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The improvement of the protect ion of the occupants 
of a veh i c l e  necess itated a b id i s c ipl inary col laborat ion 
between :  

- On the one hand S . A .  CITROEN and O . N . S . E . R .  

- On the other hand O . N . S . E . R .  and the Center of 
H ighway Traurnatology . 

'l'his collaborat ion cornpr ises the exchanges of 
inforrnat ion ( b iornechan ical , rneasurernent and app l ication of the 
dat a ,  rnathernat ical model bu ilding ) , as we l l  as s tudies under­
taken together ( acc identolog y ,  reconst itut ion of the acc ident , 
irnprovernent of s afety sys tems , u t i l i z a t ion of rnathemat ical 
rnode l s )  • 

Parallel to these prograrns , an exper imental study 
of the shocks between ve h icles and pedestr ians had been planned 
because of the irnportance of this  phenornenon ( frequency , 
ser iousne s s  of the inj ur ie s )  . 

A t r id i s c ipl inary team was created , by assoc iat ing : 



- the saf  ety group of an automobile manuf acturer 
( S . A .  CI TROEN) 

- a b iomechan ical team from a research l aboratory 
( O . N . S . E . R . ) 

- a research team from a Med ical Faculty ( Center o f  
Il ighway Traumatology and Anatom ical Laboratory )  . 

The exper imental s tudy undertaken at Mars e i ll e ,  makes 
pos s ible the analy s i s  of the k inematic of the pedestr ian dur ing 
the s hock , as we l l  as the means of d iminish ing the aggre s s iv e ­
nes s  o f  the form o r  the architecture of the front sect ions o f  
the veh icles of the tour ing type . 

The exper imentat ion i s  carr ied out by us ing anthropo­
morph ical dumm ies and anatom ical subj ects , and w i l l  be rein­
forced by mathematical mode l s . 

The obj ect ives sought are : 
- the determinat ion of the mecha n i sms in  the emergence 

of the injuries 
- the quant itat ive and qual itat ive analy s i s  of les ion-

al agents 
- the inf luence of the parameters of the vehicle 

( form , r ig id ity , speed) 
- the comparison of the comportment of the dummy and 

the anatom ical subj ect 
- the determinat ion of the b iodynam ic cr iter ia 
- the perfect ing of  the mathema t i c  model-bu ild ing . 

EXPERlMENTATlON STRUCTURE 

In order to rea l i ze the shocks between the tour ing 
type veh i c le , moving at speeds between Skm/h and 40km/h , and 
a subj ect , erect , free of movement , an exper imentat ion s tructure 
was real ized in Mar se i l le dur ing the second semes ter of 1 9 7 8  
(Laboratory o f  B iome chan ical Impact Stud ies )  . 

The test installations 

�h�-Y�hig ±�-� ��P 
This is an inc l ined ramp on which the vehicle reaches 

the des ired speed by grav ity . 

!h�-��2� 1�g-���� 
lt cons ists of a metal build ing the soil  of which is 

covered w ith a b itum inous sur face identical  to that of roadways . 

!h�_± igh�i�g _2�-�h�_2h2g�-�2�� 
lt is done with three f ixtures e ach compris ing f ive 

lamps of 5 . 000 W .  



E l ements of control and servo-control 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Measurement of vehicle speed at the moment of  shock is  
performed with the a id of  a photo-electr ic cell . Two parameters 
are d irectly servo-control led thanks to the cut-off of  a photo­
electr ic barr ier contro ll ing t imed re l ay s . These are the brak ing 
of  the vehicle and the re leas ing of  the subj ect . 

!�§-�!�§���2g��EQ!�-�2�§E�g§ 
H igh-speed c i nematography is actu a l ly the princ ip a l  

means of  study . 
Four rap id cameras , the s hutter speed of wh ich i s  500 

images per second , are used for the k inemat ic coverage of the 
subj ect : 

- a ver t i cal v iew d irected at the point of  shock 
- two l ateral v iews furn ish ing a total analys is  of 

the tra j ectory of  the pedestr ian , with part icular attent ion to 
the level of the in it ia l  vehic le-pedestr ian contact ( front 
shie ld/lower l imbs ) 

- a 3/4  v iew from the front f o l lowing the fall of the 
sub j e c t  to the ground . 

