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Table 1~ Weighted coefficient for the method

Symbol s a, a, m 7,
GMEM1 1 1 - 1 -
GMEM2 2 32 -1/2 1 -12
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Fig. 1 Implementation process of the method
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Table 2 Parameters of the leading coupler model
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Table 3 Parameters of the middle coupler model

Symbol Value Unit Symbol Value Unit

v, 0.001 m/s k, 1x10* N/m
8, 0.573 m a, 50 m™
£ 1x10° N k, Ix10°  N/m
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Table 4  Comparison of consumed time of algorithms

Numbers 1 2 4 8
GMEM?2/s 3.06 6.60 15.95 42.63
RK4/s 11.71 25.05 61.28 160.64
Ratio 3.83 3.80 3.84 3.77
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APPLICATION OF A GENERALIZED MULTI-STEP EXPLICIT
INTEGRATION METHOD TO NONLINEAR RAIL VEHICLE
DYNAMICS *

Yang Chao" Li Qiang Wang Xi
(School of Mechanical, Electronic and Control Engineering , Beijing Jiaotong University , Beijing 100044, China)

Abstract A generalized multi-step explicit integration method (GMEM) was used to improve the computational effi-
ciency for nonlinear rail vehicle dynamics. The increment formulation of the explicit integration algorithm was developed
for nonlinear systems. The train dynamic model consisting of the vehicle and couplers, etc., was established. Both the
coupling impacts and the medium- and low-speed collisions of the vehicles were studied by using the GMEM. The results
indicated that the GMEM is endowed with good stability in the testing examples. The computational speed of the GMEM
is approximately 3.8 times of that of the Runge-Kutta method. The locking phenomenon occurs in the transition stage for
the dry friction coupler model. The carbody acceleration oscillates with high frequencies due to the locked state in the

train impact. Therefore, the GMEM is appropriate for the simulation of the nonlinear rail vehicle dynamics.

Key words nonlinear, algorithm, incremental form, rail vehicle, locking
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