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The mathemati cal model of the man i nvol ved i n  acc i dent s ,  PRAK IMOD , 
( Peugeot/Renau l t  Acci dents Kl nemat i c s  MODel ) ,  deve l oped by LPB-APR , i s  an 
extrapol at i on of the MVMA-20 model produced by HSRI before 1 97 3 .  

The pri nci pal of the model i s  the mathemati c al representati on o f  the 
man by a tompl ex two-dimensi onal rheo l og i c al system exposed to i mpacts over 
a peri od of ti me .  The software i s  wri tten i n  FORTRAN IV and at the present 
moment works on I BM 3090 hardware . 

I t  was i n i ti al l y desi gned for the s imu l ati on of frontal i mpact s ,  and 
was then extended to the confi gurat i on of the pedestr i an struck by a 
veh i c l e .  We al so possess TRAJ/PROF software wh ich  al l ows us to anal yze the 
front end of an automobi l e  on a database of 250 types of i mpact s .  
At the present moment ,  the model i s  tested i n  frontal i mpact for several 
types of restrai nt systems ; i t  i s  possi b le  to simul ate the c l assi cal  three
poi nt seat bel t  as wel l  as certai n types of passi ve restrai nts : several 
exampl es wi l l  be presented . 

The s imu l at i on of l ateral impacts i s  al so one of the pri ori ty l i nes of 
research we are work i ng on . 

Among the most i nteresting  app l i c at i ons  we carry out , are the study of 
the i nf l uence of bumper hei ght and protrus i on on pedestri an ki nematics  and 
impact severi ty and the desi gn of an opti mum pass ive restrai nt system before 
crash testi ng of a new model beg i n s ,  wh ich  i s  the aim of mathemat i c al model . 

1 - INTRODUCTION 

Near the end of 1 97 3 ,  the Peugeot S . A . /Renault  Associ at i on acqui red 
from the former HSRI ( now UMTR I ) the very fi rst version of a new mathemati 
cal model : MVMA-20 ( 1 ) .  

Thi s model was subsequently deve l o ped to meet our own needs so that i n  
1 980 , as the work done on i t  was so advanced , i ts di fferenti at i on i n  
rel at i on to the i n i t i a l  model warranted a speci al  desi gnat i on . l t  i s  now 
we l l  known as PRAK IMOD , wh ich  means 1 1 Peugeot/Renau l t  Acci dents Klnemati c s  
MODel 11 ( 2 ) .  
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After descri b ing the mai n pri nci p les  of PRAK IMOD , thi s paper shows 
how, from theori cal  data set i mproved through val i d at i on s ,  we benefi t  of 
practi ca 1 i nformati ons just before crash test performance on the three axes 
of app l i c at i on deve loped by LPB-APR , that are frontal col l i si o n ,  pedestri an 
to car col l i s i on and side i mpact . 

I I  - DESCRIPTION OF PRAKIMOD 

PRAKIMOD i s  a two dimensi onal model . The human body i s  represented by 
a skel eton with ei ght ri g id  body segments i nterconnected by seven joi nts i n  
frontal  and pedestr i an to car col l i s i on and l i mi ted to fi ve ri gi d body 
segments i nterconnected by four joi nts i n  s i de i mpact confi gurati on ( f i gures 
1 to 3 ) .  The l engt h ,  mass ,  moment of i nerti a and the l oc at i on of the center 
of grav i ty are gi ven for each body segment . 

Thu s ,  the acci dent victim model has respectively  1 0  degrees of freedom 
( two i n  transl ati on and ei ght i n  rotati on )  i n  the two fi rst confi gurati ons 
and 7 degrees of freedom ( two in tran s l ati on and fi ve in rotati on ) in the 
l ast configurat i o n ,  whi ch are the fol l owi ng : the hori zontal pos i t i on ( X )  
and the vertica l  pos i t i on ( Z )  of an arbi trary poi nt of the dummy ( the top of 
the head ) and the ang l es formed by each of the respecti vely ei ght and fi ve 
body segments with  the hori zontal . 

These ten ( seven ) degrees of freedom of movement correspond to the ten 
( seven ) general i zed coord inates Xi ( i  = 1 ,  . . .  , 1 0  or 7 )  wh i c h  def i ne the 
pos i ti on of the durrmy i n  space at any moment . For each s imul ated i n stant 
these ten ( seven ) coordi nates are modi fi ed by i ntegrati on of the speed and 
accel erati on val ues . 

