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I NTRODUCTION 

Up to now , i nve s t i g a t i on s  c o nc e r n i ng the mecha n i c s  o f  t he s i d e  
c o l l i s i on have been pe r fo rmed a lmost wi thout e x e p t i o n  o n l y  f o r  
s t a n d a r d  f a c t o ry mod e l  veh i c l e s .  Theo r e t i c a l  k nowledge h a s  been 
g a i ne d , a nd some s t r u c t u r a l  conc l u s i ons have been d r awn ; These 
f i nd i ng s ,  howeve r ,  have been expe r i menta l l y  i nve s t i g a t ed only 
in i so l a t e d  c a se s .  W i t h i n  t h e  f ramewo r k  o f  the UNI -CAR r e sea r c h  
p r o j ec t  sp onsored b y  t h e  We s t  German F ed e r a l  M i n i s t ry o f  
R e s e a r c h  a nd Techno l ogy , c o n s i d e r a bl e  i rnp r overnent s i n  pa s s i v e  
s a f e t y  f e a t u r e s  o f  t he a u t omob i l e  h a v e  b e e n  i n t e nd e d  - i n  
a dd i t i on to w o r k  done on t h e  r em a i n i ng po i n t s  o f  emph a s i s  s u c h  
a s  l owe r i ng o f  no i se emi s s i o n  leve l s  a n d  reduc t i on o f  
consump t i o n .  Spe c i a l  s t r u c t u r a l  mea s u r e s  we r e  i mp l emented o n  
the UN I -C AR ,  pa r t i c u la r y  t o  a f f o r d  i n c r e a s e d  s a f e t y  i n  c a s e  o f  
s i de c o l l i s i o n s .  These mea s u r e s  have b e e n  i n v e s t i g a ted s i ng l y  
a nd i n  t he i r  m u t u a l  i nt e r a c t i ons o n  a n  expe r i m e n t a l  ba s i s .  I n  
t he f o l lowi n g ,  p r e sent a t i o n  w i l l  b e  rnade o f  t h e s e  measu r e s ,  and 
a n  e la bo r a t i o n  w i l l  be p r e s e n t e d  o f  the i r  e f f ec t s . 

MEASURES TAKEN AND CONSTRAI NTS 

I n  o r d e r  to i n c r ease t he r i g i d i t y  of the pa ssenger c ornpa r trnent 
w i t h  r e spect to s i d e  co l l i s i o n s ,  t h e  f o l lowi ng s t r u c t u r a l  
i mp r o veme n t s  w e r e  i n d i v i du a l ly impleme n t e d  ( see F i g .  1 ) :  

i n t e r connect i o n  o f  t he B p i l la r s  a t  ma i n  i mpac t h e i g ht by 
mea n s  of a s t r ong l ow e r  c r o s s  brace over the t u n ne l . Th i s  
b r a c i ng con s i s t s  o f  a box p r o f  i l e made o f  a u t o body sheet 
s t ee l  and has a c ro s s-sec t i on a l  a r e a  o f  app rox . 
1 0 , 0 0 0  mm2 . 

i n t e r c onnect i on o f  t h e  B p i l la r s  a t  t h e  h e i g h t  o f  t he lowe r 
w i ndow edge by mea n s  o f  a l e s s  s t u rdy upp e r  c r o s s  b r a c e  
beh i nd t h e  f ro n t  sea t s . The c r oss- sec t i ona l a rea of th i s  
b r a c i ng i s  app r o x . 2 , 5 0 0  mm2 . 
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i nt e rconne c t i o n o f  the upper and l ower c r o s s  b r a c e s  i n  the 
m i d d l e ,  over the so-c a l l e d  be l t  up r i g h t . T h i s  be l t  up r i ght 
c o n t a i n s  the belt r e e l s  and t he belt  r e ve r s i ng f i t t i ng s  f o r  
t h e  f ront-seat p a s s e ng e r s  ( wi th rever sed be l t  f a s t e n i ng 
po i nt s :  i . e . , i n  t he m i d d l e  r a ther t han on t h e  o u t s i de ) . 

p r o v i s i on i n  a l l  f o u r  d o o r s  on two l e ve l s  of d o o r  b r a c e s  
made o f  1 2 0  x S O  mm box- shaped a lumi n i um p ro f i l e s  w i t h 4 mm 
m e t a l  t h i c k ne s s .  The se door g u a r d r a i l s  a r e  capped at t h e  
e n d s  a n d  a r e  fa s t ened t o  e a c h  o t h e r  a nd t o  t he s u r r o u nd i ng 
c a r  s t r u c t u r e  by mea n s  o f  t i e  rods ( see F i g . 2 ) .  

