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tromagnetic force of ground coil for levitation and guidance

Research on a forced vibration method for calculating equivalent parameters
of superconducting electrodynamic suspension systems

SU Xiaolei', LIU Yaozong"**, XIONG Dengyu', ZENG Qijin'

(1. College of Intelligence Science and Technology, National University of Defense Technology, Changsha, Hunan 410073, China;
2. Hunan Provincial Key Laboratory of Electromagnetic Levitation and Propulsion Technology, Changsha, Hunan 410073, China;
3. Engineering Research Center of Railway Industry on High-speed Maglev Technology and Equipment, Qingdao,
Shandong 266111, China)

Abstract: Superconducting electrodynamic suspension (EDS) systems generate levitation and guidance through interactions be-
tween the onboard superconducting coils and ground null-flux coils. These systems exhibit strongly nonlinear, coupled mechanical-elec-
trical-magnetic characteristics, so their dynamic behaviors are characterized and evaluated using characteristic parameters such as equiva-
lent stiffness, equivalent damping, and natural frequency, obtained by modeling the systems as equivalent linear oscillators around select-
ed working points. The forced vibration method is widely used to identify these equivalent parameters; however, its application to EDS
systems often produces abnormal speed-dependent variations and pronounced sensitivity to excitation parameters, resulting in reduced ac-
curacy and poor repeatability. To address this, leveraging a field-circuit-motion coupled simulation model, this study explored how elec-
tromagnetic-force ripples induced by discretely distributed ground null-flux coils and the choice of excitation parameters and working
points affect the calculated equivalent parameters. Based on this analysis, an improved forced vibration method is proposed. Simulation
results demonstrate that the improved forced vibration method effectively suppresses abrupt speed-dependent variations in the equivalent
parameters and yields more stable and repeatable calculation results. These findings provide a reference for extracting local linearization
characteristic parameters and for the characteristic analysis of such systems.

Keywords: superconducting electrodynamic suspension (EDS); equivalent stiffness/damping; forced vibration method; levitation

force fluctuation; phase matching
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