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I N  S I DE-IMPACT COLL IS IONS , the abdomens of  presently ex ist ing  dummies do not 
make i t  poss i b l e  to eval uate the r i sk  of occurrence of abdomi na l  i nj ur ies . 

The purpose of  the present i nvesti gati on i s  to pa l l i ate th i s  i ns uffi ci ency , 
whose real nature i s  s hown fi rst of a l l  through the analys i s  of acci dentol ogi cal 
data . 

The human abdomen ' s  dynami c response i s  then defi ned by means of  tests with 
cadavers that s imul taneous ly  p i n po i nt the tol erance of  th i s  area of the body . 
Th i s  array of  data enabl ed an i n i ti al defi n i tion  of  a model for an abdomen and 
a fi rst attempt for a protecti on cr iteri on associ ated wi th a s imp l e  i nstrumen
tati on i n tegrated i nto th i s  abdomen . 

DATA ACQU I RED FROM ACCI DENTOLOGY 

Extent of occurrence of abdomina l  i nj uri es : To rea l i ze the re l at i ve extent 
of occurrence of abdomi nal i nJ uries as compared w ith  those sustai ned by other 
body areas , i t  s uffi ces to cons u l t  Tabl e 1 ,  whose res ul ts come from the acciden
tol ogica l  survey performed by the I RO/PEUGEOT-RENAULT .  Thi s survey con
cerned a samp l e  of 473 car occupants , i n cl ud i ng 309 dri vers and 164 pas sengers , 
who had been i n  cars i nvol ved i n  s i de- impact col l i s i ons . 

So as to obvi ate b i as , a number of cases were di sregarded : they i nvol ved 
car occupants who had been ejected and occupants l ocated on the s ide faci ng 
the impact s i de ,  as wel l as cases of vi ctims who had met death but had not been 
autops i e d .  

The overa l l eval uati on o f  the extent of  occurrence o f  i nj uries for each 
i nd i v i dual body area was obtai ned by add i ng  up the cubes of  the AIS ( l ) X .  

I t  emerges that the 'we i ght "  o f  the abdomi na l  i nj uri es i s  of the s ame magn i 
tude a s  that o f  the head- and  thorax i nj uri es ,  for wh ich  s i de-i mpact protecti on 
cri teri a have a l ready been contempl ated . Th i s  magni tude i s  confi rmed i f  we con
s i de r ,  among the previ ously-noted sampl e ,  those cases i n  wh i c h  i mpacts i nvol ved 

( l ) x The numbers between brackets refer to B i bl i ography at the end of paper .  
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the passenger compartment .  Thi s col l i s i o n  pattern i s  the one that was defi ned 
by acci dentol ogy as the most cri t i cal one i n  s i de- impact col l i s i ons ( 2 ) . 

Thi s  i s  al so true for the abdomen . Tabl e 2 l i sts data concerni ng 174 car 
occupants . Th i s  tab l e  was obtai ned by cons i deri ng on ly  those acci dents i n  whi ch 
i ntrus i on i nto the s truck vehi c l e  exceeded a di stance o f  15 cm , s i n ce there was 
no occurrence of abdomi na l  i nj ury when there was absence of i ntrus i on i n  the 
veh i c l es of the samp l e .  

Nature of  abdomina l  i nj uries observed i n  real -worl d accidents : I f  we cons i 
der the 174 previously-selected car occupants , and if we distribute the i r  abdo
mina l  i nj uries by types observed , we find  that the l i ver and the spl een are 
the areas that susta i n the most frequent and most seri ous i njuries ( Tab le  3 ) . 

l t  wi l l  be noted that on the average , the AIS  for l i ver i njuries are d i s 
ti nctly h i gher. Th i s  j usti fi ed the deci s i on ,  i n  the study ,  to pri vi l ege impacts 
occurri ng on the ri ght s i de of the body . 

DATA ACQU I RED FROM TESTS WITH CADAVERS 

Methodol ogy : The pri n c i p l e  of the tests i nvol ves caus i ng the subjects to 
sustain a free fa l l ,  as shown i n  Fi gure 1 .  The i n i ti al i mpact occurs on the 
l i ver ,  because of a l ocal protrus i on extendi ng beyond the i mpacted fl at  surface; 
the rol e  of t h i s  over l a i d  thi ckness i s  to s i mu l ate a l oca l  i ntrus ion  such  as  
that caused by an  armrest i n  a rea l -worl d acciden t .  The upper surface of  th is  
s i mul ated armrest i s  made of  h ardwood wi th rounded edges ; i ts wi dth i s  seven 
cent imeters . 

