Modeling and Simulation E# 545K, 2023, 12(3), 2782-2790 Hans X
Published Online May 2023 in Hans. https://www.hanspub.org/journal/mos

https://doi.org/10.12677/mos.2023.123255

ETUUHINSGA- 1 B & ki E 2B LAY
% Birtiik

% %, WAL, ARE

STTEE TR, S ERHES TR, Wi s
PEOCERE, (EERIE S TR, WL 3%

Woks H . 20234F3 4280 FHEM: 20234F5H22H; & FH: 20234F5H29H

R

A T £ G RIS AL HE B 44 2 (Non-dominated Sorting Genetic Algorithm-II, NSGAII),
DASRULAE [ R B K B LR LT AR ) 2 B isfiAb s, Paretof# 53 AE BE 5 BN RE R NE
RIRRE, B 58, MEEVAEREREE, &L —AFROEE, HERITEEE. ARSHIE;
HK, FRABRSHESIENGE ENEHSHPEFEERLTER, HBERUER ., THEER
BESE; BE, NEBESEEIEI%, USBRNSGA-ICAMRALEEKZ B ERL, R4k bLINTh
RHME, FHXNERETRAUE. HHESFRRUET Frif i f st fINSGA- IR .

K
FHEARERAEN, £ AR, IR, EXEHFR RS

Multi-Objective Optimization of Tubular
Permanent Magnet Linear Motor Based on
Improved NSGA-II

Zhen Peng!, Chunyuan Liu?*, Zhenfeng Zhou?

1SchoolofInformationScienceandEngmeering,zhejiangSci-TechUmversity,HangzhouZhejiang
2College of Information Science and Engineering, Jiaxing University, Jiaxing Zhejiang

Received: Mar. 28", 2023; accepted: May 22" 2023; published: May 29", 2023

TESEE .

NEGIH: 28, X, FRE BT EOER) NSGA-I BRI ALK AL 2 HARRALD]. @RS 03T, 2023,
12(3): 2782-2790. DOI: 10.12677/mo0s.2023.123255


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.123255
https://doi.org/10.12677/mos.2023.123255
https://www.hanspub.org/

Abstract

This article improves the traditional NSGA-II genetic algorithm to solve the problem of poor dis-
tribution of Pareto solution set and easy local optimal solution in multi-objective optimization of
power and efficiency of Tubular Permanent Magnet Linear Motor. Firstly, introduce the relevant
principles of the motor and establish a two-dimensional finite element model of the motor. Calcu-
late voltage, current and other data based on the model. Secondly, use the sensitive parameter
analysis method to select important optimization variables from all motor structural parameters
and establish an optimization model to calculate the motor’s electromagnetic parameters. Finally,
the electromagnetic parameter data is trained, and the improved NSGA-II is used as the mul-
ti-objective optimization model of the optimization algorithm to optimize the power and efficiency
of the motor, and the results are verified. The simulation results verify the superiority of the pro-
posed improved NSGA-II.

Keywords

Tubular Permanent Magnet Linear Motor, Multi-Objective Optimization, Power, Non-Nominated
Sorting Genetic Algorithm

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

[5] 25 784 7K o B 2% B HL(Tubular Permanent Magnet Linear Motor, TPMLM)EL A 5 ¥ faf 8. #E )% 5 5
R BR KL v ELANAEALE e TR 7K R L 28 [7) 25 H L (Permanent Magnet Linear Synchronous Motor, PMLSM)f]
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SEEGUEEH T NSGA-I 7EHUBIREXUE T3 A s AL 2 HARfiA ARG SEERVE . S8 SFIE[14]5 AR
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Figure 1. The structure diagram of tubular permanent magnet linear machine
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Table 1. Initial parameter data of motor design

F 1 BRI IS HEE

S i
Wik 2% (a) 0.76
8 B (zo/mm) 19.5

Z
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Continued
A5 164 7K B A A JEE (2 / IM) 145
KT AA B JEE (Hpm/mm) 3
5% (Ro/mm) 54.5
AR (g/mm) 1
B i (zg/mm) 215
HE5E (Waio/mm) 10.6
Hhi v K AR A B (e / Mim) 7
585 (Hy/mm) 32
M2 (R/mm) 485
Table 2. Optimization variables and parameter ranges
F2 MUEERSHETER
SR HifH
IR % (o) 0.5~0.8
AR (g/mm) 1-2
R (Hy/mm) 2~5
KA EE (Hpm/mm) 3-6
H 5% (Waior/mm) 9~11

3. BuHfEHI NSGA-11 Z Bt

3.1 BoRIREAETEIREHIE NSGA-II

NSGA-IL [16] {13 A J5 31 2 ) FH DRk =l S e HE e A% BE 25 HE PP A Rh e A S iR 24 1) Pareto i

W, RASRMEREN. SHOE DS A
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1) Wit ie: BENLE R — AR WA VIR, R ESIES L MR SO

AR AR

2) ARSECHER s XEARREE P AT AR SCRCHE R, A5 RIS IMA K SR AR SR AP SRR, (RN A

SEFPFEE A B TV (Pareto front);

3) PGS PR HH P AR TS AR BT R, DLGRAIEAR 1 22 PR RN 20 A1 1 5

4) ke FZLIRARSCICHE S MANET EETH B4 R, % T — AR 1A

5) XX ANAL S XL FF IR AT AE AN 484, AR ROH I MA

6) ZLbLsRAFLIM: HIWE S R &R, WSRO RIEAR BB S, e, SOREE, B

PR EIps L

NSGA-Il Sl A A MG BT, ORIE TR RO 2 REPE AN AP, RERS A ROt R 2 H i

DUAL i PR 4 =) Fme DIE A
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3.2. NSGA-I1 Btk

