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Effect of Segmented Shift of Rotor Magnetic Pole on
Torque of Permanent Magnet Synchronous Motor

HU Qiguo, WU Mingqin

( School of Mechanical and Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China )

Abstract; In order to reduce the influence of cogging torque and torque ripple on the performance of the motor
and improve the performance of the permanent magnet synchronous motor, a method of segmented shifting of
the rotor magnetic pole of the motor was used to reduce vibration and noise. The cogging torque of the motor
was calculated theoretically, and an 8-pole 48-slot interior permanent magnet synchronous motor model was es-
tablished in Maxwell by using the finite element method. The influence of the rotor magnetic pole segmented
shift skew method on the cogging torque and torque ripple was analyzed. The results show that the harmonics
of the cogging torque are basically eliminated except for the harmonics with the number of rotor magnetic pole
segments and their multiples, and the peak value of the cogging torque tends to decrease gradually with the in-
crease of the rotor magnetic pole segments. Especially when the magnetic pole is divided into three segments,
the peak value of the cogging torque decreases by 5. 22 N » m, and the weakening effect on the cogging torque
is most obvious. The load torque and torque ripple tend to decrease gradually with the increase of the number
of rotor pole segments. The decrease is more obvious when the rotor pole is divided into two segments, which
is 60% lower than that of the rotor pole without segmentation, and the torque ripple tends to be stable with

the increase of the number of rotor pole segments.
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tends to be stable with the increase of the number of rotor pole segments.
Keywords: built-in permanent magnet synchronous motor; rotor magnetic pole segment; cogging torque;

torque ripple
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Fig. 3 Skew diagram of rotor magnetic pole shift in different segments
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Tab.1 Motor related parameters

R P/kW v/r* min ! Z, b D,/mm D,/mm
BE 55 4 000 8 48 269. 24 160. 4
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Tab. 2 Relation between number of segments of

rotor pole and segment shift oblique pole angle
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Tab. 3 Relationship between harmonic attenuation times and number of segments
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Fig. 5 Rotor magnetic pole torque waveform with different number of segments
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Tab.4 Harmonic components of cogging torque
T./Ne+m T
" i=1 i=2 i=3 i=1 i=5 i=6  WWEfi/N-m /%
1 2. 84 1. 46 0. 40 0.42 2.12 0.07 11.28 100
2 ~0 1. 46 ~0 0.42 ~0 0.07 3.22 71.5
3 0 ~0 0.4 0 =0 0.07 0. 85 92.5
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5 =0 =0 =0 =0 2.12 =0 4.25 62.3
6 0 =0 =0 =0 =0 0.07 0.14 98. 6
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Tab.5 Torque simulation data

n Ao B 2 3 4 5 6
T./N+m 329. 65 324, 32 323. 32 322.90 322.75 322. 66
T /N« m 354. 90 336. 09 335. 00 333.92 334,23 333. 66
Toin/N + m 308.18 318.06 316. 54 316. 00 314.41 315. 92

Frr/ % 14.17 5.56 5.71 5.55 6.14 5.50
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Fig. 6 Electromagnetic torque waveforms under different segment numbers of rotor poles
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