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The mathemat i ca l  model �1VMA I I I  D from Cal span was get by C ITROEN to 
study i n  three di mens i ons the behav iour of a car occupant i n  frontal i mpac t .  
I n  thi s  case , however ,  i t  appeared that the two d imens i onal model deve l ored 
by C I TROEN was easi er  to use and brought so good resu l ts as the three d imen­
s i onal Cal span program . 

I n  the frame of an experi �ental study of the behavi our  of a pedestri an 
i mpacted by a car ,  C I TROEN together wi th the ONSER and the medi cal Uni vers i ty 
of Marsei l l e  are reconstructi ng pedestri an col l i si on s  on cadavers and 
ONSER 50 dummies  ( ref .  1 ) .  l t  has been a l so i nterest ing to use mathemat ical 
mode l l i ng i n  order to spare real te sts for studyi ng the i nfl uence of various 
parameters . When l ooki ng at  the fi rs t  resu l ts ,  i t  may be seen that the th i rd 
d imens ion i s  essenti a l  to s i �ul ate th i s  type of impact , e speci al l y  when the 
car h i ts the subject l atera l ly  ( the subject does not �ove on ly  i n  a s i ng le  
p lane ) . For thi s  reaso n ,  i t  was deci ded to  U?e the CALSPAN program but 
modi fi e d  for pedestri an im�act . From another po int  of v i ew ,  as the ONSER 50 
dummy was used i n  rea l  i mpacts , i t  was i mportant to i ntroduce i n  the program 
the ONSER 50 characteri s ti c s ,  i n  pl ace of those of the Ameri can dummy . Before 
usi ng the mode l i n  an operati onal way , i t  was necessary , f irst  to i ntroduce 
the new i mp9ct data and secondl y  to val i date the resu l ts obtai ned i n  compari ­
son wi th those gai ned from real i mpacts . Th i s  part of  the work i s  presented 
i n  th i s  pape r .  

I - GENERAL DESCRI PTION OF THE MODEL 

The model i zed e l ements are : the dummy , the car and the k i nemat ics  . 

. The dummy i s  rerresented by 1 4  r i gi d segments surrounded wi th 
contact e l l i psoids  connected to each other by 1 5  jo i nts , the e l asti c and 
v i scous characteri st i c s  of whi ch may be adjusted for p i tch and ro l l  but  
not  for yaw . The i ni ti a l  po s i t ion  of the dummy i s  g i ven by  the coordi nates 
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of the pe l vi s  center of gravi ty and by the angl es of pi tch , rol l and yaw 
for each segment . 

The character i st i c s  i ncl uded i n  the Ca l span program were those of 
a s i tti ng S I ERRA. 292/050 dummy . 

. The veh i cl e i s  represented through maxi mum 20 pl anes , 8 bel ts and 
5 a i r  bag s .  For pedestri a n  use , bel ts and a i r  bags a re suppressed . 

- U N S E R  D U M M Y -

F 1 G U R  E ND 1 

x -•----.lz 

- M O D E L I S E D  D U M M Y -

For each p l a ne , the l i s t  of pos s i b l e  comi ng i n  contact el l i psoids  
i s  be ing  preci sed ( 5  a t  the max imum)  so  a s  the  funct i on s  defi n i ng the 
characteri sti cs of the contact ( l oa d ,  defl ecti o n ,  fri ction ) . These functi ons 
a re determi ned through speci fi c tests ( impactor aga i nst  bonne t ,  and so on . . .  ) . 

. The movement  of the veh i c l e  i s  defi ned by i n i ti al pos i ti o n  and 
speed and a n  acce l eration-time curve . 