F o r  econom i c  reasons d i c t a ted by func t i on a l  and spa t i a l  
c o n s i d e r a t i o n s ,  c e r t a i n  c omp r om i ses had t o  be comp l i ed w i t h , 
w h i c h  i n  t u r n  led t o  con s t r a i n t s  o f  conf i n i ng n a t u r e  i n  t h e  
d e s i gn o f  the s t r u c t u r a l  b r a c i ng .  Ow i ng t o  the e n c apsu l a t i o n  o f  
t h e  mo t o r  and t h e  smoo t h  u nd e r body o f  t h e  c a r ,  t h e  t u n n e l  a l so 
had to a c commod a t e  the e x h a u s t  p i pe and s y s t e m ,  a f ac t  w h i c h  
made i t  espec i a l ly l a r g e  i n  s i ze . F o r  t h i s  r e a s o n ,  i t  wa s 
nec e s s a r y  to r u n  the l ow e r  c r os s  br ace a r ound t h e  t u n ne l ,  w i t h  
u s e  b e i n g  made o f  a r i g i d suppo r t  r i ng .  T h e  conseq u ence o f  
t h i s ,  n at u r a l ly , w a s  c r e a t i on o f  a wea k p o i n t . T o  enable the 
r e a rw a r d  sl ope o f  the f ro n t  sea t s  and to mai nta i n  t he ve r t i c a l  
c oraf i g u r a t i o n  o f  t h e  B p i l l a r , we had t o  a c cept a n  o f f se t t i ng 
o f  the uppe r c r o s s  brac i ng . As a r e su l t  o f  t he bend i ng wh i c h 
b ecame n e c e s sa ry h e r e , t h i s  b r a c i ng w i l l  o f  cou r se be more 
su scept i b l e  to buck  1 i ng in  the e vent tha t i t i s subj  e c t e d  t o  
ax i a l ly d i r e c t ed load i ng .  

S i nc e ,  f o r  pu rpose o f  t h e se t e s t s , i t  wou l d  have been 
p r oh i bi t i ve l y  e xp en s i ve f o r  us to use the ha ndmanu f ac t u r e d  
U N I -CAR bo d i e s ,  w e  conseq u e n t l y  t o o k  t h e  U N I - CAR i mp rovement s 
f o r  g r e a t e r  l a t e r a l  p r o t ec t i on and app l i ed them to a mode r n ,  
fou r -doo r ,  medi umc l a s s  c a r  w i t h  a passeng e r  compa r tment s i m i l a r  
i n  s i ze t o  that o f  the UNI -CAR . Ou r expe r i me n t s  w e r e  then 
c o n d u c t ed w i t h  t h i s c a r  ( se e  F i g s .  3 and 4 ) .  

TESTS CONDUCTED AND CHARACTER I ST ICS OF THE TEST VEH I C L E S  

A t o t a l  of s i x  t e s t s  have b e e n  c o n d u c t e d  u p  to p r esent . I n  e a c h  
c a s e ,  a c a r  eq u i pped w i t h the r e i nf o r c i ng e l emen t s  s u b j ec t  t o  
t e s t i ng w a s  s t r u c k  b y  a pa s se n g e r  c a r  o f  t h e  same type a t  an 
a n g l e  of 90 d e g r e e s  and w i th a c o l l i s i o n  speed of S O  km/h 
( no n b r a k e d ) .  The impact po i n t was the s i d e  of t he s t r u c k  
ve h i c l e ,  whe r e by the c e n t e r  f ront o f  the s t r i k i ng veh i c l e was 
a i med at the d r i ve r  " H "  p o i n t  ( seat r e f e r e n c e  poi n t ,  or SRP ) .  
See f i g .  S .  
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W i t h  r e g a r d  t o  s i d e  p r o t ec t i on , the c a r s  u se d  i n  t e s t i n g 
e x h i b i t e d  t h e  f o l lowing va r i a t i o n s : 

