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ABSTRACT 

The European S i de Impact Dummy " EU ROS I O "  and the S i d  Impact Dummy " S I D "  were 
extens i ve l y  te sted i n  the frame of an experi ment a l  program conducted by the 
C . C . M . C .  i n  EUROPE . The goal of t h i s i nves t i g at i on was the eva l uati on of the 
bi ofi del i ty of both dummi es accord i n g  to i mpact response requi rements 
se l ected by the I SO/TC22/SC 1 2/WGS experts and featuri ng  in  documents 
ISO/DTR 9790-1 through 9790-6. Eac h dummy sect i on covered by these requi re
ment s  was tested . 

More than 40 i mpactor test s ,  75 drop tests and 7 s l ed tests were carr i ed out 
to a s s e s s  the bi of i de l i ty of the head, neck , shou l der , thorax , abdomen and 
pe l v i s  of EURO S I D  and S I D .  I n  t hi s paper the performance of both dummies  are 
compared w i t h  human response data proposed by I SO .  

l - I NTRODUCT ION 

The bi of i de l i ty of a test too 1 such  as an anthropomorphi  c test dummy i s 
defi ned by i ts capaci  ty to reproduce the responses of a human bei ng as  
f a i t h fu l l y  a s  po s s i bl e ,  when th i s too l i s  subj ected to t he s ame forces . Tne 
q u al1ty of th1s reproduct i on of course depends on the dummy performances as  
a who l e ,  and a l so on the performances of i t s  suba s sembl i es or segments . The 
nearer the  response of these suba s sembl i es to h uman references , the better 
the over a l l response of the dummy . Together wi t h  repeat abi l i ty, sen s i t i v i ty 
and reproduc i bi l i ty ,  bi ofi del i ty occup i es a spec i a l  part i n  the qua l i t a t i v e  
properti es of a n  i mpact test dummy . Wh i l  e t h e  f i  r s t  three properti es  are 
nece s s ary , as  for any test too l , bi o f i de l i ty i s  of c a p i t a l  i mportance . The 
word " c a p i t a l " i s  not exce s s i ve, s i nce i t  i s  nec e s sary to concei ve a too l 
wh i c h  can f i rst  of a l l  - i nsofar as  pos s i bl e  i mi tate the react i ons of the  
occ u p ant of an  automobi l e  dur i  ng  an  acc i  dent preci se 1 y ,  to off er the best 
p o s s i bl e protect i on to the  occupant . 

To ensure and ev a l u ate th i s  essent i a l  c h ar acteri s t i c  of a dummy i n  the s i de 
i mpact mode, such bi omec h an i c a l  i mpact work h a s  a l ready been performed 
throughout the worl d .  
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T h is werk consisted either of basic experiments  with varied h uman sub stitu
tes , or  was based on the i nherent desi  gn  of the  dummy . One of the most 
important programs that can be ment i oned was the " E E C  Comparison Testing  of 
Four Side I mp act Dumm i e s "  program , which was performed between 1 9 78 and 1982 
by four European l aboratories  and which con s isted in eva l uation of biofide-
1 ity -but a l so other c h aracteristics  for four s ide i mpact dummie s ,  the APROD 
82 , the DOT / S I D, the M I RA and the ONSER 50 ( l ) *. 

The conc l u s ions  of this program ( 2 )  h ave shown that none of the above 
mentioned dummie s ,  nor even their component s ,  offered a s uffic ient degree of 
devel opment to be u s ab l e  for a test regu l at i on procedure . I n  partic u l ar ,  one 
of the mai n conc l u s ions concerned the  reference data which were used for 
biofide l ity ev a l u at ion for each dummy . The data were either  in sufficient , 
not updated , or diffic u l t  to expl oit ( l  ) .  T h i s  l ed to one of the main  tasks  
of the  ISO/TC22 / SC 1 2/WG5 group wh ic h ,  since 198 3 ,  h a s  assemb l ed ,  an al ysed 
and discus sed avail ab l e  human data to enab l e  eval uation of the b iof i de l ity 
of a s ide impact dummy . T h i s  wor k  resul ted in a synthesis report drawn up by 
H .  Mertz, President of WG5 , wh i c h  was ini t i a l ly approved by the group 
members , and then by s ubcommitte SC 1 2 ,  dur i  ng i ts  recent meet i ng  in 
November 1 987. The data contained in th i s  report represent the best 
av ail ab l e  and most  up to date data for t h.e  eval uat ion of dummy segment 
b iofide l i ty ,  i . e .  the h ead, the nec k ,  the t horax , the  shou l der,  the abdomen 
and the pel v is ( 3 ) .  These data are not the best i n  abso l ute since the 
v io l ence of the tests se l ected might not be necess ary representative of 
rea l - wor l d  acc ident s . 

l t  was on the basis of t hese data,  which were unanimous l y  recognized by the 
I SO expert s ,  that the Commi tte of Common Market Automobil e  Constructor 
( C. C . M . C . ) dec ided , i n  Marc h 1 987,  to conduct a comparative eval uat ion 
program ,  in E urope , on the two exis t in g  s ide impact dummie s ,  the S I D ,  or 
S I DE I MPACT D UMMY and the EURO S I D, or the EUROPEAN S I DE IMPACT DUMMY 
respec t ive l y .  The first dummy was devel oped by NHTSA (4, 5 ) ,  and the second 
by E uropean Reseach laboratori e s ,  und er the g ui d ance of the EEVC  ( 6 ,  7 ) . 
Th  i s program i s i ntended to contri  b ute to d i  scussi  ons concerni ng future 
h armonization on the part of the U . S . A .  and Europe, i n  the matter of 
reg u l ations concerning s ide i mpact . 

The  E URO S I D  dummy used i n  t h is program corres ponds to the first  series , 
known as the production prototype ,  which bec ame av ail ab l e  in July 1 987.  
Avail abil ity of the S I D  dummy, however , gave rise to del i very time prob l ems . 
I n  fact,  t h i s  dummy was not received unt i l  Febru ary 1 988 . 

The  goa 1 of the i nvest i g at i o n ,  reported here , h as been to make a compari son 
between the E UROS IO and US S I D  wi th the I SO requi rements as the pri mary 
reference . D ur i n g  t h is work shortcomin g s  of vari ous k ind in the dummies  and 
the  I SO requi rements  h ave been detected . lt is outside the scope and 
ressources for t h i s paper to present deta i  l ed accounts  of these find i n g s . 
They wil l ,  h oweve r ,  be menti oned , where appropriate in the  text. 

TEST MATR I X  

The test matr ix res uming the C . C . M . C .  eva l u at ion program is given in 
tab l e  1. As  can be seen from the  t ab l e ,  a l l the body segments concerned by 
the I SO data as described in Doc uments  I SO/DTR/ 9 790- 1  through 9 790 - 6 are 
covered by t h is program.  

