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Unstable Limit Cycle Solution for Hunting Motion of Railway
Vehicle Based on Initial State Excitation Method

LI Hu, YAO Yuan, CHEN Xiangwang, LI Guang

(State Key Laboratory of Traction Power, Southwest Jiaotong University , Chengdu Sichuan 610031, China)

Abstract: Aiming at the difficulty in solving the unstable limit cycle through vehicle dynamics simulation in
hunting motion bifurcation diagram of railway vehicles, the initial state excitation method was proposed to solve
the unstable limit cycle by direct integration. In this method, the multi-body system dynamics simulation
software Simpack was used to establish the dynamic model of high-speed train; and the quasi-periodic solution
was dynamically weighted and adjusted by Matlab as the initial state of the main components of the vehicle
system. The motion state of rigid body was obtained by time domain integration on the smooth track; then the
unstable limit cycle, the equilibrium point and the stable limit cycle were drawn in the bifurcation diagram
indicating the change in the lateral displacement amplitude of the wheelset along with the running speed; and the
complete hunting motion bifurcation diagram of the vehicle was obtained. A high-speed train was taken as an
example to solve the hunting motion bifurcation curves under different wheel-rail contact conditions and anti-
hunting damper fault conditions based on the initial state excitation method. The results show that the vehicle
hunting motions of the new wheel and the wear wheel correspond to Hopf subcritical bifurcation and supercritical
bifurcation, respectively; and the hunting motion under wear wheel conditions changes from subcritical
bifurcation to supercritical bifurcation. Making no change to the damping of anti-hunting damper will only reduce
the unloading force, which does not affect the critical speed of vehicle Hopf bifurcation, but it will reduce the
critical speed of vehicle LPC (Limit Point Bifurcation of Circle) bifurcation and the amplitude of the unstable

limit cycle, so as to reduce the lateral stability of the vehicle.

Key words: Railway vehicle; Unstable limit cycle; Hunting motion; Bifurcation; Initial state excitation method;

Direct integration
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