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ABSTRACT 

Due to greater protection of occupants i n  frontal col l i s i ons owi ng 
to enforcement of restra i nt system usage , s i de  i mpacts ascend to i ncrea sed 
a ttent i on . One important conc l us ion  of the var i ou s  tests i n  s imul at i ng 
accidents of th i s  type , a s  opposed to frontal acc i dents , i s  that the poss i 
b i l  i ty of improvi ng the protection of occupants i s  much smal l er .  The re
su l ts of various l atera l i mpact tests are g iven i n  a su11111ari zed form. 

I NTRODUCTION 

Veh i c l e  desi gn can s ti l l  be  further optimi zed by improvi ng those a reas 
wh ich  concern themsel ves wi th accident avoidance a nd m it igation of i njuri es . 
One i mportant factor for the determ i nati on of the performance of veh ic l es 
i n  thi s  regard i s  an accurate acc ident a na l ys i s  whi c h  s hou l d  provide  at l east  
the  fol l owi ng i nformat ion  on an  equal bas i s :  

- descri ption of the acc ident confi guration 
- data on the veh i c l es i nvol ved 
- data on the persons i nvol ved 
- data of envi ronment 

Today these data are often unava i l ab l e  i n  a form ready for use .  A de
ta i l ed di scus s ion of th i s  prob l em i s  gi ven i n  ( 1 ) .  
I f  we examine the acc i dent data ava i l abl e ,  we f i nd that after the occupant 
protect ion i n  fronta l col l i s i ons i s  provided , protect ion i n  s ide  col l i s i ons 
ha s the h i ghest pri ori ty for vehi c l e  occupa nts . 

ACCIDENT STAT ISTICS  

The acc ident data for Germany show the fo l l owi ng d i stribution ( 2 ) : 

I nj ur i es (per year) 
car passengers 
pedestr ians 
motorcyc l es/bicyc l es 
trucks , busses 
total 

26 1 . 875  
65 . 370 

1 03 .  236 
1 6 . 438 

446 . 9 1 9  

58 , 7  % 
1 4 ,6 % 
23 , 1 % 
3 , 6 % 

1 00 , 0  % 
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Fata l i ti es {eer xear} 
car  pas sengers 6 . 609 4 5 , 3  % 
pedestr ians 4 . 457 30 , 5  % 
motorcyc l es/bicyc l es 3 . 095 21 ' 2  % 
trucks , bu sses 443 3 ,0 % 
tota l 1 4 . 604 1 00 , 0  % 

The d i stri but i on of the acc idents i n  Europe and USA regard i ng type 
of col l i si on i s  s hown i n  tabl e 1 ( 3 ) :  

E u r o E e 

s q u r c e A B c D E F G H 

d 0 
Front % 6 0 , 7  60,6 57 , 1  5 4 , 0  58 , 2  6 4 , 0  135 .  7 65,0  

·� (/) 
Side % 2 4 , 9  20 , 3  28, 6  28 ,2  24 , 0  1 7 , 0  33 ,5  1 8 , 6  ·� 

..... 
...... 0 
u Rear % 1 4 , 4  1 6 , 6  8 , 2  9 , 8  1 0 ,  7 1 6 , 0  8 , 7  7 , 8  IM 0 
CU Rollover % - - 6 .  1 8 , 0  7 ,  1 - 4 , 9  8 , 6  p.. 
>. ... 

Other % - 2 , 5  - - - 3 1 7 , 2  -

U S A 

s o u r c e J K L M N 0 p 

d 0 ·� 
Front % 4 9 , 0  5 8 ,  1 p3 ,0  48 ,8  46 , 9  ,2 ,8  p0,2 

(/) 
Side % 1 7 ,0 28,0  � 4 , 0  1 5 ,  1 1 2 , 8  76 , 5  1 0 , 8  ·� 

..... 
..... 0 u 

Rear % 29,0  7 ,8  6 , 0  3 , 8  7 , 2 4 , 3  24 .  1 
IM 
0 
CU Rollover % 4 , 0  6 ,  1 �3 ,0  2 1 , 2 1 9 , 5  4 , 5  -
p.. 
>. ... 

