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ABSTRACT 

Accident s imulations involving the 9 0 °  collis ion o f  
motorcycles against the s ide o f  moving passenger cars have 
been conducted and evaluated in cooperation between DEKRA and 
Winterthur-Versicherungen.  In contrast to motorcycle 
collisions against stationary pas senger car s ,  the tests 
involving c o l l i s ions against moving pas senger cars revealed a 
multitude o f  c o l l i s ion sequences corresponding to what really 
happens in an accident . In order to show this compre­
hens ive ly , the overhead views o f  collision configurations ,  
final positions and centre-o f-mass paths have been selected 
for each individual case ; to further i l lustrate the spatial 
complex ity , side views have been provided of some colli s ions 
in the form o f  sequences of still  pictures . Motion paths , 
ve loc ities and impact events recorded by manual film 
evaluations , i n  connection with the vehicle damage thereby 

. incurre d ,  provide important information on collis ion dynamic s .  

INTRODUCTION 

Experimental acc ident s imulations are o f  great importance for 
the gaining o f  deeper knowledge o f  the dynamics o f  real 
col l i s i ons . Within the framework o f  continuously conducted 
series of tests , there were , first o f  all , collis ions o f  
moving pas senger cars against stationary passenger cars / 1 / . 
Fol lowing the further development o f  the test equiprnent , -r:r­
was pos s ible also to conduct collis ions involving two moving 
pas senger car s .  Accident simulations with passenger cars and 
motorcycles were per forrned analogously.  

The following describes results from fourteen tests invo lving 
the 9 0 °  collision o f  the rnotorcycle against the side of rnoving 
pas senger cars in the area of the front axle , door and rear 
ax le . 

Initial results concerning the sequence o f  collis ions as far 
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as the impact o f  the he lmeted head o f  the motorcyc le occupant , 
under particular cons ideration of the e f  fect o f  protective 
helmets , as wel l  as the sa fety of motorcyc le designs have 
al ready been publ i shed / 2 , 3 / .  The further evaluation covered 
the entire col l i s ion sequence as far as the reaching of the 
final positions of motorcyc les and motorcyc le occupants as 
we l l  as the standst i l l  posi tions of the passenger car s .  

TEST SETUP AND PROCEDURE 

By means of a t.owing vehicle , passenger car and motorcycle 
together with occupants repre sented by the dummies were 
acce lerated by cables guided via loose and f ixed pul leys to 
just before the place of collis ion at a constant velocity 
ratio . The motion of the motorcycle was stab i lized by a sled.  
Just before the col l i s ion,  there was an abrupt retardation o f  
the motorcyc le-guiding sled with release o f  the cable 
connect ion at a predetermined shearing section , whereafter the 
vehicles moved freely up to co l l i s ion . 

The pas senger car was braked before or after the col l i s ion by 
a compres sed-air brake triggered by re lease cord . The 
pas senger cars that were unbraked at col l i s ion were travel l ing 
at approximate ly ha l f  the collis ion velocity of the 
motoicycle . In the case of colli s ions with braked pas senger 
car s ,  it was also pos s ible to achieve collis ion-ve locity 
ratios between motorcyc le and pas senger car i n  the region of 
4 : 1  by means o f  suitable cable guides . 

The velocity o f  the motorcyc le shortly be fore the collis ion 
was measured by means of a photo- e lectric l i ght barrier . As a 
result of the cons tant velocity ratio that was influenced only 
s l ightly as a result of different e longations of the towing 
cable s ,  the col l i s ion veloc ity of the passenger car was thus 
also known . The sequence o f  motions was documented by several 
high- speed and motor-driven still-picture cameras . High-speed 
film shots from horizontal and vertical directions of view 
onto the col l i s ion were used for the subsequent determination 
of positions , distance s  and veloc ities by means of f ixed 
re ference marks on the road sur face and on the vehic le s .  
Accident marks on the road surface , on the vehic les and on the 
dummy or its overall and protective helmet were measured a fter 
each test and were photographically documented . 

