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Optimization of Rotor Topology Structure and Electromagnetic
Performance Analysis of Permanent Magnet Synchronous Motor

WANG Jianpu,ZHAO Yihai,LI Rui

(School of Traffic Engineering, Nanjing Institute of Technology,Nanjing,211167,China)

Abstract; To study the influence of different rotor topologies on the electromagnetic performance of permanent mag-
net synchronous motor(PMSM) ,a multi-objective optimization algorithm was used to optimize the structural param-
eters of a double-layer PMSM. The influence of structural parameters such as the length, width, bridge width, and
distance between the permanent magnet and the axis on the electromagnetic performance of the PMSM was analyzed
in depth,and the motor performance before and after optimization was analyzed through Maxwell simulation. A two-
dimensional model was established for the traditional single-layer V-shaped PMSM and the optimized double-layer
permanent magnet built-in V-shaped PMSM. The simulation results showed that the optimized double-layer V-
shaped structure of the PMSM had higher no-load back electromotive force amplitude, output torque, and output
power than the traditional single-layer V-shaped structure PMSM., The torque ripple decreased by 10. 99% and the
harmonic distortion rate decreased by 0. 17 %. By analyzing the influence of different motor structural parameters on

electromagnetic performance,guidance can be provided for designing and optimizing PMSM.

Key words: Permanent magnet synchronous motor; Permanent magnet internally installed; Rotor structure; Electro-

magnetic performance
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Fig.1 Vector diagram of PMSM
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Tab.1 PMSM basic parameters

2 el ZH BME

BE A/ kW 30 x4k 4
B/ (N« m) 95.5 ik 48
€ ¥/ (r/min) 3000 EFHME/mm 190
B E/V 336 JEF WA/ mm 125
HFHME/mm 123.8 HFARE/mm 70

2.1 ETSERRUEEERNBENRKL
Ak 3 i £ H AR B AL 5 1 (NSGA-TD 3l 5 % ) 4
FEAR A A AE S BCHE Y - Ko fE 45 56 R IR R e AN
AR L2 Ak fbad f b, NSGA-TT k47
TEBE A8 SURNAS S BEAE X B 50T b 3 A A4 QR e
B HEATHE SCECHE T AR BT 5 A AR AR
AR 3 7 i [ 25 E L ) AR 1 E % R 4R —
FiOBUZ VIR 7K Tl R B0 55 7 S5 4 L UG o 2R e o
Jik sl V47 S s R B Rl SRS D AL AR . H R F]
AR SCHR 19 L2 73 AR 45 4 T R 4 1 TR i i LML 17
%, T UK WG TR 25 LI B R RE R . IR,
B EE R K A S5 AL S BT R AR T i AR
U5 AR R TR 25 AL B R PERE . Ol T RE S PRHORS
A5 1 B2 i R R 45 ) 2 0, AR SO T S 800 B
briEAT 22 H AR US43 BT 0 5 OGBS 4 PR AR
I 2 H b 8 A5 5 1 (NSGA-TD Xof 5 5 5 5080 17 11
16 A5 B e 4 - I S+ 3 3k A BR OG5 B X B AR
KUZ K G AR S5 F B R, SUZ K Bl A 45 4 o i L33
MAREME 2 s,

Bt S80S A

Tl 25 R (1 R

| 5 Z HARUE L BT |

45

2 WEXEESHNENRITRER

Fig. 2 Flowchart of motor design for double-layer permanent
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Tab. 2 Parameters design and constraint range
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Tab.4 Comparison of main parameters of secondary permanent

magnet before and after optimization
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Tab.5 Performance parameters of PMSM before and after
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Fig.5 Single-layer permanent magnet structure
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Fig. 6 Double-layer permanent magnet structure
3.1 EHHMREBESH

KB TR A0 ML Y S P 3R I 2R 42 5| R LR
o Z B PR R 5 % K i v ML G RE AN L T S A
SRS S J e B L R A Y S e
(B RN EA SR (9 4 SR 2 Bk i L B3 LR 1 B
BLRAR KR 2 ML s AT I LR S 52 S8 AL Wk
9 52 5 S SRR UG A R A 10 A e A i T DA T 8 2
HLHO7 AR B XS D B S Bob PLis 1T
ISP 77 A R A RE i 5 R A 4 2l e 7 e R ML 1Y P

P 7 Fp o B2 IR A 0 XU 7K B AR P Ao 28 )
S B

P 7 r R Rl 2 2 ) i A i e L A

T B S L I o T TR R 7 3R Y T R L R B —
AN EEMERRRE AR . AR R R AN
QLfQ
Q

[P THD i il e A2 485 Q Oy B i I A 2UUE 5 Qo
VoS E SRV EIE

R A AR g s P L ) B Rk gl 23 O L HL AL
S AR B IR RS 5 S22 1 I R A RS IR A LB AT
R o B2 5 L) 2 A L BIL IR D AR R DL 3R
6. MF 6 PRI X2 V RLEE Y 1) K [ 25 W AL A
e B BIEME S T2 VRGS . BT 3,56V, H
WP AR R T 0,17 0, A SCIR T 18 BLJZ 7k i 14
S5 RA 85 B 2 K WG AR S5 K F LR BB AS B T A SR T

175

THD =

*X 100% (5)

I sk

150 I )7 i

125

—_
(=3
S

5 F

VIR E/V

50

25

7 REBIER

Fig. 7 Back potential harmonic wave
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Tab. 6 Comparison of back electromotive force amplitude and

harmonic distortion rate between two types of PMSM
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Fig. 8 Rated output torque and power waveform
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