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Fuzzy semi-active control of railway vehicle with
magnetorheological dampers
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Abstract;: The control methods of semi-active suspension system for railway vehicle with
magnetorheological (MR) dampers were studied. The multi-body dynamics model with 50 {reedom
degrees of railway vehicle and the Spencer model of MR damper were set up. The fuzzy controller
based on the feedback of velocity and acceleration was designed. The inverse model of MR
damper predicting the control current was built by using the voltage control function and the
separating method of hysteresis characteristic. With the simulation method, the characteristic of
fuzzy semi-active suspension system with MR dampers was studied and the dynamics performance
of vehicle with semi-active suspension system was analyzed. Simulation result shows that when
the fuzzy control method based on the inverse model is used, the actual damping force can track
accurately the desired value given by the controller. Compared with the passive suspension
system, the fuzzy semi-active suspension with MR dampers can reduce vehicle vibration in the
range of 1-10 Hz. When vehicle speed is 250 km « h™', vehicle vibration acceleration decreases by

53.3%. The riding comfort index increases by 6%-9% when the speed of vehicle ranges from
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Fig. 2 Phenomenological model of MR damper
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Tab.1 Parameters of MR damper model

ko/(N+ cm™1) 46.9
ki/(N+cm™h) 5
Coa/(N e secm 1) 0.2
cop/(Nesecm™ 1) 300. 5
c1./(Nesscm 1) 2 830
e/ (Nesecem™h) 2.95
a,/(N+Vecm 1) 100
a,/(N*Veem D) 3 000

v/cm ™ ? 363
B/cm 2 363
A 301
p/s”! 204
n 2
do/cm 0
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Tab.2 Fuzzy control rules

V.

Ac

NB NM NS Z0O PS PM PB
NB —4 —3 —1 0 1 1 2
NM —4 —3 —1 0 1 2 3
NS —4 —3 —1 0 1 3 3
70 —4 —3 —1 0 1 3 4
PS —3 —3 —1 0 1 3 1
PM —3 —2 —1 0 1 3 4
PB —2 —1 —1 0 1 3 4
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