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The a im of  this study i s  to compare several ,  usual or new res traint 
sys tems and to search the ir limi t s .  lt  should enable to improve the safety 
be l t  in orthogonal frontal impact at SO km/ h .  So the fol lowing restra int 
devices wi l l  be s tudied : the three point be l t , static or wi th retractor 

the three point be l t  with load l imiter 
the inf la ted be l t  
the preloaded be l t  
the s t eering wheel air bag with lap be l t .  

The research origina l i ty l ies  in the choice o f  a l iving animal as 
experimental model for dynamic tes t s .  

I . CHOICE AND VALIDATION OF THE MODEL 

The l iving animal was chosen because o f  i t s  natural react ion abili ties 
to  impact stresse s .  In fac t ,  during the test s ,  it  keep s a mu scle tone of  
great importance in the impact response .  Moreove r ,  the same animal may 
undergo several succ e s s ive runs ; a c l inical and rad iological control i s  
made after each run . In some case s ,  traumatic lesions may occur and can 
be o b served on bones or vi sceral part s .  An autopsy i s  undertaken in case 
or thoracic fractur e .  

The baboon was chosen because i t  has a natural s i t t ing pos1t1on,  
non affected by its  tai l .  lt  i s  quite s imilar to  man and i t s  relatively 
mean s tature makes ea�y the handl ing and the restraint sys tem f i tt ing . 
The u sed baboons are kept at the laboratory and weight from 20 to 25 kg . 

Compared to the human ske leton ,  the baboon one has a s imilar verte
bral spine with 7 cervical vertebrae , which enab les comparable mot ion s ,  
certainly more real i s t ic than these o f  dummie s .  Howeve r ,  anatomical d iffe
renc e s  are marked on t he head - cynocephalus monkey (BIARD - 1 ) ,  on the 
shoulders which are less  broad and more s loping for the baboon, on the 
thoracic cage with a more c i r cular and conical shape , then on the abdomen 
(higher abdominal wal l )  KAZARIAN ( 4 ) . 

I I . METHODOLOGY 

I I . 1 .  Run test cond i ti ons : the runs are performed with the dynamic 
s l ed of the ONSER Laboratory with a speed range from 30 to 65 km/ h .  On the 
b a s i c  p la t form, a special s truc ture i s  f ixed for the imp lanta t ion of the 
seat and the b e l t  anchorages and , i f  neces sary , of the front vehicle 
compartment . 
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The deceleration charac t e r i s t i c s  o f  a sma l l  E uropean car are simula
ted wi th reference to the frontal orthogonal barrier crash at 50 km/h 
speed ( f i g .  5 ,  6 ) . The crush vari e s  from 0 , 54 m to 0 , 60 m .  

1 1 . 2 .  Animal  pos i t ion  and phys i o l og ica l  s tate : the baboon i s  
s i t t ing o n  a s l ightly padded , she l l  moulded seat (polyester reinforced 
g lass-cloth) , which offers a good l at eral ho lding of the body . The angle 
between the seat and the back pans is 95 ° ,  the seat pan be ing 2 5 °  from 
horizonta l . 

Moreover,  to ensure a good reproduc ib i l i t y  o f  ini t i al head and 
thorax posi t ions , the baboon head i s  kept in natural pos i t ion by an appro
priate device during the s led trave l ,  and is relea s ed j u s t  before the 
crash (Fig . 1 ) .  The animal is anaes thetized for preparat ion (Ke tamine HCl ) 
and t he s led run i s  opera ted when i t  recovers i t s  muscle  tone ( prehension 
ref lex) . 

1 1 . 3 .  B i omecha n i c a l  parameters 

The baboon state e va l uat i on is i s sued from c l inical and rad iological 
surveys fol lowing each run ; then the animal behavior is observed . Yet ,  it 
must b e  empha s i z ed that only no ticab l e  l e s i ons can be revealed , such as 
c l ear fracture s ,  pains , obvious c l inical signs or baboon prostrat ion . ' 

The head decel erat i o n  i s  measured by a minia ture triaxial accele
rometer (JPB 2 1 2) put on the nose before the eye s .  Therefore,  a l ight 
rigid he lmet is moulded on the baboon head ( po lyester reinforced glass
c loth)  and the accelerometers and the f i lm targe t s  are secured on i t .  

The f i gure 2 presents for each baboon the accelerometer posit ions 
r elative to t he reference system i s sued from t he center of gravity .  The 
s light d i s tance be tween t hese posi t ions j us t i f i e s  the d irect comparison 
of the measurement . 

The thora c i c  dece l erat ion  i s  measured b y  a miniature triaxial acce
l erome ter (Entran Devices  500g) , st ick on the skin behind the 7 th thoracic 
vertebra . 

The bel t l oads are measured by axial tension transducers fixed at 
each anchorage point . 

