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During t h e  e a r l y  p a r t  of 1988, t he  au thors  made a number of 
v i s i t s  t o  American and European vehic le  manufacturers, research  
cen t r e s  and t h e  U.S. National Highway Traffic Sa fe ty  
Administration t o  provide up-to-date knowledge on cur ren t  i s s u e s  
and developments i n  vehic le  occupant p ro tec t ion  i n  t h e  United 
S ta tes ,  Br i t a in ,  Sweden and Germany. 

T h i s  document r epor t s  on the  f ind ings  of d i scuss ions  and s i te  
v i s i t s  made by D r .  Peter Vulcan ( i n  t he  U . S . )  and D r .  Brian 
Fildes ( i n  Europe) during their  overseas v i s i t s  i n  Apr i l  and May 
1 9 8 8 .  I t  is  augmented by f u r t h e r  d i scuss ions  i n  Melbourne with 
D r .  M. Mackay and D r .  K .  Digges. 

2 .  DETAILS OF TEE VISITS 

A number of motor vehic le  manufacturers and research  
organiza t ions  committed t o  improvements i n  vehicle occupant 
pro tec t ion  w e r e  v i s i t e d  during the  t r i p .  These included: 

. The Ford Motor Company, Dearborn, Michigan, U.S. 
Discussions were held w i t h  D r .  John Versace, Executive 
Engineer, Automotive Safety Off ice  and severa l  of h i s  s t a f f .  

. General Motors Research Laboratory, Warren, Michigan, U.S  
Discussions were held w i t h  D r .  John Melvin, Biomedical 
Science Department and severa l  of h i s  staff .  

. Insurance I n s t i t u t e  f o r  Highway Safety,  Washington, DC., 
U.S. Discussions were held w i t h  M r .  Brian O ' N e i l l  
(P re s iden t ) ,  D r .  Allan W i l l i a m s  ( V i c e  Pres ident )  and severa l  
of t h e i r  s t a f f .  

. National Highway T r a f f i c  Safe ty  Administration, 
Washington, DC. U.S. Discussions were held w i t h  M r .  Michael 
F inke ls te in ,  Associate Administrator f o r  Research and 
Development, D r .  Kennerly Digges, Deputy Associate  
Administrator f o r  Research h Development, D r .  Car l  C la rk ,  
Off ice  of Vehicle Research, M r .  Ralph Hitchcock, Di rec tor  
Off ice  of Vehicle Safe ty  Standards, D r .  C a r l  Nash, Ch ie f ,  
Accident Inves t iga t ion  Division, National Center f o r  
S t a t i s t i c s  and Analysis, D r .  Rolf Eppinger, Chief,  
Biomechanics Division, Off ice  of Crashworthiness Research 
and seve ra l  o ther  s t a f f .  

. Universi ty  of Michigan, Transportat ion Research I n s t i t u t e ,  
Ann Arbor, Michigan, U.S. Discussions were held with D r .  
Michael Sivak, Acting Associate Di rec tor ,  D r .  Lawrence 
Schneider, Head Biosciences Division and severa l  members of 
s t a f f  . 
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. T h e  Transport and Road Research Laboratories ( T W )  i n  
Crowthorne, England. Discussions were held w i t h  Messrs. Ian 
Neilson, Richard Lowne and Slade Penoyre of t he  Vehicle 
Safety Division. 

Discussions were held w i t h  Messrs. Hans Norrin, Stefan 
Nilsson and Johnny Korner of t h e  Automotive Safety Centre, M r  
Lennart Svenson of the  Driver Environment and T r a f f i c  Safety 
sec t ion ,  and M r  Antonio P a u l l i ,  Marketing Manager f o r  
Aus t r a l i a .  

Discussions were he ld  with Professor  B e r t i l  Aldman, 
Department of Traffic Safety,  Centre f o r  Transport and 
T r a f f i c  Research. 

Linkoping, Sweden. Discussions were he ld  with M r  Thomas 
Turbell ,  Road User and Vehicle Division and D r  Gabriel 
H e l m e r s ,  Research Psychologist .  

Group i n  Stockholm, Sweden. Discussions were he ld  w i t h  D r  
Claes Tingvall of the Traffic Safety Department. 

Discussions were held w i t h  M r  Ingo Kal l ina and M r  Roland 
Herrmann of the Development and Safety Department. 

. BMW A.G. i n  Munchen, West Germany. Discussions were held 
w i t h  M r  Josef Harbel, Safety Development, M r  Hans 
Kocherscheidt, Accident Analysis, and M r  Gunther Klusmeyer, 
Technical J o u r n a l i s t .  

. The Volvo Car Corporation i n  Gothenburg, Sweden. 

. Chalmers Universi ty  of Technology i n  Gothenburg, Sweden. 

. The Swedish Road and T r a f f i c  Research I n s t i t u t e  (VTI)  i n  

. The Automobile Insurance Division of the Folksam Insurance 

. Daimler-Ben2 A.G. i n  Sindelfingen, West Germany. 

From these  discussions,  a number of t o p i c a l  i s s u e s  and 
developments i n  vehicle occupant p ro tec t ion  i n  the U.S.  and 
Europe were i d e n t i f i e d .  These matters are described i n  d e t a i l  
below. 

Several  issues arose  from the  d iscuss ions  of f r o n t a l  c o l l i s i o n s  
and r o l l o v e r s  which are detailed below. Much of cur ren t  th inking  
i n  t h i s  a rea  involves a c t i v e  and passive occupant r e s t r a i n t  
improvements. 

3.1 U . S .  Passive Restraint Requirements 

The pass ive  f r o n t a l  c r a sh  p ro tec t ion  requirement of Federal  Motor 
Vehicle Safety Standard (FMVSS) 208 (Occupant Crash Pro tec t ion)  
has been "on the books" s ince  t h e  e a r l y  1 9 7 0 , s  but ,  a s  a r e s u l t  
of var ious cour t  challenges and changes i n  emphasis by t h e  
Congress and the National Highway Traffic Safety Administration 
(NHTSA), has only recent ly  been implemented. The cur ren t  vers ion 
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requi res  progressive appl ica t ion  t o  an increasing proport ion of = 
production over several years, commencing w i t h  1 0 %  of t he  1987 
model year cars, 25% of 1988 models, 40% of 1 9 8 9  models, w i t h  
f u l l  coverage af ter  September 1, 1989.  

This  i s  an important s t e p  because it has brought i n t o  effect  t h e  
performance requirements of FMVSS 208, namely t h a t  t h e  approved 
dummy w i l l  meet t he  spec i f i ed  in ju ry  c r i t e r i a  i n  a 30 mph f r o n t a l  
barrier crash ( i .e.  t h e  dummy sha l l  not experience a Head In jury  
Cr i t e r ion  exceeding 1 0 0 0 ,  a chest acce le ra t ion  exceeding 60 g, 
nor a femur load exceeding 2250 lbs. - a l l  measurements being 
made as spec i f i ed  i n  t he  s tandard) .  The approved dummy a t  t h i s  
s t age  i s  the  Hybrid 11, although la te r  t h e  much more 
soph i s t i ca t ed  Hybrid I11 w i l l  be required and it may be used now 
(some US manufacturers a r e  already c e r t i f y i n g  using t h e  Hybrid 
111). T h i s  has paved the  way f o r  o ther  count r ies  t o  spec i fy  t h e  
performance requirements without t he  need f o r  pass ive  r e s t r a i n t s .  

Manufacturers are ab le  t o  choose whether t o  meet t h e  passive 
r e s t r a i n t  requirement by  an automatic b e l t  o r  an a i rbag  and 
d i f f e r e n t  manufacturers are adopting d i f f e r e n t  systems. It was 
suggested t h a t  t he  phasing i n  of t he  passive pro tec t ion  
requirement over several years  was a desirable approach because 
it enabled more development t o  be undertaken on a model by model 
basis, w i t h  t h e  b e n e f i t s  of earlier experience being appl ied t o  
l a t e r  designs (Digges 1989).  

3 . 2  Airbag Systems 

The d r i v e r  s i d e  a i rbags  are a l l  s t e e r i n g  column mounted, one of 
t he  main d i f f e rences  being the types  of sensors  used. T h e  type 
and number of sensors  t o  be used i s  governed t o  a large exten t  by 
t h e  need t o  take i n t o  account possible l i t i g a t i o n  i n  t he  U.S. 
Hence add i t iona l  costs are incurred t o  guard aga ins t  inadvertent  
deployment (there have been a couple of successful  cour t  ac t ions  
already as a r e s u l t  of inadvertent  deployment w i t h  a child out- 
o f -pos i t i on ) .  T h i s  can be achieved by using two sensors  i n  
series and requi r ing  bo th  t o  be activated before  deployment is  
i n i t i a t e d ,  which should not occur u n t i l  a ve loc i ty  change of 
about 8 mph has occurred. Similar ly ,  i t  is considered necessary 
t o  have more than one sensor ( i n  p a r a l l e l )  t o  ensure deployment 
does occur when it should (a ve loc i ty  change of about 1 0  mph., 
depending on t h e  deceleration-time curve). Some manufacturers 
consider even more sensors  should be loca ted  i n  d i f f e r e n t  p a r t s  
of the s t r u c t u r e  t o  ensure deployment i s  i n i t i a t e d  under t h e  f u l l  
range of crash circumstances, e.g. f r o n t a l  po le  t o  o f f s e t  corner.  

Various manufacturers are proposing d i f f e r e n t  so lu t ions  t o  t he  
r e l i a b i l i t y  problem. I t  was considered t h a t  t he  above complex 
requirement would be unl ike ly  t o  be met by the  smaller,  lower 
cos t  sensor systems such as the  Breed mechanical sys t em.  It i s  
understood tha t  Mercedes Benz be l ieve  they  can meet t he i r  
requirements with one expensive but  highly r e l i a b l e  Bosch sensor,  
while Ford see the  need f o r  a t  least  four  lower cos t  sensors.  

In  view of t he  above considerat ions,  t h e  cos t  of sensors i n  most 
cars marketed i n  t h e  U.S.  i s  l i k e l y  t o  be q u i t e  high, a t  least  i n  
the  e a r l y  years. 

3 



Monash University Accident Research Centre 

In  an Austral ian environment where there is  already a high driver 
seat b e l t  wearing r a t e ,  such s t r i n g e n t  r e l i a b i l i t y  requirements 
may not be needed f o r  a s t e e r i n g  column airbag. 
t h e  s t ee r ing  column a i rbag  was regarded as a supplementary 
p ro tec t ive  device, t o  provide improved head, facial ,  chest and 
abdominal pro tec t ion  f o r  t h e  belted driver, t h e  high speed of 
deployment required f o r  the U.S.  s y s t e m s  would not be needed. 
T h i s  should r e s u l t  i n  reduced severity of i n ju ry  ( i f  any) f o r  an 
out-of-posit ion occupant i n  inadvertent  deployment. There may 
a l s o  be a case t o  allow somewhat greater to le rances  f o r  non- 
deployment i n  marginal crashes. Both of these r e l axa t ions  i n  
sensor requirements should r e s u l t  i n  l a rge  cos t  savings f o r  a 
s t e e r i n g  column airbag system regarded as a supplementary 
p ro tec t ive  device f o r  t h e  belted d r ive r .  

