
ABSTRACT 

S I D E  COLL I S ION TESTING 
WITH SMALL CARS 

Wo l f gang S i e ve r t , E r n s t  Pu l l w i t t  
F e d e r a l  H i ghways R e s e ar c h  I n s t i tu t e  ( BA S t )  

B e r g i s c h  Gl adb a c h  

P a s s e nger pro t e c t i o n  i n  a s i d e  c o l l i s i o n  w a s  inv e s t i g a t e d  i n  
f o u r  t e s t s  w i th srna l l  c a r s , two F o r d  F i e s t a  a n d  two VW P o l o . 
The a i rn  o f  t h i s  p r o j e c t  i s  t o  inve s t i g a t e  the r e s i s t a n c e  o f  
s rna l l  c a r s  i n  s i d e  i rnp a c t  t e s t s . 
The r e s u l t s  o f  the rn e a s u r e rn e n t s  t a k e n  o n  t h e  v e h i c l e s  and dum­
m i e s  h a v e  b e e n  p r e s e n  t ed ,  and the darnage and l o a d  mechan i c s  
exp l a i n e d . 
As a r e s u l t  o f  t h e  i n ve s t i g a t i on s  i t  c a n  be s t a t ed t h a t  the 
srna l l  c a r s  s e l e c t e d  c ornp l y  wi th t h e  s p e c i f i c a t i o ns o f  the 
g u i d e l i n e  d r a f t e d  by t h e  ERGA- S wor k i ng group . 
The p r o t e c t i o n  c r i t e r i a  w e r e  n o t  exc e e d e d ; r a th e r  i t  was s hown 
t h a t  a l l  c r i t e r i a  f e l l  c o n s i d e r a b l y  be l ow t h e  l i rn i t  v a l u e s . 
The b e h a v i our c f  srna l l  c a r s  i n  a s i d e  c o l l i s i on i s  s i mi l a r  t o  
t h a t  o f  t h e  l ar g e r  v e h i c l e  ( VW Go l f , T y p  1 9 ) . 
The e q u a l  p e r f orrna n c e s  by the srna l l  c a r  i n  the t e s t s  c a n  be 
e xp l a i n e d  by s i m i l a r b e h a v i our of the c a r  s i d e  con s t r u c t i o n  in 
the door a r e a  and l ow e r  i n e r t i a . 

INTRODUCTION 

The p r o t e c t i o n  o f  p a s s e n g e r s  in p r i v a t e  v eh i c l e s  involved in a 
s i d e  c o l l i s i o n  i s  a n  irnpo r t an t  a s p e c t o f  ve h i c l e  s a f e t y 
r e s e a r c h . A d i r e c t i v e  whi c h  w i l l  e s t a b l i s h  a t e s t  procedure 
for v e h i c l e s  t o  be l i c e n s e d  i n  Europe is at p r e s e n t  b e i ng 
dr a f t e d  by the ERGA SAFETY GROUP c f  t h e  European Cornrnun i t y . 
The p r i nc i p l e  marg i n a l  c o nd i t i ons o f  t h i s t e s t  were c o n s i d e r e d  
a s  e a r l y  a s  1 9  8 2 by t h e  W o r k i n g  Group 6 o f  t h e  E E V C 1  ( 1 ]  . 
Nurnerous v e h i c l e  and b a r r i e r  t e s t s w e r e  c ar r i ed out in o r d e r  
t o  t e s t  t h e s e  p a r a me t e r s . R e pr e s e n t a t i ve s rn a l l e r  vehi c l e s  ( VW 
Go l f )  a s  w e l l  a s  v eh i c l e s  f r orn the upper medium c l a s s  ( D B 
W 1 2 3 ) w e r e  u s e d  i n  t e s t  s e r i e s  c o ndu c t e d  b y  t h e  BAS t ( F e d e r a l  
H i ghway R e s e a r c h  I n s t i tu t e ) ( 2 ,  3 )  f or d e v e l o p i ng the s t r u c t u r e  
o f  the d e f o rrna b l e  b a r r i e r  f r on t . 

P r e v i ou s  e x p e r i rn e n  t s  r e v e a l ed t h a  t durnrny l o a d s  o n l y  s 1 igh t l y  
e x c e e d e d  t h e  l irn i  t c r i  t e r i a .  Hybr i d  I I  dumrn i e s  were u s e d  i n  
e a r l i e r t e s t s ;  c om pa r a t i v e  t e s t s  u s i ng EURO S I D 2  d i s p l ayed 
b r o a d l y  the s arne r e s u l t s . 

' E ' .i r '�· o ..:- :i n  E x O>:'i' L m e n t: a l  VF. h 1 · · L ·' ·; C 1 ) m m i t t ,7 .=­
EUROc· � : = w: S t · J e  I m ri a c t· Dum m v  
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The a i m  o f  t h i s  pro j e c t  i s  t o  inv e s t i g a t e  the r e s i s t a n c e  o f  
s ma l l  c a r s  t o  the l o a d s  o c c u r r i n g  i n  a t e s t  condu c t e d  i n  a c ­
c o rd a n c e  w i t h t h e  proposed european s i d e  imp a c t  t e s t  p r o c e d ur e . 
T e s t  r e s u l t s  s h o u l d  prov i d e  answe r s  t o  t h e  f o l l owing q u e s t ions : 
wi 1 1  the c r i  t e r i a  o f  t h e  ERGA S a f e  ty Group d r a f  t d i r e c  t i ve be 
k e p t  and how d o e s  t h e  b e h a v i our of s m a l l  c a r s  comp a r e  w i t h  t h a t  
o f  l a rger v e h i c l e s ?  

T E S TCONDITIONS 

A l l  s m a l l  ve h i c l e s  manuf a c t u r e d  in We s t  Germany o b s e r v e  the 
c o n s t r u c t i o n  p r i n c i p l e  o f  f r o n t  wh e e l  d r i ve . For the t e s t s , two 
popu l a r  v eh i c l e  typ e s  w e r e  c h o s e n , n a m e l y  t h e  Ford F i e s t a  and 
t h e  VW P o l o .  The i r  r e spe c t i v e  s h a r e s  of t h e  ( n e w l y  l i c e n s ed ) c a r 
popu l a t i o n  a r e : Ford F i e s t a  2 . 6 % ( 2 . 1 % ) , VW P o l o  3 %  ( 2 . 7 % ) . 
R e l e v a n t  t e c hni c a l  d a t a  i n c l ud e : 

Ford F i e s t a  
W e i gh t , u n l aden 7 5 0 k g  
W e i gh t , t o t a l  a l l owed 1 1 6 0  kg 
Ve h i c l e  l en g t h  3 6 4 8  mm 
V eh i c l e  w i d t h  1 5 6 7  mm 
Ve h i c l e  he i g h t  1 3 5 6 mm 
S i l l  he i g h t  2 4 0 - 2 5 0  mm 

The v e h i c l e s  d e s c r i b ed were s u b j e c t e d  
( on l y  f u l l ve h i c l e  t e s t )  a c c o rding t o  

d i r e c t i v e  ( D o c ument ERGA S 6 5  Amendment 
t e s t e d  i n  two t e s t s . 
The t e s t  c o nd i t i o n s  we r e : 

VW P o l o  
7 2 0  kg 

1 1 3 0  kg 
3 6 5 5  mm 
1 5 8 0  mm 
1 3 5 5  mm 

2 4 0 - 2 5 0  mm 

t o  a 
t h e  

1 )  . 

s i de imp a c t  t e s t  
ERGA S a f e t y  d r a f  t 

Every c a r typ was 

- The v eh i c l e  t o  b e  t e s t e d  was s t a t i onary and w a s  h i t  on 
t h e  l e f t  at an angle of 9 0 °  ( c o l l i s i o n  and imp a c t 
a n g l e  a r e  i d e n t i c a l ) a c c o r d i n g  t o  D IN I S O  6 8 1 3  by a 
mov a b l e  d e f ormab l e  b a r r i e r  t r a v e l l ing a t  a s p e e d  o f  
5 0  k m / h .  