The accel erat i on i s  cal cu l ated us ing  Lagrange ' s  equati on 

d ( öT ) öT Q i  ar 5q1 - 5q1 = ( i  = 1 ,  . . .  , 1 0  or 7 )  

where qi des i gnates one of the ten ( seven ) general i zed coordi nates ( X  head , 
Z head , l ,  2 ,  . . . 8 or 5 of the body segments ) ,  T desi gnates the 
ki neti c energy of the dummy and Qi the general i zed force app l i ed to 
coordi nate q i . Th i s  general i zed force i ntegrates the effects of wei ght 
forces , the joi nt torques , any restrai nt force and contact forces between 
the dummy and the vehi c l e .  

I I I  - DETERMINATION OF AN OPTIMUM PASSIVE RESTRAINT SYSTEM BEFORE CRASH 

I I I  - l .  MISCELLANEOUS ENVIRONMENTS 

At the present , the system retai n i  n g  the dummy i n  the passenger 
compartment can be defi ned with suff i c i ent preci s i on thanks to a choi ce of 
h i ghly vari ed opti ons ( f i gures 5 to 7 ) .  Al though the restrai nt system 
confi gurati ons corresponding to exi st i ng fi xtures have been devel oped step 
by step for the mathemati cal model , we have no val i dati ons for the total i ty 
of Simul ations for the systems . 
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Gi ven the des i re to use the mathematical s imu l ati on concretely 
before the fi rst veh i c l e  crash test s ,  our efforts were devoted to val i dati on 
of the model for the more usual confi gurati ons , i . e .  three anchori ng poi nt 
rol l er bel t ,  and more recent ly ,  passi ve safety bel t  with two anchorages and 
a k nee p l ate . 

I I I  - 2 .  VALIDATION 

probl ems 
Val i dat ion of a mathematica l  model al ways l eads to the fol l owi ng 

- Use real tests i n  whi ch  the dummy fol l ows an essent i a l l y  pl ane 
ki nemat i c s .  

- Avai l of suffi c i ent real  tests di ffering  from each other by 
vari ati on of a few e l ements at a t ime ,  so as to be abl e  to 
determi ne the exact effect of each of these parameters .  

Concretel y ,  for our passi ve restraint system s imu l at ion val i dati on 
task s ,  we used 5 real tests combi n i ng the condi ti ons mentioned above . 

The vari ab l e  parameters duri ng these 5 tests were : 

- pos i t i on of the bottom anchori ng poi nt of the shoul der bel t 
( movement of 50 mm ) ,  

mec hani cal  character i st ics  of the knee p l ate ( st i ffness rangi ng 
from s i n g l e  to doubl e ) ,  

- vi ol ence of i mpact . 

I n  general , the s imu l ati ons  obtai ned for the 5 tests provide 
resu l ts of a rather faithful l evel and synchroni sm as far as events are 
concerned , with res pect to those recorded duri ng real  tests ( set n °  1 ) .  

However , i n  spi te of a recent redefi ni  ti  on of the Hybri d I I  dummy , 
i t  has proved i mpossi b l e  to correctly s imu l ate the behavi our of the dummy ,  
especi a l l y  i nsofar as head trajectori es are concerned ( Set n °  2 ) .  Fi rst 
of al l ,  thi s can be exp la i ned by the c apac i ty of the Hybrid I I  neck to take 
on 1 1S 1 1-s haped geometries  ( due to its  des i gn and producti on : extendi b le  
rubber cyl i nder ) .  Second l y ,  and i n  the present state of  mode l i zat ion of the 
Hybrid I I  dunmy, the 1 1head-neck 11 assembl y  forms a s i ng le  pi ece and has onl y  
one degree of freedom, which  i s  i n suffic i ent to descri be the comp lex 
behavi our of the Hybrid I I  nec k .  

The use of the Hybrid I I I ,  i n  the future, wi th a better mechanica l 
ly  structured neck than that of the Hybrid I I ,  wi l l  doubt l ess ly  enab le  
s imu l ati on and model i zati on c l oser to  the rea l i ty of  the tests and the 
technological  choi ces used . 

