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The pres ent oblique impact invest igations rely on earlier research 

aimed at determining the opt imum pos itions for the anchorage 

points of seat -belts and the effect iveness of seat-belt elements 

in head-on collisions . 

The f irst phase of the head-on collis ion exper iments showed the 

inf luence of the pos it ions of the seat -belt anchorage points , the 

s eat pos it ion , the f irmness of the seat and the s lack of the belt 

on the effectiveness of seat-belts . It was then poss ible to indi

cate Opt imum cond it ions for head-on collis ions for vehic les with 

convent ional be lt sys tems . In the second phase of the investiga

tions , pos s ible improvements to belt sys tems were examined with 

a view to constant belt geometry , shorter respon se time and more 
eff ic ient energy absorpt ion . 

Although manifold invest igat ions were performed on seat-belts in 

head-on and s ide collis ions , this is not true in the case of ob

lique impact s ,  where only a few experimental invest igat ions have 

been perf ormed . 

Invest igat ions into oblique impacts us ing older designs of seat

be lts have shown that there is a maj or r isk to the neck area . 

Further exper ience with obl ique impact experiments is avai lable 

from invest igat ions into '' test crashes '' of cars . Certain European 

veh icle manufacturers require the +30° collision as a supp lement 

to or subst itute for the head-on collis ion . 
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In a +30° collis ion the average decelerations of the passenger 

compartment are significantly reduced in compar ison to the head

on collis ion , and the deceleration curve is tr iangu lar rather than 

trape z o id as in the case of a head-on co l l ison.  

Accident stat istics ind icate that a h igh perc entage of acc idents 

involves obl ique impact . This provi ded the st imu lus to investi

gate the extent to wh ich the condit ions that were found to be 

opt imum for head-on collsions in wh ich seat-be lts of the current 

type are used are a lso Opt imum in obl ique impacts , or if amendments 

have to be made . 

In the fol lowing an oblique impact is taken to be a 30° collision , 

where the ang le of impact can be e ither +30° or -30° . This ang le 

alone accounts for about 20 percent of a l l  acc idents . 

On the bas is of the previous stud ies the f o l lowing quest ions 

arise : 

- How great is the protect ive ef fect of the three-point seat-belt 

under the cond it ions found to be optima l  for head-on c o l l is ions ? 

- How and under which c ircumstances ·can passengers s itting next to 

each other endanger each other ? 

- Are the optimum be lt condit ions for oblique impacts d ifferent 

from those for head-on collision? 

- How can the effectiveness of the seat-be lt be improved even in 

obl ique impact s ituations be means of add itional elements ? 

Find ing answers to these quest ions was the subj ect of the study 

descr ibed her e .  
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Exper imen tal Set-up and Performance 

As in the previous studies , the impact experiments were performed 

on the catapult unit of Batte lle-Institut e . V . , each exper iment 

being repeated three times . 

The catapult unit ( s hown schemat ica lly in Fig . 1 )  cons ists of a 

s led mounted on rails , an acce lerat ion device and a deceleration 

device . 
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F ig .  1 :  B lock d i agram of the measuring and eva luation unit for 

impact exper iments 

The aqu is ition and process ing of the measured data is effected 

largely in accordance with the instrumentat ion s pec if icat ions 

g iven in SAE J 2 1 1 a .  The stress values ( dece lerat ions , forces ) 

and exper imental control va lues ( impact speed and dece lerat ion) 

were measured . The data were recorded us ing an uv plotter and on 

magnetic tape . 
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The exper imental equ ipment mounted onto the s led ( F ig .  2 )  consists 

of a body shell of a medium-s ized car with seat and durnrny , belt 

anchorage points and add it ional elements .  The energy to acce lerate 

the sled to the experimental speed is generated or stored by 

stretching three elastic ropes us ing a winch and is freed by ( pneu

mat ically) re leasing the sled from the winc h .  The impact speed is 

determined by the stretch ing length . The impact decelerat ion is 

produced by deformation of f lat stee l .  The front of the exper imen
tal sled is provided with a spike which causes permanent deforma
tion of the f lat steel which is inserted into a frame . F lat steel 

1 20 mm x 1 2  mm with a s led decelerat ion as shown in F ig . 3 was 

selected ;this corresponds to the average of the veh icle decele

rat ions evaluated . 

Fig . 2 :  Experimental set-up of the c atapu lt unit 

Rotat ion of the veh icle about the vertical axis , which is possible 

in oblique or s ide impacts , is suppressed in this exper imental 

set-up.  
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F ig . 3 :  S led dece lerat ions ( f ami ly of curves ) i n  
compar ison to a def ined tolerance zone 

at 50 km/ h ( dotted ) 

The dummy used was a 50 percent ile ma le , S irra Hybrid I I/ 5 7 2  
( he ight 1 7 5 cm , we ight 7 5  kg ) , in the front passenger seat pos i

tion .  The dummy was dressed and pos itioned large ly in accordance 

w ith specificat ion V/ 4 9  CFR 5 7 2 . 