* Numbers in parentheses des i gnate references at the end of the pape r .  
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H owever,  a 1 1  tests requi red by I SO were not carri ed out . I t  can be noted 
that for segment s ,  s uch as the  neck , the  t h orax and the pe l v i s  th ree 
di fferent test c onf i gurati ons are respect i ve l y  proposed . As far as the neck 
i s c oncerned , the s 1 ed test desc ri  bed i n  the requi rement No. 2 in Doc ument 
DTR 9790-2 (8 ) was not sel ected s i nce  t h e  test vi olence was c ons i dered 
s i mi l ar to that defi ned i n  the requi rement No .  1 .  Preference was then gi ven 
to s l ed tests corre s p ondi ng  res pect i ve l y  to requi rements No .  1 and No .  3, 
where the maxi mum i nput s l ed dece l erati on di ffers s i g n i f i cant l y ,  i . e .  from 
7 G t o  13 G (see tab l e  1 ) .  S l ed tests  proposed for the  eval uati on of the 
d ummy thorax -wh i c h  a l s o  relate to t h e  pe l v i c  segment- descri bed i n  req ui re
ment No. 2 i n  D oc ument DTR 9790-3 ( 9} were not performed so as not to 
overwei ght the  c ontents of the  test matr i x .  F or each  dummy , the  same test i n  
a gi ven c onfi g ur at i on was dup l i c ated fi ve t i me s  except , due to thei r 
c omp l e x i ty ,  for t h e  l ateral  neck bendi ng  test s .  The fol l owi ng test s ,  not 
i nc l ud i n g  the  prete s t s ,  were c onducted w i t h  b oth dummi e s  : 

- 35 fa l l tests  i nv ol vi ng the head , 
7 s l ed tests  i n v ol v i n g  the  nec k ,  

- 1 0  fa l l tests  and ten others wi t h  an i mpactor i nv ol v i n g  the thorax , 
- 1 0  i mpactor tests  i nvol v i ng the  sh oul der , 
- 20 fa l l tests  c oncerni ng  the  abdomen , 
- and 20 i mpact or tests i nv ol v i ng t h e  pe l v i s .  

I t  i s  the  fi rst  t i me where b ot h  EUROS I D  and S I D  dumm i e s  are eva l uated i n  
terms of b i of i de l i ty on the  bas i s  of t h e  s ame b i omec h an i ca l  reference . I SO 
requi rement s ,  as they are formul ated , defi ne l i mi t ranges or c orr i dors as a 
funct i on of t i me to assess  the  dummy performance . F or a gi ven test c onfi gu
rat i on ,  i n v ol v i n g  a gi ven dummy segment , the  dummy response  mi ght be or not 
w i th i n  the  requi rement . There i s  n o  d oubt ab out the bi of i de l i ty of th i s  
dummy segment i f  i t s  res pon s e  i s  wi t h i n the  I SO requi rement . On the 
c ontrary , and i f  t h e  respon se i s  s l i gh t l y  h i gher or l es ser , or s li ght ly  
out s i de the  req ui rement , a st atement s uc h  as  " n ot accept ab l e  bi of i de l i ty"  
may appe ar in  th i s  case  t oo severe . Therefore a q ual i t at i ve rank i ng of the 
b i  of i de 1 i ty of the  dummy c ou 1 d be usefu 1 1, i n  order to avoi d any too 
exc l us i ve j udgement . Three " c l asses  of b i of i de l i ty"  w h i c h  wi l l  be used i n  
t h e  c onc l us i on s  of th i s  study , are proposed as fol l ows : 

- C l as s  A : Exce l l en t  bi of i de l i ty of the  c on s i dered segment means that the  
dummy respon se i s  w i t h i n  t h e  requi rement . 

- C l as s  B The b i of i de l i ty of t h e  segment needs i mprovement . The  dummy 
resp on s e  i s  here s l i gh t l y  above or be l ow the  requi rement . 

- C l as s  C Not acceptab l e .  The dummy respon se i s  far away from the  requi re
men t .  

Whenever th i s  proved neces s ary , t h e  r aw data for the dummy were  n orma l i zed 
i n  acc ordance wi th t h e  proc ed ures descri  bed i n  reference ( 3}. So as to 
enab l e  the most c omp l ete  eva l uat i on pos s i b l e  of the bi ofi d e l i ty of b ot h  
dummi e s ,  t h e  var i ous mea s urement  c onf i g urati ons proper to each type of test ,  
f or the  most part , c ompri sed a h i gher  n umber of rec ordi ng  c h anne l s  than  that 
requi red by I SO . 
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Tab l e  1 .  Test Matri x 

I SO Reference 1 Segment 1 Type of tests 1 T�s ts Performed 1 
1 1 1 w1th each dummy 1 

- - - - - - - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - 1 - - - - - - - - - - - - - - - - - - : 
DTR 9790 - 1 Req . No . Head 1 Free fal l 1 5 1 

1 1 1 
OTR 9790 - 1 Req . No . 2 Head l F ree fal l l �� � ;� ��S I D ) ,  : 

1 1 
DTR 9790- 2 Req . No . Neck 1 S l ed tes t  l (EU ROS I D )  1 

2 ( S I D )  1 
1 

DTR 9790 -2 Req . No . 3 Neck S l ed tes t  2 1 
1 

DTR 9790 - 3 Req . No . Thorax Free fal l 1 0  1 
1 

DTR 9790- 3 Req . N o .  3 Thorax I mpactor tes t  5 1 
1 

DTR 9790 -4 Req . No . Shoul der I mpactor tes t  5 1 
1 

DTR 9790 - 5 Req . No . Abdomen Free fa l l 1 0  1 
1 

DTR 9790- 6 Req . No . Pe l v i s I mpactor tes ts 1 0  1 
1 

2 - TEST SETUPS AND INSTRUMENTATION 

Genera l  - The  tes t  setups descri bed i n  the I SO documents were used . 
The i n s tr ume n tati on prov i ded for each body segment eva l uati on was i n  accord
ance wi th th at spec i f i ed i n  the s e  documents . H i gh s peed mov i es have been 
made of a l l  tests . D ummy ori g i na l  d a ta were f i l tered us i ng the c h annel  
f i l ter  c l asses  prescri bed i n  the  I SO documents . 

Head tests - Requirements No. l and 2 : The dummy ' s head was s us pended above 
the impacti n g  s urface ,  at a he1ght of 200 mm , and 1 200 rrrn res pecti vel y for 
spec i f i c a ti on s  No . 1 and No . 2 (1 0 ) .  T h i s  hei g h t  was defi ned by the d i s tance 
between the s urf ace to be i mpacted and the 1 owes t  poi nt  of the head . The  
h ead was  ori ented to an  an g l e  of  35°  with respect to the hori zonta l , and 1 0 ° 
i n  the s econd . Dur i ng the f i r s t  spec i fi c a ti on tests , a 50 mm th i ck dry c l ean 
s tee l p l ate formed the ri g i d  i mpac t s urface , wh i l e ,  for the second spec i f i 
c ati on te st, th i s  p l ate was covered wi th a th i n  sheet of 5 rrrn th i c k  padd i n g .  
A q ui c k - rel ease  mec h an i sm was used to e n s ure the head d rops . The i n s tr umen
tati on used compri s ed e q ui pme n t  for measurement of acce l erati on at the head 
c .  g . ,  i n  both eva 1 uati on cases . For the tes ts reproduc i  ng the req ui reme n t  
No . 2 ,  the h e ad was , i n  add i ti on ,  e q ui pped wi th a s e n s o r  for measureme n t  of 
acce l er ati on of a poi n t  of the head l oc ated oppos i te the i mpact poi n t .  A l  1 
the me as ureme n t  c h anne l s  were c l as s  CFC 1 000 f i l tered . 
For tes ts corres pond i n g  to the req ui remen t  No . 2 ,  we consi dered i t  i nter e s 
ti ng  to compare the response o f  the d urrrny head when the l atter w a s  gui ded or 
not dur i n g  the fal l ,  or when a comp l ete dummy was used . 
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Neck tests - Requirements No. l and 3 : The test set - up used here c omp l i e s 
w ith the de sc ri pt i on s  g i ven i n  doc ument I SO/DTR 9 7 90 - 2  ( 8 ) . The dummy , seat
ed on a chai r attached to the s l ed in  the upri ght pos i t i on ,  was restrai ned 
by a h arness system at the thorax , and by a Vee -type be l t  at the pel v i s .  The 