Consequent l y ,  we are deve l op ing  a mode l i zat i on compl ement for the 
Hybrid I I I  dummy , for PRAK IMOD, having a suppl ementary art i c u l at ion with 
respect to the mode l i zat i on of the Hybri d I I  dummy ( 1 1  degrees of freedom ) .  

1 6 1 



Thi s wi 1 1 ,  of course ,  enab 1 e us to di sassoci ate the present 1 1head-neck 11 

assembly and , due to thi s ,  simu l ate the beh avi our of the dunrny ' s  head more 
faithfu l l y .  A l so , and wi thout consi deri ng the i ntri n s i c  characteri sti c s  of 
the Hybrid I I I  dummy , thi s model wi l l  be more fi nely defi ned at face l evel , 
to more accuratel y  determi ne eventual  head-steeri n g  wheel i nteractions  
duri ng an impact ( fi gure 4 ) . 

I I I  - 3.  APPLICATION 

Within  the framework of passi vati on of a restraint system for a new 
veh i c l e ,  we have deci ded to exp l o i t  our frontal i mpact mathematical model so 
as to opti mi ze a system under study in a c l ear l y  defi ned confi gurat i o n .  I n  
fact , th i s  i s  the most exhausti ve appl i cati on that one cou l d  demand from a 
mathematical  model ( 3 )  wh ich  requi res that a correct ly  val i dated si mu l at i on 
be avai l abl e ,  gi ven that thi s wi l l  be expl oi ted subsequentl y  i n  a predi cti ve 
manner with respect to tests , basi ng ourse l ves on a l i mi ted quantity of 
i nformati ons ( types of dummy , envi ronment , restrai nt systems , i mpact 
v io l enc e ,  etc . )  wi thout hav i ng performed a pre l i mi nary experimental test . 

I n  order to optimi ze the performances of our passive restrai nt 
system under study , we have vari ed the fol l owi ng parameters 

- pos i t i on of the top l ateral anc horage , 
- pos iti on of the center anchorage,  
- sti ffness of the knee p l ate,  
- seat pos i t i on . 
( The decel erat i on l aw 0° i s  i denti cal  i n  al l c ases ) .  

The mai n cri ter i a  whi ch were chosen to di scri mi nate between these 
vari ous confi gurati ons were H I C ,  the number of head- steeri ng-wheel contacts 
( speed and l oc at i on of impact ) ,  the force i n  the femurs and the fal l at the 
end of the seat . 

After 21 si mul ati ons correspondi ng to si gni fi cant confi gurati ons 
( vari ous combi nati ons of parameters used above ) with respect to sol uti ons 
appl i c able to ser ies producti on in terms of techni cal  feasi bi l i ty ,  comfort 
and cost , the mathemati cal model has h i g h l i ghted s ix  so l uti ons of 
combi nati ans l eadi ng to acceptab l e va l ues i n  terms of the safety cri teri a 
menti oned above . 

On the basi s  of these res u l t s ,  s ix  crash tests have been pl anned 
tak ing  i nto account the fi rst resu l t s ,  thus preventi ng the usel ess and 
cost l y  destructi on of the study veh i c l e ,  and l eadi ng to sol uti ons unaccepta
b l e  for safety. 

Of course ,  i n  the present state of deve l o pment , it i s  necessary to 
re l ati vi ze a tool of th i s  type, knowi ng that the mathematical  model i s  an 
excel l ent qual i tati ve trend i ndi c ator , but the quanti tati ve val ues obtai ned 
for a 20 model must be vi ewed with a certai n amount of reservati on .  The mai n  
advantage of thi s model i s  the preci ous aid that i t  provi des i n  understand
i ng physi cal phenomena or pri nci p l es which  occur during the real test s ,  i n  
whi c h  these phenomena cannot be h i gh l i ghted . 
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IV - STUDY OF INFLUENCE OF TWO CAR ' S  FRONT FACE ON PEDESTRIAN KINEMATICS 

IV - 1 .  VALIDATION OF THE MODEL IN PEOESTRIAN COLLISIONS 

The model was val i d ated by compari n g  the s imu l ati ons suppl i ed by i t  
wi th experimental dummy col l i s i on s ,  us ing  di fferent automobi l e  model s and 
di fferent speed s .  

Val i d at i on was carri ed out on experi mental tests made with a n  adul t  
durrrny of 50th percent i l e ,  whose l egs were more or l ess bent , to si mu l ate 
adu l t  victims of di fferents hei ghts . 