For the tests with pre-col l i s ion braking o f  the pas senger 
car s ,  the dummy representing the motorcycle occupant was a 
special des ign corre sponding to a 5 0 %  male in terms o f  
dimens ions and weight di stribution . In the tests involving 
col l i s ions against unbraked passenger cars , use was made of a 
5 0 %  hybrid I I  pedestrian dummy ( ATD Part I I )  made avai lable by 
the motor-vehicle manu facturer Adam Ope l  AG . 
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TEST RESULTS 

Motion sequences 

Initial _impact in area o f  front axle o f  pas senger-car 

In four tests the motorcycle impacted against the right-hand 
front wheel of an unbraked pas senger car at approximately 
twice the velocity of the latter , Fig. 1 .  

F ig. 1 :  
Overhead view of impact 
configurations , final 
positions and 
centre-o f-mass paths 

WH . 7 

in tests nos . 1 to 4 TestNo.2 Possenge< cor: 
Renault 

•K,M" 57kph R 12 WJriable 
mp • 930 kg 

mp • moss of pouenger cor •K,P • collision velodty of possenger cor :.Othout dumm mM • moss of molorcrcle •K.M. coll1""'1 veloc1ty of motorcrcle Y 
m • mouofdumm (steelskeletonwithplcuticfocing, ATOfbrl]) (mo· 75kg 

INITIAL IMPACT IN AREA OF THE RIGHT - HAND 
PASSENGER·CAR FRONT WHEEL 
PASSENGER CAR UNBRAKED AT IMPACT 

The ratio o f  the collision momentum of motorcyc le and dummy in 
re lation to the col l i s ion momentum of the pas senger car was 
1 : 2 . 1  ( test no . 1 )  to 1 : 2 . 9  ( test no . 3 ) . 

The directions o f  motion o f  the passenger cars a fter collision 
up to subsequent braking and reaching of the final positions 
are non-uni form . In the case o f  an eccentric impact on the 
front whee l  o f  the passenger car , and in a l l  cases during 
subsequent col l i sion-induced rol ling,  dif ferent steering 
motions are caused by impact forces and by forces in the wheel 
suspension gear . 
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The motions of dummy and moturcyc le exhibit typical aspects in 
common . The beginning i s  characteri z ed by the de f lection of 
the front wheel o f  the motorcyc le in the forward direct ion of 
travP- 1 o f  the passenger car ; the le ft-hand s ide of the front 
wheel of the motorcyc le i s  then in contact with the 
fender/ front-door area of the pas senger car . Frictional ,  
impact and entang l ing force s cause the other parts o f  the 
motorcyc le l ikewise to fol low the motion to the right . The 
inertia motion of the dummy i s  virtua lly undisturbed unti l it 
s lides over the tank of the already dece lerated motorcyc le . 
Approximately 0 . 1  seconds after the start of collis ion , the 
dummy impacts against the front-door area of the stil l-moving 
passenger car . The thereby occurring impact of the he lmet 
against r igid roof edges harbours the danger of hypercritical 
loading of the head / 2 , 3 / .  Apart from head , neck and ehest , 
another endangered area i s  the left leg , wh ich , in the course 
of the col lision , i s  between the 9 0 °  turned motorcycle and the 
s ide uf the pas senger car . Upon the intens ive contact o f  
collision , frictional and entangling forces redirect the 
motion of the dummy in the forward direction of trave l o f  the 
pas senger car . With superimposed rotations , particularly 
pronounced about the vertical axis of the body , the dummy 
remains in contact with the passenger car for fractions c f  a 
second , then s l ides downwarä and reaches the final position . 
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--- ··--- --''--. --------1--------- · ·--· �·�· Test No. 1 Test No. 3 Test No. 4 
Fig. 2 :  Side view of collis ions with initial impact i n  area 

of right-hand front wheel of unbraked pas senger cars 
( frame rate 3 . 6  l / s )  
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For purposes o f  further i l lustration , F ig. 2 shows stills of 
three col l i s ions with horizontal viewinq direction . 

