo rmance .  



AUSTRALIA 

The in fo rmat ion  r e g a r d i n g  motor v e h i c l e  r e g u l a t i o n s  i n  A u s t r a l i a  

was o b t a i n e d  from a  confe rence  held  w i t h  D r .  P e t e r  J o u b e r t ,  a  member 

of t h e  A u s t r a l i a n  Motor Veli icle Design Advisory P a n e l .  The purpose 

of t h i s  pane l  is t o  a d v i s e  a  group c a l l e d  t h e  A u s t r a l i a n  Transpor ta -  

t i o n  Advisory Counc i l ,  which i n c l u d e s  t h e  M i n i s t e r s  of Transpor t  f o r  

t h e  A u s t r a l i a n  s t a t e  governmental  u n i t s ,  and i n c l u d e s  s e v e r a l  of t h e  

F e d e r a l  M i n i s t e r s  of T r a n s p o r t .  

I n  A u s t r a l i a  t h e  r e s p o n s i b i l i t y  f o r  s e t t i n g  r u l e s  of o p e r a t i o n  

on t h e  highway, f o r  c o n t r o l l i n g  v e h i c l e  d e s i g n ,  and a u t h o r i z a t i o n  t o  

o p e r a t e  is d e l e g a t e d  t o  t h e  s t a t e s  by t h e  A u s t r a l i a n  C o n s t i t u t i o n .  

The purpose of t h e  T r a n s p o r t a t i o n  Advisory Counci l  is t o  ach ieve  a  

d e s i r a b l e  degree  of c o o r d i n a t i o n  and s t a n d a r d i z a t i o n  among t h e  v a r i o u s  

s t a t e  j u r i s d i c t i o n s .  The Counci l  i s  p r e s e n t l y  r e a c h i n g  agreements 011 

s t a n d a r d s  f o r  motor v e h i c l e s  which w i l l  c o n s t i t u t e  a d v i c e  and recolm- 

mendation f o r  t h e  v a r i o u s  s t a t e  governmental  u n i t s .  

The pane l  has d e a l t  a t  g r e a t  l e n g t h  wi th  t h e  q u e s t i o n  of compli- 

ance moni to r ing .  D e l i b e r a t i o n s  of t h e  pane l  l e d  t o  t h e  adop t ion  of 

a  recommendation f o r  type  c e r t i f i c a t i o n  of v e h i c l e s .  The procedur 'e  

i s  r e l a t i v e l y  easy  t o  implement i n  A u s t r a l i a ,  which has  a  sen1igove:rn- 

menta l  o r g a n i z a t i o n  c a l l e d  The Na t iona l  A s s o c i a t i o n  of T e s t  A u t h o r i t i e s .  

Th i s  group has  i n  e f f e c t  i s s u e d  a  n a t i o n a l  s t a n d a r d  f o r  good t e s t  

p r a c t i c e s  f o r  a l l  t e s t  l a b o r a t o r i e s  o p e r a t i n g  w i t h i n  A u s t r a l i a .  T'est- 

i n g  l a b o r a t o r i e s  a r e  p e r i o d i c a l l y  v i s i t e d  and checked f o r  adherenc'e 

t o  recommended p r a c t i c e .  The i r  measurement procedures  a r e  monitored 

and t h e i r  i n s t r u m e n t s  checked f o r  proper  c a l i b r a t i o n .  I n d i v l d u a i  l ab -  

o r a t o r i e s  a r e  t h e n  c e r t i f i e d  t o  conduct t e s t s  i n  s p e c i f i c  a r e a s .  The 

manufac tu re r s  submit  t h e i r  product  o r  component ( i n  t h i s  i n s t a n c e  a  

v e h i c l e  component) t o  t h e  a p p r o p r i a t e  c e r t i f i e d  l a b o r a t o r y .  A s t a t e -  

ment by t h i s  l a b o r a t o r y  t h a t  t h e  manufacturer  has  complied w i t h  t h e  

motor v e h i c l e  s t a n d a r d  is cons ide red  s u f f i c i e n t  f o r  governmental  pur- 

poses .  I t  appears  t h a t  t h i s  procedure  is very  s i m i l a r  t o  t h e  t y p e s  

of  c e r t i f i c a t i o n  procedure  used i n  Germany. 

DENMARK 

The o f f i c e  of t h e  F e d e r a l  Car Super in tenden t  is t h e  t e c h n i c a l  and 

a d m i n i s t r a t i v e  c e n t e r  f o r  v e h i c l e  i n s p e c t i o n  i n  Denmark, and is r e -  

s p o n s i b l e  f o r  type-approval  of new c a r s .  



During type-approval  t e s t s ,  t h e  v e h i c l e  being t e s t e d  is d r i v e n  
on t h e  road and i ts behavior i n  r egard  t o  s t e e r i n g ,  s e r v i c e  and emer- 

gency b r a k i n g ,  backing u p ,  and a c c e l e r a t i o n  is s t u d i e d .  The e f f e c t s  

of s i d e  winds,  bumpy r o a d s ,  and t h e  behavior  of t h e  v e h i c l e  on curves  

is a l s o  no ted .  No w r i t t e n  s t a n d a r s  e x i s t  r e g a r d i n g  t h e  above t e s t s ,  

and t h e  t e s t  r i d e  on ly  s e r v e s  t o  a s c e r t a i n  i f  anything is r a d i c a l l y  

wrong w i t h  t h e  behavior  and c o n s t r u c t i o n  of t h e  v e h i c l e .  

ECONOMIC COMMISSION FOR EUROPE 

T e s t  s p e c i f i c a t i o n s  and l e v e l s  of performance r e l a t i n g  t o  b rakes  

have been e s t a b l i s h e d  by t h e  Economic Commission f o r  Europe Document 

W/Trans/WP29/157/Rev. 2  121. Both Holland and Spain  have adopted t h e  

p r o v i s i o n s  of t h i s  document, and I r e l a n d  i n t e n d s  t o  adopt them. 

The Economic Commission f o r  Europe has no t  provided performance 

s p e c i f i c a t i o n s  r e l a t i n g  t o  s t e e r i n g  o r  a c c e l e r a t i o n  and none of t h e  

t h r e e  c o u n t r i e s  above have them. 

Document W/Trans/WP29/257/Rev. 2  is summarized below: 

1. A l l  v e h i c l e s  must be equipped wi th  s e r v i c e ,  emergency, and 

parking b rakes .  

2 .  S e r v i c e  b rakes ,  Type 0  T e s t :  

a .  With t h e  engine  disengaged,  t h e  v e h i c l e  must come t o  a  
2  s t o p  from 80 km/hr (50 mph) i n  t h e  d i s t a n c e  s2(V/10) + (V /150) 

( s  i n  meters  and V i n  km/hr). (The term V/10 d e s i g n a t e s  a  

" s l ack"  i n  t h e  brake system amounting t o  0.36 second,  and 
2  2  V / I50 cor responds  t o  an average d e c e l e r a t i o n  r a t e  of 19 f p s  ) .  

b .  With t h e  engine  engaged, s t o p p i n g  t e s t s  must be c a r r i e d  

o u t  a t  v a r i o u s  speeds  rang ing  from 0.3V t o  0.8V where V is 

maximum v e h i c l e  d e s i g n  speed.  The performance f i g u r e s  must 

be recorded i n  t h e  t e s t  r e p o r t  (no minimum l e v e l s  of accep t -  

a b i l i t y  a r e  s p e c i f i e d ) .  

c .  Force  a p p l i e d  t o  brake pedal  S 50 kg (110 l b ) .  