The arms on the i mpacted s i de were arranged so as not to stri ke the 1 1arm
rest 1 1 , thereby prevent i ng  them from i nf l uenci ng the measurement of the force 
sustai ned by the l i ver .  

Thi s measurement i s  obtai ned by mea ns of  a dynamometri c p l atform equi pped 
w ith  Ki stl er pi ezoe l ectri c l oad cel l s ,  pl aced bel ow the armrest i n  such a way 
that i t  i s  sen s i t i ve on ly  to the force appl i ed to the l atter . 

The tests are fi l med by h i gh- speed cameras ( 1 ,000 fps ) . Analys i s  of  the 
fi l ms enabl es eval uati on of penetration  and defl ecti on i n  the course of t i me .  

The cadavers are those o f  recently deceased i ndi vi dual s ,  unembal med , and 
removed from the col d room ( 2 °  C) several hours prior to test i ng in order for 
the v i s cera to retri eve the i r  natural deformabi l i ty .  They are perfused v i a  femo
ra l artery i n  accordance w ith  previ ously descri bed methods that enab l e  both 
macroscopi c and mi croscop i c observation  of  whatever i nj uries  may poss i bl y  be 
occurri ng i n  organs and/or b l ood vessel s (3 ) .  

Prior to every test , a preci se anthropometri c measurement i s  recorded ; the 
mai n  data are l i sted i n  Table  4 .  

Subsequent t o  every tes t ,  the cadaver i s  autops i ed and the organs are re
moved for the purpose of  more deta i l ed analys i s  of  the i nterna l  i nj uries that 
may have occurred .  Ri b fragments are a l so removed for the purpose of  defi n i ng 
the bone cond i ti on of the thoraxes of the experimental cadavers . 

Mul t i p l e  accel erat i on measurements of  the skel eton are a l so performed . 

Resu l t s :  The data l i s ted bel ow concern el even cadavers of  a n  average age 
of 57 years (mi n imum 45 , maximum 68 ) .  

The pri nc ipa l  resul ts are l i sted i n  Tab l es 4 and 5 .  
Three of the experi mental  subjects were el imi nated from the analys i s  be

cause thet had sc l ero-atroph i c  l i vers ( fi brous , extremely hard l i vers ; subjects 
212 , 2 16 and 219 ) . For the other subjects , the i nj ur ies  found were al ways l i ver 
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i nJ uries associ ated wi th ri b fractures , wi thout any apparent connecti on bet
ween these two k i nds of i nj ur ies ; i n  parti cu l a r ,  i n  these cases , r i b  fractures 
were never an aggravati ng factor .  

The l i ver  i nj uri es , except s ubj ect 2 13 ,  a re externa l  o r  i n -depth , s i ng l e  
o r  mul t i pl e ,  w i t h  or wi thout occurrence o f  deep l e s i ons ( s uch a s  ste l l ar rup
tures or central hematomes ; cases 209 ,  2 1 5  ( s ee fi g .  2 )  

There were n o  bursti ngs , n o  vascu l a r  i nj ur ies to areas above o r  bel ow the 
l i ver nor any even parti al  teari ngs of l i ver l i gaments . 

Eval uati on of abdomina l  tol erances - The tests performed tri ggered the 
occurrence of l 1 ver i nJ ur1es whose gravi ty was eva l uated i n  terms of AIS . I n  
the fol l owing  pages , we endeavor to l i n k  the sever i ty o f  the i njur ies  to va
ri ous measured parameters . The mai n  fi ndi ngs are recorded i n  Tabl e 5 .  Thi s ta
b l e  pertai ns to the meas urements made on h uman subjects and i n  no way presumes 
on the concl usi ons obtai ned from tests wi th dummi es . 

These resu l ts concern human tol erances , not the protecti on cri teri a .  
The cases i n  whi ch the l i ver was not i n  a representat i ve state ( ci rrhot i c  

l i vers , e . g . ) were e l i mi nated from the ana lys i s .  The parameters succes s i vely 
consi dered were the force appl i ed to the abdomen , the pressure exerted by the 
armrest ,  and the di s tance to whi ch the armrest penetrated i nto the abdome n .  

