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Effects of auxiliary slots on the cogging torque of an interior

permanent-magnet synchronous motor
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University, Lanzhou 730070, P. R. China)

Abstract; Aiming at finding the solution to the problem of vibration and noise resulting from the torque
fluctuation of a permanent magnet motor caused by cogging torque, auxiliary slots were used to reduce the
cogging torque. The principle of suppressing cogging torque was analyzed and by changing the number,
depth, width, slot area and slot shape of the auxiliary slot, Ansoft Maxwell software was used to model
the permanent magnet motor, and the finite element method was used to analyze the effect of the auxiliary
slot on cogging torque of the permanent magnet synchronous motor. Taking a 4-pole 36-slot motor as an
example, the analysis results show that with two auxiliary rectangular slots whose depth, width and area
are 0.7 mm, 1.2 mm, and 0.84 mm?’ respectively, the weakening effect is the most obvious, with the
cogging torque 75.2% lower than that without an auxiliary slot. In addition, the back electromotive force
changes little before and after the application of the auxiliary slot, and the amplitude of the fundamental
wave of the air gap magnetic density decreases; the degree of 5th and 7th harmonic weakening is

significant; the waveform distortion rate drops to 17.78% . and the motor performance is improved.
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Table 1 Motor related parameters
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Fig. 1 Motor modeling flow chart

Fig. 2 Motor finite element model
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Fig. 4 Locations and numbers of slots
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Fig. 5 Effects of the number of slots on cogging torque
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Fig. 6 Cogging torque with different groove depth
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Fig. 7 Cogging torque changing with groove depth
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Fig. 8 Cogging torque with different groove width Fig. 9 Cogging torque varies with groove width
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Table 2 Cogging torque with both groove depth and width varied

e %/ mm 9%/ mm 54/ (N-m) WM BE V6
1 0.4 0.96 0.815 3 35.6
2 0.4 1.08 0.750 7 40.7
3 0.4 1.20 0.707 0 44.2
4 0.4 1.32 0.630 4 50.2
5 0.4 1.44 0.567 3 55.2
6 0.4 1.56 0.588 3 53.5
7 0.4 1.68 0.546 2 56.9
8 0.5 0.96 0.701 4 44.6
9 0.5 1.08 0.618 0 51.2
10 0.5 1.20 0.558 7 55.9

11 0.5 1.32 0.487 5 61.5
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24 0.7 1.20 0.313 5 75.2
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Fig. 10 Different shapes of the auxiliary groove
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Fig. 11 Cogging torque with different groove shapes

4 FHBEFEENS N

P85 15 T BB 4l B A AR R 0.7 mm A 580 1.2 mm, HAUN 0.84 mm”® . 58 B IFAE 57 J5 14 48 7 46
B BT L =S R B B L LY RE XS L A A 12~15 R .

SRR 4 e v ML 2y R A RE 1 1A T DR 2 5 ML A B R B A R R TR I R 2T ST T A B
RS BRI S S S AR IR L . R 0 e U 1) R ) g RS A3 2R G v U 1) ) Bl A s AT L AR ) )
W i 8 R AL B IR AR R Bl X o X AL A I AR 7 A TR R O HLox 7 AR R L DA IR B B e AL B A2
i) i o A9F 7 OB TP S A . TR A P BT B A o PRI B AT KRR B A B s ) AR Y
TEBX P oA ik 2 A ALTEIB AT AR v 7 LR A P 5 4 8l S BUROR B B A 3l TS PR AR



% 4 SRR SR Rk RNCT N AR R A E AR A 73

151

-0 2 4 6 8 10 12 14 16 18 20

t/ms

12 GEEESTL
Fig. 12 Cogging torque comparison
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Fig. 13  Air gap magnetic density contrast
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Table 3 Harmonic analysis results of air gap magnetic dense Table 4 Harmonic analysis results of air gap magnetic dense
waveform without auxiliary slots waveform with auxiliary slots
SRR G B S HL HfH SRR T S 8 Bl
B IEAE/ T 0.879 1 PR {E/T 0.832 6
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5 IR/ T 0.087 8 5 Y/ T 0.068 9
7T WP/ T 0.063 7 7/ T 0.049 9
9 Wi/ T 0.026 6 9 WP/ T 0.017 7
11 Wi/ T 0.055 1 11 Wik /T 0.043 2
13 Y&/ T 0.085 4 13 Wik /T 0.067 1
15 i/ T 0.002 6 15 Wik /T 0.002 1
W4 A2 2 R i / Y0 21.23 W A% 2 R i / %6 17.78
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