. s h oul der and h i p  of the dummy were wedged agai nst  a vert i c a l  s i de wal l .  The 
anteroposteri or ax i s  of the  head of the  d ummy was h or i z onta l . Start i n g from 
th i s i n i t i a l  pos i t i on ,  the dummy was s ubmi tted to a dece l erati on pul se 
appl i ed to the s l ed .  The object of b oth res ponse characteri st i c s i s  to  
eva l uate the  k i nemat i c of the  head and that  of the  base of the  nec k ,  w i  th  
respect to the  s l ed .  
I n  measurement terms , the dummy was eq ui pped wi t h  acce l erometers , at the 
he ad , at T l , at T4 and at the pe l v i  s .  Two other  sen s ors were provi ded for 
mea s urement of seat and s l ed dece l erat i on s .  I n  part i c ul ar ,  the  head i n st ru
mentat i on c on s  i sted of a 1 5  acce l erometr i  c c h anne  l c onfi  gurat i on deve 1 oped 
by APR for ca l c ul ati on of dynami c reacti ons at the  head -neck j oi n t ,  i . e .  at 
the  occ i p i ta l  c ondy l es . Photograph i e  targets were used t o  ev aluate head 
rotat i ons and i t s  movements  - and those of T l . The f i l te r i n g  c l asses for the 
vari ous meas urements  were as fol l ows 

- head acce l erat i on : CFC 1 000 , 

- acce l erati on s at T l , T4 , pe l v i s ,  s eat and s l ed : CFC 1 80 ,  

- c i nemat ographi c data : these dat a ,  obt ai ned from 5 h i gh speed c ameras , 
were proces sed at t i me i nterv a l s of 2 ms , between two poi nts  and acc or d i n g  
t o  a three- d i men s i on a l  f i l m  an a l y s i s met h od .  

Shoulder tests - Requi rement No. l : The  dummy was seated i n  an upri ght 
position on flat, r i g id s urfac e .  Tf1e seat i n g  s urface ,  w i t h  no  back s upport , 
was c l e an . A l i nearly gui ded i mpac t or w i t h  a mass of 2 3 . 4  k g ,  was used to 
stri ke the dummy sh oulder . The i mpactor ax i s  was perpend i c ul ar to the  
dummy ' s  m idsag i t t a l  p l an e .  In  EURO S I D  tests  the  i mpactor ax i s  was  a l i gned 
w i t h  the axi  s of the l eft  upper arm j oi nt . Thi s dummy was used w i t h out i t s 
s ui t .  I n  S i d  test s ,  the  dummy w i t h  i t s  s ui t  was pos i ti oned s o  that the 
i mpac t or was centered on the  foam b l oc k  s i mu l at i n g  the s h oul der ,  w i t h out 
i nterf erence wi t h  t h e  dummy ri  b cage . Mea s urements  c ompri sed , for bot h  
dummi e s ,  t h e  acce l er at i on respect i ve l y  of t h e  i mp actor and of t h e  u pper 
spi ne T l . These  data were fi l tered accord i n g  to c l as s  CFC 1 80 .  The requi red 
CFC 1 000 f i l ter  ( 1 1 ) ,  wh i ch was a l so used , s h owed h i gh -frequency v i brat i on 
respon se s .  F or b ot h  dumm i e s  the  re l at i ve s h oul der def l ecti on was mea s ured 
from h i gh speed f i l m . 

Thorax tests - Requirements No. l and 3 : 

Drop tests  - Req ui rement N o .  1 : The  dummy was s us pended above the  i mpact 
s urf ace wi  th i ts medi an s a g i t t a l  p l ane h ori z onta l . Two dyn amometri c 
ba l ances , res pect i ve  l y p 1 aced oppos i te  t h e  t h orax and the pe l v i  s ,  were 
prov i ded for force mea s urement s . F or t h e  EUROS I D ,  the i n strumentati on 
c ompri sed the  def l ec t i on s  and acce l erati on s for the  t hree r i b s ,' t oget her 
w i t h  acc e l erat i on s  of the pe l v i s and T l 2 .  F or the S I D  dummy , the same 
mea s urements  were prov i  ded , but wi t h  a smal 1 er  n umber of channe 1 s .  The 
acce l erat i on s ,  def l ec t i ons and t h or ac i c  or pe l v i c  forces were respecti vely 
CFC 1 80 and CFC 1 000 f i l tered ( 9 ) . 
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A q u i c k  rel ease dev i ce was u sed to al l ow the dummy to drop free l y .  I n  
EUROS I D  tes t s  the dummy arms were rot ated forward and upward ; n order to 
prevent any contact w i t h  the thorac i c  l oadi n g  surfac e .  The EURO S I D  was used 
w i thout i t s ru bber s u i t  i n  order to obtai n i nformat i ons about i t s thorac i c  
response from h i gh speed mov i e .  The S I D  dummy was u sed wi thout i t s outer 
s k i n  i n  order to al l ow a di rect i mpact to the ri b cag e .  

I mpactor tests - Req u i  rement No . 3 : The dummy was seated i n  an upr i  ght 
pos iti on on a flat and r i g id surface w i thout back support . The center l i ne of 
the  i mpacto r ,  perpend i c u l ar to the dummy ' s  m idsag i t t a l  p l an e ,  was centered 
on the mi dd l e  ri b i n  EUROS I D  tests and on the r i b structure i n  S I D  test s .  
Both dummi es were used w i t hout thei r outer sk i n s .  The EURO S I D  dummy was u sed 
w i t h  the l eft arm rai sed so that i ts thorax was i mpacted d i rec t l y .  The same 
i mpactor was used as for shou l der i mpac t s . The dummy i n st rumentat i on was 
s i mi l ar to t h at men t i oned above . In add i t i on ,  the i mpactor and thorac i c  
s p i ne acce l erat i ons were measured at T l . I n  order to sat i sfy the f i l te r i n g  
spec i f i c at i ons recommended i n  the document  ( 9 ) ,  the acce l erat i ons were 
w i t hdrawn u s i n g the F I R  procedure avai l ab l e  i n  a proces s i ng data program 
devel o ped by Langdon ( 1 2 ) .  Th i s  a l so app l i ed to the r i b s  and T l 2  acce l era
t i on s . To en ab l e  compar i son of the var i ou s  thorac i c  l e s i on cri teri a ,  i . e .  
the  T . T . I .  or Thorac i c  Trauma I ndex , the V . C .  or V i scous Cri teri on and C and 
thorac i c  def l ec t i on , a suff i c i ent  number of measurements was recorded . 