Force app l ied  by the armrest - The maximum val ues of the force sustai ned 
by the l1 ver were 11normal1 zed", i . e .  they were corrected so as to most c l osely 
resembl e  those that wou l d  have been found i f  the s ubject had we i ghed 75 k i l o
grams ( x ) , the wei ght of the 50th percenti l e  ma l e  dumm ies . I n  th i s  process , 
we assume that Eppi nger 1 s  formu l a  (4 ) ,  i s  a suffi ci ent approx imati on despi te 
i ts only rel at i ve conformity wi th the necessary hypotheses . 

On the bas i s  of the e i ght subjects usab l e for thi s ana lys i s ,  the norma l i 
zed force emerges as a rel i ab l e  i ndi cator of i nj ury sever i ty whatever the 

1esti ng condi t i ons . F i gure 3 i l l ustrates t h i s  fi nd i ng ( r  = 0 . 98,  n = 8 ) , sub
ject to the reserves that are necessary when the AIS  i s  used . 

Under the cond i t i ons of test app l i cati on , a norma l i zed force of around 
450 daN can be associ ated wi th an i nj ury severi ty rated cl ass 3 i n  the AIS . 
For the abdomen , th i s  force val ue consti tutes a thres hol d above whi ch these 
i nj uries can be consi dered as i ntol erab l e , conventiona l l y .  

"Average" press ure - We a l so endeavoured to use the press ure exerted by 
the simulated armrest as an i nj ury sever i ty i ndi cato r .  For th i s  purpose we 
used the fol l ow ing  rat i o :  

maximum force measured 
width of armrest x th1 ckness of abdomen 

Th is  rat i o  shoul d be c l osely l i nked to the maximum of the "average " pres su
re exerted . Actua l l y ,  si n ce t h i s  i s  due to the measurement di ffi cul t i es , the 
abdomina l  thi ckness used was the o ne that had been measured pri or to i mpact on 
the horizontal  p l ane of the s ubject that passes through the outermost parts of 
the median  arcs of the ni nth  ri ght- and l eft ri bs ,  i . e .  at the l evel of the 
armrest duri ng performance of the tes t .  

75 2/3 
( x )  Normal i zed F = Meas ured F x ( wei ght of s ubject ) 
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The maxi mum of average p ressure on the armrest cal cul ated thi s way can be 
cons i dered as a fai rly  re l i ab l e  i ndi cator of i nj ury severi ty ( r  = 0 . 93 , n = 8) , 
as s hown i n  fi gure 4 .  

Under the condi ti ons of the tests that were performed , we can use a va l ue 
cl ose to 260 kpa  ( 2 . 6  daN/cm2 ) as bei ng  associ ated wi th an AIS 3 for the abdo
men . 

Unfortunate l y ,  both pressure and force are parameters whose convers i on 
i nto i n terna l measurements for the dummi es poses probl ems . Thi s  poi nt wi l l  not 
be gone i nto here . 

Rel at i ve penetration - The l ast parameter consi dered i s  rel ati ve penetra
t i o n ;  several definitions can be contempl ated dependi ng on the test confi gura
ti ons (whatever the chosen defi n i t i on , t h i s  i s  an attracti ve magni tude to take 
i nto cons i derati on , because i t  can be d i rectly s i mu l ated by a su i tab l e  dummy . 
I n  add i t i o n ,  i ts maximum i s  rel ati vely easy to measure ) . 

I n  the exper iments wi th cadavers , i t  soon emerged that the measurement of 
penetrati on posed a suppl ementary probl em i nvo l vi ng the defi n i t i on of penetra
t ion  because of d i fferences i n  the s hapes of the trunks of the vari ous sub
jects . In any case , the trunk not bei ng  cyl i ndri cal , a method was therefore 
defi ned that used analys i s  of the fi l ms ,  i denti ca l  for a l l the tests ; the 
pri n c i p l e  i s  i l l ustrated i n  fi gure 5 .  

- - What i s  cal l ed here penetrati on ( OP 1  on fi gure 5 )  i s  meas ured on the 
verti cal  axi s AA 1 s h i fted towards the head by a di stance of 10 cm , i n  re l at ion 
to the ax i s YY 1 of the armrest .  