Set n°  3 shows the si mi l ari ty between the trajectori es obtai ned 
duri ng the experimental tests and those obtai nEd wi th PRAKIMOD ,  where the 
i n put data set are defi ned for each col l i s i on according  to the same method , 
i . e .  most of the data are common to al l the s imu l ations and the remai nder 
are determi ned automati cal l y ,  according  to a l i mi ted number of parameters 
ch aracteri zing  the veh i c l e  profi l e  and the test condi t i on s .  

The ve h i c l es profi l es i n  these fi gures are not the real profi l es 
used for the model , but sty l i zed profi l es correspond ing to real veh i c l e  
shapes . The pedestri an si l houettes are those that were actual l y  used for the 
model . 

The head trajectori es obtai ned with PRAKIMOD and those obtai ned 
duri ng experimental tests wi thout any acci  dent duri ng performance are i n  a 
very good agreement , tak ing  account of experi mental scatter . The ai med 
objecti ve was the va 1 i dati on of PRAKIMOD i n  pedestri an confi gurati on ,  for 
the simu l ati on of head trajectori e s ,  user ' s  work bei ng faci l i tated by a 
s impl i fi ed c l assi f icati on of the i nput data .  Thi s objecti ve has been 
reached . Other experi mental tests of car-to -pedestri an col l i s i on s ,  performed 
l ater on ,  notably with experimental safety vehi c l es Peugeot VLS 1 04 and 
Ren au l t  E PURE , conf i rmed the accuracy of the head trajectory provi ded by 
PRAK IMOD . So , one c an reasonably thi n k ,  now that the val i dat i on has been 
carried out , to be accurately abl e to simul ate any type of pedestri an 
col l i s i on s ,  at l east i n s ide the fi e l d  of speeds s imu l ated duri ng the 
val i dati on . 

IV - 2.  COMPUTER METHOD FOR RATING A PROFILE 

No method based on experi ments i s  conveni ent for eval uat i ng g l obal ly  
the  potenti al  r isk  of a g i ven veh i c l e  for the who le  popu l at i on of 
pedestri ans at ri s k ,  which  encompasses the smal l est chi l dren and the tal l est 
adu l ts simu l tar.eous ly ,  when a l arge range of i mpact speeds has to be 
consi dered . 

Mathematical model s  are al so i nadequate ,  due to the l arge number of 
runs requi red for obtai n i ng the probabi l i ty of i mpact on each sect i on of the 
front end profi l e .  So we deve loped a mathemati c a l  method for defi n i ng the 
head trajectori es y ie l ded by experimental s imu l ati ons or by a val i d ated 
mathematica l  mode l . We present then a computer program that s imu l tar.eously 
uses  thi s method and stati sti cal data concerni ng real acci dents . The output 
of this  program i s  a di stri but i on of the i mpact probabi l i ti es for a gi ven 
profi l e .  The head i mpact vel oci t i es c an be uti l i zed for wei ghing  the 
resu l ts .  
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IV - 3 .  SYSTEM OF EQUATIONS OF THE TRAJECTORY OF THE HEAD : TRAJ PROGRAM 

The tests wi th wh ich  we val i dated PRAK I MOD i n  the context of 
car-pedestri an col l i si ons  i nvol ved the use of veh i c l es of various si zes and 
shapes travel i ng at a wi de range of vel oc i t i es - from 1 6  to 48 Km/ h .  We 
i nvesti gated a mathemati cal form of CG ki nemat ics  of the head obtai ned by 
means of PRAKI MOD , for 24 s imu l ati ons cons i sti ng  of those performed duri ng 
the phase of val i dat i on of the model and the compl emen- tarty s imu l ati ons 
wi th 6 year-o l d  pedestri ans or pedestri ans  with  a hei ght between that of a 
6 year-old  and a 50th percenti l e  adu l t  ( 4 ) .  

The form sel ected cons i sts of 8 terms adjusted by l east squ ares for 
each coordi nate : 

where 
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p = Ko 

9 = TT 

2 

+ A
l , l 
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A l , 2t 3 
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and G 

A . l 8 i  , l , l 
v2 

3 ;  , l ,  2 
G = 

Ro2 Ko 1 , 

A . 2 8; , l , 2 
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8 ; , 2 ,  2 
V X G = � + Ko 1 , Ko 

the constants B ( 4  per coordi nates ) are functi ons of Ro and H 

!3 .  . k 1 , J ,  
= c . . k l 1 , J .  , , 

Ro + c . .  k 2 u-1 ,  J ,  , n 

functi ons of 

and the constants (8 per coordi nates ) are determined by a l east squares 
method on the bas i s of the coordi nates of CG of the head wi th a t ime 
i nterval of 1 0  ms from the output data of the 24 PRAKIMOD s imu l ati ons . 

