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1 .  I IHRODUCT I ON 

I n  the s tudy of the i nfl uence of vari ous i mpact pa rameters on 
the dynami c  res ponse of the head neck- sys tem , i t  appeared i nterest i ng to 
i nvesti gate the effect of a rotat i onal  component dur ing  the cra s h ,  such 
as those bei ng observed for i ns tance i n  non- symmetri ca l  fronta l  crashes . 
S i nce th i s phenomenon mus t  be d i ff i cu l t  to s i mu l ate o n  a s l ed ,  to see i f  
i t  was of i ntere s t  to des i gn a spec i fi c  s l ed for t h i s ,  i t  was dec i ded to 
conduct a few tests i n  rea l cond i t i ons  w ith  veh i c l es . 

Al so , owi ng to the experts d i scus s i ons  dea l i ng w ith  the cond i 
t i ons  i n  whi ch g l oba l tests for a fronta l crash  have to be performed 
( symmetri ca l , non symmetri cal  or obl i que ) , i t  wou l d  be va l uabl e to knovJ 
i f  these s i tuat i ons  resu l t  i n  the same consequenses as  regards the body 
ki nemat i cs . 

2 .  f · iETHODOLOGY 

Th ree fronta l crashes , one symmetr i c a l  ( 0 1 )  and two non-symme
tr ica l  ( 0 2  and 0 3 )  have been performed w ith  the s ame techn i ques we used 
for our pre v i ous  s tudy and whi ch are desc r i bed in a detai l l ed form i n  
reference 1 ( Preparat ion  and equ i pment of the baboon , data co l l ect i o n  
a n d  process i ng ) . l t  h a s  been nece s saty a l though t o  adapt these techni ques 
to the speci a l  requ i rements of real cond i t i ons  tests . 

The veh i c l e  ( see fi gure 1 )  i s  l au nched e i ther aga i nst  a wa l l  
perpend i cu l ar  to the d i s pl acement axi s for the symmetri ca l  frontal cras h ,  
o r  aga i ns t  a f i xed obsta c l e  fi gu red by a concrete para l l el i pi pede , for 
the non- symmetr i ca l  cra s h . Th i s obsta c l e  i s  l ocated i n  order to be h i t  
by the front r i ght  quarter o f  the vehi c l e and to determi ne l arge yaw 
and p i tch components duri n g  the cras h .  The s peed o f  l aunch i ng i s  about 
50 km/ h ( 53 for 01 and 02 and 50 for 03 ) .  

The baboon i s  s i tti ng at the center of the  cab i n ,  the mid  sag i t
ta l pl ane of the body l ayi ng on the l ong i tud i na l  a x i s  of the veh i cl e .  
The thorax i s  res tra i ned by a r i g i d  p l ate and on ly  the head and the neck 
can move free l y .  A head mechan i cal  system ena b l es to control the head 
pos i t i on j u s t  prior  to the crash . 
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F i g  2 Left k i nema t i c s  of the veh i c l e  i n  non- symmetr�cal  crash ( test  0 2 )  
a s  s een from the top f i xed camera . T i me i s  expres sed i n  ms . 

R i ght  Reference frame and ang l es of  moti on for the vehi c l e .  
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The head i s  wear i ng three opt i ca l  targets r i g i d ly  mounted on i t  
by means of meta l l i c  p l ates scre�ed o n  the s ku l l .  

The vehi c l e  mot i o n  i s  recorded w i t h  two cameras perpend i c u l ar to 
the d i sp l acement ax i s , l ocated above and on the l eft s i de of the i mpact 
po i nt ( 200 and 500 frames / sec . respecti vel y ) . The head moti on wi th res� 
pect to the vehi c l e  i s  recorded by two on-board cameras both f i l mi ng at 4GO 
frames / sec . A s pec i a l  care has been taken to f i x  these cameras i n  order 
to secure the i r  mutual po s i t i on i n  s p i te of the deformat i ons s u sta i ned 
by the veh i c l e .  

Because of the use  of w i de ang l e  l enses , i t  has been necessary 
to make a correcti on of fi l m  data for l ens d i stors i on .  T h i s has been 
done by fi l m i ng a ca l i brati on gri d .  

