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Convergence Condition of Cross Iterative Algorithm for Vehicle—

Track Nonlinear Coupling Equations

Wu Shenhua, Lei Xiaoyan

(Engineering Research Center of Railway Environment Vibration and Noise of the Ministry of Education, East China Jiaotong

University, Nanchang 330013, China)

Abstract: A model for dynamic analysis of vehicle—track nonlinear coupling system was established by finite ele-
ment method. The whole system was divided into two subsystems, i.e., the vehicle subsystem considered as second-
ary spring vehicle model and the track subsystem regarded as three discrete elastic beams model. Coupling of the
two systems was achieved by equilibrium conditions for wheel-rail nonlinear contact forces and geometrical com-
patibility conditions. A cross—iterative algorithm was presented to solve the dynamics equations of vehicle—track
nonlinear coupling system, but every step must be judged to satisfy equilibrium conditions for wheel-rail nonlinear
contact forces and geometrical compatibility conditions, leading to the selection of a higher time step that if the
time step exceeded a certain value it would be easy to cause failure of the iteration. In view of this situation, a re-
laxation technique was introduced to correct the wheel-rail contact force, which not only could broaden the selec-
tion of the time step but also could accelerate the iterative convergence rate. By contrast with the example of refer-
ence, the correctness of the algorithm was verified. Examples of cross—iterative algorithm of the relaxation tech-
nique were given, in which the influence of different time steps and relaxation techniques were considered. Results
demonstrated that the cross—iterative algorithm had the advantages of simple programming, fast convergence rate,
less computation time and high accuracy.

Key words: relaxation technique; time step; cross—iterative algorithm; vehicles—track nonlinear coupling system
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