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Study on the Vibration and Noise Characteristics of Wheel-rail
System Based on Wheel Polygon Excitation

ZHANG Shuliao', YANG Siyuan', LI Shuaihui', XIN Chao', LIN Yusen'”

(1. School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. Key Laboratory of the Ministry of Education for Road and Railway Engineering Safety Assurance,
Shijiazhuang Tiedao University, Shijiazhuang 050043, China )

Abstract ; With the increasing wear of high-speed trains, polygonal wear in the circumferential direction of
the wheel will occur. In order to study the influence of wheel polygons on the vibration and noise characteristics
of wheel-rail structures, taking a train as an example, based on the rigid-flexible coupling dynamics theory, an
accurate vehicle-track rigid-flexible coupling model was established. The high-order wheel polygon was used as
the excitation input to analyze the vibration characteristics of the wheel-rail structure at high frequencies. The
wheel-rail response was taken as the acoustic boundary condition, and the transient boundary element method
was used to analyze the acoustic radiation characteristics of each wheel-rail subsystem. The research shows that
the amplitude of wheel-rail vertical force and the amplitude of rail head vibration acceleration increase with the
increase of single variable in polygon order, amplitude and running speed. The fastener force amplitude does not
change significantly with the increase of polygon order. The amplitude of wheel-rail vertical force and rail vibra-
tion acceleration at high speed increase faster with the increase of order. The influence of polygon order, ampli-
tude and running speed on wheel-rail acoustic radiation efficiency is not obvious, and the influence on wheel-rail
acoustic radiation power is more significant.

Key words : wheel polygon ; coupling model ; dynamics ; frequency