3 .  S e r v i c e  b r a k e s ,  Type I T e s t :  

a .  The v e h i c l e  is f u l l y  loaded t o  i ts  maximum g r o s s  weight 

and braked t o  one-half i ts  t e s t  speed f o r  15  t r i a l s  w i t h  

45  seconds of t ime d u r a t i o n  per t r i a l .  The t e s t  speed is 

des igna ted  a s  80% of  t h e  maximum d e s i g n  speed ,  but  not  over  

120 km/hr (approximate ly  75 mph). I n  t h e  even t  t h a t  t h e  



a c c e l e r a t i o n  c h a r a c t e r i s t i c s  of t h e  v e h i c l e  make it imposs ib le  

t o  a b i d e  by t h e  45 second r e q u i r e m e n t ,  t h e  d u r a t i o n  may be 

i n c r e a s e d .  Also ,  an  a d d i t i o n a l  10  seconds  may be al lowed f o r  

s t a b i l i z i n g  t h e  speed p r i o r  t o  b r a k i n g .  

b .  The kmaking f o r c e  shou ld  be a d j u s t e d  t o  p r o v i d e  a. mean 
2 

d e c e l e r a t i o n  of 3 m/sec2 (9.8 f p s  ) f o r  a l l  o f  t h e  above 1 5  

t r i a l s ,  w i t h  t h e  h i g h e s t  g e a r  r a t i o  engaged. A t  t h e  comple- 

t i o n  of t h e  1 5  t r i a l s  t h e  Type 0 T e s t  is r e p e a t e d  and t h e  

s t o p p i n g  d i s t a n c e  shou ld  no t  be  more t h a n  1 .25 of  t h e  s t o p p i n g  
2 

d i s t a n c e  d e s c r i b e d  by t h e  e q u a t i o n  s = 0.1V + V /150,  and no t  

more t h a n  1 .66 of t h e  d i s t a n c e  a t t a i n e d  dur ing  t h e  Type 0 

T e s t  c a r r i e d  o u t  i n  2a .  

4 .  The emergency brake must be v a r i a b l e  i n  a c t i o n ,  must be c a p a b l e  
2  of s t o p p i n g  t h e  v e h i c l e  i n  a  d i s t a n c e  <O.lV + 2V /150, and must n o t  

r e q u i r e  more t h a n  40 kg (81 l b )  t o  a c t u a t e .  I t  shou ld  be con t ro l l . -  

a b l e  w i t h  a t  l e a s t  one hand on t h e  s t e e r i n g  wheel and be a v a i l a b l e  i n  

t h e  e v e n t  of  s e r v i c e  brake f a i l u r e .  

5.  The pa rk ing  brake must be c a p a b l e  of ho ld ing  t h e  v e h i c l e  

s t a t i o n a r y  on an u p  o r  down g r a d i e n t  of 16%, be p u r e l y  mechanical  i n  

a c t i o n ,  and should  no t  r e q u i r e  more t h a n  40 kg (81 l b )  t o  a c t u a t e .  

ENGLAND 

The Road T r a f f i c  Act of 1960 [3;  forms t h e  b a s i s  of  t h e  v e h i c l e  

r e g u l a t i o n s  i n  England. T h i s  Act p rov ides  f o r  a  M i n i s t e r  of  Trans- 

p o r t a t i o n  t o  make r e g u l a t i o n s  r e g a r d i n g  t h e  u s e  of motor v e h i c l e s  on 

r o a d s ,  t h e i r  c o n s t r u c t i o n  and equipment,  and t h e  c o n d i t i o n s  under 

which they  may be u s e d ;  t o  make p r o v i s i o n  f o r  t h e  examinat ion of 

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

d r i v e r  w i t h  a  t e s t  c e r t i f i c a t e  i n d i c a t i n g  t h a t  t h e  v e h i c l e  compl ies  

w i t h  t h e  r e g u l a t i o n s .  

More s p e c i f i c a l l y ,  t h e  M i n i s t e r  is allowed t o  r e g u l a t e  t h e  d e s i g n ,  

t e s t i n g ,  and i n s p e c t i o n  of b r a k e s ,  s t e e r i n g  g e a r ,  t i r e s ,  l i g h t i n g  

equipment,  and o t h e r  i tems of equipment t h a t  a f f e c t  t h e  performance 

of  t h e  v e h i c l e .  He a l s o  has  t h e  r e s p o n s i b i l i t y  of a s s i g n i n g  o t h e r  

pe r sons  t o  s t o p ,  t e s t ,  and i n s p e c t  v e h i c l e s  wherever they  may be t o  

i n s u r e  t h a t  t h e  p r e s c r i b e d  s t a t u t o r y  r e q u i r m e n t s  a r e  complied w i t h .  

Type Approvalc The M i n i s t e r  is allowed t o  make r e g u l a t i o n s  t h a t  

app ly  t o  d i f f e r e n t  c l a s s e s  of v e h i c l e s ,  and a u t h o r i z e s  t h e  u s e  of new 

t y p e s  of v e h i c l e s  on t h e  r o a d s  a f t e r  t e s t i n g  t h e  v e h i c l e s  and g r a n ~ t i n g  



a  t e s t  c e r t i f i c a t e .  No l i c e n s e  f o r  t h e  v e h i c l e  w i l l  be i s s u e d  u n l e s s  

a  test  c e r t i f i c a t e  h a s  been g r a n t e d .  Once a  t e s t  c e r t i f i c a t e  is 

g r a n t e d  f o r  a  c l a s s  of v e h i c l e s ,  t h e  c l a s s  is exempted f o r  f i v e  y e a r s  

f rom any s u b s e q u e n t  changes  i n  t h e  r e g u l a t i o n s  a f f e c t i n g  t h a t  c l a s s .  

The Act  a u t h o r i z e s  compulsory  v e h i c l e  i n s p e c t i o n  by a u t h o r i z i n g  

an  examiner  t o  s t o p  a  motor  v e h i c l e  on any r o a d  a t  any t i m e  t o  i n -  

s p e c t  b r a k e s ,  m u f f l e r s ,  s t e e r i n g  g e a r ,  t i r e s ,  l i g h t i n g  equ ipmen t ,  and 

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

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

30  d a y s ;  however,  t h e  t e s t  c a n n o t  be d e f e r r e d  i f ,  i n  t h e  o p i n i o n  of  

t h e  c o n s t a b l e ,  t h e  v e h i c l e  is s o  d e f e c t i v e  t h a t  i t  s h o u l d  n o t  be  

a l l owed  t o  o p e r a t e  on t h e  s t r e e t s .  

T h i s  Act a l s o  p r o v i d e s  t h a t  any p e r s o n  t h a t  s e l l s ,  s u p p l i e s ,  o r  

o p e r a t e s  a  v e h i c l e  deemed t o  be unroadwor thy  is l i a b l e  t o  c o n v i c t i o n  

and s u b j e c t  t o  a  f i n e  n o t  exceed ing  20 pounds o r ,  i n  t h e  c a s e  of a  

s econd  c o n v i c t i o n ,  t o  a  f i n e  n o t  exceed ing  50 pounds o r  impr isonment  

f o r  a t e rm n o t  e x c e e d i n g  t h r e e  months.  Unroadworthy c o n d i t i o n  is de- 

f i n e d  a s  noncompliance w i t h  any of  t h e  r e g u l a t i o n s  e s t a b l i s h e d  by t h e  

M i n i s t e r  of T r a n s p o r t  r e l a t i n g  t o  s i z e ,  we igh t  o r  v e h i c l e ,  m u f f l e r s ,  

b r a k e s ,  s t e e r i n g  g e a r ,  t i r e s ,  l i g h t i n g  equ ipmen t ,  e t c .  

T h i s  Act r e f e r s  t o  t h e  Motor V e h i c l e  ( C o n s t r u c t i o n  and Use) Reg- 

u l a t i o n s ,  1955 [ 4 ] ,  f o r  t e s t  per formance  r e q u i r e m e n t s  r e l a t i n g  t o  t h e  

v a r i o u s  components  of  t h e  v e h i c l e .  These r e q u i r e m e n t s  were l a t e r  up- 

d a t e d  and t h e  a p p l i c a b l e  t e s t  per formance  r e q u i r e m e n t s  a r e  c o n t a i n e d  

i n  t h e  Motor V e h i c l e  ( C o n s t r u c t i o n  and Use) R e g u l a t i o n s  o f  1966.  

These  r e q u i r e m e n t s  s p e c i f y  t h a t :  

B r a k e s .  A l l  v e h i c l e s  r e q u i r e  p a r k i n g  b r a k e s  t h a t  w i l l  p r e v e n t  

two of  t h e  whee l s  from r o t a t i n g  when t h e  v e h i c l e  i s  l e f t  u n a t t e n d e d .  

