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1 .  Introduction 

This paper presents in short our approach to the probl em o f  

occupant i n j ury b y  c a r  crash . Both experimenta l methods and 

computer s imulation were used for the study of c r i t i c a l  forces 

a f f ecting on the human body in a car crash . In our f irst 

approach the results o f  the real barrier test rnade by Motor 

Veh i c l e  Research Institute were used . Fig . 1 , 2 , 3  show examples 

of crash o f  Skoda 130L with impact speed v 1= 4 8 . 7  km/ h .  Dummies 

Hybfid 2 GM , 5 0  % were used . From car crash we obta ined the 

values of the deceleration of the car and from dummies , some 

in jury criteria etc . Permanent deformati on of car fRo=60 5  mm , 

- 205 -



maximal deformation fc=8 3 3  mm , average dece leration a=l l . 5  g .  

Driver parameters are : 

head : max ima l decelerat ion amax= l 3 8  g a t  

HIC=8 3 9  from t1= 9 8  m s  to t 2= 1 3 1  ms 

time t=l l O  ms , 

ehest : amax= 4 8 . 2  g at t=l l l  ms 

Passenger parameters are : 

head : amax=6 5 g at t=l 2 2  ms , HIC= 2 3 6  at t 1=99 ms , t 2 = 1 2 7  ms 

ehest : amax= 3 0  g a t  t=3 0  g .  

To gain bas i c  orientation data about the mechani ca l  

properties o f  selected parts o f  human body , we have measured 

the f orce-d i s p l acement characteristics of se lected organs and 

vesse l s . In order to s imulate the motion of the human body in 

a by car crash , we created planar mathematical mode l , which 

i n c l udes the necessary non l inearities , i . e .  deformation of 

s a f ety be l t ,  descri bing of contact forces etc . From this mod e l  

w e  analy zed deceleration at each selected point o n  the dummy ' s  

body and so we are a b l e  to ident i f y  the forces a f fecting organs 

in t h i s  a rea . The obta ined tensions are compared with the ones 

f rom human materia l .  

2 .  The s imulation o f  an occupant motion during the barrier test 

As a starting point of our investigation we prepared and 

· s imp l i f ied planar model of occupant mot i o n . For thi s  purpose we 

use the long i tud i n a l  plane of symrnetry of the system under 

study . As we are interested in g lobal motion of the occupant , 

we use a standard mult i body mecha n i c a l  model con s i s t i ng o f  7 

rigid bod i e s  l inked by idea l lower k i nema t i c  pa i r s  rna i n l y  
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revolute ones . The pos i t i on of each body i s  described by the 

coordinates of its mass centre and by an ang le of instantaneous 

turn of a l oca l coord inate system to a globa l one . In any 

revolute k i nematic pa i r  we consider tors i on spring and damper , 

the torque of which depends on the relative motion in that 

pa i r .  S a f ety belts w i th force-def lection behav iour taken f rom 

experiment are included . The parts of occupant ' s  body are 

visua l i zed by e l l ipses with the semi-axis ratio picked up i n  

such a way that the shape of occupant ' s  body i s  compa rable with 

the pro jection of the rea l part of a man body into the plane of 

symmetry of the body ( Fig . 4 ) .  

Dynami c a l  behaviour of the mecha n i ca l  model mentioned above 

is described us ing Lagrange ' s  equations of the mi xed type and 

by the equations of constra i�ts . The equations of mot i on a re 

numer i ca l l y  integrated using subroutine AD4 , made in our 

institute . 

Th i s  method enables to invest igate the co l l i s i on effects 

between occupant and i nterior of a car . The out l i n e  of interior 

was spec i f  i ed on the base of rea l sketch using a d i g i t i z e r . By 

mon itoring the d istance between the model and i nterior of the 

car the p lace and time of c o l l i s ion could be found . The contact 

itself is mode l led by means of a spring having non l i near 

force-de f lection behaviour . 

Planar s imul a t i on model of a n  occupant ' s  motion i n  

a passenger c a r  during a front barrier test was created u s i ng 

multibody system approach . I t  enables to study the i n f luence of 

the ma in parameters on the occupant pas s ive s a f ety . The method 
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o f  computer s imulat ion leads to easy and cheap ana l y s i s  o f  the 

phenomenon , and it gives a lot of important data for further 

stud ies . 