1 .  U nmod i f i e d  gene r a l  c a r  mod e l  ( s t an d a r d  p roduct i o n ) 

2 .  I n s t a l l a t i o n  o n ly of the lower c r o s s  b r ac e ,  u s i ng b r a c i ng 
w i t h  0 . 8  mm sheet met a l  t h i c k ne s s  

3 .  I n s t a l l a t i o n  only of door g u a r d r a i l s  

4 .  I n s t a l l a t i o n  o f  l owe r c r o s s  brac i ng u s i ng sheet metal 
membe r s  0 . 8  mm a n d  1 . 2 5  mm t h i c k ,  a n d  o f  d o o r  g u a r d ra i l s 

5 .  I n s t a l l a t i o n  o f  upper a n d  l ower c r oss b r a c i ng u s i ng sheet 
m e t a l  0 . 8 mm t h i c k ,  and o f  door g u a rd r a i l s  

6 .  I ns t a l l at i o n  o f  upper and l ow e r  c r o s s  b r a c i ng u s i ng sheet 
met a l  1 . 2 5 mm t h i c k ,  and o f  door g u a r d r a i l s  

The s t r i k i ng and the s t r u c k  veh i c l e s  w e r e  each occupied by two 
dumm i e s .  The f o l l ow i ng w e r e  measu red : d ummy ac c e l e r a t i o n s ,  
veh i c l e  acce l e r a t i o n s , a n d  b e l t  f o r c e s  i n  t he st r i k i ng veh i c le . 

TEST RESULTS 

I n  a l l  t e s t s  r u n , f i lm eva l u a t i o n  reve a l s  app rox i ma t e l y  t h e  
same ba s i c  pat t e r n  o f  moveme n t , a s  f o l l ow s : 

The st r i k i ng ve h i c l e  pene t r a t e s  i n t o  t he s i d e  of the s t r u c k  
c a r ,  w i  t h  t he d e g r ee o f  pene t r a t i o n  depe nd i ng on the 
r e i nf o r c ement i n v o l ve d . The occupant s i t t i ng in t he t a rget c a r  
i s  f r eq ue n t ly s t r u c k  d i r ec t ly by the i n t r u d i ng s t ruct u r e 
i t se l f . Once t h e  s t r u c k  ve h i c l e  i s  l a t e r a l l y  a c c e l e r a t ed , t h i s 
occupant w i l l  be s l ammed a g a i n s t  t h e  i mpacted s i d e  of h i s  ca r .  
S i mu 1 t a n e ou s l y ,  the occupant s i  t t i n g  on the s i d e  o f  the c a r  
away f r om t h e  impact w i  1 1  be t h r own ac r o s s  t owa rd t h e  c r a s h  
s i <le . T h i s  l a t t e r  occupa n t , howeve r ,  h a s  m o r e  f r ee spa ce f o r  
moveme n t . I f  t h e  i mpac t - s i de occ upant i s  t he n  e l a s t i c a l l y  
r e ho u n d e d  b y  d o o r  uph o l s t e r y ,  t he c o n seq u en c e  i n  a lmost a l l  
cases w i l l  be t h a t  the two occupa n t s  w i l l  be s l ammed i n t o  each 
othe r ( i nt e r a c t i o n ) , by v i r t ue o f  t he i r  now oppos i t e ly d i r e c t ed 
moveme n t s .  I f ,  i n  s u c h  c a se s ,  the occupa nt s '  heads s t r i ke 
t og e t he r ,  t h i s  o c c u r e n c e  a lo ne c a n  c a u s e  e x t remely se r i ous 
i n  j u  r i e s .  Thi  s d a nge r can be r ed u ce d  by t h e  i n s t a l  la t ion o f  
shou l d e r  pad d i ng a t  t h e  s i d e s  - a l so i n  t h e  m i d d l e  o f  t h e  
veh i c l e  ( see F i g .  6 ) .  B y  v i r t u e  o f  t h e  f o l l ow i ng d e c e l e r a t i on 
of t he c a r s ,  up u n t i l  t he i r  f i na l pos i t i o n s ,  bo t h  o f  the 
occupants i n  the s t r uc k  ca r w i l l  be t h rown t o  the s i de away 
f rom the impac t .  As a r e s u l  t ,  anothe r eo 1 1  i si on between t h e  
occupa n t s  ( i n t e r ac t i on ) c a n  t a k e  place - t h i s  t i me , howeve r ,  
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wi t h  r e d u c ed f o r c e . I n  t h e  t e s t s  conducted h e r e , head c o n t a c t  
d i d  n o t  t a k e  p l a c e : o n ly shou l d e r - t o- s ho u l de r  a nd 
hea d - t o - s ho u l de r  c o l l i s i on s  w e r e  r e c o r d e d . 