The tests are shot in color and a shot at normal speed 
covers the env ironment be fore and after the test , and perm its 
the real i z at ion of c inematography at the real shock speed . 

S t i l l  photographs complete this c inemat ic coverage . 

The te st mater ial 

The veh i c le 

lt  is a sma l l  CITROEN VISA four -door sedan , taken from 
stock , in its or i g inal con f igurat ion permitt ing the cons iderat ion 
the real k inemat ics of the pedestrian dur ing the shock . The 
veh icle is pos it ionned in such a way that , tak ing into cons ide ­
rat ion its character ist ics , its brak ing is  0 , 7 g ,  this be ing 
real ized by the servo-contro l  of  the or ig inal e lements of  the 
veh icle in  order to obt a in a beg inn ing of  dece lerat ion at the 
moment of  shock . 
A second mock-up of  an automobile is ava i l able on the s ite , 
a l lowing the var iat ion of numerous parameters of  form and 
structure . 
The u t i l i z at ion of  the incl ined plane a l lows the reduct ion of  
the speed and insures a large reproduc i b i l ity of  the se lected 
speed . 

Two type s of tests are real iz ed in  identical conf igu ­
rat ions , one w i th an anthropomorph ic dummy , the other w i th an 
anatom ical sub j e c t .  The dummy ut i l ized is  the O . N . S . E . R .  dummy , 
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50th cent ile , male . This dununy , deve loped by the O . N . S . E . R . , is 
a subj ect at normal erect pos it ion . Tes ted and used by the 
O . N . S . E . R . , e i ther as an automob ile pass enger or as a pedestr ian , 
has g iven s a t i s factory results at the level of the reprodu c i ­
b i l i ty of the k inemat ic . Moreover , i t s  geome t r ic character ist ics 
and the values of the mas ses of the corporal segments as we l l  as 
the ir inert ias are perfectly known . 
The anatom ical subj ects are fresh cadavers del ivered at the 
laboratory by the Body Donat ions . They must correspond to a pr e ­
estab l ished morpho log ical standard , a s  we l l  as t o  certain 
cr ite r i a  of comp leteness . The anatom ical prepar at ion cons ists of 
an incomp lete reheat ing as we l l  as a movableness g iv ing s at i s ­
factory b iodynamic results . 
Two shock conf igurat ions have been retained , one fac ing the ax is  
of  the veh icle , the other in  pro f i l e  on the r ight s ide of  the 
axis of the vehicle . The subj ects are mainta ined in the erect 
pos it ion w ith the pos s ib i l ity of ad j u s t ing the ir contact with 
the ground and they are freed at the moment o f  shock . 

CARRYING o u ·r OF 'ri l E  'l'E S'I' S 

Dur ing the f irst semes ter o f  I 9 7 8 , ten per iods of 
test ing were undertaken , us ing succe s s ive ly shock speeds of 
IO km/h , 20 km/h and 2 5  km/h . Each te st conf igurat ion is  syste­
mat i c a l ly doub led . 

The vehicle 

The u t i l ization of the incl ined p l ane perm its the 
reduct ion of ad j us tement of the veh i c le speed . Moreover , the 
reprodu c ib i l ity and rel iab i l ity of this procedure are very 
s a t i s factory . 
The arch itecture and r ig id ity of the elements of the vehicle 
be ing perfectly known by the manu facturer , the data gathered on 
the veh icle , are l imited to the speed at the moment o f  shock , 
the character i s t ics of the brak ing,  the points of impact by the 
sub j e c t ,  and the importance of the de format ions of e ach impacted 
zone . 
After each test , the front elements of the veh i c le are removed 
and replaced by new elements (wind-shie ld , hood , front shield , 
bumper beam , • . .  ) 

Schedule of te sts with dunun ies 

Two dununies are ava i lable in Marse i l l e . 

