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B IOK INET I C  L IM ITS I N  AUTOMOT I V E  ENG I N EE R I NG 

by 

L Sol berg Larsen and A Aas berg 

AB Vo l vo ,  Got henburg , Sweden 

T h i s  pa per wa s c hosen to form a l i n k  between the s c i en t i f i c  sess i ons at 
C ha l mers U n i vers i ty of Tec hnol ogy and the v i s i t  to Volvo i n  conc l u s i on of the 
1 979 I RCOB I I nterna t i onal  Conference .  On  th i s occa s i on ,  t herefore , we wou l d  
l i ke to present a brief summary w i t h i n  the I RCOBI  a rea s of ma i n  i nterest i n
rel at ion  to Vol vo ' s  research act i v i t i e s ,  whi c h  are bei ng made i n  response t o
compl i ance w i t h  future l ega l requ i rements p l aced by governments on automo t i ve
eng i neer i ng .  Such response i s  shown a s  a systems a pproac h  i n  F i gure 1 .

I RCOB I ' s  a rea of greatest concern i n  t h i s  systems a pproach  overv i ew wou l d  l i e  
w i t h i n  Cra s hworth i ness Systems and the two subsystems of Occupant Compartments  
and Vehi c l e  Cra s h  Energy Management . 

Vol vo ' s  Automo t i ve Safety H i story 

Duri ng the 1 940 ' s ,  Vo l vo dec i ded to des i g n  and produce i ts pas senger cars 
ba sed o n  the monocoque theory of structure s ,  wh i c h  mea ns that the automob i l e  
body i s  sel fsupport i ng and requ i res no extra frame for eng i ne a nd chassi s s u s ­
pen s i o n .  T h i s promoted exten s i v e  knowl edge w i t h  regard t o  sheet metal stru c ­
tura l  engi neeri ng , wh i c h  was essent i a l  for body c ra shwort h i ne s s  devel opment ( 1  ) .

About  ten yea rs l a ter,  Vol vo ma de a nother i mportant safety dec i s i o n :  to i n ­
troduce seat bel t s  a s  standard equ i pment i n  a l l cars wherever Vol vos were sol d .

T hese  two d ec i s i on s , we bel i eve , l a i d  a sol i d  found a t i o n  for Vo lvo ' s  subsequent 
endeavors i n  automot i v e  safety . Together w ith  the dec i s i on to conduct mu l t i ­
d i sc i pl i na ry acc i dent i nves t i g a t i ons on a cont i nuous ba s i s ,  wi t h  ra pid  feedba c k  
to des i gn , eng i neeri ng and produc t i o n ,  they have formed a cons i dera b l e  safety 
eng i neer i ng experi ence wh i ch  i s  now part of Vol vo ' s  empi r i c i sm ( 2 , 3 , 4 ) . 

B i o k i net i c  Consi dera t i ons i n  Vo lvo  Eng i neer i ng 

Before the early 1 970 ' s ,  b i o k i ne t i c  l i m i t s  had on ly  a n  i nd i rect beari ng upon 
motor veh i c l e  des ign  and eng i neer i ng .  Seat be l ts and other protecti v e  mea sures 
were hard l y  ever eva l u a ted as  part of a n  overa l l ,  veh i c l e-des i g ned ,  crashworth­
i ness system . I n stead , components of the various  safety systems were tested 
as i sol ated i tems . Nor wa s the i ntegra t i o n  of t he restra i n t-crash protec t i ve 
system i nto the vehi c l e  crashworth i ne s s  system measu red i n  a quant i ta t i ve 
manner wh i c h  cou l d  be re l a ted to i nj u ry-reduc i ng poten t i a l s of the comp l ete 
des ign  pac kage . 

3 2 8  



One obv i o u s  reason for t h i s  shortcom i ng was l ac k  of technol ogy to perform such 
tests i n  a mean i ngful  way .  Ba s i ca l l y  there were no anthropomorph i c  dummies  
wh i c h  cou ld  s i mul ate occupant k i nema t i c s  d u r i ng a cra s h  w i t h  suff i c i en t  con­
f i denc e .  T he other rna i n  reason rel ates  c l ose ly  to the i mmed i ate obj e c t i ves of 
the I RCOBI  conferences and centers a round the parameters to be measured i n  or 
on the d urnm i e s  d u r i ng tests for a confi dent safety eva l ua t i o n .  T he s c i ence of 
b i omecha n i c s  ha s made fru i tfu l  progress  d u r i ng recent yea rs w i t h  regard to such 
test i ng ,  espec i a l l y  rega rd i ng frontal crash eva l uat i ons . Today we have ava i l ­
a b l e  a t  l ea s t  some deve l oped dumm i es w h i c h  we bel i eve can  g i v e  u s  rea sonab l e  
test v a l u e s  when we want t o  con1pare d i fferent sol uti ons for occupant protect ion  
i n  frontal crashes . Of course , dumm i e s  must be further devel o ped to sati sfy 
new d ema nds emergi ng from extended knowl edge i n  the f i e l d  of b i omechan i c s , a s  
has been dernonstrated dur i ng th i s conferenc e .  Th i s  i s  a l so recogn i zed i n  the 
ru l ema k i ng a nd standard-sett i ng proc ess ( 5 , 6 )  whi c h  i s  shown a t  the end of the 
paper . 