- The i mp a c t  p o i n t  i n  r e l a t i on t o  t h e  l ongi t ud i n a l  
c e n t r e  p l a n e  o f  t h e  b a r r i e r  w a s  t h e  R - po i n t  o f  t h e  
t e s t  v e h i c l e . 

- The m a s s  o f  t h e  v e h i c l e  t o  b e  t e s t e d  c o r r e sponded t o  
t h e  u n l aden w e i q h t  p l u s  dummy w e i gh t . 

The d e f o rmab l e  f r o n t  f a c e  o f  t h i s  b a r r i e r  was 5 0 0mm 
h i g h , 1 5 0 0  mm w i d e , and h ad a g round c l e a r an c e  o f  
3 0 0  mm . The e l em e n t s  m a nu f a c t u r e d  b y  Kenmont ( GB )  
c o r r e s po n d e d  t o  t h e  s t i f f n e s s  and ene rgy d i s s ipa � i o n  
r e q u i r em e nt s  l a i d  down i n  t h e  a b o v e -men t i oned ERr 
documen t .  

- A dummy w a s  p l a c e d  o n l y  i n  t h e  d r i v i ng s e a t . 
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- The EURO S I D  u s e d  w a s  a model f r om the s e cond 
pro d u c t i on s e r i e s . 

M e a s u r e m e n t s  o n  t h e  T e s t  V e h i c l e  

- A c c e l e r a t i o n  3 - axi a l  a t  
c en t r e  o f  g r a v i t y  
2 x  d o o r  a c c e l er a t i o n  i n  
impa c t  d i r e c t i o n  

- l a t e r a l  d e f o rma t i on 
- h i g h - s pe e d  f i l m i n g  w i t h  

1 0 0 0  f r a m e s / s e c , 6 c am e r a s  

9 1  

M e a s u r e m e n t s  on the Dummy 

- 3 - ax i a l  h e a d  a c c e l e r a t i o n  
- 3 - ax i a l  t h o r ax a c c e l . 

above 
- rib a c c e l e r a t i o n  i n  3 r i b s  
- d e f  l e c t i o n  of 3 r i b s  
- u n i ax i a l  t h o r ax a c c e l . 

b e l o w  
- 3 - axi a l  p e l v i c  a c c e l . 
- f o r c e s  o n  i l i um , r i g h t  and 

l e f  t 
- f o r c e  on pub i c  symphys i s  



ACQU I S ITION AND RECORDING O F  MEASURED VALUES 

C e r t a i n  p a r am e t e r s  f o r  the m e a s u r i ng of dynam i c  pro c e s s e s  in the 
f i e l d  of imp a c t  t e s t  m e a s ur i ng t e c hn i q u e s  a r e  l a i d down in t h e  
I S O 6 4 8 7  ( 1 9 8 0 ) , e . g . , f i l t e r i ng ( C F C  - Chann e l  F i l t e r  C l a s s )  
and s i gn a l  magni tude ( CAC - Chann e l  Amp l i tude C l a s s )  . No s u c h  
r e gu l a  t i ons e x i s t  f o r  the s o r t  o f  a c qu i s i  t i on t e c hn i que t o  be 
u s e d  ( e .  g . , whe t h e r  p i e z o r e s i s t i v e  or p i e z o e l e c t r i c  t r a nsdu c e r )  
nor f o r the m e a n s  o f  d a t a  t r a n s f e r  and r e c o rding . 

C a u s e d  by the m i n i m a l  numb e r  o f  f i xed p a r ame t e r s  i n  t h i s  I S O ­
regu l a t i on , d i f f e r e n t  c h a r a c t e r i s t i c s  o f  t r ansdu c e r s  and the use 
o f  d i f f e r i ng m e a s u r i ng c h a i n s could l e ad t o  d i f f e r e n t  
pro q r e s s i o n s  i n  c a s e  o f  r a p i d  even t s . 

S i n c e  p r o t e c t i o n  c r i t e r i a  w i l l  b e  m en t i o ned be l ow whi ch a l l ow a 
c ompa r i s o n  w i  t h  r e s u l  t s  f r om t e s t s  i n  o t h e r  l a b o r a t o r i e s , s ome 
re l e v a n t  d a t a  c o n c e r ning the m e a s ur i ng and e v a l u a t ion t e c h n i q u e s  
u s e d  a t  B A S t w i l l  be g i v e n : 

- a l l  t r a n s duc e r s  f o r  f o r c e s  and a c c e l e r a t i o n  u s e  
t h e  p i e z o r e s i s t i v e  t e c hn i q u e . 

- i n d i v i d u a l  m e a s u r e d  v a l u e s  a r e  f i l t e r ed and s ampled 
u s ing d i f f e r e n t  phy s i c a l  t e c hn i qu e s  depending on 
m e a s u r i ng po s i t i on , e . g .  h e a d  a c c e l e r a t i o n : CFC 1 0 0 0 , 
s ampl i ng f r equency 8 0 0 0  H z , thorax a c c e l e r a t i o n : C F C  
1 8 0 , s ampl i ng f r equency 1 6 0 0  H z . 

- t r a ns f e r  i s  v i a  PCM . 

TEST RESULTS 

The imp a c t  a c c u r a c y  of the mo v a b l e  d e f ormab l e  b a r r i e r  in t e s t s  
w i t h  s m a l l  c a r s  l ay w i t h i n  the r ange o f  1 cm . The f r ont 
s t r u c t u r e  o f  t h e  b a r r i e r  demon s t r a t ed good d e f o rm a t i o n 
b e h a v i o u r , w i t h  n o  l a r g e  u n d e f o r m eq p i e c e s  d e t a c h i n g  thems e l v e s . 
The d e f  orma t i o n  p i c t u r e s  o f  b o t h  t h e  v e h i c l e s  and t h e  b a r r i e r  
f r ont f a c e  w e r e  v e r y  s i m i l a r i n  a l l  t e s t s { c . f .  F ig. A . l  and A . 2 
i n  the Append i x ) . 

Ford F i e s t a  T e s t s  

B o t h  v e h i c l e s s u f f e r ed s e v e r e  d e f or m a t i on o n  the l e f t  s i d e , 
wh i c h  c on s i s t e d  o f  a d e e p  i n t r u s i o n i n t o  the A- p i l l a r and w i nd ­
s c r e e n  f r am e , s i de d o o r  and B - p i l l a r  and i n t o  the r e a r  t h i rd o f  
t h e  whe e l  hous e .  T h e  d e f o rma t i o n  a t  t h e  t h r e e  m e a s ur e m e n t  
p l an e s , s e e n  i n  F ig. A .  3 m a k e  t h i s c l e ar . The p o s i  t i on of the 
d e f orma t i on m e a s u r e m e n t  p o i n t s  given in F ig. A . 4 ,  was s i m i l a r  in 
a l l  t e s t s .  

G r a p h i e  r e p r e s e n t a t i on a l s o  s hows t h a t  i n  the s e  t e s t s  . t h e  r e ­
produc i b i l i t y o f  t h e  d e f o rmat i o n  b y  the d e f orma b l e  b a r r i e r  f a c e  
w a s  v e r y  good . 

