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Optimization Study on the Structural Parameters of the Planar Extrusion Magnetic System of the Flat Magnetic Separator
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(1.School of Mechanical Engineering, Guangxi University, Nanning, Guangxi 530004, China;
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Abstract: In order to improve the magnetic field performance of the flat magnetic separator and reduce its manufacturing costs,
the finite element method, response surface method, and Nondominated Sorting Genetic Algorithm [[ (NSGA-1[) were used
to perform multi-objective optimization analysis on the structural parameters of the planar extrusion magnetic system. Firstly,
a response surface analysis experiment was conducted using the structural parameters of the extrusion magnetic system as
variables. The response values of the area field intensity and magnet efficiency density were calculated through numerical
simulation, and a regression model of the objective function was constructed. The fitting accuracy of each regression model was
evaluated using analysis of variance. Then, a multi-objective optimization model was constructed with the objectives of area
field intensity, magnet efficiency density, and number of magnetic poles, and a Pareto solution set was calculated to obtain a
series of optimization schemes. The research results indicate that the regression model of area field intensity and magnet
efficiency density has a high fitting accuracy and a good predictive ability. The Pareto solution set reveals a conflicting
relationship between the area field intensity with the efficiency density and number of magnetic poles of the magnet. The error
range between the multi-objective optimization model with the simulation results is 0.73 %-5.30% , which verifies the reliability
of the multi-objective genetic algorithm in optimizing the design parameters of the planar extrusion magnetic system.
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Fig.1 Finite element model of planar

extrusion magnetic system
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Fig.2 Variation of magnetic induction intensity

in the horizontal direction
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in the vertical direction
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Fig.4 Calculation of area field intensity
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Table 1 Design factors and levels

U (2

SES
K EEIRSERE RS SRANGEE SRR S Kk
(A)/mm (B)/mm (C)/mm M4 v B HL (D)

—2 20 20 1 0.4

—1 40 40 6 0.5

0 60 60 8 0.6

1 80 80 10 0.7

2 100 100 12 0.8

2.3 MEEEROEESHFESR
RG22 2 i g 2 R AT Il A LG a5 9
ANt 5 TN R B DR 22 T v L g A 3 i B i ) B AR 2L
AR AT AL B AR R, BA(3) ()
E=—2.357 55+0.188 482w, +0.093 099, +
0.192 051w, +9.74X10 *w, h, +
5.203X10 *h w, —1.258 X 10 *wi—
1.188X 10 *h{—0.021 098w} 3
U=2.751 46—0.0137 76w, —0.036 41k, +



ERWN,F PFREENTFAFEHERZEMAKEAR R AF LHFE S F L ,2025,45(1). 233
0.010 286w, +1.35X10 "w,h, + 1 98.81 Vo 14 1 50 5 0 114 72 Sk ) A [ 0 S AR 0 A7

2.97X10 *hyw, —4.578 82X 10 Swi—+
1.22X10 *hi—1.437 X10 *w}
K2 4BES5KERBER

Table 2 Experimental results of four factors and five levels
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1 40 40 6 0.5 8.415 1.245
2 80 40 6 0.5 11.369 0.864
3 40 80 6 0.5 8.941 0.661
4 80 80 6 0.5 13.518 0.514
5 40 40 10 0.5 8.746 1.249
6 80 40 10 0.5 11.425 0.853
7 40 80 10 0.5 10.138 0.724
8 80 80 10 0.5 14.338 0.535
9 40 40 6 0.7 8.480 1.228
10 80 40 6 0.7 11.407 0.857
11 40 80 6 0.7 9.012 0.653
12 80 80 6 0.7 13.553 0.509
13 40 40 10 0.7 8.845 1.222
14 80 40 10 0.7 11.492 0.843
15 40 80 10 0.7 10.296 0.711
16 80 80 10 0.7 14.419 0.529
17 20 60 8 0.6 5.473 0.966
18 100 60 8 0.6 14.167 0.570
19 60 20 8 0.6 7.371 1.449
20 60 100 8 0.6 12.494 0.491
21 60 60 4 0.6 10.747 0.725
22 60 60 12 0.6 12.245 0.780
23 60 60 8 0.4 11.616 0.776
24 60 60 8 0.8 11.765 0.756
25 60 60 8 0.6 11.842 0.776
26 60 60 8 0.6 11.936 0.782
27 60 60 8 0.6 11.851 0.776
28 60 60 8 0.6 12.669 0.830
29 60 60 8 0.6 11.801 0.773
30 60 60 8 0.6 11.705 0.767
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Table 3 Variance analysis of regression

model of area field intensity
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Table 4 Variance analysis of regression model of

magnet efficiency density
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Table S Statistical analysis of regression model errors
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Fig.5 Response surface of the influence of

binary interaction on area field intensity
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Fig.6 Response surface of the influence of

binary interaction on magnet efficiency density
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Table 6 Design combination of magnetic system parameters