Recent B i o k i net i c  L i m i ts i n  Cras hworth i ness Research 

Desp i te the l a c k  of wel l -def i ned b i o k i net i c  l i m i ts i n  most au tomotive  safety 
area s ,  pert i nent i nj ury cr iter ia  have been a pp l i ed to crashworthi ness rati ngs  
of veh i c l e s  a nd restra i nt systems in  a number of car  crash safety programs . 

The most exten s i ve of these end eavors i s  the Exper i menta l Safety Veh i c l e ( ESV ) 
program , i n  wh i c h  a l l  the maj or automob i l e  producers of the wor l d  are part i c i ­
pat i ng .  I n  add i t i on to th i s  i nternat i onal  program , t he US government ha s sup­
ported a number of na t i ona l car crash  sa fety devel opmental  program s ,  such a s  
the one for resea rch sa fety vehi c l e s ,  and  eva l uat ion  proj ects for various  re­
stra i nt systems i ntegra ted i n  both ord i nary product i on veh i c l e s  and i n  s l i g h t l y  
structura l l y mod i f i ed ones . 

For one of these devel opmental proj ects , des i gned to establ i s h su i ta b l e  future 
crashworth i ne s s  goa l s  for produc t i on v eh i c l e s ,  the Vol vo 240 was chosen as a 
research p l a tform , o r  base- l i ne ,  for eva l ua t i o n  of advanced restra i n t  systems 
based on devel oped 3 - po i nt sea t be l t  technol ogy a nd adva nced i nfl a tabl e ( a i r  
bag )  restra i nts . 

I n  t h i s  proj ect , i nj u ry c r i ter i a  were eva l ua ted from dummy mea surements i n  
order to ma p the performance of d i fferent restra i nt systems under a vari ety of 
crash  cond i t i ons of the fronta l i mpact type . Thus the proj ect i nc l uded f i xed ­
barr i e r  a nd veh i cl e - to-veh i c l e  impa ct s .  I n  the l a tter c ra s h  test s ,  Vol vos 
were i mpacted aga i ns t  other Vol vos  i n  fu l l  fronta l  engagement and i n  offset 
i mpact pos i t i on s . 

Add i t i ona l l y ,  fu l l - s i zed US automob i l es were staged to c o l l i de  w i th  Vol vos i n
head-on , offset and frontal obl i que  impact pos i t i ons . Duri ng t h i s extens i ve 
crash test i ng i t  was e stabl i shed that the l i m i t i ng b i o k i net i c  cr i ter i a  were 
t he ehest acce l era t i o n  for a l rnost a l l  i mpact modes . For the force- l i m i ted 
bel t  restra i nt system , however , d ur i ng head-on i mpact cond i t i on s ,  the present 
head i nj u ry cr i ter ia  were shown to be the c r i t i c a l  one s .  

( A  short f i l m  o f  th i s  research shown here . ) 
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From these crash tests t he NHTSA conc l uded that fronta l c ra s h  protec t i on w i t h i n  
b i o k i ne t i c  l im i t s  c ou l d  b e  ach iev ed u p  t o  crash vel oc i ty changes o f  45-50 mph 
w ith  adva nced ( a i r  bag )  restra i nt systems ( 5 ) . 

I t  must be borne i n  m i nd , however ,  t ha t  these resu l ts were obta i ned i n  an 
a utomob i l e  prov i d i ng a l a rge d i s tance of structural co l l apse a nd wi t h  a rathe r 
l ow a verage decel era t i o n  d u r i ng the vel oc i ty c hange .

At a 40 mph f i xed - ba rr i er impact , for examp l e ,  a dynamic  s tructural col l apse 
of 38-40 i nc hes cou l d be u t i l i zed . Furthermore , crash  test i ng w ith  other cars  
ha v i ng a s i mi l a r capa c i ty of  structural co l l apse i n  the fronta l i mpact mode 
( e . g .  the M i n i cars Researc h Safety Veh i c l e )  showed that occupant i njury c r i t e ­
r ia  c ou l d  b e  kept w i t h i n  present b i o k i net i c  l im i ts u p  to c r a s h  vel oc i ty changes  
somewhat exceed i ng 50 mph . 