I n  a dd i t i o n t o  the known nega t i v e  e f f e c t s  f or t h e  p a s s e n g e r  o f  
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t h e  d e e p  d e f o r m a t i on i n  the p a s s e nger c ompartment , addi t i o n a l  
dangers w e r e  p r e s e n t e d  in t h e  f o rm o f  s h a r p  edg e s , r e s u l  t i n g  
f r om t h e  d i s p l a c e m e n t  and b r e a k a g e  o f  i n t e r i o r  f i t t i ngs , e . g .  
s t e e r i n g  whe e l , d a s h b o a r d  and s e a t s ,  and j ammed s a f e t y  be l t s , 
h i n d e r i ng e s c ape from t h e  v e h i c l e , s e e  F ig. A . 5 .  

I n  a f u r t h e r  comp a r i s on o f  the b e h a v i o u r  o f  the ve h i c l e s  i n  an 
i m p a c  t s i tua t i o n , F ig .  A .  6 s hows the s p e e d  pr ogr es s i o n s  o f t h e  
bar r i e r , t h e  Ford F i e s t a  and i t s l e f t  s i d e door . The m e a s u r e m e n t  
o f  a c c e l e r a t i o n  a t  the d o o r  w a s  t a k e n  approxima t e l y  i n  t h e  
dummy ' s  t h o r a x  imp a c t  a r e a .  The a c c e l e r a t i on m e a s ur ement in t h e  
F i e s t a ' s  c e n t r e  o f  g r a v i t y  w a s  f a u l t y  i n  t h e  s e c o nd t e s t .  

A comp a r i s o n  o f  t h e s e  c u r v e s  shows t h a  t ,  w i  th the s ame t e s  t 
p a r ame t e r s  and v e r y  s im i l a r v eh i c l e  damaq e , d i f f e rent speed 
changes c an b e  m e a s ur e d  at t h e  vehi c l e  door . The r e a sons why 
w i l l  be g i v e n  in t h e  c h a p t e r  b e l ow . 
The l o a d  v a l u e s  rn e a s u r e d  on t h e  c a r s  a r e  p r e s e n t ed in t h e· f o l ­
l o w i n g  T ab l e  1 .  

V E H I C L E  FORD F I E S TA FORD F I E S TA 
LOAD S KW 0 1  S KW 0 3  

am a x  B a r r i e r  ( g )  1 4 . 2  1 4 . 3  
ac o - 5 o m s 1 B a r r i e r  ( g )  7 . 4  7 . 1  
6 V c  t = l 0 0 m s ) B a r r i e r  

( rn /  s )  7 . 2  6 . 7  

am a x  Ve h i c l e  ( g )  2 6 . 8  - *  

a c o - 5 o m s > Ve h i c l e ( g )  1 2 . 5  - ·  

6v < t = 1 o o m s > V e h . ( m / s )  8 . 4  - ·  

am a x Door ( g )  1 1 1 . 0  1 7 1 . 5  

ä c o - 5 o m s > D o o r  ( g )  1 6 . 6  1 0 . 6  

Vm a x  Door ( m / s l  9 . 6  1 2 . 1  

• T r a n s d u c e r  f a i l u r e  

T ab l e  1 :  V eh i c l e  l o a d  v a l u e s  i n  t e s t s  w i th t h e  Ford F i e s t a  

T h e  d i f f e r e n t  h i gh v a l u e s  m e a s ur e d  a t  t h e  ve h i c l e  door c o u l d  not 
b e  c l e a r l y  exp l a i ne d  f r om EURO S I D ' s  movemen t s . E v a l u a t ion o f  the 
f i l m s howed a very s i mi l a r i mp a c t  proc edur e i n  both t e s t s : 

- a f t e r  a pp r o x . 1 0  m s  t h e  B - p i l l ar moved i nw a r d s  and t h e  
d o o r  g l a z i ng b r o k e . 

- a f  t e r  approx . 1 5  m s  t h e  i n t ruding s i d e  s tr u c t u r e  o f  t h e  
d r i v e r  s e a t  m o v e d  r ig h t  a n d  a c c e l e r a t e d  t h e  durnmy f i r s t  
a t  t h e  t h e  p e l v i s .  

- a f t e r  approx . 2 0  m s  t h o r ax i mp a c t  o c c u r r e d . 
- a f t e r  2 5  m s  t h e  d r i v e r ' s  s e a t  r e s t  h i t  t h e  p a s s e nger s e a t  

r e s t .  
- i n  t h e  f i r s t  t e s t , g l a n c i ng h e a d  i m p a c t  aga i n s t  t h e  r o o f  
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and door f r ame began a f t e r  3 5  m s ; i n  t h e  s e c ond t e s t , 
h e a d i mp a c t ag a i n s t t h e  f l e x i b l e  upper door f r ame o c c ur r e d  
l a t e r  on ( 8 0 ms ) . 

- t h e  dynarnic s i d e  i n t ru s i o n  was g r e a t e s t  a t  the B - p i l l ar . 

The m e a s u r ed v a l u e s  o f  dumrny l o a d  and the pr o t e c t i o n  c r i  t e r i a  
deduced f r orn t h e s e  a r e  l i s t e d  i n  T a b l e  3 .  

VW P o l o  T e s t s  

The b e h a v i o u r  o f  t h e  ve h i c l e s  i n  t h e  c r a s h  p h a s e  c o r r e sponded to 
t h a t  of the F o r d  F i e s t a d e s c r i b e d  e a r l i e r . 
T h e  darnage i n  t h e  i n t e r i o r  ( s e e  F ig. A .  7 )  was a l s o  t h e  s arne as 
in t h e  Ford F i e s t a  t e s t s . D e t a i l s , such as a b r o k e n  door panel 
( h ard c a rd b o a r d ) or a s h e l f  pro t r ud i ng f r orn t h e  d a s h b o a rd , w e r e  

d i f f e r e n t . 

T h e  l a t e r a l  d e f o rrna t i o n  i n  t h i s  v e h i c l e  type a l s o  ext ended f r orn 
t h e  A - p i l l a r to the r e a r  w h e e l  hou s e . T h e  s i l l  a r e a  w a s  i n c l uded 
i n  the d e f  orma t i on ( s e e  F ig. A .  8 )  . F ig. A .  9 shows a graph i c  
r e p r e s e n t a t i o n  o f  t h e  m e a s u r e d  d e f o r m a t i on v a l u e s . Tab l e  2 
p r e s e n t s  t h e  rn e a s u r e d  a c c e l e r a t i on v a l u e s  and t h e  v a l u e s  deduced 
f r om t h e s e .  F ig .  A . 1 0 shows t h e  b e h a v i our o f  t h e  c o l l i d i n g  
v e h i c l e s  o n  t h e i r  v e l o c i t y  c h anges . 

T h e  m e a s u r e d  v a l u e s  o f  t h e  mo b i l e  d e forrna b l e  b a r r i e r  were a l s o  
v e r y  s i m i l a r i n  the s e  t e s t s . The t o p  a c c e l e r a t i o n  m e a s u r e rne n t s  
o f  t h e  d r i ve r  door w e r e  v e r y  d i f f e r e n t  i n  t h e  t e s t  v e h i c l e , but 
t h e  v a l u e s  deduced f r om t h e rn , ä and v ,  are s i rn i l a r  i n  s i z e . 

V E H I C L E  VW POLO VW POLO 
LOAD S KW 0 4  S KW 0 5  

am a )( B a r r i e r  ( g )  1 4 . 7  1 5 . 0  
ä c  o - � o m s  1 B a r r i e r  ( g )  8 .  0 7 . 8  
6. V <  t = 1 o o • s > B a r r i e r  

( m / s )  7 .  4 7 . 2  

aa a )( V e hi c l e  ( g )  3 4 . 9  _ .,.. 

ä c o - :s o m s i V e h i c l e  ( g )  9 . 6  _ .,.. 