The dummy gets the g i ven  i n i ti a l speed but not the acce l erations  
( on l y  through i ts contacts wi th the veh i c l e ) .  In  the  case  of  a oedestri an 
i mpac t ,  the i ni ti a l  speed val ue wi l l  be O .  The i ncrea s i ng of the veh i c l e  
speed wi l l  b e  obta i ned by a h i g h  i n i ti al accel erat i on  before h i tti ng the 
dummy . I n  order that no du�my movemen t  occurs , the pl ane defi n i ng the 
road ( consi dered a s  veh i c l e  �rorerty) wi l l  be cons i dered \'li thout rubbi ng . 
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When the i mpact durat ion  has been defi ned , we may get i n  functi on 
of the t ime ,  the acce l erat ions , speeds , l i near and angu l ar di spl acements 
of each segment so as the characteri sti cs of arti cul ati ons , the contact 
poi nts l ocati ons a nd the contact l oads . 

I n  addi ti on , a re drawn : the trajectori es of three poi nts ( head , 
h i p ,  knee ) so as  fronta l  and s i de vi ews of the dummy a t  constant t ime 
i nterva l s .  

I I  - I NTRODUCTION OF  THE ONSER 50 CHARACTERISTICS 

The modi fi cati on of these characteri st ics  has been made accordi ng 
to the "structural shape" of the dummy wh i c h  was i ncl uded i n  the program 
( 14 vo l ume s ,  15 j o i n ts ) , each vo l ume , however ,  bei ng adjusted to the proper 
character i st ics  of the ONSER 50 dummy (d i fferent l ocat ions  of joi nts , for 
i nstance the shoul der ) . Measurements of segments and jo i nts ( l i st i n  
f ig . 2  ) have been made i n  the same cond i ti o ns a s  for the American dum�y 
( ref .  2 ) . 

F 1 G U R  E ND 2 
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They are defi ned by the i r  wei g ht , the i r  moment of i nert i a  accord ing 
to the axi s x ,  y ,  z of the seament coordi nate system ( symmetry ax i s of the 
e l l i psoid ) , the d imensions  of the semi -axi s of el l i pso�d and the pos i ti on 
of the center of e l l i psoid i n  functinn  of th� renter o f  �rav i �1 l ocati on . 

The fol l owi ng measurements were m� de to obta i n  segment characteri stics  

- the wei ght 

- l ocat ion  of the center of grav i ty 
- l ocat ion  of joi nts 
- moment  of i nerti a .  

The three fi rst measurements ( 1•1e i g h t ,  center of gravi ty a nd jo i nts )  
were obtai ned by c l ass i cal  method s .  

The contact e l l i psoids are defi ned from the dra1•! i ngs  of the dummy 
i n  rest and movement posi t ions . 

The moments of i nert i a  are obta i ned ex�erimenta l ly by the tors i on 
pendul um method a s  fol l ows 

1 moment  of i nert i a  

1 = K ( P2 + P l )  ( P2 - P l )  

K torsi on constant of the steel rod ( measured or computed ) P l  per iod of not l oaded pendu l um P2 period of l oaded pendul um 

The s i gn i fi cat ion  of used symbo l s  wi l l  be found i n  F i gure 3 the 
res u l ts of measurements may be seen i n  tabl e 4 

F 1 G U R E �J"l 3 

C =center of el l ipsoi d e  
G = cente r of o ravitl! . .  . 

a rticulatlon l _ _ _ _ _ _  _ 

segmcmt J N T  

segme nt J+ l 
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CRASH YlCTil1 OHSER 5t 

HGl"EHT WE!G�T l SYM PLOT C l & S .  l 

1 l T  5 J 2 .  7 3 5  2 C T  4 7 .  3 ' 2  
J U T J JJ . O l l  � II 2 5 . 0 9 0  
5 H 1 a .  0 0 1  ' RUL ' : 3 . 0 9 0  7 R l l  1 6 . S! J  
a R F  a 2 .  75 l 
9 l Ul 9 2 l . 0 9 0  

B l l l  A 6 . S!3 
1 1  l F  8 z .  7 5 3  
1 :  RUA c 6 · " l  l l  R L A  D l . 52 3  
1 4  l U A  E 6 . 69 1  
1 5  l l A  F l . 5 2 3  