· The c o l l i s i on dynamic s are character ized by a succes sion of 
j o lts , F ig. 3 .  The considerable change of motion of the 
pas senger car takes place after the impact o f  the dummy and of 
the s ide o f  the motorcycle . Both impact events can be 
a s signed the e f fect o f  the maximum impact force s . 

t = o.Jo s t = 0 . 1 4 s 

A situation after the Motorcycle 
momentum eJ<Chan� in lateral contact 

t = 0. 1 0 s  

Dummy 
in inital contact 

t = 0.08 s 

Motorcycle front 
wheel in lateral con 

t = 0.00 s 

vo • v K,M 

F ig. 3 :  Synchronized overhead views of sequence o f  motions 
o f  motorcycle and pas senger c ar ( top)  as we l l  as of 
dummy and passenger car ( bottom) during collis ion in 
test no . 3 

The motion o f  the dummy in re lation to the motorcyc le begins 
approximately s imultaneous ly with the contacting of the 
deflected front wheel of the motorcycle . Unti l it impacts 
against the passenger car , the head virtual ly retains its 
original velocity , whereas the centre of mass of the body i s  
dece lerated earlier as i t  s l ides over the motorcyc le tank and 
as a result o f  impacts o f  the extremitie s ,  F ig.  4 .  

Fig. 4 :  
Side v iew of dummy traj ectories 
in  c o l l is ion phase up to impact of  
head i n  test no. 3 
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The precise del imitation of dec i s ive momentum-exchange 
phases , particularly the determination of corre sponding 
momentum directions , is not pos s ible by means of manual film 
evaluations .  For a quantitative description , the magnitudes 
of the centre-o f-ma s s  veloc ities were established , F ig. 5 .  
After termination of the colli sion impacts ,  a veloci ty loss of 
the pas senger car in the order of magnitude of between 3 and 7 
kph i s  detectable . The dummy reaches approx . 7 0  to 1 0 0 %  of 
the veloci ty of the pas senger car after the c o l l i s ion . The 
motorcyc le i s , in tendency,  equa lly fast as or s lower than the 
dummy , which also corresponds to the , in part , shorter 
distances  between the position of the collis ion and the final 
po sition . 

F ig. 5 :  
Resultant centre-o f-mass 
veloc ities of pas senger 
car , motorcycle and dummy 
in te s t  no . 3 

Initial impoct 
Dummy in initol contoct 
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Time 

In three tests , the motorcyc le impacted against the left-hand 
front wheel o f  the a lready braked pas senger car , Fig. 6 .  The 
corresponding s ide views are shown in F ig. 7 .  

Despite virtually identical col l i s ion velocities a s  in test 
no . 4 ,  the dummy in test no . 7 does not impact in the area of 
the front door but fal l s  onto the engine hood o f  the pas senger 
car , whi le the motorcyc le performs basically the same motion 
as in tests 1 to 4 .  

With s imilar collis ion velocities in the ratio 3 . 8 : 1  ( test 
no . 5 )  and 4 . 1 : 1  ( test no . 6 ) , in test no . 6 the dummy , wh ich 
is then airborne , s l ides over the hood of the passenger car , 
whiJ.e , in test no . 5 ,  intens ive contact between the back o f  the 
dummy and the le ft-hand A-pil lar o f  the same-model pas senger 
car completely brakes the motion of the dummy in its original 
direction . In compari son with all the other tests , the 
different direction of the rotations of the motorcyc le are a 
striking feature o f  test no . 6 .  In this tes t ,  the motion o f  
the dummy a fter the start o f  col l i s ion i s  characterized by a 
stretching of the legs with raising o f  the buttocks a fter the 
knees and lower legs have impacted against the motorcycl e  
handlebars and against the passenger-car fender ,  respect ively . 

_ Wi th the vertical ax i s  of the body virtually horizontal when 
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turning onto the right-hand side , the dummy then s l ides 
acro s s  the engine hood , flies  approx . 7 . 5  m and then s l ides 
into the final position . The take-off veloc i ty is approx . 
3 0  kph . 