Furthermore, i f  

3 .3  Automatic B e l t  Systems 

The two most common types of automatic b e l t  sys tems a r e  those  
w i t h  a motorised upper anchorage which moves i n t o  p lace  when t h e  
door i s  closed and those w i t h  the outboard anchorages a t tached  t o  
t h e  door. T h e  former are being used by Toyota, V.W. and Ford, 
w i t h  o r  without a detachable lap bel t .  In  the  two poin t  version, 
t h e  system requ i r e s  a knee b o l s t e r  t o  prevent submarining. The 
l a t t e r  type,  being used by G.M., requires s t rengthening of the 
door when closed. 

In  Europe not much development of automatic bel t  systems was 
seen. Autoliv i n  Sweden (Electrolux 1988) have developed a 
3-point (motorised) automatic b e l t i n g  system f o r  Saab vehicles 
t h a t  i s  applied immediately t h e  f r o n t  door is  closed. The system 
i s  cu r ren t ly  being evaluated on a small number of t a x i s  i n  
Stockholm (Aldman 1988).  

Mackay (1988), however, noted t h a t  there are a number of problems 
encountered w i t h  these systems. These include an i n s e n s i t i v i t y  t o  
d i f f e r e n t  body s i z e s ,  f a i l u r e  t o  account f o r  d r i v e r s  out-of- 
pos i t i on ,  and inappropr ia te  bel t  angles. Moreover, he argued tha t  
t he  anchorage systems, necessary t o  ensure speedy release of the 
bel t  i n  t h e  event of a c o l l i s i o n ,  a l s o  enable some of these 
sys t ems  t o  be disconnected by  those  who f i n d  them uncomfortable 
(contrary t o  t h e  p r i n c i p l e  behind these devices) .  

In  view of t he i r  shortcomings it seems t h a t  automatic b e l t  
systems i n  t h e  present  stage of development have l i t t l e  
advantage f o r  t he  Aus t ra l ian  market.  

3 . 4  

T h e  Europeans were unanimous i n  support  of seat belts as the 
p r imary  occupant pro tec t ion  device f o r  f r o n t a l  c o l l i s i o n s  and 
ro l love r s .  A l l  of the  count r ies  v i s i t e d  have compulsory s e a t  
belt  wearing l a w s  i n  the  f r o n t  seat and Germany a l s o  has 
compulsory wearing i n  the rear as w e l l .  They r epor t  wearing rates 
s i m i l a r  t o  those  experienced i n  Aus t r a l i a .  They argued t h a t  it i s  
important t o  make the  be l t s  easy t o  use and comfortable t o  wear 
t o  maximise b e l t  usage i n  vehicles. 

The European Approach to  Occupant Restraint 
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While Daimler-Benz a r e  involved i n  t he  development of a i rbags  
and o f f e r  both a d r i v e r  and f r o n t  s e a t  passenger u n i t ,  they s t i l l  
claim t h a t  a i rbags  should only be secondary t o  properly f i t t e d  
s e a t  belts f o r  ensuring maximium occupant p ro tec t ion  from these  
crashes.  The o the r  two manufacturers a l s o  provide a i rbags  f o r  
the d r i v e r  pr imar i ly  t o  s a t i s f y  t he  American requirements f o r  
import. 

Aldman (1988) argued t h a t ,  i n  fact, t he  cur ren t  design a i rbag  
could be dangerous t o  out-of-posit ion f r o n t  s e a t  passengers. H e  
performed tests using p igs  a s  sub jec t s  loca ted  c lose  t o  an a i r  
bag a s  it was i n f l a t e d  and reported t h a t  a l l  sub jec t s  were 
k i l l e d .  T h e  cause of death, he argued, was either suf foca t ion  o r  
b ra in  damage from t h e  sudden i n f l a t i o n .  H e  f u r t h e r  claimed t h a t  
the dus t  and mater ia l  p a r t i c l e s  given o f f  t h e  bag during 
i n f l a t i o n  were a l s o  p o t e n t i a l l y  harmful. It  i s  t o o  e a r l y  y e t  t o  
see any evidence of t h i s  from a c t u a l  road crashes.  

A l l  t h e  Swedish and German cen t r e s  v i s i t e d ,  however, suggested 
t h a t  a smaller  a u x i l i a r y  a i rbag  i n  conjunction w i t h  s e a t  belts 
could be most u se fu l  as p ro tec t ion  from secondary c o l l i s i o n  
w i t h  t h e  s t e e r i n g  wheel. 

3.5 Seat B e l t  T e n s i o n e r s  

The t h r u s t  f o r  seat belt  improvements i n  Europe seems t o  be i n  
reducing t h e  slack i n  t he  belt’s r e s t r a i n t  i n  these c o l l i s i o n s .  
This slack comes from t h r e e  sources; feed-out from t h e  i n e r t i a  
reel before  it locks, webbing un ro l l i ng  from t h e  spool a s  t h e  
belt t i gh tens ,  and belt s t r e t c h .  The second i t e m  cu r ren t ly  
appears-to be receiving most a t t e n t i o n .  

Daimler-Benz i n  Germany have developed a bel t  tens ioner  t h a t  is 
a c t i v a t e d  automatical ly  by an e l e c t r o n i c  sensor f i t t ed  t o  t h e  
vehic le  and s i m i l a r  t o  t he  a i r  bag sensor.  T h e  be l t  tens ioner  
phys ica l ly  p u l l s  t he  belt back by an amount roughly equivalent  t 
t h e  s lack  i n  t h e  system thereby e l imina t ing  forward movement of 
t he  d r i v e r  and f r o n t  s e a t  passenger. The system i s  an explosive 
device t h a t  needs t o  be replaced a f t e r  use. 

BMW have a mechanical c a l i p e r  device f i t t e d  t o  their i n e r t i a  ree 
t h a t  operates  i n  conjunction with t h e  i n e r t i a  lock. A s  t he  bel t  
lock i s  applied, the caliper comes toge ther  and g r i p s  the b e l t  
s i m i l a r l y  t o  a disc brake operat ion.  T h i s  prevents  spool-out 
slack and has t h e  added advantage of not needing t o  be replaced 
each t i m e  t he  u n i t  is operated. I t  can be argued, however, t h a t  
it i s  d e s i r a b l e  f o r  bel t  systems t o  have t o  be replaced after a 
major c o l l i s i o n ,  although i n  p rac t i ce ,  there i s  no guarantee t h a t  
t h i s  w i l l  be done a s  a matter  of course. 

E lec t ro lux  i n  Sweden are one of t h e  largest manufacturers of s e a t  
belts i n  Sweden and Europe (Aldman 1988). They have a l s o  
developed a mechanical be l t - tens ioner  t h a t  i s  simply operated 
from a can t i l eve r  f i t t ed  i n  t h e  s e a t  t o  sense bodi ly  displacement 
(Electrolux 1988). I n  the event of t he  occupant being displaced 

by  forward movement after a c o l l i s i o n ,  the l eve r  app l i e s  pressure  
t o  t h e  belt system t o  p u l l  back on the belt  and r e s t o r e s  
equilibrium. 
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T h e  biggest problem w i t h  t h i s  system though seems t o  be t h a t  it 
is  r e t r o a c t  i v e  and responds only a f t e r  there has been forward 
movement by  applying reverse  fo rces  ( i .e. ,  it applies add i t iona l  
forces  t o  t he  occupant, r a t h e r  than reduce forward movement by 
e l imina t ing  belt  s l a c k ) .  

Volvo s t a t e d  t h a t  they are about t o  f i t  a belt  t ens ione r  t o  their  
vehicles ,  too,  b u t  no d e t a i l s  were available of t h i s  device. 

Autoliv have designed a D-ring mechanical clamp t h a t  a c t s  a s  a 
bel t  t ens ione r  i n  t h e  event of a c o l l i s i o n  (Mackay 1988).  This 
device i s  very simple incorporat ing 2 f i xed  and one moveable 
r o l l e r ,  s i m i l a r  t o  tha t  used f o r  ad jus t ing  f ixed  sa sh  belts. The 
b igges t  problem w i t h  t h i s  u n i t  would seem t o  be i t s  bulky s i z e  i n  
an a rea  c lose  t o  t h e  head. No information was a v a i l a b l e  on 
whether any c a r  manufacturers were f i t t i n g  these u n i t s  y e t .  

None of t h e  veh ic l e  manufacturers seemed t o  be concerned about 
belt  t ens ione r s  (or  pre tens ioners )  f o r  rear s e a t  belt  r e t r a c t a b l e  
u n i t s ,  presumably because of t h e  cos t  involved and t h e  low use  
of these belts. Given the  tendency f o r  r e a r  seat 
passengers t o  c o l l i d e  with t he  f r o n t  head r e s t r a i n t  (Mackay 
1 9 8 8 ) ,  t h e r e  may be grounds f o r  pursuing t h i s  requirement. 

3 .6  Seat B e l t  Anchorages and Webbing 

Mackay (1988) pointed out  t h e  need f o r  improved seat belt 
anchorage po in t s  i n  both f r o n t  and rear seating pos i t i ons .  H e  
maintained t h a t  cur ren t  downward angles f o r  t h e  l a p  belt sec t ion  
were i n s u f f i c i e n t  t o  maximise occupant support and t o  prevent 
submarining. H e  proposed t h a t  f r o n t  seat lower anchorage po in t s  
should be a t tached  t o  t h e  s e a t  r a t h e r  than the f l o o r ,  and t h a t  
t he  rear lower anchorage should be through t h e  seat i tself  r a t h e r  
than between t h e  s e a t  and back. 

BMW and Volvo o f f e r  a s e a t  design incorporat ing lower be l t  
anchorage po in t s  i n  f r o n t  seats and a more contoured and inc l ined  
seat squab i n  both the f r o n t  and rear seats which supposedly 
counters  submarining. Mercedes-Benz a l s o  f i t  similar s e a t  swabs 
t o  their s e a t s  but  s t i l l  a t t a c h  their belts t o  the f l o o r  i n  the 
f r o n t .  These manufacturers could o f f e r  no evidence however t h a t  
t h i s  design prevented submarining. 

None of the car manufacturers vis i ted o f f e r  rear s e a t  anchorage 
po in t s  throught the  s e a t  itself. BMW have reversed t h e i r  two 
outboard r e t r a c t a b l e  bel t  u n i t s  such t h a t  the spool i s  inboard 
and the  buckle assembly adjacent  t o  t h e  door. They maintain t h a t  
t h i s  layout  is  p re fe rab le  i n  t h a t  it allows a better b e l t  angle 
f o r  the lower belt support  and f a c i l i t a t e s  belt  wearing amongst 
ch i ld ren  by s implifying the ease of pos i t i on ing  and locking f o r  
parents  leaning i n  from the side doors. Mackay (1988), 
questioned t h e  s a f e t y  aspec ts  of t h i s  arrangement. 