A f t e r  J a n u a r y  1, 1968,  t h e  p a r k i n g  b r a k e  must be i ndependen t  of t h e  

o t h e r  b r a k i n g  sys t em and s h o u l d  be c a p a b l e  o f  h o l d i n g  t h e  v e h i c l e  on 

a  g r a d i e n t  o f  1 i n  6 .25 .  

A f t e r  J a n u a r y  1, 1968,  a l l  v e h i c l e s  must have a  s e r v i c e  b r a k e  

w i t h  a  T o t a l  Brak ing  E f f i c i e n c y  (TBE) of  50% a f f e c t i n g  a l l  f o u r  w h e e l s .  

[TBE = ( t o t a l  d r a g  on a l l  f o u r  whee l s  / w e i g h t  of  v e h i c l e ) .  I f  t h e  

sys t em i s n o t  a  s p l i t  s y s t e m ,  a  s econd  means must be p r o v i d e d  t o  b r a k e  

a t  l e a s t  two whee l s  w i t h  a  TBE of  25%. I f  t h e  s y s t e m  is s p l i t ,  s u f -  

f i c i e n t  b r a k i n g  must r ema in  a f t e r  f a i l u r e  t o  a f f e c t  two whee l s  w i t h  

a  TBE o f  25%.  



V e h i c l e s  r e g i s t e r e d  p r i o r  t o  January 1, 1968, must p rov ide  a  TBE, 

a s  a p p l i e d  by one means of o p e r a t i o n ,  of a t  l e a s t  40%, and a  second 

means of  o p e r a t i o n  must p rov ide  a  TBE of a t  l e a s t  15%. I n  t h e  e v e n t  

t h a t  t h e  v e h i c l e  has  a  s p l i t  sys tem t h e  s e r v i c e  b rakes  should  pro-, 

v i d e  a  TBE of a t  l e a s t  45%, excep t  i n  c a s e  of f a i l u r e ,  when 15% is 

a c c e p t a b l e .  

No b rak ing  sys tem shou ld  become i n e f f e c t i v e  because  of  nonrota-  

t i o n  of t h e  e n g i n e .  

No p r o v i s i o n s  a r e  made f o r  t e s t i n g  p rocedures  o r  s p e c i f i c a t i o n s ,  

nor is any r e f e r e n c e  made t o  such s p e c i f i c a t i o n s .  

Other  S p e c i f i c a t i o n s .  Pneumatic t i r e s  w i t h  no regrooves  o r  r e -  

c u t s  a r e  r e q u i r e d  on a l l  passenger  c a r s .  

A l l  s t e e r i n g  gea r  f i t t e d  t o  a  v e h i c l e  must be mainta ined i n  good 

and e f f i c i e n t  working o r d e r  and be p r o p e r l y  a d j u s t e d .  

Every motor v e h i c l e  and every  t r a i l e r  s h a l l  be equipped w i t h  s u i t -  

a b l e  and s u f f i c i e n t  s p r i n g s  between each wheel and t h e  frame of t h e  

v e h i c l e  . 
FRANCE 

The r e g u l a t i o n s  t h a t  app ly  t o  v e h i c l e s  i n  F rance  appear  t o  be a  

s e r i e s  of o r d i n a n c e s  t h a t  a r e  i s s u e d  p e r i o d i c a l l y .  None cou ld  be 

found r e l a t i n g  t o  s t e e r i n g  o r  a c c e l e r a t i o n  r e q u i r e m e n t s ;  however, 

o r d i n a n c e s  t h a t  apply  t o  compliance moni tor ing and b rakes  a r e  a s  

f o l l o w s  : 

Type Approval.  - A s e r i e s  of o rd inances  appeared from 1955 t o  1965 

t h a t  were inc luded  under t h e  s t a t u t e  "Code de  l a  Route" f5 ] .  A r t i c l e  

106 of t h e  s t a t u t e  s t a t e s  t h a t  eve ry  v e h i c l e  weighing more t h a n  750 kg 

(2250 l b )  must be approved by t h e  M i n i s t e r  of P u b l i c  Works, T r a n s p o r t ,  

and Tourism b e f o r e  t h e  v e h i c l e  is allowed on t h e  r o a d .  The approva l  

can  be g r a n t e d  f o r  types  of v e h i c l e  upon r e q u e s t  by t h e  manufac tu re r ,  

and f o r  s i n g l e  v e h i c l e s  by r e q u e s t  of t h e  d r i v e r .  Veh ic les  n o t  manu- 

f a c t u r e d  i n  France  may no t  be admi t t ed  by type  u n l e s s  t h e  manufacturer  

is r e p r e s e n t e d  i n  France by an agen t  e s p e c i a l l y  l i c e n s e d  by t h e  Min- 

i s t r y .  The producer of a  s e r i e s  t h a t  has  r e c e i v e d  type  approva l  pro- 

v i d e s  every  buyer w i t h  a  copy of t h e  c e r t i f i c a t e  of a p p r o v a l .  

Brake S p e c i f i c a t i o n s .  An o rd inance  d a t e d  August 1 8 ,  1955,  [ 6 ]  

c o n t a i n s  t h e  fo l lowing  in fo rmat ion  r e l a t i n g  t o  v e h i c l e  b rake  p e r f o r -  



mance r e q u i r e m e n t s :  

1. Every v e h i c l e  must be equipped w i t h  a  s e r v i c e  b rake  and an  

emergency b r a k e  which a p p l y  f o r c e s  e q u a l l y  on t h e  wheels  i n  r e l a -  

t i o n  t o  t h e  p l a n e  o f  symmetry. 

2 .  The s e r v i c e  b rake  must be a p p l i e d  t o  a l l  wheels  w i t h o u t  r e -  

q u i r i n g  t h e  d r i v e r  t o  remove h i s  hands from t h e  s t e e r i n g  whee l .  

3 .  Passenge r  c a r s  must have emergency b r a k e s  c a p a b l e  of  a p p l y i n g  

a  d r a g  on t h e  wheels  e q u a l  t o  45% of t h e  w e i g h t .  

4 .  Dual m a s t e r  c y l i n d e r s ,  o r  e q u i v a l e n t ,  a r e  r e q u i r e d .  

5 .  A p a r k i n g  b r a k e  is r e q u i r e d  t h a t  is c a p a b l e  of  h o l d i n g  t h e  

v e h i c l e  on a  s l o p e  of  18% on d r y  r o a d  i n  n e u t r a l ,  and c a n  be 

combined w i t h  t h e  o t h e r  b r a k e s .  

6 .  Brake t e s t s  s h o u l d  be conducted  on a  s t r e e t  comparable  t o  a  

d r y  s t r e e t ,  w i t h  no wind and b rake  l i n i n g  t e m p e r a t u r e  normal ,  a t  

s t a r t i n g  speed  a s  n e a r  a s  p o s s i b l e  t o  50 km/hr (31  mph). Re- 

q u i r e m e n t s  below a r e  f o r  normal e f f o r t  by t h e  d r i v e r ,  normal 

d r i v i n g  c o n d i t i o n s ,  normal l o a d ,  w i t h o u t  modera t ion  of  d i r e c t i o n  

o r  j e r k i n g  of  t h e  whee l s .  The s t o p p i n g  d i s t a n c e  i n c l u d e s  d i s -  

t a n c e  from when t h e  s i g n a l  t o  s t o p  is g i v e n  t o  d r i v e r  t o  t h e  p o i n t  

a t  which t h e  v e h i c l e  comes t o  a  comple t e  s t o p .  For  a c t i o n  b r a k e s ,  

o r  s e r v i c e  b r a k e s ,  s t o p p i n g  d i s t a n c e  s h o u l d  be no g r e a t e r  t h a n :  

2  
S  = 0.6V t 2.5V (S i n  m e t e r s )  

T h i s  c o r r e s p o n d s  t o  an  o v e r a l l  d e c e l e r a t i o n  r a t e  of  35%. I f  o n l y  t h e  

f i r s t  t e rm o f  t h e  e q u a t i o n  is u s e d ,  which o m i t s  d r i v e r  r e a c t i o n  t i m e  

and s l a c k  i n  s y s t e m ,  t h e  d e c e l e r a t i o n  r a t e  i s  64%. The s t o p p i n g  d i s -  

t a n c e  f o r  t h e  emergency b rake  is no more t h a n  t h e  s e r v i c e  b r a k e  s t o p -  

p ing  d i s t a n c e  m u l t i p l i e d  by 1 . 8 .  A pas senge r  v e h i c l e  w i l l  a l s o  p a s s  

t h e  b r a k i n g  t e s t s  i f  t h e  b r a k i n g  d e c e l e r a t i o n  r a t e  is 6 . 5  m/sec 
2  

( 2 1 . 4  f p s p s )  u s i n g  t h e  s e r v i c e  b rake  and 2 . 7 5  m/sec2 ( 9 . 1  f p s p s )  u s i n g  

t h e  emergency b r a k e .  