•• , No. 5 
Fig. 6 :  

vK p • 17kph Pt>s_..gercor' ' Renouh 
R 4  
m p  • 710kg 

f-+--ttl-__,.llt Motorcycle' 
Hondo 

vK.M•6'1kph CB 125 T • 
mM • 128kg 

Overhead view o f  impact 
configurations , final ......_ 
posi tions and ....,,,,.. wnllO �---------------------+---........... 
centre-of-mass  paths 
in tests nos . 5 to 7 

Fig. 7 :  
S ide view of collis ions 
with initial impact in 
area of le ft-hand front 
wheel  of braked pas senger 

r„1 No. 6 

Tflt No. 7 

Pauenger car• 
Renault 
R 4  
mp • 720kg 

Molorcycle• 
Yomoho 

VK p • 15kph RD 125 • • mM • 120kg 

•K,M·61kph 
WT U 9 

car s ( f rame rate 3 .  1 2  5 1 / s )  �--....,..-----------:::'"'""--��---+---'-w'�"'""-1' 
mp • mo» of poS>enger cor vK p • cofüion velocily of po»enger cor • . hout d 

Test No. 5 

mM" mou of molorcycle vt(M. collision velocityof molorcycle wtl '"";;'Y 
m • mo» of dummy (sleel skeleton with woodfocing,speciol desingn) (mo· 75 9 )  

INITIAL IMPACT I N  AREA OF THE L E F T - HAND 

PASSENGER<AR FRONT WHEEL 
PASSENGER CAR BRAKED AT IMPACT 

Test No. 6 
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It was not poss ible in tests nos . 5 to 7 to e stablish a 
pos t-col l i s ion loss o f  veloc ity of the passenger car 
superirnposed on the braking deceleration . 

Initial .irnpact in area of front door of passenger car 

In five tests , the rnotorcycle irnpacted against the front door 
of the pas senger car at a veloci ty ratio VJ<.n : v� p = 2 :  1 .  
In four tests , the pas senger car was unbraked during the 
col lision ,  Fig. 8 ;  in one test,  it was braked,  Fig. 9 .  

Fig. 8 :  

Overhead view of irnpact 
con figurations , final 
positions and 
centre-o f-rnass paths 
in tests nos . 8 to 1 1  

Te•I No. 10 

WH S.S 8 

Motorcycfe, 
Hondo 
XL 2505 • 

•K,P" 32 kph mM • 1 1 8  kg 

WHSS I O 

Te•I No. 11 Pass.enger cor : 

•K,M" 47kph �j'.j°yr 
mp • 820kg 

•K,P" 23kph 
mp • mo» of possenger cor • K p  • colli!.ion velocily of pa>senger cor • .  houl ciJmm mM • mau of motorcyde vK

'
M .  collision velocityof motOfcycle wit Y 

m • mau of clummy (>teel skeleton withplosticfocinQ, ATD fbrt) ) (mo• 75 kg) 
INITIAL IMPACT IN AREA OF THE RIGHT - HAND 
PASSENGER·CAR FRONT DOOR 
PASSENGER CAR U N B R A K E D  AT IMPACT 

With a ratio of the collis ion rnornenturn o f  rnotorcyc le and dummy 
in relation to the collis ion rnomenturn o f  the passenger car in 
the range between 1 : 2 . 4  ( te s t  no . 1 )  and 1 : 3 . 0  ( te s t  no . 1 0 ) , 
the rnotion sequences in tests 8 ,  1 0  and 1 1  are very s irnilar to 
those previous ly described for tests nos . 1 to 4 .  The irnpact 
o f  the durnrny i s  shi fted toward the rear o f  the passenger car 
according to the relocation of the initial irnpact .  In test 
no . 9 ,  the rnagnitude of the passenger-car co l l i s ion momenturn 
i s  only 1 . 4  time s greater than the col l i s ion rnornenturn of 
motorcyc le and durnrny . Forces upon irnpact o f  the durnrny in the 
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F ig. 9 :  Test No.12 
Overhead view o f  impact 
configuration s ,  fina l  
positions and 
centre-o f-mas s  paths 

Motorcyde' 
Honclo Cll 125 T • VK.M" "6kph fTIM" 129kg wtl3. 6 

in test no . 1 2  mp • "'°" of possenger car VK.P • coli�on ve oc.ijY of passenger car :,;1hout dummy 
mM • mass of molorcyde VK.M • col1S1on.veloc1ty of motorcyde 

(mo· 75 kg 
m • mass of dUmmy ( steel r.lcelelon with wood locing.specK>I clesingn) 

