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1 .  I ntroducti on 

I n  spr i ng 1 98 7 ,  the 1 B i omechan i c s 1  wor k i ng group of the FAT dec i 

ded t o  perform a ser ies  of s i de impact tests w i th the obj ect of 

i nvest i gat i ng the EUROS I D  performances under fu l l - s ca l e  test con

d i t i on s .  The fu l l - sc a l e  s i de impact res u l t s  pub l i shed i n  the re

port of the EC commi s s i on on the EUROS I D  deve l opment / 1 /  were not 

det a i  l ed enough to a l  low the dummy to be eva l uated under cond i 

t i on s  o f  p r i ma ry concern for automo t i  v e  ma nufacturer s .  To ensure 

comparab i l i ty w i th pre v i ous  i nvest i gat i ons  / 2 ,  3/ the same veh i c l e  

type was used for a l l  tests . 

2 .  Test program 

The proj ect i s  composed of two test programs w i th d i fferent ob

j ect i ve s .  The f i rst  ser ies  of s i de i mpact test s a i med at asses s i ng 

the 1 b i of i de l i ty 1  of the EUROS I D  wa s performed by the I ns t i tute 

of forens i c  med i c i ne of the He i de l berg U n i vers i ty by order of 

FAT . 

The second test program con s i sted o f  s i de i mpact tests conducted 

j o i nt l y  by the TNO Raad Veh i c l es Research I n st i tute and FAT to 

exami ne the dummy ' s  s u i tab i l i ty under var ious  test confi gurat i on s .  

2 . 1  FAT ' Heide lberg' program 

1 5  tests  were performed by H e i d e l berg U n i vers i ty us i ng the CCMC 

barri er /4/ to s i mu l ate the impact i ng veh i c l e  and an Ope l Kadett 

body a s  the impacted c a r .  A l l test pa rameters such  a s  ground c l e

arance , p o i nt of i mpact , s eat  adj ustment and seat i ng pos i t i on were 

adopted as they were from prev i ous  FAT test s , s ee /2/ for more 

deta i l s .  The o n l y  pa rameter to be v a r i ed was the i mpact s peed: s i x  

tests  were performed a t  So km/h , f i ve a t  45 km/h and the rema i n i ng 

four at  4o km/h . 
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1 4  tests  furn i shed resu l ts s u i t a b l e  for eva l ua t i on wherea s one of 

the 45 km/h tests  cou l d  not be ev a l uated for fa i l u re of the me

a s u r i ng equ i pment . 

The d ummy t o  be tested was  the EUROS I D ,  wh i ch was  procured by 

CCMC and made a v a i l ab l e  to FAT . Fo l l ow i ng the 8th test the 

d ummy was c a l i brated by TNO. After each test a thorough v i su a l  

check h a d  been performed . 

2 . 2  FAT - TNO cooperat i on 

Th ree i mpact tests each were carr i ed out by TNO Raad Veh i c l es Re

sea rch I ns t i tute , De l ft ,  w i th the CCMC barr i er and the NHTSA bar

r i er / 5 /  s i mu l a t i ng the impact i ng veh i c l e .  The veh i c l e  h i t  was 

a l ways an Ope l Kadett . The CCMC barr i e r  i mpacted at  an ang l e  of 

90° wh i l e the NHTSA tests used a c rabbed barr i e r .  The test conf i 

gura t i on s  have been des c r i bed i n  deta i l  i n  / 6 / . 

The dummy u sed was TN0 1 s own 1 987 product i o n  prototype EUROS I O .  

The 9ummy wa s ca l i b rated before the test ser i es and thorough l y  

v i sua l l y i ns pected after each tes t .  

3 .  Du11111y measuring poi nts 

I n  add i t i on to the standard mea s u r i ng eq u i pment add i t i ona l p i ck

u p s  were i ns ta l l ed to  ensure comparab i l i ty w i th the meas ured re

s u l t s  of other dumm i e s  and  to obta i n  the req u i red data for b i of i 

de l  i ty eva l uat i on .  The mea s u r i ng po i nt s  are shown i n  F i gure 1 .  
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transducer d i rec t i on 

