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Analysis of Wheel-rail Contact Dynamics Considering the

Three-dimensional Geometry of Rail Corrugation
KE Yan'” SUN Yaoliang'” PAN Zili’ An Boyang'’ WANG Ping'’
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Southwest Jiaotong University , Chengdu 610031, China;
2. Southwest Jiaotong University ,Chengdu 610031, China;
3. China Railway Eryuan Engineering Group Co. , Lid. ,Chengdu 610031, China)

Abstract: Rail corrugation, a typical form of rail damage, significantly affects the stability and safety of train
operations. To address the limitations of previous studies that simplified it as two-dimensional geometric irregularities,
this study extended the vehicle-track coupled dynamics model to incorporate the three-dimensional geometry of rail
corrugation, enabling a more accurate description of the wheel-rail impact dynamics and transient rolling contact
mechanics at rail corrugation sites. To further investigate the influence of the three-dimensional geometry of corrugation
on wheel-rail rolling contact behavior, this study provided a detailed comparison between the proposed model and the
traditional dynamics model (using the Hertz-FASTSIM algorithm). The research findings indicate; (1) During the

passage of wheels over short-wave corrugation, the wheel-rail force waveform obtained from the proposed model exhibits
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a double-peak characteristic, revealing the dynamic features of corrugation in an unstable development stage. (2) The
contact patch shape obtained from the proposed model shows significant asymmetry in both the longitudinal and
transverse directions, with contact stresses undergoing intense transient changes, while the traditional model exhibits
relatively smoother variations. (3) Compared to the traditional model, the proposed model predicts more conservative
limits for rail corrugation depth, primarily due to the intense wheel-rail impact forces caused by the instantaneous
transfer of the contact point. However, as the operating speed increases, the difference between the two models gradually
diminishes, eventually converging.

Key words: rail corrugation; three-dimensional geometric irregularities; multi-body dynamics; wheel-rail rolling

contact; rail irregularity limits
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