The descri pt i on of the movement by pol ar coordi nates general l y  
g i ves better resu l ts than the descri pt i on by means o f  cartes i an ( rectangu
l ar )  coordi nates for al l the sh apes tested ( as far as pol e  is p l aced at the 
anteri or edge of the hood ) .  
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Rect angu l ö r end po l ör 
c oord i n at e s  frame s . 

X 

Most of the ori g ina l  trajectori es are wel l fi tted by these equati ons 
( f i g ure 8 ) ,  except for those that i nvol ved vehi c l es with a h i gh and angu l ar 
hood edge (fi gure 9 ) .  Thi s demonstrates that the present form of the 
equations  i s  not optimal . They can certai n ly  be i mproved whi l e  retai n i ng the 
genera l  pri nci p le  of a stati stical , non l i near model for a l l  of the trajecto
ries used i n  the i nput dat a .  

IV - 4.  APPllCATION : THE PROGRAM PROF FOR THE DETERMINATION OF THE SITES 
AND VELOCITIES OF IMPACT BETWEEN THE PEDESTRIAN ' S  HEAD AND ANY 
VEHICLE PROFILE 

These new equati ons can be used by the PROF program s imu l at ing  the 
" bombardment " of the front profi 1 e of any vehi c l e by spheres wi th a gi ven 
rad i u s  simu l at ing  the heads of pedestri an s .  The ki nematics  of the center of 
these spheres are control l ed by the equati ons , i n  which the coeffici ents 
have been determi ned by the TRAJ program and which  i nvol ve the hei ght of the 
pedestri an , the projecti on of the bumper bar , the hei ght of the anteri or 
edge of the hood , the i ni t i a l  vel oc i ty of the veh i c l e ,  and the t ime .  

The i mmedi ate typical  app l i c ati ons for use with the PROF program 
are 

A - Determi nati on of the s ite and ve l oc ity of head/veh i c l e  impact for a 
particu l ar i mpact ch aracteri zed by 

- a vehi c l e  profi l e ,  
- a hei ght of the pedestri an , 
- a vel oc ity of col l i s i on (fi gure 1 0 ) ,  
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B - The same operat i on for : 

- a gi ven vehi c l e  profi l e ,  

- a seri e s  of pedestri an hei ghts defi ned by the user at the begi n -
n i  n g  of the program, 

- a seri es of vel oci t i es of col l i s i on defi ned i n  the same way . 

The pro gram determi nes the head i mpacts for a 1 1  sets ( hei ght of the 
pedestri an and vel oci ty of col l i si on )  obtai ned by combi nati on of the 
e l ements of the two seri es ( f i gure 1 1 ) .  

C - The computeri zed stati stica l  data can be used as i nput data for the 
hei ghts of the pedestri ans and the vel oc i t i es of col l i s i on ,  so as to 
attri bute a densi  ty di stri buti on of the probabi l i ty of i mpact of the 
head of a pedestri an bel onging  to the popu l at i on descri bed by the 
stati sti cal  data (fi gures 1 2  and 1 3 ) .  

At the stage of concepti on of a vehi c 1 e ,  the attenti on of the 
constructor ' s  research department c an ,  therefore , be drawn to the zones wi th 
the hi ghest ri sk of impact to make them l ess sti ff . 

IV - 5 .  VALIDATION OF THE TRAJ AND PROF PROGRAMS 

A val i dat i on of these programs has been attempted by usi ng  them to 
determi ne the s ite and vel oci ty of head/veh i c l e  i mpact i n  cases of col l i s i on 
between another car ,  which  characteri sti c s  were not i nc l uded i n  determi na
ti on of the equati ons ,  and a 50th percenti l e  adu l t  in  the mi ddl e  zone of the 
front of the vehi c l e  at a vel oci ty of 40 km/h . Fi gure 1 4  shows the i mpact 
obtai ned : 

- by the PROF program ( us i n g  the coeff i c i ents previous ly  determi ned 
by TRAJ ) ,  

- by mathematica l  simul ati on by means of PRAKIMOD ,  

- i n  fi ve experi mental col l i si ons with dummi es . 