I f  o n e  t a k e s  the a bove-1 i s t ed sequence o f  var i a  t i o n s  i n  t h e  
r e i nf o r c ement o f  t h e  t e s t  ve h i c l es i n  i t s  g i ve n  i n c r e a s i ng 
o r d e r  o f  passenge r compa r tme n t  r i g i d  i ty , t h e n  one c a n  expect 
l e s s e r  i n t r u s i o n s  i n t o  the s t r u c k  car w i t h  i n c re a s i ng 
r e i n f o r c ement of t h e  comp a r tement ( see F i g . 7 ) .  The t e s t  
re s u l t s  conf i rmed t h i s :  t h e  max imum o u t s i de d e f o r ma t i o n  o f  
4 6 5 mm w i t h  t h e  s t a n d a r d  p r o d u c t i o n  ca r ( F i g .  8 )  was r ed u ced t o  
l e s s  t h a n  ha l f  ( 2 2 5  mm ) i n  t h e  f u l l y  r e i n f o r c e d  ve r s i o n  o f  t he 
c a r  ( F i g .  9 ) .  On t h e  i n t e r i o r  o f  t h e  i mp r oved c a r  a s  we l l ,  
t h e r e  was s i g n i f i c a n t ly m o r e  s u r v i va l  spac e r e ma i n i ng t ha n  i n  
the convent i o n a l  a u t o . Acco r d i ng t o  l i ne a r  e va l u a t i o n  o f  the 1 1  
mea su r i ng po i n t s ,  t h e  i n t e r i o r  spa c e  o f  the f u l l y  eq u i pped 
ve h i c  l e  was r e d u c ed o n ly by 1 1 . 1% ;  t h e  p r o d u c  t i o n  ca r ,  on the 
o t he r ha nd , su f fe r e d  a r e d u c t i o n  of 27 . 3 % o f  the o r i g i n a l  
i n t e r i o r  d i men s i on s  ( see F i g . 1 0 ) . Even w i t h  a max i mum i nt e r i o r  
d e f o r ma t i on o f  2 1 5  mm , t h e  occupant o n  t h e  impac t s i d e  w i l l  be 
h u r l ed a g a i nst t he d o o r  pad d i ng i n  the r e i n f o r c ed c a r : I n  t h e  
p r oduc t i o n  case , sea t i n g  space i s  r e d uced by approx i m a t e l y  
ha l f ,  w i t hout c o n s i d e r a t i on bei ng t a k e n  of t h e  e l a s t i c  
d e � o rma t i o n  component i n vo l ve d . 

I f  one s t u d i es the i n t r u s i o n s  i n  t h e  c r i t i c a l  seat r e f e r e nc e  
p o i n t  he i g h t ,  then a n  even more favo r a b l e  s i t ua t i on can b e  
d e t e rm i ned : the f u l ly r e i n f o r c ed ve h i c l e  i s  d e f  o rmed h e r e  by 
1 6 5  mm , w h e r e a s  t h e  i n t e r i o r  o f  the conven t i o n a l  a u t o  i s  
r ed uc e d  by 4 0 0  mm at t h i s  po i n t  ( see F i g . 1 1  ) . 