3 .  RESULTS 

3 . 1 .  Ki nemat i c s  of the veh i c l e  

The veh i c l e  mot i on can be expressed by three coord i nates and 
three ang l es . But for the purpose of th i s paper , i t  appeared suffi 
cent to cons i der  onl y two coord i nates ( X  and Y )  and two ang l es 
( \f'v = yaw and 6v= p i tch ) ; Z a nd </> ( Rol l )  be i ng of l ess i nterest i n  th i s 
s tep . 

F i g ure 2 i l l u s trates the who l e  crash for test 02  ( non-symmetri cal ) 
as seen from the above l ocated camera . The  total durat i on i s  900 ms 
and the vehi c l e  rotat i o n  ( �v) after t h i s  peri od i s  more than 70° . For 
test 01 ( symmetr i c a l ) t h i s  rotat i on i s  neg lect i b l e  and the forward 
r11ot i on resu l ts from the veh i c l e  crusn . 

Fi gure 3 s hows the XY di spl acement curve of the reference po i nt 
of the seat for a peri od i ns i de whi ch a l l the ma i n  phenomena occurri ng 
at the head-neck l e vel take pl ace . T h i s  per i od i s  a bout 250 ms l ong . 
From th i s f i gure i t  can be noted that : 

- for test 01 , there i s  no l atera l ( Y )  moti on a nd the forward 
moti on ( X )  i s  rel at i ve ly  sma l l  ( 7 5  cm) . 

- tests 02  and 03 are not i dent i ca l  i n  sp i te of same crash con
d i t i ons ( except for s peed 53 vs 50 km/h respecti vel y ) . Latera l 
and forward moti ons are greater for test 03 than for 02 , 
wh i ch  s hows the l ess sever i ty of test 03 . 

On fi gure 4 a re drawn the curves of Yv ( l ateral motion  of seat 
reference po i n t )  and of lf'...,. (ya1t1 mot i on of veh i c l e )  versus t i me .  

2 1 2  



X � m) 
@ 

l 
150 • � 50 100 2SO 

200 

@ 
50 2SO 

200 

ISO 
1 00 

@) 
Xv(c m) 

50 1 00 1 5 0  

Fi g 3 : XY d i s p l a cement  of seat reference po i nt for tests 01 , 0 2  and 03  ( fron1 
J to 250 ms ) .  For each curve the ori g i n  corresponds to the pos i t i on at  
t = ü .  T i me between two poi nts 1 0  ms ; t i me between two stars : 50 ms . 
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F i g  � : Curves  of l atera l d i sp l acement of the seat reference po int  ( Yv )  and 
yaw moti on of veh i c l e  versus t i me .  

2 1 3  



3 0  

2 0  

lt can be seen that , duri ng the fi rst  1 10-130 ms , the veh i c l e  i s  
trans l at i ng a l ong a front l eft d i recti o n ,  and the o/v rotat i on onl y 
occurs after t h i s  per i od .  On  the contrary ,  0v ( p i tch mot i o n )  beg i ns 
to vary from the beg i nn i n g  of the crash a s  can be seen on fi gure 5 .  
The l ower v a l ue of 0v for test 03 confi rms the l es s  v i o l ence of 
the crash i n  th i s case . 
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Fig  5 : Curves of  p i tch mot i on of the veh i c l e  (9v ) versus  t ime 

for the three tests . 
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3 . 2 .  Baboon head-neck k i nema t i c s 

Except for the ZY project i o n ,  the res u l ts are expressed under 
the same form as i n  our preceed i ng paper {Ref 1) : 

- XZ and XY projecti on of the t rajector ies  of three poi nts of 
the head : occ i p i ta l  cc jy l e  - T - , vertex - A 1  - and 
maxi l l a extremi ty - B 1 - ( s ee fi gure 6 ,  7 and 8 ) . 

- head yaw ( fT) , pi tch (9r) and Rol l (�r) curves versus t ime 
( see fi gure 9 )  

U nfornatel y ,  a l though we used a head res tra i nt system to prov i 
de a reproduc i b l e  neutral pos i ti o n ,  th i s  l at ter changes a l ot from 
one test to a nother , a s  regards to the p i tch val ue espec i a l l y  
( head extens i on for test 01 , fl exi on for 03 and good pos i t i on for 
02 ) .  Th i s  i s  respons i b l e  for noticeab l e k i nema t i c  mod i f i cat i ons as 
we showed on prev ious  s l ed tests (Ref 1 )  ; however , by the compara
t i ve s tudy of the traj ector i es and the ang l e  curves , the fo l l ow i ng  
po i nts can  be  p ut  forward : 

the ma i n  phenomenon ta kes pl ace w i th i n  the fi r st  250 ms . 
After th i s  per i od on ly  l i tt l e  movements occu r .  

the more v i o l ent the crash i s ,  the g reater the s peed of 
head mot i on i s  ana the earl i er the max imum f l ex i on poi nt i s  
reached ( 0 1  greater than 0 2  greater than 03 ) .  

there i s  a gradua l i ncrease of the head l ateral s troke ( Y )  
from test 0 1  to 03 . 