The site and the vel oci ty of impact predicted by PROF were withi n 
the scatter of the va 1 ues obtai ned by PRAKIMOD and by the experi menta 1 
tests . 

Thi s attempted val i dati on can be consi dered to be successfu l .  

IV - 6 .  CONCLUSION 

I n  thi s model , the neck i s  reduced to a s i mp l e  arti cul at i on . The 
s i mpl i c i ty of th i s  model of the neck does not prevent good simu l at i on of the 
ki nemat i c s  of the head up unti l head/veh i c l e  i mpact , but i t  does not a l l ow 
good s imu l at i on of the behavi or of the head and neck unit  duri ng the head/ 
vehi c l e  impact if the trunk exerts a force i n  the axi s of the nec k .  
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Us ing  the currently  devel oped new versi on of PRAKIMOD with one more 
segment, we shal l expect to avo id  those drawbac k s .  

Fol l owi ng  a more detai l ed val i dat i on and ,  i f  necessary , a n  i mprove
ment i n  the stati sti cal model used , the TRAJ and PROF programs descri bed i n  
thi s paper may consti tute a very rel i ab l e  computeri zed tool to determi ne the 
zones of a veh i c l e  at greatest ri sk of i mpact with the head of a pedestri an . 

V - LATERAL IMPACT 

I n i ti a l l y  devel oped for the pedestri an i mpact , then used for frontal 
impact with a wi de vari ety of restrai n i ng systems , PRAKIMOD has been the 
subject of speci a l  deve l o pments for the l ateral i mpact configurat i on . I n  
spite o f  the exi stence o f  thi s s i nce 1 980 , n o  attempt at val i dat i on was made 
due to the l ack of an adequate dunmy. 

However , si nce the avai l abi l i ty of the EUROS I D  dunmy , and due to 
performance of the fi rst l ateral i mpacts with th i s  dummy, i t  i s  poss i b l e  and 
necessary to avai l of a tool enab l i n g  us to better i nterpret the phenomena 
wh ich  occur, and wh ich  are di ffi cu lt  to h i gh l i ght duri ng  a complex real 
test . 

Our fi rst approach consi sted i n  a 20 model i zati on of the EUROSID 
dummy . This  was model i zed i nto 5 segments i nterconnected by 4 art i c u l ati ons . 
We di s assemb l ed the dunmi es i nto subassemb l i es correspondi ng  to the 
mode l i z at i on segments ,  so as to determi ne the wei ght , center of gravity and 
i nerti a for eac h ,  together wi th the form coeff i c i ents . 

The forms gi ven to thi s dummy con s i st of 1 4  deformab l e  el l i pses : 
1 head , 1 nec k ,  1 shoul der , 3 for the thorax , 1 abdomen , 2 for �he buttoc k s ,  
2 for the i sc h i on and 2 for i l i ac crests . 

The dummy i s  the only system studi ed i n  the model i zati on . The struck 
veh i c l e  i s  represented by a transverse secti on pass ing  through point R. The 
envi ronment i s  defined by two types of regi ons : 

- the passenger compartment , consi sti ng  of the non-deformed parts of 
the veh i c l e  struck by the struck veh i c l e ,  or the MBD on i mpact : 

. side opposi te shoc k ,  

. roof , 

. opposi te fl oor , 

the struck s ide ,  and therefore the deformed side ,  i s  defined 
tabul arly with time 

• door,  
. center pi l l ar 
. seat , 

paddi n g .  

These regi ons conserve thei r mechanica l  propert1 es wi th time ,  i f  
necessary . 
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At the present , the i ni ti a l  resu lts wi th th i s  s i mu l at i on have become 
avai l ab l e at the same time that the fi rst tests have been performed usi  ng 
the EUROS I D  dummy .  As of now , we can state that the model offers real i st i c  
and promi s i ng resu lts wi thout , however, bei n g  val i dated . The l i mi t  of these 
model s i s  consti tuted by the fact that it does not i ntegrate a second 
mathemat i ca l mode l ( a mode l of deformati on of the i mpacted si de structures 
of the struck vehi c l e  with respect to time ) .  