GER hlANY 

The f o l l o w i n g  i n f o r m a t i o n  is condensed from t h e  StVZO, S t a t u t e  

Concerning  t h e  Admit tance  of  V e h i c l e s  t o  t h e  Roads r73 ,  a  book of  

550 pages  w i t h  s t a t u t e s  and o r d i n a n c e s  a p p l y i n g  t o  d r i v e r s ,  v e h i c l e  



c o n s t r u c t i o n  and o p e r a t i o n ,  and manufac tu re r s  type  approval  of v e h i c l e  

components. 

Seventy-two of t h e  o rd inances  a r e  concerned w i t h  d r i v e r s ,  v e h i c l e s ,  

and c o n d i t i o n s  under which v e h i c l e s  may be o p e r a t e d ,  and t h i r t y - e i g h t  

of t h e  o rd inances  d e s c r i b e  t h e  d e s i g n ,  t e s t s ,  and a c c e p t a b l e  l e v e l s  

of performance of v e h i c l e  components. A s e p a r a t e  67-page s e c t i o n  

d e a l s  w i t h  t y p e  approval  of v e h i c l e s .  

Type Approva:l. Every mass-produced ' veh ic le  in tended f o r  use  i.n 

Germany must conform t o  governmental r equ i rements  s p e c i f i e d  i n  StVZO 

b e f o r e  t h e  v e h i c l e  is s o l d .  These requ i rements  apply  t o   component;^ 

t h a t  a r e  included i n  t h e  des ign  of a  p a r t i c u l a r  model of automobil.e, 

such a s  l i g h t s ,  g l a s s ,  t u r n  s i g n a l s ,  s e a t  b e l t s ,  b r a k e s ,  e t c .  Any 

changes i n  t h e  o r i g i n a l  components of an automobile r e q u i r e  an addi-  

t i o n a l  approva l  f o r  t h e  s p e c i a l  component. 

Design approval  is given when i t  is determined t h a t  t h e  v e h i c l e  

conforms t o  t h e  requ i rements  e i t h e r  by a  t e s t  a t  a  government t e s t  

s i t e  ( U n i v e r s i t y ,  I n s t i t u t e ,  e t c . )  o r  by f u r n i s h i n g  adequate  proof 

t h a t  t h e  v e h i c l e  has  passed t h e  t e s t s  a t  t h e  manufac tu re r ' s  f a c i l i t i e s .  

The d e s i g n  approval  p rov ides  f o r  a  book le t  (KFZ-Brief) t o  be is- 

sued wi th  each v e h i c l e  t h a t  is s o l d ,  and wi thou t  t h i s  book le t  no a u t o  

l i c e n s e  w i l l  be i s s u e d .  (The book le t  a l s o  c o n t a i n s  in fo rmat ion  r e -  

ga rd ing  t i r e  s i z e s  and p r e s s u r e ,  maximum v e h i c l e  weight and horsepower,  

and is a l s o  t h e  v e h i c l e  t i t l e  t o  be t r a n s f e r r e d  from owner t o  owner 

when t h e  c a r  i s  s o l d . )  A t a g  is a t t a c h e d  t o  t h e  l i c e n s e  p l a t e  i n d i -  

c a t i n g  t h a t  t h e  v e h i c l e  has  been approved and t h e  d a t e  of i n s p e c t i o n .  

The F e d e r a l  Government ma in ta ins  r e c o r d s  of v e h i c l e  i n s p e c t i o n s  

and a p p r o p r i a t e  a c t i o n  is t aken  a g a i n s t  v e h i c l e  owners who do no t  

have t h e i r  c a r s  inspec ted  a s  r e q u i r e d .  A person who is g u i l t y  of 

d r i v i n g  a  v e h i c l e  t h a t  does no t  conform t o  i n s p e c t i o n  r e g u l a t i o n s  is 

s u b j e c t  t o  a  maximum f i n e  of $125.00. A f u r t h e r  means of e n f o r c i n g  

compliance is  provided by insurance  companies, which r e q u i r e  proof 

each yea r  t h a t  t h e  i n s p e c t i o n s  a r e  up-to-date.  

Brake S p e c i f i c a t i o n s .  A l l  v e h i c l e s  having s e r v i c e  b rakes  t h a t  

c o n t r o l  f o u r  wheels must be des igned s o  t h a t  two wheels ,  not  on t h e  

same s i d e ,  can be braked i n  c a s e  of f a i l u r e .  I n  t h e  even t  t h a t  t h e  

b rakes  do not  c o n t r o l  a l l  f o u r  wheels ,  then  two independent systerns 

o r  one system w i t h  two means of  a c t u a t i o n  must be provided.  



For used v e h i c l e s ,  b rakes  may be t e s t e d  by s t o p p i n g  from a  speed 

of 45 t o  50 km/hr (28 t o  31  mph), w i t h  engine  i n  n e u t r a l  and brake 

drum tempera tu re  under 100°C, wi th  v e h i c l e  i n  loaded and unloaded 

c o n d i t i o n s ,  on a  maximum road i n c l i n e  l e s s  t h a n  :I%, and w i t h  no wind. 

The brake peda l  f o r c e  should  no t  exceed 80 kg (176 l b ) ,  and t h e  mini-  

mum d e c e l e r a t i o n  should  be 40% [ ( t o t a l  d r a g  f o r c e  t weight of v e h i c l e )  

x  1001. I f  i t  is d e s i r e d ,  t h e  v e h i c l e  can  be t e s t e d  on a  brake t e s t  

s t a n d  wi thou t  meeting t h e  speed requ i rements  above; however, f o r  a 

r o l l i n g  t e s t  s t a n d ,  d e v i a t i o n s  i n  t h e  b rak ing  f o r c e s  f o r  t h e  two 

wheels on an a x l e  may no t  be more than  30% of t h e  g r e a t e r  v a l u e ,  o r ,  

%or  a  s t a t i o n a r y  t e s t  s t a n d ,  more than  20% of t h e  g r e a t e r  v a l u e .  

Brake t e s t s  on new v e h i c l e s  being t e s t e d  f o r  type  approval  a r e  

more d e t a i l e d .  The t e s t s  a r e  o u t l i n e d  below: 

1. A c o l d  brake t e s t  (drum temperature  <lOoOc) is made i n  which 

d e c e l e r a t i o n  is measured f o r  f i v e  g radua ted  s t a g e s  of braking f o r c e  

up t o  t h e  p o i n t  of wheel l o c k .  The t o t a l  d e c e l e r a t i o n  should  be a t  

l e a s t  45% f o r  a  maximum pedal  f o r c e  of 80 kg (176 l b s ) .  

2 .  Veh ic les  w i t h  s e l f - a c t u a t i n g ,  l o a d - c o n t r o l l e d  brake r e g u l a -  

t o r s  must a t t a i n  t h e  same d e c e l e r a t i o n  on dry  pavement w i t h  no wheels 

s k i d d i n g ,  r e g a r d l e s s  of t h e  load c o n d i t i o n .  

3 .  For v e h i c l e s  w i t h  d u a l  master  c y l i n d e r s  a  d e c e l e r a t i o n  of 

15% must be a t t a i n e d  f o r  each c y l i n d e r  w i t h  80 kg (176 l b s )  of peda l  

f o r c e  a p p l i e d .  

