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Abstract. The article deals with investigation of the possibilities of the program PC CRASH, meant for the computer
modeling of the movement of vehicles. The computer modeling of the process of overturning of the automobile with
the help of the program PC CRASH is introduced. The cross profile of the road, the height of the centre of gravity of
the automobile and the other parameters are evaluated while modeling. The influence of the introduced parameters
upon the computer modeling results is investigated. The possibilities of application of the computer modeling pro-
grams in the expert assessment of the traffic accidents are considered, the items on reliability of the results of model-
ing and the requirements, raised towards the experts, who work with such programs, are analyzed.
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1. Introduction

At present many computer programs for modeling
of the movement of vehicles, which are usually meant
for investigation of the traffic accidents, have been
created in the world. These programs become more and
more improved, seeking to evaluate as many factors as
possible so that the results of the computer modeling
are brought closer to the results of the real experiments.

Modeling of interaction of the wheel with the road
is one of the most important components of the com-
puter modeling. The main goal is to bring modeling of
interaction of the wheel with the road as close to reality
as possible. Firstly, it depends upon the selected
mathematical model. The more factors are evaluated
while creating the program or while improving it, the
more precise results will be obtained while using this
program. On the other hand, much depends upon the
introduced parameters. While modeling the movement
of the vehicle with the help of the computer program,
many various data are introduced; for example, while
modeling the process of braking, it is necessary to in-
troduce the coefficient of cohesion (or the decelera-
tion), loading of the automobile, the time of starting the
drive of the braking system to operate, the time of in-
crease of the deceleration, if necessary, the time of
disbraking. There could be more parameters, if the
automobile moves along different surfaces or when the
movement of several automobiles is being modeled; for
example, the mechanism of the traffic accident and the
automobiles, which are moving according to different
regimes. Non-precision of each introduced parameter
increases the error of the results of modeling. Thus, it is

very important to introduce as more precise parameters
as possible [1-10].

2. Computer modeling program PC CRASH

The program PC CRASH is one of the computer
programs, meant for modeling of the movement of
vehicles [11, 12]. New versions of this program are
being created. The version 5.0 of the computer program
PC CRASH will be investigated further on.

The coefficient of cohesion is set for the whole
surface, afterwards the other coefficient of cohesion
can be introduced for separate sections (Fig 1).
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Fig 1. Introduction of a different coefficient
of cohesion for a separate section of the road
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While modeling with the help of the computer
program PC CRASH, firstly the definite model of the
automobile, the movement of which is to be modeled,
together with its appropriate characteristics is selected
from the database (Fig 2).

Various regimes of the movement (braking, accel-
eration) of the automobiles, parameters of the decelera-
tion and acceleration of the movement can be set.

There is a possibility to select and, while model-
ing, to evaluate such parameters of the automobile as
the parameters of suspension, the degree of loading of
the automobile, the type of the tires, distribution of the
braking forces, etc. (Fig 3).
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Fig 2. Selection of the model of the automobile
from the database

After having selected the coefficient of cohesion,
the program automatically selects the maximum possi-
ble deceleration of the automobile. It is possible, on the
contrary, to introduce the value of deceleration, after-
wards the coefficient of cohesion is to be recalculated
(Fig 4). Besides, there is a possibility to introduce de-
celeration, as the function, from the speed. In this case,
deceleration is modeled as the hyperbolic function, the
parameters of which are calculated by introducing the
values of deceleration, taking into consideration the
speed of movement of the automobile, equal to 20 and
80 km/h. This model mostly suits for braking on a wet
section of the road, when the speed is faster. However,
it does not suit for modeling of the movement of the
automobile after the crash, when dependence of the
deceleration upon the speed may be of a completely
different nature.
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Fig 4. Introduction of the coefficient of cohesion
and of deceleration depending upon the speed
of movement of the automobile

—2PC-CRASH - Licensed to Lietuvos teismo ekspertizes institutas - Vilnius

File | Wehicle Dynamics UDS  Impact Options  Graphics 2 -

Wehicle Database... = '
[ W = 1 Occupants & Cargo x|

| o | mlEm| ] 5] wlo] (a0 =lal] 2]

l? Erase Vehicle » |»| ] |$| L ' [ooos il ﬁl |1 AlDI1-100 j
gz:::tzon Front occupants: |?5 ka HA
Tl o [0 fa
Occupants & Cargo.. . e ID— kg
Rear Brake Distribution... General | Linear I
E ngine/Drivetrair... Trurk carga: I‘IDd kg
Trailer...

—_ windresistance... Model selection:

ILinear j
e — Suspenzion Properties Tire dimensions, Radius:
1 AUDI-100 o siif R DD

E = Stifinsss [ i) 9 e = [l iesm0 Er i @[30

[ =Damping [ Ms/m] " Saft — ==

E D E D
|19882.85 I‘ISBE.29 |1SBB2.85 I‘ISBB.29 =

Rear axle:

|14" - 185/70 [307.3 mn)

g ot

|13813.?? |1381.38 |13813.?? |1381.38

Cancel |

o]

Cancel I Ll |

-

-
(150541

|Scale 1: 200 [y 080 [Kinetics

Fig 3. The general view of the screen while modeling with the help of the program PC CRASH
(the parameters of the automobile, which may be selected, are viewed)
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3. Modeling of overturning of the automobile

In case of overturning of the automobile on its
roof, the speed of its movement prior to its overturning
can be calculated according to the following formula:

J5)

where g is the acceleration of gravity (9,81 m/sz); B is
the width of the track of the automobile, m; /4 is the
height of the centre of gravity of the automobile, m; A
is the height of the automobile, m; P is the width of the
automobile, m.