JO!NT 
J SY:'1 PLOT JHT P I H  

1 p p 1 0 
2 :-.: 0 2 0 
3 NP H 3 D 
4 HP M 4 0 
5 P.H Q 1 0 
6 R �  R 6 l 
7 R �  s 7 0 
8 l H  T 1 0 
9 L X  u 9 1 

1 0  L 4  'J 1 0  0 l l  A S  i.; 3 0 
l:! IE X 1 2  1 
1 3  L S  y J 0 
1 4  L E  z 14 1 

U SEGl'IEHTS 

F 1 G U R  E ND 4 

14 JOIHTS 

SEGl'IEHT l'IO�ENT 0' lllUTU HOl'IENT COHTACT 

X 
CLB·SEC„2-IHJ 

y 
SEl'IUXES C ! H J  

1 . 1 7 8 0 0  
C , G o 6 0 0  
2 . 23 8 0 0  
0 . 0 70 0 0  
0 . 2 � 2 0 0  
0 . ? l 9 C O  
0 . 3 1 5 0 0  0 .  0 l 4 0 0 
0 . 9 l 9 G O  
c . 3 : = c o  
0 .  C l '1 !  0 
0 .  ! 4 Y O O  
0 . � C 6 0 0  
0 . 1 4 9 0 0  
0 . 20 6 0 0  

0 . 57 3 0 0  
0 .  0 6 0 0 0  
l . 9 9 1 0 0  
0 . 0 7 8 0 0  
0 . 1 8 2 0 0  
0 . 9 � 0 0 0  0 .  3 � 0 0 0  
O . O l ! O O  
0 .  920C 0 
o . 3 2 i o o  
0 . 0 l! O O 
O .  l H O O  
0 . 2 0 6 0 0  
0 .  l 4 6  0 0  
0 . 2 0 6 0 0  

z 

0 . 9 7 7 0 0  
0 . 0 2 4 0 0  
l . 1 9 0 0 0  
0 . 0 0 9 0 0  
O . l 6 4 0 0  
0 .  D O O O  
0 . 0 1 .! 0 0  
0 .  0 1 211 � 
0 . 1 ! 0 � 0  
o .  c l ; o o  
o . c : 2 0 0  
o . r H o o  
0 . 0 0 7 0 0  
0 . 0 1 6 0 0  
0 . 0 0 7 0 0  

LOCATJOHC ! H I  - SEGCJNI) 
X y z 

0 .  0 0 . 0  - l .  6 1  
0 . 0  0 . 0  - 2 . 4 2  
0 .  0 0 .  D - 5 .  2 7  
0 . 5 t  0 .  0 - l .  l 5 
1 .  57 3 .  9 7  2 .  1 2  
0 . 0  0 .  0 a .  7 !  
0 .  0 0 .  0 a . H  
1 .  5 7  - 3 .  9 7  2 .  1 2  
0 . 0  0 .  0 a . 1a 
0 .  0 0 .  0 a . u  
0 .  0 l .  1 0  · 4 . C 9  
0 .  0 0 .  0 6 .  6 9  
0 . 0  - 7 .  1 0  -4 . 0 9  
0 .  0 0 .  0 6 . 6 9  

X y z 

4 .  72 5 . H  6 . ' 9  • .  7 2  5 .  5 1  6 .  l O  
4 . 7 2  6 .  l O  6 . J O  
2 .  7 5  2 .  l6 3 . J4 4 . Sl 4 .  1 l 4 . 52 
3 . 2 5 2 . 0 5  ! . 7 6  
2 . 26 2 .  l l 9 . 2 5  
l .  22 l .  7 7  5 . 22 
3 . 25 2 .  05 0 . 7 6  
2 . 2 6  2 .  l J 9 .  2 5  
l .  2 2  l .  7 7 5 . 2 2  
2 . 0 7  1 . 8 7  6 . 3 0 
l .  18 l .  2! 9 .  t. 't 
2 . 0 7  1 .  a 1 6 . 3 0  
1 . 18 1 . 2! 9 . 6 4  

