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Impact of Batch-Produced Permanent Magnet Performance

Variations on Canned Permanent Magnet Synchronous Motors

ZHENG Jixin, LI Ming“, DUAN Weichuan, LUN Shuxian
( College of Control Science and Engineering, Bohai University, Jinzhou 121210, China)

Abstract: [ Objective ] The canned permanent magnet
synchronous motor (CPMSM) is widely used in critical fields
such as chemical processing, nuclear power, and medical
applications due to its high power density, superior
efficiency, and excellent dynamic performance. However,
research on the impact of batch-produced permanent magnet
performance variations on long-term motor stability remains
insufficient. Therefore, this study aims to analyze the
influence of permanent magnet variations on CPMSM
performance and reveal its multi-physics field coupling
mechanisms. [Methods] Firstly, a load backs electromotive
force-based real-time detection method for permanent magnet
magnetic properties was proposed, enabling dynamic post-
assembly monitoring without additional sensors. Then, the
influence of permanent magnet performance variations on
CPMSM electromagnetic fields, temperature distribution, and
shield-can thermal stress/deformation was analyzed using
finite element models. Finally, experimental validation of the
proposed method was subsequently conducted. [Results] The
results demonstrated that when compared with the N30-grade,
the motor with N38-grade permanent magnets exhibited a
2.56% difference in power factor, a 1.76% difference in
efficiency, a 5 “C difference in winding temperature, and a
5.82 °C difference in casing temperature. [Conclusion] A
decline in the magnetic performance of permanent magnets

leads to nonlinear deterioration in motor performance metrics,
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and the performance difference is solely related to the quantity
of permanent magnets, independent of their distribution. This
study provides theoretical references for the optimized design
of CPMSM, the evaluation of permanent magnet deviation
impacts, and the enhancement of reliability in harsh
environments.

Key words: canned permanent magnet synchronous motor;
batch-produced permanent magnet performance variation;
back electromotive force; multi-physics field coupling

mechanism
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Fig.1 Schematic diagram of CPMSM structure
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Fig.2 Multi-physics field simulation flowchart
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Fig.3 Finite element model of CPMSM
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Fig.4 Temperature field and stress calculation
model of CPMSM

KB, AR BEARTRIRE ) SE PR E ; B, R K BEAR TR
WG bR FR{H

A SOPE T 1 2 5 G — € £ 10% |, B 7 i
LTI BT VNN P N e e s 8 58 N IRL WS
A LAV E il i 5 23 A e AL A R 7
it

Tt 25 52 A% L AEE SN - TG T B 10% B
WRAMH B 0.9 FI#ETC 22 500, bR X8 B A
1 G E T 10% B bR 406 B M 1.1,

CPMSM S B % (1) K/ N S e & 2 .
FESZ e P LA B R ) R AN RS S RE AR B
P TG — e AT BROTT B A 1 oK
VRREPERE A7 7 22 5 050 % i ML B 25 93 A 1 5%
iy, &5 9L i 5 R,

TPl 5 Ca) AR, B 25 DR L Pl B 7RG AR G
PERE T BEMIFER . A REIATIRE 22 5 bR 25 B K
0.9.1.0, 1.1 B, B % %5 W& {853 %1y 0.70 T,
0.76 T F10.81 T, 5 B*=1.0 #It,24 B" =0.9 i}

B 5 skEidEEsEERITRISE#EEER N
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variations on air-gap magnetic flux density
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Fig. 6 Impact of permanent magnet performance
variations on no-load induced EMF of CPMSM
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Tab.2 Distribution of permanent magnets with

performance variations
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Fig. 10 Impact of permanent magnets with performance

variations on no-load induced EMF
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Fig. 11 Influence of permanent magnet property variations on motor temperature distribution
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Tab.3 Impact of permanent magnets with performance

variations distribution on motor temperature field
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Fig. 12 Impact of permanent magnet performance

variations on stator shield-can deformation
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Fig. 13 Two types of permanent magnet rotors
x4 HETH ST SR
Tab.4 Performance comparison between

rotor #1 and rotor #2

PERETE AR 1 fH#2 R/ %

IR E A 0.78 0.76 2.56

EAT 68.0 69.2 1.76
i T kW 1.50 1.49 -
LeliIRNE/C 92.8 97.9 5.50
BLFE R/ C 36.1 38.2 5.82