Hea d t r i a x i al accel erometer x ,y , z  

Upper s p i ne T 1  tri  a x i a l  accel erometer x ,y , z  

Upper r i b  l eft u n i a x i a l  accel erometer y 

front u n i a x i a l  accel erometer X 
r i g h t  u n i a x i a l  accel erometer y 

d i spl acement transducer 

Mi ddl e r i b  l eft u n i a x i a l  accel erometer y 

r i g h t  u n i a x i a l  accel erometer y 

d i spl acement transducer 

Lower r i b  l ef t  u n i a x i a l  accel erometer y 

front u n i a x i a l  accel erometer X 
r i g h t  u n i a x i a l  accel erometer y 

d i s p l acement transducer 

Lower s p i ne T 1 2  u n i a x i a l  accel erometer y 

Abdomen 3 swi tches 

Pel v i s  tri  a x i al accel erometer X ,y , Z  
-pub i c  symp . force transducer 

-i l i ac wi ngs s tra i n  gauges 

F i gure 1 :  EUROS I D  mea s u r i ng equ i pment 
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4 .  Results 

These test ser ies  supp l i ed i nforma t i o n  on quest i on s  of genera l 

i nterest such as durab i l i ty ,  reproduc i b i l i ty , hand l i ng etc .  I n  ad

d i t i o n ,  potent i a l  users rece i ved an answer to the i r  urgent que

s t i on whether the EUROS I D  i n  i t s  actua l conf i gurat i on i s  a re l i a

b l e  test  i nstrument . 

4 .  1 Resu lts  of the Hei de l berg test 

V i sua l i nspec t i on of the dummy after comp l et i on of the 1 5  tests 

d i d  not revea l any damage s .  P l ac i ng the dummy i nto and remo v i ng i t  

from the veh i c l e  d i d  not cause a ny maj or hand l i ng prob l ems  but i t  

i s  someth i ng o f  a d i sadva ntage that the dummy i s  not a l l owed to be 

s u s pended by the head for transporta t i o n .  

T h e  conver s i on from l eft-hand t o  r i ght-hand s i de i mpact con f i gu

rat i on i s  far more comp l i cated than i mp l i ed i n  the EUROS I D  manua l .  

Spec i a l  care i s  req u i red when mount i ng the abdom i n a l  s w i tch i n  

order to ensure i t s  order ly  mea s u r i ng funct i on .  Apparent l y ,  the 

cab l e  arrangement h a s  been i ntended for l eft-hand i mpacts on l y .  

T h e  dummy accel erat i on a n d  force mea s u rements  d i d  not cause any 

d i ff i c u l t i e s .  The measured resu l t s  make sense and compare favou

rab l y  w i th those obt a i ned from s i m i l a r  tes t s .  Great prob l ems , ho-

wev e r ,  occurred duri ng the 

and  abdom i na l  forces ( s w i tch 

i n  deta i l i n  the fo l l o w i n g .  

mea surement of t h e  r i b  deforma t i ons  

funct i ons ) , wh i ch wi l l  be  descri bed 

I n  1 2  out of 1 4  tests the r i b  deformat i on curves showed def i c i en

c i es .  D i fferent pos i t i ve a nd/or negat i ve offsets were mea sured 

after the i mpact ( F i gure 2 ) . 

The deforma t i on curve shows sudden m i n i ma wh i ch cannot be produced 

by an i mpact ( F i gure 3 ) . 
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F igure 2 :  Examp l e  of a nega t i ve r ib  deforma t i on offset 
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F i gure 3 :  Ex amp l e s  of r i b  deformat i on curv e  m i n i ma 
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Severa l curves show constant max i ma for du rat i ons  of 1 5  to 2o ms 

(f i gure 4) . 
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f i gure 4 :  Examp l e  o f  a constant r i b  deformat i on max imum 

Th i s  phenomenon seems to be caused by Cou l omb 1 s  f r i c t i on resu l t i ng 

i n  random mea s u rement s u n s u i ted for the eva l ua t i o n  of r i b  defor

mat i ons . The  two re s u l t s  showi ng offsets a fter the tests are due 

to fa i l ures of the optoe lectron i c  deformat i o n  e l ement s .  The mea s

ured va l ues cou l d  be corrected on ly  because  add i t i ona l r ib  acce

l erat i on mea s u rements had been perfo rmed a l l ow i ng to determi ne the 

r i b  deforma t i on by doub l e  i ntegrat i o n  a nd use of a 1 TNO correct i on 

procedure 1 • 
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The funct i on of the abdom i n a l  contact swi tches i s  not p l au s i b l e  

e i ther.  At each o f  the th ree test speeds ( 40 , 45 , S o  km/ h )  s w i t

ches 1 and 3 c l osed at l east  once wh i l e the d i rect l y  l oaded swi tch 

2 wa s never found to c l ose . 

