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Abstract. The graphic analytical modelling and the computer modelling of collisions of the automobiles are 

compared in this article. The examples of modelling of collisions of the automobiles are given. The computer 

modelling of collision of the automobiles with the help of the program PC CRASH is introduced. The possibili-

ties and advantages of this computer program, the inserted parameters and their optimization are investigated. 

The possibilities of applying the computer modelling program in the experts' examination of traffic accidents 

while modelling collisions of the automobiles, the items and requirements raised towards the experts, who work 

with such programs, on reliability of the obtained results are considered. 
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1. Introduction 

The graphic analytical modelling of movement 
and collision of vehicles requires many efforts and 
much time [1–4], especially wishing to consider sev-
eral possible variants. The computer modelling, 
which implies application of special computer pro-
grams meant for this purpose, makes the task easier. 

The program PC CRASH is one of the com-
puter programs meant for modelling of vehicles, 
which also enables to model collisions of the auto-
mobiles [5, 6]. As in case of the graphic analytical 
modelling, while carrying out the computer model-
ling, much depends upon the selected (inserted) 
parameters [1–4, 7–10]. The more precise the in-
serted parameters are, the more precise result of the 
computer modelling will be. 

2. Graphic analytical modelling of collision of the 

automobiles 

It is a usual case, when, while investigating the 
circumstances of the traffic accident, firstly the scale 
plan of the place of accident is drawn, the place of 
collision is fixed, the position of the automobiles at 
the moment of collision is ascertained according to 
the external damages caused to the automobiles, and 
calculations are made. Seeking to ascertain the 
speed of movement of the automobiles prior to the 
traffic accident, it is necessary to ascertain the speed 
of movement of the automobiles after the occurred 

collision, to evaluate expenditures of the automo-
bile’s energy at the moment of its sliding, rotating 
around its own vertical symmetry axis and turning 
over after the occurred collision. Thus, after having 
evaluated the quantities of the automobiles’ energy, 
which was lost at the moment of collision and brak-
ing prior to the collision, the speed of movement of 
the automobiles prior to the traffic accident are as-
certained. The speed of movement of the automo-
biles prior to the occurred collision is ascertained 
according to their speed after the occurred collision 
by applying the law of conservation of the movement 
quantity [1–3]: 
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where m1, m2 is the automobiles’ masses; V1, V2 is 
the speed of movement of the automobiles prior to 
the occurred collision; V1

’, V2

’ is the speed of move-
ment of the automobiles after the occurred collision. 

The scheme for calculation is used for this pur-
pose. The vectors of the quantity of the automobiles’ 
movement in the system of coordinates are moved to 
the beginning of the system of coordinates; thus, all 
the vectors of the movement quantity (their direc-
tions coincide with the directions of the vectors of 
the appropriate speed) are projected on the axes of 
coordinates. Two equations, containing two un-
known values, i.e. the speed of the automobiles prior 
to the occurred collision, are obtained. While calcu-
lating, it is more convenient to project all the vectors 
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of the movement quantity on the axes, which are 
perpendicular to the direction of movement of each 
automobile prior to the occurred collision. Thus, the 
projection of the vector of the quantity of movement 
of one automobile prior to the occurred collision in 
each equation will be equal to a “zero” and it is pos-
sible to calculate at once the speed of another auto-
mobile prior to the occurred collision. 

As an example, let us investigate the definite 
case of the traffic accident, in the course of which 
two automobiles collided. The situation at the place 
of the occurred traffic accident is reflected in Fig 1. 

 

 
 

Fig 1. The plan of the place of automobiles collision:  

1, 2 are the automobiles; 3 is the mark of sliding of the 2nd 

automobile 

 
The speed of movement of the 1st automobile 

after the occurred collision (km/h) [1, 3]: 
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where g is the acceleration of gravity (9,81 m/s2); ϕy1 

is the coefficient of cohesion of the wheels of the 1st 
automobile while sliding in certain conditions of the 
road; S1 is the distance, to which the centre of gravity 
of the 1st automobile has shifted after the occurred 
collision (Fig 1), m; a1 is the distance from the centre 
of gravity of the 1st automobile to the front axis of 
the automobile, m; b1 is the distance from the centre 
of gravity of the 1st automobile to the back axis of 

the automobile, m; ε1 is the angle, at which the 1st 
automobile has turned after the occurred collision, 
rad; L1 is the wheelbase of the 1st automobile, m. 

