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Multi-objective Optimization Method for Permanent Magnet-assisted
Synchronous Reluctance Motor Based on KELM-NSGA-II

HUANG Chao-zhi, LI Si-ying, LIU Xiao-bo, SUN Yan-wen
(School of Electrical Engineering and Automation, Jiangxi University of Science and Technology, Ganzhou 341000, China)

[ Abstract] 1In order to improve the output performance of permanent magnet assisted synchronous reluctance motor ( PMa-Syn-
RM), a multi-objective optimization design method for external rotor PMa-SynRM based on kernel extreme learning machine
(KELM) and fast non-dominated sorting genetic algorithm ( NSGA-IT) was proposed. Firstly, the preliminary design of the PMa-
SynRM rotor magnetic barrier was carried out and the working principle of the PMa-SynRM was analyzed. Secondly, the influence of
each design variable on the optimization goal was evaluated through comprehensive sensitivity analysis, and the main optimization pa-
rameters were selected. Thirdly, with high output torque, high efficiency and low torque ripple as the optimization goals, a surrogate
model based on KELM was established. Finally, NSGA-II was used for global optimization, and the optimal solution was selected from
the Pareto frontier generated by NSGA-II, which was verified by finite element analysis. The simulation results show that the average
torque of the optimized motor is increased by 15. 83% , the torque ripple is reduced by 60.27% , and the efficiency of the optimized
motor is also improved compared with the initial motor, which verifies the effectiveness of the optimized design method proposed in this
paper.
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Fig. 1  External rotor PMa-SynRM topology
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Fig. 2 Schematic diagram of rotor magnetic barrier

FHF%] 2 ﬂ%usﬁﬁ cl \wl \Dl \m\al E‘I‘Eﬁﬁg?%‘:;‘k
R o L0155 v, BRI

2
vo=ale- ) w0+ (1)

%mﬁu;ﬁT¥%%Wﬂ%ﬂ%@LTE
v, vy, BIFEERSN 5N

ML . www. stae. com. cn



2025,25(3)

w45 BT KELM-NSGA-IT Y 7 G5 Bl [R) 45w B AL 2 B ARtk Jr v

1067

¥y, = a(x _7‘) + D, )

2
¥, :a(x_%‘) + D, +w,

e S T 0 18 v 3 R R IR FE SR I ZeX) A, (A, |
Ay PIE RIVRT A5 580 56 B A i o, HCAthy 7 J2 6 B P ey e
JrikfE L,

AR A 3 JERER , T RH A i
TGRSR T o i AR SR AR G A
B, ALK, WITREELEASE R 1 PR,

£1 #BINETF PMa-SynRM HAS#]

Table 1 Basic parameters of the initial external
rotor PMa-SynRM

SRR e E A SHH
B/ (remin ") 350 ¥ N4/ mm 171. 4
[ 0R 4 4 E TN/ mm 100
FETHEE 48 AR E/mm 0.7
% FHME/mm 220 UK LA 11

1.2 TI{E/EIE
PMa-SynRM FZAREE T 28 (¢) \H (d) fli
JZE DT 7 A W BRSO SR Bl FLBIL, S T HERS
HS K REAA A5 K ARG 3 5 5 F WG AH BAR
FHP= A2 K BE5E4E . PMa-SynRM BURESE , B R T #E N
b, =Lty + oy

. (3)
lﬂl/ = Ll/ Yy
d
u, = dl/’d ~wi, +Ri,
! (4)
dy,

u =

7 dt
ft'flj lﬁd N lﬂq ﬁﬁ\ﬁiﬂﬂﬁﬁ%&, lpPM 797%6%212&?1%622
$i 5L, LR E SRR 0, L, LR L B4
g, | w, N ST ;0 T HALE FEEE R N
LRAAAHHLRH.

E(3) F=(4) A5 280 park 245 1Y d-
q RO R, K 3 R, iRE K = K 1S
PMa-SynRM HL #5456

qA

toy, +Ri,

Ly
l[/
0 I[/x

/s
1 '

Lia

! b N

< >

-
l 7 PM

Uy

%13 PMa-SynRM 25 [i] 2 Ht [&]
Fig. 3 Vector diagram of PMa-SynRM space
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Fig. 4 Schematic diagram of motor structure parameters
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Table 2 Upper and lower limits of change in

design variables
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Fig. 5 Sensitivity of design variables to optimization objectives
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Table 3 Composite sensitivity index

- F2 IR M R B (ALE) LEAH
Spag(0.25)  8,(0.25)  Sp,,(0.5) R
a 0.254 0. 242 -0. 645 0.447
a, 0. 169 0.172 0. 044 0. 107
a; -0. 158 -0.145 0.288 0.220
¢ 0. 068 0. 065 0.032 0. 050
c2 0. 064 0. 060 0. 035 0. 049
e 0. 066 0. 069 -0.030 0. 049
w, -0.074 -0.075 -0.005 0. 040
w, -0.097 -0.101 0.015 0. 057
s -0.074 -0.075 0.027 0. 051
h, 0.161 0. 151 -0.189 0.172
hy 0.207 0.208 -0.337 0.272
m ~0.749 ~0.748 -0.131 0. 440
D, -0.330 -0.333 -0.025 0.178
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Table 4 Comparison of prediction models for

each optimization objective

ey RRe kit FEAIK BN pES

Eistan R? MAE/% R MAE/% R*  MAE/%

0.32
0. 05
0.39
0. 06
0. 04

BP 0. 941 1.62 0.935 8.16 0.990
RBF 0.999 0.22 0.978 5.29 0. 999
ELM 0.979 0.79 0.925 9.79 0. 942
SVM 0.998 0.25 0.967 6.00 0. 998

KELM  0.999 0.18 0. 990 3.75 0.999

BHFIRCR ) P 2508 BP ELM  SVM BRI i) ok i
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5 Fin .
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Table 5 Comparison before and after optimization

28 futkdt AUik)s 28 tefennr  fefein

a,/(°) 10 10. 67 w5/ mm 4 4.65
o,/ (°) 15 14.38 h,/mm 2 2.77
a3/ (°) 21 20.72 2.99
¢/ mm 16 15.65 86.70
19.94 88.22
22.07 8.56

3.04 8.88

4.39 78. 66

h,/mm 2
m/mm 87.2
D,/mm 90
T,/ (N+m)
T,/ %
n/ %
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Fig. 9 Pareto frontiers
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