Volvo, too,  have apparently experimented with a s i m i l a r  layout 
f o r  t h e i r  vehic les .  However, they chose not  t o  proceed with t h i s  
arrangement i n  t h e i r  subsequent production models. 
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There w a s  some concern expressed i n  Europe about the inadequacies 
of cen t r e  r e a r  belts t o  offer adequate p ro tec t ion  f o r  occupants. 
Apart from el iminat ing t h i s  s ea t ing  p o s i t i o n  a l toge ther ,  however, 
there were f e w  ideas  expressed about how t o  overcome t h i s  
problem. 

In t h e  U.S. there have a l s o  been a number of cases where l a p  
belted occupants ( i n  r e a r  seats) have received severe abdominal 
i n j u r i e s .  
k i l l e d  whi l e  t h e i r  unres t ra ined  parents  i n  the f r o n t  survived 
r e s u l t e d  i n  a c o s t l y  l a w  s u i t  being awarded aga ins t  Ford ( they 
sus ta ined  “Chance“ f r a c t u r e s  of the  lumbar s p i n e ) .  There is a 
need t o  examine t h e  types of i n j u r i e s  sus ta ined  by lap  b e l t  
wearers i n  Aus t ra l ia ,  t o  determine whether b e l t  angles  o r  webbing 
wid th  need t o  be changed. 

Several  people i n  t h e  U.S. a l s o  mentioned t h a t  t h e y  be l ieve  t h a t  
t he  sash por t ion  of three poin t  belts i s  causing mul t ip le  r i b  
f r a c t u r e s  and, i n  some cases, se r ious  i n j u r i e s  of t ho rac i c  organs 
as a consequence of belt use i n  f r o n t a l  c o l l i s i o n s .  The ex ten t  
of t h i s  needs t o  be inves t iga t ed  thoroughly t o  determine whether 
any changes i n  t he  upper t o r s o  r e s t r a i n t  o r  r e d i s t r i b u t i n g  some 
of the  fo rces  i n  se r ious  crashes by o ther  means (eg. knee 
b o l s t e r s )  are warranted. An i n f l a t e d  bel t  and/or webbing load 
limiters are o the r  poss ib le  so lu t ions  t o  t he  problem i f  it 
e x i s t s .  

The ex ten t  of abdominal i n j u r i e s  among three poin t  bel t  wearers 
should a l s o  be inves t iga ted  t o  determine whether changes i n  
downward angle of t h e  l a p  por t ion  are needed. Knee b o l s t e r s  
would a l s o  he lp  i n  tak ing  some of the load. 

One case, i n  which two chi ldren  i n  t he  r e a r  seat were 

3 . 1  Adjustable D-Ring Support 

Both the  German car makers v i s i t ed  were a l s o  concerned about belt  
pos i t i on  on the  shoulder of t h e i r  f r o n t  s e a t  occupants. They 
agree tha t  the  t o p  support  should be attached t o  t he  s e a t  rather 
than  the  B - p i l l a r  but  claim t h a t  t he  cos t  of providing a 
s u f f i c i e n t l y  s t rong  seat and support  would be prohib i t ive .  
However, they  both cu r ren t ly  o f f e r  an ad jus tab le  D-ring support  
u n i t  on t h e  B-pi l la r .  

BMW‘s u n i t  i s  an automatic device where the t o p  support  l i n k  
moves up and down as the seat pos i t i on  i s  moved longi tudina l ly .  
They c l a i m  t h i s  maximises shoulder Support away from the neck 
area and minimises the  space between the  be l t  and t h e  body, 
thereby improving s a f e t y  and wearer comfort. They acknowledge 
t h a t  there is not  pe r fec t  co r re l a t ion  between length  of legs and 
length  of t o r s o  but  claim t h a t  t he i r  u n i t  has been assessed 
s u i t a b l e  f o r  95 percent  of t h e  population. 

Daimler-Benz cu r ren t ly  have a manual adjustment of  the  t o p  l i n k  
where t h e  occupant sets the  pos i t i on  a f t e r  belt ing-up t o  s u i t  h i s  
o r  her  own requirements.  While t h i s  can provide more f l e x i b i l i t y  
than an automatic system, they acknowledge t h a t  it i s  less l i k e l y  
t o  be used and makes the  b e l t i n g  process more complicated. They 
are present ly  working on an automatic system t h a t  w i l l  a l low a 
greater range of adjustment than the i r  competitor’s u n i t .  
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Autoliv i n  Sweden (and Rover i n  the  U.K. )  a l s o  provide a manual 
upper  anchorage ad jus t ab le  system b u t  very f e w  d e t a i l s  were 
ava i l ab le  of t h i s  sys t em.  I t  does appear though t o  be similar t o  
t h a t  used by  Daimler-Benz (Autoliv 1988).  

3 . 8  Steering Wheels 

Head and chest i n j u r i e s  are st i l l  q u i t e  prevalent  i n  road crashes 
i n  Europe, even w i t h  90 percent  seat b e l t  wearing ra tes  and among 
bel t  wearers i n  the  U.S.  TRRL have developed a safer s t e e r i n g  
wheel t o  reduce the  incidence of head i n j u r i e s  i n  f r o n t a l  
c o l l i s i o n s  (TRRL 1987). The s t e e r i n g  wheel i s  heavily padded and 
i t s  4 spokes and r i m  reinforcement are posi t ioned as fa r  away as 
poss ib le  from the  d r ive r ' s  face. A production model of t h i s  u n i t  
has been developed f o r  t h e  Austin Metro vehic le  i n  the  U.K. 
There i s  considerable i n t e r e s t  i n  t h i s  development i n  the U.S. 

TRFU a r e  a l s o  i n  the process of developing a proposed impact tes t  
procedure f o r  s t e e r i n g  wheels involving a pendulum swing and 
honeycomb crush test arrangement (Neilson 1988).  The exact 
s p e c i f i c a t i o n s  f o r  t he  tes t ,  however, are not ye t  ava i lab le .  

Volvo was p a r t i c u l a r l y  c r i t i c a l  of t h e  TRRL u n i t  and t e s t i n g  
procedures.  Norin (1988) argued t h a t  the U.K. s t e e r i n g  wheel 
fa i led i n  two areas; first,  it was not  ab le  t o  r ea l ign  with body 
contact  i n  the event of a c o l l i s i o n ,  and second, the t e s t  
requirements were too  severe r e s u l t i n g  i n  a s t e e r i n g  wheel t h a t  
was not ab le  t o  withstand t h e  normal fo rces  experienced i n  every 
day vehicle use.  

Volvo subsequently designed their own padded s t e e r i n g  wheel which 
general ly  follows the  TRRL p r i n c i p l e s  but has a d i f f e r e n t  spoke 
layout and i s  marginally s t ronger  i n  t he  r i m  sec t ion  t o  overcome 
the  weaknesses t h e y  claim e x i s t  i n  t h e  English u n i t .  

In  addi t ion,  they are cu r ren t ly  working on a load sensing f ace  
f o r  t he  H y b r i d  I1 and I11 dummy which t h e y  argued i s  a more 
r ea l i s t i c  measure of facial  impact f o r  specifying s t e e r i n g  wheel 
impact s tandards (Nilsson and Planath 1987). 

Mercedes-Benz and BMW a l s o  o f f e r  a similar padded s t e e r i n g  wheel. 
The former, however, have used a r e l i eved  metal s t r u c t u r e  t o  
f u r t h e r  ensure t h a t  the  wheel d i s t o r t s  and causes minimum damage 
i f  co l l i ded  w i t h  (Lutze and Zeidler  1 9 8 6 ) .  

Mackay (1988) and Aldman (1988) both argued, however, t h a t  padded 
s t e e r i n g  wheels may not be the  best so lu t ion  t o  minimising head 
i n j u r i e s .  They proposed t h a t  i dea l ly ,  a smaller a i rbag  t o  t h a t  
cu r ren t ly  i n  use i n  pass ive  r e s t r a i n t  systems, could be used as a 
secondary r e s t r a i n t  device and would be a better means of 
cushioning the head movement from f r o n t a l  c o l l i s i o n s .  

The p a r t i c u l a r  advantage of a smaller u n i t  would be t o  reduce the  
rate of i n f l a t i o n  and hence the  fo rces  appl ied by the bag. 
However, Mackay and Aldman claimed t h a t  t he  cur ren t  passive 
r e s t r a i n t  a i rbag would s t i l l  be p re fe rab le  t o  a padded s t e e r i n g  
wheel. 

8 



Monash University Accident Research Centre 

Given the  l a rge  number of head i n j u r i e s  experienced i n  Aus t ra l ia ,  
a secondary airbag seems t o  be a so lu t ion  worth inves t iga t ing  i n  
t h i s  country, too .  

3 . 9  Steering Columns 

The car manufacturers v i s i t e d  a l l  o f fe red  some form of 
c o l l a p s i b l e  s t e e r i n g  column necessary t o  meet e x i s t i n g  s tandards.  
They maintained t h a t  there w a s  p r a c t i c a l l y  no evidence of any 
s t e e r i n g  column i n j u r i e s  from either the i r  crash t e s t i n g  o r  
accident inves t iga t ions .  

The  cur ren t  t r e n d  towards ad jus tab le  s t e e r i n g  columns and f ron t -  
wheel d r ives  necess i t a t e s  a knuckle j o i n t  i n  the s t e e r i n g  column 
near t h e  cabin f l o o r  which, i n  i t s e l f  acts  t o  prevent rearward 
movement of t h e  s t e e r i n g  column. However, as the  head, chest and 
abdomen s t i l l  seem t o  make contact  with t h e  s teer ing wheel i n  
many f r o n t a l  c o l l i s i o n s ,  i t ' s  hard t o  argue t h a t  the  s t e e r i n g  
column has not contr ibuted t o  occupant i n ju ry  i n  these crashes. 

General Motors are experimenting with a novel s t e e r i n g  wheel 
mounting arrangement, which is claimed t o  overcome alignment 
problems and hence assist i n  l i m i t i n g  abdominal and chest 
loadings.  

Mackay (1988) reported on a novel and i n t e r e s t i n g  design f o r  
s t e e r i n g  columns i n  Audi cars t h a t  a c t u a l l y  s h i f t s  t he  column 
forward i n  t h e  event of a f r o n t a l  c o l l i s i o n .  A cable around the 
back of t he  longi tudina l  motor p u l l s  the column towards the  f r o n t  
of t he  vehicle v i a  a s y s t e m  of pu l leys  i f  t he  engine moves 
towards t he  rear. This  system a l s o  attaches t o  t he  f r o n t  seat 
bel ts  and f u r t h e r  acts  as a be l t  tens ioner  i n  t h i s  s i t u a t i o n .  
There w a s  considerable scepticism expressed about t h i s  design by 
var ious persons i n  the  U.S.  