Abdomen tests - Requirement No. l : The  dummy was sus pended above the i mpact 
s urfac e  with its medi an sagittal p l ane hori zonta l . The dummy was p l aced so 
t h at the armrest was centered on the abdomi n a l  reg i on . For the EUROS I D ,  
wh i c h i s  spec i a l l y  equi pped to me asure s i de forces - conver s a l y  to the S I D 
t h i s  armrest was centered a l ong  the centr a l  l eafspr i n g  axi s ,  form i n g  what i s  
known as the sw i tc h .  For S I D ,  the pos i t i on of the armrest corres ponded to 
the  abdomen transverse p l ane of symmetry . Th i s  pos i t i on of the armrest w i t h  
re l at i on t o  t h e  dummy d i ffered w i t h  respect t o  I SO recommendat i ons , i n  wh i c h  
the i mpact al so concerns the 9th r i b ( 1 3 ) .  I f  an a l i gnment such a s  t h i s 
had been reprod uced , a major part of the abdomen wou l d  not h ave been 
so 1 i c i ted i n  the case of the EUROS I D .  Moreover , th i  s choi  ce of armrest 
po s i t i on was above a l l  i mposed by the ant.hropometry of the dummy ' s  abdomen , 
whi  e h  i n  terms of hei  ght , i s much d i  ff ere.nt  than  that of the h uman bei  ng . 
Measu rements spec i f i ed for both dummi es  comp r i sed accel erat i on of the bottom 
ri b and the thorac i c  co l umn on T l 2 ,  together  w i t h  a dynamometri c ba l ance 
l oc ated under the armrest . 
As far as the EUROS I D  i s  concerned , the abdomi n a l  swi tches  were connected to 
determi ne i f  the l e s i on cr i t i c a l  thresh o l d  - detectab l e  by t h i s dummy - had 
been exceeded or not . A l l the data recorded were f i l tered to c l ass  CFC 600 , 
except for the s i g n a l s obtai ned from the swi tches , wh i c h  were not f i l t ered . 
The  test system was compl eted by a h i gh - s peed c amera for measu rement of 
abdomi n al i ntru s i o n .  

Pelvis tests - Requirement No. l : The  tests  were conducted for each s peed 
i . e .  7 and 8 m/s res pect1 vely and w i t h  each dummy w i t h  a spheri ca l  i mp actor 
of wei ght  2 3 . 4  k g ,  s i mi l ar to that used by I NRETS ( 1 4 )  wi t h  a d i ameter of 
1 20 mm and a radi u s  of curvature of 1 50 mm . I t  can be seen t h at these 
d i men s i ons  are di fferent from those recommended by I SO ( 1 5 )  wh i c h ,  i f  these 
h ad been app l i ed to the  tests , wou l d  h ave l ed to an  i mpactor of tot a l l y  
u n u s u a l  d i men s i on s , i . e .  the i mpactor wou l d  have struck the  dummy and the 
seat . The i mpactor was pos i t  i oned so as to stri  ke the center of the 
sorboth ane b l oc k  for EURO S I O ,  and H po i nt of the pel v i s for S I O .  
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The dummy was pl aced i n  an upri ght seat i n g  po s i t i on on a r i g i d  seat covered 
w i t h  two sheets of tef l on .  The cho i ce of the pel v i s - seat i nterface was not 
obvi  ou s .  On the one h and , I SO does not ment i on  the type of seat to be 
provi ded for th i s  type of tests , and I NRETS , i n  experi ments i mp l i cat i n g the 
pel v i s  w i t h  cadavers ( 1 4 )  u sed an ord i n ary seat . Therefore , we opted for a 
so l u t i on correspond i n g  to the previ ous  eval uat i ons of pe l v i s  b i of i del i ty of 
the EUROS I D  ( 1 6 )  i n  w h i c h  the pel v i s - seat i nterface was , preci se l y ,  i n  
tef l on .  The i n strumentati on for both dummi es con s i sted of accel erat i on 
meas urements for the sacrum and the i mp acto r .  I n  addi t i on , the EURO S I D  
i n strumentat i on for me asu rement of the pu b i c  symph i s  and i l i ac wi ng forces 
was used . The tes ts  were fi l med . The fi l ter i ng frequency c l asses correspond
ed to CFC 1 80 for i mpactor acce l er at i on and CFC 1 000 for the other 
parameters . 

I l l u s trat i on s  of the test setu ps , ment i oned prev i ou s l y ,  are proposed i n  
f i gures  1 th rough 6 .  

F i gure 1 .  Test set -up  used i n  free 
f a l l s  i n vo l v i ng the h ead segment 

· - - - ··-� 
- - --· ---------t 
M�--� 

F i gure  3 .  Test set - up  u sed i n  i mpactor 
tests i nv o l v i n g the shou l der se gment 

2 3  

F i gure 2 .  Test set -up  used i n  s l ed 
tests i nv o l v i n g the neck segment 

F i gure 4 .  Test set - u p  u sed i n  drop 
tests i nvo l v i ng the thorax segment 



F i gure 5 .  Test set - u p  used i n  drop 
tests i nvo l v i ng the  abdomen segment 

3 - RESULTS 

-·-·--------· --:;;:>-�-----

F i gure 6 .  Test set -up  u sed i n  
i mpactor tests i nvo l v i ng the 

pel v i s segment 

O n l y  those res u l t s  dea l i ng w i t h  dummy requ i red responses are presented i n  
t h i s sec t i on ,  so  as n ot to overwei ght the contents of the paper . Dummy 
performances are presented i n  the form of peak va  l ues or of response v s . 
t i me ,  depend i ng on the  type of the requi rement prescri bed by I SO .  Detai l ed 
a n a l ys i s  of the res u l t s  presented here feature i n  reference ( 1 7 ) . 

3 - l .  H EAD RESPONSES I N  IMPACT TEST NO . l 

The resu l ts  show t h at responses of EURO S I D  and S I D  heads are h i  gher wi  t h  
res pect t o  the  u pper l i mi t o f  t h e  c adaver corri  dor . A s  c a n  b e  seen from 
fi gure 7 ,  the EURO S I D -c ad aver di fference i s  of 28 % for the maxi mum acc e l e 
rat i on of t h e  poi nt o f  t h e  non- i mpacted s i de .  Thi s di fference appear s ,  
however , to be much h i gher i n  the case of the  S I D  dummy , where a rat i o  of 2 
between the c ad aver u pper l i mi t  and the  S I D  c an be observed . 

3 - 2 .  HEAD RESPONSES I N  IMPACT TEST NO . 2 

For  these padded drop tes t s ,  I SO requi res  that the maxi mum head c .  g .  
acce l erati on s h o u l d  be between 2 1 7  G and 265 G .  The EUROS I D  and S I D  
responses are l oc ated beyond t h i s  i nterva l .  The  acce l erat i on o f  the E UROS I D  
head i s  equal  t o  l . 5  t i me s  the c ad aver u pper boundary ,  whi l e  t h at of the S I D  
head shows a coeff i c i en t  o f  1 . 2 ,  a s  shown i n  fi gure 7 .  
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from respect i ve l y  ri g i d  and padded drop tests - EUROS I D  and S I D  responses 

compared w i t h  I SO requi rements corr i dor 

3 - 3 .  NECK RE SPONSES I N  SLED  TESTS NO . l 

I SO requi rements for the neck sect i on con s i s t ,  among others , of response 
boundari es def i ned for 3- D head k i nemat i c s  rel ati ve to the upper spi ne T l . 
These requ i rements compri se  a l so spec i f i cati ons for the l ateral  d i s p l acement 
of T l  and for accel erometr i c  responses of the head and T l  ( 8 ) . The s l ed 
dece l erat i on vs . t i me i s  gi ven i n  fi gure .  8 ,  where an adequate reproducti on 
of the vo l unteer reference condi t i on ( 1 8 )  can be noted . On ly  the mo st 
i mportant parameters , dea l i ng w i t h  res ponses v s .  t i me of EURO S I D  and S I D  
necks are here d i scussed ,  i . e .  the l ateral  di s p l acement of T l , the head c . g .  
trajectory and the head f l exi on ang l e  ( see res pec t i v e l y  f i gures 9 ,  1 0 ,  1 1 ) .  
I t  fol l ows t h at : 

- the E UROS I D  response  i n  terms of T l  di s p l acement i s  sati sfactory , whi l e  
t h at of the S I D  i s  much l esser  t h an the requi rement ( fi gure 9 ) .  

