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MODELING THE DYNAMIC RESPONSE OF RAILWAY TRACK
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For a long time, the stress-strain state of the railway track was described by static
models, or quasi-static ones, which in one form or another took into account the
dynamics of loading on the track. For many needs, this approach could be considered
adequate today. But there is a class of problems that requires considering the
dynamics of not only rolling stock, but also the railway track reaction [1].

The main commonly accepted approach that is used to model (simulate) the
dynamic interaction of rolling stock and track is the application of systems of
equations compiled according to the Lagrange-d'Alembert principle [2]. It is known
that the basis of this solution is the dynamic equilibrium of motion (oscillations) of
bodies with constant masses brought to a point (center of mass), which are
interconnected by elastic and dissipative linkings [3]. Unlike rolling stock, in case for
the railway track this representation does not quite correspond to its design [4]. The
main reason is that this approach requires the replacing the deformation processes of
the layers for the mutual movements of individual objects.

As a tool for solving such problems, the authors developed a model based on the
dynamical theory of elasticity [5], which allows us to describe the dynamic
equilibrium of strains of the railway track layers [6]. In the developed model, the
railway track is described as a set of objects {w, }, Fig. 1. In objects of the rail support

there are strains, the propagation front of which varies in time A(¢). The range of

stresses is limited by the surface described by a set of vectors {0 }, there position is
determined by the propagation velocity in an arbitrary direction, which depends on
the cross and longitudinal wave velocities in substance with Young's modulus,
Poison's ratio and density. With every time step As the stresses zone increases,
dividing the rail support into conditional segments. Each such segment is divided into
separate elements — space, limited by four adjacent vectors. The summary data for
each object is information about the stress state of a segment. If it turns out that the
vector goes beyond the boundaries of given object (goes to the next one), its
parameters are corrected. Dynamic strain of the segment is subordinate to the system
of differential equations. Its solution determines the strain (deformations) of any
point of the under-rail space. The main part of the developed model is a description
of the stress-strain state of the rail support to which forces acting on brackets from the
rail deflection are applied. These forces are defined in the simulation process as a
connection that binds the rail deflection and the rail support strain. Fluctuations of
rails are determined from the condition of mutual rail deflection ( y, ), which 1s based

on the brackets, and deflection of the rail support in the place of brackets ( y,) from
forces, transmitted to these brackets from the rails (Q, ).
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Fig. 1. Calculation scheme for the spatial model of dynamic strains of the railway track
on the basis of the elasticity theory

In the work analytical dependences were obtained and key points of the
mathematical tool for the creating models of the stress-strain state of the railway track
according to the principle of combining the geometry equations of the system space
part outline were formulated. This system was involved in the interaction for a given
moment of time and equations of the dynamic equilibrium of its deformation.
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