There was no evidence of any research cu r ren t ly  being undertaken i n  
Europe and the U . S .  on an a l t e r n a t i v e  s t e e r i n g  device t o  a wheel 
loca ted  i n  f r o n t  on t h e  driver ( ie,  a side o r  cen t r e  joy-st ick 
arrangement) . 

3.10 Head Impact Padding 

T h e  NHTSA i s  considering a s tandard which would require t h a t  
impacts by a headform on areas which could be h i t  by the head 
such a s  the header r a i l ,  A-pi l lar ,  and s ide  roof r a i l  do not 
exceed a spec i f i ed  H I C  ( o r  possibly 9 v a l u e ) .  I t  i s  not y e t  
clear whether the r i g i d  headform w i l l  be covered w i t h  a t h i n  
l a y e r  of s o f t  sk in- l ike  material. NHTSA be l ieve  t h e  requirement 
can be m e t  w i t h  about 1 inch of good q u a l i t y  padding, eg. 
urathane foam which w i l l  reduce H I C  by  50% i n  a 20 mph impact. 
The foam used was Diatherm 3 o r  Sorbathane w i t h  an approximate 
cos t  of $ 9 . 3 0  pe r  car and mass of 2 l b  (Digges 1 9 8 9 ) .  

T h e  a reas  t o  be padded w i l l  not necessar i ly  be within the normal 
contact  a rea  of a sea ted  occupant t o  allow f o r  i n t rus ion  
( s t r u c t u r a l  deformation) of a p i l l a r  and nearby roof s t ruc tu re .  

9 
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3.11 Knee Bolsters 

Most European manufacturers v i s i t e d  o f f e r  some form of knee 
support  f o r  t h e i r  occupants e i ther  i n  the  form of padded lower 
shelving o r  an opt iona l  padded bar. These u n i t s  were usua l ly  only 
f i t t e d  t o  c a r s  so ld  i n  t he  U . S .  because of the  lack of a European 
standard.  

Mackay (1988)  argued t h a t  knee b o l s t e r s  could have a p o s i t i v e  
benef i t  i n  preventing submarining and improving belt  r e s t r a i n t  
use. However, he suggested t h a t  people needed t o  be s i t t i n g  
upright  w i t h  their  feet on t h e  f l o o r  t o  gain t h e  f u l l  b e n e f i t  
from these devices. 

Aldman (1988)  i n  fact  claimed t h a t  knee bars could be a s a f e t y  
hazard a s  they  tend  t o  generate  knee i n j u r i e s .  H e  argued t h a t  
knee damage tended t o  be se r ious  (and c o s t l y )  i n j u r i e s  t o  repair 
and of ten  lead t o  long-term d i s a b i l i t y  o r  permanent damage. 

Given the lack of any r e a l  considerat ion f o r  f r o n t  seat 
passengers' knees i n  many Austral ian vehicles, a knee b o l s t e r  
support  would seem t o  be a major improvement over cur ren t  
p r a c t i c e s  i n  t h i s  country. 

4 .  SIDE IMPACT COLLISIONS 

Both the Americans and the Europeans are ve ry  concerned about t h e  
inadequacies of cur ren t  generation vehic les  t o  p ro tec t  occupants 
i n  s ide impact c o l l i s i o n s .  A number of the  organizat ions vis i ted 
are p resen t ly  working on developments aimed a t  improving occupant 
p ro tec t ion  i n  these  crashes; 

The  NHTSA has c i r c u l a t e d  a Notice of Proposed Rulemaking t o  
upgrade FMVSS 214 t o  include more extensive s i d e  impact 
requirements.  T h e  European Economic Community i n  Brussels  (EEC) 
have a l s o  formulated a d r a f t  proposal specifying s ide impact 
requirements f o r  vehicles. 

Attachment A compares t h e  EEC and NHTSA proposals f o r  s i d e  impact 
requirements.  There are seve ra l  i s sues  e spec ia l ly  re levant  here.  

4 . 1  Crash T e s t  Specifications 

The new dynamic side impact test proposed f o r  FMVSS 214 uses a 
30001b. moving deformable barrier, impacting t h e  s t a t i o n a r y  test  
car a t  33.5mph a t  an angle of 63deg t o  t he  longi tudina l  a x i s  of 
t he  test car (i.e. 27deg forward of t he  perpendicular t o  it, see 
Figure 1 ) .  T h i s  s imulates  a s t r i k i n g  c a r  ve loc i ty  of 30 mph and 
a s t ruck  ca r  ve loc i ty  of 15 mph. T h e  face of t he  moving b a r r i e r  
c o n s i s t s  of a f l a t  s l a b  of aluminium honeycomb w i t h  a smaller one 
represent ing  the bumper a t tached  t o  it (see Figure 2 ) .  I t  i s  
p a r a l l e l  t o  t h e  s i d e  of the tes t  car ( i .e.  63deg t o  t h e  d i r e c t i o n  
of motion of t h e  barrier) .  

1 0  
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I 

FIGURE 1 
t e s t ing  i n  the FMVSS 214 proposal (from NETSA, 1988) 

Crab test configuration proposed for s ide impact 
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FIGURE 2 
s ide impacts i n  the FMVSS 214 proposal (from NHTSA, 1988) 

NHTSA’s proposed vehicle configuration for  crab t e s t ing  
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The Europeans i n  general  are not s a t i s f i e d  w i t h  t h e  "crabbed 
configuration"-of t h e  impact test proposed f o r  FMVSS 2 1 4 .  They 
propose a s i m i l a r  impact test procedure but  with t h r e e  
fundamental d i f fe rences .  

F i r s t ,  t h e y  argue t h a t  a 90deg c o l l i s i o n  angle gives  e s s e n t i a l l y  
the  same r e s u l t s  t o  t h e  63deg angle proposed f o r  FMVSS and i s  
much more p r a c t i c a l  and easier t o  perform (Aldman e t  a1 1985).  

The European ca r  companies, however, were less s a t i s f i e d  with 
f u l l  sur face  perpendicular c rash  condi t ions as they  argued they 
were not what general ly  happens on t h e  road. They suggested t h a t  
if a 63deg impact was t o  become t h e  standard,  then t h e  vehic les  
should be t r a v e l l i n g  i n  those  d i r ec t ions  a t  t h e  time of c o l l i s i o n  
t o  enable them t o  r icochet  a s  they claim they do i n  t y p i c a l  on- 
road crash  s i t u a t i o n s  (Kallina 1988;  Harbel 1988).  

Second, t h e  mass of the  movable b a r r i e r  should be 950kg (20901b) 
t o  represent  t h e  lower average mass of European cars. 

Third, TRRL claimed t h a t  t h e  deformable aluminium honeycomb face 
on t h e  face  of t h e  impact vehic le  i n  t h e  NHTSA proposal was too  
s t i f f  and too  wide (Lowne 1988).  The ECE proposal includes a 
smaller and s o f t e r  c o l l a p s i b l e  impact sur face  using a much deeper 
polystyrene s t r u c t u r e .  Hobbs e t  a1  (1987)  argued t h a t  t h i s  design 
w i l l  more accurately s imula te  vehic le  damage from s i d e  impact 
c o l l i s i o n s .  A s o f t e r ,  more deformable impact sur face  has a l s o  
been used by o ther  European inves t iga to r s  (Aldman e t  a1 1985). 

The draf t  proposed s tandard f o r  crash t e s t i n g  i n  Europe i s  being 
prepared by the  TRRL f o r  t h e  European Experimental Vehicles 
Committee (EEVC) t o  debate p r i o r  t o  a f u l l  p resenta t ion  a t  a 
f u t u r e  ECE Working Party 29-meeting. I t  would seem t h a t  t h e r e  i s  
s t i l l  much t o  do before  an ECE d r a f t  s tandard would be available. 

4 . 2  Side Impact Dummy and Injury Criteria 

The  s i d e  impact dummy (SID)  which has  been proposed f o r  FMVSS 214 
is  described by  NHTSA as having been developed from extensive 
laboratory and in-vehicle s i d e  impact tests involving cadavers 
and prototype dummies. I t  i s  based on t h e  P a r t  572 dummy 
spec i f i ed  i n  FMVSS 208 f o r  f r o n t a l  c rash  tes t s  but with a 
modified thorax and knees. This includes accelerometers f o r  
ribs, sp ine  and pelvis, a shock absorber between t h e  r i b  and t h e  
sp ine  and a rubber hinge where t h e  ribs a t t a c h  t o  t h e  spine.  The 
SID has urethane foam "stump areas" b u t  no a r t i c u l a t i n g  arms o r  
shoulders (NHTSA 1988). 

The NHTSA considers t h a t  t h e  b i o f i d e l i t y  of t h e  SID i s  exce l len t ,  
but t h i s  view i s  not shared by sec t ions  of the  U.S.  motor 
indus t ry  nor i n  Europe. 

T h e  EEVC committee have formed an AD-Hoc Group t o  develop an 
a l t e r n a t i v e  s i d e  impact dummy t o  SID.  They be l ieve  t h a t  t h e  
American model i s  inadequate i n  simulating s i d e  impact i n j u r i e s  
(Aldman 1983).  
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They have undertaken a j o i n t  venture involving TRRL and a number 
of o ther  European agencies t o  develop an a l t e r n a t i v e  t es t  dummy 
Eurosid (Lowne and Neilson, 1 9 8 7 ) .  Eurosid aims t o  provide a 
response i n  a c o l l i s i o n  much c l o s e r  t o  human response than S I D .  

A f i n a l  vers ion of t h i s  dumy i s  cu r ren t ly  under test a t  var ious 
loca t ions  throughout Europe and it is  expected t o  be opera t iona l  
within 12 months o r  sooner (Neilson 1 9 8 8 ) .  It is  understood t h a t  
the U . S .  motor indus t ry  i s  i n t e r e s t e d  i n  Eurosid's performance as 
they  consider  t h e r e  a r e  aspects of S I D  t h a t  do not perform w e l l .  

T h e  NHTSA has ind ica ted  i n  i t s  Notice of Proposed Rulemaking 
(Federal  Register January 27, 1988) t h a t  i f  t h e  Eurosid i s  found 
t o  equal o r  exceed the U.S .  SID i n  i t s  c a p a b i l i t y  f o r  measuring 
occupant s i d e  impact responses, it w i l l  consider  adopting the  
Eurosid i n  i t s  side impact rulemaking. T h i s  argues w e l l  f o r  
i n t e r n a t i o n a l  s tandard isa t ion .  

