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Multi-Objective Optimization Design of Switched Reluctance Motor Based on
GA-SVM Combined with NSGA-II
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Abstract: In view of the flaw of significant performance fluctuations and low efficiency found in switched
reluctance motor drives, a multi-objective optimization strategy, which combines a prediction model optimized using
support vector machines (GA-SVM) with the third-generation non-dominated genetic algorithm (NSGA-III), has thus
been proposed. The simulation results show that the proposed method can significantly improve the average torque
and efficiency of switched reluctance motors, with its torque ripple reduced. By establishing a simulation model of a
switched reluctance motor, and using sensitivity analysis to select parameters with high influence factors as decision
variables, the switched reluctance motor is sampled using hyper-Latin square sampling. The response values are
calculated using finite element analysis, with the GA-SVM and NSGA- Il algorithms combined to perform multi-
objective optimization on the motor. The optimized data is weighted with weight coefficients, thus obtaining the optimal
solution. The effectiveness of the proposed method can be verified by the simulation results.
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Fig. 2 Switched reluctance motor parameter topology diagram
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Table 1 Initial design table of switched reluctance

motor parameters

Z K Bl Z I
FEFHME DJ/mm 80 B L/mm 75
SE T h/mm 4.5 LR N 26
TETFINREL o 0.45 B g/mm 0.4
FEFHIR B/mm 16.2 BB PyW 220
#%14Mz D/mm 50.2 R n/(r-min™) 2 450
SEFYIE h/mm 5.5 TRE A 0,,/(° ) -1
TR REL o, 0.4 KW 0./() 10
el B/mm 14.4

1 e IR E RIS A
a=p,/(360°/N,)- (1)
a,=B./(360°/N ) (2)

K. N RN, SARE . BT RAREL
22 BEHRARRET

FECHEBH AL, B feil st A BR oo &
B HALEREFE PR AR AR, SRS R AIZFE AR
F& 8 — LA ARG T G R FEL LAY 1 BE 1 T R
FEEE ST W TR Y i A 22 B AR A Sk T iE A T S,
FAR LS S E A TS B P . BRI IT e
FHRLALOL AL BT R QA 3 R .

Grg)—>| it Ebs. Bt SR EEm T | o
jzas
' frAbR
[ R B HORAT AR |
| SRR 7 A | —
I 51T
— . S
| AT ET SRR B |
::::::::::::::::::::*:::::::::::::::::::::::::::::::
| GA-SVMETHHN |
[ WEFFNSGA- %A | % jm”"
| PefParetofifdis |
| ST R AT

B3 FXuMEBNNSBRREKIEITHRER
Fig. 3 Multi-objective optimization design flowchart of
switched reluctance motor
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Table 2 Initial values and ranges of sensitivity

analysis parameters

. W B Wi B
28w um EE

ETHMED/mm 80  78~83 ||[ETWINAE o, 045 0.39~0.5
SBLgmm 04 03~05
JFEf 0./(c) -1 =3~0

EFWNER/mm 51 48~56
N4 R/mm 26 18~26

ETHIR hy/mm 4.5 43~53 || KWl 0,/°) 10 9~13
BeAWERS ho/mm 55 52~60 || LS N 26 2532

WA R o, 04 0.35~0.50| #ilA K% L/mm 75 73~80

538 2 #$7 T J5 (Latin Hypercube Sampling,
LHS ) KA 00 100 LHEHR A, 45552003t
( design of experiments, DOE ) ikttt —A~EAYiK
THSHUE S BAMAR Y RBUE iy, 250 RIS
IR A RN 4 Fs .

0.8

k&
06F  wTayses,
0.4} %%I"Hﬂ(zﬂ] °

4 REESWER

Fig. 4 Sensitivity analysis results
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Table 3 Analysis results of comprehensive sensitivity

coefficient of parameters
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Table 4 Numerical analysis comparison table before and

after motor optimization

ZH Wi /) JREf /) ETHME/mm KPR /mm
Ak 10 -1 80 0.4
A= 12.9 -2.4 80.3 0.392
B2 MR FIIHAE /(N-m) RSN /(N-m) 3K /1%
ntaii 26 0.8533 0.492 1 80.35
A= 28 1.118 02127 83.32
1.2
1.0
08
30.6
%0.4
0.2