-- Poi nt  P on the peri phery of the thorax pas s i ng v i a th i s  ax i s served as 
a reference poi n t  for measuri ng  t he penetrati on .  

C lear ly , the va l ue of penetrat i on wi l l  depend on the pos i t i on of the poi nt  
chosen for i ts measurement . Poi nt  P was  defi ned above , s i nce at  th i s  d i stance 
from the protrus i on that depresses the thora x ,  the di fferences i n  the subjects 1 
s hapes have l es s  effect . 

-- As l ong as  poi nt P remai ns at  a h i gher pos i ti on than the upper part of 
the a rmres t ,  there i s  a gradual cancel l i ng  out of the convex i ty of the trun k .  
Th i s  d i stance ( PO i n  the fi gure 5 )  wi l l  be des i gnated as i n i ti a l  defl ecti on i n  
the para graphs be l ow .  

-- The zero on the penetration  s ca l e  corresponds to the moment at wh ich  
the  preced ing  verti cal di s tance becomes zero . Thi s  accounts for the exi s tence 
of negati ve val ues on the curves of force/penetrati on + defl ecti on ( fi gure 8) . 

-- Whi l e  the thorax conti n ues to descend , penetrati on cont i n ues to be 
defi ned by the verti ca l d i s tance from poi nt  P to the armrest , whi ch now has a 
pos i t i ve va l ue on the force/penetrati on + defl ecti on curves ( fi gure 8) . 

Rel ati ve penetrat ion  expressed i n  percentage i s  ca l cul ated here by di v i 
d i ng  the penetrat i on ( OP 1  on fi g .  5 )  by the hal f-th ickness o f  the whol e thorax 
at  the l evel of the median  arcs of the n i nth ri ght and l eft r i bs . 

Fi g ure 6 s hows that there i s  no obvi ous rel at i on between the abdomi na l  AIS 
and rel at i ve penetrati on . However , th i s fi ndi n g  does not mean  that there wou l d  
be n o  rel at ion between penetrat ion  and occurrence o f  i njur i es i f  the test ing  
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procedure were di fferent , i n  parti cul ar i f  the seated subject were struck l ate
ral ly  by an i mpactor ( 5  ) . 

The l i mi tat ion of penetrati on i nherent i n  our experimental protocol means 
that other parameters take on greater we i ght with  regard to penetrati on . 

Testi ng procedure i s  hence of cons i derab le  i mportance . There i s  reason to 
bel i eve that the test ing  method emp l oyed here i s  si gn i fi cantly re l evant , si nce 
a car occupant i s  often struck l atera l ly  at the l e vel of the thora x ,  pel vi s 
and abdomen by a deformed car-wal l whose the most protuberant part i s  genera l l y  
a t  the l evel of the pel vi s or abdomen . 

The above defi n i t i on of penetrati on may seem arbi trary ,  but thi s method 
does not prevent a more compl ete use of the data i n  so far as there i s  exami na
t i on of the pos s i b l e  rel ati ons between i njuries  and the vari ous �agni tudes that 
can be associ ated wi th the common i dea of penetrati on . 

I n  th i s  connecti on , i f  we cons i der the combi ned i n i t i a l  defl ecti on + 
penetration ( i  . e .  the di stance PP ' i n  fi gure 5 )  expressed i n  percentage of the 
hal f-thi ckness of the whol e thorax at the l e vel s of the ni nth ri ght and l eft 
ri bs , we see no obvi ous rel ati on between thi s parameter and the severi ty of 
i nj uries ( fi gure 7 ) . 

Al though t h i s  magni tude , wh ich  we hact o l anned to use for t�e ?Ur?ase of 
-:'.efi ni r:g  abdor•' i na l  tol eranc2 , i s  not i n  ::i i rect rel ati anshi p 1·J i ti1 i nj u ry seve
ri ty , i t  can however be noted that under a val ue of about 28 % af the i mpacted 
abdomi nal ha l f-thi cknes s ,  there i s  no ri s k  of i nj ury accurrence . 

QUITE APART FROM THE MATTER OF HUMAN TOLERANCES , i t  i s  necessary to charac
ter i ze the dynami c behavi or of the human subjects ' abdomens ,  i n  order to have 
a sat isfactory set 'Jf s ·;eci fi cations for des i gn i ng the dummy ' s  abdomen . For 
th i s  purpose , i n  the tests descri bed abave , we endeavoured to defi ne the force 
characteri s t i cs i n  terms of the defl ecti on + penetrat ion  ( PO + OP ' on fi g .  5 )  
of the human abdomen . 

