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Research on Vibration Characteristics of High-Temperature Superconducting
Maglev Trains with Dynamic Vibration Absorbers

ZHANG Mingliang, YANG Bang

(School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: During high-speed operation, the high-temperature superconducting magnetic levitation
(maglev) train may experience variations in the levitation gap due to normal force disturbances from the
linear motor traction, which can seriously threaten operational safety when the levitation gap exceeds
safety standards. To prevent excessive vibration of the train during high-speed operation, a dynamic
vibration absorber was proposed to suppress the vibration of the train, and a study on the vibration
characteristics of the high-temperature superconducting maglev train with dynamic vibration absorber
was conducted. First, the [inite element method for mechanical characteristics was used to obtain the
levitation force data of the maglev train, and an empirical formula for the combined force of levitation
force and gravity was established. Subsequently, a vertical dynamic model of the maglev train under
transient normal excitation from the linear motor traction was developed. The harmonic balance method
was employed to derive approximate analytical solutions for the steady-state responses of the levitation
frame amplitude and additional mass block amplitude. The influence of the stiffness and damping
parameter of dynamic vibration absorber on the levitation frame amplitude was analyzed. The research
results show that as the linear stiffness %, increases, the amplitude of the levitation frame gradually
decreases, while the amplitude of the additional mass block m, gradually increases. As the damping
parameter ¢, gradually increases, the amplitude of the levitation frame slightly decreases, and the
amplitude of the additional mass block gradually increases. Under the condition of minimizing the
amplitude, the optimal combination of stiffness and damping parameters within a certain range is
obtained. Compared to the scenario without vibration reduction measures, the use of the dynamic
vibration absorber significantly reduces the amplitude of the levitation frame. The findings of this study
provide a vibration reduction method for ensuring and improving the operational safety of maglev trains.

Key words: maglev train; dynamic vibration absorber; harmonic balance method; vibration ampli-

tude