0 05 1.0 1.5 20 2.5 30 3.5 40 45 50
[} 18)/ms

B9 FEHE THHEERRE
Fig. 9 Torque waveform at rated speed

1.4

1.2

~1.0

0.8

N-m

206
Fo4

0.2

picl

0 05 10 15 20 25 30 35 40 45 50
[5F18)/ms

10 NSGA-IIl & Bt IF I AR B
Fig. 10 NSGA-IIl multi-objective optimized torque waveform

K11 D 2 HAREAL R O L

1.3

1.2
~ L1t

0.7 — tifenir, =0.852" 7 =0%490;
06 | RARIET, =118, 7, =0212.
2.0 25 3.0 35 4.0 45 55

[ TE)/ms
11 ZBERMALET R EX L E
Fig. 11 Torque comparison diagram before and after
multi-objective optimization
HiFE 11 H—ANJEI 2~5 ms B ARG A ELIET, T
LA LA RT R FE R SR, PR BUEEIR,

ME AR, RRIRERE bk EhA )N, [R5
BUE AR A BTt . Sl AL RS T mE R
PLAZRGVEREXT LE, TR AILIL)S AR LR S PR RED 2
$ETT, WATREGIE 7B A AT RERE LK
ShPERERY AT T

5 ZEig

ASCEEXF— G 7SR 12/10 B8 T 54 % BH HL AL
AR SEIAT T, B T —F GA-SVM 5
NSGA-N#HE5 G 1) 22 BAMEAL T OCHEBR AL 15,
PAREARTF SR B AL G A ik s, TR 4R T F AL K
PR

1) FIFHABRICH M sy, g R
MM Z )G, EREEE R S RS E
hZ2 BFRIAL) 5 AR AS i

2) ik GA-SVM #8 T — M iRl R S5
PR A TR 3 A HAREAH B R W TR, it
PUE FE R M ETINEC RS, P45 4 NSGA-I 5T
BT £ A ks L5 2 Pareto f#4E, 5IAMERE
B 2 JE A e A

3) AL S B 5% bk s AR AR AT Y 0.492 1 N'm
FEARE] T 0.212 7 Nom; IR RICR 5 AL
Hij A9 0.853 3 N-m #il 80.35% 42 F+ | 1" 1.118 N-m Al
83.32%.

4) A BRICHA BTSSR KHIE T GA-SVM Fi
NSGA-ITARZS 5 B 7 AT CREBL AL R G255 1 e
MEETHA B I RCER .

Sk

—_

1 Fzin, £ R, @ Ok, L ETER TR

TR B LIRSl e A ] (D). PRah 5 ebiti, 2023,
42(9): 312-321.
ZHOU Yunhong, WANG Dong, HUANG Fei, et al.
Vibration and Noise Suppression of Switched Reluctance
Motor Based on Stator and Rotor Slotted[J]. Journal of
Vibration and Shock, 2023, 42(9): 312-321.

[2] SOVICKA P, RAFAJDUS P, VAVRUS V. Switched

Reluctance Motor Drive with Low-Speed Performance

[

Improvement[J]. Electrical Engineering, 2020,
102(1): 27-41.

[3] MU, Bte, FWLL, 5 . JF IR A LR
M R ARR 2 R ok sl 47 o SR e (9], [ P AL TR 24
2008, 28(12): 134-138.

SUN lJianbo, ZHAN Qionghua, WANG Shuanghong,
et al. Control Strategy of Switched Reluctance Motor to
Restrain Vibration, Acoustic Noise and Torque Ripple[J].



JRE, %

GA-SVM 454 NSGA- LA TFXREBLHLE FIRRILAL 23

[11]

Proceedings of the CSEE, 2008, 28(12): 134-138.
REEE, Wfedlt, BEEE, . s d T CrE
PLIR Bh 3 58 Z 48 bR IR A A0 AL (D). Fe LS 420 2 4l
2018, 22(10): 25-34.

ZHU Yueying, YANG Chuantian, ZHAO Guifan,
et al. Optimization of the Switched Reluctance Motor
Drive System in Electric Vehicles Application[J]. Electric
Machines and Control, 2018, 22(10): 25-34.
KISHORE R D, SANTHOSHI K B, SRAVANI
K. Multiport Bidirectional Converter for Solar Fed
Hybrid Electric Vehicle Using Switched Reluctance
Motor Drive[J]. IOP Conference Series: Earth and
Environmental Science, 2024, 1375(1): 012025.

B, BBIEFR, AR . T OCHERE R MLISIR A R
ARBEFE [1]. WIF Tl K=#54], 2010, 24(3): 66-69.
TAN Ping, QU Suichun, MA Shiwei. Study on
Noise Reduction and Vibration Damping of Switched
Reluctance Motor[J]. Journal of Hunan University of
Technology, 2010, 24(3): 66—69.