Thes e  parameters are recorded and digital ized for t he computation of 
the usual severit y  c r iteria ( resul tant acceleration, HIC , SI) . 

· The ba boon mot ion  i s  v i sua l i z ed by two high-speed cameras ( 5 00 or 
1 000 i / s ) , s i tuated latera l l y  and above t he impact area . They give the 
head d i splacement and i t s  rotation relat ive to the longitudinal p lane . 

III . STATIC OR RETRACTOR BELT RES TRAINT 

1 1 1 . 1 .  Restrai nt sys tem desc ript i o n  : each restra int system i s  adj usted 
to the baboon s t a ture and morpho logy . The three point b e l t  ( 3 0  mm width and 
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1 3  % stretching under 1 0  KN load) and t he anchorage pos1t1ons are extrapo
lated accord ing to the opt imum p o s i t ions described by C ITROEN ( 2 ) . Thes e  
anchorage point s appear o n  f i gure 4 ,  t h e  superior point 0 1  b eing s ituated 
at 1 55 mm f rorn the baboon sagittal  p lane . The thoracic be l t  goes on the 
left  c lavic l e .  The b e l t  adj u s tment ( 2 5  mm s lack measured on t he sternum) i s  
made when t he baboon i s  in r ight posit ion with i t s  head hold ing device and 
when the lap b e l t  i s  in contact with the body . 

In the ret ractor b el t ,  only the webbing in contact with the baboon 
i s  reduced to 30 mm width . The o t her parts of the retractor are not modi
f ied and the webbing length reeled i s  600 mm . 

1 1 1 . 2 .  Stat i c  three poi nt bel t resu l ts : e ight runs were conduc ted 
wi th two baboons (n° 1 6  and 24) , weighting respec t ively 2 1  and 22 kg 
( f i g .  3) . 

The who l e mot ion  of the baboon can be descr ibed by a f i rst  sequence 
o f  body trans lat ion fol lowed , after the p e lvis  stopping, by the head and 
thorax f lexion in the longitud ina l p lane . At the end o f  the max imum head 
d i sp lacement , the body rotates latera l ly with a greater amp l i tude for the 
head . The rebound sequence begins with a rearward movement of the thorax 
up to i t s  contact with the s ea t ,  fol lowed by the head extens ion.  

The head traj ector ies  ( F i g .  4 )  show a good reproduci b i l ity  for each 
baboon . Moreover,  both anima l s  have comparab l e  mo t ion amp l itude s ,  mos t l y  
in X d i rect ion.  

The head resu l tant decel eration  (Fig . 5 ,  6)  presents a larger d i s
persion,  especially for the baboon 2 4 .  The curves have a regular shape and 
their maximum reaches 58 to 78  g .  The HIC ind ices vary from 600 to 900, 
except for one run (baboon 24) the seve r i t y  Qf which was greater but cannot 
be exp l ained . lt must be emp ha s iz ed that these values are measured at an 
external point on the head but not at i t s  center o f  grav i t y .  

The thorac i c  res ul tant dece l erat i ons (Fig . 5 ,  6)  a r e  quite s imilar 
in t heir  shapes and the ir amp l i tude s .  

The bel t l oads (Fig . 7 ,  8 )  are highly reproducib l e ,  part icularly 
the i r  r1se s l op e . The curve shapes and amp l itudes are similar for both 
anima l s .  

1 1 1 . 3 .  Retractor three po i nt be l t resu l ts : Seven runs have been 
conducted,  4 of them with the two preceed ing baboons and the o t hers wi th 
the baboon 2 1  and 2 6 ,  weighting r espect ively 2 1 , 5  and 2 4  kg ( F i g .  3 ) . 

The results  do not show any marked d ifferenc e s  between the two types 
of b e lt s .  The difference s  appear ing on t he b e l t  loads and the head d i s p la
cements of baboon 26 depend direc t ly on i t s  morphology : t a l l  monkey o f  
s l ight ly higher we ight . With  t h e  baboon 1 6  restrained b y  a retractor be l t ,  
the head runs more steeply down . 
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I I I . 4 .  Lesi ona l fi nd i ngs : these 1 5  runs with three point bel t s  
produced a few more or l e s s  severe inj urie s .  

The baboon 2 4  suff ered a large hematoma character i s t ic of the belt 
loads on t he rib cage and the pe lv i s  after the run 8 3 .  Three months later , 
t he baboon suf fered abdominal pains which d id no t persist  ( run 9 1 ) .  

The baboon 2 1  was severel y  shocked by the run 7 2 ,  a respiratory 
help was nece s sary . Abdominal pain s ,  b lood in urine and prostrat ion lasted 
2 4  hours . An autopsy undertaken later ,  showed hematomae between the l iver 
and t he diaphragm and internal hematomae in the left kidney .  Thi s latter 
inj ury was d irec t l y  caused by the lap b e l t .  

