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Abstract: [ Objective] In traditional electromagnetic field

simulation software, numerical calculation methods such as
finite difference and finite element method are mainly used to
solve problems. Although these methods can obtain numerical
solutions closer to the experimental results, their
computational accuracy heavily depends on the number of
meshes and the quality of the dividing. While improving the
solution accuracy, it also leads to a significant in computation
time and cost, especially when using software for large-scale
[ Methods ] Therefore,

development

optimization design. this

paper

proposed a strategy  for electromagnetic

simulation software that integrated artificial intelligence

technology. Artificial neural network ( ANN) models were
and post-processing to

used in pre-processing, solving,

accelerate the entire solving process. In the modeling
process, multimodal parametric modeling techniques based on

images, speech, and text were used. In the mesh dividing
and matrix solving, ANN models were used for classification
judgment or regression prediction. In the processing and
visualization stages of calculation results, machine learning
fitting and interpolation methods were used for smoothing the
computational results and improving the resolution. [Results]
Based on electromagnetic simulation software, a large amount

of finite element data could be obtained for specific problems.

E£WH. HXRAKRF#ES (52407010)
National Natural Science Foundation of China(52407010)

China)

In a data-driven environment, it was possible to achieve the
prediction of electromagnetic field distribution, the prediction
of AC copper consumption based on surrogate models, the full
performance prediction of motors with multiple input/output
and multi-objective  accelerated

operating  conditions,

optimization with the help of classifiers, as well as multi-
objective optimization and motor modeling based entirely on
surrogate models. [Conclusion] This study constructs digital

twins of electromagnetic products through data-driven

approaches, providing effective support for their status

monitoring,  predictive  maintenance and  performance
optimization.
Key words: electromagnetic simulation software; multi-
objective optimization; artificial intelligence technology; data-

driven; performance prediction

i E. [ B8] LG w5 05 A 32 SR R 22
oy A RROCSE B E T R AT R AR . A X LT L RS 3K
ot a8 4 SR ARy T ) S A, R G SRR B T AR
T AR R S g e AR SR AR B B TR I,
23 BT S 1) A0 AR R S, 7 R AL A B it
B, [FE] N, AR T — MRS A TR 6
T BB LK F T 26 SR, (B4R B SR A S Ak B
HoR N A2 45 (ANN) BB s B SR g e, 75
R AR T IRMR T FOSCAR 1 2 RS S50l
FEBER AR T R R 0 FAE SR A v T ANN LR BES T

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



LSRRI, 25 52 4, 55 11 )

Electric Machines & Control Application, Vol. 52, No. 11, 2025

1183

SR ZEF Wm0 5 75 3545 2R A b BT AL B B
R FIBLASR 2 ~ UA 45 30 B D7 S 0 T3 4 SR AT O i Ak
ORI, [ ER) & T ARG Oy B AT LLEE XS
A [ RILAR O 1) A7 FROC KNG . 70 K Sk S PR 8ET
REAS BT FL % 37 23 A 15 D0 0 T e 7 AR 2 114 58
A FETIIN | 22 A A2 O R H L A M RE IO A
Bl 732809 22 FAR g A1 L B 58 4 0 T AU R 1) %2
FIAREAC AL, [ 4538 | AR5 o 440 4Rk 3l 75
TR AR LR i BT AR AR R g HOBR S 0 | T P 4
PSRRI A O

R : AL AR 2 BRI s A TR REHOAR s Xcdls
YRl ; PERE TN

0 3|5

LG ATT AR VR S — R T Bk, — B AR
R SE S5 ik K A, PR, B ol
PFRLOEOR I B WA, # 2 4 m] 58 0 [ 7= T
MBS A AR 0T SR a3 % B T
e i R R AT A X AR
K AL AR B -t 75 Fi 8 0 LA Y B 2 0F
RITHBAG T A e, Bl — RPN EA A E
R AL 8 o e AR TR LA R 6 K H g R
ZY PG AT

