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Method for Reducing Cogging Torque of Permanent

Magnet Synchronous Motor

WANG Changcheng, GUO Hui,SUN Pei, LIU Ningning, WANG Yansong, QIN Yifei

(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract; A method of motor structure optimization was proposed for reducing cogging torque of permanent magnet

synchronous motor (PMSM). The cogging torque was analyzed based on the energy method and Fourier decomposition

method. Then, the thickness of the permanent magnet and the width of the stator slot opening were selected as the

design variables to optimize motor structure. Comparing origin and optimized cogging torque and its harmonics, the

results show that the proposed motor structure optimization method can effectively reduce the 12", 24" and 36"

harmonic amplitudes, and the peak-to-peak value after optimization is only 7. 99% of that before optimization. By

comparing the electromagnetic torque during steady-state operation of origin and optimized motor, it is verified that the

proposed structure optimization method can effectively improve the motor output torque characteristics.

Keywords : permanent magnet synchronous motor; cogging torque; energy method; Fourier decomposition method;

permanent magnet thickness ;slot opening width
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Table 1  Structural parameters of interior
permanent magnet synchronous motor
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Figure 1 1/4 structure of interior permanent

magnet synchronous motor
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Figure 2 Cogging torque and electromagnetic
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Figure 3 Harmonic power spectrum of cogging

torque and electromagnetic torque
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Figure 4 Changes of cogging torque and air gap
magnetic density with permanent magnet thickness
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Figure 5 Changes of cogging torque and air
gap magnetic density with slot opening width
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Figure 6 Harmonic power spectrum of cogging

torque with different permanent magnet thickness
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Figure 7 Harmonic power spectrum of cogging

torque with different slot opening width
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Figure 8 Cogging torque waveform of

origin and optimized structure

torque waveform after structure optimization
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Figure 10  Air gap magnetic density waveform of

origin and optimized structure
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origin and optimized structure
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Table 2 Comparison of motor performance and

parameters of origin and optimized structure
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