6, vc t = 1 o o m s 1  V e h ( m / s )  7 . 5  _ .,.. 

am a x D o o r  ( g )  1 2 6 . 8  2 0 0 . 3  
a c o - � o m s ) Door ( g )  8 . 4  1 0 . 6  

Vrn a x D o o r  ( m / s )  1 1 .  6 1 2 . 6  

* T r a n s d u c e r  f a i l u r e  

T a b l e  2 :  V eh i c l e  l o a d  v a l u e s  i n  t e s t s  w i th t h e  VW P o l o  
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The a c c e l e r a t i o n m e a s u r e d  i n  t h e  door o f  t h e  t e s t  v e h i c l e  i s  d e ­
pendent o n  t h e  i rnp a c t  o f  t h e  b a r r i e r  o u t s i d e  and t h e  durnrny i n ­
s i d e . S i n c e  t h e  o u t s i d e  irnp a c t w a s  s i rn i l a r  i n  t h e  t e s t s  ( s e e  the 
c ornpar a t i v e  v a l u e s  o f  t h e  barr i e r  a c c e l e r a t i o n  i n  T ab . l  and 2 l , 
the d i f f e r e n t  r a t e  o f  door a c c e l e r a t i o n  i n  two t e s t s  rn u s t  h a v e  
b e e n  t h e  r e s u l t  o f  a s l i g h t  de v i a t i o n  i n  the durnrny ' s  po s i t i o ning 
and s e a t  h e i gh t  above t h e  ground . This l a s t  pararn e t e r  was no t 
r e rn e a s u r e d  i n  t h e  t e s t s . D e s p i t e  t h e s e  c l e a r  d i f f e r e n c e s  i n  door 
a c c e l e r a t i o n , t h e r e  were no s i gni f i c an t  d i f f e r e n c e s  i n  the durnrny 
l o a d  ( c . f .  f o l l ow i ng T ab l e  3 ) . 
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DUMMY FORD FORD PROTECTION VW VW 
LOAD FIESTA FIESTA CRITERIA POLO POLO 
PARAMETER SKW 0 1  SKW 0 3  NHTSA ERGA-S SKW 0 4  SKW 0 5  

He ad 
ay / ay 3 m s  [g ]  7 0 / 4 8  6 9 / 5 4  - - - - - -- - 4 0 / 4 0 1 1 1 / 5 6  
ar e s  / ar e s 3 m s [g]  9 1 / 6 4  8 2 / 6 4  - - - - - - - - 6 9 / 6 7  1 2 1 / 7 0 
H I C  4 4 8  7 5 8  - - - - 1000 8 3 6  4 7 4  

Thorax 

ay 1 a y 3 ms  [g]  9 3 / 8 3  8 5 / 7 5  -- - - - - - - 7 6 / 7 4  8 1 / 7 8  
ar e s / ar e s 3 m s [g]  9 4 / 8 4  8 7  / 7 6  - - - - - - - - 7 6 / 7 4  8 2 / 7 8 
S I  7 4 0  7 4 4  --- - - - - - 6 9 8  7 3 0  

av m a  X RIBS 
upper [g]  1 4 5  1 2 6  ---- -- - - 1 0 3  -

· * 

middle [g]  1 8 6  1 6 3  - - - - -- - - 1 4 9  1 3 5  
lower [g]  1 7 8  1 7 1  - --- - - - - 1 2 3  1 5 4  
ay m a  )( Th V* [g]  1 2 6  1 1 7  - --- - - - - 1 0 8  9 7  

Thoracic Trauma 
Index ( TT I )  
upper r i b  [g]  1 3 1  1 1 8  80- 1 1 5  ---- 1 0 1  - · .  

middle r i b  [g]  1 3 4  1 2 1  80-115 - - - - 1 2 1  9 9  

lower r i b  [ g ]  1 3 8  1 3 2  80- 1 1 5  - - - - 1 1 4  1 1 2  

RIB DEFLECTION 

upper r i b  [mm] 2 8 . 1  3 5 . 1  - - - - 4 2  27 . 4  3 5 . 2  

middle r i b  [mm] 3 0 . 3  3 3 . 5  - - - - 4 2  3 2 .  3 2 7 . 2  

lower r i b  [mm] 3 0 . 4  3 2 . 5  ---- 42 30 . 7  2 4 . 1  

VI SCOUS 
CRITERION (VC) 

upper r i b  ( m / s ]  0 . 5 0 6  0 .  7 1 0  - --- 1 . 0  0 . 2 1 3  0 . 3 9 0 

middle r i b [m/ s ]  0 . 5 4 4  0 . 6 3 2  --- - 1 . 0  0 . 4 29 0 . 2 4 6  

lower r i b  [m/s]  0 . 6 4 4  0 .  7 2 3  - - - - 1 . 0  0 . 5 4 1  0 . 3 0 9  

ABDOKE!f 
Force > 4 , 5  kN no no - --- F�4 , 5kN no no 

PELVIC peak 
ay / ay 3ll1s [g] 9 9 / 9 1  1 0 4 / 9 7  load = ---- 1 0 7 / 9 6  1 00 / 9 3  

ar e s  / ar e s 3 m s  (g]  1 0 1 / 9 2  1 0 7 / 9 9  130-190g - - - - 1 0 7 / 9 7  1 0 0 / 9 4  

- - - - - - - -------- - - - - - - - - -------- - - ----- - - - - - - - - - - -- - - - - - - ----- - -

i l i um c r e s t  
l e f  t [kN] 1 .  9 2 . 7  - - - - 10 . 0  3 .  3 4 . 3  

r i g h t  ( kN] 0 . 6  0 . 6  ---- 10 . 0  0 . 9  0 . 9  

pubic symphys i s  
(kN] 7 .  3 8 . 1  - - -- 10 . 0  7 . 0  4 . 5  

* ThV = Tho r a c i c  v e r t eb r a  * *  T r a n s d u c e r  f a i l u r e  

Ta b l e  3 :  Dummy l o a d  p a r am e t e r s  i n  the t e s t s  w i th the srn a l l  c a r  
type s . 
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D I S C U S S ION OF THE RESULTS 

B e s i d e  the o b s e r v a n c e  o f  pro t e c t i o n  c r i  t e r i a  f o l l owing the EC 
d r a f t  d i r e c t i v e  o t h e r  v a l u e s  u s e d  f or d e t e rm i n i ng the p r o t e c t i o n 
c r i t e r i a  are a l s o  c o n s i d e r e d  he r e . The r e s u l t s  were a l s o  
c ompared t o  t h o s e  f r om t e s t s  invo l v ing l arger veh i c l e s . 

O b s e r v a n c e  o f  the P r o t e c t i on C r i t e r i a  

The p r o t e c t i o n  c r i  t e r i a  t o  b e  m e a s u r e d  o n  EURO S I D  a r e  a s  f o l ­
l ows : 
( D r a f t  D i r e c t i v e  ERGA S i d e  Impa c t  D o c urn e n t  S 6 5  Rev . 2 a , ) 

- Head Pro tection Cri terion (HPC) ; 
H I C  � 1 0 0 0 , t h i s  v a l u e  i s  o n l y  u s ed a s  a c r i t e r i o n i n  the 
c a s e  of head c o n t a c t  w i t h  a p a r t  of the veh i c l e . 

- Thorax Pro tection Cri terion ; 
None o f  EURO S I D ' s  t h r e e  s e t s  o f  r i b s  may s u f f er d e f l e c t i on 
g r e a t e r  than o r  equa l t o  4 2rnm , and t h e  V i s cous C r i t e r i on 
b a s e d o n  the c h r ono l ogy o f  the d e f  l e c t i on progr e s s  rnus t  b e  
s 1 . 0  m / s . 