A AN LN I T NS = -
( Artificial Intelligence, AI) £ R —K kA T A
e B AT TV A= E 3 X RT,
] 7 FL 1 A0 AP 1 BT A A 8 2 il 1) A1 1 5 R
B, TEEORE AT HOR G A BN A R b AT 3 T
IIESE PR f 77 i, & T TP R 3, 5 B 25 3
o HURTIE , —J7 AT X 300 B 1 %5 B BL, il
A AT BRI R RESK A 5 75— 07 TS T4 FROT
B, BT 0T R AE 0] R4 I A S A AR B i 55
T8 B £ BE R, A 3% 5 i T RE A A AR AR
A LSRR A A e 2 S B R E IR 55 . TERLE
AT BARK St e i s 7 100 J )7 T, TR 2 ) A AL ]
DI LR 373 5K A # , Aok D 48 b T 97 T v #) fv
TR X F LT o3 0 A% AR i A
B A= X4 R 28 ( Generative Adversarial Network
GAN) R LAPR A i Jo7 £ 1Y = £ 50U T 44k 1)
A& TR R U i 2 T DA i R
UG BRI TG AL FE o AT R HI96 20 4 25 1) 2%
(Recurrent Neural Network, RNN) X Bt 45 I ¥ i#F

ATRCBR . TR G I 3 1Y 43 A A% DU, AT LA
| FHA LA 22 M 2% ( Convolutional Neural Network ,
CNN) 3537 R B 0 PR X R OT A H AR 48 2
SCE ARSI AL S 22 PR A ) RS B0
SR SR S AR R B, AT LR T GAN #4718
BN EBE 9K sh ) £ A R AF 5T 5 T, CNN
1 AT HEIRL Linknet” LK GAN #5 E2 #3iE 52 7T
DAAE Ay FRBEASE A Sfe 15000 P, 1 4 1) 4 A A 1910
N T AHEE 2K ( Artificial Neural Network, ANN)
IR DU T 25 b A ML L 4544 2 B bx
etk, BA AL 58 A R oT Jr v B ny 3 5
FEUTIS AR LR PR T RSO A
IHE , FRRE 2 il Ay AL B 4540 T 2 8K
PRARE, TR AT RS, 2D 455t
fREA M CNN AT L BEAT NS5 40 J2 T Y 22 B b
AL o B Ao R BRI W T a5 A i 2
KA, AT LA s B T A Rouit B £ H bR
([ A

AE 1) 0 LR AR Jo e e 2 > i A B 1 ) ke
SFRAR BRI R B L SRR 22 M 2R AT
FERRIE VT 50RS B (Y AT 4 T R AR 4 2
HL R 7 it B BT HTE T A T M RE SRR g A 1Y
— BB (T b O i TR O 5 R AN e
— B R, AT R ER TR IE [ B3
I 7 N AR 39 1) v, B P 4 52 5 oK
AR AR i Bl o] RE R BT R R B 4
P W Ah, T AR A R g I R A
GPU #E17 BR T oK fif 1 1) B 7F — 78 BF 52
Ha 8B AR LI T AT, 15 G F LR Ak 3 B
TEUETHE D kMR & X5k, B Be Al 4L
S AT SR i AR A, SR Ty B A B SR
(AR B 2 5 ) AR RE A AL vk (gL
W R R A ) P AL G SR R R
ABRTCOT L, TR, HME DAL 38 3 Akl 2t )
RO T AT B T 3 L e 4R A R R, AR =
RS PIE LS Gl Py PRI AL A AL YITZRHESE
FETHIACSSF AT SEME , AR HIBLAR % 2] Kriging
AT TR 2 ) 2 45 Ay el i N\ B S ) B RS A
BAREER A BT B AR 20

BEXS Y i O B S S B E Y
1255, LA S AT FR Rk e ik 237 5t AR SCE
B AARE AL FOR B o g O B, DS

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



KW RS N TR RO B UL D7 LA SO s SR S 3R 558 A48

SONG Jiao, et al: Electromagnetic Simulation Software Integrated with Al Technology and Its Applications in Data-

1184

Driven Environments

FRPE e B WS 38 S W B2 s, &
P TR BT IR AL RGO FUARAF RO DI RE TR
R REAE PR LBOHEZE . HR, 70 T AT R
5 R Rl A Oy 2 IR T R B 2
FUAR R AT BRI E 2, PR R T 1
BRSPS RGP T AR B AT A 55,
WSS BE, e , AR SURAR T —A AL fif ik
FL B ) R ) ELARELA91 IR R T AL AR INAR A Fi
BAFEAT R RTS

1 E#EfFERGEHE

1.1 HHRB#EAERG

TERLAL BT 5 1 RE UL fb 401, A BR oT 20 #r
(Finite Element Analysis, FEA) 84 i) 2245 5E 1
STTHROR B BLESE AR A TR, HAT
Ui BCME AL FE Ansys Maxwell | JMAG 5
MotorCAD,