LOCAT I O H C I N I  • SEG C J + l l  
X y z 

f . O  0 .  0 2 . 4 2  
0 . 0 0 .  0 7 . 1' 

-o .t 3 0 .  0 4 . 3 3  
0 .  0 0 .  0 o . o a 
0 .  0 0 .  0 - 7 . l Z  
0 .  0 0 .  0 · 6 . 5 0  
2 .  3 2  0 .  0 -2 . 1 6  0 .  0 0 . 0  - 7 . 12 
0 .  0 0 . 0  - 6 . 5 0  
2 . 3 2  o . o  - 2 .  1 6  
0 . 0  0 .  0 - 3 . 94 
0 .  0 0 .  0 - 6 . 5 0  

. o .  0 0 .  0 - 3 .  94 
0 .  0 0 .  0 -6 . 5 0  

TABLE 4' RESUL TS OF ��EASURP1ENTS 

E L L I P S O I D  
CEHT ER C l H )  

X y z 

0 .  0 0 .  0 0 .  9! 
0 .  0 0 .  0 - l .  97 
0 . 0  o . o  - o .  3 9  - l . 5 7  0 .  0 0 .  7 9 
0 .  0 0 .  0 l .  JO 
0 .  0 0 . 0  o . aa 
0 .  0 0 .  0 O . J 9  
0 .  0 0 .  0 1 .  e 1 
0 .  0 0 .  0 o . eo 
0 .  0 0 .  0 c .  l9 
0 .  0 0 .  0 1 .  o 1 
0 . 0  0 .  0 0 .  7 9 
0 . 0  0 .  0 1 .  � 7 
0 .  0 0 .  0 0 . "  
0 .  0 0 .  0 l .  5 7 

CENTER OF SYMMETRY CDEG) 
YAW P I T C H  R O L L  

0 .  0 5 . 0 0  0 . 0  
0 .  0 4 0 .  0 0  0 .  0 
0 .  0 l 0 .  0 0  0 .  0 
0 .  0 1 o .  o �  0 .  0 
0 . 0  4 0 . 0 0  - 5 .  0 0  
0 . 0  - 6 5 .  0 0  0 . 0  
0 .  0 o o .  o o  0 .  0 
0 .  0 4 0 . 0 0 5 .  0 0  
0 .  0 - 6 5 . 0 0  0 .  0 
0 .  0 t o .  o o  0 .  0 
0 .  0 5 0 .  0 0  - 1 0 . 0 0  
0 .  0 6 s .  � o  0 .  0 
0 .  0 5 0 .  0 0  1 0 . 0 0  
0 . 0  6 5 . 0 0  o . o  

They are defi ned by the l ocati on  of the i r  axi s or  the center of 
rotati on ( see before ) , the mean  l ocati on and . from thi s poi nt ,  the extreme 
pos i t i ons ( jo i nt stops ) ,  the e l ast ic  and vi scous torques i n  fl exion ( �ove­
ment i n  the l ongi tudi na l  pl ane )  and torsi on ( movement i n  the transversal 
p l a ne ) . Other parameters as energy d i s s i pat i on  coeffi ci ent , vi scous coeffi ­
c i ent , Coul pmb coeffi c ient  so as  ful l fri ction  angu l ar vel oci ty wh i c h  
corresponds to the speed the l evel a t  whi ch the Coul omb coeffi c i ent i s  
ful l y  used , are added to the ma i n  data . 