We bel i eve that these are the most  i mportant characteri st ics to be s i mu l a 
ted i n  order to achi eve proper dup l i cati on o f  the abdomen ' s  behavior vi s-a-vi s 
the surfaces that i t  i s  l i kely to i mpac t .  

The curves found are shown i n  fi gure 8 ,  where , o n  the ordi nate , there i s  
shown the norma l i zed force and , on the absci ssa , are shown the defl ection and 
rel ati ve penetrat i on of the i mpacted ha l f-abdomen . 

These curves were assembl ed together i n  Fi gure 9 i n  order to defi ne a 
corri dor that woul d be usabl e  for determi ni ng the dynami c response of the ab
domen of a su i tab l e  dummy . 

We can cons i der  two fami l i es of curves correspondi ng , respecti vel y ,  to 
fa l l - hei ghts of one meter and two meters . I t  shoul d be noted that the average 
ri gi di ty associ ated w i th each of the two fami l i es i s  appreci ab ly  i n  the re l a
tion  of the i mpact vel oci t ies . Th i s  remark confi rmed the i nfl uence of ve l oci ty 
an the apparent dynami c  ri g i d i ty of thi s abdomi na l  a rea . ( I f  we cons i der  the tests performed at  a droppi ng hei ght of one mete r ,  we 
fi nd ,  i n  fi gure 9 ,  the i nfl uence of armrest penetrat ion speed on the i ni ti a l  
ri g i d i ty o f  the abdomen . I n  fact , the tests i nvol v ing  a n  armrest that actual ly 
reduces penetration  speed are expressed by a curve (l ,  penetrat i on + deflecti on) 
havi ng a l ower i ni ti a l  s l ope ( s ubjects 210 and 212 ) :j 
On the bas i s  of the fi ndi ngs from tests performed w ith  human subjects , i t  i s  
therefore i mposs i b l e  to defi ne a corri dor far a dummy ' s  abdomen i ndependently 
from the test i ng  cond i t i ons  and , i n  parti cul a r ,  from the penetrat i on ve l oc i ty .  
An i n i ti a l  abdomen model i s  i l l ustrated farther an i n  th i s  report .  Th i s  model 
was des i gned on the bas i s  of the force/penetrat i on + defl ection characteri st ics 
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yie l ded by dropp ing  from a two-meter hei ght . I n  fact , the correspondi ng penetra 
ti on vel oci ty i s  cl oser to what wou l d  be experi enced by a l ateral ly-struck car 
occupant i n  a representati ve severe col l i s i on than i s  the vel oci ty achi eved by 
droppi ng from one-meter hei ght . 
The corri dor thus obtai ned i s  i l l ustrated i n  Fi gure 10 , whi ch addi ti onal ly 
shows the maximum val ues of the prev i ous ly  defi ned parameters , on the bas i s  of 
wh i ch a protect i on cri teri on can oe determi ned . 

DES IGN PHI LOSOPHY FOR THE LATERAL I MPACT ABDOMEN OF THE DUMMY . 
The des i gn ph i l osophy for the abdomen i s  based on the fol l owing  suppos i ti ons 

- - I n j ury cri ter i a are a l ready bei ng deve l oped for the t!1orax and pel vi s .  
Standards based on these cri ter i a  shoul d reduce the r i s k  of abdomina l  i njuries . 
Therefore , the abdomen shou l d be desi gned on ly  to detect fi rst-order i njuries 
from penetration ( i n  the common sense ) . 

--Al though the human abdomi nal  regi on i s  not symmetri cal , the dummy abdo
men shou l d  be thus resu l t i ng i n  the same i n j ury cri ter i on for i mpacts to the 
ri ght and l eft s i de .  

--The abdomen s houl d be desi gned for repeated use , that i s  no permanent 
deformati on .  

--The i nstrumentati on for i n j ury predi cti on shoul d be as s i mp le  as poss i 
bl e .  

- -Repeatabi l i ty and reproduci bi l i ty shoul d have a h i gh pri ori ty .  

