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Surrogate model for calculating spatial magnetic track forces in permanent
magnet levitation transportation

LIU Haodong, FENG Yang, ZHAO Chunfa, LUO Shihui, SONG Xiaolin
(State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China)

Abstract: The permanent magnet levitation (PML) transportation system employs magnetic repulsion between Halbach permanent
magnet arrays to achieve passive levitation. Developing a method for rapidly and accurately calculating magnetic forces, which considers
multi-degree-of-freedom spatial attitudes, is essential for the dynamic prediction and assessment of PML vehicles. In this study, a three-
dimensional finite element model of the magnetic field was established, to simulate a 100 mm long minimum levitation unit of vehicle-
mounted permanent magnet arrays, based on the PML transportation system in Xingguo County. The magnetic forces and torques were
then calculated under various conditions, including levitation gaps, lateral offsets, pitch angles, roll angles, and yaw angles, resulting in a
dataset that correlates magnetic forces with position and attitude parameters. Additionally, a surrogate model for calculating spatial mag-
netic track forces was developed using a neural network regression algorithm, which accommodates the multi-degree-of-freedom atti-
tudes of the permanent magnet array unit. The results indicate that the surrogate model accurately predicts magnetic forces for the perma-
nent magnet array unit, achieving a goodness of fit exceeding 0.99. Furthermore, the predicted overall resultant and corresponding torque
for the 600 mm long vehicle-mounted PML module also demonstrate high accuracy. These research findings provide significant support
for the dynamic simulation of transportation vehicle systems.

Keywords: maglev train; permanent magnetic levitation (PML); Halbach array; three-dimensional magnetic force; surrogate model;

neural network regression; finite element
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