- Pro tection Cri terion for the Abdomen; 
I n  t h i s a r e a , t h e  f o r c e  f r om an impa c t  mus t b e  s 4 . 5  kN , 
i . e . , t h e  s w i t c h e s  w i t h  a swi t c h i ng t h r e s h o l d  o f  > 4 . 5  kN 
m u s t  not r e s pond . At the s am e  t i me , the maximal c r u s h i ng 
rnu s t  be l i m i t e d  to s 3 9  mm . 

· 

- Pro tection Cri terion for the Pel vi s ;  
F o r c e s  were m e a s u r ed a t  t h r e e  po i n t s  o f  the p e l v i s : a t  t h e  
l e f t  a n d  r i g h t  i l iurn a n d  a t  the p u b i c  s ymphys i s . F o r c e s  
mus t be maxirnurn 1 0  k N . 

The s rn a l l  v e h i c l e s  t e s t e d  i n  t h i s s e r i e s  had more or l e s s  
s i m i l a r d i m e n s i o n s  and c o n s t ruc t i on c h a r a c t er i s t i c s  and d i s ­
p l a yed v e r y  s i rn i l a r  c r a s h  b e h a v i our . I n  addi t i o n  t o  the d e t a i l s  
m en t i oned b e f o r e , t h e  c o mpar i s o n  o f  d e f or rn a t i on v a l u e s  s hown in 
F ig. A . 1 1 is an irnpo r t an t  cornp a r i s on pararne t e r . 

A s  w a s  expec t e d , t h e  dummy l o a d s  r e s u l  t i ng f r om t h i s  c r a s h  be­
h a v i o u r  were very s i m i l a r , as shown i n  Tab l e  3 .  A cornpar i s on o f  
t h e  durnrny l o a d  rn e a n  v a l u e s  i n  b o t h  t y p e s  o f  sma l l  v e h i c l e  s hows 
t h a  t the F i e s t a  i n v o l  v e s  a s omewha t h i g h e r  l o a d  in the t h o r ax 
a r e a . The v a l u e s  f or h e a d  and p e l v i s  a r e  n o t  d i f f e n t . 
Un l i k e  t h e  l o a d s  o n  t h e  thorax and p e l v i s , the head l o a d  i n  the 
s i d e  c o l l i s i on t e s t  is h i g h l y  dependent o n  the po s i  t i o n  of the 
durnrny . The p o s i  t i on l a i d  down f or the t e s t  r ar e ly r e s u l  ted in 
t h e  head hi t t i nq the r i g i d  B - p i l l ar . In the c a s e  of the s ma l l  
v eh i c l e s  t e s t e d  h e r e , i t  w a s  g e ne r a l l y  the g l a n c ing i mp a c t  
a g a i n s  t t h e  r o o f  w h i c h  l e d  t o  n o t ab l e  h e ad a c c e l e r a  t i o n . The 
durnrny k i n e t i c s  and t h e  r e l a t i v e l y  l a t e  c o n t a c t  rneant t h e  impa c t  
w a s  n o  l onger a s  power f u l  a s  i n  t h e  l o w e r  p a r t s  o f  t h e  body 
f i x e d  in the s e a t . F o r  t h e  h i g h e r  h e a d  l o a d  in the s e c ond P o l o  
t e s t  n o  r e a s on s  wou l d  b e  g i v e n  by t h e  f i lm analys i s . I n  n o  t e s t  
t h e  l i rn i t  v a l u e  o f  t h e  h e a d  p r o t e c t i o n  c r i t e r i on ( H I C  1 0 0 0 ) w a s  
e x c e e d e d . 
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T h e  s omewhat h i gher avera ge thorax l oad i n  the Ford F i e s t a  
c a n n o t  b e  r e l a t ed t o  c l e a r  d i f f e r e n c e s  i n  t h e  l o a d  v a l u e s  o f  the 
v e h i c l e s . A compar i s o n  of the chrono l og i c a l  progr e s s  o f  dummy 
l o ad in F ias . A . 1 2 - 1 5  shows t h a t  b o t h  t h e  beginn i ng and the 
dur a t i o n  of the a c c e l e r a t i on and f o r c e  s i gna l s  are approx i ma t e l y  
t h e  same . T h e  d i s t a n c e s  be tween door and dummy d e t e rm i n e d  by 
s e a  t pos i t i o n  and in t e r i or des ign are a l s o  approxima t e  l y  the 
s ame , w i t h  t h e  d i s t a n c e s  b e tw e e n  door and upper arm and door and 
p e l  v i s  be ing approx . 2 0  mm l e s s  in t h e  c a s e  of the VW P o l o . 
T h e r e f o r e  t h e s e  d i f f e r e n c e s  o f  thorax l o ad mu s t  be exp l a ined by 
t h e  vehi c l e  door c o n s t r u c t i o n  and / o r by t h e  s omewhat e a r l i e r  
i nvo l v ement o f  t h e  dummy i n  the d e f o rma t i o n  i n  c a s e  o f  the VW 
P o l o . The pr o t e c t i o n  c r i t e r i a  f o r t h e  thorax ( de f l e c t i o n  o f  � 4 2  
mm and V C  � 1 . 0  m / s )  w e r e  f u l l f i l l ed i n  b o t h  t e s t s . 

S i rn i l a r l y , o n l y  s rna l l  d i f f e r e n c e s  b e t w e en t h e  v e h i c l e s  were 
m e a s ured f o r t h e  p e l v i c  l o ad .  The s um o f  the f o r c e s  a f f e c t i ng 
t h e  p e l v i c  r e g i o n  w a s  v i r t u a l l y  t h e  s a m e  i n  a l l  t h e  t e s t s . B o t h  
s ma l l  v e h i c l e  t y p e s  f u l f i l  t h e  above-named pro t e c t i o n  c r i t e r i a ,  
r e m a i n i ng w e l l  b e l ow t h e  maximum perrni s s i b l e  v a l ue . 

S i nc e  t h e  v a l u e s  f o r  t h e  pro t e c t i on c r i t e r i a  have n o t  y e t  been 
d e f i n i  t i v e l y  e s t ab l i s he d , t h e  EUROS I D  rn e a s u r e d  v a l u e s  n o t  u s e d  
f o r  d e t e rrn i n ing t h e  pr o t e c t i v e  c r i t e r i a  up t o  n o w  i n  Europe 
s h o u l d  a l s o  be c o n s i d e r e d  h er e . 

