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Abstract :

Keywords :

The accuracy of wheel-rail contact modeling directly affects the reliability of railway vehicle dynamics
simulation. The traditional Kalker linear theory suffers from distorted descriptions of shear stress
distribution and lack of force saturation effect under medium to high creepage conditions, leading to
prediction deviations. To address this, a tangential contact model integrating non—-Hertzian contact
geometry and nonlinear correction mechanisms is proposed. Based on the Kalker linear theory,
the model deduces the tangential force expression for non-elliptical contact patches, introduces
an elliptical traction boundary to divide the contact area into stick and slip zones, and constructs a
nonlinear creep force reduction mechanism by combining the Vermeulen-Johnson model and Shen—
Hedrick—Elkins theory. Simulation results show that under the conditions of lateral displacement
from -6 mm to 6 mm and yaw angle from -0.03 to 0.03 rad, the relative error of the longitudinal
tangential force calculated by the model is less than 15%, the transverse error is less than 10%, and
the efficiency is improved by 28.7% compared with the Kalker variational method model (KVM). This
model achieves the engineering requirements of "high—precision prediction" and "efficient calculation”
under medium to high creepage conditions, providing reliable theoretical support for multibody
dynamics simulation and being suitable for efficient tangential contact modeling in railway vehicle
multibody dynamics.

wheel-rail contact; Kalker linear theory; non-Hertzian contact; nonlinear correction; elliptical
traction boundary
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