--Tak i ng i nto cons i derat ion the above suppos i t i ons , the i nj ury cri teri on 
was bui l t  i n to the abdomen and i n terpreted by a go/no go transducer system . 
The i mpactresponse and tol erance l evel used i n  the des i gn of both s i des of the 
abdomen were matched to the ri ght s i de of the human abdomen , because the acci 
dent data i n di cated the l i ver i s  the most commonly i nj uried  abdomi nal  organ . 

DES IGN OF THE LATERAL I MPACT ABDOMEN OF THE DUMMY . 
The abdomen , by preci se defi n i ti on , i s  defi ned by that regi on be low the d i a 
phragm and extendi ng i nto the pel v i c  gi rdl e .  I n  the case of l ateral i mpact 
the upper most part of the abdomen i s  parti a l ly  protected by the l ower ri bs , 
whi l e  the l ower most  part of the abdomen i s  protected by the pe l vi c  gi rdl e .  
Because of th i s ,  the area of i nterest for l ater abdomi na l  i mpact predi ction 
was defi ned as the regi on from the s i xth ri b to the top of the i l i um .  This  
reg i on on the Part 572 dummy most c l ose ly  represents the area from the bottom 
of the l ast ri b to the top of the dummy i l i um .  
The des i g n  base for the l ateral i mpact abdomen i s  the Part 5 72 abdomi nal  i nsert 
a l ong wi th the APR thorax ( 6-7) and Part 572 pel v i s  and s p i n e .  The port i on of the 
Part 572 abdomen whi ch fi ts i nto the pel vi s g i rd l e  was l eft unchanqed . 
Two condi ti ons for i nj ury were obta i ned ; the fi rst i s  a force greater than 
450 daN ( or a pressure greater than 2 . 6  daN/cm2 )  and the second i s  a "pene
trati on"  of more than 28% of the ha l f abdomen ( 3 . 9  cm for Part 5 72 ) . 

I f  force and/or penetrati on are to be conti nous l y  measured accurately for 
i mpacts i n  various di recti ons , then mul t i p l e  force and penetrati on transducers 
wi l l  be need .  Th i s  approach can l ead to a l arge and comp l i cated i nstrumentati on 
system . 

S i nce only the tol erance l i mi t val ue i s  requ i red to pred i ct i nj ury ,  a con
ti nous force and penetrat i on preadi ng i s  not needed , so i f  i n  pr inc i pl e ,  a 
swi tch cou l d  be p l aced i n  the abdomen at  the penetrat i on l i m i t  and i f  that 
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swi tch were desi gned to c lose  at  the force l i mi t ,  or pressure l i mi t ,  then both 
i njury predi ctors at any poi nt  i n  the abdomen coul d be obtai ned by whether the 
s�i tch cl oses or not .  That i s ,  the s1v i tch v1i l l  . c l ose a\"t-he pressure l i mi t i ndi ca 
t1 ng that tol erance has b e  reached , ether by hi gh force wi th l ow penetration 
or by h i gh force obtai oed by bottomi ng out the i mpact at  the penetrati on l i mi t .  
Us i ng th is  pri nci p l e ,  i t  wou l d  be pos s i b l e  to put as many swi tchcs as desi red i n  
the abdomen and on ly  read ing  out i f  the swi tch was c l osed or not .  Each swi tch 
cou l d  be coded wi th a un ique vo l tage , so any one or more swi tch c l os ures coul d 
be d i s t i ngui shed . Th i s  i s  the concept use i n  des i gn i ng the abdomi na l  i n j ury 
predi cti on system ( see fi g .  1 1 ) . 

The s hape of the l ateral i mpact abdomen from the pel v i c  g i rd le  to the l ast 
ri b ,  approximatly el even cent imeters , i s  that of the outer surface of the Part 
572 dummy between the two above menti oned body parts . The dummy s k i n  was rerno
ved i n  thi s a rea to make room for the new abdomen . The l a teral i mpact abdomen 
was constructe� from urethane foam . 

The dynami c response of the new abdomen was matched to the centre of the 
cadaver test data corri dor shown i n  fi g .  10 . Thi s response was for the same con
d i t i onsas the cadaver tests . Because no data was avai l a bl e for any di recti on 
other than pure l ateral and because symmetry was des i red , the dynami c  res ponse 
was made the s ame i n  a l l  di recti ons but for + 30 degrees off the centre of the 
dummy back ( s ee fi g .  1 1 ) . 