3 )  Measurements of s t i f fness of human i nterna l organs 

Ma i n  task of thi s  measurement was to determine approximate 

va lues of static s t i f fness of preselected interna l human 

organs , wh ich are frequent ly i n j ured during car cra s h . These 

organs were s e l ected on the bas i s  of c l i n i c a l  prax i s :  the aorta 

and renal artery as examples of the largest arterie s , the 

hepa t i c  vein as a great vein , the splenic capsule as ·a cover o f  

one o f  the most frag i l e  abdomina l organs , and ureter as an 

example of soft e l a stic organ . 

Mate r i a l  was col lected from the bod ies desti ned to the 

anatom ical. d i ssection , which were conservated with a lcohol and 

forma l i n .  Four examples of each organ were measured . 

The s t i f fness o f  individual samples was tested with the help 

of a one axle deformation tes t .  Measurements were p lotted as 

force-deformat ion characteristic and maximal f orces were 

identi f i ed . In addi t ion the max i ma l  tension was computed . From 

the pass ive s afety point of view is not a l lowed to overstep 

va lue of c r i t i c a l  tens i on ck . Thi s  tension was def ined from 

static max imal tension es using coeff i cient of safety and 

coe f f i c ient of dynamic stroke . Results shows Tab .  1 .  
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CS 

Aorta 1 .  6 8  MPa 
Vena hepatica 2 . 0 4 MPa 
Renal artery 2 . 2 0 MPa 
S p l een 6 . 8 0 X 1 0 - 2 MPa 
Ureter 1 0 . 2 0 MPa 

Tab . 1 - Resu l ts of measurements 

The obtained values can be orientationa l l y  compared w i th the 

results of the measurements of the s t i f fness of i nd ividual 

layers of the abdomina l wal l ,  performed on unfixed human 

cadaverous mate r i a l  ( Tab . 2 ) . The measurements were carried out 

on the Instron Model 1 1 8 5  in the same way a s  mentioned by the 

f i rst group of human samples In both tables they are 

demonstrated the average va l ues , the d i f ferences of 

measurements were ± 2 0 % . 

CS 

Muscul u s  obl . int . abd . + m . transv . abd . 0 . 3 9 MPa 
Fascia transvers a l i s  1 .  2 6  MPa 
Fascia abd . spf . 1 .  8 0  MPa 
Peritonaeum 1 .  9 5  MPa 
Skin 7 . 3 5 MPa 
Aponeuros i s  m . ob l . ext . abd . 1 1 . 3 0  MPa 

Tab . 2 - Results of measurements 

On the bas i s  of compar i son of both f i les of results we may 

concl ude that the obta i ned values are quantitatively 

compara b l e , a lthough the measuring procedures were done 

independent l y  and ·on samples of d i f ferent proven ience . 
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I t  i s  evident that our results of the s t i f fness measurement 

of the above ment ioned organs are of orientational character 

only . Neverthe less , even in this form they brought us the bas i c  

o b j ective inforrnation about sorne physical propert ies o f  human 

organs . 

Cornpa r i son of the results of rneasured phys i c a l  properties o f  

biological preparates with the va l ues obtained frorn the 

rnathematical s irnulation is very important for the estirnat i on o f  

degree of correlation between the rnodel and the r e a l  process . 

By the s imulation of the load of the human body due to 

barrier crash test , in which the in j ury could not arise , we can 

by this way e a s i l y  estimate whether the obt a ined results do not 

exceed the bio logica l v a l ue . 

At least we can conclude tha t if c r i t i c a l  tension is greater 

than rea l actual tens ion caused by car cras h , we can suppose , 

on the bas i s  o f  s imple cons ideration or on the bas i s  of f inite 

e lement method , good chance to survive . 

4 .  Conc lus ion 

The s u b j ect o f  this paper is to show one approach of dynamic 

o f  occupant motion during car barrier cras h . The computer mod e l  

w a s  adapted t o  meet rnul t i body systern a n a l ys i s . The orientation 

rneasurernents o f  force-deforrnat ion characte r i st i c s  o f  cert a i n  

human organs are presented . The connection o f  rnodel l i ng a n d  

rneasurernents enables better estirnating o f  the i n f  luence o f  

changes i n  c a r  d e s i g n  f rorn r i s k  of i n j ury p o i n t  o f  v i e w .  
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