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Stator and Rotor Core Shape Optimization of Permanent Magnet
Synchronous Motors Based on Mechanism of Torque Ripple Generation
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This paper describes stator and rotor core shape optimization of permanent magnet synchronous motors based on
mechanism of torque ripple generation. First, the torque ripple generation mechanism of permanent magnet synchronous
motors is explained. Next, the stator and rotor core shapes are optimized with the knowledge obtained by the torque ripple
generation mechanism. Finally, the effects of each part of the optimized motor on the torque ripple reduction are
investigated by using orthogonal arrays. Figs 1 and 2 show the initial and optimized motors. Fig. 2 and Table 1, 2 show the
results of orthogonal array. The detailed explanation is shown in the full paper.

Fig. 1. Cross section of initial motor

Condition Il (Low torque) Condition Ill (Max torque)

120 110

/A ‘ . 0 beoaoeoaoaoas

100 S 7 P X 90
g 90 y 7 / 80 F
slg ¥ g 0t
Ol S 60 |
> |3 60 g
g z 50 Initial Case A g 5 Initial Case A
o) 40 Case B Case C s gg I Case B Case C
3 L
o gg Case AB Case AC 20 | Case AB Case AC
|2 10 } Case BC Case ABC 10 Case BC Case ABC

0 L L , 0 L L .
0 60 120 180 0 60 120 180
Electric angle (deg) Electric angle (deg)
" 16.0 # Initial ®Case A 4.0 r ®|nitial mCase A
14.0 L
g uCase B =Case C 3.5 [ mCaseB ® Case C
=] 212.0 = L
%- X u Case AB Case AC S 3.0 E Case AB Case AC
g Case BC B Case ABC % 25 | “CaseBC H Case ABC
® = 20
- [}
§ g5y
o =10
=]
g 0.5 |
= 0.0
T T T4 Total Ts T Toa Total

Fig. 2 Calculated torque waveforms and torque ripple amplitude.

Table 1. Effects and contributions for torque ripple 712 under con. II. Table 2. Effects and contributions for torque ripple 712 under con. III.

A B C AXB | AXC [ BXC A B C AXB | AXC | BXC
Effect (Nm) 028 | -0.61 | -0.72 | -0.08 | 0.05 | -0.17 __ Effect (Nm) 153 | 031 | 047 | -0.77 | -0.24 | -0.97

Contribution (%) 7.9 35.8 50.6 0.6 0.2 2.8 _Contribution (%) 54.9 2.3 5.2 14.0 1.3 21.9

2022 JSAE Annual Congress (Spring) - Summarized Paper
Issued on May 20, 2022



