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Effect of stator auxiliary groove on cogging torque of surface-mount
permanent magnet synchronous motor
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Abstract: Cogging torque is an inherent electromagnetic phenomenon of permanent magnet synchronous motors (PMSMs) , caused by the
change in magnetic mutual energy between the permanent magnet and the stator cogging. It can lead to issues such as torque fluctuation,
vibration noise, and reduced control accuracy. To suppress cogging torque, a surface-mounted 12-slot 8-pole PMSM was taken as the
research object. Based on the finite element method, an electromagnetic field calculation model of the motor is established to systematically
analyze the influence of the structural parameters of the stator auxiliary slots on cogging torque. Single-factor analysis is conducted for four
key factors of the auxiliary slot shape, number of slots, slot width, and slot depth, to clarify the influence trend and sensitivity of each
parameter on the peak value of cogging torque. Based on the single-factor analysis, a Latin hypercube sampling algorithm is used to
construct a multi-parameter coupled experimental design scheme. Sample data are obtained through finite element simulation, and a cogging
torque response surface model is established to achieve global optimization. The optimization results showe that when the auxiliary slots are
of trapezoidal shape, with 2 slots, a slot width of 1. 18 mm, and a slot depth of 1. 05 mm, the cogging torque suppression effect is optimal ,
with a 71. 6% reduction in peak cogging torque, and the motor performance is improved.

Keywords: surface-mount permanent magnet synchronous motor; auxiliary groove; finite element method; Latin hypercubic sampling;
tooth-slot torque suppression
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Fig. 1 Finite element model of motor



A Zh b 8 R 5 H

2026 4 4 45 35 45 10 1

Techniques of Automation and Applications 3

3 B S K

3.1 HBhEERIHEERERNIIE

WO 5| AR T FREBEE Y S B
O3 R AR DB T AR ] B A3 B G S AN 1 A0 A
T VR N A A 2 A g B R AR 8 P AN TR, 2 6k A8 3 40 1, 5
R, N G, R T U AR RTINS B
R R X6 A7 Al B R 9% 5 W T 2 T AS ] R 2801 B A Y
FE TR AR A A 0. 85 mm® A8 55 4 5 =, B IR ANEON 2
A RITHE R 4 96. 5 mN - m, FR B R 15 55 46
65.8 mN - m, f4k T 31. 81%; ¥ B JE 15 # 5 45 Ky

66.7 mN - m, (KRR IEAL 30. 88% ; = ff1 JE 4l 145 F 4 S
5 71.7 mN - m AT 25. 7% ; BB REAR AL S e bt | Vs
R 63.1 mN - m, HI 55 1 34. 6%, fit ARG TE RS A 1k
SR B U R A B AR RO MY . BRI a0 R
2 JIim AN [R5 B RE R A DG R L A ] 3, 18] 4 B

A A

TR T

BV BRI
B2 WHEERK
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Fig.3 Waveform diagram of cogging torque with different
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Fig. 4 Numerical diagram of cogging torque for different

auxiliary slot shapes
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Fig.5 The influence of the number of auxiliary slots on cogging torque
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Fig. 6 The influence of slot depth variation on the cogging torque

characteristics
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