If, prior to overturning, the automobile had been
sliding or, after overturning on its roof, had been over-
turning, this can be correspondingly evaluated by ap-
plying the formula. Besides, the expenditures of the
kinetic power of the automobile for causing deforma-
tion of the automobile can be evaluated.

However, while modeling with the help of the
computer program PC CRASH, it is possible not only
to ascertain the speed of the automobile prior to its
overturning, but to restore the movement of the auto-
mobile while overturning as well.

The possibility to model the movement of the auto-
mobile in the space (i.e. of the movement in the three
planes), taking into consideration such parameters as the
profile of the road, including the cross profile, location of
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the centre of gravity of the automobile, is one of the
advantages of the program PC CRASH. It is very im-
portant because, without this possibility (for example,
while modeling in the plane), it would be impossible to
restore such a complex movement of the automobile as
the process of overturning of the automobile. Figs 5-7
reflect the modeled overturning of the automobile,
when the latter moves down from the slope of the road.

The following data were introduced:

Vehicle: ROVER-620
Length, m 4.65
Width, m 1.72
Height, m 1.38
C.G. height above ground, m 0.50
Wheelbase, m 2.72
Front track width, m 1.48
Rear track width, m 1.48
Mass (empty), kg 1255.00
Velocity, km/h 50.00
Mean brake acceleration, m/s> 6.00

Besides, the program PC CRASH provides the
possibility to observe the view in the space (Figs 6-7).

In this case, while modeling the movement of the
automobile according to the available data, the cross
profile of the definite road section was introduced
(Fig 8). Without having evaluated the latter, the auto-
mobile would be moving further on, without over-
turning.

File

“ehicle Dynamics UDS  Impact Options  Graphics 2 -

niug - Mokslui.pro -

Sequence Edit  Options

SREEA

oo ] &) W

|1 ROVER: VI
Start
Nx= 0.00 Ny=0.00 kot
Nx= 0.00 Ny= 0.52
M= 800 Ny= 0.00
=i DOE - kmh

"

Laglsl:[000 ] & [m) [100.00

ol ol sffEEe of o pdf4zez

Fig 5. The view of overturning

+ Brake N | = |
 Accelarate
Aed o I Al a[misT] : IW L [— —
[~ Stesting Pedal position: [%]
[~ Lane change [T 3|
Brake Factars
' Front axle [1):
Jion [ebmt mfros [l af 7o =
Rear axle [2]: _>|_|

|Scale 1: 200 [y 080 [Kinetics [17:25:09

of the automobile from above



22 E. Sokolovskij / TRANSPORT - 2007, Vol XXII, Nol, 19-23

& 30 Viswakzation L=[0] =]
Anmaioe Shie Backgound

ﬂglﬂ-v ﬂ|'d

Fig 6. The view of overturning of the automobile
in the space — from the back

Fig 7. The view of overturning of the automobile
in the space — from the front
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The same pertains to the height of the centre of
gravity of the automobile. For example, without having
introduced the value of the height of the centre of grav-
ity, the automobile will not overturn, even while mov-
ing according to the set trajectory, if the set cross slope
of the road is introduced. After having carried out mod-
eling and having accepted that the height of the centre
of gravity of the automobile is equal to “zero”, the ob-
tained result shall look like in Fig 9. It is obvious that in
this case the automobile will not overturn. In this case,
all the same data were introduced, only the height of the
centre of gravity is equal to “zero”.

The computer modeling of overturning of the
automobile, which was carried out, proves that the re-
sults of modeling depend upon the introduced parame-
ters very much. In this case, having not evaluated the
cross profile of the road, the height of the centre of
gravity of the automobile and the other parameters, a
completely different result may be obtained.

Fig 9. The movement of the automobile from the slope
of the road, when the introduced height of the centre
of gravity is equal to “zero”

Thus, seeking for reliability of the results of mod-
eling of the course of the traffic accidents, it is very
important that the experienced expert, having the ap-
propriate qualification in introducing the necessary
parameters and having enough skills of work with the
computer modeling program, carries out the computer
modeling. Only in this case the results of modeling will
be reliable and can be used in the expert assessment of
the traffic accidents.

4. Conclusions

1. Such programs of the computer modeling of the
movement of vehicles as the program PC CRASH,
make the work, carried out by the experts of investi-
gation of the traffic accidents, easier, especially
wishing to model several possible variants. The pro-
grams permit to evaluate various parameters, such
as the parameters of the surface of the road (the pa-
rameters of cohesion), the parameters of the vehicle
(the parameters of suspension, the degree of loading
of the automobile, the type of the tires, distribution
of the forces of braking, etc.) and provide the possi-
bility to model various regimes of the movement of
the automobile and such complex processes as over-
turning of the automobile.

2. The computer modeling of overturning of the auto-
mobile, which was carried out, proves that the re-
sults of modeling depend upon the introduced pa-
rameters very much. In this case, having not
evaluated the cross profile of the road, the height of
the centre of gravity of the automobile and the other
parameters, a completely different result may be ob-
tained.

3. Seeking for reliability of the results of modeling of
the course of the traffic accidents, it is very impor-
tant that the experienced expert, having the appro-
priate qualification in introducing the necessary pa-
rameters and having enough skills of work with the
computer modeling program, carries out the com-
puter modeling. Only in this case the results of
modeling will be reliable and can be used in the ex-
pert assessment of the traffic accidents.
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