Other % 1 ,0 - 4 , 0  1 1 ,  1 1 3 , 6  1 , 9  1 4 , 9  

remarks : the total of each column i s  1 00 % 
* • this is not the mean value f rom A to l 
** this is not the mean value from J to P 
*** • the mean values do not consider the partial 

high differences in number of cases for 
each single source 

l 

59 ,0  

29,0 

6 , 5  

5 , 5  

-

Tab l e  1 :  D i str i but i on of accidents for type of col l i s i on  

*** 
mean value 

5 7 ,  1 

2 4 , 9  

1 1 ,  0 

6 , 7  

0,3 * 

*** 
mean value 

52 , 7  

1 7 , 7  

1 1  , 7 

1 3 .  1 

4 , 8  ** 
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After a considerabl e improvement of fronta l crash  protect ion , spec i 
f ica l  l y  wi th the optimizati on of veh i c l e  structure i n  comb i nati on wi th the 
occupa nts restra i nt system ( 3 , 4 ) ,  the s i de  col l i s i on  takes on more rel ative 
importance in respect to i nj uri es and fata l i ti es .  Two presentat i ons ( 5 ,  6 )  
a t  the l ast ESV-conference dea l  wi th thi s probl em. 

The necessary data for an effective i mprovement of veh ic l e performance 
i n  a s i de  col l i s i on s hou l d  be given a s  fol l ows : 

- we ight of the veh ic les  i nvol ved 
- impact s peeds 
- impact d i recti ons 
- impact areas 
- i njury pattern and sever i ty 
- envi ronmental cond i ti ons 

THEORETI CAL CONTEMPLAT IONS 

There are at l east  two d i fferent a s sumptions that can be made regard i ng 
s i de i mpacts of two veh i c l es : 

1 .  the s i de structure of the i mpacted veh i c l e  i s  
i deal ly  r i g i d  and a l l  deformation  i s  a bsorbed by 
the stri k i ng veh ic l e ,  or 

2 .  the s i d e  s tructure o f  the struck veh ic l e deforms 
and the s tri k i ng veh i c l e  i s  cons idered to be 
a bsol utely r i g i d .  

I n  both cases the i mpact speed of the i nteri or surface of the struck 
vehi c l e  aga i nst  i ts occupants cannot be predetermi ned exactly.  Thi s  i s  based 
on the fact that the i mpact speed of the door i nter ior agai nst the occupants 
for a l ow s i de  structure strength of the impacted car can . be as h i gh as the 
i mpact speed of the s tri k ing  car .  For an extremely h i gh s ide strength wi thout 
i ntru s i on the occupants i mpact  speed can a l so exceed the vel oc i ty change 
of the s truck car .  For a rea l accident the above sftu'at ion i n  genera l does 
not occur . 

I n  fact ,  i n  the most cases , both processes a re combi ned ; at  f irst ,  the 
occupants impact aga i nst  door i nterior d i rectl y  due to i ntru s i on of the s ide 
s tructure , there after a second impact due to vel oc i ty change of the struck 
veh i c l e .  These ki nemat ic  processes can be descri bed as a 11 l atera l -b i-pu l se
phenomenon 11 . 

Ba sed on th i s  experience the fol l owi ng requi rements shou l d  be ful 
f i l l ed :  

- The impact a reas i n  the veh i c l e  i nterior s hou l d  be 
designed i n  such a way, that the occupant contact 
areas shou l d  not i ncrease the i njury severi ty .  
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- The deformation of s i de structure shou l d  be kept as 
sma l l  a s  poss i bl e  to guarantee a min imum surv iva l  
space . 

- A contact between neighbour-occupants sho�l d  be pre
vented by an appropriat.e seat d es ign .  

TEST PROCEDURES 

For eva l uation of veh i c l e  performance i n  s ide  col l i s i ons ther-e are a 
h i gh number of d i fferent test procedures po�s i b l e i  for exampl e : · · . ·  

- impact  of the veh i c l e  aga i nst  a f ixed undeformabl e 
pol e  ' 

- impact of a movab l e  non-deformab l e  barri er 

- i mpact of a movab l e  deformab l e  barri er 

- i mpact  of a real veh i c l e  

For these test modes useful parameters of impact area , impact  d i 
rect ion a nd impact veloc i ti es have to b e  c hosen . These data shoul d be 
eval uated from fi e l d  sta ti stics ; as a ·resu l t  there should be considered a 
test procedure s imul at ing t�e most cri..t ical  real world  accident type . 

TEST RESULTS 

Real World Acc idents i n  S imu lat ion 

I n  order to eval ua te todays veh i c l e  performance , fou·r d ifferent test 
modes are presented as  fol l ows : 

Under an impact angle  of 90° and 75° wi th i mpact vel oc i ti es of 40 km/h 
and 64 km/h a runni ng car h i t  (wi th i ts l ongi tud i na l  ax is ) the s i de struc
ture of a stati onary car at the projection of the drivers seat reference 
poi nt on the outer surface . Duri ng crash a l l  car- a nd occupant-data were 
recorded . 