INITIAL IMPACT I N  AREA OF THE LEFT- HAND 

PASSENGER·CAR FRONT DOOR 
· 

PASSENGER CAR BRAKED AT IMPACT 

area o f  the B-p i l lar cause a pronounced rotation o f  the 
passenger car about its vertical axi s with yaw angles up to 
approx . 1 0 0 ° .  The pas senger car , which i s  quickly decelerated 
by large s l ip angles , thus impedes the motions of the 
motorcyc le and , i n  particu lar , o f  the dummy which were 
de flected i n  the original forward direct ion o f  travel o f  the 
pas senger car , with motorcyc le and dummy reaching their final 
positions at a comparatively short distance from the place o f  
col l i s ion . 

In tests nos . 8 ,  1 0  and 1 1 ,  i t  i s  pos s ible by means o f  manual 
film evaluation to detect a collis ion- induced loss o f  veloc ity 
of the passenger c ar in the range between 1 and 3 kph . In 
this connection , the dummy and the motorcyc le reach approx . 9 0  
to 1 0 0 %  and approx . 5 0  t o  7 5 % , respectively , of the veloci ty 
o f  the pas senger car directly after the col l i s ion . 

In test no . 9 ,  i t  was not possible to detect a collis ion­
induced loss  of veloci ty of the pas senger car superimposed on 
the s lip-angle- induced deceleration . The veloc ities of dummy 
and pas senger car are v irtual ly identical directly after the 
co l l i s ion;  the ve loc i ty o f  the motorcycle i s  approximately 
half as much at this point in time . For purposes o f  further 
i l lustration , F ig.  10  shows s ide views of two collisions . 

Fig. 1 0 :  
Side v iew o f  
collis ions with 
initial impact in 
right-hand 
front-door area o f  
unbraked pas senger 
cars ( frame rate 
3 . 6  l / s )  

Test No. 9 Test No. 1 1  
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I n  test no . 1 2 , the rnotion of the dumrny severely i s  irnpeded by 
its thighs becorning stuck on the rnotorcycle handlebars after 
the rnotion of the durnrny has been deflected in the forward 
direction of travel of the passenger car . After the 
collision , the durnrny reaches only approx . 4 5 %  of the 
passenger-car velocity and fal l s  with the tipping rnotorcycle 
into the final position . A collis ion-induced loss of veloci ty 
o f  the passenger car superirnposed on the braking dece leration 
i s  not detectable . 

Initial impact in area of rear axle of passenger car 

In two tests , the rnotorcyc le irnpacted at approxirnately double 
the velocity of the passenger car against the right-hand rear 
wheel of the unbraked pas senger car , Fig. 1 1 .  The 
corre sponding s ide views are shown in Fig. 1 2 .  

Fig. 1 1 :  
Test No. 13 •K,M• 77kph Overhead view o f  irnpact 

configurations , final 
pos itions and 
centre-o f-rnass paths 

Pouonger <Dr' 

in tests nos . 1 3  and 1 4  
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F ig. 1_2..:_ 

Side view of 
c o l l i s ions with 
initial impact in 
area of r ight-hand 
rear whee l  o f  
unbraked pas senger 
cars ( frame rate 
3 . 6  l / s )  

Test No. 1 3  Test No. 1 4  
As a result of the relocation in relation to the front-wheel 
impact of the motorcycle a fter the deflection of the motion of· 
the motorcyc le in the forward d irection of trave l of the 
pas senger car , the dummy contacts the body of the estate c ar 
in the area o f  the C-pil lar . I n  both cases , there i s  a ehest 
and shoul<ler impact a s  we l l  as a predominantly glanc ing helmet 
impact .  With thereby initiated rotations about the transverse 
and longitudinal axe s of the body with the upper body in a 
v irtual ly horizontal pos ition , the dummy flies directly after 
the colli sion at a veloc i ty of about 4 0  khp into an adj oining 
meadow . In test no . 1 3 ,  the motorcyc le i s  just as fast as the 
dummy a fter the col l i s ion ; in te s t  no . 1 4 ,  the motorcyc le i s  
approx . 3 5 %  s lower . 