Ansys Maxwell 1f 438 F R0 B T B g
B R TEVETE Z W) B & Tl P R B . %K
135 N ARl PRI 3] = iR 1 2 S8
PSS, JC AR Kb PR 2 A s (i B9 4
IRV, ) 5 52 2% s S F (UnFe 70 T80 ), He
3 L A% 7 B AR AT S S ARG B AR IX
Sl PO 28 DT A i U A0 A 18 ) AR 1 0 BT
R ORIERS RORS B, SR, Maxwell 14 JLfr] AR /5 B
WA TE 7 (10 Python B{ APDL) , %} T 244
NS RSB E s g AR, 3 1
THIHH P B A

L Z T, IMAG TE s HLL A A5 i B A
W AR AL, BRIE N E T 2R L
(AR R 25 AL R FRL AL ) B8 2 Eib TUART A i
i, JH AT i AT G BE2H 03 A1 45 B2 5L
1 W E ) o o | e 3 1 N i S T
B IR], AESRAERCRTT I, IMAG (1 GPU F473
IR W PR TE T R R R Ry T R AR
1M, IMAG 1Y Ak BEASE k) 1 373 25 (6] 53 A1 1) ] 4
SR8, P 5 MRS AS 38 I 7 o7 5 )
BRI R, X AR SER be M i i —
BRI

MotorCAD WIR T —Fhoh 45 A TH & B A
2 R AT 5 R S A BROGSR AR ARSS &, R 5 H
PUBE S A PR AR, SR, 3 o g R4 AT A 74

G3REE AR, MotorCAD Ko i 38 %500 Jeg 308 4
EARL MG i EEARE A R 3l T K 2D i
TS 2= HADL FEA BFSEAT IR, AN, HIhfE
AT e i ML, X E T K B A AL IR 1S S
FL T 2B ) SR S

GBI R B AU A OR 51t
FORERET R o X Tl S m R 2 ) B 05 EL A T
%, Ansys Maxwell [ 5¢ % # & B8 J1 36 Ry & 11
IMAG FEAEH AL AL L AR 5 e 80K A i, 78 it
FEHALOE A B ALY T MotorCAD [ P 3 F
FlREPEIIE 5 207 9 S s R Y 5 S 0 i
TESEPR TR, % % F MotorCAD SE W1 £ 1% 1,
PR IT IMAG 2% Maxwell #4785 1AL 50, A3
B R T R
1.2 FiEBR#EFERYE

BB AT FROTE AR A L 7 1153 T i &, JF
VAT LA O DI T R B A 7S, X3
B AR IX SRS AOT A, BLAT Al il P o |
W RE o M TE AL S A 3 L Y I
FHUE G AT LA AL 4R GetDP | A PR JT V5 1 M
( Finite Element Method Magnetics, FEMM ) 5%, J
TR 1 SRR BE ) X 2 Wy B #8612
th 22 S AL RRAE . ] F B O EC AR X bk 1
B

GetDP 1y — 3CH: T A FR T ¥ 1Y 38 JH 5K i
W5 U T H Gmsh e A, #4 Bl 58
AT IR LR L TAR W . R AR B 5l 114
AR, SCRERAS R RIS RGBT, T
FOE TR e s | ARSI R G 5. HAR
FAETRIEN AN E 0, R Pt A E
SURG 7 AR 2 AR A v 5] 780 174 5K ik ( - 44 1
I LAY ) SR, GetDP 1) JLAAT HEAR 52 4= {1t
Gmsh YA A , Bt = EUE AL S B0 % D) 6E,
AT BCRBAR, 16 4L 3 = 432 Zh B4 (AN e
SR AL ) I T I S P REIRA

FEMM ST X6F 48 - 1/ A %0 B 1 0 1) 5

FHIR B AR, RN T Bk A RHE LR
PERRE T3 RN K W R AR 0 53 BT S T v 8058 A
P 5 3 X L AL R %) RN R0 DA (A i 5 S
B S ) o H FEMM AR BRI T HA S 75
FRG SR A M, Ok BRI A g I )

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



LSRRI, 5 52 4, 55 11 )
Electric Machines & Control Application, Vol. 52, No. 11, 2025 1185

®1 ERBREGERMGIIL

Tab.1 Comparison of commonly used electromagnetic simulation software
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Fig.1 Universal motor design framework
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Fig.7 Finite element model of IPM machine
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Tab.4 Hyperparameter optimization results

e C A TR it RI%SES
ESTE S le-5 le-2 0. 000 324
Fe )2 2 4K 1 10 3
H— R h g T 16 256 170
BRI 16 256 25
EHRN U ERDI 16 384 202