The resu1 ts of the four car to car s ide  tests are l i sted i n  a 
summarized form i n  the fol l owi ng tab les .  



test 1 test 2 

t e s t m o d e s rna rna 
criteria car 1 car 2 car 3 

curb weight of car 

angle of impact 

impact velocity 

angular velocity * 

change of velocity 
in x-direction 
change of velocity 
in v-direction 
maximum acceleration 
in x-direction **· *** 
maximum acceleration 
in y-direction **• *** 

maximum deformation 
_o_u_tside of car 

maximum deformation 
inside of car 
maximum deformation 
inside at SR-point 
condition of doors 
( 2-door sedan) 

1 
m 1(kg) 

1 
"" l(deg) 

vi ICkm/h 
. lc 1 / s )  :X 

1 

vx 
1 
l(km/h 

Vy l ckm/h 

� 1 (g) 

Ay : (g) 
1 

So 1 (mm) 

Si 1 (11111) 
s 1 , (mm) 

lef t 
right 

780 780 780 

0 90 0 

42 , 3  0 64,8 

0 0 0 

2 4 , 7  0 39,6  

0 2 3 , 6  0 

1 2  5 30 
- 1 6  -

90 265 278 

- 2 1 0  -

- 1 75 -

o . k .  j8llllled o.k.  
o . k .  o . k .  o.k.  

* rotation seen from �bove: clockwise is positive 
** acceleration data: A for t � 3 ms max 

car 4 

780 

90 

0 

0 

0 

33 , 7  

1 0  

27 

490 

460 

400 
jammed 

o.k.  

*** x-direction is identical with vehicles longitudinal axis 

test 3 

�a 
car 5 car 6 

780 780 

- 1 5  75 

40,3  0 

0 -26 

22,5  4,3  

0 1 8 , 7  

1 2  8 
- 1 2  

88 345 

- 335 

- 240 
o . k .  j8llllled 
o . k .  o . k .  

y-direction i s  perpendicular t o  the vehicles longitudinal axis 

Tabl e 2 :  Car to car s ide  col l i s i on - data of cars 

g�!� _Qf _Q���Q�D!� 

test 4 

� 
car 7 car 8 

780 780 

- 1 5  75 

64,6 0 

0 -32 

3 9 , 7  0 

0 34 ,9 

1 8  9 

- 1 8  

260 345 

- 275 

- 260 
o . k .  j 8Dllled 
o . k .  o . k .  

For j udgement of occupa nt l oads 50-percenti l e  dummi es ( accord i ng to 
US-Part 572 )  were pos i ti oned on the front seats of a l l  cars . The impacted 
s i d e  of the rear seats of the struck car was occupied by an add i ti onal un
restra i ned dummy. Al l front seat dummies were restra i ned by a three poi nt 
bel t wi th automatic  l oc k i ng retractor . 

' /  ''-· L 
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test 1 test 2 test 3 test 4 

t e s t m o d e s rnE:j rnE:j �B �B 
criteria car 1 car 2 car 3 car 4 car 5 car 6 car 7 car 

l: Head Iniurv Criterium HIC - - 76 - 142  - 48 - 332 
.J res. acceleration Ares (g) - 27 - 40 - 25 - 48 

t; 1 !:„vn..-itv Index SI - - 1�0 - 325 - 17< - /,? (\ 
i res. acceleration Ares (g) - 44 - 70 - 48 - 65 

„ L' --- -- .: ••• T -- _. --- CT - - n • - nn - Hn - Qln 'i res. acceleration Ares (o:) - 56 - 100 - 80 - 95 

l u.-.. -'" T - .: ··-· r.,.;„--:„ ... UTr - - 5 1  - 335 - · 44 - 280 „ „ t res. acceleration Ares (g) - 28 - 95 - 1 6  - so u - Severitv Index SI - - 1 1 2 - 580 40 250 .,, ! - -
41 u res. acceleration Ares (g) - 50 - 105 25 55 u „ - -
� 1 „ Severitv Index ·;; SI - - 70 - 270 - 75 - 1 70 s „ .... „ res. acceleration Ares ( ") - 35 - 70 - 30 - 54 .... ... Uno.! Tn;„-„ r.r{terium 0 1 HIC - - 106 - 1 75 - 2 1 3  - 270 
„ t ""' res. acceleration Ares (2) - 48 - 42 - 72 - 60 u c SeveritY Index „ ! SI - - 30 - 162 - 38 - 75 a. " = --- n„„ ... 1 ---.• • ..,..,. Ares (2) - 1 5  - 55 20 25 u „ - -
u e „ Severitv Index 0 > SI - - 70 - 7 1 2  - 150 - 180 

