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Fig. 1 Eddy-current braking electromagnet
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Table 1 Variables for electromagnetic force simulation
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Research on a computational method of safety braking capacity

for high-speed maglev vehicles
QIN Qiang, ZHANG Peng, YU Qingsong, LI Kai

(CRRC Changchun Railway Vehicles Co., Ltd., Changchun, Jilin 130062, China)

Abstract: The design of eddy-current braking electromagnets and the assessment of their safety braking capability are critical to en-
suring safe stopping of normal-conducting (NC) high-speed maglev vehicles. Although extensive research has laid a foundation for eddy-
current braking technology, computational methods for braking capability that account for dynamic operating variables such as vehicle
speed and electromagnetic air gap remain an interdisciplinary challenge at the intersection of academic research and engineering practice,
and relevant literature is scarce. To address this gap, this paper proposes a method to compute safety braking capability of NC high-speed
maglev vehicles. Using COMSOL software, a two-dimensional finite element model was established to simulate and analyze eddy-cur-
rent electromagnetic force characteristics over speeds from 0 to 600 km/h and electromagnetic air gaps from 3 to 14 mm. The simulations
produced tangential drag and normal attraction curves; composite force curves were obtained by fitting based on the air gap variation
mechanism. Through co-simulation using COMSOL and Excel, the data were filtered and piecewise fitted, to construct composite force
curves for a single electromagnet. Building upon these results, a safety braking force model was established, which incorporates factors
such as eddy-current braking force, aerodynamic drag, linear generator drag, skid braking force, and friction drag, and neglects stochastic
disturbances, and composite safety braking force curves across the full speed range were obtained. The safety braking distance was com-
puted using a piecewise summation method to avoid nonlinear errors, yielding 7 980 m for an initial speed of 600 km/h and an average
deceleration of 1.705 m/s® These results meet the design requirements. Furthermore, leveraging the linkage function between COMSOL
app builder and Excel, a safety braking design, simulation, and computation integrated software tool was developed. This software en-
ables multiple functions, including parameter adjustment, automated simulation, data processing, and result visualization, and supports
non-specialists in simulation design and verification with ease.

Keywords: NC high-speed maglev vehicles; safety braking; eddy-current braking electromagnet; braking capability computation;

integrated software; track irregularity; finite element method
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