IO FH i A I 4 45 AL TR I Rt Y ) i 7
A G e R (R b it 2 A AT 8 i 7S o A R AE 22

8 000 YEAR G FEALEL, b B4 2 bR B Y- HME
>4 0.000 17,

B8 IRk RmETL L
Fig.8 Variation curve of loss function value
during training
5.3 WNERSR
ANN A58 BE A I 3 4R b A0 000 &5 2R 1 9
PR

9 ANN EBRIFENINE FRTFNER
Fig.9 Prediction results of ANN model on test set

PP O IR, R4k O IR SR BB AR A3 T A TR 37 it
FE A TIN5 22 55 K — 26, HAfthy [ A 9 1903000 158 25 34
BN, AT LA JE SEBR I oK . 6 T A R OT
KA, ] FEA BT E R AT E 2 min, 1]
i FH ANN AREBE AT AT 1 s, THR R
TET 120 F50A 1, R TR AR A A Jy
HORAE NI 25 75 B HE 9% K R A ], (H % — FLAE A
Y2556 B30 2 35 0F , {5 AT £ X% 25 A AL AL
P lrl i A, S 25 L S R AT 3 A AL i
THTSS, Wl IR RS 2 2] i T DLgE — 2 b T

FB1 P (R T 1y AT A0 1 75 T U 25
6 Z5iE

BT AL BORZEZN R ERYE 5, BT X 21 1l i %
BPFR ES A T Y AR OR A SO
TRLE AT ORI R REARAT T R BB 41 T LG
BAFERIR IR S A8 BN 5t il ad A,
LU 2518,

(1) 18 H] s ML BT HE R 25 5 2 B i
£, AATHAN R FEA SR & 22 6] 1R BE &2, 399 58 2

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



KW RS N TR BEEOR B LR D7 A SO s SR S 3R 558 48

SONG Jiao, et al: Electromagnetic Simulation Software Integrated with Al Technology and Its Applications in Data-

1190 Driven Environments
G B SN, [2] mse, R, B, & st 22l

(2) LR R AT AE R B T SR ol 2 DA % 25
RO AFE AR B SR AR R AT AR,

(3) FE TR Y L 1 D5 LA v] LA Rk 3
PERETIIN 375734 T 45 ) At

(4) TFREEX R & LG ™ ity i) AR B AY 7T L)
SRR E T A IR 55

(5) HEN7 5040 9K 3 1 P AL e T A
RUT EAE KM B AR 35

A SCEF X HLRE AR S AT BRI A K
HEAT T WRSE, I i — 2R3 AT FOR AR 7E HL
P B A v LU R R LR i R
REARBIE R A o 7 AR K 19 AR ok 220 523 Al
FORFN A LA 1 TR B2 R, R AL S G Y e i
NS
P 75 R = ER
P VR P AR A 2 v 2
All authors disclose no relevant conflict of

interests.

)

RGO AR IEAT 15 R N ERE S
WICRE  Te ik HBEAT 107 5L, sk = 18 o
KZ5 TIRCHHEE S BN, PrAaE# BRI
)& T AL

The scheme design, content summary and
paper writing were carried out by Song Jiao and Fu
Weinong. The simulation optimization was conducted
by Qiao Zhenyang. The manuscript was reviewed
and revised by Zhang Yunpeng and Fu Weinong. All
authors have read and approved the final version of

the manuscript for submission.
2 % X o

B o, B, M, & BT RENE
FERG R EE AR S RER[T].
HLAE RIS 2240, 2023, 29(6) : 1965-1982.

LUO R P, SHENG B Y, HUANG Y Z, et al. Key

technologies and development trends of digital twin-

(1]

based production system simulation software [ J].
Computer Integrated Manufacturing Systems, 2023,
29(6) : 1965-1982.

[9]

KBRS 1], PETEE:, 2023, 25(2)
254-262.

GAO L, LI P G, HUANG P, et al. Development
strategies of industrial software for digital design [ J].
Strategic Study of CAE, 2023, 25(2) . 254-262.
T, Wi, T, S BSOS AT RE:
PR AL Tk A BUR PR S AR TT 1 [T].
o B UL TR AR, 2023, 43(5) : 1799-1818.
WANG T J, TANG Y, WANG B, et al. Traditional
methods versus artificial intelligence: Optimization
algorithms for power flow control in state of the art,
challenge and future directions [ J]. Proceedings of
the CSEE, 2023, 43(5) . 1799-1818.

e, RUERE, BT, BT AL RHRB I
AR R [)]. B THOREH, 2025, 40
(10) : 3013-3029.