- the EURO S I D  head c . g .  t rajectory appears to be c l oser to I SO data t h an 
t h at of S I D ,  wh i c h  i s  outs i de the  vo l unteer envel ope ( f i gure 1 0 ) ,  

- the maxi mum l ateral  f l e x i on of the head of EUROS I D  i s  we l l  wi t h i n  the 
response bounda r i es and t h at of the S I D  i s  out s i de these bound ari es 
( f i gure 1 1  ) .  
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F i gure 1 1 .  Head l ateral  f l ex i on v s . 
t i me obtai ned from l ow G - l evel  s l ed 

tests  - EURO S I D  and S I D  responses 
compared w i th I SO requi rement 



3 - 4 .  NECK RESPONSES I N  SLED  TEST NO . 3 

I SO requi rements  for s l ed tests No . 3 ( 8 )  are bas i c a l l y  s i mi l ar to those of 
test No . l ,  except for head k i nemat i c s wh i c h i s  expressed re l ati ve to the 
s l ed .  F i gure 1 2  i l l ustrates s l ed dec e l erat i on t i me - h i stor i e s obtai ned from 
EURO S I D  and S I D  test s ,  where a h i gher  s l ed dece l erati on than i n  the prev i ou s  
case , can be obs erved . EUROS I D  and S I D  neck responses are compared wi th I SO 
requ i rements  i n  f i gures 1 3 ,  1 4  and 1 5  respec t i v e l y  for the l atera l  acce l era
t i on v s .  ti me of T l , the  head  c . g .  trajectory and the  head f l ex i on ang l e  v s .  
t i me .  I t  can b e  noted that : 

- both dumm i e s  responses vs . t i me are s l i g h t l y  out s i de the T l  acce l erat i on 
enve l ope of the  c adaver ( f i gure 1 3 ) ,  but the  EUROS I D  max i mum response i s  
c l oser to the  boundar i es ,  

- both dummi es  responses are c 1 ose  to the  upper 1 i m i t  of the  cadave r ,  i n  
terms of h ead c . g .  traj ectory enve l ope  ( f i gure 1 4 ) ,  

the  maxi mum head l ateral  f l ex i on i s ,  for both dummi e s ,  i n  agreement w i t h  
response bound ari es  ( fi gure 1 5 ) . 
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F i gure 1 4 .  Trajectory of the head 
c . g .  re l ati ve to the s l ed obtai ned 
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F i gure 1 5 .  Head f l ex i on ang l e  v s .  
t i me obtai ned from h i gh G- l evel  s l ed 

tests - E UROS I D  and S I D  responses 
compared w i t h  I SO requi rement 

3 - 5 .  SHOU LDER  RE SPONSES I N  I MPACT TEST NO . 1 

Two types of s pec i fi c a t i o n s  are defi ned by I SO i n  Document DTR 9790 -4 ( 1 1 ) 
for th i s  segment . They are the  norma l i zed i mpactor force t i me - h i story and 
the norma l i zed peak def l ect i on of the shoul der . For such tests the norma l i 
zat i on procedure seems to have a sma l l  effect when app l i ed to dummy or i g i n al  
data ( 1 7 ) .  In  f i gure 1 6 ,  the  norma l i zed i mpactor force i s  compared wi th the 
requ i rement cor r i dor . The EUROS I D  response i s  wel l w i t h i n  the requi remen t ,  
w i t h  peaks s l i ght l y  exceed i n g  the top boundary of the corri dor . The S I D  
response i s  comp l et l y  out s i de th i s  cor r i dor . As far  as the maxi mum shou l der 
def l ec t i on i s  concerned , the EUROS I D  response i s  two t i mes  h i gher and that 
of the S I D  i s  a l mest  four t i mes h i gher  t h an the u pper l i mi t of the  
requ i rement , i . e .  41 mm. 
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F i gure 1 6 .  Normal i zed i mpactor l oad v s .  t i me obtai ned from i mpactor tests . 
EUROS I D  and S I D  responses compared wi t h  the  I SO requi rement corri dor 

3 - 6 .  THORAX RESPONSES I N  I MPACT TEST  NO . l 

ror evai u at i on of tne o i of 1 de 1 1 ty of t h i s segment I SO has det 1 ned two 
response requi rements  ( 9 ) ,  whi  e h  are res pect i ve l y  the normal i zed th orac i c 
l o ad v s .  t i me and the norma l i zed peak r i b  def l ect i on . Here agai n ,  the 
norma l i zati on procedure has a sma l l effect on dummy ori g i n a l  data ,  espec i a l 
l y  as far as the S I D  i s  concerned ( 1 7 ) .  

I n  f i gure 1 7 ,  norma l i zed thorac i c  l oad t i me - h i stor i e s ,  obtai ned from l m 
ri g i d  drop test s ,  are p l otted . The E U RO S I D  res ponse i s  s l i gh t l y  out s i de the 
c adaver corri dor and the mag n i tude of  i ts thorac i c  l oad i s  i n  agreement wi t h  
the  corri dor boundar i e s .  T h e  S I D  response shows much h i gher peaks when 
compared to the s ame corri dor . Therefore , the  E U RO S I D  response i s  con s i dered 
as c l oser to the requi rement t h an t h at of the  S I D .  

T h e  norma l i zed thorac i c  l oad obtai ned from 2 m padded drop tests i s  
presented i n  fi gure 1 8 .  Dummy responses are here compared wi t h  the c adaver 
corri dor requi red by I SO ( 9 ) . I t  c an be observed that the padd i n g  reduced 
cons i derably the di fferences between the  dummy responses . The pu l se durat i on 
of the thoraci c l oad i n  S I D  test i s  c l ose  to t h at of the corri dor ; th i s 
durati on appears to be l arger for the  EUROS I D .  The  res ponses of both dummi es 
ach i eve thei r maxi mum approx i mate l y  at the same t i me and are s l i ght ly  
out s i de the  corri dor . The  b r i ef peaks  seen i n  the response of the S I D  i n  
f i gure 1 8  are due to the i mpact of t h e  dummy head , whi e h  took p l ace l ater 
t h an the  l oad i n g  of the  t horax . 
The  compari son of dummy responses , i n  terms of normal i zed ri b def l ect i on ,  
w i t h  the requ i  rement s hows t h at the  performance of the S I D  i s better than 
t h at of the EUROS I D .  I n  l m drop test s ,  the  S I D  norma l i zed maxi mum def l ec 
t i on i s  s l i gh t l y  h i gher t h an the  c adaver u pper l i mi t  ( 1 2  % )  wh i l e  that of 
EUROS I D  i s  muc h h i gher  than  the l i mi t .  I n  2 m drop tests , the S I D  dummy 
a c h i eves a s at i sf act ory response and the  EURO S I D  ri b def l ec t i on i s  c l ose to 
the  requi rement ( between 4 and 1 0  % h i gher than  the  c adaver upper boundary ) . 
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3 - 7 .  THORAX RESPONSES I N  IMPACT TEST NO . 3 

For these i mpactor tests , ISO requ i res that dummy ori gi na l  data have to be 
fi l tered u s i ng a F I R  1 00 Hz fi l ter and then norma l i zed ( 9 ) .  The i mp actor and 
s p i ne acce l erat i ons v s .  t i me were norma l i zed for both dummi es . The 
compar i son of du11111y responses w i t h  I SO requi rements i s  i l l ust rated i n  
fi gures 1 9  and 2 0 .  I t  appears that both dummy res pon ses exceed the l i mi ts  of 
req ui red corri dor s .  
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3 - 8 .  ABDOMEN RES PONSE S I N  IMPACT TEST NO . 1 

