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Application of multi-objective algorithm layered optimization
strategy in switched reluctance motor

Huang Chaozhi  Zhang Wenjin Li Haiwen Sun Yanwen
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Abstract: Aiming at the complicated problem of multi-parameter and multi-objective cooperative optimization of motor, a layered
iterative optimization method based on non-dominated sorting genetic algorithm is proposed. Firstly, the design flow and working
principle of stator segment mixed excitation switched reluctance motor are introduced. Secondly, the parameters to be optimized and the
optimization target of the motor are selected. After Pearson correlation coefficient is introduced to analyze the correlation between the
motor parameters and the optimization target, the optimization parameters are stratified according to the correlation results. The nonlinear
model of each layer optimization parameter and optimization objective is established, and the nonlinear objective model is introduced into
the multi-objective optimization algorithm. Finally, the optimal individual is selected in Pareto front, the hierarchical iterative
optimization of motor structure parameters and control parameters is completed, the optimal structure parameters and control parameters
of the motor are determined, and the finite element analysis software is used to verify. Compared with the initial model, the efficiency of
the optimized motor is slightly improved, the average torque is increased by 12.44% and the torque ripple is reduced by 64. 96%. The
experimental prototype is manufactured according to the optimal parameters, and the experimental results verify the effectiveness and
superiority of the optimal design.
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Fig. 1 Motor design process
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Fig.2 Segmented stator evolution process

TR AL 6 A4 B e FALk, B84 WAl
Sy BEEERY B WORLE TR RIS R Y RG24

TERCIERN [ BT A R 5 Bk e A i A B
TN B R R A YR B 22 D, LA 40 i R AR 1 e 1 A
J, eI AR SOt 0 A il Bh =03 B 454,
& 3 FiR, hiESE R A th SRl B =X, 98 SR 7E 43 Bt
BY5E T b 5 0 i 20 B2 A, A LAY = 4k 3R T 45
& 4 Fros .,

N S N

K3 ksl B e 145

Fig.3 Permanent magnet assisted stator structure
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Fig. 6 Layered optimization flow chart
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Table 1 Basic parameters of SSEHSRM

SR A SR Bl
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K 7 TERIEARSHSL AR PR B R R B2
B, Hr H NI H, e TR B, N BOE
THINEIE A B, J 5T BUE T 1ISMNE IR f B, 4 B e
TR B, Je TR 0, N Y BIKTEME o, Y B
VR TE A KGRI 0 Kk R A T 1
AR, It 10 MRS

AT 0, FR A B 8 ) (angle position control
APC) J5 i TT e iE BL i HL e P D7 v . IR FRi
FEMRAE AN % B ML 38 A A OC T Ff R AT 428 1) o 308
HL AL BT DA S H I BT R 5 2 W J A A X 7 8, TR
ASCHERE APC 451 7 25, 4% APC (1) 22 50T i A
(6,,) MW (0,,) MATHL LS %, B, it 12 4
TS EL, b iR R S OS24, R 2 =

Pl 7 SSEHSRM Z5f4 54K
Fig.7 SSEHSRM structural parameter

KA AR AN 2 FT s
®2 HFRUSEEE

Table 2 Optimization parameters range

SR ¢ SR Bufe
H, 5~8 mm B, 5~8°
H, 8~10 mm oy 45~60°
H,, 4~6 mm Oy 6~8°
Bi, 3~7° O 0.5~1°
Bou: 0.5~1° 0., -1~1°
B, 4~6° 0,7 6~9°
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Fig. 8 Sensitivity analysis result
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Fig. 14 Motor performance comparison at multiple speeds

B 15(a) NFEHLIY 3D S5 A AR KE R, AR 48 L AL 45 4 225 il
TEI T AR, I T BAR 2 F TSGR
A, W 15 (b) Fras . SR IEECE & B B A8 an
K 15(c) Fros,

& 15(a) Fim i B AL K 8], Forp i 22 2 FHAE [
Ui PR 2 125 1 FVETR s iR =, O FOZ 3R =
PR A I TR 3 5 0 sl sl R O A 20 e D R A
A TR BN IR AR IR Ty B 1k TR SR T, A
BRYUE T 2 3 LS AL, DR OA % R se AR iE AT
FIRE G WLACKERE T — [FER, . & F S EYE R
B E B — AN HAE I o B it AT e, B ik
IR B R PR B, 5 WK S AR S BN 5, 3L
RE Ik AN

X SEBAEALIEAT DX, 2R FH A 4 ) O =X B Ay i
SCHTER Y APC #5361 751, FAAILA% 3k 500 rpm 4 FF 38
VLR N-0.8° MMl 7.8 MIHLFFRIE N 18 A, 5L
BRI TE WA 16 (a) BTN, 38 A 98 55 REKS Tl sh 2 14 il
REFHLI , S50 7.5 N - m A RSUE 74K, 50 50 T A5 54 6 &1
B 16(b) Wi, Bk sh KZAIHN 19. 7% , 5105 BEAFE— &
W2 (HIRZELE T HZ W BN

(a) FEHLAR AR
(a) Prototype explosion figure

(b) BT BT, Bl
(b) Stator, rotor, shaft

() AN IR &
(¢) Motor prototype and test platform

K15 BEHLERPERIINA &5

Fig. 15 Prototype parts and test platform
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