The speed of movement of the 2nd automobile 
after the occurred collision (km/h): 

( );26
321

2

'
2 AAA

m
V ++=    (3) 

;
2

2
2

21
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−+⎟

⎠

⎞
⎜
⎝

⎛= hh
B

gmA   (4) 

;
360

2
2

'
222

πα
ϕ= LgmA  (5) 

,2
'
223 SgmA ϕ=  (6) 

where A1 is loss of the kinetic energy at the moment 
of turning of the 2nd automobile over, J; A2 is loss of 
the kinetic energy at the moment of rotation of the 
2nd automobile around its centre of gravity, J; A3 is 
loss of the kinetic energy at the moment of shifting 
of the 2nd automobile to the position after the oc-
curred collision, J; m2 is the total mass of the 2nd 
automobile together with the driver and the passen-
gers, kg; B is the width of the track of the 2nd auto-
mobile, m; h is the height of the centre of gravity of 
the loaded 2nd automobile (together with the pas-

sengers), m; ϕ2

’ is the coefficient of cohesion of the 
wheels of the 2nd automobile while sliding in certain 
conditions of the road; L2 is the wheelbase of the 

2nd automobile, m; α2 is the angle, at which the 2nd 
automobile has turned after the occurred collision, 
deg.; S2 is the distance, to which the centre of gravity 
of the 2nd automobile has shifted after the occurred 
collision (Fig 1), m. 

Afterwards the speed of the automobiles at the 
moment of impact, i.e. just before collision, is ascer-
tained. We are drawing the system of coordinates, 
making the vectors of the speed of movement of the 
automobiles prior and after the collision (Fig 2). 
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Fig 2. The vectors scheme, meant for calculation  

of the speed of movement of the automobiles prior  
to their collision 

 
While projecting the vectors of the movement 

quantity on the axis y, we get the speed of movement 
of the 1st automobile at the moment of impact: 
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where Φ1 is the angle, at which the centre of gravity 
of the 1st automobile has shifted after the collision 

(Figs 1, 2), deg.; Φ2 is the angle, at which the centre 
of gravity of the 2nd automobile has shifted after the 
collision (Figs 1, 2), deg.; m1 is the total mass of the 
1st automobile together with the driver and the pas-
sengers, kg. 

While projecting the vectors on the axis x, we 
get the speed of movement of the 2nd automobile at 
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the moment of impact as well as its speed just before 
traffic accident (as the 2nd automobile was not 
braked prior to the collision): 
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As the 1st automobile was braked prior to the 
collision and left the wheels' braking traces, the 
speed of movement of the 1st automobile prior to 
being braked in the place of the traffic accident was: 

,268,1 2
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where t3 is the time of increase of deceleration, s; j1 is 
the maximal settled deceleration of the 1st automo-
bile in certain road conditions, m/s2; Sst. is the length 
of the braking trace of the 1st automobile right 
wheels', m. 

It is obvious that much job is to be done, seek-
ing to make this calculation, especially wishing to 
consider several possible variants (for example, in 
case of altering certain parameters). 

3. Computer modelling of collision of the  

automobiles 

The version 5.0 of the program PC CRASH was 
used for the computer modelling of collision of the 
automobiles [5, 6]. While modelling with the help of 
this computer program, there is a possibility to 
choose and, while modelling, to evaluate the pa-
rameters of cohesion with the road surface as well as 
many other automobile's parameters such as the 
suspension parameters, the type of the tires, the 
extent of loading of the automobile, distribution of 
the braking forces, etc. There is a possibility to set 
various regimes of movement of the automobile 
(braking, acceleration), the parameters of decelera-
tion and acceleration. 

While carrying out the computer modelling of 
the accident (as in case with the graphic analytical 
modelling), usually the plan of the place of accident 
is drawn at first, the place of collision is fixed, the 
position of the automobiles at the moment of colli-
sion is ascertained according to the external dam-
ages, caused to the automobiles. Later on, while 
modelling, it is possible to alter the wished parame-
ters (for example, positioning of the automobiles, 
the place of collision and the other parameters), 
seeking to investigate all possible variants. The pa-
rameters can be altered only with taking into consid-
eration the existing objective data, i.e. only with tak-
ing into consideration the parameters, the precise 

values of which are unknown and are within the real 
limits. 

Afterwards the movement of the automobiles 
or their collision are modelled in such a way, so that 
the movement of the automobiles resembles the 
traces and the other factors, which were fixed in the 
place of the accident, as much as possible. After 
having carried out the computer modelling, the 
automobiles should be located in the position, in 
which they were fixed after the traffic accident or as 
close to it as possible. It is possible to ascertain the 
speed of movement of the automobiles prior to the 
traffic accident by this method. The computer pro-
gram PC CRASH provides the possibility to opti-
mize the course of the accident according to certain 
chosen parameters. Thus, the program itself opti-
mizes these chosen parameters to such an extent, so 
that the automobiles stop in the position, which is 
close to the position, in which they were fixed after 
the traffic accident. However, seeking to obtain as 
more precise result as possible, it is necessary to 
insert as many available parameters as possible, 
whereas the parameters, the values of which may 
fluctuate within the certain limit, should be opti-
mized. 

Fig 3 reflects the modelled collision of the auto-
mobiles LANCIA KAPPA and FORD SCORPIO. In 
this case it was necessary to ascertain, if the automo-
biles could occur in the fixed position with taking into 
consideration this particular nature of the collision, 
which is proved by the damages, caused to the auto-
mobiles, i.e. it was necessary to ascertain, if such traf-
fic accident could really occur or it was forged.  