EURO S I D  and S I D  test res u l t s  were norma 1 i zed accordi n g  to the procedure 
descri bed i n  ( 1 3 ) ,  for drop tests conducted respect i ve ly  at 1 m and 2 m 
hei ghts . Resu l t s  obtai ned before and after the normal i z at i on process  are 
gi ven respect i ve l y  i n  tab 1 es 2 and 3 ,  for two tests conducted wi th  each 
dummy ( 1 7 ) .  A very sma l l va l ue of the effec t i v e  mass Me , i . e .  0 . 9  k g ,  was 
obtai ned for S I D  dummy , wh atever the drop he i ght . Th i s mass be i ng so far  
from the 1 4 . 6  k g  suggested by I SO ( 1 3 ) ,  the norma l i z i ng factors ,  obtai ned 
for force and acce l erati on , show v a l ue s  w h i c h  are not obvi ous ,  i . e .  
res pect i ve l y  4 . 07 and 0 . 24 i n  a 2 m drop test for i n stanc e .  Th u s ,  S I D  data 
were reduced ( ri b  and spi ne acce l erati on ) or i ncreased ( abdomi na l  force ) 
about four t i mes  ! Therefore , the normal i z at i on procedure,  when app l i ed to 
such a dummy segment , i s  questi on ab l e .  In f i gures 21 and 2 2 ,  the EUROS I D  and 
S I D  norma l i zed abdom i n a l  force v s .  t i me i s  compared wi t h  requi rement 
corridor s .  F rom data avai l ab l e  i n  reference ( 1 7 )  and on the b as i s of res u l t s  
g i ven i n  f i gures 2 1  and 2 2  ( see al so t ab l e  3 ) ,  i t  fol l ows that : 

- whatever the drop hei  ghts , S I D  norma 1 i zed res pon ses appear to be much 
l esser t h an t h o se requ i red by I SO ,  

- the maxi mum s p i ne and ri b acce l er at i on of EURO S I D  exceeds the c adaver 
responses in 1 and 2 m drop tests , 

- the E U RO S I D  response,  i n  terms of normal i zed abdomi na l  l oad , i s  consi dera
bly too h i gh when compared w i t h  I SO corr i do r s .  

3 - 9 .  PELV I S  RESPONS E S  I N  I M PACT TEST NO . 1 

For pe l v i c  segment , I SO has  defi ned i n  document DTR 9790-6 the  norma l i zed 
i mpactor force as a requi rement for the dummy i mpact response ( 1 5 ) .  The 
i mpactor force was obtai ned from the product of the i mpactor mas s ( 1 7 . 3  k g )  
and i ts acc e l erat i o n .  

As  shown i n  f i gures 2 3  and 24 , EUROS I D  and S I D  responses exceed the c adaver 
u pper response respect i vely  i n  7 and 8 m/s i mp actor test s . 
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Tab l e  2 .  Res u l t s  obtai ned from respect i ve l y  l and 2 m drop tests 
i n vol v i ng the abdomen 

Test No . 

Dro p hei ght [m] 
Max . Lateral  Acce l er at i on 
of the l ower ri b [G] 
- CFC 600 

Max . Lateral  Acce l erat i on 
of the s p i ne ( T l 2 ) [Gj 
- CFC 600 

Max . Abdomi n a l  
I mpact force 
- CFC 600 

1 [k� 1 
1 
1 

Abdomi n a l  swi tc h  contac t  1 
1 

E UROS I D  

2 

2 

1 87 325  

69  1 2 1  

7 . 46 1 3 . 86 

No Yes 

S I D  1 - - - - - - - - - -- - - - - - - - - - ' 1 
l 2 1 - - - - - - - - - - - - - - - - - - - - '  

1 
2 1 

1 
1 

1 07 1 98 1 
1 
1 
1 

79 1 66 1 
1 
1 
1 

0 . 52 1 . 06 1 
1 
1 
1 
1 

Tab l e  3 .  Norma l i zed res u l t s  obtai ned from res pecti ve l y  and 2 m drop tests 
i nvo l v i ng  the abdomen 

J J E UROS I D  J S I D  
1 ' - - - - - - - - - - - - - - - - - - - - ' - - - - - - - - - - - - - - - - - - - -
1 1 1 
1 Test No . 1 l 2 2 : - - - - - - - - - - - - - - - - - - - - - - - - - - - - : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
! E ffec t i ve Mass  Me [k g] J 1 3 . 1 2  1 2 . 05 
1 1 
1 Mass  Rat i o  Rm 1 
1 1 
1 Normal i z i ng f actors 1 
J - Rf = Rt J 

- Ra  J 
1 

1 .  25  

1 .  1 2  
0 . 84 

Max . Norma l i zed L ateral  
acc e l erati on of  the 
l ower r i b  

[GJ I 1 66 
1 
1 

Max . Norma l i zed Lateral  
acc e l erat i on of (G] 1 60 
the s p i ne 1 

1 
Max . Normal i zed Abdo- rkNl 1

1 mi n a l  I mpact force l! � 
1 

8 . 36 

3 3  

1 .  36 

1 .  1 7  
0 . 85 

2 7 7  

1 03 

1 6 .  2 1  

0 . 89 

1 8 .  3 1  

4 . 28 
0 . 2 3 

25  

1 8  

2 . 25 

0 . 99 

1 6 . 56 

4 . 07 
0 . 24 

48 

40 

4 .  3 1  
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F i gure 21 . Norma l i zed abdomi na l  l oad vs . t i me obtai ned from 1 m drop tests -

EURO S I D  and S I D  responses compared w i t h  the c adaver corri dor 
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F i gure 2 2 .  Normal i zed abdomi n a l  l oad vs . t i me obtai ned from 2 m drop tests -

EUROS I D  and S I D  responses compared w i t h  the  c adaver corri dor 

34 



20 EUROSIO 

N i 
. - N • 2 

• - N • 3 
c. N • 4 ! N • e � CAOAVER 

-

z � 
- iO 
� 0 .J 
� ... u � 
i ... 

2e eo 
TIME ( lll8 ) 

20 

. 
• 
c. 
! 
-

z � 
- iO 

� .J 
� ... u � 
i ... 

0 
0 

SIO 
�,___ N i 

- N• 2 
-- N • S 

N• 4 
N • e � C.AOAVER 

2e eo 
TIME ( u ) 

F i gure 23 . Norma l i zed i mpactor l oad v s .  t i me obtai ned from i mpactor tests 
i nv o l v i n g  the  pe l v i s ,  performed at 7 m/s - EURO S I D  and S I D  responses 

compared w i t h  I SO requi rement 

. 
• 
c. 
i 20 

-

-

� iO 

i ... 

EUROSIO 

2e 
TIME ( u ) 

eo 

. 
• 
c. 
! 20 

-

z � 
-

� i O  
.J 

i ... 

2e 
TIME ( u ) 

eo 

F i gure 24 . Norma l i zed i mpactor l oad v s .  t i me obtai ned from i mpactor tests 
i nvo l v i n g  the p e l v i s ,  performed at 8 m/s - EUROS I D  and S I D  responses 

compared wi t h  I SO requi rement 
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4 .  D ISCUSSION 

The b i o f i de l i ty of the two dummi e s ,  EUROS I D  and S I D ,  was eval uated as part 
of a test program run by the C . C . M . C .  i n  Europe . To obta i n  the fu l l est 
pos s i b l e  eval uati on of th i s i mportant dummy qua l i ty ,  the most recent and 
up -to-d ate eval uat i on data were emp l oyed as a human b i omechan i ca l  reference . 
These data , se  l ected and approved by the  I SO expert s ,  are set out i n  I SO 
documents  DTR 9790- 1 through 6 ( 3 ) . Body segments  such as head , nec k ,  
thorax , shou l der , abdomen and pel v i s were tested i n  accordance with  the test 
condi t i ons recommended i n  s a i d  document s .  