The i n c r eased r i g i d i ty o f  t h e  s t r u c k  veh i c l e  o f  c o u r s e  mea n s  
l e s s  f av o r a b l e  con seq u e n c e s  f o r  the st r i k i ng ca r i n  te rms o f  
load i ng app l i ed : t h i s  r e s u l t s  a bove a l l  i n  somewha t  more seve r e  
f r o n t a l  d e f  o rma t i on . I n  t he case of a r e i  n f  o r c e d  s t  r u c k  a u t  o ,  
howeve r ,  not the e n t i r e d i f f e r ence between p r o du c t i on - c a r  a n d  
r e i n f o r c e d - c a r  d e f o r ma t i o n s  i s  t ra n s f e r r eu t o  t h e  st r i k i ng c a r : 
the o ve r a l l  d e f o rma t i on o f  b o t h  ve h i c l e s ,  i nd e e d ,  demo n s t r a t e s  
a d e c re a s i ng t e nd e n c y  ( s e e  F i g . 1 2 ) .  'l'h i s  i nd i c a t e s  a g r e a t e r  
compon e n t  o f  e l a s t i c  d e f o r ma t i o n . Th i s  i s  a l so c o n f i rmed by 
g r e a t e r  s k i d  d i s t a nc e s  d e t e r m i n e d  wi t h  mod i f i ed ve h i c l e s .  
Mea su r ement o f  t h e  s i de o f  the ve h i c l e  away f rom t h e  i mpa c t  
r e v e a l e d  va r y i ng i n f  l u e n c e s  o f  the brac i n g  e l ements on t he 
o ve r a l l  veh i c l e :  a c ro s s  b r ace r e su l t s  i n  t r a n s f e r  o f  the 
i mpa c t  t o  the B pi l l a r  o n  t he oppo s i te s i d e , whe r e by the c a r  
body a s  a whole i s  bent . D o o r  b r a ce s  w i l l  reduce t h i s  e f f ec t ,  
by v i r t u e o f  t h e i r  t e n s i l e  f o r c e s . The t i e  r o d s  p r e vent s l i d i ng 
of t he d o o r  b r a c e s  o v e r  t h e  p i  l l a r s  t o  the i n s i d e ,  once t h ey 
have a l r eady bee n bent i nwa r d ;  the pas s e n g e r  comp a r tment i s  
p r o t e c t e d  i n  a m a n n e r  a s  t hough a sys tem o f  s t r e s sed c a b l e s  
we l'.. e  i ns t a l l ed . 
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No s i g n i f i c a n t  t e nd e n c i e s  c a n  be d e t e c t e d  f r om a s t u dy o f  t h e  
max i mum va l ue s  o f  veh i c l e  dece l e r a t i o n  ( see F i g .  1 3 ) . The 
s u b j e c t e d  a l l  range app r ox i ma t e l y  a r ound t h e  same leve l ;  
d u r a t i o n s  a r e  somewh a t  g r e a t e r  i n  t h e  r e i n f o r c e d  c a s e s  
a c c e l e r a t i on s ,  g r ea t e r  d e f o r ma t i o n  pat h s ) t h a n  f o r  
p ro d u c t i on c a r s .  

load s 
t he i r  
( same 

t he 

The ma x i mum a c c e l e r a t i o n s  d e t e r m i n e d  f o r  the occ upa n t s  o n  t h e  
i mpact s i de ( see F i g .  1 4 ) d emon s t r a t e  n o  r e c og n i za b l e  
t e n d e n c i e s  u s i ng t h e  t e s t  setup chosen h e r e , s i nce n o  pad d i ng 
was u sed on t he d o o r s  ( a  f e a t u r e  i n  f a c t  o t h e r w i s e  r eq u i r e d ) i n  
o r d e r  t o  be a b l e  t o  study the i so l a t e d  i nf l u ence o f  t h e  
s t r u c t u r a l  mea s u r e s  i mp l eme n t e d . A g r e a t e r  i mpact on a 
r e i nf o r c e d  pa s s e ng e r  compa r t ment ( w i t h  g r ea t e r  s k i d  d i s t a nc e , 
i .  e . ,  h i gh e r  coa s t i ng speed o f  t h e  s t r u c k  veh i c l e  a f t e r  t h e  
c r a s h ) wou l d  the r e f o r e  be expec ted t o  p r o d u c e  g r eat e r  l o a d s  
a c t i ng o n  t he occup a n t s .  W e  were not a b l e  t o  p ro d u c e  
c o n f i rmat i on o f  t h i s  hypo t h e s i s :  appa r e n t ly , t he e f f e c t s  o f  t h e  
g r e a t e r  i m p a c t  a r e  pa r t i a l ly nu l l i f i e d  b y  t h e  f a c t  t ha t ,  bef o r e  
t h e  co n t a c t  betwe e n  d ummy and s i de wa l l  o f  t h e  c a r , t h e  
p e ne t r a t i on ve l o c i ty f o r  t h e  mod i f i ed veh i c l e  has a l r eady 
d e c r e a s e d  c o r r e spond i ng ly g r e a t e r  t ha n  for t he produc t i o n  model 
p a s s e n g e r  c ompa r tmen t . I f ,  n o w ,  t h e  g r e a t e r  f re e  space 
ava i l a h l e  in the r e i n f o r c ed ca r i nt e r i o r  were p r o v i ded w i t h  
co r r ec t ly i ns t a l l ed padd i n g ,  t hen c o n s i d e r a b l y  r e d u c ed d ummy 
l o a d s  ( espec i a l l y  pe l v i c  value s )  c o u l d  be expec t ed . 