1% 4 nl 0, 7 AL LB 1 DR R BN S 1 4

E14 AikEE
Fig. 14 The test platform

PFF#2 AL DR F RS #1 AU LT IRA
Al AR T 2.56% , (A H B HLACRIE S T 1.2
ANEGE R X PR ARG PR R T e A B AIR S 3L
CPMSM (145 F B i H AE I D . Ry 1 OR4EAH 7]
() R AT Hh DD 26 SR N T 35 T AR i, ihi e
CPMSM #AE, B Wi H5FE BT o Lo 3] L e 43 3K
TR B LSRR X5 Z AT 45 R —
., A, NFR 4 RATLUE 1, S5#1 AL L, #2
HLAILAY 4L IR BERE N T 5.5% , 3 J2 il 45 38 i S 2
(15 AR LT A 284k X 2 i TRl %
KT IR

AR, T E4E A, RAEAR SGHE i A BR T o
BT AN — L0 55 TE 1 it AR 7 A0 K A fiE 25 S+
X} CPMSM Z 3 g 052 ), {H A 4T X e 1 22
5 10% A T A4 T 1T DRI G0 IE , AR BT 5
Bz WK G R AR A R, X — JRy R 5 22
TESE S5 i 3 AR g8 ik g B Hin LG

4 4hiE

ARSCERA YBT3 A 7= (1 A g 1A 1 i 2 5
JHA AR X CPMSM. 22 4 #1371 fig A9 52 ), 32 %2
ity (1l

(1) 7K B A4 1 0 1 R AVR 10% B, /<0 R 0

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



FRURFE | 25 - A A 7R R A B 2 5 x5 il K i TR] 20 FL AL 32 )

ZHENG Jixin, et al; Impact of Batch-Produced Permanent Magnet Performance Variations on Canned Permanent

196

Magnet Synchronous Motors

IR (B AR T 6.30% , 25 #% I B s BRI T
7.10% BRI FRBAFEIR A T 11.50% | fi H 5540
TEET 4.40% . LGS EERIHAEL AL ; R
FEG RN, Bl AN 5 1 e A [R] Y A AR B A
XK, M5 HZs [ 43 A ook

(2) A REMR T W RAAR 10% 23 52 F Bl & 1Y
K PIEAR D 8.5% , BLAM 56 IR 5L T
FAIK 10% 2 CPMSM BIRCREE R 1.2 N E 530,

(3) A WEAR S5 A N38 BYHLHLS N30 A L,
TR B 22 2.56% |, BCR A2 1.76% , Ledl iR E
FH2E 5 °C , MLsEiR A 2E 5.82 C,

T B 4G R A SUE IR T RG22 Ak T
0T g ) A AL SR R . AR R 2
M SEIREE RO,

Flzs MR AR
Jr B VEE B AAFAER 25 v 2
All authors disclose no relevant conflict of

interests.

EE Tk

ok U T Or RO AR RS SiE
ST ARk BT TR Rk 2
U BN S S TieSCy w588, A 1R
Y E F) BT B AR R AL

The scheme design, content summary and
paper writing were carried out by Zheng Jixin and Li
Ming. The experiment was conducted by Zheng Jixin
and Duan Weichuan. The manuscript was revised by
Zheng Jixin, Li Ming and Lun Shuxian. All authors
have read and approved the final version of the paper

for submission.

& % X o

[ 1] Vlachou V I, Sakkas G K, Xintaropoulos F P, et al.

Overview on permanent magnet motor trends and
developments [ J]. Energies, 2024, 17(2) ; 538.
LiuJ P, Li X L, Yan B, et al. Electromagnetic
performance analysis of a field-modulated permanent
magnet motor using improved hybrid subdomain
[J1].
Conversion, 2023, 38(3) . 1753-1766.

W, 220, . A e IR ] 38 I HL I K

method IEEE Transactions on Energy

[3]

B HLERE R W 23 A [T, AL 4
2025, 52(1) . 74-83.

Chi L, Li M, Wang R. Analysis of the influence of
inverter time harmonic current on the performance of
permanent magnet shielded motors [ J]. Electric
Machines & Control Application, 2025, 52(1): 74-
83.

Mohammad R S, Mohammad A J K, Jamshid K, et
al. Split-tooth flux reversal motor assisted with yoke
and slot PMs [ J]. IEEE
Transportation Electrification, 2025, 11(5): 10769-
10784.

