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Research on Hopf Bifurcation Control of Bogie Hunting

Motion of High-Speed Trains"

Wen Jinghan Zeng Jing' Mao Rancheng

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

Abstract The bogie hunting stability directly determines the safe and smooth operation of the train at
high speed. The use of active suspension technologies is an efficient way to improve the stability. At
present, there is lack of research on the Hopf bifurcation mechanism and stability evolution of bogie hun-
ting motion with applying active control. Hence, the Hopf bifurcation characteristics of hunting motion
under the bogie yaw feedback control is studied. A three-degree-of-freedom simplified vehicle model in-
cluding lateral and yaw motions of the bogie and lateral motion of the carbody is established. The actua-
tor is adopted to replace the existing anti-hunting damper to provide the bogie yaw control torque. The
bogie yaw angular displacement and angular velocity are taken as the state feedbacks and design the line-
ar feedback controller. The Hopf bifurcation and limit cycle calculations are realized by using Matcont
simulation. The results show that, compared with the bifurcation characteristics of passive suspension,
the Hopf bifurcation points can be delayed by introducing two active control methods for bogie yaw angu-
lar displacement and velocity, i. e, the linear critical speed of the system is increased. The amplitude of
limit cycle and the frequency of hunting motion decrease under the control of bogie yaw angular velocity.
While under the control of bogie yaw angular displacement, the frequency of hunting motion increases,

and the amplitude of limit cycle has no obvious change. Therefore, under the reasonable selection of con-
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trol gain, the use of bogie yaw control can effectively improve the hunting stability of high-speed bogie.

Key words high-speed train, bogie,
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Table 1

System parameters

Notations Values  Units Parameters

my, 2200 kg Mass of bogie frame

m, 1. 8ed kg Half mass of carbody

I, 2336 kg-m’ Yaw inertia of bogie {rame

L 0.95 m Half distance of suspension system

2 1.275 m Half distance of yaw dampers

k 6e6 N/m Stiffness of yaw damper
Cyaw 2e5 N-s/m Damping of yaw damper
b 0. 7465 m Half distance of wheel/rail contact points
I 1.25 m Half distance of wheelbase
ro 0.46 m Wheel rolling radius
k. 1.66e5 N/m Secondary lateral stiffness
ko 1.66e5 N/m Secondary longitudinal stiffness

Csy Sed

N.s/m Damping of secondary lateral damper
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