W i t h  i nc r e a s i ng p a s s e n g e r  c ompa r tment r i g i d i ty o f  t h e  s t r u c k  
v e h i  c l e ,  the max i m  u m  acce l e  r a t  i o n  val ues f o r t h e  occupan t s  o f  
t he s t r i k i ng veh i c l e  s how a s l i ght i nc r e a s e  ( see F i g .  1 5 ) . 
T h e se h a r d l y  r e a c h  3 0  g ,  howev e r , and a r e  t h e r e f o r e  not 
c r i t i c a l .  Be l t  f o r ce s  on t h e s e  occupants a l so d emo n s t r a t e  a n  
i n c r e a s i ng tendency , but they d o  r ema i n  t o l e r a b l e ,  w i t h  va l u e s  
u n d e r  2 , 0 0 0  N .  

S UMMARY 

O n  the who l e ,  o u r  t e s t s  have demo n s t r a t e d  t ha t ,  f o r  p r ot e c t i on 
o f  auto occupants a g a i n s t  s i de c o l l i s i o n s ,  any mea s u r e s  t a k e n  
f o r  c r o s s  br ac i n g  o f  t h e  passeng e r  compa r t ment w i l l  r e s u l t  i n  
i nc r e a s ed s a f e ty i n  t h e  event o f  a s i d e  c r as h . 

Mo r e  seat i ng space i s  m a i n ta i n e d  by v i r t ue o f  the b r a c i ng . 

T h e  mo s t  benef i c i a l  e f  f e c t s  a re a c h i  e ved by a n  i n  teg r a  t e d  
s y s t em f e at u r i ng d o o r  g u a r d r a i l s  a nd c r o s s  brac i ng fo r t h e  
p a s s e n g e r  compa r t me n t . I n  c o n j u n c t i o n  h e r ew i t h ,  t h e  d o o r  
g u a r d r a i l s  a r e  more e f f e c t i ve u n d e r  tens i o n  t han u n d e r  
b e nd i ng . 
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The g a i n  
s u r v i v a l  
outwe i g h s  
loads on 
about by 
r e i nf o rc e d  

i n  s a f  e t y  b y  v i r t u e  o f  ma i n t enance o f  mo r e  
space i n  t he s t r uc k  veh i c l e  s i g n i f  i c a n t l y  
t h e  d�l e t e r i o u s  e f f e c t s  o f  t h e  somew h a t  g r e a t e r  

t h e  occupa n t s  o f  t h e  s t r i k i ng veh i c l e  ( b ro u g h t  
g r e a t e r  a c c e l e r a t ions upon imp a c t  wi t h  a 

t a r g e t  c a r  body ) . 

The f ree i n t e r i o r  passenger c omp a r tment spa c e  t h u s l y  
ma i n t a i ned c a n ,  by means o f  s u i t a b l e  pad d i ng o f  t h e  s i d e  
d o o r , be u t i l i ze d  t o  m i n i m i z e occupant load i ng by a l lowi ng 
acce l e r a t i on of t h e  passeng e r s  up to l a t e r a l  pos t - c r a s h  
( st ru c k ) veh i c l e  ve loc i ty ove r as g re a t  a pad d i n g  
d e f o rma t i o n  d i s t ance a s  po s s i b l e . 

