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pole-slot combinations
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Analysis of magneto-thermal characteristics for ground propulsion
windings in low evacuated-tube electrodynamic suspension systems

ZHANG Peng', LI Mingming’, LI Zhiping’, ZHENG Jun’

( 1. China Railway Engineering Consulting Group Co., Ltd., Beijing 100055, China;
2. School of Electrical Engineering, Southwest Jiaotong University, Chengdu, Sichuan 611756, China;
3. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China )

Abstract: The low evacuated-tube maglev systems feature high operating speeds, enclosed operating environments, and zero pollu-
tion emissions. In China, research on winding solutions for low evacuated-tube electrodynamic suspension (EDS) systems remains at the
fundamental theory and experimental stages. This paper comprehensively analyzes and evaluates electromagnetic and temperature rise
characteristics of three propulsion winding designs for superconducting EDS (SC-EDS), taking into account low vacuum operating envi-
ronments unique to tube maglev systems. To address challenges faced by the electrical systems in tube maglev environments character-
ized by thin air and poor thermal fields, three-dimensional electromagnetic coupling numerical calculation models, three-dimensional
electromagnetic finite element models, and three-dimensional global fluid-structure coupling thermal models were established for these
ground propulsion winding options. These models were then used for comparative electromagnetic performance analysis and for tran-
sient magneto-thermal co-simulations. Specifically, the influence of low vacuum operating environments on convective heat transfer at
the winding surface were analyzed through simulations for in-tube pressures of 0.005 atm (506.625 Pa), 0.01 atm (1 013.25 Pa), 0.05 atm
(5 066.25 Pa), 0.1 atm (10 132.5 Pa), and 0.5 atm (50 662.5 Pa), and temperature field distribution patterns were analyzed for the three
propulsion winding options. After a comprehensive assessment of the above factors, a propulsion coil configuration is recommended for
future engineering applications, which combines single-layer short-pitch and double-layer full-pitch arrangements. The research results
not only provide a design reference for windings in low evacuated-tube EDS systems but also offer a feasible multi-physics modeling
method for linear motors in low vacuum environments.

Keywords: tube maglev; superconducting electrodynamic suspension; propulsion winding; electromagnetic characteristics; fluid-

structure coupling; temperature rise characteristics
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