4 .  The pa rk ing  brake must hold t h e  v e h i c l e  on a  25% g r a d e ,  o r  

whatever g rade  t h e  v e h i c l e  can c l imb i f  l e s s  than  25%. Th i s  r e q u i r e -  

ment w i l l  a l s o  be f u l f i l l e d  i f  t h e  emergency brake is capab le  of pro- 

v i d i n g  a d e c e l e r a t i o n  of 20% on l e v e l  ground. 

5 .  Heat f a d e  t e s t s  a r e  conducted by d r i v i n g  t h e  v e h i c l e  a t  

40 km/hr (25 mph) over  a  c o u r s e  1700 meters long (1 .05 m i l e s )  whi le  

b rakes  a r e  con t inuous ly  a p p l i e d  wi th  a  peda l  f o r c e  determined f o r  t h e  

weight of t h e  v e h i c l e .  The v e h i c l e  is t h e n  a c c e l e r a t e d  t o  a  speed of 

45 t o  50 km/hr and a  b rak ing  t e s t  is made. The d e c e l e r a t i o n  v a l u e s  

should  be a t  l e a s t  60% of t h e  c o l d  brake t e s t s .  

6 .  Speed f a d e  t e s t s  a r e  s p e c i f i e d  f o r  v e h i c l e s  wi th  a  maximum 

speed of 140 km/hr (87 mph) by d r i v i n g  t h e  v e h i c l e  a t  110 km/hr (68 mph) 

and b rak ing  w i t h  a  f o r c e  t h a t  would provide  a  c o l d  brake d e c e l e r a t i o n  

of 45%. The r e s u l t a n t  d e c e l e r a t i o n  should  be e q u a l  t o  or  g r e a t e r  than  

36%. 



7 .  Allowable l i m i t s  of both  s e r v i c e  and hand-brake pedal. ac tua -  

t i o n  d i s t a n c e  a r e  provided f o r  bo th  manual and power a s s i s t  b r a k e s .  

These a r e  provided f o r  bo th  c o l d  b rak ing  t e s t s  and f a d e  t e s t s .  

Other  S p e c i f i c a t i o n s .  Trucks and buses  a r e  r e q u i r e d  t o  have a  

minimum power o u t p u t  of 6  hp per  t o n  of p e r m i s s i b l e  loaded weight and 

p o t e n t i a l  t r a i l e r  l o a d .  No power requ i rements  a r e  a p p l i e d  t o  v e h i c l e s .  

No performance requ i rements  were found i n  StVZO r e l a t i n g  t o  a c c e l -  

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

g u a r a n t e e  easy  and s a f e  s t e e r i n g ,  and must be s t e e r a b l e  i f  t h e  power 

a s s i s t  f a i l s .  

A l l  t i r e s  must have a t  l e a s t  1 mm of t r e a d  a t  any p o i n t  on t h e  

r o l l i n g  s u r f a c e .  Regrooving can on ly  be performed once and mus t ' have  

a t  l e a s t  2  mm of rubber  between t h e  bottom of t h e  groove and t h e  u!n- 

dergroove . 
IRELAND 

The Road T r a f f i c  S e c t i o n  of t h e  Department of Local  Government i n  

Dubl in  s t a t e s  t h a t  i t  is t h e i r  i n t e n t i o n  t o  adopt  g e n e r a l l y  t h e  reeom- 

mendations s p e c i f i e d  i n  W/TRANS/WP29/257/Rev. 2  of  t h e  Economic Con- 

miss ion  f o r  Europe Regu la t ions  [ 2 ] .  

The r e g u l a t i o n s  i n  u s e  a t  p r e s e n t  a r e  t h e  Road T r a f f i c  (Construc- 

t i o n ,  Equipment and Use of v e h i c l e s )  R e g u l a t i o n s ,  1963 [ 8 ] .  The 

p e r t i n e n t  p a r t s  of t h e s e  r e g u l a t i o n s  a r e  summarized a s  f o l l o w s :  

Brake S p e c i f i c a t i o n s .  For passenger  v e h i c l e s  weighing l e s s  than  

2  t o n s  t h e  v e h i c l e  must be capab le  of s t o p p i n g  w i t h  s e r v i c e  b rakes  i n  

i 6 0  f t  o r  l e s s ,  from a speed of 50 mph w i t h  no more than  100 l b  of 

peda l  f o r c e .  The emergency brake s p e c i f i c a t i o n s  a r e  i d e n t i c a l  excep t  

t h a t  t h e  s t o p p i n g  d i s t a n c e  is no t  t o  exceed 320 f t .  

For v e h i c l e s  weighing over  two t o n s  t h e  t e s t s  a r e  made a t  25 mph 

w i t h  a  peda l  f o r c e  not  exceeding 150 l b s .  The s t o p p i n g  d i s t a n c e  must 

no t  exceed 66 f t  u s i n g  t h e  s e r v i c e  brake and 122 f t  u s i n g  t h e  emer- 

gency b rake .  

I n  a d d i t i o n ,  t h e  s e r v i c e  brake is  r e q u i r e d  t o  deve lop  a  b rak ing  

f o r c e  of  a t  l e a s t  55% of t h e  weight of  t h e  v e h i c l e  and must d e c e l e r -  

a t e  t h e  v e h i c l e  a t  a  r a t e  no t  l e s s  than  17.75 f p s p s .  



The emergency brake is r e q u i r e d  t o  deve lop  a  braking f o r c e  a t  

l e a s t  h a l f  t h a t  of t h e  s e r v i c e  brake and t o  d e c e l e r a t e  t h e  v e h i c l e  a t  

a  r a t e  no t  l e s s  t h a n  8.87 f p s p s .  

The pa rk ing  b rake  must hold  t h e  v e h i c l e  on a  g r a d i e n t  of a t  l e a s t  

16%. 

Other S p e c i f i c a t i o n s .  The i r  r e g u l a t i o n s  s t a t e  t h a t  "every v e h i c l e  

must be equipped wi th  a  s t r o n g  and e f f i c i e n t  s t e e r i n g  mechanism which 

e n a b l e s  a  v e h i c l e  t o  be t u r n e d  e a s i l y ,  q u i c k l y  and w i t h  c e r t a i n t y ,  

and which is s o  c o n s t r u c t e d  and arranged t h a t  no over lock  is p o s s i b l e  

and t h a t  t h e  wheels w i l l  no t  under any c i rcumstances  f o u l  any p a r t  of 

t h e  v e h i c l e .  " 

ITALY 

The fo l lowing  in fo rmat ion  is from t h e  Tes to  Unico (da ted  1959) ,  

t h e  o r d i n a n c e s  i n  I t a l y  t h a t  r e l a t e  t o  b rak ing  and compliance moni- 

t o r i n g  [ 9 ] .  No s p e c i f i c a t i o n s  cou ld  be found r e l a t i n g  t o  s t e e r i n g  

o r  a c c e l e r a t i o n  requ i rements .  

Type Approval. Type approva l  is inc luded  i n  t h e  Tes to  Unico by 

r e q u i r i n g  every  manufacturer  t o  submit  a  sample t o  t h e  M i n i s t e r  of 

Transpor t  and t o  supply  t h e  buyer w i t h  a  formal  c e r t i f i c a t e  s t a t i n g  

t h a t  t h e  c a r  is s i m i l a r  t o  t h e  sample. Veh ic les  t h a t  do n o t  belong 

t o  a  c e r t i f i e d  s e r i e s  r e q u i r e  t h a t  t e s t s  be made t o  determine i f  t h e  

v e h i c l e  conforms t o  e x i s t i n g  r e g u l a t i o n s .  I t  is t h e  r e s p o n s i b i l i t y  

of t h e  owner of t h e  v e h i c l e  t o  have t h e  v e h i c l e  t e s t e d  by an eng ineer  

of t h e  T r a f f i c  Agency. 

Every v e h i c l e  must be i n s p e c t e d  every  y e a r ,  bu t  a  v e h i c l e  can be  

i n s p e c t e d  anytime t h e r e  is a  s u s p i c i o n  t h a t  it no longer  meets t h e  

s t a n d a r d s  r e q u i r e d  by law. The d r i v e r  of a  v e h i c l e  t h a t  has  no t  been 

p r e s e n t e d  f o r  t h e  r e q u i r e d  y e a r l y  i n s p e c t i o n  w i l l  be f i n e d  from 4,000 

t o  10,000 l i r e  and t h e  c e r t i f i c a t e  a l lowing  t h e  v e h i c l e  t o  o p e r a t e  on 

t h e  road  w i l l  be revoked u n t i l  t h e  v e h i c l e  has  been i n s p e c t e d  and 

found t o  conform t o  e x i s t i n g  r e g u l a t i o n s .  