The parameters of movement of the automo-
biles are inserted (Fig 4). The fact that the automo-
bile FORD SCORPIO was slowing down with de-
celeration, equal to 2 m/s2, after collision is 
introduced (Fig 5). 

As it is known from the circumstances of the 
traffic accident that the driver of the automobile 
LANCIA KAPPA intended to turn to the left, turn-
ing of the automobile's front wheels is also inserted 
together with the other parameters of its movement 
after the occurred collision (Fig 6). 

Both the parameters of movement of the auto-
mobile after the occurred collision and the parame-
ters of collision are inserted (Fig 7); the impulse 
point and positioning of the planes of the occurred 
collision are selected. Besides, while modelling, 
many other parameters, such as the parameters of 
cohesion of the road surface, the profile of the road, 
the technical data of the automobiles, the height of 
their centre of gravity, etc., are inserted or are 
evaluated by the program itself. 
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Fig 3. Collision of the automobiles LANCIA KAPPA and FORD SCORPIO 
 

 
 

 
 

Fig 4. Insertion of the parameters of movement  
of the automobiles 

 

 

 

 
 

Fig 5. Insertion of the braking parameters of the automobile 
FORD SCORPIO 

 

After having carried out modelling of collision 
of the automobiles, it was ascertained that, with tak-
ing into consideration a certain speed of the auto-

mobiles (the speed of the automobile LANCIA 
KAPPA – 9 km/h and the speed of the automobile 
FORD SCORPIO – 61 km/h), such traffic accident 
was possible, i.e. after such collision of the automo-
biles the automobiles may be shifted to the position, 
which is close to their position, which was fixed after 
the traffic accident (Fig 3). 

 

 

 
 

Fig 6. Insertion of the parameters of turning of the auto-
mobile LANCIA KAPPA 

 
 
 

 
 

Fig 7. The parameters of collision of the automobiles 
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Fig 8. Collision of the automobiles TOYOTA CELICA and NISSAN SUNNY 
 
  

Fig 8 reflects the modelled collision of the auto-

mobiles TOYOTA CELICA and NISSAN SUNNY. 

After having carried out the computer modelling, it 

was ascertained that the speed of movement of the 

automobiles prior to the traffic accident was as fol-

lows: the speed of the automobile TOYOTA 

CELICA – 50 km/h, the speed of the automobile 

NISSAN SUNNY – 16 km/h. In this case it was also 

necessary to ascertain, if the driver of the automo-

bile NISSAN SUNNY, prior to making a turn to the 

left, had reformed and kept to the very left edge of 

the part of the carriage-way, meant for driving in his 

direction. As the position of the automobiles was 

ascertained according to the damages caused to the 

automobiles, wishing to ascertain from which posi-

tion the automobile NISSAN SUNNY could start 

turning to the left, it was ascertained that at the 

moment of collision the automobile was shifted back 

from its position within the radius of its turn, which 

was close to the minimal radius of its turn, with tak-

ing into consideration the speed of this automobile 

prior to occurrence of the traffic accident. Thus, it 

was ascertained that the driver of the automobile 

NISSAN SUNNY was turning to the left not from 

the very edge of the left position. Fig 9 reflects the 

space view of the course of this traffic accident. 

Seeking to achieve the reliable results of model-

ling of the course of traffic accidents, it is very im-

portant that the modelling is done by a qualified 

expert, who has the appropriate qualification, ena-

bling him to insert the necessary parameters, and 

who has sufficient skills in working with the com-

puter modelling program. Only in this case the re-

sults of modelling can be reliable and can be used in 

the experts' examination of traffic accidents because 

the results of modelling depend upon the inserted 

parameters very much. 
 

 
 

Fig 9. The space view of the course of the traffic accident 

4. Conclusions 

1. The graphic analytical modelling of move-
ment of vehicles requires many efforts and much 
time, especially while investigating collisions of the 
automobiles, when it is necessary to evaluate very 
many various parameters and it is wished to consider 
several possible variants. This job can be simplified 
with the help of the computer modelling by applying 
special computer programs, meant for this purpose, 
such as the program PC CRASH. 

2. The submitted examples of modelling of col-
lisions of the automobiles prove the possibilities and 
advantages of the computer modelling. One of the 
main advantages of the computer program PC 
CRASH is the possibility to optimize the course of 
the traffic accident according to the certain selected 
parameters. Thus, the program itself optimizes these 
chosen parameters to such an extent, so that the 
automobiles stop in the position, which is close to 
the position, in which they were fixed after the traffic 
accident. However, seeking to obtain as more preci-
se result as possible, it is necessary to insert as many 
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available parameters as possible, whereas the para-
meters, the values of which may fluctuate within the 
certain limit, should be optimized. 

3. Seeking to achieve the reliable results of mo-
delling of the course of traffic accidents, it is very 
important that the modelling is done by a qualified 
expert, who has the appropriate qualification, enab-
ling him to insert the necessary parameters, and who 
has sufficient skills in working with the computer 
modelling program. Only in this case the results of 
modelling can be reliable and can be used in the 
experts' examination of traffic accidents because the 
results of modelling depend upon the inserted pa-
rameters very much. 
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