Due to the very eccentric impact in test no . 1 3 ,  there i s  a 
yawing rotation of the pas senger c ar through approx . 1 9 0 ° 
unt i l  i t  reaches the final pos ition . A collision-induced loss 
of ve loc i ty superimposed on the s l ip-angle-induced 
deceleration is not detectable . 

In test no . 1 4 , there i s  an initial yawing rotation of the 
pas senger car up to approx . 4 0 °  which again decreases in the 
further course o f  motion due to steering motions of the front 
whee l s .  The collis ion-induced velocity loss o f  the passenger 
car is approx imately 3 kph . 

Vehicle dama� 

Damage to pas senger car 

The impact event s are ref lected by the indentations and 
abras ion marks on the pas senger car . With knowledge of 
antic ipated motion sequences , it is possible to find <letai l s  
with pre c i s ion when securing the marks o f  a real acc ident . 
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Irre spective of the p lace of initial impact on the pas senger 
car , the tests showed typical impress ions of tyre , rim, front 
upright or steering head (when motorcyc le front wheel 
deflected ) in the body of the passenger car . The impact of 
the dummy and/or of the s ide of the motorcycle that fol lows 
an initial impac t  in the front-ax le or front-door area 
produces indentations which are corre spondingly o f fset toward 
the rear o f  the pas senger car and whi ch point , visually at 
first , t6 the severity of these acc ident events . Deta i l s  of 
damage show , for example in the region o f  the edge o f  the 
roo f ,  the p lace where the helmet impacted , Fig. 1 3 .  

Test No. 3 

Fig. 1 3 :  Overhead and s ide v iews o f  passenger-car damage with 
initial impact in front-ax le/ front-door area 

I f  the dummy leaves the place of c o l l i s ion , airborne , there 
are none of the typical body-contact indentations which are 
ot�e:wise �rodu�ed i f  the dummy i s  comp letely braked in i t s  
original direction of motion , Fig. 1 4 .  
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Fig. 1 4 :  
Overhead and s ide 
views o f  
passenger-car 
damage with 
initial impact 
in rear-axle area 

Damage to motorcyc le 

• 

Test No. 1 3  

The damage to the motorcyc le once again makes i t  possible 
clear ly to detect the dynamics of the col li sion . Upon initial 
impact ,  the front fork i s  first of all j ol ted back . There is 
a correspondingly superimposed deformation of the fork as a 
result o f  the de flection and contacting of the s ide of the 
front whee l .  Twists o r  deformations on the handlebars 
addi tional ly i l lustrate what happened at the s tart of the 
col l i s ion , Fig. 1 5 .  

In some test s ,  when the dummy s l id over the motorcycle tank , 
there were heavy impact s  o f  the trunk and thighs . Typical 
indentations of the motorcyc le tank are asymmetrical as a 
result o f  the motion o f  the motorcyc le being deflected in the 
forward direction o f  travel of the pas senger car , Fig. 1 6 .  

REFERENCES 

/ 1 /  Burg, H .  and M. Linderunann: Unfallversuche, 
Pkw/Pkw-Kollisionen, 
Grundlagenuntersuchung. 
Verlag Information GmbH, 
Kippenheim 1 9 8 2 .  

/ 2 /  Grande l ,  J . : Einfluß der 
Motorradkonstruktion auf 
die Kinematik der 
Motorrad/Personenwagen-Kol l ­
ision. XXI . FI SITA-Congress 
1 9 8 6  in Belgrade . 

/ 3 /  Grande l ,  J .  and D .  Schaper: Der Schutzhelm als 
passives Sicherheitselement 
- Anforderungen an kUnf tige 
Entwicklungen aus Sicht der 
Unfallforschung . 2nd 
Bochum Workshop of the 
Institut fUr 
Zweiradsicherheit 
e. V. 1 9 8 6 .  

301 



Test No. 3 Test No. 10 
Fig. 1 5 : Damage in front area o f  motorcyc le 

Test No. 1 Test No. 8 

Test No. 13 

Fig. 1 6 :  Indentations in motorcyc le tank resulting from 
impact of trunk/thigh of dummy 
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