The baboon 2 6  suffered a st ernal frac ture after the run 7 4  (disj unc
t ion of the 2nd and 3rd sternal p i e c es ) . 

With reference wi th other runs performed in the same cond i t ions , it 
seems that this fronta l crash s imulat ion at 50 km/h speed corre sponds to 
the lesiona l l evel for the baboon restra ined by a three point be l t .  

IV . FIRST APPROACH OF THE COMPARISON LIVING-DEAD ANIMAL 

I V . 1 .  Purpos e  : An evaluat ion a t t empt o f  the experimental human 
c adaver behavior can be ob tained from the compari son of t he animal state 
- l iving o r  dead - Such res earches have been carried on for a few year s ,  
with interest to particular body segments (head - thorax) us ing mode ls 
such as the p i g  (VIANO - 7 ,  LOWENHIELM - 5 )  or the baboon ( ROBBINS - 6) . 
Our purpose i s  essentially  t he compari son of t he whol e  baboon behavior 
with one restra int system, depending on i t s  state - l iv ing or sacri f ied . 

I V . 2 .  f·lethodol ogy : one baboo n ,  res trained by a static three point 
be l t ,  undergoes one or severa l runs in t he above condit ions . Then it i s  
sacrif iced , kept i n  a cool compartment ( 4 ° C) during four o r  f ive days . So 
i t  can be prepared for the same dynamic run . The preparat ion method used 
for human cadaver tests  (FAYON - 3) is f o l lowed : lung insufflation, l iquid 
perfusion for art erial repres surisat ion (maintened during the crash) . 
An autopsy i s  made after the run . 

I V . 3 .  Compari son  res u l ts : the t e s t  resul ts with the sacrif ied 
baboons n°  1 6  and 24 are pre sented on f igures 3 to 8 and can be compared 
to t he l iving state runs . 

The dece l erat ion and l oad curves do not differ grea t l y  for each 
baboon . One can not ice only lower b e l t  loads on the shoulder and mainly 
on the int erior belt  in the sacri f iced s t a te . Moreover , the thoracic 
deceleration curve is more f i l tered in tha t  case . 

The head trajectori es  , in the s acrificed state , run l e s s  steeply 
down and pre sent a sma l l er transverse rotat ion . 
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The autop s i e s ,  undertaken j us t  after each run, did not reveal severe inj u
ries ( only superficial  hematomae at contact b e l t-thorax and abdomen) . 

CONCLUSION 

Thes e  f i r s t  resul ts indicate the great interest o f  us ing a l iv ing 
model as exper imenta l  sub j ect . The test re sult s  show a good reproduc i b i l i t y  
f o r  each baboon and f o r  severa l one s of close  weight and stature . 

The l e s ion patterns and locations observed wi th the three po int b e l t  
restraint , a r e  quite simi lar t o  those found i n  acc idento logy . But i t  
appears t o  be necessary t o  inve s t igate t h e  behavior o f  several subj ects  
to take account of anatomic a l  d ispersions . 

So it seems interest ing to go on with this  s tudy ; the l iving baboon 
wi l l  lead to a qua l i ta t ive c lassif icat ion of different res tra int systems , 
adj usted and f it t ed to this animal .  

Moreover,  the approach of the comparison living-dead anima l , res
tra ined by a three point b e l t  did not reveal marked differences . When 
carrying on this study,  two points of the methodology s hould be improved . 
First , the physiological state o f  the l iv ing animal must be careful l y  
control led before and af t er each run . Secondly ,  i t  i s  important t o  ensure 
a good reproduc ib i l ity of the sacrif iced baboon prepara t ion condi tions . 

ACKNOWLEDGEMENTS : This study is  sponsored by the French Mini s try of 
Transportation (DRCR) and by CITROEN .  
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Fig . 1 Initial Position of the Baboon - Three Point Be l t  Restraint 

Reference point and 
direction f or motion 
and dece leration 
curves. 

o Bab 1 6  
e Bab 2 1  
lf. Bab 24 
o Bab 26  

Fig . 2 

Film targets 

roordinate system para l le l  to 
the Frankf ort p lane� origina ted 
at the CG of head + helme t .  

Measurement Points on the Baboon Head 
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BABOON · 24 

STATIC THREE POINT BELT 

Curves Corridor 

-- Dead Anima l Curve 

BABOON 1 6 

Curves Corridor 

Static Be l t  

Retractor Be l t  

+ • + + Dead Anima l 
static Be lt 

Fig. 4 
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BABOON 1 6  - THREE POINT BELT AT 48 km/h 
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BABOON 2 4  - THREE POINT BELT A T  4 8  km/h 
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