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Optimized calculation approach of levitation force in single-point
maglev system for maglev trains

ZHANG Jiaxin', HAN Yufei', LTU Shuai’

(1. CRRC Technology Innovation (Beijing) Co., Ltd., Beijing 100192, China;
2. CRRC Changchun Railway Vehicles Co., Ltd., Changchun, Jilin 130062, China)

Abstract: Levitation control is one of the key technologies in maglev trains, and an accurate electromagnetic force distribution
model is fundamental to the design of electromagnets and levitation controllers. The electromagnetic levitation force is generated bet-
ween the pole faces of the electromagnets and the rails, and it is directly related to the magnetic field distribution within the levitation
gap. Consequently, this force varies in real time, depending on the excitation current of the electromagnets and the levitation gap. Howev-
er, due to the fringing effect, the magnetic field in the levitation gap is not uniformly distributed, and magnetic flux leakage occurs
around the electromagnets. These factors cause significant errors in electromagnetic force calculations from existing models that assume
an ideal magnetic field distribution. To address this issue, an optimized calculation model for electromagnetic force in single-point levita-
tion systems was developed, based on a magnetic field distribution in the levitation gap derived via conformal mapping. Comparative
simulation experiments were conducted to evaluate the proposed method against the model with an ideal electromagnetic force distribu-
tion and the finite element method. Results demonstrate that the proposed model significantly reduces calculation errors for both electro-
magnetic force and steady-state levitation current, with specific calculation errors not exceeding 4.2% and 3.2%, respectively, outper-
forming the finite element method. Platform tests further confirm that the proposed model results in steady-state levitation current calcu-
lation error not exceeding 5.6%.

Keywords: maglev train; electromagnet; electromagnetic levitation; electromagnetic force; conformal mapping; simulation; finite

element
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