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Active Suspension Control Strategy of Virtual Rail Train

Based on Wheelbase Preview

Wang Yuheng Yang Caijin’ Xu Jing Zhou Shuai Zhang Weihua

(State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu 610031, China)

Abstract For the vertical vibration problems of virtual track train, an active suspension control strategy
is designed based on wheelbase preview principle. Firstly, the vertical vibration model of the train cou-
pled with the stochastic uneven road is established, where the road is treated as the time-domain excita-
tion of road unevenness in the linear filter white noise method. Secondly, the active suspension control-
ler of the train is developed using the linear quadratic Gaussian (LLQG) control theory based on the train
wheelbase preview information. The adaptive particle swarm optimization (APSO) is used to optimize
the weighting coefficients of the developed controller. Finally, the vertical dynamics of the train under
the excitation of random and pulse roads is studied. The simulation results show that the control strate-
gy reduces the vertical vibration of each vehicle body of the train under road excitations, and has good ro-
bustness against with different road grades and train speeds, and the ride comfort of the train is im-

proved.
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Fig. 2 Vertical dynamics model of the ith vehicle
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Table 1 Main parameters of train model

Parameter Notation Value[ Unit]
Vehicle body mass m, 11 200kg
Unsprung mass m, 373. 5kg
Moment of Inertial (x-axis) I, 38 400kg- m”
Moment of Inertial (z-axis) I. 10 756kg- m”
Distance from front axle to COM a 3m
Distance {from rear axle to COM b 3m
Distance from right tyre to COM c 1. 1m
Distance from left tyre to COM d 1. 1m
Suspension stiffness k 189 418N/m
Suspension damping C 29 674Ns/m
Tyre stiffness k, 1.95X10°N/m
Distance between vehicles e 0.8m
Distance from COM to front AD Ly 5m
Distance from COM to rear AD L, 5m
AD equivalent stiffness ky 2X10°N/m
AD equivalent damping ¢y 2X10°Ns/m
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Table 2 Optimization effect of train ride comfort indexes
RMS
Rid fort ind Passive suspension Preview Preview LQG Decrement
1 miort 1 8
¢ comio exes without control LQG + APSO
Vertical acceleration/(m/s”) 5.10% 10" 4.49x10"" 3.54x 10" 30.59%
Pitch angle acceleration/(rad/s”) 1.72x10 ! 1.46X10 ! 1.18%10 ! 31.40%
Roll angle acceleration/(rad/s*) 1.13%X10 ! 1.02x10"* 0.92X10"* 18.58%
Suspension deflection/m 2.23%10° 2.15%x10° 1.99x10° 10.76 %
Tire deformation/m 1.09x107° 1.18x10"* 1.32x107° —21.10%
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