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Abstract Numerical methods are usually used to analyze the amplitude of limit cycle and nonlinear critical speed of
railway vehicle system, which is inconvenient to study the rule of variation with vehicle system parameters. The wheelset
system retains several critical elements that affect the dynamic performance of the railway vehicle system, such as the
geometric nonlinear constraints of the wheel-rail, the wheel-rail contact creep relationship, and the suspension system,

which can reflect the essential characteristics of the hunting motion of the railway vehicle system. The wheelset system
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has fewer degrees of freedom and parameters, which can be analyzed by the analytical method. In this paper, the
nonlinear dynamics equations are nondimensionalized by choosing appropriate characteristic parameters, and the two-
degree-of-freedom nonlinear differential equations with small parameters are obtained. The method of multiple scales is
used to solve the equations analytically. The analytical expressions of the amplitude of the limit cycle of the wheelset
system are given and its stability is judged. The analytical expressions of the bifurcation speed of the wheelset system are
given, and then the analytical expressions of the nonlinear critical speed of the wheelset system are obtained. After the
analytical solutions are verified by the numerical results, the influence of wheelset system parameters is analyzed by
using the analytical solutions. The traditional calculation methods of bifurcation diagram (such as speed reduction
method, path-following method, etc.) require a large number of numerical integration calculations on the differential
equations to solve the nonlinear critical speed of the system. However, the analytical expressions obtained in this paper
can directly give the nonlinear critical speed and amplitude of the limit cycle of the wheelset system, which is convenient

for studying the rule of variation of the dynamic performance of the wheelset system with parameters and for quick

comparison and screening of schemes, and provide a reference for the optimization design of bogie structure.
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Fig. 1 Schematic diagram of the wheelset model
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Table A1 Wheelset parameters
Parameters Value
mikg 2000
J/(kg-m?) 980
KJ/MN-m™) 3.0
KJ(MN-m™) 7.48
b/m 0.7465
I/m 1.0
ro/m 0.43
JSi/MN 1.5232
S/MN 1.4019
So/(N'm™) 3.4158 x 10°
5,/(N'm) 2.0053 x 10'°
5,/(N'm) 57054 x 10'
A 0.05
gl(m-s7?) 9.80
v -