A Look i nto the Future 

The downs i z i ng of l a rge ,  resource-demand i ng veh i c l es for personal transporta ­
t i on wa s forecast  many yea rs ago by severa l authors , i nc l ud i ng the present ones 
( 7 , 8 )  . 

I n  Reference 8 i t  wa s pred i c ted that the tra n s i t i o n  t o  sma l l er ,  or compact , 
au tomob i l es need not resu l t  i n  an i ncrease i n  occupant fata l i t i e s , i f  sens i b l e
cra s hwort h i ness  technol og i es are u sed . We be l i eve that  t h i s  pred i ct i on s t i l l  
i s  v a l i d .  

Now the c ru c i a l  que s t i on i s :  Does t h i s mea n that v e h i c l e-to-veh i c l e  cra s h  goa l s
of 50 mph cou l d  be met i n  future , downs i zed product i on veh i c l es?  We bel i ev e  
t h a t  s u c h  goa l s shou l d  not b e  attempted wi thout ca refu l cons i derat ion  of t he 
i nj u ry c r i ter ia  and thei r rel at i on to the b i o k i ne t i c  l i m i t s .  The reason for 
th i s  caut ion  i s ,  of course , the downs i z i ng effort due  to fuel economy ga i n s  - - ­

hence t h e  sma l l er d i stances for structura l col l a pse a nd t h e  l e sser wei g hts o f  
future veh i c l es mu s t  be ta ken i nto consi derati o n .  

For the sake o f  compat i b i l i ty wi th  the present v eh i c l e  popu l a t i on , the sma l l er 
and l i g hter cars of the future shou l d  be made w i t h  a h i g h  structural s t i ffness 
i n  order to ma i nta i n  the i nteg r i ty of the occupant compartment which i s  essen­
t i a l  for a successful  performance of the restra i nt system . 

T h i s  wi l l  ra i se the average crash decel erat ion  l evel  of the sma l l er future 
au tomob i l es as compared to present des ign  l evel s .  Th i s further means that the  
present i nj u ry cri teria  l i m i t s  wi l l  become cri t i ca l  a t  a l ower test vel oc i ty .  

I f ,  o n  the other hand , i t  i s  essent i a l  to be bel ow certa i n  l i mi ts for a g i ven 
test ve l oc i ty ,  for examp l e due to l egal req u i rements , there wou l d  be a more 
d i ff i c u l t d e s i gn ta s k  to be performed as the v eh i c l e s  are gett i ng sma l l er .  

l t  wi l l  a l so be neces sary to use the b i o k i ne t i c  l i m i t s  wi th  l ower marg i n s  when
des i g n i ng the restra i nt systems for use  i n  sma l l er veh i c l es than when used i n  a
l a rger veh i c l e .  Therefore , the pressure for wel l -founded a nd acceptab l e l i m i t s
wi l l  i ncrease , and the i mportance o f  b i o k i ne t i c  l i m i t  research wi l l  obv i o u s l y
a l so i ncrease dur ing  t h e  years  a head .
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H i g her  Lega l Req u i rements on the Hor i zon 

So f a r ,  the US l ead i n  a ppl i ca t i o n  of  b i o k i net i c  l i m i t s  to des ign  goa l s  of  
au tomot i ve engi neeri ng ha s not been fol l owed by other car- prod uc i ng countr i e s . 
Consequen t l y ,  the autornot i ve i ndu stry has  to compl y  wi th  severa l d i fferent 
requ i rernents to reach  the establ i shed safety goa l s .  

From the au tomot i ve engi neer i ng po i nt of  v i ew ,  therefore , i t  i s  a l so essent i a l  
that knowl edge of b i o k i net i c  l i m i t s  shou l d  be i ncrea sed , so that the appl i c a ­
t i on o f  such k nowl edge t o  veh i c l e  safety d e s i g n s  c a n  b e  made i n  a uni form and 
confi dent manner on a wo r l dw ide  ba s i s .  