Essenti al l y ,  the i nterest con s i sts  i n  detai l ed knowl edge of the s ide 
wal l -dummy i nteractions i n  t ime ,  together with corporal defl ecti ons caused 
(without omitting  al l the cri teri a provi ded by the model ) duri ng the vari ous 
contacts .  

I n  i ts most recent l ateral shock confi gurat i on , PRAK IMOD i s  a h i gh l y  
i nterest i ng i nstrument of study due to the ri chness with wh ich  the 
dummy/stri k ing  forehead is descri bed , and is much more descri pti ve than a 
l i near model . I n  these terms , i t  may be a non-neg l i gi bl e  aid for the 
deve l opment of a mathemati ca l mode l used for future regu l ati on concerni ng 
l ateral i mpact . 
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COMPAR I SON OF TRAJECTOR I ES 

TEST B < Set l a  ) 

Trajector i e s  are compared 

- at head C . of . G  for the HEAD. 

- at H point for PELV I S .  

Test results . 
Mathemati c al s i mu l at i o n .  
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S h o u l d e r  

COMPAR I SON OF K I NEMA T I CS 

TEST B C Sat lb ) 
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COMPAR I SON OF ACCELERAT I ON CURVES 

TEST B C Sat lc > 
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RESULTS OF SIMULATION 
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COMPONENTS OF ACCELERAT I ONS AND FEMUR LOAD 
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COMPAR I SON OF TRAJECTOR I ES 

TEST A < SQt 2a ) 

Trajectories are compared 

- at head C . of . G  for the HEAD. 

- at H poi nt for PELV J S .  

Test res u l t s .  
Mathematical  simu l at i o n .  
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COMPAR I SON OF K I NEMAT I CS 

TEST A C Sgt 2b ) 
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COMPONENTS OF ACCELERATI ONS AND FEMUR LOAD 

TEST A C SQt 2d ) 
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Set n °  3 

Ford F airlane 28km I h 

Validation of PRAKIMOD on a series of collisions with the same vehicle, at different 

speecs. 

Renault S 36km / h  

O;>el Kaoen l5kmlh 1 
11 
l i 
' 1 

1 i 

\'alidation of ?P..t-KIMOD on a series of collisions with vehicles of different shapes. 
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Figure 5 Simulation of safety bell re:rac:or 
with different examples of ret:a::or 
posilion and of a possibie we!:-;;uide. 

Figure 6 Distribution of lt'.e deforrr.alion ol the 
belt: a) and c): uniform dis:ribution of 
the deformalion on the whole lenglh 
of ltie belt; b) and d): locall:z.ation of 
lhe deforrr.alion in a lca::I limiling 
device. 

Figure 7 Some exarnples of bell configura· 
lior:s sirnu1a:e::1 by Pi=.AKlll.OD: 
a) shoulder bell only 
b) thre�point bell 
c) la�belt only 
d) lap bell and shoulder belt in

cepence:'lL 

YtHl:l.".! ' C:lF.CiH 'S 

·� 
\ 

Figure 8 Example of good adjustment of the trajactory 
by the TRAJ aquaticns 

Figura 9 Example of poor adjustment cf tha trajectory 
by tha TRAJ equaticns 

T • l . 2 3 m V o  „ 3 2. k p h  

Figura 10 PROF output examples- determinatlon of the 
1ite and velocity cf head/vehicle Impact In 
different cases 
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T a l . 6 4 m 
V o " 2 0 ;  2 8 ;  3 6 ;  4.4 ; 5 2 ;  6 0  k p '  

Fisure 11 Determination of the site end velocity of 
head/vehicle impect in diHerent cases 

S � ! t i s � i c a l  d ! � a  - 2 5 0  c o l l i s i o n  
c a  s e  s 

Figure12 Oe1ermina1ion of the siie and velocity of 
head/vehicle impact in ditterent cases 

( P � C  F) 

-

Fi9ure14 Comparison between head/vehicle i mpect 
sit• 

Vehicle „ Rer.aul: 5 

Head lmpac1 
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Vehicle • lienaul: 5 

Sum of Heac lm�a:: 

Veloc!ties 

I =-u 

Vehic!e :e R er.au:t 5 

Sum of Head lm�ac: 

Ve!ociry Sc;:;ares 

L-1 - � -

Figure 13 Weightin; of the results shown on Fisure 12 by the impacl velocity 
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