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Abstract

To study the influence of elastic vibration mode order of wheelset on wheel-rail dynamic interac-
tion, a 30 t axle-load wagon was taken as the research object. Firstly, the elastic models of wheel-
set with different vibrating modes were established by using the finite element method, which
were introduced into the dynamic software to constitute the rigid-elastic coupling dynamic model
of freight wagon. The time domain, frequency domain and statistical maximum analysis methods
were applied. It was found that, the first-order lateral bending mode of wheelset and umbrel-
la-type vibration mode of wheels could ease the wheel/rail lateral and vertical forces. Meanwhile,
the first-order horizontal and vertical bending modes would produce larger longitudinal creep
forces. Finally, the influence of different modes on the dynamics at different speeds was analyzed.
As the first-order torsion, lateral bending and second-order vertical bending modes were excited,
the change of velocity had great influence on the creep forces of wheelset. Comparing between the
wheel-rail lateral and vertical forces, the speed change had the greater influence on the wheel-rail
lateral forces when the first-order and second-order vertical bending vibration modes dominated
in the wheelset.
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Figure 1. Description of elastomer space
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Figure 2. Wheelset structure drawing
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Figure 3. Modeling process of flexible wheelset
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Figure 4. Finite element model of wheelset
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Figure 5. Alone modal models and corresponding frequencies
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Figure 7. Heavy-haul freight wagon topological relationship
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Figure 9. Track irregularity
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Figure 10. Time-domain response and spectrum characteristics of wheel-rail lateral forces in different modes
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Figure 11. Time-domain response and spectrum characteristics of wheel-rail longitudinal creep forces in different modes
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Figure 12. Comparison diagram of the position of contact point of one wheelset tread with different mode models
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Figure 13. Comparison diagram of wheel-rail force of one wheelset tread with different mode models
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Figure 14. Comparison diagram of creep force of one wheelset tread with different mode models
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Figure 16. The statistical maximum value and change rate of lateral creep force of different velocities all the modes
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Figure 17. The statistical maximum value and change rate of Wheel-rail lateral force of different velocities all the modes
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