B e s i d e  t h e  pro t e c t i on c r i t e r i a  o f  t h e  E C  d r a f t d i r e c t i v e , t he 
v a l u e s  f or t h e  thorax a r e a  i n c l ud e  t h e  a c c e l e r a t i o n  o f  the 
t h o r a c i c  v e r t e br a , m e a s ur e d  i n  t h e  upper and l o wer s e c t i o n s , and 
the a c c e l e r a t i on of the r i b s . The mean v a l u e s  of r i b  and l ower 
t h o r a c i c  v e r t e bra a c c e l e r a t i on s  form the thorax l o ad c r i  t e r i o n 
f av o u r e d  by t h e  N H T S A , t h e  Thor a c i c  T r auma I ndex ( TT I ) . I f  t h e  
T T I  pr o t e c t i on c r i t e r i o n  w a s  u s e d  t o  j udge t h e  r e s u l t s  o f  t h e s e  
t e s t s , b o t h  s ma l l  v e h i c l e  t y p e s  wou l d  exc e e d  t h e  l i mi t v a l u e . 
T h i s  v a l u e , i n t e n d e d  t o  p r e v e n t  i n j u r i e s  g r e a t e r  than A I S  3 ,  i s  
quo t e d  i n  [ 4 ]  a s  8 0 - 1 1 5  g .  I f  a pro t e c t i o n  c r i  t e r i on w a s  t o  be 
u s e d  w h i c h  o n l y  t o o k  t h e  r e s u l t i nq thorax a c c e l e r a t i on i n t o  
c o n s i d e r a t i o n , e . g .  6 0  g / 3  m s , a s  i n  a f r o n t a l  c o l l i s i o n  t e s t . 
t h i s  v a l u e  wou l d  a l s o  b e  exceede d , t h e  l o ads i n  b o t h  v e h i c l e  
t y p e s  b e i n g  gr e a t er , w i t h  t h e i r  appropr i a t e  v a l u e s  c o n s i s t i ng o f  
7 4 - 8 4  g / 3 m s . 
F o r  t h e  p e l v i s  t h e  a c c e l e r a t i o n  m e a s u r e d  a t  t h e  c e n t r e  o f  
g r a v i t y  m a y  b e  u s ed a s  a p ro t e c t i o n  c r i t e r i on , t o o . T h e  v a l u e  o f  
t h i s  a c c e l e r a t i on w a s  t h e  s am e  i n  a l m e s t a l l  t h e  t e s t s , name l y  
1 0 4  g f o r  t h e  p e a k  a c c e l e r a t i o n  a n d  9 5  g f o r  t h e  3 m s  v a l u e . I n  
an U S  propo s a l  [ 4 ]  a p r o t e c t i o n  c r i  t e r i on i s  quo t e d  f or t h e  
p e l  v i s  wh i c h  c o n s i d e r s  t h e  maximum a c c e l e r a  t i o n .  The r a n g e  o f  
l im i t  v a l u e s  t h e r e  i s  g i v e n  a s  1 3 0  - 1 9 0  g .  The p e l v i s  l o ad s  i n  
t h e  t e s t e d  s m a l l  c a r s  w e r e  l ower . 
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Compa r i s o n  w i t h  L a rger Veh i c l e s  

For comp a r i son w i t h  l a rger c a r s  o n l y  two t e s t s  wi th the VW Go l f , 
Typ 1 9 ,  c o u l d  u s e d . 
Tab l e  4 s hows a c o mp a r i s o n  b e t w e e n  t h e  c a r  l o a d  v a l ue s . H e r e  
rn e a n  v a l u e s  from t h e  t e s t s  w i t h  sm a l l  ve h i c l e s  a r e  compa red w i t h  
t h e  v a l u e s  o f  two t e s t s  w i t h  the VW Go l f  . 

MEAN VALUES MEAN VALUES VVI GOLF ( Typ l 9 )  
VEHICLE FORD F I ESTA VW POLO 
LOAD TESTS TESTS TEST 1 TEST 2 

ama X B a r r i e r  ( g )  1 4 , 3  1 4 , 9  1 4 , 2  1 5 , 4  

ä1 0 - :i o m s > Ba r r i e r  ( g )  7 ,  3 7 , 9  9 , 1  9 , 3  

6 V <  t = t o o ms 1 Ba r r i e r  

( m/ s )  7 , 0  7 , 3  8 , 1  8 , 3  

am a x  CAR ( g )  2 6 , 8 * 3 4 , 9 * 48 , 4  3 0 , 0  

a (  o - :i o m s ) CAR ( g )  1 2 , 5  9 , 6 * 8 , 1  8 , 8  

/:::.V ( t = l 0 0 III S ) CAR ( m / s )  8 , 4  7 , 5 * 7 , 4  7 , 6  

ama x DOOR ( g )  1 4 1 , 3  1 6 3 , 6  1 5 2 , 2  1 4 1 , 4 

ä <  o - :i o ms > DOOR ( g )  1 3 , 6  9 , 5  1 3 , 2  1 2 , 6  

Vma x DOOR ( m / s )  1 0 , 9  1 2 , l  1 2 , 4  1 3 ,  6 

* Value f rom one t e s t  only 

Table 4 :  Mean v e h i c l e  l o ad v a l u e  ( n= 2 ) , c o mp a r i son o f  sm a l l  
v e h i c l e s  w i t h  t h e  VW G o l f  ( Type 1 9 ) . 

The d i f f  e r e n c e s  i n  t h e  v a l u e s  f o r  t h e  b a r r i e r  l o a d  a r e  s m a l l .  
T h e  e f  f e c t s  o f  t h e  d i f f e r e n t  v eh i c l e  m a s s e s  are b e s t  deduced 
f r om t h e  c h a n g e s  i n  speed of t h e  b a r r i e r . The gre a t e s t  d i f f e r e n ­
c e s  w e r e  m e a s u r e d  a t  t h e  d o o r  ( Vm a x  door ) , a l though t h e s e  va l u e s  
s t i l l  p r o v i d e  n o  c l e a r  p i c t u r e  o f  t h e  e f f e c t s  o f  t h e  g r e a t e r  
ma s s . 

T h e  l a t e r a l  d e f or ma t i on o f  t h e  l a r g e r  v e h i c l e ,  t h e  VW Go l f , i s  

n o t  v e r y  d i f f e r e n t  f r om t h a t  o f  t h e  s ma l l e r  v e h i c l e s  ( s e e  t h e  

c o mp a r i s o n  i n  F ig. A . 1 6 ) . 

T h e  d r i v er s e a t  p o s i t i o n  i n  t h e  VW Go l f  i n t e r i or i s  a l m o s t  t h e  
s am e  a s  i n  t h e  sma l l  v e h i c l e s , but w i t h  m o r e  r o o m  a v a i l a b l e  b e t ­
w e e n  h e a d  and r o o f . 

T h e  f o l l ow i n g  T a b l e  5 s hows t h e  compar i s o n  o f  t h e  dummy l o a d  v a ­

l u e s  f o r t h e  s m a l l  v e h i c l e s  w i t h  t h o s e  o f  t h e  l arger v e h i c l e s . 

99 



!IEAN VALUE !IEAN VALUE VV GOLF (Typ 1 9) 
DUIUly LOAD FORD FIESTA VV POLO 
PARAJfETER TESTS TESTS TEST 1 TEST 2 

HEAD 

av / ay J m s (g ]  6 9  / 5 1  7 5  / 4 8  4 2 / 4 0 6 2 / 5 1  
ar e s  / ar e s  3 m s (g ]  8 6  / 6 3  6 7  / 6 8  5 7 / 5 5  8 0 1 7 5  
H I C  6 0 3  6 5 5  5 8 2  5 6 6  

THORAX 

av I av 3 ms (g]  8 9  / 7 9  7 8  / 7 6  1 0 2 / 9 6  7 1 / 6 8  
a r  e s  / a r  e s  3 m s  ( g ]  8 5  / 80 78 / 7 6  1 0 3 / 9 6  7 2 / 6 9  
S I 7 4 2  7 1 4  9 9 3  6 3 7  

av • a x  RIBS 
upper (g]  1 3 5  1 0 2  1 3 7  1 1 6  
middle ( g ]  1 7 4  1 4 1  1 3 6  1 7 5  
lower ( g ]  1 7 4  1 3 8  1 3 7  1 2 1  
lower ThV * 
ay m a x  ( g ]  1 2 1  1 0 2  1 1 5  8 8  

Thor acic Trauma 
Index ( TTn 
upper Rib (g]  1 2 4 , 5  1 00 , 7  1 2 7 , 6  1 0 0 , 6  
middle Rib ( g ]  1 2 7 , 7  1 1 0 ,  1 1 2 5 , 3  1 1 5  . 1  
lower Rib (g]  1 3 5 , 0  1 1 3 ,  3 1 0 5 , 6  9 0 . 5  