-

DES IGN OF THE I NJURY PREDI CT ION SYSTEM. 
The abdomi nal  i nj ury predi cti on system cons i sts of the fol l owing  compo

nents : 
-- A ri dge , smooth , cyl i ndri cal  i n sert i s  p l aced i n  the abdomen , extend i ng 

from the l ast ri b to the pel v i s ,  so as to i ntroduce a phys i ca l  stop at  the pe
netration  l i mi t of 3 . 9  cm . 

- - S i x tape swi tches are p l aced on the cyl i ndrica l  surface extending  l ongi 
tudi na l ly  at 15°  i nterva l s  a round the l atera l surface of the penetrati on stop . 
A fl a t ,  steel spri ng i s  then p l aced over each swi tch , so that the tape swi tch 
w i l l  cl ose when a pressure of 260 KPa ( 2 . 6  daN/cm2)  i s  app l i ed anywhere on the 
s urface of the spring ( see fi g .  1 1 ) . ( for the pressure ,  see fi g .  4 )  

- - Because of  the l ow i nformati onal content of  the s i x  tape swi tch s i gnal s , 
that i s  s i mply a go/no go output , i t  was fel t  that i t  wou l d  be very i neffi ci ent 
to record thi s data on s i x  i nd i v i dual i ns trumentat ion  channel s .  Therefore , the 
s i x  output s i gn a l s  of the swi tches were converted i nto one s i gnal . Thi s s i n g l e  
data channel must a t  a l l t imes be un i que , whi ch means that the ori gi na l  s i x  
swi tches must a lways be d i s t i ngui shab l e  from each other .  Th i s  was accompl i shed 
by converti ng each of the s i x  swi tches output s i gn a l s  i n  to a bi nary vol tage 
rang i ng  from 41 mV to 660 mV . W i th  th i s  arrangement the c l osure of any swi tch 
can be detected at any time duri ng  a tes t .  

CONCLUS IONS 
Data on human tol erance and on the dynami c response of  the human abdomen 

were y i e l ded by tests performed w i th cadavers . They enabl ed the real i zati on of 
a s imul ati on of a human abdomen adapta b l e  to the col l i s i on dumm ies PART 572  and 
A . P . R . ( 6 )  ( 7 ) ,  wi th wh i ch i t  wi l l  be pos s i bl e  to defi ne and val i date protec
t i on cri teri a .  

A dummy equi pped w i th thi s s i mul ated abdomen v:i l l  enab l e  detecti on of the 
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absence of severe i nj ury i n  thi s body area duri ng the occurence of a l ateral 
eo 1 1  i s i o n .  
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TABLE 1 - ACCIDENTOLOGICAL DATA - SEVERITY OF INJURIES FOR NEARSIDE OCCUPANTS -
ALL LATERAL COLLISIONS - N = 473 OCCUPANTS 

A .  I . S .  
!: A I  s3 

Body segment 0 2 3 4 5 rr 
------------

Head 185 181 83 8 4 12 5 ,96 

Neck 441 26 4 3 0 , 43 

Thorax 319 78 17 40 13 6 6 ,08 

Upper members 359 93 4 17 1 ,23 

Lumbar spine 440 26 5 2 0„61 

Pel vi s · 410 25 16 22 1 , 58 

Abdomen 410 31 2 23 7 5 , 14 

Lower members 348 87 14 20 4 4 , 10 

TABLE 2 - ACCI DENTOLOGICAL DATA - SEVERITY OF INJURIES IN LATERAL COLLISIONS INVOLVING 
PASSENGER COMPARTMENT - NEARSIDE OCCUPANTS - N • 174 OCCUPANTS 

A .  I . S .  � AIS3 

Body Segment 0 2 3 ·  4 5 N 
-- -- -- - -- - - -

Head 5 1  65 40 4 3 1 1  11 ,84 

Neck 164 8 1 1 0 ,57 

Thorax 92 32 7 28 4 11 ,77 

Upper members 118 42 2 12.  2 ,20 

Lumbar spi ne 157 13 13 0 ,91 

Pel v i s  129 1 1  15 19 3 , 70 

Abdomen 136 10 2 20 6 12,03 

Lower members 114 35 6 17 2 3,85 

TABLE 3 - FREQUENCY AND SEVERITY OF ABDOMINAL INJURIES I N  LATERAL COLLISIONS 
I NVOLVING THE PASSENGER COMPARTMENT - INTRUSION � 15 CM - N m 174 
NEARSIDE OCCUPANTS . -

A . I . S .  