JINL, SUHZ, GUO SN, et al. A review of Al-
based  computational studies  of
[J]. of China
Electrotechnical Society, 2025, 40 ( 10). 3013-
3029.

LEONG K, SUNG A, JONES L. The core technology
behind and beyond ChatGPT: A comprehensive

review of language models in educational research

modelling

electromagnetic Transactions

[J]. International Journal of Educational Research
and Innovation, 2023, 20. 1-21.

TLFEL, MEE, XA, % BB ChaGPT
BEUE R ARL)]. AR EHA, 2023, 49
(10) : 4033-4045.

JIANG X C, ZANG Y M, LIU Y D, et al. Power
equipment ChatGPT-type model and key technologies
[J]. High Voltage Engineering, 2023, 49 (10):
4033-4045.

ZENG Z J, WANG L, WU Y R, et al. Utilizing
mixed training and multi-head attention to address
data shift in Al-based electromagnetic solvers for
nano-structured metamaterials [ J |. Nanomaterials,
2023, 13(20) . 2778.

ZHANG L, PARK C, LU Y, et al. Isogeometric
deep-learning  neural

convolution  hierarchical

network: Isogeometric  analysis  with  versatile
adaptivity [ J ]. Computer Methods
Mechanics and Engineering, 2023, 417. 116356.

TRIANTAFYLLIDIS D G, LABRIDIS D P. A finite-

in Applied

element mesh generator based on growing neural

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



HAL

SR, A5 52 4%, 11 )
Electric Machines & Control Application, Vol. 52, No. 11, 2025

1191

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

networks IEEE Transactions on Neural

[T].
Networks, 2002, 13(6) . 1482-1496.

SOMAN S, MEHENDALE N. Faster and efficient
tetrahedral mesh generation using generator neural
networks for 2D and 3D geometries [ J]. Neural
Computing & Applications, 2023, 36 (4). 1815-
1832.

HU W D, LI Y D, ZHANG W L. Spatial resolution
enhancement of satellite microwave radiometer data
with deep residual convolutional neural network [J].
Remote sensing, 2019, 11(7) . 771.

POLLOK S, OLDEN- JORGENSEN N, JORGENSEN
P S, et al. Magnetic field prediction using generative
adversarial networks [ J]. Journal of Magnetism and
Magnetic Materials, 2023, 571. 170556.

POLLOK S, BJURK R, JORGENSEN P S. Inverse
design of magnetic fields using deep learning [ J].
IEEE Transactions on Magnetics, 2021, 57 (7):
2101604.

JIL, LIU Y K, YANG Q X, et al. Prediction

method of motor magnetic field based on improved

Linknet model [ J]. COMPEL: International Journal

of Computational Mathematics, Electrical and
Electronic Engineering, 2023, 42(1) ; 90-100.
WU H H, NIU S X, ZHANG Y P, et al. Fast

magnetic field approximation method for simulation of
coaxial magnetic gears using Al [ J]. IEEE Journal of
Emerging and Selected Topics in Industrial
Electronics, 2023, 4(1) : 400-408.

WU H H, NIU S X, ZHANG Y P, et al. Physics-
informed  generative  adversarial  network-based
modeling and simulation of linear electric machines
[J]. Applied Sciences, 2022, 12(20) ; 10426.
SADROSSADAT S A, RAHMANI O. ANN-based
method for parametric modelling and optimising
efficiency, output power and material cost of BLDC
motor [ J]. IET Electric Power Applications, 2020,
14(6) : 951-960.

TRBETE, SRINSC, 25, A, ST bR TR
TR ANE ToKk w R) 20 s AL 2 H AR DA e 1T
[J]. HBLSHERIBI, 2023, 50(3) : 81-87+94.
QIAO L. K, ZHANG B Y, LI Y, et al. Mulu-
design of external rotor

objective  optimization

permanent magnet synchronous motor based on

improved particle swarm optimization algorithm [ J].

Electric Machines & Control Application, 2023, 50

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(3): 81-87+94.
SASAKI H, HIDAKA Y, IGARASHI H. Prediction
of IPM machine torque characteristics using deep
learning based on magnetic field distribution [ J].
IEEE Access, 2022, 10; 60814-60822.