Du p l i c at i on of these tests condi t i ons  posed some pro b l ems for certai n 
segmen ts  ( cf .  Chapter 2 ) .  For  the  pe l v i s ,  for examp l e  ( test No . 1 ) ,  i n  wh i c h  
an i mpactor l atera l l y  i mpacts the  pe l v i s ,  n o  requi rement concern i ng the type 
of seat i s speci  fi ed i n  document DTR 9790- 6 .  We therefore performed these 
data w i t h  a seat hav i ng  a f l at ,  smooth surface , wi t hout back  support , and 
w i t h  two sheets of Tef l on p l aced between t h e  dummy ' s  pe l v i s  and the seat ; 
moreove r ,  these cond i t i ons  corres pond to those  used by I NRETS ( 1 6 )  i n  
ev a l u at i n g  the  fi rst E UROS I D  prototype . I n  addi t i o n ,  the  d i mensi ons of the  
i mpactor ' s  surface , as recommended by I SO ,  are i ncorrect . 

For the abdomen drop test s ,  I SO recomn,ends ( 1 3 )  that the armre st be  
pos i t i oned i n  such a way t h at i t  i s  i mpacted by  the  l ower r i b of the  dummy ' s  
thorax . If  t h i s pos i t i on h ad been reproduced , for the  EUROS I D  dummy a l arge 
part of the  abdomen wou l d  not h ave been subj ected to i mpact . S i nce t h i s 
dummy was deve l oped for the i nj ury meas urement cri  teri  on , the armrest was 
centered , i n  these tests , on  the  axi s of the  swi tches contacts de s i gned 
µ r �� i � � l y  Lu a l l uw � u c h  meas urement ( 6 i . 

For the head eva l uat i on tests ( drop test No . 2 ) ,  we performed the recommend
ed drop test ( 1 . 2 meters on a padd i n g  5 mm t h i c k ) ,  whi l e  vary i ng the  test 
cond i t i on s  to obt ai n a head or0 l y  dro p ,  a gu i ded head on ly  dro p ,  and , 
f i n a l l y ,  the  same drop w i t h  t h e  who l e  dummy . The  l atter confi gurat i on ,  
moreover , comp l i es w i t h  the  cond i t i ons  of the  c ad aver tests  performed by APR 
( 1 9 )  ( 5 ) .  When compari n g  t h e  head o n l y  drop and t h e  gui ded dro p ,  the  
di fferences  between the head  acc e l erat i on res u l t s  are 1 %.  These di fferences 
are as great as 9 % ( EUROS I D )  and 1 3  % ( S I D )  when compar i ng the free head 
drop and the  who l e  dummy dro p .  

From the  above remar k s ,  i t  i s  c l ear that i n  the  future i t  wou l d  b e  worth 
supp l ement i n g  the I SO documents  w i t h  a pract i c a l  U s er ' s  Manual  of recommend
ed test cond i t i on s .  

The mai n purpose of t h e  normal i z a t i o n  procedure app l i ed t o  the dummy data 
was to reduce the scatter between tests  on an i de n t i c a l  confi gurati o n .  For 
the shou 1 der , thorax and abdomen , we observed that thi  s procedure was capa
b 1 e of ampl i fy i ng or attenuat i ng the bas i c  test dat a ,  but no fund ament a l  
c h ange  i s  observed ( genera l l y  a var i at i on o f  5 % to  8 % ) .  O n  t h e  other h and , 
for drop tests  wi t h  t h e  S I D  abdomen , one  notes t h at the  normal i zat i on 
procedure amp l i f i e s  ( or atte n u ates ) the  ori g i n a l  res u l t s  to a far greater 
extent t h an what i s  observed for the other segment s ,  name l y ,  by a f actor of 
4 .  In th i s  respect , the app l i c at i on of norma l i z at i on to the S I D  abdomen 
poses a pro b l em .  
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On the bas i s  of the avai l ab l e  re su l t s ,  the conc l u s i on s  concern i ng the 
b i of i del i ty performance of the two dummi es c an be presented as fol l ows . 

4 . 1 .  HEAD RESPONSES 

For r i g i d  i mpacts , the res ponses of both dummies  are out s i de the requi red 
corr i dor,  a l though the EURO S I D  response i s  c l oser to the corri dor than the 
S I D  res pon se . For damped i mpact s ,  the responses of both dummies  are h i gher 
than the corri dor ' s  u pper l i mi t .  For such i mpact s ,  padd i n g attenuates the 
d i fferences  between the responses of the two heads . 

4 . 2 .  NECK RESPONSES 

For l ow- v i o l ence s l ed tests , both dummi es appear to comp l y  wi th the 
spec i f i c at i on concern i n g the maxi mum l ateral  acce l erati on at T l , with  the 
S I D  peak bei n g  c l oser to the st i pul ated l i mi ts . 

Now , i f  the compari son between the two dummi es i s taken further wi t h  the 
t i me enve l ope ( 1 7 )  suggested by I SO reference DTR 9790- 2 ,  it can be seen 
th at the EUROS I D  res pon se matches the  vo l unteer ' s  response better than the 
S I D .  For l ateral  d i s p l acement of Tl  ( th e  neck base ) ,  the EURO S I D  response i s  
w i t h i n the requi red l i mi t s ,  whi l e  the S I D  response i s  we l l  be l ow the requ i r 
ed l i mi t s .  A compari son between the c . g .  trajector i es of the S I D  and EUROS I D  
heads and the  vo l unteer corri dor showed t h at the  S I D  response i s  out s i de the 
corridor ' s  l i mi t s ,  wh i l e  the EUROS I D  res pon se i s  wi t h i n  them .  In terms of 
the head l ateral  f l e x i on ang l e ,  here agai n ElJRO S T O  <>eP.mc; i n  „ hPt ti::.r 
po s i t i on t h an S I D .  F rom the mec h an i c a l  v i ewpoi n t ,  the resu l ts ac h i eved 
c l ear l y  show t h at the  S I D  neck i s  st i ffer than the EURO S I D  nec k ,  for i t  
s i m u l ates the  vo l unteer ' s  behav i or l e s s  accurat e l y .  Moreover , n e i t her dummy 
compl i es w i t h  the I SO spec i f i cati on concern i n g the head twi st ang l e ,  g i v i n g  
v a l ues we l 1 be l ow t h an requ i red . For very v i o l ent tests , the responses of 
both dummi es are c l ose  to the u pper l i mi t s  of the I SO corri dors . l t  i s  
surpr i s i n g to observe t h at the  S I D  neck h a s  a greater head c . g .  traj ectory 
than the EUROS I D .  T h i s c an be exp l a i ned by the fact that the T l  l ateral  
d i s p l acement i s  approx i ma t l y  1 . 3  t i mes  h i gher for the S I D .  