- preparat ion and ad j u s tement of the dununy 
- pos i t ion ing of c i nematographic references 
- plac ing in pos it ion of the subj ect at the shock 

po int . 
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- d iagramming of  ground pos i t ion of  dummy 
- research of impacts on the subj ect 
- ver i f icat ion of the comp letenes s of  the dummy 
- repa irs i f  necess ary . 

Schedu le of tests w i th anatomical subjects 

The subj ects are rece ived by tha Anatomical Labor a­
tory about 48  hours be fore the te st . Every effort is made for 
the preparat ion of the bod ies to respect a comparable p l as t i ­
c ity to a normal mus cular ton ic ity o f  a l iv ing and re laxed 
subj ect . Th i s  is done by an incomplete reheat ing and a movabl e ­
nes s of  the l imbs i n  order t o  g ive free p lay t o  the art icula­
t ions which are not immob i l ized by the cadaver i c  r ig id ity . 

- non-block ing pack ing of the r h inopharangea l  o r i f ices 
and m in imum enve lop ing bandag ing . 

- c l in i cal exam inat ion of the teguments 
- rad iolog ical pre- impact evaluat ion of detect ion , 

and interpretat ion 
- p lacement of c inematograph i c  re ferences on the 

s e l e cted anatomical points 
- pos i t ioning of shock point . 

- d iagram of  subj ect ' s  pos i t ion on the ground 
- c l inical  evaluat ion 
- rad iolog i c a l  pos t - impact evaluat ion and interpre-

tat ion 
- embalming and conservat ion ( W inckler l iqu id and 

cold)  
- necropsy . 

'I'he rad iolog i c  evaluat ions compr ise a dozen systema ­
t ic X -r ays ( cranium ,  cerv ical rach i s , thorax , pelvis , l imbs ) . 
Th i s  s t andard evalua t ion is often comp leted , e spe c ia l ly in  pos t­
impact , at the reques t  of the med i c a l  personne l .  

The necropsy compr ises the f o l lowing operat ions : 

Cran ium and face : removal of  the head 
conge l at ion at - 2 2 ° C . 

sagital s awing 
analys is of  encephalon and men inges 
bone exam inat ion 

V iscera anter ior thorac i c  pane l 
abdom inal pane l 
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L imbs 

ev i s cerat ion i f  nece ssary for 
ver i f icat ion of rachis 
or iented d i s sect ion 

Fragmentat ion by segments : 
head and neck 
trunk 
l imbs ( autopode , zygopode , acropode ) 

This fragmentat ion in segments is dest ined to serve 
for the mathemat ical mode l  bu ild ing of  the s hock . 

Evaluat ion of  exper imentat ion 

The repor t of the test compr ises a c inematograph ic 
document which is  actu a l ly the pr inc ipal document allow ing the 
product ion of these tests . The h igh-speed c inematography , t hank s 
to these eas i ly explo itable f i lms , leads to a perfect compre­
hens ion of the k inematics of  the pedestr ian . The d imens ions of 
the vehicle and the subjects be ing known and referenced (pos i ­
t ioning o f  the s ight ing marks ) it i s  pos s ible to formu late 
hypotheses on the mod i f i cations of the k inematics s tart ing from 
the evolut ions of certa in parameters such as the morphology of 
the s ubj ect , its we ight , its att itude at the moment of shock , 
the speed , form , or r ig id ity of  the front structures of the 
veh ic le . 

For each test a series of photographs taken from the 
f i lms ( c ameras in lateral pos it ion s )  is selected and perm its 
the de f in i t ion of certa in e lements of  the k inemat ics , as we l l  
as an easy compar ison between two subj ects by j uxtapos ing the 
instantaneous s t i l l  photos . 

This analys is is comp leted by a s tudy of  the techn ical 
documents (deformat ions of the veh icle , impacted zone s )  and 
med ical ( X-r ays , c l in ical examinat ions , autopsy)  enabl ing the 
estab l ishment of the assoc iat ion between the impacts and the 
inj ur ies quant itat ively and qual itat ive ly as we l l . 

The measurement of  comp lementary parameters ( e f forts 
of  the subject on the ground dur ing the shock , e f fort act ivated 
at impac t ,  accelerat ion of the subj ect . . . .  ) is only env i s aged 
for a f uture study , and in cons iderat ion o f  the observed . 