Moreover, Volvo are cu r ren t ly  developing an a l t e r n a t i v e  f ace  
sec t ion  f o r  Hybrid I1 and I11 t h a t  is capable of measuring f a c i a l  
impact and penet ra t ion  fo rces  f o r  face i n j u r i e s  (Nilsson and 
Planath 1 9 8 7 ) .  While t h i s  e x t r a  f e a t u r e  is more f o r  use i n  
f r o n t a l  c o l l i s i o n s ,  they claim it could a l s o  be re levant  f o r  side 
impact c rash  measurement and Eurosid. 

The proposed i n j u r y  c r i t e r i a  a r e  t h e  p e l v i c  l a t e r a l  acce le ra t ion  
and the  Thoracic Trauma Index der ived from upper rib, lower r i b  
and lower sp ine  acce le ra t ions .  

General Motors and o thers  have argued t h e  t h e  Viscous In jury  
C r i t e r i o n  (V*C) which u t i l i s e s  a product of t he  l a t e r a l  ches t  
ve loc i ty  and compression is a more appropriate  i n j u r y  c r i t e r i o n .  
The NHTSA consider t h e r e  is  no evidence f o r  t h i s  a t  t h i s  s tage.  

There a r e  fundamental differences between t h e s e  two approaches t o  
i n j u r y  cr i ter ia  and it w i l l  be necessary f o r  t hese  t o  be resolved. 

4 . 3  Side Door Structure and Padding 

A l l  of those  interviewed agreed t h a t  t h e  major problem f o r  side 
impact c o l l i s i o n s  i s  t h e  lack of space between the  impacting 
veh ic l e  and the occupant of the impacted vehic le  (there is  much 
less distance a v a i l a b l e  f o r  providing crumple zones than t h e r e  i s  
f o r  both f r o n t  and r e a r  c o l l i s i o n s ) .  Thus, countermeasures need 
t o  emphasise more r ig id  door s t r u c t u r e s  and increased padding i n  
t he  doors t o  minimise in ju ry .  

What form t h e  increase i n  door r i g i d i t y  should take seemed t o  be 
a vexed question. The guard r a i l s  cu r ren t ly  f i t t ed  t o  f r o n t  doors 
t o  s a t i s f y  FMVSS 214 w a s  considered t o  be far  from optimum by 
European c a r  makers and o thers .  They provide them along w i t h  test 
r e s u l t s  but  they be l i eve  t h e  so lu t ion  t o  improved door s t r u c t u r e s  
l i es  i n  s t ronger  door sec t ions  (the t o t a l  s t r u c t u r e  has t o  
withstand the forces)  and improved padding between the door and 
the f r o n t  s e a t  occupant. 

The t h r e e  European car manufacturers were cu r ren t ly  looking a t  
how t o  improve padding i n  t h e i r  f r o n t  doors. Daimler-Benz have a 
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combination of foam padding and c o l l a p s i b l e  p l a s t i c  cup sec t ions  
i n  t he  upholstery and arm rest  door panels.  BMW and Volvo a r e  
cu r ren t ly  looking a t  ways of increas ing  e x i s t i n g  padding although 
t h e  l a t t e r  be l i eve  tha t  padding needs t o  involve sec t ions  made up 
of d i f f e r e n t  densities of padding material. 

4 . 4  

There i s  general  recogni t ion i n  England, Sweden and Germany t h a t  
a p a r t i a l  so lu t ion  t o  i n j u r y  reduction from side impact 
c o l l i s i o n s  was i n  bumper bar s t r u c t u r e  (and subsequent door and 
si l l  panel re inforc ing)  and i ts  height from the ground (Aldman 
1983, 1988; Kal l ina 1988; Harbel 1988). 

Aldman (1988) argued t h a t  t h e  most e f f e c t i v e  means of providing 
space between the impacting vehic le  and t h e  impacted occupant was 
t o  introduce e a r l y  acce le ra t ion  of t he  impacted vehic le  (i.e.,  t o  
push t h e  side impact vehic le  away from t h e  f r o n t  impact 
vehic le .  H e  thought t h a t  a lower bumper height  w i t h  adequate 
s t r u c t u r a l  support i n  the si l l  and lower door a reas  of t he  
impacted vehic le  would be an effective countermeasure here .  

H e  claimed t h a t  any increased tendency f o r  the impacted occupant 
t o  be propel led  out of t he  side window would be con t ro l l ed  f o r  by 
t h e  s e a t  b e l t  and reduced by t h e  r o l l  of t h e  vehicle .  

Bo th  Daimler-Benz and BMW are a c t i v e l y  involved i n  looking a t  
ways of s t rengthening t h e  lower s i l l  panel and t h e  lower regions 
of the doors (mainly i n  the f r o n t  compartment). They maintain 
t h a t  t h i s  involves making the A and B column s t ronger  too, 
e s p e c i a l l y  i n  t he  low t o  m i d  range of t h e  columns. 

Bumper Bar Structure and Heiqht 

4 . 5  Side Door Airbaqs 

One apparent so lu t ion  t o  side impacts might be t o  f i t  a i rbags  t o  
side doors t o  provide increased occupant p ro tec t ion  and some 
development work is  being done i n  the U . S .  This countermeasure 
was dismissed by t h e  c a r  manufacturers because they argued t h a t  
t h e  impacting vehic le  would have reached t h e  occupant before  t h e  
a i rbag  had t i m e  t o  i n f l a t e .  

Aldman (1988) and NHTSA (Digges 1989), however, argued t h a t  it 
would be poss ib l e  t o  develop sensors  i n  t h e  doors (e.g., dopler 
radar  devices) t o  provide s u f f i c i e n t  t i m e  t o  allow the bag t o  
i n f l a t e  before  t h e  c o l l i s i o n .  These sensors  however would need t o  
be f a i r l y  complicated devices t o  prevent false f i r i n g s  and hence 
may be an expensive so lu t ion .  

It is  understood t h a t  t e s t i n g  is cur ren t  proceeding i n  t he  US 
under the auspices  of the NHTSA t o  develop a side a i rbag  f o r  
cars. I n i t i a l  t e s t i n g  is  promising (Digges, 1989). 
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5 . OTHER COLLISIONS 

The design of head r e s t r a i n t s  t o  prevent whiplash and measures t c  
minimise t ruck  under-run r e s u l t i n g  from other  types  of 
c o l l i s i o n s ,  are i s sues  t o  which a t t e n t i o n  i s  cu r ren t ly  directed 
i n  Europe. 

5 . 1  R e a d  R e s t r a i n t s  

C a r  manufacturers and research organisat ions v i s i t e d  are 
perplexed about how t o  reduce whiplash i n j u r i e s .  The biggest  
problem t h e y  claim is the  complete lack of knowledge about t h e  
in ju ry  mechanisms and causes.  

Aldman (1988) hypothesises t h a t  whiplash i s  the  r e s u l t  O f  i n ju ry  
t o  t he  s p i n a l  canal  and nerve t i s s u e s  caused by  the  abnormal 
acce lera t ions  and fo rces  on the  neck during a crash. The lack of 
any previous observations of damage i n  these regions,  he claimed, 
i s  p a r t i a l l y  the  r e s u l t  of no t  having s u i t a b l e  and s u f f i c i e n t l y  
s e n s i t i v e  d iagnos t ic  equipment. 

H e  noted there were two medical s tudies  cu r ren t ly  underway i n  
Sweden. The most comprehensive of these i s  a long-term detailed 
examination and treatment programme underway i n  the North of 
Sweden involving t h e  Folksam Insurance group. P a t i e n t s  su f fe r ing  
from whiplash are being thoroughly examined by both medical and 
psychological o f f i c e r s  using the  most s e n s i t i v e  equipment 
available. They are subsequently assigned t o  d i f f e r e n t  t reatments  
t o  assess p o t e n t i a l  b e n e f i t s  and i n j u r y  causat ion.  

In  add i . i on ,  t h e r e  i s  a doc tora l  p ro j ec t  j u s t  commenced a t  
Chalmers University involving both engineering and medical 
examination of s p i n a l  i n j u r i e s  and v e r t e b r a l  fo rce  transmission. 
Unfortunately,  t h e  r e s u l t s  of these s t u d i e s  a r e  not expected f o r  
two o r  t h r e e  years  y e t .  

Aldman (1988) claimed tha t  t he  most promising countermeasure f o r  
whiplash from rear c o l l i s i o n  seems t o  l i e  i n  providing c lose  
contact  between the head and t h e  r e s t r a i n t  (a be t te r  designed 
head and seat u n i t )  and matching the amount of cushioning between 
the  head and shoulder supports.  I n  t h i s  respect, a s i n g l e  seat 
and head r e s t r a i n t  u n i t  would be preferred, e spec ia l ly  one t h a t  
could a l s o  be ad jus ted  t o  s u i t  d i f f e r e n t  s ea t ing  heights .  

The r e s u l t s  of a l imi t ed  whiplash study a t  Monash University 
genera l ly  support  such an approach. 

The vehic le  manufacturers v i s i t e d  seemed t o  o f f e r  good f i t t i n g  
head r e s t r a i n t s ,  al though some were separate t o  t h e  seat and w i t h  
d i f f e r e n t  cushion d e n s i t i e s  between the seat and r e s t r a i n t .  BMW 
a c t u a l l y  o f f e red  a motorised adjustment of t h e  head res t ra in t .  
In t e re s t ing ly ,  none of t hese  makers supported the hollow head 
r e s t r a i n t  concept prevalent  i n  Aus t ra l ia ;  w h i l e  Volvo cars i n  
Aus t r a l i a  a r e  s o l d  w i t h  hollow r e s t r a i n t s ,  t h e y  have a cushion 
a t tached  t o  the u n i t  i n  Sweden as s tandard equipment. 
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Unfortunately,  there were very f e w  suggestions of s u i t a b l e  
countermeasures f o r  whiplash from f r o n t a l  c o l l i s i o n s .  There w a s  a 
general  acceptance t h a t  seat bel t  use may promote whiplash i n  
these c o l l i s i o n s .  The only poss ib le  candidate might be i n  the 
general  use of s t e e r i n g  wheel a i rbags  as a secondary r e s t r a i n t  
u n i t .  Mackay (1988) argued t h a t  t h e  acce le ra t ions  on the  neck 
were greatest as t h e  bel t  tensioned and the  head continued t o  
acce le ra t e  and t h a t  these movements may be el iminated w i t h  the  
addi t ion  of a s t e e r i n g  wheel a i rbag.  

5 . 2  Side and Front Under-run 

T h e  TRRL have been looking a t  the  problem of t ruck  under-run f o r  
both s i d e  and f r o n t  c o l l i s i o n s .  Neilson (1988)  argued t h a t  s i d e  
under-run w a s  p a r t i c u l a r l y  a problem f o r  bicycles and pedes t r ians  
while  f r o n t  under-run was especially dangerous f o r  cars involved 
i n  head-on c o l l i s i o n s  w i t h  t rucks .  