Gao L L, Liu H, Niu Q. Analytical model for no-load

Transactions on

magnetic field, can losses, and temperature of
permanent magnet canned motor [ J]. IEEE Access,
2023, 11. 74816-74827.

BiERr, RS, TR, % HaRZHBRREUK
1) 20 i B HRL R 3-8 E 3 LR SR AR B T
[J]. LSRN, 2024, 51(2) : 113-122.
Mu H Q, Zhou S H, Yu T H, et al. Electromagnetic
field-temperature field iterative calculation method of
canned permanent magnet synchronous motor for
vacuum pump [ J]. Electric Machines & Control
Application, 2024, 51(2) . 113-122.

ey, MR, TR L. B TR AR LE R Y U0 1)
K RE ) AL B MK B M 308 I B FE I AR A [0 ). o
BRI, 2024, 51(5) : 100-110.

Hou Y H, Cheng X, Zhang B Y. Measures to
suppress eddy current loss in permanent magnets of
tangential permanent synchronous

magnet motors

based on slot-pole ratio selection [ J]. Electric
Machines & Control Application, 2024, 51(5) ; 100-
110.

XuY M, XuZ Y, Cao H P, et al. Torque ripple
suppression of synchronous reluctance motors for
electric vehicles based on rotor improvement design
LIl
Electrification, 2022, 9(3) . 4328-4338.

W, T, AR, & TR TR
PRI =YD E A SCTAR TPMSM B % 1t 1k
[J]. HLS RN, 2021, 48(6) : 57-62.
LiY, Wang X P, Bai Y R, et al. Optimization of air-
gap magnetic field of five-phase IPMSM with third

IEEE  Transactions on  Transportation

harmonic injection based on rotor shape optimization
L] &  Control
Application, 2021, 48(6) ; 57-62.

design Electric  Machines

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



HAL

SEHINT, %53 4%, F2
Electric Machines & Control Application, Vol. 53, No.2, 2026

197

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

XESE, tel, BUENT, 2 B b SRR
HURBE A AL TR AE ] ABL S 3 R,
2019, 46(2) : 52-56+71.

Liu F G, Yang K, Zhao Z G, et al. Rotor loss of
surface permanent magnet synchronous motor with
fractional slot concentrated windings [ J]. Electric
Machines & Control Application, 2019, 46(2) . 52-
56+71.

KR4z, BAOCHE, U, AF. MBS P SRALK
WG IT A 2R (1], h R L T
24, 2020, 40( 34T 1) . 272-280.

Zheng J Q, Zhao W X, Ji ] H, et al. Review on
design methods of low harmonics of fractional-slot
concentrated-windings machine
[J]. Proceedings of the CSEE, 2020, 40 (S1):
272-280.

Yamazaki K, Shina M, Kanou Y, et al. Effect of

permanent-magnet

eddy current loss reduction by segmentation of
magnets in synchronous motors; Difference between
interior and surface types [ J]. IEEE Transactions on
Magnetics, 2009, 45(10) ; 4756-4759.

Woo J H, Bang T K, Lee H K, et al
Electromagnetic characteristic analysis of high-speed
motors with rare-earth and ferrite permanent magnets
[ J]. IEEE
Transactions on Magnetics, 2020, 57(2) . 1-5.

Liu Z Q, Zhang G Y, Du G H. An Investigation into

the pole-slot ratio and optimization of a low-speed and

considering  current  harmonics

high-torque permanent magnet motor [ J]. Applied
Sciences, 2024, 14(10) . 3983.

AR, BEM, INVEIH, 55, - BO g rh SR 2RO
BOBPINH I A T[] LS s
2024, 51(11): 110-122.

Kuang J Y, Luo H, Sun C Y, et al. Comparison
study on pole pair harmonic suppression schemes in
fractional slot concentrated windings [ J]. Electric
Machines & Control Application, 2024, 51 (11);
110-122.

Zou L, Zhou Y P, Wei Y Y, et al. Analysis of air
gap length by radial electromagnetic force in interior
permanent magnet synchronous motor considering
[ C1// 2021 24th
International Conference on Electrical Machines and

Republic of, 2021,

flux-weakening  control

Systems, Gyeongju, Korea,
1311-1316.
He W, Hang J, Ding S C, et al. Robust diagnosis of

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

partial demagnetization fault in PMSMs using radial
air-gap flux density under complex working conditions
[J]. IEEE Transactions on Industrial Electronics,
2024, 71(10) ; 12001-12010.

