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Optimization and analysis of asymmetrical hybrid permanent
magnetmotor for electric vehicle
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Abstract: Aiming at the problems of large amount of rare earth materials and too high cogging torque of traditional rare earth
permanent magnet motor, an asymmetrical hybrid magnetic pole permanent magnet motor structure was proposed. The
equivalent magnetic circuit model was established, parametric modeling was carried out for the motor, and ferrite width and
other motor parameters were selected for sensitivity analysis. According to sensitivity results, the hybrid algorithm combining
the BBD algorithm and the MOGA- [l method and the CCD multi-objective algorithm were used for optimization, so as to
determine the optimal size parameters of the motor, and analyze and compare the electromagnetic performance of the

asymmetric hybrid permanent magnet motor and the traditonal V-type motor. The results show that compared with the
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traditional V-type motor, the torque ripple and cogging torque of the asymmetrical hybrid permanent magnet motor are
reduced by 14% and 71%, respectively, and the amount of Ndfeb material used is reduced by 14.3%. The proposed new type
of asymmetric hybrid permanent magnet motor for electric vehicles effectively solves the problems such as large amount of rare
earth materials and too high cogging torque, which provides a certain theoretical reference for automobile permanent magnet

motor.
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Fig.1 Topological structure of permanent magnet motor rotor
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Tab.1 Main optimization parameters and variation

range of motor structure
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Fig.3 Multi-objective optimization process
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Tab.2 Sensitivity analysis results of optimization

parameters to optimization targets

%%ﬁ Smg(.’[,) S;,p(dl‘,‘) STI[I)(I;) (J(.’I,)
a —0.036 5 —3.02 —3.38 1.301 9
B —0.022 —1.35 —3.56 0.995 2
Y 0.715 —4.92 —6.72 2.75°7
o 0.172 —1.678 3.36 1.110 8
Womt 0.721 —0.363 —1.88 0.881 2
W oime —1.21 7.40 —3.37 3.48
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Tab.3 Optimization parameter layering results
FT1IE. G =1 as? 0 s Wime
2R G <1 B Wimi




5 439

XUHE SC 45 < o B IR Al 0 B TR 5 1 A K i L LA AL 5 40 A

359

24 ETFBBDHIE 1 EMRKL

M4 U 7KF = R 2 X5 33 R L & 57 BBD Y IE
L E A A, At 29 405 B R OC TN A A R
CT oo ) FEH RSN C Ty ) LA K THD By R, H i
HAEUREERMNFERS P,
25 ETFCCOHMIE 2 EMRL

HRHE K80 BT L # 37 CCD Y IE 28 il 59
WA, B 13 AP HAR RS TR AR (T ) %
FENKBhC T, ) LA K THD fmm i, FHomm 1 20 45 DA R 25
Wz 6 FiR.
2.6 EHTF MOGA-T Btk

BT EIER S 1 RSN 4 R R R X
RSM ) B B R MOGA- 1T 8 3 i 47 R i
MOGA- I J& —FP 2 H bRt (550 x5 T 2 B st k)
RO ) i 0 A AN R B — Y T — 2 X — A R IR
Pareto fifF 45 . TEIE A ( T ) EMENKSIC Ty ) LA
Ko 73 35 v Bk Dl i A8 R (THD) R 1t Ak B b i 3% i
B A R AR (T o =152 N e m ), fiff
75 Fi0 3 fife £ S8 fin 0% S 5 T E R AR PS4k B AR ZE A
J& 7€ Pareto fift 4 h ik B — A~ St L 15 20 09 1 Ak 25
A 4 s,

@ Design points [
® Pareto points

Pkt mN

B4 %1 EMmALsE R Pareto M5 & i
Fig.4 Pareto solution and design solution of the first

layer optimization results

Bl 45T 3 A ifk B AR fe 25 51 L 1| b i
fifp S5 2 B8 3 B 0R , Pareto fiff 82 W L 29 R 4% 1R R
M Pareto fiff 8 38 26— A S5 A0 A o 5 xRz 1 £ Ak AR
S EAE R B A A e A B85 RNk 7 PR .

F 8 N AR M FRIR A R R RE L 5 & 58 V
T 55 Ky H ML T FH 7K R4 A8 8 5t %o b 25 L 7 (R I T 7Y
A3 Bk IR A i Wk i g F BIL B i B B RN AIR T AR 5V
TS5 ke e LA L O O BT AR T L 3R X RR TR A 0 A K
FL AL A9 b 4 RE A F S AR T AR 48 VOB 25 4 AL
BEAR T 14.3%,

k4 AT BKRFM

Tab.4 Designed variable level values and encodings

AT IR 19 28 e

A AE i

—1 0 1
a /(%) 73 75 77
Y/ 63 65 67
8/ 48 50 52
W pmz /mm 4.5 5 5.5
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Tab.5 BBD response matrix and results

o W) 7 2H & Ak B b
75
a 4 6 Wime T cog Tip THD
1 75 65 50 5 170.262 13.897 1 9.898 59
2 73 63 50 5 263.048 16.034 1 10.485 10
3 73 65 52 5 235.939 14.522 1 10.514 30
4 73 65 50 5.5 210.475 12.770 3 10.303 60
5 75 67 50 4.5 193.114 14.869 1 9.246 62
6 77 65 48 5 139.903 13.474° 5 9.090 39
7 75 63 50 4.5 331.013 16.944 7 9.930 65
8 75 63 50 5.5 169.795 13.140 4 10.495 10
9 75 67 48 5 193.291 13.127 5 9.122 37
10 73 65 48 5 239.712 15.221 3 9.664 23
11 75 67 52 5 192.801 12.824 5 9.830 68
12 77 65 50 4.5 316.363 16.878 5 9.811 62
29 77 67 50 5 229.539 12.021 5  9.096 67
%6 CCDvh &A% R
Tab.6 CCD response matrix and results
e Wi 7 26 & R AR
’ B W i T coe T THD
1 55 6.396 45 283.15 14.519 8  8.779 55
2 53 6.5 241.208 14.543 2 8.377 66
3 53 7 177.672 12.078 1 9.057 69
4 52.171 6 6.75 223.146 13.776 1 8.511 49
5 57 6.5 315.573 14.448 3 9.496 69
6 57.828 4 6.75 282.093 14.922 6 10.047 80
7 55 6.75 248.484 13.543 0 9.304 38
13 57 7 219.152 14.500 3 10.218 70
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Tab.7 Optimized variables for final results
Pt 7s & AL
a /() 73
B/ 53
/D 67
8 /() 50
Wpm /mm 7
Wimz /mm 5
8 REEMAA LR
Tab.8 Comparison results of permanent magnet
material consumption
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Tab.9 Main parameters of motor structure
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Fig.7 No-load back potential and harmonic analysis of permanent magnetmotor
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Fig.8 Demagnetization analysis
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Fig.10 Prototype and experimental platform
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