The s i d e  under-run problem has already been w e l l  discussed a t  the 
European Experimental Vehicles  Committee (EEVC) and there is 
cu r ren t ly  a proposal tabled t o  f i t  side under-run guards t o  
t rucks ,  s imilar  t o  those f i t t e d  t o  t he  rear. T h i s  proposal is  
apparently c lose  t o  being submitted t o  Working P a r t y  29  f o r  ECE 
formulation. I t  w a s  not poss ib le  t o  obta in  a copy of t h i s  
proposal.  

TRRL i s  now cu r ren t ly  developing a similar device f o r  t h e  f r o n t  
of t rucks l  comprising a 300mm f r o n t  guard and an energy absorbing 
s t r u c t u r a l  support  ( R i l e y ,  Farwell  and Burgess 1987; TRRL 1987). 
I t  i s  argued t h a t  t h i s  w i l l  increase  t h e  maximium survivable  
c los ing  speed f o r  ca r  occupants by reducing cabin in t rus ions  of 
t h e  t ruck  r i d i n g  over the ca r  engine and bonnet. Crash t e s t i n g  
suggests t h a t  t h i s  should p ro tec t  b e l t e d  f r o n t  seat occupants 
from f a t a l  o r  s e r ious  i n j u r i e s  a t  c los ing  speeds up t o  65km/h. 

T h e  vehicle indus t ry  argue t h a t  it i s  impossible t o  f i t  lower 
guards t o  a l l  t r u c k s  because they  t r a v e l  over rough t e r r a i n .  
Given the  t r e n d  towards t ruck  cabins over t h e  f r o n t  wheels with 
very l i t t l e  f r o n t  overhang, it is  d i f f i c u l t  t o  s u s t a i n  t h i s  
argument (Mackay 1988). 

6 .  OTHER SAFETY RELATED ISSUES 

A number of o ther  i s s u e s  r e l a t e d  t o  vehicle occupant pro tec t ion  
w e r e  a l s o  i d e n t i f i e d  and discussed during these v i s i t s  and these 
are descr ibed f u r t h e r .  

6 . 1  NCAP 35MPH T e s t s  

Since 1 9 7 9  t h e  NHTSA has conducted 35 mph b a r r i e r  crash tests 
of var ious vehicle makes and models under t h e  N e w  C a r  Assessment 
Program ( N C A P ) .  T h e  tests a r e  designed t o  ind ica te ,  f o r  vehicles 
within the  same s i z e  c l a s s l  the  r e l a t i v e  levels of occupant 
pro tec t ion .  Data s i m i l a r  t o  t h a t  measured i n  t he  30 mph. f r o n t a l  
barr ier  crash tes t  specified i n  FMVSS 208 a r e  published f o r  
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dummies i n  t h e  driver 's  and outboard f r o n t  passenger 's  s ea t ing  
pos i t i on .  

The  Europeans were concerned about these NCAP 35mph barrier tests 
and t h e  effect  they  w e r e  having on t h e i r  vehicle  design. They 
maintained t h a t  s ince  most European manufacturers a i m  t o  s e l l  
t he i r  vehicles i n  t h e  U . S . ,  35mph had become the  defacto s tandard 
f o r  vehicle design (most manufacturers want t h e i r  vehic les  t o  
perform w e l l  i n  an NCAP t es t ) .  

Thus, they argued t h e  add i t iona l  s t i f f e n i n g  required i n  t h e i r  
vehic les  t o  meet t h i s  "standard" was l i k e l y  t o  have a detrimental 
e f f e c t  f o r  occupants involved i n  c o l l i s i o n s  a t  slower speeds (a 
s i t u a t i o n  they claimed t o  be more common). Moreover, they  
maintained t h a t  a f u l l  front-on barrier t e s t  w a s  not t y p i c a l  of 
most accident s i t u a t i o n s  and the  s t r u c t u r e  necessary t o  withstand 
these impacts w a s  q u i t e  inappropr ia te  f o r  p a r t i a l  head-on and 
angular c o l l i s i o n s .  

They were, however, unable t o  table  any evidence t o  support  t hese  
claims. In  fact ,  Digges (1989)  considers  t h a t  i n  p r a c t i c e  t h e  
types of design changes which manufacturers have made t o  improve 
t h e i r  performance i n  t h e  35 mph NCAP tests have general ly  
a l s o  improved occupant p ro tec t ion  i n  lower speed c o l l i s i o n s .  

6 . 2  Mass Accident D a t a  

The National Accident Sampling System (NASS) contains  a 
s t ruc tu red  sample of a l l  police-reported crashes i n  t h e  U.S. 
Some 10-11 ,000  crashes are inves t iga t ed  each year by teams 
s t a t ioned  i n  t h e  sampling areas and added t o  t h e  system. For 
each crash, the accident  scene is inspected and photographed, t h e  
vehic le  i s  inspected and photographed, s t r u c t u r a l  deformation is 
measured and the ve loc i ty  change ca l cu la t ed  where poss ib le .  In  
addi t ion ,  drivers (or  o the r  persons) are interviewed about crash 
circumstances and consequences, medical autopsy and po l i ce  
r e p o r t s  are obtained. 

T h e  data base contains  information about alcohol,  s e a t  bel t  use, 
de ta i l s  of i n j u r i e s  (AIS)  and occupant contact  po in t s  i n  t he  
vehic le  etc. A copy of t he  1986 r epor t  of NASS and the  forms 
used has been obtained (NASS 1986) and access f o r  t h e  purpose of 
research can be obtained. 

The  sys t em i s  a ve ry  powerful data base f o r  quant i fying the 
accident  and i n j u r y  s i t u a t i o n ,  s e t t i n g  p r i o r i t i e s ,  measuring 
e f f ec t iveness  of countermeasures and iden t i fy ing  scope f o r  
f u r t h e r  s a f e t y  i n i t i a t e s .  

It  differs  from the Austral ian mass data s y s t e m s  i n  having 
detailed information on the  vehicle deformation, impact po in t s  
and i n j u r y  outcomes. 

The Fatal  Accident Reporting System (FARS) contains  information 
on a l l  f a t a l  motor vehic le  crashes. The information is suppl ied 
under cont rac t  by t h e  States from pol ice ,  hospi ta l ,  coroner 's  and 
emergency medical service repor t s ,  toge ther  w i t h  data ex t r ac t ed  
from vehicle r e g i s t r a t i o n ,  driver l icence,  highway department 
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records and death c e r t i f i c a t e s .  It i s  similar t o  t h e  Aus t ra l ian  
mass da ta  sys t ems  f o r  f a t a l  crashes,  except t h a t  it has more 
d e t a i l e d  information on a f e w  items such a s  response t i m e s  of 
emergency medical se rv ices ,  t i m e  between crash  and death and 
previous accident  and offence records of t h e  d r i v e r s  involved. 
Access t o  t h i s  da ta  base i s  a l s o  ava i l ab le  f o r  research purposes. 
A copy of t he  1 9 8 6  repor t  of FARS was obtained (FARS 1 9 8 8 ) .  

6 . 3  Accident Analysis 

Most of t h e  research cent res  v i s i t e d  and a l l  of t he  c a r  
manufacturers, i n  p a r t i c u l a r ,  argued t h a t  t h e  only e f f e c t i v e  way 
of determining t h e  r e l a t ionsh ips  between vehic le  design and 
occupant i n j u r i e s  from crashes  i s  t o  conduct a f u l l  ana lys i s  of a 
range and number of vehic le  crashes,  comprising s i te  visits, 
vehic le  inspec t ions  of a l l  vehic les  involved ( a s  soon a s  poss ib le  
a f t e r  the c r a s h ) ,  ana lys i s  of the vehic le  damage and d i s t o r t i o n s  
( inc luding  computation of t h e  ve loc i ty  change involved [dVl o r  
i t s  equiva len t ) ,  and a f u l l  medical ana lys i s  of a l l  t he  vehic le  
occupants' i n  j u r i e s .  

Each of t h e  manufacturers conduct t hese  tests rout ine ly  f o r  the i r  
own vehic les ,  e i t h e r  a t  t h e  c rash  s i t e  o r  within 1 or  2 days 
a f t e r  t h e  c rash  and were wi l l i ng  t o  supply copies of procedures 
and techniques they employ (c . f . ,  Norin, Nilsson-Ehle and 
Gustafsson 1982; Zeidler ,  Schre ie r  and Stadelmann, 1 9 8 5 ) .  They 
have developed a s u b s t a n t i a l  da ta  base of r e a l  world c rash  
outcomes f o r  t he i r  vehic les  over t h e  l a s t  1 0  t o  15 years  which 
t h e y  use  i n  improving the  safe ty  f ea tu res  of t h e i r  cars .  

6 . 4  Measuring Accident Severity 

T h e  measurement of accident  s eve r i ty  i s  s t i l l  very much debated 
by those  involved i n  assess ing  vehic le  and occupant damage. The 
range of measures employed by t h e  var ious Centres v i s i t e d  a r e  
shown i n  Table 1. There a r e  two d i f f e r e n t  aspec ts  of accident  
s eve r i ty  t h a t  need t o  be addressed. 

6 . 4 . 1  T h e  Di f fe ren t  Measu res EmDlOVeCj 

By f a r  t he  most popular measure used i n  c rash  ana lys i s  is the  
change i n  vehic le  ve loc i ty  a s  a r e s u l t  of t h e  c o l l i s i o n ,  normally 
expressed a s  dV. T h i s  measurement is  est imated f o r  the crashed 
vehic le ,  t ak ing  account of t h e  zone and amount of deformation 
sus ta ined ,  and damage n f  any o ther  vehic les  involved. 

T h e  use of dV f o r  assess ing  accident  s eve r i ty ,  however, is  not 
without c r i t i c i s m .  While it i s  poss ib le  t o  spec i fy  objec t ive ly  
deformation p r o f i l e s  from known crash tests, it i s  almost 
impossible t o  include a l l  poss ib le  crash conf igura t ions  and 
vehic le  combinations. Thus, es t imat ing  dV can be subject t o  
considerable  e r r o r  i n  some cases .  