At some mea s u r i n g  poi nts exces s i ve l y  great scatters were observed 

so that no re l i ab l e  statements on the comp l i ance or non-comp l i ance 

w i th g i ven l oad v a l ues were pos s i b l e .  Table 1 l i st s  the mean va

l ues and standard dev i a t i ons  recorded at some of the mea s u r i ng 

po i nt s .  

mean Standard mean standard mean 
value dev iation value deviation value 

Impact speed (km/h 49.95 0.42 44.40 0 . 50 40.33 

Deforma tion Upper Rib max (rrm) 38.37 6 .39 43.42 2 . 1 2  36 . 07 
Deforma t ion Middle Rib  max (11111) 44.47 3 . 25 44.47  0 . 1 2  43 . 1 9  
Deformat i on Lower Rib  max (11111 ) 46.80 2 . 04 42 . 1 4  2 .27 46 . 48 

Acceleration T 1 res 3 ms ( g )  1 1 6 . 34 1 2 . 98 96 . 1 2  1 7 .50 96. 79 
Accel eration T 1 2  res 3 ms ( g )  1 1 7  .8 1  1 0 . 36 9 3 . 2 1  6 . 02 9 5 . 1 8  

Accel eration Pelvis  res 3 ms (g)  1 1 2.49 9 . 09 89.59 1 1 .94 84.65 

! l iac Wing Force lmpacted Side max ( kN) 3 . 1 8  0 .65 1 . 54 0.32 2 . 07 
!l iac Wing Force Opposite Side max ( kN )  0 . 54 0 . 16 0.84 0 . 55 0 . 32 

Pubic Force max ( kN) 5 , 54 0 . 40 6 .42 1 .23 5 . 1 9  

s tanda rd 
deviation 

0 . 20 

6 .36 
4 . 09 
3 .8 1  

1 0 . 36 
5 . 59 

5.58 

0 . 1 0  
0 . 0 7  

1 .06 

Table  1 :  Mean va l ue s  and standa rd dev i at i ons  at some mea s ur i ng 

po i nt s  (CCMC test s )  
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To eva l uate the dummy ' s  sen s i t i v i ty to d i fferent i mpact energ i e s  a 

deta i l ed ana lys i s  of the mean va l ues obta i ned at 4o , 45 and So km/h 

has been pe rformed tak i ng i nto  account dummy/veh i c l e contact 

speeds  of 1 1  m/s to  1 4  m/ s .  T he resu l t s  of  t h i s  ana lys i s  a re 

u n i nterpretab l e :  I n  some cases , h i gh l oads occur at l ow speeds and 

the r i b  deformat i o n s  are a pparen t l y  i ndependent of the i mpact 

speed ( F i gure 5 ) . 
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4 . 2  Results o f  FAT-TNO jo int test program 

The dummy pas sed 5 tests undammaged ; i n  the 6th test the neck 

broke and the head fe l l  off after the rebound pha s e .  

Dur i ng th i s  ser i e s  of tests the same fa i l u res occurred a s  descr i 

bed under i tem 4 .  1 even though a d i fferent dummy wa s u sed and the 

tests were performed by a d i fferent i ns t i tute a pp l y i ng a d i fferent 

mea s u r i ng tec h n i q u e .  Examp l e s  a re shown i n  F i gures 6 + 7 .  

50 

� 
mm 

1 30 

20 G> 
"C 
,g 
a: 1 0  

0 

- 1 0  
0 1 5  30 45 60 75 

rme 

F i gure 6 :  Negat i ve offset after test i ng 
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F i gure 7 :  Sudden deforma t i on curve drop 

In two of  three tests w i th the CCMC deformat 1 on e l ement the center 

abdom i na l  swi tch recorded a contact . When Js i ng the NHTSA e l ement 

no c l os i ng of the contacts was reg i stered even though h i gh abdo

m i na l  forces had been expected due to the i nd i rect l oad produced 

by the bumper through the door . The forces act i ng on the pe l v i s  a s  

we i l  a s  the acce lerat i on s  a t  the pe l v i s  center o f  grav i t y ,  a t  

thora c i c  vertebra no . 1 2 ,  and at  the l ower r i b  are part l y  s i g n i 

f i cant l y  h i gher than  those measured w i th the CCMC e l ement s o  that 

the response of  the abdomi na l  swi tches cannot be understood . 

