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ABSTRACT

An analytical method has been developed to estimate the dynamic contact force between
wheel and rail when trains are running on rail with vertical irregularities. In this method,
the effect of Hertzian deformation at the contact point is considered as a linearized spring
and the wheel is considered as an sprung mass. The rail is modelled as a discretely-supported
Timoshenko beam, and the periodic structure theory was adopted to obtain the driving-point
receptance. As an example, the dynamic contact force for a typical wheel/rail system was
analysed by the method developed in this research and the dynamic characteristics of the
system was also discussed. It is revealed that discretely-supported Timoshenko beam model
should be used instead of the previously used continuously-supported model or discretely-
supported Euler beam model, for the frequency range above several hundred hertz.
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Fig. 1 Model of rolling wheel on rail
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Fig. 2 Schematic diagram of rail support



Fig. 3 Model of rail on discrete equivalent
dynamic spring .
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Table 1 Input parameters

Wheel mass 350 kg
Wheel/rail contact spring const. | 1.5 GN/m
Rail mass 56  kg/m
Bending stiffness of rail 4.86 MNm2
Shear stiffness of rail 201 MN

Mass moment of inertia of rail} 0.1843 kgm2/m

Spring constant of pad 260 MN/m

Damping coefficient of pad | 63 kN/{m/sec)

Sleeper mass 110 ks
Sleeper span 0.698 -m
Sprihg constah£ of ballast | 180 MN/m

82 kN/(m/sec)

D amping cdefficient of ballast
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Fig. 4 Equivalent spring constant and damping
coefficient for the rail support
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Fig. 5 Magnitudes of the driving-point receptance
of the rail calculated
by continuously supported model
----- ¢ Timoshenko beam,100 m/sec
----- : Timoshenko beam, 0 m/sec
-+ -+~ : Euler beam, 0 m/sec
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Fig. 8 Time history of contact force per unit
vertical rail irregularities when speed
is 100 m/sec
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