T h i s  was highlighted recent ly  a t  Volvo i n  Sweden when a number of 
experienced crash  inves t iga to r s  were asked t o  es t imate  d V  f o r  a 
p a r t i c u l a r  angular tes t  c rash  s i t u a t i o n .  Norin (1988)  noted t h a t  
t h e r e  were enormous d i f fe rences  i n  dV repor ted  between the 
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TABLE 1 
RANGE OF VEHICLE CRASH SEVERITY MEASURES 

EMPLOYED BY OVERSEAS RESEARCE CENTRES 

Centre Sever i ty  Measures 

1. TRRL - United Kingdom . change i n  ve loc i ty  (dV) . peak ve loc i ty  ( m / s )  . peak acce le ra t ion  (g) 

2.  Volvo - Sweden 

3. Chalmers I n s t i t u t e  

4 .  VTI  - Sweden 

5. Folksam Insurance 

5. Daimler-Benz - FRG 

6 .  BMW - FRG 

. CDC system of ana lys i s  
(dV est imate  of crash)  

. change i n  ve loc i ty  (dV) 
(not a good measure though) . forward displacement better 

. change i n  ve loc i ty  (dV) 
(not absolu te ly  su re )  

. peak forward fo rces  
(child s e a t s  only) . not con t ro l l ed  f o r  otherwise 

. A c c i d .  Reconst. Meth. (ARM) . Energy Equiv. Speed (EES) 
(equivalent t o  EBS) 

. Energy Equiv. Speed (EES) 
(dv problem f o r  side crashes)  

7. NHTSA - US (NASS) . dV using the CRASH 3 program 
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exper t s  (more than a 1 0  f o l d  d i f fe rence  a t  the extremes).  On the  
o ther  hand, Digges (1989) stated t h a t  those  w i t h  considerable 
experience w i t h  t h e  technique obtained much be t te r  accuracy. 
T h i s  view i s  supported by Mackay ( 1 9 8 8 ) .  

A s  a r e s u l t  of t h e  l i t i g a t i o n  s i t u a t i o n  i n  the U.S., it appears 
t h a t  independent i nves t iga to r s  are keen t o  support  the usefulness  
of t he  dV ca l cu la t ion  while, i n  general ,  vehic le  manufacturers 
a r e  l i k e l y  t o  gain from c a s t i n g  doubts on i ts  accuracy. 

T h e  German manufacturers use the NATO format of accident ana lys i s  
involving t h e  computation of the Energy Equivalent Speed (EES) 
f o r  determining s e v e r i t y  (Zeider, Schreier and Stadelman 1985).  

T h i s  measure i s  a v a r i a t i o n  of the  equivalent  barrier speed used 
i n  crash t e s t i n g  which they  claim i s  easier t o  es t imate  than dV. 
Unfortunately,  though, it a l s o  relies on "expert  experience" i n  
i n t e r p r e t i n g  the  r e s u l t s  and, thus,  i s  subjec t  t o  the same 
cr i t ic ism a s  dV. 

In  any event,  it i s  important t h a t  some measure of accident 
s e v e r i t y  be attempted when comparing t h e  effects of crashed 
vehic les  t o  con t ro l  f o r  impact effects. In  t h i s  respect ,  dV is  
probably the  most usefu l  measure available a t  t h i s  time. 
software and i n s t r u c t i o n  manual f o r  computing dV using the  CRASH 
3 program was obtained from t h e  NHTSA. 

The 

6 . 4 . 2  Accident & In iurv  S e v e r i t v  

Mackay (1988) argued tha t  accident  severi ty  i s  not always a good 
ind ica to r  of i n j u r y  seve r i ty .  In  some s i t u a t i o n s ,  unres t ra ined  
occupants s u s t a i n  ser ious  i n j u r i e s  from re la t ive ly  minor 
c o l l i s i o n s ;  conversly,  r e s t r a i n e d  occupants of ten  escape w i t h  
only minor i n j u r i e s  from major c o l l i s i o n s  involving s u b s t a n t i a l  
vehicle damage. 

Tingvall  (1988) suggested t h a t  t he  r e l a t ionsh ip  between accident 
and i n j u r y  s e v e r i t y  i s  a s  shown i n  Figure 3 .  

For d V  t o  be a se r ious  measure of accident sever i ty ,  he argued, 
variance can only be apparent i n  t h e  level of i n ju ry  f o r  a given 
l e v e l  of crash severity.  However, he claimed t h a t  p lus  and minus 
20 percent  var iance is  a l s o  not  unusual f o r  d V  f o r  a given l e v e l  
of i n ju ry  seve r i ty .  

6 . 5  Measuring Injury Severity 

The measurement of i n ju ry  severity,  too,  is a l s o  a contentious 
i s s u e  i n  t h i s  area. Most of t he  organisa t ions  v i s i t e d  assess the 
ex ten t  of occupant i n j u r i e s  i n  terms of AIS scores  which they 
code from h o s p i t a l  and medical records.  There were four  problems 
i d e n t i f i e d  w i t h  t h i s  procedure during discussions.  

F i r s t l y ,  t h e r e  i s  the  question of accuracy of the data. Coding 
A I S  from h o s p i t a l  and medical records r equ i r e s  s k i l l  and 
experience i n  using medical information t o  ass ign  A I S .  This i s  a 
p a r t i c u l a r  problem f o r  head i n j u r i e s  apparently requi r ing  
comprehensive medical records which are not always ava i lab le .  
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FIGURE 3 Theoretical relationship between accident & injury 
severity (Tingvall, 1988) 
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Secondly, i s  the inadequacy of A I S  t o  d i s t ingu i sh  between 
s e v e r i t y  and d i s a b i l i t y .  While an A I S  2 i n ju ry  t o  an occupant’s 
knee i s  a r e l a t i v e l y  minor in jury ,  it is, nevertheless ,  
p a r t i c u l a r l y  c r ipp l ing  and requires considerable treatment and 
recovery. What i s  required, therefore ,  i s  a d i s a b i l i t y  o r  
impairment component i n  conjunction with A I S  t o  explain in ju ry  
s e v e r i t y  f u l l y .  

Thirdly,  A I S  coding only t akes  account of t h e  most s e r ious  i n j u r y  
i n  a p a r t i c u l a r  body region and overlooks a l l  o thers .  T h i s  means 
t h a t  there are many occupant i n j u r i e s  from vehic le  components 
t h a t  are ignored i n  t h e  f i n a l  ana lys i s .  

F ina l ly ,  A I S  coding does not take i n t o  account t h e  physiological  
condition o f  t h e  p a t i e n t .  Hence it i s  argued by those  involved 
i n  trauma management i n  the U.S.  t h a t  i f  p robab i l i t y  of su rv iva l  
i s  t o  be estimated, the Trauma Score must be taken i n t o  account 
as well as the A I S  (Boyd, Tolson and Copes 1 9 8 7 ) .  

A s  Chairman of the In t e rna t iona l  Research Committee on t h e  
Biokinet ics  of Impacts ( IRCOBI) ,  Aldman (1988) argued t h a t  there 
i s  t o o  much emphasis on the  th rea t  t o  l i f e  i n  vehicle occupant 
s a f e t y  and t h a t  there i s  a need t o  be more concerned w i t h  
occupant d i s a b i l i t y ,  especially long t e r m .  

6 . 6  Modelling and Crash Testing 

There is s u b s t a n t i a l  interest i n  t h e  use of computer modelling 
f o r  crash a n a l y s i s  i n s t ead  of conducting crash tests using 
dummies. A number of aspec ts  of t h i s  i s sue  are p e r t i n e n t  here. 

Once t h e  human in ju ry  to l e rance  cr i ter ia  are agreed, t he  debate 
over which dummy i s  the  most appropriate  f o r  which tes t  would 
disappear w i t h  computer models. Programmes could be wr i t t en  
incorporat ing a range of measures of i n ju ry  f o r  d i f f e r e n t  body 
areas and d i r e c t i o n s  of applied forces .  T h i s  would be a p o s i t i v e  
move towards refocussing the  e f f o r t s  of i n t e r n a t i o n a l  researchers  
and pol icy  makers on occupant p ro tec t ion  improvements. 

In  addi t ion,  there should be considerable savings f o r  t h e  
community i f  modelling could replace crash t e s t i n g .  V a s t  
resources a r e  cu r ren t ly  spent by research organisa t ions  and car 
manufacturers on crash t e s t i n g  t o  improve sa fe ty .  A s i g n i f i c a n t  
por t ion  of t h i s  would su re ly  be saved w i t h  computer simulations.  

The speed w i t h  which s a f e t y  improvements would be incorporated 
i n t o  cur ren t  model vehicles would be enhanced w i t h  computer 
simulation. A new model could be tested before  production t o  
assess i t s  s a f e t y  f ea tu res .  

One problem f o r  computer modelling i s  the s ta te  of cur ren t  
technology. TNO Road-Vehicle Research I n s t i t u t e  are developing a 
Madymo 2D and 3 D  general  program simulation package of occupant 
dynamics i n  crashes which appears reasonably comprehensive. 
Unfortunately,  though, it only examines occupant forces  i n  
c o l l i s i o n s  and cannot s imulate  vehicle in t rus ions  a t  t h i s  s tage.  
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The  o ther  problem i s  a better d e f i n i t i o n  of t he  to l e rance  of 
var ious segments of t h e  human body t o  applied fo rces  of var ious 
durat ions and w i t h  various contact  pressures .  Such to l e rance  
f igu res  a r e  a l s o  known t o  vary f o r  persons of d i f f e r e n t  ages and 
probably a l s o  o ther  characteristics. 

7 .  SAFETY AND STANDARDS 

The  question was raised on a number of occasions about the r o l e  
of vehicle design s tandards i n  occupant safety.  

I t  could be argued t h a t  vehic le  design s tandards are the only 
means of ensuring a s a t i s f a c t o r y  l e v e l  of vehic le  s a f e t y  f o r  i t s  
occupants. However, t h i s  disregards i n i t i a t i v e s  by  vehicle 
manufacturers themselves t o  improve the l e v e l  of s a f e t y  of the i r  
own vehic les .  

A number of t h e  car manufacturers v i s i t ed  obviously regard t h e  
vehic le  standards as t h e  minimum l e v e l  of s a f e t y  requirement. 
I t  was apparent t ha t  many of them spent considerably more resources 
on development and t e s t i n g  than  t h a t  needed simply t o  meet t h e  
requirements.  

It was comforting t o  see t h a t  many of these vehicles i n  fac t  
of fe red  considerably more occupant p ro tec t ion  than  the  l e g a l  
requirements either overseas o r  l o c a l l y .  It  should be 
recognised t h a t  some of these manufacturers do consider s a f e t y  t o  
be a "marketable fea ture"  of. the i r  vehicles .  

7 . 1  Future Directions for V e h i c l e  Standards 

Mackay (1988)  argued t h a t  occupant s a f e t y  researchers and 
adminis t ra tors  needed t o  address a number of key i s sues  i n  f u t u r e  
i f  t h e y  are t o  play a leadersh ip  r o l e  i n  vehic le  safety 
improvements. 

F i r s t ,  t he  matter of i n t e r n a t i o n a l  accident p a t t e r n s  and t y p e  of 
vehic le  crashes which r e s u l t  i n  i n ju ry  should be i d e n t i f i e d  and 
reported widely t o  ensure t h a t  cur ren t  attempts t o  improve 
vehicle s a f e t y  are of b e n e f i t  t o  a l l  count r ies .  

They a l s o  need t o  be iden t i fy ing  new problem areas and proposing 
poss ib l e  countermeasures o r  d i r e c t i o n s  f o r  f ind ing  so lu t ions .  For 
example, are present  day s tandards s u i t a b l e  f o r  a l l  populations 
of d r ive r s?  In  t h i s  regard, he claimed, there i s  a real  need f o r  
greater coordination of the occupant p ro tec t ion  research 
l i t e r a t u r e .  

