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Abstract: To study the effect of fastener structure parameters on wheel-rail frictional self-excited oscillation,
based on the viewpoint of frictional self-excited vibration of the wheel-rail, a finite element model of the
wheelset-track system on a small-radius curve track supporting by the monolithic roadbed was established. Then,
the wheel-rail frictional self-excited vibration model was verified by the field test and numerical simulation.
Furthermore, the influence of fastener parameters on the wheel-rail frictional self-excited oscillation was studied.
Considering the interaction between multiple factors, the occurrence possibility of wheel-rail frictional self-
excited oscillation was obtained by the least squares method. The results show that the wheel-rail frictional self-
excited oscillation caused by the saturated creep force between the wheel and rail is a key reason that causes rail
corrugation on a small-radius curve track supporting by the monolithic roadbed. The frictional self-excited
oscillation mainly occurs at 300 Hz and 320 Hz. According to the multi-parameter fitting equation of fastener

structure, when the vertical damping of fastener is 1000 N es/m and the fastener distance is 1.0 m in the
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appropriate range, the possibility of wheel-rail frictional self-excited oscillation is reduced, thereby the possibility

of rail corrugation is reduced.

Key words: frictional self-excited vibration; fastener structure; least squares method; multi-parameter fitting; rail

corrugation
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Fig. 1 Finite element model of

wheelset-track system (R = 300 m)
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Tab. 1 Material parameters of finite element model of
wheelset-track system
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Tab.2 Parameters of track support structure of
Cologne-egg fastener
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Fig. 2 Frictional self-excited vibration frequencies and
modes of wheelset-track system
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Tab. 3 Parameter variation range of track support structure
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Fig. 3 Influence of single factor on the frictional self-excited vibration of wheelset-track system
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