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Study on Semi-active Control of Secondary Suspension for
Superconducting Electromagnetic Suspension Trains

ZHANG Weihai , ZENG Jingsong , YAN Zhaoying ,
LI Gang, MA Guangtong

( The State Key Laboratory of Traction Power, Southwest Jiaotong University,
Chengdu 610031, China )

Abstract : In order to improve the ride comfort of superconducting electromagnetic suspension (EMS) trains, a 14-
DOF dynamic model for vertical and pitching vibration analysis of a superconducting EMS train was established, which was
composed of three car bodies and four bogies. The random guideway irregularity was used as the excitation. By studying the
coupling law of vertical velocity and vertical acceleration of the car body, a semi-active control method with improved sky-
hook damping was proposed. By establishing the simulation model, the vibration control effects of two semi-active control
methods of the original sky-hook damping and the improved sky-hook damping in the secondary suspension of the
superconducting EMS vehicle were analyzed and compared mutually. The results show that the roots of mean square of
vertical acceleration and pitch acceleration at the mass center of the middle car body were reduced by 19.77 % and 17.34 %
respectively under the improved sky-hook damping control compared with the passive control. Under the premise of
obtaining the same vibration reduction effect, the peak value of output control force from the improved semi-active sky-hook
damping control method was 12.8 % smaller than that of the sky-hook damping semi-active control method. Therefore, the
improved sky-hook damping semi-active control method has better control effect and higher vibration reduction efficiency,
and is more suitable for vehicle vibration control.

Key words : vibration and wave; superconducting electromagnetic suspension (EMS); vibration control; secondary
suspension; sky-hook damping control; improved sky-hook damping control
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