RIB DEFLECTION 
upper Rib (mm] 3 1 ,  6 3 1 ,  3 44 , 4  4 5 , 6  

middle Rib (mm] 3 1 ,  9 2 9 , 8  3 3 , 5  2 7 , l  

lower R i b  (mm] 3 1 , 5  2 7 , 4  2 4 , 7  1 7 , 6  

Viscous 
Criterion ( VC )  
upper Rib (m/s]  0 , 6 0 8  0 ,  3 0 1  1 , 0 2 4  0 , 5 2 8  

middle Rib ( m / s ]  0 , 5 8 8  0 , 3 3 8  0 , 7 5 4  0 , 2 8 8  

lower Rib (m/ s ]  0 , 6 9 4  0 , 4 2 5  0 , 2 9 4  0 , 1 4 0  

ABDOKD 
Force > 4 , 5KN no no no no 

PBLVIC 

ay / ay 3 ms [g] 1 0 1  / 94 103 / 94 1 0 5 / 1 0 3  1 1 2 /  8 9  

ar e s / ar e s 3 ms (g] 1 0 4  / 9 5  1 0 3  / 9 5  1 0 7 / 1 0 4  1 1 4 /  9 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

i l ium crest 
lef t [ kN]  2 , 3  3 , 8  2 , 0  2 , 9  

right ( kN]  0 , 6  0 , 9  0 , 9  0 , 6  

symphys i s  
pubica ( kN]  7 , 7  5 , 8  1 0 , l  2 , 6  

• ThV = Thoracic vertebra 
T ab l e  5 :  M e a n  durnrny l o ad v a l u e s  ( n= 2 ) , c ornp a r i s o n  o f  s rna l l  

v e h i c l e s  w i t h  VW Go l f  ( Type 1 9 ) . 
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T h e  h e a d  l o ad in the VW Go l f  was s omewh a t  l e s s , wh i c h  may be due 
t o  the g r e a  ter h e i g h  t of the r o o f . The d i  ff e r e n c e s  l i e  wi t h i n  
t h e  h e i g h t  o f  exp e c t e d  s c a t t e r  in c r a s h  t e s t s . 
The t h o r ax and p e l v i s  l o a d s  a r e  the s am e  and par t l y  g r e a t e r . 
Thus . f o r examp l e , t h e  d e f l e c t i on o f  t h e  upper r i b  in b o t h  vw 
Go l f  t e s t s  was m e a s u r e d  a s  4 4  r e s p . 4 5  mm , wh i l e  t h e  r e l e vant 
pr o t e c t i o n  c r i t e r i o n  l i m i t  v a l u e  is 42 mm . The VC v a r i a b l e  dedu­
ced f r om t h e  d e f l e c t i o n  was d e t ermi ned a s  1 . 0 2 4  m / s  in one te s t ;  
w h i c h  i s  t h e  l i m i t  v a l u e  ( 1 , 0  m / s ) o f  t h e  pr o t e c t i o n  c r i t e r i o n . 

The f o r c e  m e a s ur e d  on t h e  pub i c  s ymphy s i s  in one o f  the VW G o l f  
t e s t s  w a s  1 0  . 1  k N , wh i c h  a l s o  i s  a v a l ue i n  h e ight o f  t h e  pro­
t e c t i o n  c r i t e r i on who s e  l i m i t  v a l ue h e r e  is 1 0  kN . 

The addi t i on a l  a c c e l e r a t i o n s  m e a s ur e d  i n  p a r t s  o f  the body ( t ho­
rax and p e l v i s ) i n  s ome c a s e s  s how a l i t t l e  h i g h e r  l e v e l  o f  a c ­
c e l e r a t i o n t h a n  in t h e  t e s t s  w i th s ma l l  v eh i c l e s . 
When d i s c u s s ing t h e  d i f f e r e n c e s  in t h e s e  l o a d  v a l u e s  , one has 
t o  c o n s i d e r  t h e  non-neg l e c t ab l e  s c a t t e r  of t h e  r e s u l t s  gener a l l y 
i n  c r a s h  t e s t s . 

CONCLUS IONS 

P a s s en g e r  p r o t e c t i o n  in a s i d e  c o l l i s i o n  
f our exp e r i me n t s  w i th s ma l l  v e h i c l e s . T h e  
t w o  F o r d  F i e s t a s  a n d  t w o  V W  P o l o s . 

was inves t i g a  t e d  in 
s rna l l  veh i c l e s  were 

The r e s u l  ts of t h e  m e a s ur e rn e n t s  t a k e n  o n  t h e  v e h i c l e s  and dum­
m i e s  h a v e  been p r e s e n t ed , and the darnage and l o ad m e c h an i c s  e x ­
p l a i n e d . 

As a r e s u l t  o f  t h e  i n ve s t i g a t i o n , i t  c a n  b e  s t a t ed t h a t  the 
srn a l l  v e h i c l e s  s e l e c t e d  c o rnp l y  w i  th t h e  s p e c i f i c a t i on s  of the 
d i r e c t i v e d r a f t e d  b y  t h e  ERGA-S working group . This means th a t , 
i n  t h e  e v e n t  o f  a s i d e  c o l l i s i on where the c o l l i d i n g  vehi c l e  
( t h e  mova b l e  d e f  o r m a b l e  b a r r i e r ) h a s  a s p e e d  o f  5 0  k m / h  and a 

c o l l i s i o n  and irnpa c t  ang l e  o f  9 0 °  on t h e  l e f t ,  t h e s e  sma l l  v e ­
h i c l e s  o f f e r  t h e  d r i v e r  a d e qu a t e  s a f e ty . 
T h e  a b o v e - narned p r o t e c t i on c r i  t e r i a  were n o t  exc e e d e d ; r a  t h e r , 
i t  w a s  s hown t h a t  a l l  c r i t e r i a  f e l l  cons i d e r a b l y  b e l ow t h e  l i mi t 
v a l u e s . T h e  d e e p  l a t e r a l  i n t r u s i o n s , w h i c h  wi l l  b e  an addi t i o n a l  
d an g e r  t o g e t h e r  w i t h  t h e  i n t e r i o r  d a rn a g e s  f o r  t h e  p a s s e ngers i s  
n o t  p a r t  o f  t h e  d i r e c t i v e . 

I f  t h e  rnany rn e a s ur i ng d e v i c e s  a v a i l a b l e  t o  EURO S I D  a r e  u s ed t o  
m e a s u r e  t h e  f u l f i l rn e n t  o f  o th e r  pro t e c t i on c r i t e r i a ,  such a s  t h e  
pr o t e c t i o n c r i t e r i a  o f  t h e  TTI or t h e  3 m s  a c c e l e r a t i o n  v a l u e s  
f o r  t h o r ax a nd p e l  v i s  w h i c h  a r e  u s ed a s  p r o t e c t i o n  c r i  t e r i a  i n  
f ro n t a l  c o l l i s i o n s , t h e  l o a d  s i tu a t i o n  i n  t h e  s m a l l  v e h i c l e s  
rnus t b e  g i v en a h i q h e r  c l a s s i f i c a t i o n . 

I n  t h e  c a s e  o f  t h e  TTI , t h e  rn e a n  v a l u e  f r orn r i b  and· l ow e r  t h o r a ­
c i c  v e r t e b r a  a c c e l e r a t i o n  w a s  m e a s ur e d  a s  more than 1 0 0  g i n  n e ­
a r l y  a l l  t h e  s e t s  o f  r i b s . T h e  l i m i t  v a l u e , wh i c h  h a s  n o t  y e t  
b e e n  d e f i n i t i v e l y  s e t , i s  h e r e  8 0  - 1 1 5  g .  
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The 3 m s  a c c e l e r a t i o n  v a l u e s  a t  ar ound 7 0 - 8 0 g  f o r t h e  upper t h o ­
r a c i c  v e r t e br a , w h i c h  approxi m a t e l y  r e p r e s e n t  t h e  a c c e l e r a t i o n s  
in t h e  c e n t r e  o f  g r a v i ty o f  t h e  thorax , a r e  s omewh a t  h i g h e r  than 
the p r o t e c t i o n  c r i t e r i o n  l i m i t  v a l ue o f  6 0  g in f r o n t a l  co l l i s i ­
ons . 