Jarde, me A JPRRERLHALEE AR K SHILABIESE (7],
ez 5y, 2019, 38(21): 120-125.

JING Libing, CHENG lJia. Torque Ripple Optimization
for a Switched Reluctance Motor[J]. Journal of Vibration
and Shock, 2019, 38(21): 120-125.

W, B, B B, S JTICRERL R HLEL AR K
2 LA BT ST (], AL S 20, 2018,
22(6): 11-21.

LI Zhe, ZHENG Ling, YANG Wei, et al. Research on
Torque Ripple and Structure Optimization of Switched
Reluctance Motor[J]. Electric Machines and Control,
2018, 22(6): 11-21.

WG, WP, BIRE . IO ALR H AR
FERIEARBESE (7], WG TollR22440, 2010, 24(4):
88-91.

HUANG Zhuomian, TAN Ping, QU Suichun. Direct
Torque Control Technology of Switched Reluctance
Motor[J]. Journal of Hunan University of Technology,
2010, 24(4): 88-91.

JA L, WREENE, 2DUR, % . Zikiuie S B b
FEFRPEH R (TP OCREREL o BLEE HE Dk sl (77 sipLS
I, 2024, 51(10): 76-87.

ZHOU Yunhong, CHEN Zenan, LI Hanjie, et al.
Torque Ripple Suppression in Switched Reluctance
Motors Under Structural Optimization and Direct
Instantancous Torque Control[J]. Electric Machines &
Control Application, 2024, 51(10): 76-87.

DIAO K K, SUN X D, BRAMERDORFER G, et al.
Design Optimization of Switched Reluctance Machines
for Performance and Reliability Enhancements: A

Review[J]. Renewable and Sustainable Energy Reviews,

[12]

[13]

[14]

[15]

[16]

[17]

2022, 168: 112785.

= OB, B, o WL SF . 12/14 JORRJT R
FHHL AL R GEPERE G — DL AL SR W [J/OL]. Hh = W AL T
& % 4R, 1-11. [2024-11-04]. http://doi.org/10.13334/
j.0258-8013.Pcsee. 231829.

YUAN Ye, YE Teng, YANG Fan, et al. Unified
Optimization Strategy of Torque/Suspension System
Performance for 12/14 Bearingless Switched Reluctance
Motor[J/OL]. Proceedings of the CSEE, 1-11.
[2024-11-04]. http://doi.org/10.13334/j.0258-8013.
Pcsee.231829.

AU, IMGEAR, e . FOCHEBH L R S 2
PR S GBI Jr XS L A3 B (3], AL
AL, 2023, 43(9): 3575-3586.

DIAO Kaikai, SUN Xiaodong, YANG Zebin.
Comparative Analysis of System-Level Deterministic
and Robust Optimization Design Methods for Switched
Reluctance Motors[J]. Proceedings of the CSEE, 2023,
43(9): 3575-3586.

OKSUZTEPE E. In-Wheel Switched Reluctance Motor
Design for Electric Vehicles by Using a Pareto-Based
Multiobjective Differential Evolution Algorithm[J]. IEEE
Transactions on Vehicular Technology, 2017, 66(6):
4706-4715.

WA, JRLL, BOKR . 2 GASVM-NSGA-II
TGS I IT G RERL AL H AR AT (0], LR
5HA, 2025, 44(4): 592-600.

HUANG Chaozhi, YUAN Hongwei, GENG Yongmin.
Multi-Objective Optimization Method for Permanent
Magnet-Assisted Switched Reluctance Motor with
GASVM-NSGA-II [J]. Mechanical Science and Technology
for Aerospace Engineering, 2025, 44(4): 592-600.

Mk W, B 3. 3T GABP-NSGA-IIIT X mEBH
PR G H 2 A br ALt [ §1m Lol K224k,
2024, 38(3): 32-37.

CHEN Gang, DENG Qi. A System-Level Multi-
Objective Optimization Design for Switched Reluctance
Motors Based on GABP-NSGA-II[J]. Journal of Hunan
University of Technology, 2024, 38(3): 32-37.

W, AERE, RO, SF LR T O TR
AT SR B L ATLAS AL AL [J]. HL 700 5 A 2l
2023, 37(4): 131-141.

XU Meng, ZHOU Yuxiang, XU Hai, et al. Ontology
Optimization of Switched Reluctance Motor Based on
Improved Particle Swarm Optimization Algorithm[J].
Journal of Electronic Measurement and Instrumentation,
2023, 37(4): 131-141.

(SAEZR 4R AR )