'i --- ............. , ---„ .:on Ares - - 38 - 105 - 40 - 30 
... Uno.! In;„„� r.ri•-,r'„m HIC - 53 - 160 - 5 1  - 1 38 -

„ ; acceleration Ares (a) „ „ res. 15 - 27 - 1 7  - 23 -
u j SeveritY Index SI 1 1 2  - - - - 37 - 105 -
„ t; c > u res·. acceleration Ares (a) 1 8  - 23 . 1 8  - 20 -. ... � u „ forr„ 1 eft {kN) u j Fl 0 6 - 1 8 - 1 0 - 1 ,2 -
„ a. force rio:ht Fr (kN) 0 6 - 1 , 5  - 1 6 1 , 3 

.!I - -
... U ... -..1 T - ! ·--·· ,.. _ :, ... '„m UTf' - -� - „ ... - t.A - Q8 .... 1 

-
0 • rPR, ac.-„lerat;on A„„n "'' 17 25 ,� 20 - - - -
„ -u : i Severitv Index SI - 50 - 75 - 35 - 60 -
c „ „ res 8CC "' 1 - -- '"' . A_ • • (o) 17 ?< " ' a. - - - , 7 -
" .... u i i force left Fl (kN) 0.6 - 1 1 - 1 , - 1 .3 -u 0 force rüht Fr ' ""' n o ' (\ - 1 ' - - 1 1 -

Tabl e 3 :  Car to car s i de  col l i s i on  - data of occupa nts 

Resu l ts of Series-producti on-cars (FMVSS 208) 

Accord i ng to the US-test procedure FMVSS 208 the fol l owi ng resu l ts 
have to be consi dered for a test wi th a production car : 
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c ar c riteria II III 6 L „ y 

curb weight o f  c ar m ( kg )  895 

angle o f  impact 0( ( deg . ) 9o0 

impact velocity V .  1 ( km/h ) 33 , 3  

angular velocity O< ( 1 / s )  0 

change o f  velocity 
Av ( km/h ) 0 in x -dire ction X 

change o f  v e l o c i t y  �vy ( km/h )  22 , 7  in y-dire c t ion 

maximum acc eleration 
in x-dire ction a X ( 9 , 8 1  .!!!2 )  6 0 

maximum a c c e l e rat ion 
( 9 , 8 1  .!!!2 )  3o in y-direction a y s 

max im um de formation s ( mm )  1 22 outside o f  c ar 0 

maximum d e formation ( mm )  52 
inside o f  c ar 

s .  ]. 

c o dition o f  doors l e f t  door o . k .  
right door o . k .  

dummy crit eria driver l e f t  rear 
passenger 

head inj ury c rit erium HIC - 397 2 1 9  
head 

result . acc e leration a res . ( g )  l oo 55 

s e verity index S I  - 650 200 
ches .... 

result . a c c el e ration a res . ( g )  1 30 60 

l e ft Fl ( kN )  1 , 0 1 , 0 
femur force 

right F r ( kN )  1 ' 0  1 , 0 

Tabl e 4 :  Resu l ts of l a tera l impact tests ( FMVSS 208 ) 



The test resul ts s how that the car data a s  wel l  a s  occupant data 
d i ffer strong ly from the l oads of that i n  a rea l road accident . I n  genera l 
the recorded data exeed the l im i ts ,  given by FMVSS 208 , due to the fact that 
the i mpact surface of the r ig id  barr i er does not correspond to a veh i c l e ' s  
impact a rea . The barri er i mpac t  surface i s  compri sed of a r i g i d  front p late 
wi th a width of 1 98 1 , 2  mm a nd a hei gth of 1 524 mm.  As a resu l t of the 
oarr i er dimen s i ons the i ntrus ion  of the test car i s  reduced by more than 
50 % as compared to a real accident. Therefore the occupant i mpact i s  gi ven 
by one s trong impact agai nst the i nteri or compartment . An occupa nt rebound 
i s  not present , as a na l ysed i n  the real accidents wi th a secondary impact 
aga i nst vehi c l es i nteri or . 

Summariz ing  th i s  test mode does not represent suffic i ent enough the 
processes , which have to be consi dered i n  rea l accident s .  

Test Resu l ts from Experiments wi th ESVW ' s  

The two tests descri bed bel ow demo nstrate that effective occupa nt 
protecti on duri ng a s i de  col l i s ion can be achi eved for extremely severe 
test cond i ti ons . 

