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Fig. 1 Structure of the dual-coil levitation system
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Table 1 Parameters of the suspension electromagnet
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Fig. 3 Variation of suspension electromagnetic force

with levitation gap and current
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Fig. 4 Three-dimensional magnetic field distribution
of the suspension electromagnet
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Fig. 8 Three-dimensional finite element magnetic field

distribution of the electromagnet with 14 mm lateral offset
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Structural and performance analysis of compact dual-coil levitation
electromagnets for maglev trains

LIU Pudong', XU Jungqi'?, CHEN Chen"?, SU Zhixuan®’, DOU Qingshan’

(1. College of Transportation, Tongji University, Shanghai 201804, China;
2. National Maglev Transportation Engineering R&D Center, Tongji University, Shanghai 201804, China;
3. Hunan Rail Transit Technology Application Research Center Co., Ltd., Changsha, Hunan 410027, China)

Abstract: To support the downsizing and lightweighting requirements of medium- and low-speed maglev trains and integrated de-
velopment of train levitation, guidance and traction functions, this study investigates a compact levitation electromagnet structure with
pole plates wrapped by two coils, and systematically assesses its electromagnetic characteristics, levitation performance and passive guid-
ance capability via an equivalent magnetic circuit method and finite element simulations. Firstly, an equivalent magnetic circuit model
was established to simulate a single electromagnet, and the computational formula for the vertical electromagnetic force was derived un-
der reasonable assumptions, to clarify the influence patterns of parameters including coil turns, input current and levitation gap on the
electromagnetic force. Subsequently, core parameters were determined accounting for existing track dimension specifications, and the
variation characteristics of levitation force with levitation gap and control current were quantitatively analyzed. Finally, a three-dimen-
sional finite element model was constructed in COMSOL software to examine the magnetic field distribution characteristics under rated
operating conditions via simulations, and the variations of excitation ampere-turns and the characteristics of guidance restoring force
with lateral pole offsets from 0 to 14 mm were analyzed. Results indicate that the control current strongly influences the levitation force;
as the air gap decreases, the current increases and levitation force becomes more sensitive to parameter variations. Under rated operating
conditions, the magnetic flux density in the main regions of the iron core and pole plates remains below the saturation threshold, and the
magnetic induction intensity is uniformly distributed in the air gap, offering good engineering rationality. With lateral pole shifts, the ex-
citation ampere-turns increase monotonically with offset, with a 22.9% growth at an offset of 14 mm; moreover, the magnetic field be-
tween the electromagnet and the track maintains uniform distribution even under large offset conditions. This novel dual-coil levitation
electromagnet structure provides space for linear motor installation and supports the construction of a levitation-traction-guidance inte-
grated electromagnetic system. The study results on its performance characteristics provide a theoretical basis and data support for the
compact design of medium-low speed maglev trains.

Keywords: medium- and low-speed maglev train; levitation electromagnet; dual-coil structure; equivalent magnetic circuit method;

finite element simulation; electromagnetic characteristics; passive guidance
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