LiZ X, Yang G L, Fan Y M, et al. Irreversible
demagnetization mechanism of permanent magnets
[J1.
Technology, 2021, 17(3) : 763-774.
Zhang Y, MclLoone S, Cao W P. Electromagnetic
loss modeling and demagnetization analysis for high
[J]. IEEE
Transactions on Magnetics, 2017, 54(3) . 1-5.
Baranski M, Szelag W, Lyskawinski W.

during electromagnetic  buffering Defence

speed permanent magnet machine

Experimental and simulation studies of partial
demagnetization process of permanent magnets in
electric motors [ J]. IEEE Transactions on Energy
Conversion, 2021, 36(4) . 3137-3145.

Wang D W, Yang W, Yang J F, et al. Research on
electromagnetic  vibration  characteristics of a
permanent magnet synchronous motor based on multi-
physical field coupling [ J]. Energies, 2023, 16
(9): 3916.

sk, kA, X8 BRI R o B (SO K G AR Y
TG T]. KBHE, 2017(29) - 250.
Zhang C, Zhang W, Liu X. Passive shimming method
of permanent magnet for nuclear magnetic resonance
analyzer [ J]. Super Science, 2017(29) : 250.
bk, XIRP, kR, & ETRBRMELEEZ S
SER ARG T R F RV IE ()] BT AR
224, 2025, 40(2) ; 335-345.

Yang D, Liu S Y, Zhang H, et al. Research on the
zero magnetic field of magnetic particle imaging based
on the composite structure of permanent magnets and
coils [J].
Society, 2025, 40(2) . 335-345.

Tian M M, Karimi H R, Li Y Y, et al. Calculation

Transactions of China Electrotechnical

of mno-load induced electromotive force of pole
changing line-start permanent magnet synchronous
motor [ J]. IET Electric Power Applications, 2023,
17(8) : 1030-1040.

Shi Z, Sun X D, Yang Z B, et al. Design
optimization of a spoke-type axial-flux PM machine
for in-wheel drive operation [ J]. IEEE Transactions
on Transportation Electrification, 2023, 10 (2):

3770-3781.
Wik, 2201, £, 45 T8 TPREXT bR ma Uk

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



198

FRURFE | 25 - A A 7 i R A B 2 5 x5 i K i TR] 20 FL AL 32 )

ZHENG Jixin, et al: Impact of Batch-Produced Permanent Magnet Performance Variations on Canned Permanent

Magnet Synchronous Motors

[27]

[28]

[29]

WG AL LG RE B AE RS2 [ 7], AL 2 4
I, 2025, 52(4) : 432-441.

Chen Z L, Li M, Wang R, et al. Effect of stator tooth
slotting on cogging torque of canned permanent
magnet synchronous motor [ J]. Electric Machines &
Control Application, 2025, 52(4) . 432-441.

Tang HY, Li W L, Wu Z G. Influence of inverter
open circuit fault on multiple physical quantities in
the PMSM [ J]. IEEE Transactions on Power
Electronics, 2022, 38(1) : 901-916.

Feng G D, Lai C Y, Li W L, et al. Efficient
permanent magnet temperature modeling  and
estimation for dual three-phase PMSM considering
inverter nonlinearity [ J ]. IEEE Transactions on
Power Electronics, 2019, 35(7) . 7328-7340.
Zhang H Q, Xiao D. Steady-state efficiency
optimization method for PMSM considering current
distribution and iron loss resistance [ J]. IEEE
Transactions on Circuits and Systems II:. Express

Briefs, 2024, 71(12) . 4924-4928.

[30] Z&%, LK%, kaliE, % (TR RE SR
JESENE A i MLBR Sh P RE K 2 W IR e p [ ].
W LSRN, 2020, 47(5) : 53-59.
Qin X, An Y J, Zhang Z H, et al. Driving
performance and multiphysics analysis of new
composite squirrel cage structure canned motor for
chemical pumps [ J]. Electric Machines & Control
Application, 2020, 47(5) : 53-59.

Wi B 89 .2025-07-07
WCEIME B B 1 .2025-09-09
YEE i
kg% (2000—) , B, W HHF5E AL BF 55 5 ) Ry FEF
AL T K Z W FE7 5T, 2jx2023008029@ bhu.edu.cn;
EAEIES 2 W(1987—) B A, B2, it
T3 1 R A B LT R 4% R | limingl @ gymail. bhu.

edu.cn,

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