T h e  c ro s s - b r a c ing e leme n t s  te sted h e r e  w i l l  be used i n  t h e  
UNI -CAR . The UNI -CAR f e a t u r e s  a n  e x s i t i ng d i s t a nce o f  
app rox ima t e l y  3 0 0  mm between t h e  c a r  body she l l  and t h e  o u t e r  
s e a t  edge : as a r e su l t ,  o n e  c a n  we l l  expe c t  t h a t , i n  t h e  c a s e  
o f  a s i d e  c r a s h  o f  up t o  5 0  km/ h , t he seat i ng space o f  t h e  
c ompa r tment w i l l  r em a i n  f u l ly i nt ac t ,  a n d  t h a t  t h e  w i d e  d o o r  
pad d i ng wi l l  b e  a va i l a b l e  t o  t h e  passeng e r s  as a d e f o r ma t i o n  
p a t h .  I n  t h i s  manne r ,  l o a d s  o n  t h e  occupa n t s  i n  t h i s  veh i c l e  
w i l l  r ema i n  w i t h i n  t o l e r ab l e  boun d s ,  even f o r  mo r e  s e r i o u s  s i d e  
co l l i s i ons . 

F ig .  1 :  St r u c t u r a l  b r a c i ng o f  t he pa s s e n g e r  c ompa r tment 

295 



� . 
F ig� : T i e  rods of the g u a r d r a i l s  

F ig. 3 :  Door gua r d ra i l s  app l i ed i n  t he veh i c l e  ready f o r  t e s t  
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F ig .  4 :  Comp l e t e  c r os s  b r a c e  i ns i d e  t h e  t e s t e d  veh i c l e  

� 
V j  = 5 0  k m / h  

F ig. 5 :  I mpa c t  po s i t i o n  
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F ig .  6 :  S h o u l d e r  pad d i ng i n s i d e  U N I -CAR 

F ig .  8 :  S t a n d a r d  p r o du c t i on c a r  a f t e r  s i d e  c o l l i s i o n  
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F ig .  9 :  F u l ly r e i n f o r c ed c a r  a f t e r  s i d e  co l l i si o n  

F ig .  7 :  Max i mum 
def o rmat i on o u t s i d e  
a t  t h e  s t r uc k  
veh i c le ve r su s  
i nc r e a s i ng veh i c l e  
comp a r tment r i g i t i ty 
s t a nd a r d : 
u nmo d i f  i e d  c a r  
LCB : l owe r 
c r o s s b r a c e  
DGR : door  g u a r d r a i l s  
CCB : comp l e t e  
c r o s s b r a c e  
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F ig .  1 0 : Rema i n i ng 
space i ns i d e  t h e  
s t r u c k  veh i c l e  
ve r su s  i nc r e a s i ng 
veh i c le compa r tment 
r i g i d i ty 
s t a n d a r d : 
unmod i f i ed c a r  
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c r o s sb r a c e  
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F ig .  1 3 : C a r  
acce l e r a t i on s  
ve r s u s  i n c r e a s i ng 
ve h i c l e  c ompa rtment 
r i g i d i t y  
s t a nd a r d : 
unmod i f  i ed c a r  
LCB : lower 
c r o s s b r a c e  
DGR : d o o r g u a r d r a i l s 
CCB : comp l e t e  
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F ig. 1 4 :  Dummy 
a c c e l e r at i on s  o f  
s t r u c k  c a r  ve r s u s  
i nc r e a s i ng v e h i c l e  
compa r t ment r i g i d i ty 
s t a n d a r d : u nmod i f i e d  
c a r  
LCB : lowe r 
c r o ss b r a c e  
DGR : d o o r  g u a r d r a i l s  
C C B : comp l e t e  
c r o s sb r a c e  

a:: 

l ncre o s i n g  vehicle comp ortment r i g i d i t y  --.. 
0:: <.!) 
<.!) Cl 
c::> + 

F ig. 1 5 :  D ummy • 
dec e l e r a t i o n s  of 
s t r i k i ng c a r  ve r su s  
i nc r ea s i ng veh i c l e  
comp a r tment r i g i d i ty 
s t a n d a r d :  
unmod i f  i e d  c a r  
LC B :  lower 
c r os s b r ac e  
DGR :  d o o r  g u a r d r a i l s  
CC B :  c ompl e t e  
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