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Modeling and simulation of lateral fuzzy control semi-active suspension system for
high-speed trains considering time delay compensation
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Abstract: In order to study the semi-active suspension control strategies of high-speed trains based on
magnetorheological dampers, its time delay problem and delay compensation methods, this paper established a
tractor dynamics model of CRH3 trains with 50 freedom degrees. The characteristics of the RD-8040-1 MRD
from Lord were tested and its BP neural network model and damper output delay model were developed. A fuzzy
controller based on the feedback of the speed and acceleration states of lateral and yaw of car body was designed
and used to predict the damper control current. The Smith-PID control was applied to compensate for the damper
output delay; SIMPACK and SIMULINK were used to build a co-simulation platform to analyze the vehicle
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dynamics performance with the semi-active suspension system. The results show that the time delay worsens the
control effect to some extent and makes the control effect unstable, but the ability of the damper to track the
desired current is significantly improved with using time delay compensation; compared with the passive
suspension, the fuzzy control semi-active suspension system with time delay compensation based on MRD can
effectively reduce the lateral vibration of the car body and improve the riding comfort of the trains. At a speed of
250 km/h, the maximum value of car body lateral acceleration spectrum decreases from 0.079 86 m/s® to
0.049 56 m/s?, with an improvement of 37.9%. In the speed range of 100~350 km/h, the car body riding comfort
index is improved by 2.1%~12.9%.
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compensation
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Table 1  Fuzzy control rules for lateral control strategy
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