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Abstract: [Objective] To address the issue of large cogging
torque, low motor efficiency and high torque ripple commonly
found in canned permanent magnet synchronous motor
(CPMSM ), this paper aims to analyze the influence of
asymmelric permanent magnel structure on the performance of
CPMSM. [Methods] Based on the arc-shaped permanent
magnet commonly used in engineering, this paper adopted the
geometric centerline of a single permanent magnet as the
reference. The unilateral eccentric design of the permanent
magnet was realized by offsetting the centers of its inner and
outer diameters, and three asymmetric permanent magnet
structures were proposed. The key motor performances of
CPMSM  with different permanent magnet structures,
including air-gap flux density, induced electromotive force,
unilateral magnetic pull of the can sleeve, demagnetization
coefficient of permanent magnets, motor losses and operating
efficiency, were systematically compared and analyzed under
no-load and load conditions. [Results] The results showed
that the three asymmetric permanent magnet structures shared
basically the same performance variation trend. As the offset
of the permanent magnet center increased, the amplitude of
air-gap flux density decreased. The amplitudes of cogging

torque and can loss decreased accordingly, and the motor
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efficiency was improved. Without taking manufacturing
difficulty and cost into account, the left-side asymmetric
structure was the optimal scheme. The motor with this
structure obtained the highest efficiency and power factor, the
smallest drop in output torque, and the most prominent
suppression effect on torque ripple. In addition, the

unbalanced magnetic pull caused by the asymmetric
permanent magnet exerted a negligible effect on the overall
performance of the motor. Compared with the conventional
optimization scheme of stator-tooth slotting, the proposed
method suppressed cogging torque while maintaining favorable
electromagnetic performance, and exhibited remarkable
advantages. [Conclusion] The asymmetric permanent magnet
remarkable

structure proposed in this achieve

paper
performance in weakening cogging torque, suppressing torque
ripple and improving the comprehensive performance of
CPMSM. Although this structure brings a certain degree of
magnetic-circuit unbalance, it does not alter the overall
magnetic-circuit distribution characteristics of the motor, and
the motor still maintain  excellent  electromagnetic
performance. This study provides references for the optimal
design of CPMSM.

Key words: canned permanent magnet synchronous motor;
unilateral eccentric; asymmetric permanent magnet; motor
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Fig.1 Two-dimensional finite element model of CPMSM
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Fig.3 Unilateral eccentricity model of permanent magnet
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Fig. 4 Asymmetric permanent magnet structures

(b) FE7R s X PR AR B K f A 1) He v — B ) 2 (i 7%
F—Ha A R, K 4(c) s,

CPMSM-I1 5 A S £ = A% R 45 4 A
W A O ME &, (0 38 1 JL AT A AU 5 R B R AR
FETEAS TG X5 . CPMSM-IT Ky % BRI O |, T 6 o)
4347 ; L-CPMSM . R-CPMSM F1 N-CPMSM 4 JE X
PR AL i o, B 3% 522 B0 ) 38 AE X6 AR 43 A R AIE
AL FR GE B 5T AR X PR i o0 % HL BIL 22 4 1 BE Y

B
-7 urﬁj o

2 JEXFRKFEAF XS CPMSM H
5 RE R RS

2.1 ZEHEIEXFRKEE LT CPMSM 14 &8
spA

S AB TR RV R LR B E KR
— JEE T LRI IR AS T FALI R,
B R AIL N R RS A PR A REAAR P Az FEAR [R]85 D)
U BE TR TN R R AR R R
B AT X PR PR 45 CPMSM-1, CPMSM -
IT AT =FpAE X FR 45 #) L-CPMSM  R-CPMSM & N-
CPMSM 1Y CPMSM =5 #RE PR #E 17 % L 20 B, &5
BB R Sy AR AL S AR 6 B

t & 5 AT %0, CPMSM-IT fg X R 4544, v HLRE
OIS T TR R BN R R,
6 AT, S K REA N AR X FREE R, 78955 43 A A
PSP PRGN, 7K B A A X SR P — 00 %) 2 - B 1
B R, b EXTFR A RE AR 235 4 1 1 2% s {1
B KAB 5047 X I B 46/

SRR R O I | 0 I R A N A
CPMSM =5 #AFPERISZ A, 4387 1 h=1 mm B, HL
BLZS BB AT W S BRRE 28 I T8 SO I & ik, 45 R a0
K7 B, AR U TR 19 1E 5% i A8 SR 0 3% 2
JI7R o

H L 7 7R, K AR R 528 I B 2 U
TEAHRE A= 5 5y, 3 2 i AL A A A5 oy - 3801 5 L A%
U 5 04T BT ARG, a0 CPMSM-T 355 iRk
0.877 3,1 L-CPMSM .R-CPMSM & N-CPMSM F)
FEBHRAE S 51K 0.867 4.0.867 4 F1 0.867 3,434
FEAR T 1.13% .1.13% F1 1.14% . H13E 2 A %0, 7K
WEVIEAR 7 I, AW 1 %% 5 0 42 30 TE 5% 0%
AT UL AR X FR K A 235 46 i CPMSM 19 /< B 1 %5

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



2

W, A8 AR XS PRI R A x5 i i i TR) 2 e AL BE A2 )

Li Ming, et al; The Influence of Asymmetric Permanent Magnet on the Performance of Canned Permanent Magnet

908

Synchronous Motors
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Fig.5 Magnetic flux density distribution of CPMSM
with symmetric permanent magnet structures
under no-load condition
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Tab.2 Sine distortion rate of air-gap flux density

waveforms under no-load condition
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Fig. 6 Magnetic flux density distribution of CPMSM

with asymmetric permanent magnet structures
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Fig.7 Air-gap flux density waveforms and their

harmonic content under no-load condition
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Fig. 8 Air-gap flux density waveforms and their harmonic
content of CPMSM with L-CPMSM structure
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Fig.9 Air-gap flux density waveforms and their
harmonic content of CPMSM with R-CPMSM structure
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Fig. 10 Air-gap flux density waveforms and their
harmonic content of CPMSM with N-CPMSM structure
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Fig. 11 Cogging torque of CPMSM with =5 mm
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12 h=5 mm Ff CPMSM R R FEZh 3%
Fig. 12 Induced electromotive force of CPMSM

with =5 mm
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Fig. 13 Output torque of CPMSM with 2=5 mm
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Fig. 14 Demagnetization coefficient of CPMSM

under 2.5 times load
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Fig. 15 Unilateral magnetic pull force of CPMSM

stator can sleeve
RUAR YR 8 2 R A SR T 0 A AR (EL I oK X
LR AR )~ 7 AR B R
2.3 HHHTh EEE B 3E X BR ok #E 4 4 Xt
CPMSM X&) & F H K00
it T A AE E AR AN [ K R 1R 45 4
CPMSM Hi#E BRI AR PR 3 3% 4 R,
%3 h=5mm B} CPMSM #34E
Tab.3 The loses of CPMSM with 2=5 mm

IKEEARGEHY  HTREW BFe/W BB/ W
CPMSM-I 67.76 34.23 567.46
CPMSM-II 76.73 29.70 478.13
L-CPMSM 71.88 30.78 503.36
R-CPMSM 73.07 33.43 516.58
N-CPMSM 71.87 32.18 510.02
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Tab.4 The efficiency and power factor of CPMSM
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with A=5 mm Tab.5 The comparison of L-CPMSM and CPMSM
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