The s a m e  i s  true o f  t h e  p e l v i c  a c c e l e r a t i o ns m e a s u r e d  a t  t h e  
c e n t r e  o f  q r a v i ty , wh i c h  r e v e a l e d  a h i gh l o a d  o f  approx . 9 5  g .  
T h e s e  d i  f f  e r e n c e s  in t h e  a s s e s s men t o f  t h e  l o ad s i t ua t i o n , do 
not r e s u l t  f r om EURO S I D , b u t  f r om t h e  s o r t  or t h e  l e v e l  of t h e  
p r o t e c t i v e  c r i t e r i on ; t h e  V C  i n  par t i c u l a r  s e ems v e r y  low . 

I n  t h e  above expe r imen t s , a c c e l e r a t i on s  o f  approx 9 5  g ( 3  ms v a ­
lue i n  y d i r e c t i o n }  were m e a s ur e d  i n  t h e  c e n t r e  o f  grav i t y  o f  
t h e  p e l v i s . T h i s  v a l u e  c o r r e s ponds t o  f o r c e s  o f  1 1  - 1 6  kN , a c ­
c o r d i n g  t o  c o n s i d e r a t i on s  o f  p e l v i c  m a s s  ( w i t h  o r  wi thout abdo­
men m a s s ) .  A t  t h e  p e l v i s , e . g .  on t h e  pub i c  s ymphys i s , f o r c e s  o f  
o n l y  app rox . 8 kN were m e a s u r e d , a n d  i n  s om e  t e s t s  c o n s i d e r a b l y  
l e s s . 
The s e  d i f f e r e n c e s  a r e  c a u s e d  by o n l y  m i nor d i f f e r e n c e s  i n  f or c e  
d i r e c t i o n . 
As s hown by t h e  compar i s o n , t h e  b e h a v i o u r  o f  sma l l  vehi c l e s  in a 
s i d e  c o l l i s i on i s  s i m i l ar t o  t h a t  o f  a l a r g e r  c a r  ( VW Go l f  Typ 
1 9 )  . N e ve r t h e l e s s  in t h e  t e s  ts wi th the VW Go l f  the v a l u e s  of 
the r i b  d e f l e c t i o n  on the upper r i b , w e r e  4 4  and 4 5  mm i . e .  c o n ­
s i d e r a b l y  h i gh e r  t h a n  i n  t h e  t e s t s  w i th t h e  s m a l l  c a r s . 
The e q u a l  p e r f  orman c e s  by t h e  s ma l l  veh i c l e s  i n  t h e  s i d e  imp a c t 
t e s t s  c an b e  exp l a i n e d  by t h e  s i m i l a r  d r i v e r  s e a t  po s i t i o ns , s i ­
mi l a r  b e h a v i our o f  t h e  ve h i c l e  s i d e  c o n s t ru c t i o n , n a r r ower door 
e n t r i e s  and lower i n e r t i a . 

L ITERATURE 

r.i ] 

[ 2 J 

( 3 J 

[ 4 J 

E u r o p e a n  Exp e r i m en t a l  V eh i c l e s  C omm i t t e e  ( EEVC ) 
S t ruc t ur e s  Improved S i d e  Impa c t  P r o t e c t i o n  i n  Europe 
9 t h E SV - C o n f e r e n c e , Kyo t o , Nov . 1 9 8 2  

P u l l w i t t , E . ; S i e v e r t , W . : 
F e a s i b i l i t y  o f  t h e  S i d e  I mp a c t  T e s t  P r o c edure 
P r o p o s e d  by E EVC 
F i n a l  Repo r t  of C o n t r a c t  A0/ 8 3 / 3 9 9  E C , 
B e r g i s c h  G l adb a c h , June 1 9 8 4  

S i e v e r t , W . ; Pu l l w i t t , E . : 
Mov a b l e  D e f  o r ma b l e  EEVC - B a r r i e r  f o r  S i d e  I mp a c t  
l l t h E S V - C on f e r e n c e ,  W a s h i ng t o n , M a y  1 9 8 7  

D e p a r t m e n t  o f  T r a n s p o r t a t i o n : 
No t i c e  o f  P r o po s e d  R u l e m a k i ng o n  S i d e  I mp a c t P r o t e c t i o n  

F e d e r a l  Regi s t e r , V o l . 5 3 , No . 5 2 , J a n . 1 9 8 8 , 

W a s h i n g t o n  D . C .  
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APPENDIX OF ILLUSTRATIONS AND CHARTS 
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F ig A . 1  

ME 1 9  i s  equa l S KW 0 1  

F i n a l  P o s i t i on and D e f orma t i on P i c t u r e  i n  the Te s t s  
w i t h a Ford F i e s t a  
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F ig .  A . 2  F i n a l  P o s i t i ons and D e f o r m a t i o n  P i c ture in the 
Te s t s  w i t h  t h e  VW P o l o . 
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F i a . A . 3  Rep r e s e n t a t i o n  o f  t h e  R e s i d u a l  V e hi c l e  D e f o r m a t i o n  
i n  t h e  T h r e e  M e a s u r i n q  P l an e s  i n  t h e  T e s t s  w i t h  t h e  
F o r d  F i e s t a .  P o s i t i o n  o f  t h e  M e a s u r ing P o i n t s . S e e  
F i g . A . 4  
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• • • • • • • 

• 1  

H o r i z o n t a l  d i s t a n c e  b e t w e e n  p o i n t s : 2 0 0  mm 
V e r t i c a l  d i s t a n c e  b e t w e e n  p o i n t s  : d e p e n d e n t  o n  v e h i c l e  type 

F i cr  A . 4  P o s i t i o n  o f  t h e  D e f orma t i on M e a s u r ing P o i n t s  t o  
E s t ab l i s h  R e s i d u a l  L a t e r a l  D e f or m a t i o n  
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F ig. A . 5  
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I n t e r i o r  a f  t e r  Impa c t  i n  Ford F i e s t a  T e s t s  
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F i o . A . 6  B e h a v i o ur o f  t h e  Veh i c l e s  ( Fo r d  F i e s t a / rn . d . b . l 
durinq Impac t ,  R e p r e s e n t e d  by t h e  V e l o c i t y Progr e s ­
s i on s  o f  the V e h i c l e s  and Ve h i c l e  Door 
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F ig. A . 7  I n t e r i or o f  the VW P o l o  a f t e r  Impa c t . 
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F ig. A . 8  D e f or m a t i o n  i n  t h e  S i l l  Ar e a  - Ford F i e s t a  ( a bove ) 
and VW P o l o  ( b e l o w )  . 
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F i a . A . 9  R e pr e s e n t a t i o n  o f  t h e  R e s i d u a l  Ve h i c l e  D e f o rma t i on 

in the t h r e e  M e a s u r i ng P l a n e s  in the Two �e s t s  w i t h  

t h e  VW P o l o . P o s i t i on o f  t h e  M e a s u r ing P o i n t s . S e e  

F i g . A . 4  
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F ig. A . 1 0 B e h a v i ou r  o f  t h e  Veh i c l e s  ( VW P o l o /  m . d . b . ) during 
I m p a c t ,  R e p r e s e n t e d  by the V e l o c i ty Progr e s s i ons . 
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