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Semi-active Control of Rotary Arm Joints with Variable Stiffness for EMU

CHI Maoru ZHAO Minghua ZHOU Di
State Key Laboratory of Rail Transit Vehicle System,Southwest Jiaotong University,
Chengdu,610031
Abstract: In order to suppress the swaying of carbody caused by abnormal wheel-rail matching re-

LI Xuyang DAI Liangcheng”

lationships in EMU operation, a semi-active rotary arm joint was proposed to replace the passive rota-
ry arm joint. The semi-active rotary arm joint with two-level stiffness characteristics was designed,
and a mechanics model of the semi-active rotary arm joint was established. The complex stiffness ex-
pression of semi-active rotary arm joint with variable inertia channel was derived. The accuracy of the
model was verified by bench test comparisons. Based on the control strategy of semi-active rotary arm
joint, the co-simulation model of semi-active rotary arm joint and vehicle dynamics was established,
and the influences of semi-active rotary arm joint on vehicle dynamics performance under different
wheel-rail matching relationships was analyzed. The results show that the semi-active rotary arm joint
may effectively reduce the high-amplitude and low-frequency swaying of the carbody in speed interval
corresponding to primary hunting, and obviously reduce the amplitude at main frequency of lateral ac-
celeration of the carbody under the condition of low-conicity wheel-rail matching. Compared with the
vehicle equipped with traditional passive rotary arm joint, the vehicle equipped with semi-active rotary
arm joint has better curve passing capacity and higher critical speed under the conditions of normal
wheel-rail matching.

Key words: electric multiple unit(EMU); rotary arm joint with variable stiffness; semi-active

control; primary hunting; vehicle dynamics performance
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Fig.1 Structure diagram of the semi-active rotary
arm joint
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Fig.2 Semi-active measurement and control system
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Fig.3 Lumped parametric model of semi-active

rotary arm joint
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