Du r i ng t he Seventh I n terna t i onal  Tec h n i ca l  Conference on Experimenta l Safety 
Vehi c l e s ,  hel d i n  Par i s  i n  June  1 979 , i t  became a pparent that many of the 
I RCOBI areas of concerns w i l l  become subj ects  of  new a nd upgraded ru l ema k i ng .  
I n  the 1 979  ESV d i s cus s i on  areas of  veh i c l e  crashwort h i ness , namel y :  1 )  front a l  
c r a s h  protec t i o n  a n d  pa s s i ve restra i nt devel opment ,  2 )  b i omecha n i c s  and d ummy 
devel opment , 3 )  s i de i mpact protect i on ,  4 )  a cc i dent i nvest i ga t i o n  and data 
a na l ys i s and 5 )  pedestr ian  protec t i o n ,  about a dozen papers attri buted to the 
NHTSA dea l t  w i th c ra s h  i nj ury , dummy deve lopment , veh i c l e  down s i z i ng and t he 
proposed u pgra d i ng of  the crashwort h i ness  stand a rd s .  

The ma i n  a rea of b i o k i net i c  devel opment , a s  seen from a n  a utomo t i ve i ndustry 
po i nt of v i ew ,  i s  rel a ted to the eva l uat ion  of systems des igned to protect 
veh i c l e  occupants d u r i ng s i de impa c t  cond i t i ons . Here we have a number of 
probl ems . F i rst of a l l ,  the k i nema t i c s  of the dumm i es used today do not seem 
to resemb l e  the k i nema t i c s  of a human be i ng i n  a s i mi l ar crash env i ronment . 
Second l y ,  the parameters u sed for eva l uat i o n  a re not a t  a l l a s  c l ear  a s  for 
the frontal i mpact mod e .  T h i rd l y ,  s i d e  i mpa ct b i o k i ne t i c  l im i t  data are s ti l l  
very rare i n  the l i terature . Recommenda t i o n s  for b i o k i net i c  l i m its  i n  t h i s  
crash  s i tu a t i o n  must be a h i gh -pr i o r i ty i tem dur i ng  the years t o  come , s o  a s  
to make i t  pos s i bl e  to deve l o p  the cars i n  a ra t i ona l  a nd cost-benef i c i a l  
manner for i nj ury reduc t i on . The 1 979  I nterna t i ona l  Tec h n i ca l  Conference on 
Ex per imenta l Safety Veh i c l c s gave some i nd i cat i ons of the road to be a ttempted 
( 9 , 1 0 ) .  

T he next b i o k i net i c  area of concern to the automo t i v e  des igner i s  the eva l ua ­
t i on o f  veh i c l e s  i n  regard to protec t ion  o f  c h i l d ren i n  d i fferent crash mod es . 
A l so , i n  t h i s  area we have a twofol d probl em wi th  respect to system safety 
eva l ua t i on . One concerns the k i nema t i cs of the c h i l d  dummi e s ,  a nd the other 
wh i ch pa rameters to se l ec t  for a qua n t i ta t i v e  j udgment of a g i ven protec t i v e  
system . Regard i ng c h i l d  tol erance data , our knowl edge today i s  very sparse 
i n  the fronta l as wel l as i n  the l a tera l body- l oad i ng cond i t i on s .  One a rea 
of spec i a l  concern i s  rel a ted to the future use of var ious  pa s s i ve restra i nt 
systems wh i c h  are ma i n l y  des i gned to transfer accepta b l e  b i o k i net i c  l oads  to 
grown-up  occupant s .  T h i s  i ncongruence may c reate unwa nted l oad  configura t i on s ,  
for i nstance f rom a n  au toma t i c  ( pa s s i v e )  be l t  system , a s  wel l  a s  unaccepta b l e  
l oad l eve l s from a n  i nf l a t i ng a i r - bag  sys tem . Today we l ac k  confi dent recom­
mendat i ons from the sc i e n t i f i c  comrnun i ty for both of t hese cond i t i ons i n  rega rd
to b i o k i net i c  l i m i t s .

Another area of  concern to the automo t i v e  des i g ner , f rom the b i o k i net i c  po i nt 
of v i ew ,  i s  pedestr i an protec t i on ( 1 1 , 1 2 ) .  vJh i l e  poss i bl y  the fuel  economy 
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need s have created front and bonnet des igns  w i t h  rounded corners wh ich  m i g ht 
reduce the i nj u ry-produc i ng potenti a l s i n  many pedestri a n  impacts , we have no 
good tests today by wh ich  we can compare d i fferent bumper des i g n s .  Hopefu l l y ,
some gu idel i nes wi l l  evo l ve from t he research wh i c h  has  been presented du r i ng 
th i s  conferenc e .  

Conc l u d i ng _ rema rks

The d i scuss i ons above have attempted to expl a i n  our concern regard i ng b i o k i ­
net i c  l i m i t s  i n  rel a t ion  to our work on vehi c l e  des i g n , and to express the 
i mportance we see i n  the IRCOBI conferences . 

We hope that we have succeeded i n  conveying to you our t houghts a nd idea s ,
and we now want to wel come you to Vo lvo ' s  fac i l i t i e s . 
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