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Fig. 1. Cogging torque.
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Fig. 2. Cogging Torque in each rotor position.
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Fig. 3. Initial model [unit: mm)].
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Fig. 4. Cogging Torque of initial model (4pole 6slot).
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Fig. 5. Cogging torque of initial model (Peak-Peak).
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Fig. 8. Applying of sinusoidal type sub-slot.
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Fig. 9. Cogging torque by scale factor (Sinusoidal type).

Table 1. Peak to Peak Cogging Torque by scale factor (Sinusoidal
type).

Cogging [mMNm] Average Torque

Rate Rate
e [ONMT e

Scale Depth
factor [mm] P-P

Torque
Ripple [%]

0.000 0.00 33.51 0.00 167.03 0.00 20.06
0250 0.10 2952 -11.89 16594  —0.65 17.79
0.500 020 2564 -2346 16509 -1.16 15.53
0.750 030 2191 -34.60 16426 -1.66 13.34
0875 035 2012 -3996 163.81 -1.93 12.28
0950 038 19.05 -43.15 163.52 -2.10 11.65
1.000 040 19.01 -4325 16333 222 11.64
1250 050 2570 2329 16192 -3.06 15.87
1.500 0.60 3237 340 160.01 —4.20 20.23
1.750 0.70 39.08 +16.65 15750 -5.71 24.82
2000 080 4581 +36.72 15463 742 29.63
2250 090 5268 +57.22 151.05 -9.57 34.88
2500 1.00 59.69 +78.16 14819 —11.28 40.28
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Fig. 10. Peak to Peak Cogging Torque is least at scale factor =1
(Sinusoidal type).
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Fig. 12. Applying of arc type sub-slot.
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Fig. 13. Cogging Torque by scale factor (Arc type).

Table I1. Peak to Peak Cogging Torque by scale factor (Arc type)

Cogging [MNm] Average Torque

Rate Rate
g N g

0.000 0.00 33.51 0.00 167.03  -0.00 20.06
0250 0.10 2827 -1561 16470 -1.39 17.16
0500 020 2324 -30.65 16252 -2.70 14.30

Scale Depth
factor [mm] P-P

Torque
Ripple [%]

0.750 030 1833 4528 160.54 -3.89 11.42
0875 035 1595 5239 15980 433 9.98
0950 038 1468 5620 15923  -4.67 9.22
1.000 040 1597 5234 15897 483 10.05
1.250 050 2239 -33.18 157.04 598 14.26
1.500 0.60 2924 -12.73 15473 -736 18.90

1.750 070 3623  +8.14 15148 -9.31 23.92

2.000 0.80 43.17 +28.85 148.06 -11.36 29.16
2250 090 50.17 +49.73 14444 -13.52 34.73
2500 1.00 5740 +7131 141.10 -1552 40.68
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Fig. 14. Peak to Peak Cogging Torque is least at scale factor = 0.95
(Arc type).
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Table V. Design parameter and cogging reducing by sub-slot type
Sin. type Arc type

Square type Para. Opt.

Scale factor 1.25 1.02 1.00 0.95
Design parameter 4 10 1 1
Cogging reducing  25.17 % 5731% 4325% 56.20 %
Shaft yorque loss 3.80 % 4.05% 222%  4.67%
Torque ripple 15.61 % 8.93 % 11.64% 922 %
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A Study on Reducing Cogging Torque by Core Shapes in Permanent Magnet Motors

11 Hwan Park, Dong Sok Kim, and Gwan Soo Park™
Dept. of Electrical Engineering, Pusan National University, Pusan 609-735, Korea

(Received 16 March 2010, Received in final from 16 April 2010, Accepted 16 April 2010)

As a high energy permanent magnet is commonly applied to motors so that small motors have high power capacities, it is also
necessary to reduce a cogging torque which causes a noise and vibration in permanent magnet motors. The patterns of cogging torque
in permanent magnet motors depend on the magnetic field distributions, so it is possible to reduce a cogging torque by designing a
core shapes optimally. But it is known that an optimum design algorithm for reduction of cogging torques is too complicated and the
process to get an optimized core shape is time consuming task. In this paper, new simplified core shapes are suggested to reduce a
design parameters so that the core shapes to reduce a cogging torques could be obtained with simple computations. The result shows
that the cogging torques of permanent magnet motors with this simplified core shapes could be reduced effectively without any loss of
average torques.

Keywords : PMSM, cogging torque, core design
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