I t  has to be poi nted out ,  that due to the l ac k  of data the economic  
feas i bi l i ty of  the ver if ied measures i s  not yet proven on the bas i s  of 
benefi t-/cost-cons iderations . 

Accord i ng to the two bas i c  pos s i bi l i ties  of the structure be
haviour 

- the side structure of the car ( ESVW I )  does not a bsorb 
energy duri ng the s i de impact 

- the s ide  structure of the car ( ESVW I I )  a bsorbs a 
tol era b l e  amount of energy duri ng the s i de  i mpac t  

the fo l l owi ng tests were sel ected . 

Q�f2rm�Ql�2_m2��Ql�-§�rri�r-�9�iD��- ����-I 

The stat iona ry ESVW I (m = 1 4 1 0  kg ) was impacted by the deforma b l e ,  
mova b l e  barri er (m  = 2460 k g )  wi th an  i mpact speed o f  v . = 5 2 , 7  km/h under 
a n  impact a ngl e of 45° from beh i nd in the midd l e of the1 driver ' s  door . The 
rnax imum deformation of the compartment perpend i cu l ar  to i ts l ongi tudi nal 
a x i s  was only 60 mm . 

The ESVW I was occupi ed by four 50-percenti l e  ma l e  dumm ies ( Si erra 
292- 1 050 ) .  
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The fo l l owi ng tab l e gi ves the resul ts for the two dunmies 
pos i ti oned on the i mpact side of the veh i c l e :  

Max . Resultant HIC SI A c celerat ion ( g ) 

H e  ad Chest Pelvis ( Head ) ( Chest ) 

Driver 1 3  1 2  1 o  2o 

Front 2o 1 2  1 2  2o Passenger 

Rear 28 2o 23 9o Pass enger 

Tabl e 5 :  Resu l ts of occupants ESVW I 

!9�D!i�� l-�� r-�g�iD�!- ��y�_!1 

2o 

2o 

5o 

The stationary ESVW I I  (m = 1 1 1 8 kg )  was i mpacted by a " i dent i ca l  
car" w i  th a n  impact  speed of v .  = 5 1 , 1 km/h under a n  impact angl e of 45° 
from the front in the m idd l e  of the passenger ' s  door .  The maximum defor
mation  of the compartment perpend i cul ar to the l ongi tud i na l  a x i s  was 
1 90 mm. 

The ESVW I I  was occupi ed by three 50-percenti l e  mal e  dummi es ( S i erra 
292- 1 050 ) .  

The fol l owi ng tabl e gi ves the resu l ts :  

Maxim. Resul tant H I C  Acc eleration ( g ) 

He ad Chest Pelvis ( Head ) 

Driver 22 1 3  1 9  5o 

Left Rear 
2o 1 8  5 5o Pass enger 

Tabl e 6 :  Resu l ts of occupants ESVW I I  

S I  

( Chest ) 

3o 

40 



CONCLUS ION 

A rea l i st ic  s imul ation of real worl d s i de  impacts belongs  to the 
most  d iffi cu l t probl ems of veh i c l e  testi ng .  Due to the fact that there 
i s  no considera b l e  i nformation for su i tab l e test confi gurati ons , gi ven 
by a u seful acc ident analys i s ,  there are var i ous  test modes poss i b l e .  

A h i gh importance for the acc ident performance i s  g iven i n  a wide 
range of pos s i b l e  i mpact a ng les  ( from 0°  to 1 80 ° )  a s  wel l  a s  impact areas 
( near or far to the center of compartment ) . 

The experi ence i n  measurement dev ices for tol erab l e  b i omechan i ca l  
l oads for fronta l i mpacts , gi ven by the dummies today , i s  not val i d  enough 
for that one i n  s i de col l i s i ons . 

��-r��Q���n9_tb�_f2l l2�ing_t��t_Qr2��9�r�� 

Impact w i th a movabl e non-deformab l e  barr i er , wi th a contoured 
i mpact surface wh ich  simul ates an average car ,  and i s  d i rected wi th an  
i mpact angl e of  90° w ith i ts l ong i tudi na l  axi s agai nst the seat reference 
poi nt of the front pas senger of the stati onary car . 

The impact speed of the barr i er shou l d  be l es s  than 40 km/h .  The 
barr i er ' s  mas s  s hou l d  be sel ected , which  corresponds to the stat i s t i ca l  
average car wei ght wh ich  is  compati b l e  wi th future l egi s l ation from 
countries  advocati ng more s i gnificant safety requ i rements .  

J 2 70 
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