Pre l im inary exper imental results are i l lustrated 
by fol low ing f igures . 
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Time : O m s  

T ime : I B O  ms 

T ime : 

F i g . N ° 2 : 
K inema t i c  o f  Dununy crash 
( Re f e r  to ground ) 
- Speed : 20 Km/h 

T ime : 4 70 ms 

2 7 0  



T ime : 0 ms 

T ime : 2 1 0  ms 

T ime : 300 

F i g .  N° 3 :  
K inemat ic of Anatomical 
Subj ect Crash 
( Refer to ground ) 
- Speed : 20  Km/h 

T ime : 4 80 ms 

2 7 1  



F i g . N ° 4 : Compar ison of head traj ector ies between 
Dummy and Anatom ical Subject crashes 
( Refer to veh i c l e )  
- Speed : 20 Km/h 

Dummy (O  to 4 7 0  ms ) 

Anatom ical Subj ect (0  to 4 80 ms ) 
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CONCLUS IONS 

Th is is certa inly not the f ir s t  t ime that Doctors 
and Eng ineers work and real i z e  together b iomechan ical resear­
ches on impacts , but the trid i s c ip l inary col laborat ion for this 
work of fers a certain number of orig inal aspects enab l ing on 
the one hand to comb ine the e f forts o f  Med ical Un iver s i t ies 
or iented towards the biomechan ic , the Eng ineers from a b iome ­
chanic laboratory , and the pl anning departement of an Automo­
bile Manufacturer in an analy s is  of auto-pedestr ian shocks , 
with a max imum of prec is ion , but on the other hand al lows each 
one of these e lements to per form its own research suscep t ible 
of deve lop ing and or ient ing its stud ies . 

The f irst aspect then is  re ached in the performance 
of s hocks on pedestr ians ut i l iz ing at the s ame t ime , dumm ies , 
and anatomical subj ects , furn ished to a Faculty Laboratory by 
Body Donat ions . 

The se tests , carr ied out in mod ify ing several para­
meters , speed , break ing down of pr imary , secondary , and ter­
t iary s hock s , study of the injur ies provoked in cons ider ing 
the d i f ferent morpho log ical types and mod if icat ions of the 
form and mater ials of the fronts of the vehicles , nece s s itat ing 
a team-work perfectly coherent , at the s ame t ime , pre c i s e  and 
met iculous , the analys i s  of which mus t  be prudent and followed 
up by an important s ampl ing as the var iations of the d i f ferent 
parameters requ ire great prudence in order to aff irm the 
r e s u l ts . 

Furthermore , each d is c ip l ine keeps for itself 
prec ious lessons . 

The Doctor s ,  of course , col lect information on the 
inj ur ies with the therapeu t i c  consequences which are thus 
indicated , but here it is espec i a l ly the aspect in biomecha­
n ical research which must be stres sed , s ince it is an Anato­
mical Laboratory wh ich has interes ted itself  in this study , 
the researches in this f ield no longer be ing static but today 
being obl iged to or ient themselves to an anatomical s tudy of 
de format ions and res istances of our t issues and components o f  
our bod ies . 

The Eng ineers in b iomechan i c  of impact are going to 
try by compar ison between the tests on dummies and those us i ng 
anatom ical subj ects to demonstrate the r e l iabil ity of the 
O . N . S . E . R . dummy and to create a mathemat ical rnode l  wh ich w i l l  
perm i t  more tests eas ier than with bod ie s . 
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F inally the planning off ice of the Manufacturer d i s ­
covers the comp lex ity of the s afety problem , an aspect wh ich 
w ith modern imperat ives for speed and l ightening of the vehicle 
becomes more and more important . The break ing-down of the shock s ,  
the secondary and ter t i ary inj ur ies demons tr ate a somewhat d i f ­
ferent order t o  attr ibute to the mod if icat ions of forms and the 
ut i l i zed materials . 

This tr id i s c ip l inary operat ion is  the beg inn ing of 
a fru itful co llaborat ion which s hould mul t iply its researches 
in order to cu lminate in statist ically valuable results . 

2 7 �  