Brake S p e c i f i c a t i o n s .  An o rd inance  became e f f e c t i v e  i n  1959, 

supplement ing t h e  Tes to  Unico, t h a t  e s t a b l i s h e d  t h e  l e v e l  of p e r f o r -  

mance of  t h e  b rak ing  sys tem.  

The s t o p p i n g  d i s t a n c e ,  wi th  60 kg (132 l b s )  o r  l e s s  a p p l i e d  t o  
2 

t h e  b rake  p e d a l ,  must be l e s s  than  o r  e q u a l  t o  V /130, where V = km/hr 

and t h e  s t o p p i n g  d i s t a n c e  is i n  mete r s .  Th i s  co r responds  t o  a  dece l -  



e r a t i o n  r a t e  of 0 . 5 1  g .  The d i s t a n c e  is measured from t h e  t ime  t h e  

brake peda l  is a c t u a t e d  u n t i l  t h e  v e h i c l e  comes t o  a  complete s t o p .  

For de te rmin ing  t h e  f a d e  c h a r a c t e r i s t i c s  of b rakes  t h e  v e h i c l e  

is t e s t e d  on a  c o u r s e  1 km i n  l e n g t h  w i t h  a  10% g r a d i e n t .  The v e h i c l e  

t r a v e l s  downhi l l  a t  40 km/hr u s i n g  t h e  b rakes  t o  main ta in  a c?onstamt 

speed and is braked t o  a  s t o p  a t  t h e  end of t h e  c o u r s e .  The b rak ing  

e f f i c i e n c y  must no t  be l e s s  than  80% of t h a t  o b t a i n e d  from t h e  f o r -  
3 mula S  S V /130, nor l e s s  than  75% of t h a t  measured w i t h  c o l d  b r a k e s .  

The emergency brake must s t o p  t h e  v e h i c l e  i n  a  d i s t a n c e  no g r e a t -  

e r  t h a n  twice  t h a t  of t h e  s e r v i c e  brake s t o p p i n g  d i s t a n c e .  The park- 

ing  brake must keep t h e  v e h i c l e  s topped on g rades  no t  exceeding 16%~.  

The fo l lowing  in fo rmat ion  r e s u l t s  from a  t r a n s l a t i o n  of per t in lent  

s e c t i o n s  of V a g t r a f i k f o r o r d n i n g ,  Sweden's o rd inances  t h a t  app ly  t o  

o p e r a t i o n  of v e h i c l e s  on r o a d s ,  wi th  amendments t o  December 1966 [ l o ] :  

Every v e h i c l e  i n  Sweden must be i n s p e c t e d  b e f o r e  t h e  v e h i c l e  c a n  

be r e g i s t e r e d .  R e g i s t e r i n g  r e q u i r e s  t h a t  t h e  owner of t h e  v e h i c l e  pay 

t a x e s  and o b t a i n  insurance  p r i o r  t o  o p e r a t i n g  t h e  v e h i c l e  on t h e  r ' oads .  

I f  t h e  v e h i c l e  is i n  proper c o n d i t i o n  and p a s s e s  t h e  i n s p e c t i o n ,  a  

c e r t i f i c a t e  is i s s u e d  t o  t h e  owner which must be shown a t  t h e  t ime  of 

r e g i s t r a t i o n .  

V e h i c l e s  produced i n  Sweden o r  imported by a  l i c e n s e d  agen t  w i l l  

r e c e i v e  a  t y p e  approva l  which p rov ides  t h a t  purchase r s  of t h e  v e h i c l e  

w i l l  be g iven  a  c e r t i f i c a t e  a t  t h e  t ime  of s a l e .  

The county  a d m i n i s t r a t i o n  can c a l l  any v e h i c l e ,  o r  group of 

v e h i c l e s ,  i n  f o r  i n s p e c t i o n  and i f  t h e  owner does no t  appear w i t h i n  

a  r e a s o n a b l e  t ime t h e  v e h i c l e  c e r t i f i c a t e  w i l l  be suspended u n t i l  t h e  

v e h i c l e  is i n s p e c t e d .  Policemen of t h e  county  a d m i n i s t r a t i o n  a r e  

a u t h o r i z e d  t o  i n s p e c t  v e h i c l e s  a t  any t ime o r  p l a c e  and withdraw t h e  

c e r t i f i c a t e  of any v e h i c l e  t h a t  is deemed u n s a f e  f o r  o p e r a t i o n  on t h e  

r o a d s .  

No in fo rmat ion  was found d e s c r i b i n g  t h e  methods of t e s t i n g  o r  

l e v e l s  o r  performance r e l a t i n g  t o  a c c e l e r a t i o n ,  b rak ing ,  o r  s t e e r i n g .  
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Appendix I1 

A LISTING AND EYALUATION OF EXISTING DATA SOURCES 

E x i s t i n g  s o u r c e s  of qu ick-access  d a t a  r e l a t i n g  a c c i d e n t  involve-  

ment t o  v e h i c l e  c h a r a c t e r i s t i c s  a r e  l i m i t e d  t o  motor v e h i c l e  o r  com- 

p a r a b l e  depar tments  i n  about  h a l f  of t h e  s t a t e s  of t h e  United S t a t e s .  

Comparable d a t a  a r e  n o t  a v a i l a b l e  from most of t h e  automobi le  companies.  

However, t h e  s t a t e  d a t a  a r e  f a i r l y  complete  and uniform i n  format  s o  

t h a t  they  c o n s t i t u t e  a  v a l u a b l e  s o u r c e  i n  terms of  c o n s i s t e n c y  i n  l a r g e  

samples .  I n  1964, t h e  American A s s o c i a t i o n  of Motor Veh ic le  Adminis- 

t r a t o r s  conducted a  su rvey  of t h e  a c c i d e n t  d a t a  compiled i n  t h e  sev- 

e r a l  s t a t e s ,  p a r t  of which is a p p l i c a b l e  t o  t h e  c o r r e l a t i o n  between 

a c c i d e n t  involvement and v e h i c l e  t y p e ,  make and y e a r .  The p e r t i n e n t  

r e s u l t s  a r e  g iven  i n  Table  11-1. This  t a b l e  i n d i c a t e s  which s t a t e s  

p rov ide  quick-access  d a t a  s t o r a g e  i n  v a r i o u s  forms.  Although o t h e r  

s t a t e s  r e q u i r e  a c c i d e n t  r e p o r t i n g ,  t h e s e  d a t a  a r e  not  r e a d i l y  acces-  

s i b l e .  

Data recorded  on magnetic t a p e  and/or punch c a r d s  would be pro- 

c e s s e d  i n  d i g i t a l  computer programs which would g e n e r a t e  l i s t i n g s  of 

t h e  numbers of v e h i c l e s  involved i n  a c c i d e n t s  accord ing  t o  s p e c i f i c  

program i n s t r u c t i o n s .  Because t h e  t a p e s  and c a r d s  have d i f f e r e n t  

f o r m a t s  and cod ings ,  t r a n s l a t i o n  programs would be r e q u i r e d  t o  imple- 

ment a  c o r r e l a t i o n  program. 

