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Multi-parameter and Multi-objective Optimization Design of a Stator Permanent Magnet Doubly Salient Machine
LIU Chen, GUO Kaikai, ZHANG Naifeng, LI Cong

School of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 232001, Anhui,
China

Abstract: Objective To address the issue of optimization difficulties arising from the numerous structural parameters of
the stator permanent magnet (PM) doubly salient machine, a multi-parameter and multi-objective optimization method
based on the improved non-dominated sorting genetic algorithm Il is proposed. Methods First, the parameter sensitivity
was calculated according to multiple optimization objectives. Then, the comprehensive sensitivity was computed through
the set weight coefficients. Finally, the structural parameters of the stator PM doubly salient machine were divided into
three layers based on the comprehensive sensitivity. The structural parameters in the first and second layers were highly
sensitive, and they were optimized by fitting a Gaussian process regression model with a constant basis function and a
quadratic rational kernel function. The structural parameters in the third layer were of lower sensitivity and were optimized
using the single-parameter scanning method. Six schemes were established to compare the effects of different weight
coefficients and thresholds on the system optimization objectives. Results The improved non-dominated sorting genetic
algorithm Il outperforms the traditional algorithm. After optimization, the electromagnetic torque of the stator PM doubly
salient machine increased by 15.06%, the cogging torque decreased by 50.9%, and the torque ripple reduced from
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20.23% t0 9. 45%. Conclusion The feasibility and effectiveness of the proposed multi-objective optimization method are

verified by the finite element simulation results.

Keywords: multi-parameter and multi-objective optimization; stator permanent magnet doubly salient machine; non-

dominated sorting genetic algorithm II; Gaussian process regression model
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Fig.1 The structure of SPMDS machine
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Table 1 Initial values and ranges of parameters /mm

K K o AE HONE:|
T AFERER, 10.2 8.0~12.0
F I E 2R, 16.0 15.0~19.0
T4 R, 27.0 —
ZFAF#ZER, 27.6 —
EFHAFER, 47.5 44.0~48.0
KW RERE N F12 R 62.0 60.0~64.0
ZFINEZR, 69.0 —
HIHEEW, 11.0 8.0~12.0
EFHLEW, 16.5 14.0~18.0
KB FE W, 25.0 24.0~28.0
REEWITLE W, 4.0 3.0~6.0
KT REE T W, 4.0 3.0~6.0
FEHR TR W 3.0 2.0~5.0
B2 s el o
PR 65 B L, 1.3 1.0~2.0
e RE L, 80.0 —
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Fig. 2 Flow chart of multi—objective optimization
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Fig. 3 Sensitivity analysis of parameters
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Table 2 Results of sensitivity analysis

x; G (x;) G, (x;) G, (x;) S(x;)
R, -0. 098 0.012 0. 002 0. 039
R, 0.115 -0. 067 -0.042 0.076
R; -0.736 0. 095 -0. 106 0.323
R 0. 395 0.177 0. 407 0.322
W, 0. 122 -0. 596 -0. 345 0. 355
W, -0.255 0.215 0.208 0. 227
W, 0.023 0. 007 0. 005 0.012
W, 0. 049 0. 095 0. 169 0. 101
W, 0.076 0. 245 0.257 0. 189
W 0. 006 0.023 -0. 051 0. 025
L, -0.283 -0. 089 -0. 166 0. 180
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Table 3 Combination schemes
2 MERH B A
1 0.35 0.35 0.3 0.2 0.1
2 0.35 0.35 0.3 0.2 0.15
3 0.35 0.35 0.3 0.15 0.1
4 0.4 0.3 0.3 0.2 0.1
5 0.4 0.3 0.3 0.2 0.15
6 0.4 0.3 0.3 0.15 0.1
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Fig.4 Flow chart of the improved NSGA-1I algorithm
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Fig. 8 Pareto solution set of optimization objectives
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Table 4 Optimization results of parameters of the first

and second layers /mm
K o K A K K H A
w, 10. 6 W, 5.0
. W, 17.9 N Wi 3.5
— =
R 44.3 L, 1.5
R 61.5
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Table 5 Evaluations of GPR models
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F—E T, 0.148 2 0.98 0.1255
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T, 0.019 8 0.99 0.014 3
-3 T, 0.336 7 0.98 0.374 3
T, 0.061 7 0. 94 0.041 1
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Table 6 Optimization results of parameters of the third layer

/mm
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Fig. 11 Waveform comparison of cogging torque
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Fig. 12 Waveform comparison of electromagnetic torque
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