There i s  an urgent need t o o  f o r  improving t h e  spec i f i ca t ion  of 
occupant i n j u r i e s  i n  crashes.  This includes such t o p i c s  as t h e  
r e l a t i o n s h i p  between accident  and in ju ry  seve r i ty ,  more 
d e f i n i t i v e  coding of occupant i n j u r i e s  and computer modelling of 
crashes. 
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Many people i n  Europe claimed t h a t  the  Vehicle Standard process 
requi res  s u b s t a n t i a l  improvement. T h e  in t roduct ion  of new ECE 
s tandards can (and does) cu r ren t ly  take up t o  5 years o r  longer 
depending on how indiv idua l  count r ies  view each proposal.  

In  addi t ion,  l o c a l  regula t ions  such as EEC and B r i t i s h  Standards 
are t o  be phased out by 1993 t o  ensure uniformity.  However, i n  
many cases, these s tandards were introduced t o  s h o r t c i r c u i t  the  
cumbersome ECE process,  hence, there i s  a s t rong  l ike l ihood t h a t  
progress w i t h  vehicle s tandards w i l l  be slower af ter  t h a t .  

In  shor t ,  t h e  European sys t em of vehic le  standards i s  fa r  from 
s a t i s f a c t o r y  i n  terms of providing maximum s a f e t y  t o  vehic le  
occupants. 

Similar ly ,  it w a s  claimed t h a t  t he  rulemaking process i n  t h e  
United States has been too  slow i n  t he  pas t .  In  essence t h e  
l e g a l  and p o l i t i c a l  ac t ions  assoc ia ted  w i t h  t he  f r o n t a l  
p ro t ec t ion  standard (FMVSS 208)  have t i ed  up t h e  NHTSA and t h e  
indus t ry  f o r  more than a decade and slowed down o ther  aspec ts  of 
vehicle s a f e t y  standards.  

T h i s  raises the quest ion of t h e  ex ten t  t o  which vehic le  s tandards 
are the  best mechanism f o r  improving occupant pro tec t ion  f u r t h e r ,  
o r  whether some improvements could be better achieved through 
provis ion of publ ic  information about performance of d i f f e r e n t  
makes and models i n  r e a l  world crashes o r  simulated ones. 

7 . 2  The Role That A u s t r a l i a  Can P l a y  

Given t h e  fact t h a t  Aus t r a l i a  is a re la t ively small p layer  
i n t e r n a t i o n a l l y  i n  inf luencing vehic le  design, t he  matter of t h e  
r o l e  t h a t  Aus t r a l i a  can p lay  i n t e r n a t i o n a l l y  needs f u r t h e r  
considerat ion.  

I t  appears t h a t  properly documented r e s u l t s  of research r e l a t i n g  
t o  vehicle s a f e t y  would be of i n t e r e s t  t o  t he  NHTSA, i f  re levant  
t o  t he  s i t u a t i o n  i n  t he  United States. There i s  scope f o r  
Aus t r a l i a  t o  comment on Notices of Rulemaking, as well as provide 
information d i r ec t ly .  Also, there i s  scope f o r  Aus t r a l i a  t o  make 
proposals t o  the ECE process of regula t ion  development through 
i t s  p a r t i c i p a t i o n  i n  WP.29. 

In  addi t ion,  occupant sa fe ty  can be improved by l o c a l  ac t ions  
which do not necessar i ly  requi re  changes i n  i n t e r n a t i o n a l  vehicle 
s a f e t y  standards.  J u s t  as Aus t r a l i a  has i n  the  past played a 
major r o l e  i n  compulsory seat bel t  and ch i ld  r e s t r a i n t  wearing 
l e g i s l a t i o n ,  there are o the r  areas, such as cont ro l  of bull-bar 
use, t ruck  f r o n t a l  bumper design and poss ib l e  use of helmets by 
motoris ts ,  which warrant f u r t h e r  i nves t iga t ion .  
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B .  CONCLUSION 

I t  i s  c l e a r  from what has been observed overseas t h a t  t he  
technology e x i s t s  f o r  improved occupant pro tec t ion ,  p a r t i c u l a r l y  
i n  f r o n t a l  crashes.  

Some of these improvements such a s  s t e e r i n g  column airbags, belt  
t i gh tene r s ,  knee b o l s t e r s  and improved padding, are already b u i l t  
i n  t o  some models. The quest ions which need t o  be answered a r e  
which of these improvements are l i k e l y  t o  be cos t -e f fec t ive  i n  
Austral ian vehicles ,  given our hgh s e a t  belt  wearing r a t e s .  

The current  study by the Monash Universi ty  Accident Research 
Centre i n t o  occupant p ro tec t ion  i n  passenger c a r s  w i l l  provide 
some of the information needed t o  answer these  quest ions.  
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-IC 

I. PIKxxmRE 

0 Orientation MDB C.L vs. 
Tes t  vehicle C.L. 

0 Direct ion of MDB Movement 
relative to  vehicle C.L. 

0 I n i t i a l  impact point of 
"front" edge of MDB face 

0 b s i t i o n  of driver's seat 

0 Test  conf igurat-ion 

0 Test  velocity Ckm/h] 

11. MOVING DEEQFWBLE BARRIER 

a shape 

0 Dimensions Cml 
- Height. 

- W i d t h  

- Thickness 

- Ground clearance 

Mass Cksl 

0 Material 

0 S t i f f n e s s  

EEC 

Perpendicular 

Perpendicular 

N.A.; MDB C.L. t.0 
coincide wit .h  
R - p i n t  

R-point 

Perpendicular 

50 

Flat w i t h  "tnnnpr" 

500 

1500 

500 

300 

950 

Pu foam 

Variable 

Perpendicular 

27" 

37" forward of 
cent.re of wheel 
base 

Midway between 
f orwardmst/rear- 
ms t. 

Crabbed 

54 (33.5 mph) 

Flat w i t h  "bumper" 

559 (22") 

483 (19") 

279 (11") 

1679 (66")  

1360 (3000 lbs) 

Honeyccmb 

45 psi ("sof t  
struct.ure") 

245 psi ("bumper") 

Yes  

No 

No 

No 

No 

No 

No 

N o  

No 
N o  

N o  

No 

No 

No 

No 

C.L = Centre Line 
psi = pounds per square inch 

../.. 



A T T A C H M E N T  l b  

6 C M C  

- 2 -  

-IC 

:11. CIlVm 

O ? L P e  

0 Nurmber t o  be used 

0 &straints/belts t o  be used 
during test. 

Y. PERFolu.mNcE- 

O H e a d  

- HIC 

-Peak resultant 
acceleration 

 thorax ~ 

- Chest deflection on any 

- Peak viscous response V.C 

- Upper (Tl )  peak lateral 

- Lower (T12) peak lateral 

r ib  

spine acceleration 

spine acceleration 

- Csl 

EM: 

!3UKXID 

2 

Yes 

(*I  (1) 
(To be calculated 
from peak acclera- 
tion on each rib 
and T12 peak 
lateral spine 
acceleration) 

HSRI-SUI 

2 

No, unless auto- 
mat-ic restraints 
installed 

None 

None 

None 

None 
None 

Y e s  

80-115 
(To be calculated 
from the higher of 
either the "upper" 
or "lower" r ib  
peak acceleration, 
and T12 peak 
lateral spine 
accelerat-ion 

No 

Yes 

No 

No 

N o  

No 

N o  

NO 

Yes 

Y e s  

(*I r-nded aaditiond measurements 
(1) IX) l i m i t  value specified yet 
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V. mm?iNcE REwmmmB ( C W  

e AMomen 
- Peak force CkN1 
- Peak compression [rmn] 

0 Pelvis 
- Peak force on il ium ckN1 

- Peak force  on pubic 
symphysis 

- Peak lateral 
accleration Cgl 

EEC 

< 4.5 
< 39 

10 

< 10 

( ) reccamneded addit.iona1 measurements 
(1) no l i m i t  value specif ied yet 
(2)  indicated by no contact of  any of t.he event swit.ches 

NnrsA 

None 
None 

None 

None 
None 

130-190 

NO 

N o  

N o  

NO 

No 

Y e s  



MOTOR VEHICLE INSPECTIONS 

The need for some form of compulsory periodic inspections of 
passenger vehicles as an e f f ec t ive  means of reducing road 
crashes and the severity of associated injuries .  

BACKGROUND 

Currently i n  Australia some jurisdictions (New South Wales 
and t h e  Australian Capital Territory and the  Northern 
Territory) have annual inspections of cars a t  registration 
renewal 

- NSW has a system of inspections by private service 

- ACT uses government operated inspection stat ions 

- 

stat ions 

Northern Territory uses both government and private 
service stat ions 

- Victoria and Queensland require inspections and a road 
worthiness cer t i f i ca te  a t  time when a vehicle  changes 
owner 

first registration, except i f  it is  an out of State  
purchase. 

- other jurisdictions do not require inspections after 

m N T  

In s p i t e  of many years experience there has been no 
correlation demonstrated between road safety and annual 
vehicle  inspections. 

A review of t h e  C o s t  Effectiveness of Road Safety Measures 
(prepared by R J Nairne & Partners Pty Ltd i n  November 1987 
on behalf of the SA Road Safety Division) concluded that  
compulsory vehicle  inspection schemes were not cost  
e f f ec t ive .  Other research carried out generally draws t h i s  
same conclusion. 

The costs  of annual inspections do not warrant the benefits  
gained. However, while there i s  no road safety benefit  for 
introducing annual inspections for private cars,  there i s  a 
consensus among States and Territories that  regular 
inspections are appropriate for public service and heavy 
commercial vehicles .  

The use of l icensed garages i n  NSW has l e d  t o  problems due 
to  inconsistent standards and possible s e l f  interest  i n  
reject ing vehicles t o  gain workshop trade. In addition 
there have been consumer complaints about the standard of 
work carried out by garages and the high cost  of the work. 
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Comparison of State and Territory f a t a l i t y  rates do not 
a s s i s t  i n  determining the effectiveness of the various State 
and Territory inspection schemes, particularly i n  v i e w  of 
the re la t ive ly  small number of f a t a l i t i e s  attributed t o  
vehicle  factors.  

In a paper presented t o  the National Road Safety Symposium 
i n  Canberra 1984 Mr I J Lees  said that i n  an in-depth study 
of 386 motor vehicles involved i n  accidents i n  Adelaide i n  
1975-79 

- only 11 had defects which w e r e  considered to be a 
s ignif icant  causal factor and another 3 had defects 
which were considered t o  be a major causal factor.  

Of the three defects which were major causal factors one was 
a modified rear suspension, one was unmatched tyres without 
tread on the rear wheels  and the third was a l so  unmatched 
tyres 

- tyre related defects w e r e  the most common of the 
s ignif icant  causal factors.  

MVINSPEC 
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