A " r amp seat " with f irm seat upholstery was used ; this had been 

fou nd to be most su itable . The seat-belt used was of the s ame 
type as that used in the head-on co l l is ion exper iments , a three

point be lt with a rapid automatic - lock ing retractor . 

De l ineat ion of the Series of Experiments I ,  II and I I I  

The cond it ions in t he various ser ies o f  exper iments were deter

mined by the obj ect ive ; these condit ions are shown in Tabel 1 

132 



Table 1 :  Exper iment a l  cond it ions in the series of exper iments 

I ,  I I  and I I I  

Series Ang le Approx . Be lt anchorage Add itional e lements 
of of impact pos it ions 

exper i- impact speed rnents 
-30° 

+30° km/ h 
3 5  50 

I X X normal belt an- none 
X X chorage for 

X X 1 front pass enger 
X X seat 

I I  X X mirror-inverted none 
X X be lt anchorage 

X X f or front pas-
X X senger seat , 

point A lowered 
by 1 0  cm 

IIIA X X shou lder support on 
X X door , shoulder sup-

norma l be lt an- port ins ide , pelvis 
corage for front support in s ide 
pas senger seat , 

I I IB X X point A lowered s houlder support on 
X 1 X by 1 O cm door , shou lder sup-

port ins ide , pelvis 
support ins ide , pre-
load device 

. 

! 

The be lt anchorage pos it ions found to be be st for the head-on col

lisions were retained for the obl ique impact experiments of series 

I .  These pos it ions were modif ied for the oblique impact experiments 

in series I I  in such a way that no s ignif icant d isadvantages for 

head-on collis ions resu lt . In series I I I  add itional elements were 

used with a combin at ion of the anchorage pos it ions of ser ies I and 

I I :  in I I IA shoulder supports were provided on the seat and on the 

door , and pelvis support mounted on the side toward the centre of 

the car were used ; in I I I  B a pre- load device was used in add it ion , 

which affected the point A .  

133 



In the exper iments the ang le of impact ( - 30° , +30°
) and the impact 

speed ( approx . 3 5 ,  50 km/h)  were var ied ; ser ies I I I  was perf ormed 

only at 50 km/ h .  

Series I under the Cond itions Found to be Opt ima l for Head-on 

Collis ions 

In the experiments with ang les of impact of -30° , it was observed 

that the upper part of the body s l ips through the s houlder straß 

in the in it ial f orward motion phase ( about 30 ms after impact ) .  

The pelvis shifts to the edge of the seat cush ion caus ing it to 

deform notably . 

Af ter about 80 ms the head hits the steer ing wheel and the dash

board (main thrus t  later a l )  . At about 35 km/ h the impact is 

bearable , at about 50 km/h it is critical to unbearable . The 

strong head impact obs ervable at about 50 km/h is due to a part i

cular ly large shift of the body as a result of it s l ipping out of 

the shou lder strap . A further result of this shift is that the 

f inal pos ition of the durnmy is out s ide of the seat . 

In the experiments with impact angles of +30° the strong s l ipping 

out of the shou lder straß and the larg� f orward shif t of the 

pelvis are not observed s ince as the durnmy shifts forward it is 

"dragged" a long the door . After 50 ms the s houlder is a lready 

lean ing aga inst the lower part of the fr ame of the s ide window ; 

it then s lides a long the fram wh ile the head rotates in a forward 

d irect ion , f inally h itt ing the front part of the frame . The dummy 

then returns to its or iginal pos ition . 

In spite of this " contro l led f orward shift " , wh ich is also notice

ab le · in the form of an increased ehest  decelerat ion , i . e .  the mo

t ion of the upper part of the body is braked by the door , stresses 

on the head are observable wh ich correspond to those result ing 

from impact ang les of -30° , in other words they are bearable at 

about 3 5  km/h and critical to unbearable at about 50 km/ h .  These 
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high horizontal and vert ical stres ses on the head result from the 

hard structures at the impact po ints ( lower fr ame of s ide window , 

compared with steer ing wheel and upper dashboard in the case of 

-30° impacts ) .  

Series I I  Under Condit ions Mod if ied for Obl ique Impacts 

In series I I  the belt anchorage po ints were located in mirror

reversed pos it ions in compar ison to series I ,  and the pos ition 

of the ancorage point "A" was lowered . As a resu lt , in the expe

riments with impact angles of -30° to forward shift of the durnmy 

was reduced to such an extent that the dummy was not observed to 

hit the das hboard or steer ing whee l e ither at c a .  3 5  km/h or at 

c a .  50 km/ h .  

However , the forward motion of the dummy and the pos it ion of the 

anchorage point A mean that the s houlder strap s l ips to the neck 

reg ion , repre sent ing a h igh risk of inj ury . The assoc iated dece

lerat ions of the head are non-cr itical  at ca 3 5  km/ h ,  but not at 

c a .  50 km/ h .  At the h igher speed , due to the retain ing f orces 

operating d irectly on the head region , a high , more prolonged de

ce leration of the head is observed , · wh ich leads to an unacceptably 
high HIC value . 