ihe e l ast i c torques have been measured i n  subm i tt ing each poi nt 
( adj usted at a certa i n  torque ) to vari ous l oads i ns i de i ts movement area . 
For each jo i nt , the vari at ion  of the appl i ed torque i n  functi on of the a ngl e 
has  been drawn . After , i t  has been cal cul a ted a cubi c  funtti on on a l l  the 
poi nts obtai ned . Th i s  funct ion  may be wri tten under the fol l ow i ng form : 

c = AoW3 + A1w2 + A2W where C i s  the torque 
and W the ang l e .  
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With  the hel p of the cl as s i ca l  method , the coeffi c i ents of the thi rd ,  
the second and the fi rst dearees have been cal cu l a ted . The resu l ts are found 
i n  tab 1 e 5 � 

F 1 G U R  F. r,o 5 

JOINT TOROUE CHARACTERISTICS 

JOIHT 
1 , 
Z II 
3 HP 
4 HP 
5 RH 6 P.K 
7 P. A  
4 l H  
9 l l(  

1 0  l A  
1 1  R S  
1 2  R E  
1 3  l s 
1 4  l f  

J O I HT 
1 , z w 
l HP 4 H �  
S R H  
6 R �  
7 RA 
3 l H  
9 l �  

1 0  l A  
I I  RS 
12 R E  
l l l s 
H l E  

Fl��RAL SPRIHO CHARACTERISTIC5 

SPUHO C O E F .  l lH LB/OEC„Jl EHUCY JOINT 
ll?IEAR OUADRAIIC CUBIC OISSJPATIOH 'ICP 
( J  • l )  C J • Z l  

3. 7 1 0  · O . l l t  
3 . 7 1 0  - 0 . 1 1 9  

1 0 . 0 0 0  O . ZH 
1 0 . 0 0 0  D . 2H 
4 4 . � 5 0  - 9 . ? l l  

2 . 2 4 5  · O . O ? l  
1 . 1 45 · 0 .  O C 2  

0 . 7 5 0  - 9 . 9 1 3  
2 .  2 4  5 - 0 . 0 ? )  
1 .  1 4 5  - o . o n  

1 0 .  " o  · Z 9 . 50 0  
3 .  ! 5 0  - o .  0 7 7  

1 0 . 0 0 0  · Z 9 . 5 D O  
3 . 6 5 0  - 0 . 0 1 7  

( J • 3 )  

0 . 00 1  
0 .  0 0 1  
0 .  0 0 0  
0 .  0 0 0  
D .  O H  
0 .  0 0 0  
0 .  0 
0 .  OH 0 .  0 0 0  
0 .  0 
0 .  096 
0 .  0 0 0 
0 .  D 96 
0 .  0 0 0  

COEf. C DEO\ 

1 .  0 0 0  1 n .  o o o  
1 .  0 0 0  so . o o n  
1 .  0 0 0  2 0 . 0 0 0 
l .  0 0 0  z c . o c o  
1 . 0 0 0  6 0 . C O O  
1 .  0 0 0  H . O D O  
1 .  0 0 0  3 2 .  � 0 0  1 .  0 0  D 6 0 . C O O  
1 .  c o o  6 S  M O  
1 .  0 0 0  l2 . 5 0 0  1 .  0 0 0  1 0 5 . 0 0 0  
1 .  D 0 0  6 s .  e o  c 
1 .  0 0 0  l 0 !.i .  0 0 0  
1 .  0 0 0  6 5 .  0 0 0  

