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SIMULATION OF THE DYNAMICS OF OSCILLATIONS
OF ONE MODEL OF THE RAIL CARRIAGE

V. V. Kovalchuk, PhD (Tech.)
Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies (Kyiv)

The study of the dynamics of rolling stock at the current stage of development of
the railway industry is one of the current areas of scientific research. The tasks that
are solved at the same time make it possible to determine the conditions for the safe
transportation of goods and passengers under the condition of increasing the speed of
train movement. When improving the mathematical modeling of rail crews and
calculation methods, it is necessary to take into account that the dynamics of the car
are determined by a complex set of interconnected phenomena.

At the moment, scientists are looking at different mathematical models that
correspond to different types of rail carriages and suspension systems. They also take
into account the dynamic interaction of the car and the rail track. All these models
allow you to carry out engineering calculations taking into account certain features
and to investigate the influence of various parameters depending on the task.

An important factor in the study of the dynamics of cars is that the forces acting
on the elements of the rail carriages have a complex structure from the point of view
of mathematical classification. The corresponding mathematical model includes
dissipative, gyroscopic, potential and non-conservative positional forces.

In this work, for the study of vertical oscillations, the railcarriage is modeled by a
mechanical system of solid bodies, which are connected to each other by rigid and
elastic elements. It is taken into account that the model consists of a wagon body,
which is supported by an additional (secondary) suspension system to a bogie. The
bogie is in turn connected to wheel-sets through a primary suspension system. Both
suspension systems are modeled with an appropriate number of vertical and
horizontal spring-damping units [1].

The following initial data were adopted for the considered model:

m,, I. —masses and moments of inertia of the wagon-body and bogie,

c, — stiffness of the spring suspension bushing spring and the central spring of the

spring suspension,
u, — coefficients of relative damping of dampers.

In general, 16 degrees of freedom are used to describe such a model. In this work,
we will consider a system with three degrees of freedom for the study of vertical
oscillations. We take for generalized coordinates z, — the coordinates of the linear

vertical movements of the centers of mass of the wagon-body and bogie, ¢ — the
coordinate of angular movement. With respect to these coordinates, we define
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general expressions for kinetic and potential energy and use Lagrange's equation of
the second kind.
To study the vertical oscillations of the considered mechanical system, the
differential equations can be presented in matrix form:
d’ d d
M-EZ1C 4K 4D z=F()
dt dt dt
in which M 1is the mass matrix, C is the damping matrix, K is the stiffness matrix,
F(¢) is the force vector.
We assume that the generalized disturbing forces F(z) are harmonic functions of

time, having the same frequency and different amplitudes [2].

A Maple program was developed to study the dynamic behavior of the system. To
illustrate the effect of train speed, several numerical examples are performed in this
study. With the help of numerical and qualitative analysis, the critical values of the
speed were determined and the influence on the dynamic behavior of the system of
the dissipation coefficients of the dampers and the stiffness parameters of the axle
box spring and the central spring of the spring suspension was investigated. The
developed model and the obtained results allow taking into account the peculiarities
of rolling stock and dynamics movement and unevenness of the track in order to
establish optimal parameters.
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