A l so i n  th i s  test s e r i e s  some mea s u r i ng po i nt s  show con s i dera b l e  

scatter s .  Th i s  mea n s  that  even three i dent i ca l  tests  d o  not fur

n i sh a ny rel i ab l e  i n format i on on the comp l i ance or non-comp l i a nce 

wi th the st i pu l ated l oad l i m i t s  (Tab le 2) . 
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mean s tanda rd mean standard 
value dev ia  t ion value dev i a t ion 

C C M C N H T S A 

Deformation Upper Rib  max (rrm) 44.24 2.43 2 1 .48 NA" 
Deformation Middle R i b  max (mm) 45.25 1 . 46 2 6 . 70 1.69 
Deformation Lower R i b  max (11'111) 46.2 1  1 .07  26 .07 3 . 68 

Acceleration T 1 res 3 ms ( g ) 59.66 6 .96 86.33 6 . 1 3  
Acceleration T 1 2  res 3 ms (g ) 98.68 9 . 2 1  1 1 2 .  73 1 7 .  72 

Acceleration Pel v i s  res 3 ms (g)  1 1 7  .4  7 9 . 43 1 5 1 .  00 2 0 . 6 1  

l l iac W l n g  Force lmpacted Side max (kN)  4 . 1 9  0 .46 4 . 46 1 . 49 
J l iac Wing Force Dpposite Side max (kN)  1 . 08 0 . 1 2  0.89 0 .20 

Pub i c  Force max ( kN)  9 . 24 2 . 45 1 9 . ]0 2 . 9 1  

* Data aval lable from two tests only 

Tab l e  2 :  Mean v a l ue s  and  sta ndard dev i at i on s  at  s e l ected me
a s u r i ng p o i nts  (NHTSA test s )  

4 . 3  Heidel berg tests versus FAT-TNO tests (CCMC tests ) 

Thi  s compari  son  was meant to f i nd out whether there a re a ny 

d i  fferences between the resu 1 t s  obt a i  ned w i  th  d i fferent EUROS I D  

dumm i e s  a t  d i fferent test  i n s t i tutes under i dent i ca l  test cond i 

t i ons  ( reproduc i b i l i ty ) . The test cond i t i ons  have been found to be 

reproduc i b l e .  The c r i t er i a  u sed for compa ri son were the dece l era

t i on of  the barr i e r  s i m u l at i ng the i mpact i ng car and the doo:r i n-

t ru s i on of the  i mpacted veh i c l e .  
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As can be seen i n  F i gures 8 + 9 ,  there i s  no great d i  fference 

between the measured res u l ts wh i ch mean s  that the CCMC deformat i on 

e l ement and the veh i c l e  structure furn i sh l oad v a l ues of the same 

order of magn i tu de .  Con sequent l y ,  the d i ff erences between the 

dummy va l ues are due to d i fferent beh a v i ours of the two EUROS I D  

dummi e s .  

o....-�����-r-�����,...-�--:"!----� 
m/s , 

\ 
-40����---���--���� 

-200--�-.-�---�--�---�----.-�� 
o 40 80 ms 1 20 

F i gure 8 :  

Tme 

C ompa r i son of the CCMC barr i e r  dece l era t i on / t i me h i 

sto r i e s  
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F i gure 9 :  Door i nt ru s i on t i me h i stor i e s  o f  the Ope l Kadett veh i c l es 

5 .  Conc lusions 

The  eva l ua t i on of the EURO S I D  dummy after a tota l of 2 1  fu l l - sc a l e  

s i de i mpact tests  shows that t h e  dummy i n  i t s  present confi gura

t i on i s  u n s u i ted for comp l i ance dev e l opment test i ng .  The qua

l i ty of the mea sur i ng i n st ruments at  the r i bs and abdomen does not 

meet the standa rds app l i ed i n  automot i ve i ndustry.  
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The r i b  des i gn must be cha nged so a s  to e l i m i nate any Cou l omb ' s  

f r i ct i on effec t s .  The factors respon s i b l e  for the pe l v i s  force 

scatters mu s t  be e l i m i nated as we l l .  

The above-ment i oned def i c i en c i e s  must be remed i ed before cont i nu

i ng to use the EUROS I D .  The dummy prod ucers wi  1 1  have to prove 

that the mod i f i ca t i on s  are eff i c i ent , prov i d i ng the users  w i th a 

re l i a b l e  test dev i c e .  Add i t i o na l l y ,  i t  i s  to be demonstrated i n  

fu l l - sc a l e  tests  that the dummy i s  respons i ve to struct u ra l chan

ges or padd i ng mod i f i cat i o n s .  
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