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Abstract

Cogging torque will affect the noise and vibration of the motor and reduce the control accuracy of
the motor. In order to ensure the safety and stability of the overall operation of the belt conveyor
system, this work takes the permanent magnet direct-drive motor for 11 kW surface-mounted belt
conveyor as research object. The generation mechanism of the cogging torque has been analyzed
using energy method. The influences of the pole arc coefficient, unequal thickness and straight pole
offset of the magnets on the cogging torque have been investigated. The optimal design scheme is
obtained through multi-objective optimization. The back electromotive force (EMF) waveform and
harmonic content of the optimized prototype have been explored. The results show that the cogging
torque varies periodically with the pole arc coefficient. Properly selecting the eccentricity of the
unequal-thickness magnet can reduce the higher-order harmonic components of air-gap flux den-
sity, improve the waveform of air-gap flux density, and effectively weaken the cogging torque. The
straight pole offset of the magnet has a significant impact on reducing cogging torque. The variation
of cogging torque with the number of segments is influenced by the waveform of cogging torque.
When the magnet is divided into two segments, the cogging torque is significantly reduced. Proto-
type tests have shown that optimizing the magnetic pole parameters can effectively reduce the har-
monic content of the back EMF, reduce cogging torque, and optimize the working performance of
the motor.
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Table 1. Parameters of permanent magnet motor
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Figure 1. Schematic diagram of the relative position between
the permanent magnet and the armature
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Figure 2. The variation curve of Bm and cogging torque with pole
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Figure 3. (a) Schematic diagram of magnet with unequal thickness and (b) cogging torque at different eccentricities
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Figure 4. (a) Air gap magnetic density and (b) harmonic amplitude waveform diagram at different eccentricities
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Figure 5. Schematic diagram of straight pole offset of the magnet
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Figure 6. Concentric straight pole offset cogging torque with different segment numbers
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Figure 7. Eccentric straight pole offset cogging torque with different segment numbers
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Figure 8. Test device for permanent magnetic motor
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Figure 9. Cogging torque simulation values and experimental values
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Figure 10. Back electromotive force waveform and harmonic decomposition diagram
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Figure 11. Comparison chart of back EMF harmonics of the motors before and

after optimization
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