I t  is  impor tan t  t o  n o t e  d i s t i n c t i o n s  between m o t o r i s t  r e p o r t s  

and p o l i c e  r e p o r t s  produced i n  t h e  v a r i o u s  s t a t e s .  A l l  s t a t e s  r e -  

q u i r e  m o t o r i s t s  involved i n  a c c i d e n t s  t o  submit  an  a c c i d e n t  r e p o r t ,  

but  i n  some c a s e s  t h e  r e p o r t s  a r e  never forwarded t o  a  c e n t r a l  r e c o r d s  

bureau.  No more than  20 p e r c e n t  of a c c i d e n t s  a r e  r e p o r t e d  by p o l i c e  

a g e n c i e s .  The p o l i c e  r e p o r t s  a r e  u s u a l l y  more a c c u r a t e  and complete  

than  m o t o r i s t s '  r e p o r t s , a n d  hence,  f o r  compi l ing a c c i d e n t  s t a t i s t i c s ,  

p o l i c e  r e p o r t s  a r e  f avored  i n  s e v e r a l  s t a t e s .  I n c o n s i s t e n c i e s  a r e  

f r e q u e n t l y  produced,  however, when t h e  s t a t e s  combine m o t o r i s t  and 

p o l i c e  r e p o r t s  i n  an  a t t empt  t o  o b t a i n  more complete  coverage .  For 

t h e  s a k e  of  e f f i c i e n c y  i t  is d e s i r e a b l e  t h a t  both  t y p e s  of r e p o r t s  be  

i n  t h e  same form. Only i n  Connec t i cu t ,  New York, and Oregon a r e  bo th  

m o t o r i s t  and p o l i c e  r e p o r t s  on t a p e .  The r e c o r d s  produced i n  Idaho,  
Montana, Tennessee ,  V i r g i n i a ,  and Washington c o n t a i n  v e h i c l e - t y p e ,  

make, and yea r  i n f o r m a t i o n  on punched c a r d s .  
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Appendix 111 

OBJECTIVE MEASURE (TENTATIVE) OF VEHICLE-HANDLING PROPERTIES 

The measures o u t l i n e d  below a r e  a p p l i c a b l e  p r i m a r i l y  t o  passen- 

g e r  c a r s .  By means of s u i t a b l e  m o d i f i c a t i o n s ,  however, t h e s e  measures 

c o u l d  be  made t o  app ly  t o  o t h e r  v e h i c l e  c a t e g o r i e s .  I f  fo l lows  t h a t  

commercial ca rgo-ca r ry ing  v e h i c l e s  shou ld  be loaded t o  t h e i r  r a t e d  

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

c o n d i t i o n .  Trunk volume should  be i n t e r p r e t e d  a s  "enclosed volume 

a v a i l a b l e  f o r  ca rgo-ca r ry ing  purposes1'  whenever i t  is in tended  t o  

app ly  t h e s e  measures t o  t h e  s t a t i o n  wagon c a t e g o r y .  I n  t h i s  i n s t a n c e ,  

i t  is  l i k e l y  t h a t  a  d i f f e r e n t  ca rgo-dens i ty  f a c t o r y  would be r e q u i r e d  

t o  de te rmine  a  r e p r e s e n t a t i v e  f u l l - l o a d  c o n d i t i o n  f o r  a  wagon i n  con- 

t r a s t  t o  t h e  f a c t o r  t h a t  would be employed f o r  s o - c a l l e d  " t runk"  

s p a c e .  

The proposed measures a r e  l i s t e d  f o r  a c c e l e r a t i o n ,  b r a k i n g ,  and 

s t e e r i n g ,  r e s p e c t i v e l y .  Although a  measure of b rak ing  performance 

f o l l o w i n g  an energy-absorp t ion  p r o c e s s  e q u i v a l e n t  t o  m a i n t a i n i n g  speed 

on a  long downgrade is d i s c u s s e d  i n  t h e  body of t h e  r e p o r t ,  t h i s  mea- 

s u r e  of "fade" performance is no t  inc luded  below, s i n c e  t h e  d e t a i l s  

of t h e  s p e c i f i c  t e s t  methodology t h a t  would accomplish t h e  d e s i r e d  

s i m u l a t i o n  have n o t  a s  y e t  been fo rmula ted .  I t  shou ld  be no ted  t h a t  

t h i s  measure must n e c e s s a r i l y  be formulated t o  a p p l y ,  i n  p a r t i c u l a r ,  

t o  e v a l u a t i n g  t h e  b rak ing  performance of l a r g e  ca rgo-ca r ry ing  v e h i c l e s  

f o l l o w i n g  a  descen t  down a g r a d e .  

F i n a l l y ,  i t  is important  t o  n o t e  t h a t  t h e s e  a r e  "new c a r "  per-  

formance measures .  For example, t h e  tendency of a  v e h i c l e  t o  d e p a r t  

from s t r a i g h t - l i n e  motion d u r i n g  b rak ing  a s  a  r e s u l t  of r i g h t / l e f t  

unbalance  i n  t h e  b rak ing  system i s ,  unden iab ly ,  an impor tan t  a s p e c t  of  

b rak ing  performance.  However, t h e s e  unbalanced c o n d i t i o n s  a r e  assumed 

t o  d e r i v e  from d e g r a d a t i o n  p r o c e s s e s  and t h e r e b y  r e p r e s e n t  c o n d i t i o n s  

which,  i n  t h e o r y  a t  l e a s t ,  shou ld  no t  e x i s t  i n  t h e  p r o t o t y p e  v e h i c l e .  

Thus f o r  t h e  o p e r a t i n g - v e h i c l e  p o p u l a t i o n  we may p o s t u l a t e  a  s e t  of 

performance measures which would i n c l u d e  v a r i o u s  a s p e c t s  of behavior  

t h a t  w e  would exc lude  i n  e v a l u a t i n g  new-car performance,  on t h e  grounds 

t h a t  a l l  components o r  subsystems should  be performing i n  a  non-deg, ~ r a d e d  
manner. Where t h e r e  is reason  t o  b e l i e v e  t h a t  q u a l i t y - c o n t r o l  proce- 



dures  a r e  such a s  t o  cause  s i g n i f i c a n t  s c a t t e r  i n  a  s p e c i f i c  pe r fo r -  

mance measure, t h i s  measure should  be eva lua ted  on a  sample s i z e  s u f -  

f i c i e n t  t o  produce a  r e l i a b l e  mean and s t a n d a r d  d e v i a t i o n .  

1 . 0  ACCELERATION MEASURES 

1.1 For Three- and Four-speed Manual Transmiss ions  : 

Highest  gear  

Long i tud ina l  a c c e l e r a t i o n  achieved a t  30 + 4, 40 + A, 

50 t A, and 60 + A mph by means of f u l l  t h r o t t l e  a p p l i e d  ( s t e p -  

wise)  a t  i n i t i a l  s t e a d y  v e l o c i t i e s  of 30,  40,  50,  and 60 mph r e -  

s p e c t i v e l y  on a  l e v e l ,  smooth, d ry  s u r f a c e .  

( a )  For s ing le -passenger  c a p a c i t y  (150 l b / p a s s e n g e r ) ,  p l u s  

t runk  space  loaded wi th  weights  corresponding t o  t runk  volume x  
3  

ca rgo-dens i ty  f a c t o r  (-lb/ft ) 

Second h i g h e s t  gear  

Long i tud ina l  a c c e l e r a t i o n  achieved a t  10 t A, 20 + A, and 

30 + A mph by means of f u l l  t h r o t t l e  a p p l i e d  ( s t epwise )  a t  

i n i t i a l  s t e a d y  v e l o c i t i e s  of 1 0 ,  20, and 30 mph r e s p e c t i v e l y  on 

a  l e v e l ,  smooth, dry  s u r f a c e .  

( a )  For s ing le -passenger  load and z e r o  ca rgo  

(b)  For maximum-rated passenger c a p a c i t y  (150 lb /passenger )  

p l u s  t runk  space  loaded wi th  weights  corresponding t o  t runk  
3  

volume x cargo-densi ty  f a c t o r  ( l b / f t  ) 

1 . 2  For Automatic Transmiss ions:  

Long i tud ina l  a c c e l e r a t i o n  achieved a t  10 + A, 20 + A, 
30 t A, 40 + A, 50 + A and 60 + A mph by means of f u l l  t h r o t t l e  

a p p l i e d  ( s t epwise )  a t  i n i t i a l  s t e a d y  v e l o c i t i e s  of 10 ,  20, 30,  

40,  50, and 60 mph r e s p e c t i v e l y  on a  l e v e l ,  smooth, dry  s u r f a c e .  