For 01 i t i s very 1 i tt l  e and corresponds to a sma 1 1  rotat i on 
��T) 

a
��

1
�h�

u
��!� due to the i n i t i a l pos i ti on and wh i ch can be seen 

For 02 the s trake i s  more marked and , i n  fact , i s  a real trans
l at i on of the head m i d  sag i tta l  p l ane , for lpT and <Pr rema i n  constant 
for the who l e  crash  durati on . 

For 03 the s troke i s  s ti l l  greater because i n  add i t i on to the 
trans l a t i on there i s  a rotat ion  resu l t i n g  from the i n i ti a l ori enta
t i on of the head . 

I f  the occ i p i ta l  condyl e i s  taken as or1 g 1 n  of the head , the 
r i gthward trans l a t i onal  mot i on of th i s po i nt ( towards the nega t i ve 
va l ues of YT) i s  greater for 03 than for 0 2 .  T h i s  mot i on i s  to be 
rel a ted to those observed for the veh i c l e .  I n  fact , the head , 
because of i ts i nerti a ,  tends to keep i ts mot i on  di rect ion  whereas 
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the seat moves l eft ward . S i nce head mot i on i s  expressed w i th res
pect to a reference frame bound to the s ea t ,  i t  appears as a 
tran s l a t i on i n  the oppo s i te d i rec t i o n  öf the vehi cl e ' s one . 

The u pward stroke of the head w h i c h  can be seen on Z X  proj ec
t i on a t  the beg i nn i ng of the response ( a fter 30 ms abou t ) esp  c i a l l y  
for test  0 2  cou l d  be exp l a i ned i n  the s ame way a s  above by a down
ward trans l at i o n  of the veh i c l e  due to a co l l apse of the fl oor 
but th i s  has  not been proved forma l l y .  

The curve o f  9T vers u s  t i me for test 03 shows that head max i 
mum f l exi on i s  qu i te sma l l .  To expl a i n  th i s ,  three facts can be 
put forward : f i rs t  the very fl exed i n iti a l  pos i t i on of the head ; 
second , the subs i ded pos i ti on of the body i n  the seat for th i s 
test wherea s the thorax restra i n t  p l ate rema i n s  at the same pl ace 
and ; t h i rd ,  the l es s  crash severi ty wi th respect to the other tests . 

CONCLUS I ONS 
. 1 ° )  The non-symmetri ca l  frontal crash d i ffers from the symme-

tri cal  one by a marked yaw rotat i on component and a s i de wara s h i ft i ng 
of the veh i c l e .  These characteri s t i c s  make t h i s type of crash very d i f
f i c u l  t to s i mul ate wi th a dynami c s l ed .  

2 ° )  The yaw rotat ion  component of the veh i c l e  has no effect 
on the head k i nema t i c s  s i nce i t  occurs too l ate and i s  s ti l l  too sma l l 
when the ma i n  head mot i on takes pl ace . 

3 ° )  On the oppos i te ,  the s i de ward ( Y )  motion of the veh i cl e  
has  a s i gn i f i cant effect on the head k i nemati c s ,  and wi th a l es s  r i g i d  
restra i n t  sys tem than ours , such  as be l t restra i nt system, th i s  effect 
mus t  be much greater and mu s t  concern the ent i re body . 

4 ° ) The i n i ti a l  pos i t i on and or i entat ion  are very i mportant 
factors for the determi nat i on of k i nemat i c s , and t h i s  mu s t  be more 
effect i ve for a passenger i n  a car because  of the h i g her number of 
degrees o f  freedom . 

5 ° ) The p i tc h  mot ion  of the veh i c l e  appears very soon . The 
vehi c l e  rotates i n  the s ame t i me as the head does but the effect of 
th i s pi tch on the head . mot ion  i s  not c l ea r .  
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