FLEXURAL YISCOUS CHARACT ERISTICS 

YISCOUS COULOMB FULL FRICTIOH 
COEFFICIF.HT HICTICH COEF. AttGUlAR VElOClTY • 

( lH L B  SfC/DEGl C IN L8) <DEGISECI 

9 4 . H l  " 1 .  0 0  l O .  0 0  o . e  0 .  ft 1 5 . H O  H . 4 0  3 0 .  0 0  • •  0 0 .  0 
z .  0 0  0 9 .  1 0  l 0 . 0 0  0 .  0 0 .  0 
2 . 0 0 0  9 . 1 0  3 0 .  0 0  0 . 0  o . �  
5 . 0 0 0  252 . 4 0  3 0 .  0 0  0 .  0 0 . 0  
O . C H  1 3 6 .  7 0  3 0 . 0 0  0 .  0 0 .  0 
0 . 034 21 . 3 7  3 0 .  0 0  0 .  0 0 .  0 
0 .  1 6 1  9 2 .  2 0  l0 . 0 0  o . o  0 .  0 
0 .  0 6 4  136 .  70  3 0 .  0 0  0 .  0 0 . 0  
0 .  0 l S  � l .  8 7 l O .  0 0 0 .  0 0 .  D 
D .  5 6 6  32'• . 0 0  ) 0 .  0 0  0 .  0 0 .  0 
0 . 0 74 • • .  6 2  l D .  0 0  0 . 0  0 . 0  
0 . 5 U  324 . 0 0  l0 . 0 0 0 . 0  0 . 0  
0 .  0 1 4  H . 6Z l O .  G O  0 .  0 o . o  

TORSIOHAL 5PRIHG ChARACTERI5TIC5 

SPRIHC C O E F .  C IH lB/:>!G„ lllJ > EHE�CY JOINT 
l l ll�AR OUADR A T I C  C'J 3 1 C  D I S S I P A T I O H  S l O P  
( J • l >  ( J • 2 >  C J • l >  C O E F .  C OEC > 

3 . 08 0  • 0 . 0 3 6  D .  C D  D 1 .  C D O  1 0 .  0 0 0  3 .  o a o  · 0 . 0 3 6  0 . 0 0 0  1 .  0 0 0  4 0 . 0 0 0  
1 0 . 0 0 0  0 . 2 H  o .  o � o  1 .  r. o o  2 0 . 0 0 0  
I 0 . 0 0 0  0 .  24'· o . c o o  1 .  0 0 0  2 0 . 0 0 0  
1 5 .  9 5 0  - 1 .  2 3 6  o . o a  1 .  0 0 0  S D . 0 0 0  

0 . 0  0 .  0 0 .  D 1 . 0 0 0  0 .  0 
0 . 0  0 .  0 0 .  0 1 .  0 0 0  0 .  0 

1 5 . 9 5 0  -1 .  2 1 6  0 .  0 2 6 1 .  O J O  H .  0 0 0  
0 . 0  0 . 0  0 . 0  1 .  c o o  0 .  0 
o . o  0 .  0 D . O  1 . 0 0 0  0 .  0 

5 5 . 9 0 0  1 .  4 ) 0  0 . 0 04 l .  C 0 D 1 5 .  0 0 0  
0 .  0 0 . 0  0 . 0  1 . 0 0 0  0 .  0 5 5 . 9 0 0  1 .  ' 3 0  0 . 0 0 4  1 .  0 0 0 1 5 .  00 0 
0 .  D 0 .  0 0 .  0 1 .  0 0 0  0 .  0 

T O R ; I O H A L  YISCOUS CHARACTERISTlCS 

V ! SCOUS COUL0115 FUl l F � ! C T I O H  
COEFFIC ! EHT F R I C T I Oll COEF. AtM1Jl AR v i c O C I T Y  -

l l H  L B  SCCIOEGl 

1 1 5 . t C O  
1 o.  o�o 

5 . 5 0 0  
5 . 5 0 0  
1, . 6 0 0  
0 .  0 
o . o  
0 . 051 
0 . 0  
0 .  0 
O . O l 6  
0 . 0  
O . Ol6 
o . o  

( I N  L B >  
H O  . 0 0  

4 0 . 2 0  
2 8 . l O  
U . l O 

3 0 5 . 0 0  
0 . 0  
0 . 0  

2 9 . 5 0  
0 .  0 
� .  0 

1 9 . 9 6  
0 .  D 

1 9 . "  
o . o  

C D E G IS E C >  
l O .  C D  0 . •  0 .  
l ' .  t 0 0 .  0 0. ( 
3 0 .  0 ,  0 .  0 0 .  (' 

