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Study on Bifurcation and Chaos Characteristics of High
Temperature Superconducting Magnetic Levitation System

Zhang Mingliang'>>, Yang Xinmeng', Liu Liru', Zhang Lianpeng'

(1. School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China;
3. Key Laboratory of Opto-technology and Intelligent Control of Ministry of Education,
Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: High temperature superconducting (HTS) flux pinned magnetic levitation (FP maglev)
system is widely used, however, due to the nonlinear feature of the levitation force, anomalous
vibration of the equipment is commonly created in the real applications. In order to examine the nonlin-
ear vibration characteristics of HTS FP maglev system and identify strategies to avoid anomalous vibra-
tion, firstly, the levitation force data under different gaps were measured by experimental equipment
and fitted into an exponential model, then the dynamic model of HTS FP maglev system under
harmonic excitation was established based on the model, finally, the bifurcation and chaotic properties
of the system were investigated. The research shows that: the system exhibits rich nonlinear dynamic
characteristics; the chaotic threshold of the system decreases first and then increases with the growing
of the excitation frequency, that is, the system is not prone to be into chaotic motion in low frequency
and high frequency, but prone to chaotic motion in the intermediate frequency; the system mass, damp-
ing and field cooling height have a certain impact on the chaos threshold. The findings of this study
might serve as a guidance for designing parameters and suppressing vibrations in HTS maglev systems.

Key words: HTS FP maglev system; nonlinear vibration; bifurcation; chaos; largest Lyapunov exponent