Abdominal l e s i ons 0-1 2 3 4 5 
-- - --- ----- ----- -

Li ver 164 4 6 

Spleen 156 18 

Ki dney 168 4 2 

Pancreas 172 2 

Mesentery 170 3 1 

Peritoneum 167 5 2 

Bl adder 172 2 

Colon 172 1 

Ce cum 172 1 1 

Sma l l  bowel 173 1 

1 6 3  



TABLE 4 • CADAVER LATERAL DROP TESTS ON THE ABDOMEN - ANTHROPOMETRIC DATA ANO INJURIES 

Test ANTHROP�ETRIC DATA INJURIES 

Age We1ght Abdomen a t the 9th N.of r1b Abdominal 1njur1es ( l her) Äbd Als Observat. 

H• Sex r1b level fractu-
th1ck w1 dth c1rcum- res 
ness ference 

_K_g __ an cm c m  
„ - -- -- -- -- --- -- --- -- - ----- --„ --- --- ----

205 62F 32 13.5 24.2 67 .1 Ho 1njury 0 

206 66M 82 24 31 98.7 Wound on 1 nf. face of r1 ght 1 obe 4 

209 54M 51 20 29 88 Wound on sup. face of r1ght lobe 4 
+ 11111ny 1nterna1 1 njur1 es 

210 61M 71 26.3 29 93.5 4 Wound on anter1or border of r1ght lobe 3 

211 46M 43 18.5 26 79.5 0 Ho 1njury 0 

212 45F 45 21 22 75.5 5 - { atroph1 c 

219 68F 52 18.5 29 87 12 c1rrhosis 

213 67M 77 24.5 34 112 8 Contus1on on 1nf. face of r1ght lobe 3 
L1ttle wound due to a r1b + wound on 

215 52M 53 20.5 28 88.5 s up, face of r1 ght 1 obe + wo und on 1nf, 
face of r1ght lobe + f1ssure on 1nf. 
border + many 1nternal 1njur1es 

216 56M 49 20.7 29.5 89.2 11 atroph1c 
c1rrhos1s 

217 55H 58 25 32.5 104 11 Oeep wound on sup, face of r1 ght and 
left lobes + f1ssure on 1nf. face of 
r1ght lobe 

TADLE 5 - CAOAVER DROP TESTS ON THE ABDOMEN • TEST CONO!TIONS ANO HEASUREHENT RESULTS 

Test He1ght Protrus1on Support1ng 
No. of of simulated material 

fall armrest (x) for armrest(x) 
(m) J!'�L _____ --------------

205 31 rigid 
206 51 rigid 
209 1 51 po lys tyrene 
210 ' 1 51 po lystyrene 
211 53 phenespan 
212 55 po lys tyrene 
219 41 r1g1d 

213 2 55 polystyrene 
215 2 31 r1g1d 
216 2 51 rigid 
217 2 41 rigid 

( x) see f1 gure 
( 1 )  OP' • penetrat1on def1ned on figure 

APPLI EO FORCE ( daN) 

F. max F. Max F .  norma 1 1  zed 
Measured Normalized at P't1me ( 1 )  

-------„„- -------------

160 282 270 
535 504 470 
380 491 490 
415 430 385 
170 246 225 
150 211 190 
195 249 225 

490 481 330 
510 643 580 
420 558 485 
500 593 600 

PENETRATION ( 1 )  PENETRATION + 

OP' 
mm 

31 
51 
40 
37 
51 
29 
41 

23 
31 
51 
41 

OP' (xx) 
DEFLECTION {2) 
PP' PP' (xx) 

relative(%) mm 
------------ ---

25,6 34 
33 74 
27 ,6 52 
25,5 51 
39 66 
26,6 29 
28,3 26 

13,5 27 
22,9 48 
34,6 56 
25,6 47 

relative(%) 
„„„„ ... „„„ ... „ ... 

28 
48 
36 
35,5 
51 
26,6 
18 ,3 

16 
34 
38 
29 

- (2) PP' • penetrat1on + deflection def1ned on f1gure 
(xx) relative to the hal f-abdomen at the 9th r1b l evel 

ABO. 
nl 

AIS 

0 
4 
4 
3 
0 
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