JE NSGA-TH &R R e /1. SHI B DR A, (HRAE B NSGA-IIHITE 5 fa 5L Kk ik H £k
AL 2 B AR G ) iy, R UE PR LR bt 5, RS L) Pareto fREE K43 A HEAS
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5] N 2% E S i HE (Efficient Nondominated Sort, ENS) BB AR SZ L HER, {843 Pareto it B 4% K&
(12 FEPE BRI T30 2R, JRRRFTH R AR

ESCECHE T AT ENS BN [F] SSEE T, 108 K S AN R BC 25 WV 2 10, 3L 5 SV i BT oAl
AT EOER, 1 ENS UKL O FLA aivR AR IEAT Lt G, WD AT s AR U 7 RANRE = F 2 AT
ISINAATATE R TT %€ o ENS BISI N KB 6 17 RS ICAR, 8 7 iF 8. 51k ENS J5 1 NSGA-ILT)
FEERRAEN T 2 fiok:
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Yy
RPN AL PN P >

Figure 2. ENS non-dominated sorting method

& 2. ENS IEZECHEF 5

ENS St Ffe/Mb il i, 1 SR IE 55— HARME LA X R EE P o ) N MBI THERR , SRk v 8 ) %
B EATHE R, o NORFEER/DN s TESE IR P iR MATIHET S5, ENS JFUER AR IR — o Fo 45 HE 7
PRI, MEE—ANME po PR, BlEa —/MAE py S . M5E—RRT s, G R MAL
55 AR R AR AT LR, SRR B LSO R BN AT, RUON/NF S AT RTVR AR D& B T
IR EE A — SE AT AR OB . ENS AE S BCHER 0 =7 & 2 B

A HUEH T NSGA-TIAEHE 5 1 NSGA-IDA AU L HEAT T Hifk, SHRE W T AR
/NEE Y 300; BFETFHIBRMRREN 0.2 LK XHETFHZ XMEREEN 0.8 mAERKELEN
1000, Ak 5 () Pareto ATV W1l 3 Fraw, wIAIE 3 15 238 ek f5 1) NSGA-IAHEL T 545 NSGA-ITHIL
RO, A RIS DI 488.62 W, RU% N 93.17%.

AR J5 B VTR SR A D 23R AN RCR A B a0 55 3 FTa, T ENS 1) NSGA-TIHE 2% 25 [ 54 11,
181453 Pareto SR ff 351, T HARM R R 2 & .
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Figure 3. Optimization result
E 3. HHER
Table 3. Comparison of optimization results
= 3. MILERTEE
LA & R JR 45 NSGA-II ot 5 1 NSGA-IT
IR 2 % (o) 0.76 0.63 0.62
AR (g/mm) 1 1.64 159
B2k E E (Hy/mm) 8 2.84 2.83
K AAA FEE (Hpm/mm) 3 5.99 5.99
T 5 (Waioe/mm) 12.6 10.88 10.87
B ThE(W) 410.09 463.67 488.62
(%) 72.84 86.83 93.17

TEE R 0.5 mis, N 10 Q MR, it & TARMEET . 4G NSGA-IUFI i NSGA-ILAL &
1) TPMLM it D28 . FRA LK = Fh A 25 R i th i 20 b 271 4 e BT LA H, A
NSGA-IIFIEE NSGA-IMRAL G 1) TPMLM (1%t Th2€ B 3 hn . %) 2 SRR F D2, e KT
TALEITE SR, TPMLM [ TR 24354558 410.09 W. e NSGA-IIAE BT Abfa, Hit o)
A THEMIEM. £ NSGA-NEEHATHOEG, Mt WA 7 st, M 463.67 W HEINH.
X gl AR, 8 ot ) NSGA-TTRLVEL v LA &b 32 /=5 TPMLM (¥4 s oh 36, SIS 4 i A A RCR
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Figure 4. Comparison of output power optimization results
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Figure 5. Comparison of efficiency optimization results
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4, 4Eig

ASCHR W T HET U ) NSGA-IDN TPMLM 1) Zh AR 2 Bhstiit. i R BUE S 800 ik sy
Mrbwia A &, FEAR YR FEL R BT (5 1 B 7k B L 2 FE LR AT A, @R e S s (6 et
J& 1) NSGA-ILHHAT S H k. -

AWFIEFE /R FHEET ENS [ NSGA-II 4 Jm 4% & 58 Juxt B ARidE T4k, 25T ENS ) NSGA-IIHE %
ZX S, 43 Pareto EefLfR AT, I HARRI R E 5, AeE RS NS M SRR LR, S
W TPMLM s fEis AT RE -

PiEARIG 25 R0 B LS HEE AL, (SOl 5 1 NSGA-ITR %, 7R N 0.1~1.0 m/s
TFHEII R N 79.84%3THE] T 93.17%, 7RI N 0.5 m/s, FEHN 10 Q 244 it i TR M 410.09 W
PETHEN T 488.62 Wo BREATEAFRLRGL N, AL ThEitm, SRS, HAFENLSEIR A Z 77724 TPMLM
ZERRAC BT A e, P, B TPMLM DRAL 3ol LG8 . s Rt SRS i 45 M 51t

B O

FESERRA TR B (20t 1 NSGA-II 15 (3 /K i FL2 ra AL 22 H AR IRAL) 2 B, BRE A 5C
FEAES Bl T2 R, B RIS MER, PR ToiE e OX R 185

E&WE

WHLARHAEORT “ORbe” “HE” HHERBCERTHRIONH 965 2023C01162); 5% 2% 7 e K AERHiE
WZRiTRI(SRT) i H (8517221278).
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