4 . 3 .  SHOULDER  RESPONSES  

The normal i zed i mpactor force for EURO S I D  i s  l oc ated a l most ent i r e l y  i n  the 
I SO corri dor . In  terms of shou l der def l ec t i on ,  the  EURO S I D  and S I D  responses 
are two and four t i mes  h i gher than the spec i f i cat i on , res pect i v e l y .  The 
major def l ecti on noted for S I D  can be exp l a i ned by the very l ow st i ffness  of 
the foam b l oc k  s i mu l at i n g  the  dummy ' s  s h o u l der , wh i ch a l l ows h i gh def l ect i on 
for a l ow force l eve l . Moreover,  a s h ar p  deter i orati on was observed i n  the 
foam ( probl em of durabi l i ty ) .  

4 . 4 .  THORAX RESPO N S E S  

F o r  drops from a hei  ght  o f  1 meter onto a r i g i d  surf ace ,  the ·dummi es ' 
responses i n  terms of norma l i zed thorac i c  force are out s i de of the corri dor . 
The t i me - h i story and the  magni tude of EURO S I D  res ponse are , however , much 
c l oser to the  c adaver reference t h an t hose of the  S I D .  
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r �  Tiaxi mum thcrac � c  de; 1 ec: � c n f0r s r o  i s  c : o se r  to the  st i pul ated : � � � : : . 
For 2 -meter dro p s ,  the  thorac i c  force t i me - h i s tory shows no l ar-::e 
di f-:'"erences between the two dummi e s ,  and i s  for a l l tests  s l i gh t l y  out s � de 
tne corr i do r .  ihe S I O ' s  thorac i c  def l ec t i on i s  i n  comp l i ance wi t n  t :1 e  
spec i f i c ati ons , wh i l e  that  of EURO S I D  i s  s l i gh t l y  h i gher than the cadaver 
upper l i mi t .  The good performance of the  S I D  dummy for the thorac i c  
defl ect i on , i n  the drop test s , shou l d  b e  attenuated by the  fact that the  r i b 
def l ec t i on h a s  not the  s ame phys i c a l  sense  for S I D  and EURO S I D  res pect i ve l y ,  
s i nce the S I D  r i b  cage may defl ect and rotate whi l e  that  of the EURO S I D  can 
only defl ec t .  

The EUROS I D  def l ecti on r i b dat a ,  g i ven here , were obtai ned from three 
potenti ometer s ,  wh i c h  equ i pped the dummy ri b cage . The EURO S I D  s peci a l  
i nstrumentat i on for  the  mea s urement of ri b def l ect i on was  used o n l y  dur ing  
the  f i rst ser ies  of drop test s ,  s i nce t h i s s h owed errors ( constant offsets  
in  ri b def l ec t i o n  t i me - h i stori e s ) .  
For the i mpactor tes t s , the  responses  of bot h dumm i e s  i n  terms of norma l i zed 
acce l erati on at T l  ( F I R  1 00 Hz ) are we l l  out s i de the  corrido r .  For i mpactor 
acce l erati on , the · s ame trend i s  observed , but the dummy-corri dor di fferences 
are s l i ghter .  

4 . 5 .  ABDOMEN -RESPONSES 

Wh atever the drop hei ght  i n  questi on ( 1  or 2m) , the S I D  responses are wel l 
out s i de speci f i c ati ons . We s aw i n  Chapter 3 t h at norma l i z at i on had a major 
amp l i fy i n g  effect ( for  abdomi n a l  forc e )  or attenuat i n g effect ( for ri b 
acce l erat i o n )  on the ori g i n a l  S I D  resu l t s ,  by a f actor r: l nsP t o  a A rl i rPr:t 
compari son between the non - norma l i zed S I D  data  and the requi rements i n  no 
way g i ves a better abdomen performance for t h i s  s egment , except for acce l er 
a t i o n  o f  t h e  l ower ri b ,  wh i c h  comes nearer t o  t h e  cadaver l i mi t s for the  
1 -meter tes t s .  For  EUROS I O ,  the  responses  i n  terms of  accel erat i on of the  
l ower ri b and sp i  ne exceed the  requi  red  1 i mi t s , but  they are  better for 
2 -meter drops . T h i  s dummy 1 s abdomen s hows very sti ff behavi  or i n  terms of 
abdom i n a l  force and t h e  l eve l s  obt a i ned were far h i gher than the I SO 
corridor ( coeffi c i ents  of approx i mate l y  1 . 90 and 2 . 50 are noted for t he l 
and 2-meter test s ,  res pecti v e l y ) .  Moreover , ana l y s i s of the fi l m  s howed that  
the  abdomen reac h ed i t s max i mum def l ect i on i n  a l l test s . 

4 . 6 .  PELV I S  RESPONSE 

The responses  of both dumm i e s  are we l l above the  requi red l i mi t s  for 
norma 1 i zed i mpactor force for both the  i mpact s peeds u sed , name l y ,  7 and 
8 m/ s .  

5 .  CONCLUS IONS 

For easy i nterpretat i on of t h e  study resu l t s ,  t h e  performance of each dummy 
response h a s  been s ummari zed  i n  tab l e  4 .  For  each I SO requi rement , there may 
be o n l y  a s i n g l e  requ i red response  for head requi rement No . l ,  for examp l e ,  
or u p  to n i ne requi red responses  for neck requi rement No . 1 .  
For each of the I SO requi rement s ,  t h e  resu l t s have been c l a s s i f i ed by 
a l l ocat ing  a score for each  requi red r e s pon se . For t h i s  purpos e ,  the  resu l t s  
were c l a s s i fi ed i n  three categori e s ,  A ,  B and C .  
For 
- A 
- B 

c 

the response i s  exce l l ent , l oc ated w i t h i n  t h e  requi red l i mi t s ,  
the  response i s  c l ose  to t h e  requi red l i mi ts ; i t  must be i mproved , 
the  response i s  very remote from t h e  spec i fi c at i on s  and i s  reg arded as  
unaccept a b l e .  
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Tab l e  4 ,  shows as fol l ows : 

- 1 - The b i  of i de 1 i ty of both dummi es i s rather bad by compari son wi th  the 
I SO requi rements as a who l e .  More " C " s  are observed than " B " s  or "A 1 1 s ,  
and accord i n g l y  i n  mo st cases the responses are very poor ( unaccepta
b l e ) .  S I D ' s  score,  wi th  23 1 1C " s ,  i s  even wor s e ,  as agai n st 1 5  1 1 C " s  for 
EU ROS I D .  

- 2 - EUROS I D  h a s a h i g her n u mb er o f 1 1  B " s c o r e s t h an S I D  , w i t  h 1 2 1 1  B 1 1  s a s 
compared w i th 6 ,  and espec i a l l y  a h i gher number of " A 1 1 sc ores ( 9 ,  as 
compared w i t h  7 for S I D ) .  

Body 
Segment 

Head 
u,-, � ,-l  

Nec k 

Nec k 

Thorax 

Thorax 

Shou l der 

S ho u l der 

Abdomen 

P e l v i s 

Tab l e  4 .  Summary of EUROS I D  and S I D  performance accord i n g  t o  
I SO requi rements D T R  97 90 - 1 through 9790- 6 

I SO Requi rement Dummy Score Per Requi red Response 
Ref erence 

DTR n o  EUROS I D  S I D  

9 790 - 1 1 c c 
'.)790 - l  2 ,.. \, \., 

9790 - 2 l AAACBBABA CACCACACB 

9790 - 2  3 ABCBBC CBBBAC 

9 790 - 3 l BCBB CBBA 

9790-3  3 c c  c c  

9 790 -4 BC cc 
9790-2  A c 

9790-5  CCCABBCA CCCACCCA 

9790- 6 c c  c c  

TOTAL DUMMY SCORE 9 A + 1 2  B 7 A + 6 B 
+ 1 5  c + 23  c 
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