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Modeling and Performance Analysis for Non-Uniform Air Gap in New
Type of Permanent Magnet Synchronous Motor of Electric Vehicle

MA Shilun. ZHANG Xueyi. GENG Huihui. ZHANG Yufeng. MENG Xiangyu

(School of Transportation and Vehicle Engineering, Shandong University of Technology, Zibo, Shandong 255000, China)

Abstract: Aiming at the demand of large output torque and constant-power speed regulation
range for permanent magnet synchronous motor for electric vehicles, a new type of permanent
magnet synchronous motor with interior tangential-radial parallel non-uniform magnetic flux gap
is developed. Establishing the sinusoidal distribution sub-domain model of non-uniform air gap
and combining the energy method with Fourier decomposition method, the analytical expressions
of the cogging torque in the uniform air gap and non-uniform air gap are derived, and the
influences of the rotor eccentricity on the cogging torque and the flux-weakening speed expansion
rate are revealed. The results show that for the permanent magnet synchronous motor with
interior tangential-radial parallel magnetic flux gap, when the rotor eccentricity gets 4 mm, the
peak value of cogging torque is reduced by 62% and the flux-weakening speed expansion is
increased by 16.7%. The prototype is manufactured, and the correctness of the theoretical
analysis is verified by the experiments.

Keywords: electric vehicle; permanent magnet synchronous motor; non-uniform air gap; cogging

torque; flux-weakening speed expansion
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