The s hif ting of the durnmy out of the seat is not so strong as in 

the corresponding experiments of series I ,  but here , too , the re

bounding head does not hit the head -rest . 

At impact angles of +30° the mirror-reversed be lt arrangement pre

vents the durnmy s l ipping out of the be lt s ince the shou lder strap 
restrains the left part of the body and the f act that the right 

shou lder leans against the door produces a " par allel  gu ide" in the 

restraint system. T he maximum forward d isplacement of the head 

is sign ificantly reduced , i . e .  by c a .  1 0  cm , in compar ison to nor 
ma l belt anchorage and is thus non-cr itica l ;  the rebound of the 
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dummy is a lso without adverse motions . However , in this case , too , 

risk of inj ury as a result of the belt cutting into the neck c an 

not be excluded . 

Series I I I  with Addit ional Elements 

Series I I I  was subdlvided into series I IIA and I I IB to permit 

various combinat ions of add itional elements to be examined . In 

ordcr to compensate the resulting increased expense of the experi

ments , this series was performed only at an impact speed of 50 km/ h .  

In series I I IA the seat and the door ad j acent t o  it were provided 

with shoulder and pelvis supports to improve the forward d isplace

ment k inematics . At an angle of impact of -30° the shoulder support 

prevent the upper part of the body s l ipping out of the belt at the 

beg inn ing of the forward mot ion ; instead the body s l ides a long the 

s houlder support retain ing the be lt as requ ired . S imi lar ly the 

pelvis is gu ided along the pe lvis support without · leaving the 

seat . 

Toward the end of the forward displacement the shoulder passes 

beyond the region of the shou lder support , but does not touch the 

steer ing whee l .  S ince the forward displacement of the head is re

duced by 1 0  cm in comparison to the experiments without shoulder 

supports , the head does not hit the das hboard e ither . The stresses 

on a l l  parts of the body are non-er i t ic a l .  

Due to t he shoulder support the body does not return to a s itt ing 

pos ition after t he forward displac ement phase , but rema ins resting 

against the s houlder support in the forward displacement pos it ion . .  

At impact angles of +30
° it is not the support mounted on the seat 

that a f fect the f orward disp lacement , but the supporting padding 

f itted at shou lder he ight to the door . This prevents the body s l ip

ping over the s houlder strap s ince the shou lder and thus the upper 
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part of the body are restrained by the belt and the support ing 

padd ing . 

C ompared to the exper iments without shoulder supports , the forward 

d isplacement of the head is reduced by ca . 5 cm,  wh ich means that 
there is no maj or head impac t .  The stres ses are non-crit ica l .  Re

bound is without any unf avourable motion features and leads to a 

return to the normal s itt ing pos it ion . 

In series I IIB a pre-load device operat ing on the anchorage point 

A was used in add it ion to the elements used in series I I I A .  At im

pact ang les of -30° the forward disp lacement of the head is re

duced by a further 1 0  cm by the pre-load device . There is  no s igni

f icant c hange in the forward d isplacement k inematics and the 
stresses in comparison with series I I IA .  

At impact angles of + 3 0° the f orward d i s p l acement is reduced by as 
much as 1 5  to 20 cm. The pre-load device did not s ignif icant ly 

affect the f orward disp lacement k inematics of the stress level in 
t his c ase e ither . 

Conclus ions 

The inves t igations into the effectiveness of t hree-point seat-belts 

s howed that with t he usual belt system and the· usual anchorage po

s i  t ions the r isk of inj ury in oblique impacts is sometimes higher 

than in the case of head-on collis ions . 

Supplement ing the r estraint systems with add it ional elements such 

as shoulder and pelvis supports and a pre- load device results in 

a s ign if icant improvement in the effectiveness of the seat belt 

in obl ique impacts without compromis ing the protective effect for 
head�on collis ions . 
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I t  c an therefore be concluded that t he introduct ion cf the pre

load device , which is also highly effect ive in head-on coll isions , 

should be promoted ( particu lar ly in view of the limited space 

available in smaller vehic les)  and that design impr ovements should 

be recommended t hat guarantee the effectiveness of the s eat/belt 

combination for oblique impacts as we ll as head -on collisions . 

I t  was not observed that the front passengers might endanger each 

other at impact angles of ± 30° . Nevertheless it is recommended 

t hat corresponding investigat ions be perf ormed f or t he angles 

60 and 90° s ince " interact ion r isks"  for the passengers must then 

be expected . 

I t  also recognis able at this s tage that the conf l ic t  of object ives 

in the de s ign of both the seat -belt and the pass enger cornpartment 
will become much more acute when impact angles of ± 60° are also 

taken into account . 

The problem of interact ion is so press ing that research into ±go0 
impacts should be started as soon as pos s ible although the ava i

lable dummies are not ideal for s imu lating s ide impacts and al

though re liable statements on the s tresses on the pas sengers will 

t herefore not yet be poss ible . 
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