3 0 .  , .  D .  0 0 · ' 
„ 

l 0 . 0 0  0 .  D 0 .  ( 
3 0 . 0 0  0 .  0 0 .  'i 
H . 0 0  0 .  0 0 .  c1 
3 0 .  0 0  0 .  0 0 . '1 30 . 0 0 0 .  0 0 .  c 
3 0 .  e o  0 . 0  q l O .  0 0 0 .  0 
3 0 .  C D  0 .  0 0 .  (, 
l O .  0 0 0 .  0 u 3 0 . 0 0  0 .  0 

1 
TABLE 5 JO INTS CHARACTE�ISTICS 

For the vi scous characteri sti cs of  the joi nts , the same assumpti ons 
as  the ones contai ned i n  the Ca l span book ( ref . 2) have been made , espec i a l l y  
concern i ng the angu l ar speed o f  1 rad/sec . O n  the other hand , the va l ue of 
the vi scous coeffi c ient  wa s chosen of  the same va l ue as  for the Coul omb 
coeffi c ient .  The resu l ts were s hown i n  tab le  5 .  
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I I I  - RESUL TS 

As the test ing  program i s  al ways runn i n g ,  we wi l l  cons i der only the 
resul ts on the ONSER 50 dummy for speeds at 20 and 25 km/hr ( 5 .  55 and 5 . 94 m/s ) . The test ing  veh i c l e  i s  a V I S/1. and the dumr'ly i s  impacted fronta l l y  
o r  l ateral l y .  

I n  these condi ti ons , we wi l l  comrare the cal cul ated resu l ts to the 
test resul ts only i n  4 test  s i tuations . 

!l_��l��!iQ�_Qf_��li9�!iQ�-�ri!�ri� 
In a fi rst steo , we just  cons i der the first part of the i mpact , that 

i s  from the t ime of the fi rst contact bumper-dummy to the ti�e of the fi rst 
head contact wi th the front of the vehi c l e .  The fo l l owi ng events ( rebound 
or s l i di ng and fal l i ng on the ground) are dependi ng di rect ly  from the fi rst 
i mpact and i t  does not present any i n terest to study them i mmedi ate ly .  

I n  thi s fi rst part of  i mpact , the mai n  comryari son cri teri a sel ected 
a re the fo l l owi ng : the characteri sti cs of the head-vehi c l e  i moact ( i f  
exi sti ng ) , the l ocation of i mpact , the impact speed so a s  the genera l 
k i nemati cs of the dummy . I n  spi te of i ts i mportance on  the pedestrian  state 
of hea l th after the col l i s i o n , the accel erat ion su sta i ned by the head duri ng 
i mpact was not sel ected as  compari s i on cri teri a ,  because thi s accel erati on 
de�ends on ly  on the i mpact speed and the characteri sti cs of r igi d i ty g i ven 
to the i mpacted surface . 

Severa l te sts a nd cal cu l a ti o n  have been made for each s i tuati o n .  The 
resu l ts are shovm i n  tab l e  6 and some exar.ipl e s of the dummy k i nemati c s  are 
seen i n  F i gure 7 .  

I n  s p i te of some di spers i on among the resu lts  of rea l  tests , i t  may 
be noted , for the cal cu l at i on , that : 

the head i mpact aga i nst veh i c l e  occurs earl i er 

the impact poi nt  i s  l ocated nearer of the front of the vehi c l e  

the i mpact speed i s  s l i ght ly  l ower .  

Concerni ng the general ki nemati cs of the dummy , the ca l cul ation 
reproduces qu i te wel l the s i tuat ions  where the pedestri a n  i s  frontal l y  
i mpacted . 

