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1. Introduction

The mathematical simulation of transport vehicle
interaction with road fences is very necessary and at
the same time complicated. The need to model trans-
port vehicle accidents is constantly growing because
the amount of transport vehicle accidents increases
every year in our country. Mathematical simulation
complexity means that during the interaction of a
transport vehicle and the road fence they both are
deformed. The contact between a transport vehicle
and road fences is variable, during the contact plas-
tic deformation may appear. The components of these
problems arc thc following: road surface, transport
vehicle, road fence and human being. Transport
vehicles and road fences can be different.

They all can be characterized by geometric, ki-
nematics, dynamic parameters and by stress-strain
and physical properties of materials.

2. The method of recording transport vehicle
movement

The transport vehicle movement equation as that
of a complex mechanical system may be written down
using LaGrange equation of the second order [1]:
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T, II, D — kinetic and potential energies and
dissipation function of mechanical system; g - gen-
eralized coordinate; F, - generalized force.

3. Mathematical model of a transport vehicle

The model of a transport vehicle (TRV) (2, 3, 4]
is presented in Fig 1. This model consists of con-
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centrated masses which are connected by dissipative
and elastic elements. Such a model of TRV takes
into consideration the stiffness of elements of sus-
pensions and tyres and also their ability to absorb
the mechanical energy.

The presented model consists of eight elastic and
dissipative elements. There is a coordinate system
;- my— & in TRV geometric center O; and co-
ordinate system X;- Y- Z, in the TRV mass
center C;. Mass center of TRV is taken away from

its geometric center at the distance a)y, a)y. a)z

in direction of axis {;, m;, §;. The non-coinci-
dence of geometric center and mass center is ex-
plained by not symmetrical distribution of passen-
gers and TRV mass.

The number of generalized TRV coordinates is

equal to n=10, specifically:
{4.Y = L*q Y¢, Zc, Px, Py, Pz, 2o, Po, <o, ﬁPo,l (3)

The kinetic energy of TRV is equal to:
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where mc - TRV mass without suspensions; m,
m, - the mass of front and back suspensions; Ix,,
Iy, , Iz - inertia moments of TRV without suspen-
sion mass around axis X, Y}, Z,: I;, I, - inertia
moment of TRV front and back suspensions rela-
tively point O; and O, accordingly.

Potential energy of TRV elastic elements is equal
to:
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Fig 1. Scheme of a

where k; - stiffness coefficient of element; Al -
elongation or shortening of element.
Al; = !rxi.m'ng _!prinmr)u (6)

Dissipative function of TRV dissipative elements
is equal to:
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where h; - damper coefficient of element; A/, - the
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transport vehicle

speed of element elongation or shortening.
Placing the expressions (4), (5) and (7) in (1),
we shall get the equation system of TRV:

[Ma }{‘}u}"'lcu Héu}+lKa]{Qu}={Fa} s (8)
where [M,]. [c,], [K.]- TRV mass, damper and
stiffness matrix; {G,}, {4.}. {9} - TRV accelera-
tion, velocity and displacement vector; {Fa} - TRV
generalized force vector.



4. Description of a transport vehicle geometric
form

Whatsoever complicated a transport vchicle geo-
metric form is, it is possible to imagine it in the
form of a plane figure (Fig 2).

Fig 2. Transport vehicle geometric form:
a - projection on road surface; b - tangent and normal

to contour curve in point |

The contour of a plane figure is possible to ap-
proximate by B splines [5]. For this purpose points
0, L 2 ..
ordinates x;, y, of these points are known and are

m are fixed on the contour. The co-

written down in vector {R}. Knowing the vector

expression {Rp}. A}, {P}. iR} it is possible to
determine the curve expression of B spline:
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where ¢— parameter which changes in the interval
0<:<| between curve points; {P,} — vector of
point coordinates.

The matrix form of geometric equation, describ-
ing the elemental cubic curve of B spline is equal
to:

{R()}=[P] IM] {T}, (10)

where (RO} =lq(@) »0)];
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ry =[:° ¢l g2 r‘]: (12)
P1=kro} (A} (P2} {Pg}]=["'° e ]
Yo Y1 Y2 Y13

(13)

where [M] — base matrix of B spline.
In order to make the closed curve with the help

of known vector {P.}, (=0, .., m) it is necessary

{Pns1}. {Pms2l,
{P,,+3}. The following equations are to be fulfilled:

to know the additional vertex

{Pnu}={R}: {Pui2}={R}: {Pmia}={P2}
and tivl =f+1, 41 ={. (14)

Tangent and normal (Fig 2 b) to given curve
written down in parametric form are equal to:

oy [
& e
T
(2] -bras

{§§F=b02al

(19)

5. Modeling of physical, mechanical charac-
teristics of a transport vehicle

Transport vehicle movement during the interac-
tion with road fence depends on TRV movement
speed, on stiffness coefficient and on damper coef-
ficient of TRV mechanical energy and road fence.
The more stiff are TRV and road fence, the greater
dynamic loads develop during their interaction.


