HUANG Q, HUANG J H, FU W N. Acceleration of
electric  machine  structure  optimization  using
performance classifier enhanced evolutionary search
[ C]//2023 IEEE 6th Student Conference on Electric
Machines and Systems, Huzhou, 2023.

XU, e s, SOV, . B ERR RO RS T
PERELT]. WK%k, 2023, 12(4) : 657-683.

LIU C, YANG K Q, BAO J H, et al.
progress in
[J]. Journal of Radars, 2023, 12(4): 657-683.
LOWTHER D A. The

Recent

intelligent electromagnetic  computing
application of artificial
intelligence and machine learning in the design
process for electromagnetic devices [ J]. International
Journal of Applied Electromagnetics and Mechanics,
2023, 73(4) . 237-254.

MARTINEZ-FRUTOS J, MARTINEZ-CASTEJON P
J, HERRERO-PEREZ D. Fine-grained GPU
implementation of assembly-free iterative solver for
finite element problems [ J ]. Computers &
Structures, 2015, 157 9-18.

sk, FARAR, BhmN, 4. BT Elck RS A
ERREER A AL Z AAR At [J]. Ly
EHIRIFT, 2025, 52(2) . 221-230.
ZHANG H, ZHOU D W, LU L, et al. Mulii-
objective optimization design of permanent magnet
synchronous motor based on improved salp swarm
[T]. &  Control
Application, 2025, 52(2) . 221-230.

Pest, M, SERS, & TR T RMLICR T
(¥) TMPS-HESM Mt 05 BB & [T, bl %
iR, 2023, 50(1) : 62-70.

PANG L, ZHANG W D, HU H D, et al. TMPS-

HESM co-simulation design method based on particle

algorithm Electric  Machines

swarm optimization algorithm [J]. Electric Machines
& Control Application, 2023, 50( 1) : 62-70.

MENG Y, FANG S H, PAN Z B, et al. Machine
learning technique based multi-level optimization
design of a dual-stator flux modulated machine with
(1]
Transportation Electrification, 2023, 9 (2). 2606-
2617.

dual-PM excitation IEEE Transactions on

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



KW RS N T BEEOR B LR D7 LA SO s SR S 3R 558 48

SONG Jiao, et al: Electromagnetic Simulation Software Integrated with Al Technology and Its Applications in Data-

1192

Driven Environments

[27]

[28]

[29]

[30]

CHU J L, CHENG H, SUN J H, et al. Mulii-
objective optimization design of hybrid excitation
double stator permanent magnet synchronous machine
[J]. IEEE Transactions on Energy Conversion,
2023, 38(4) . 2364-2375.

ZANG B Q, CHEN Y G. Multiobjective optimization
and multiphysics design of a 5 MW high-speed
IPMSM used in FESS based on NSGA-II [ J]. IEEE
Transactions on Energy Conversion, 2023, 38(2):
813-824.

TLARAR, FRPRM, MR, 6T NEDC B X P
SARX PR R A AL Bt (1], ALY
R, 2024, 51(6) : 69-77.

JIANG D D, QIAO Z Y, FU W N. Optimization
design of symmetrical and asymmetric permanent
magnet synchronous motor based on NEDC driving
cycle [J]. Electric Machines & Control Application,
2024, 51(6) : 69-77.

TN, AR, BT I A 0 9 2R M 2K G 1
PREHLERE BT T]. AL SR AT, 2023, 50
(8): 60-65.

WANG W B, DENG X H. Performance analysis of a

surface-mounted permanent magnet vernier machine

based on co-simulation [ J]. Electric Machines &
Control Application, 2023, 50(8) . 60-65.

[31] BONNEEL P, BESNERAIS J L, PILE R, et al.
Pyleecan: An open-source Python object-oriented
software for the multiphysic design optimization of
electrical machines [ C ]//2018 XIII International
Conference on Electrical Machines, Alexandroupoli,
2018.

[32] QIAO Z Y, JIANG D D, FU W N. A universal
parametric modeling framework for electric machine

design [J]. Energies, 2023, 16(16): 5897.

Wi H 39 . 2025-07-21
B & Bicks H 1 :2025-09-04
YEH i
KOWF(2001-) L BB AR BIFSE D I T
RETE AL IS4GV ,j.songl @ siat.ac.cn;
wBAEVER A (1961-) 5 i1 #dz , BF 5 7 1)
AL BT 15 W G 3 B 43 BT, fuweinong @ suat-sz.

edu.cn,

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