I n  s i de i mpacts , the dummy movement depends essenti a l l y on the 
i n i ti al pos i t i on of the l egs ( rotation  to the front or the back )  and the 
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head i mpact i s  strong l y  i nfl uenced by the arm movement and i ts support on 
the bonnet . Th i s  expl a i ns the great d i fferences between the head im�act 
speeds during s i de i mpacts at 20 and 25 km/hr .  

CONCLUS I ONS 

The next step wi l l  be to exam i ne i f  the resul ts at 20 and 25 km/hr 
wi l l  be confi rmed at h i gher speeds ( real  tests are made at 32 and 40 km/hr ) . 

Some parameters may be mod i fi ed to preci se the s imu l ati on ( j o i nt 
torque for examp l e ) . Other parameters that have a streng i nfl uence on the 
dummy k i nemati cs wi l l  be more di ffi cul t  to adjust : 

. the movement of the veh i c l e  ( speed accordi ng to the ground , 
vari a t i on of the veh i c l e  body pos i ti on )  

. the representa t i on o f  contact el l i psoTds o f  the vehi c l e  �hi ch 
are necessary schemat i zed . 

Al though the val i da t i on of t h i s  program i s  not made for a l l i mpact 
s i tuat i ons , we coul d noti ce that the tri dimens iona l  reoresentati on and the 
numerous poss i bi l i ti e s  of o utputs for thi s  program are . very i nteresti ng i n  
the case of car-pedestr i an  i mpacts , thi s  bei ng made therefore �!i th a very 
heavy man i pu l a t i o n .  
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F 1 G U R E  N°  6 . 
C A R  D U MMY P O S I T I O N  T E S T HEAD ·IMPACT L IHE A D SPEED ICAR SPEED S P E E D  pi  Ich ing angle N r T I M E T !in vehicle reference) at t ime T 

of leg s 

l<m/h d� ms m m/s m l s  
14 - l 2 0  0 1 .05 7 . 9  4.  
14 - 3 1 6 8 0.99 9 . 3 4 . 7 

2 0 FAC E  o'}  o. 1 7 . 1 1 80 1 . 06 7 . S 4.35 
2 0  - 1  180  1 . 14 7 . 42 4 . 2  
4 5  1 60  f'MirtJ! 0.91 7 . 06 4.4 
1 4· 2 2 7  2 0.94 3 .  65 3 . 3  

�· 1 0 +  1 0  1 7  - 3 2 1 2 1 .14  6 . 3 5 4 . 6 5 
2 0 S I D E ) 1 7 -2 2 6 0  1 .05 4 .05  3 . 7  

o. ) o. 46 21 0 U.8 6 6 .37 4. 
- 1 0+1 0 5 1  2 2 2  0 .93  1 .  35 4 .  J calc u l  

�-1 0 +1 0 2 2 - 2  2 00 1 .  24 6 . 1 7 5 . 5  ) 
24 - 2  1 80 1 .  06 6 . 7 5 . 9  II 

2 s S I D E 
0., o .  48 1 /1 0. 94 7 . 64 5 . 76 

-1 0 ·1 0 5 0  1 6 2 1 .  07 5 . 41 5 . 9  ' r�lcul 
2 2 - 1  1 5 4  1 .  2 0 9 .  3 5 5 . 7 9 

2 5 FA C E  0/ 0. 2 4 -1 1 4fr 1 .  2 0 1 1  . 0 3 5 . 9 

4 9  1 3 1 0 . 9 4  8. ö'J 6 05 
ralcul 

( 
L 

1 8 0 m s  
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c a  l c u l n„ 4 S 

calcul n" 4 6 
230 m s  

( 

calcul n' 51 

1 a o ms 

calc ul n' 49 1 3 0 ms 

2 3 0 ms 
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c a  l c u l n" 4 e 1 8  0 ms 

( 
c a  lc u l nr 5 0 1 8 0 ms 

F I G U R E  N° 7 

1 2 7 