( a )  For s ing le -passenger  load and z e r o  ca rgo  

(b) For maximum-rated passenger c a p a c i t y  (150 lb /passenger )  

p l u s  t runk  space  loaded wi th  weights  corresponding t o  t runk  
3 volume x  ca rgo-dens i ty  f a c t o r  ( l b / f t  ) 

2 . 0  BRAKING MEASURES 

2 . 1  D e c e l e r a t i o n  achieved on a  smooth, l e v e l ,  dry  road 

( i n  pe rcen t  of t h e  f r i c t i o n - c o e f f i c i e n t  measured on a  nonro- 

t a t i n g  t i r e  which is  e q u i v a l e n t  t o  t h e  t i r e s  mounted on t h e  

t e s t  v e h i c l e )  a t p e r c e n t  of t h e  i n i t i a l  speed a t  which b rakes  



a r e  a p p l i e d  ars a  f u n c t i o n  of brake-pedal  f o r c e ,  which f o r c e  is in-  

c r e a s e d  ( i n  increments  co r respond ing  t o  --percent of t h e  peda l  f o r c e  

cor respond ing  t o  t h e  maximum peda l  f o r c e  t h a t  can be a p p l i e d  by t h e  

1 0 t h  c e n t i l e  woman) u n t i l  both  t h e  f r o n t  and r e a r  wheels have locked.  

( a )  For s i n g l e  passenger load and z e r o  ca rgo  

( b )  For maximum-rated passenger  c a p a c i t y  (150 lb /passenger )  

p l u s  t runk  space  loaded wi th  weights  co r respond ing  t o  t runk  
3  

volume x ca,rgo-density f a c t o r  ( l b / f t  ) 

( c )  For i n i t i a l ,  s t e a d y  v e o l o c i t e s  of 80,  70,  50,  and 

30 mph f o r  v e h i c l e s  w i t h  t o p  speed i n  excess  of 80 mph. For 

i n i t i a l  v e l o c i t i e s  of V max, 60,  40, and 30 mph f o r  v e h i c l e s  

whose t o p  speed,  V max, f a l l s  i n  t h e  range 

60 < V max < 80 - 
2 . 2  The va lue  of braking d e c e l e r a t i o n  a t  which t h e  r e a r  wheels 

lock on a  dry  road s u r f a c e ,  f o r  which a  t e s t  t i r e  w i l l  e x h i b i t  

a  locked-wheel f r i c t i o n  c o e f f i c i e n t  of p 2- 0 . 7 .  

( a )  For s ing le -passenger  load and z e r o  c a r g o  

( b )  For maximum-rated passenger c a p a c i t y  (150 lb/passen- 

g e r )  p l u s  t runk  space  loaded w i t h  weights  corresponding t o  t r u n k  
3  

volume x cargo  d e n s i t y  f a c t o r  ( l b / f t  ) 

(c )  For s t o p s  made from an i n i t i a l  v e l o c i t y  of 30 and 

60 rnph 

2 . 3  The r a t i o  of measured s t o p p i n g  d i s t a n c e  t o  t h e  s t o p p i n g  

d i s t a n c e  c a l c u l a t e d  from t h e  s t e a d y  d e c e l e r a t i o n s  achieved 

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

t i a l  speed of 30 mph. The braking i n p u t  f o r  t h i s  t e s t  and t h i s  

c a l c u l a t i o n  should  be a  peda l  d isplacement  which c l o s e l y  approx- 

imates  a  s t e p - f u n c t i o n  and whose ampl i tude s h a l l  be such  a s  t o  

produce an average d e c e l e r a t i o n  i n  p e r c e n t  of a v a i l a b l e  f r i c t i o n  

c o e f f i c i e n t  equa l  t o  0 . 4  (+ - 0 . 0 5 ) .  Th i s  t e s t  is t o  be made on 

a  d ry  c l e a n  s u r f a c e  having a  locked-wheel f r i c t i o n  c o e f f i c i e n t  

p s 0 . 7 .  

3 . 0  STEER I N G  

3 . 1  S t a t i c  pa th -curva tu re  and l a t e r a l - a c c e l e r a t i o n  g a i n  wi th  

r e s p e c t  t o  s t ee r ing-whee l  d isplacement  and s t ee r ing-whee l  t o r q u e .  



These g a i n s  a r e  t o  be e s t a b l i s h e d  f o r  s t e e r i n g  i n p u t s  which do not  

produce l a t e r a l  a c c e l e r a t i o n s  i n  e x c e s s  of 0 .3  g .  Data should  be ob- 

t a i n e d  a t  a  s u f f i c i e n t  r ange  of  speeds  t o  e s t a b l i s h  t h e  s t a b i l i t y  

f a c t o r ,  K ,  and t h e  zero-speed va lue  of pa th -curva tu re  g a i n  per  u n i t  

s t ee r ing-whee l  d i sp lacement .  

( a )  For s ing le -passenger  load and z e r o  c a r g o  

(b )  For maximum-rated passenger  c a p a c i t y  (150 lb /passen-  

g e r )  p l u s  t r u n k  space  loaded wi th  we igh t s  corresponding t o  t runk  
3  volume x  ca rgo-dens i ty  f a c t o r  ( l b / f t  ) 

3 . 2  The ampl i tude of t h e  h y s t e r e s i s  loop  i n  t h e  yaw v e l o c i t y  

r esponse  p l o t t e d  v s .  s t ee r ing-whee l  d isplacement  and to rque  a s  

measured a t m p h  over  a  range of s t ee r ing-whee l  e x c u r s i o n  

r e q u i r e d  t o  produce 0 .15  l a t e r a l  a c c e l e r a t i o n  i n  both  t h e  r i g h t  

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

3 . 3  The r a t i o  of v e h i c l e  weight t o  measured t o t a l  c o r n e r i n g  

s t i f f n e s s  of a l l  f o u r  t i r e s .  R a t i o  t o  be computed 

( a )  For s ing le -passenger  load and z e r o  c a r g o  w i t h  t i r e s  

a t  i n f l a t i o n  p r e s s u r e s  which exceed t h e  recommended c o l d  

i n f l a t i o n  p r e s s u r e  s e t t i n g s  by 4  pse .  

(b)  For maximum-rated passenger c a p a c i t y  (150 lb /passenger )  

p l u s  t r u n k  space  loaded wi th  weights  corresponding t o  t r u n k  
3  

volume x  ca rgo  d e n s i t y  f a c t o r  ( l b / f t  ) 

3 . 4  Steer ing-wheel  t o r q u e  v e r s u s  t h e  l a t e r a l  a c c e l e r a t i o n  f o r  

a  v e h i c l e  d r i v e n  around a  f l a t  cu rve  o f f t .  r a d i u s  a t  speeds  

which a r e  s lowly i n c r e a s e d  u n t i l  t h e  v e h i c l e  can no longer  main- 

t a i n  t h e  s p e c i f i e d  curved p a t h .  

( a )  For s ing le -passenger  load and z e r o  ca rgo  

(b) For maximum-rated passenger load (150 lb /passenger )  

p l u s  t r u n k  load w i t h  a  weight  corresponding t o  t r u n k  vol-  

ume x ca rgo  d e n s i t y  f a c t o r  

3 . 5  The maximum l a t e r a l  a c c e l e r a t i o n  i n  g  u n i t s  ( r a t i o e d  t o  t h e  

f r i c t i o n  c o e f f i c i e n t  measured on an e q u i v a l e n t  t i r e  o p e r a t i n g  

a t  a  s l i p  a n g l e  above its " s t a l l e d "  v a l u e )  which can  be main- 

t a i n e d  by t h e  v e h i c l e  i n  t h e  above t e s t  c a r r i e d  o u t  on a  f l a t ,  

dry  s u r f a c e .  (This  r a t i o  is t o  be determined i n  a  manner such 

t h a t  d r i v e r  s k i l l  i s  no t  in t roduced  a s  a  confounding v a r i a b l e . )  



( a )  For s i n g l e - p a s s e n g e r  load  and z e r o  c a r g o  

(b)) For maximum-rated passenger  c a p a c i t y  (150 l b / p a s s e n g e r )  

p l u s  t r u n k  load w i t h  a  weight co r respond ing  t o  t r u n k  volume 
3 x c a r g o  d e n s i t y  f a c t o r  ( l b / f t  ) 