W R WARTE/mm @A /mm SRR TE/ mm

1 62.0 64.0 10
2 49.5 26.0 7
3 20.0 24.5 4
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Table 7 Comparison between optimization

results and simulation results
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1 12.590 33 12.499 00 0.73 0.734 14  0.739 56  0.73
2 8.018 42 8.099 10 1.00  1.423 53  1.464 39  2.80
3 3.894 51  3.990 10 2.40 1.768 70 1.867 67  5.30

4 b5 EWN

N T 5T R il 2 4% A5 M B S B ik
SR S A AR EL AR T S R AT PR G ik A0 7 T 325 P
B 1 1057 I R AR A 1 370 P8 E R 22 5 P E 119 E R 4
bro R T LT AR 3 o | R A S50 A TR R A S
AT R 22 H AR AL B B8, 3l 5 NSGA- I
THRRAG Pareto sALMELE . IF 5 BT AT T #E 17 X 1
THE R XSS R AT AT SRR O BORIE . BF S
ZURWT

(L T AR 7 5 AR A 250 3 o T A 4 [ A R0 )
AR BB BA B BN aE 1. B0 B4
X T AR 5 14 52 1) MR B/ I A 5 2 G A
o JBE T AR T BE TR 2R S ELAE R ) DA E /R
U < B W85 T2 15 Tl PR 5 B S B AR v JEE 5
WA G S AR o B 2 O il A A8 R o T R R
W DR 8 N g« A oo TR S 5 L S G A B
JEE o DR 2R 5 AR 08 B2 T IR /IR O il A 5
55 g v R S AR T L A v B S T R B S L
YERT o WSS 0 B O B i) 7K B AR 7T L2 7 A T i ) R A
G o AFLIE: s T 14 T R A A ) AR 3R

(2) Pareto SR A 7% 1 1H R 3 5 WG AR 2%
R AR08 S AR Z AR R R R
7 AR AR AN [6) 14 45 ) s M R 3 SR 8 s 228 JBCAH D 5 ) 1
RGBT S G . I Pareto S LAY 3
Yk R SR A AT O B RS R R,
T AR 58 B A 803 5 P A SR AR 45 2R 5 07 B 4
AR 2 H I 4 B R 0.73% ~2.40%.,0.73% ~
5.30% B E T 2 H AR st A% 5505 1T B R R
Wit S B T EE

(3) BEA WE e v 4 1) & AL Kk J5 et A mT
LEE W YRR AN O e AR AR i — D BE ST A B W R
PE — W ZR G50 — 3 VB8 B B BE e B A BOTHHE SR, AT
2 o T R B R B O R A KRR
2 % L HK (References) :

[1]  LIU Jianjun, XIE Shunping, LI Xudong, et al. Separating
efficiency of ferromagnetic particles and principle of low-
intensity dry magnetic separator under different air supply
modes: based on multi-physical modeling [ ] ]. Powder
Technology,2023,415:118155.

(2] ARG [M]AL A A% Tl i, 2021:53-54.
LI Fengjiu. Magneto electric beneficiation [ M ]. Beijing:
Chemical Industry Press,2021:53-54.,

[3] Wik& Bl kBB RRENRRLILA %
J& GEH#43) ,2019(5) :114-118.

HU Yonghui, RAN Hongxiang. Development of permanent roll

and drum high-intensity magnetic separators [ ] ]. Nonferrous

Metals (Mineral Processing Section) ,2019(5) :114-118.

[4] CHEN Luzheng, YANG Ruoyu. ZENG Jianwu, et al. A
wet belt permanent high gradient magnetic separator for
purification of non-metallic ores[]J]. International Journal of
Mineral Processing,2016,153:66-70.

[5] MLMOKRRmE AR R R A &R GET 5,
2013 ] 1):50-53.

RAN Hongxiang. Development of permanent magnet high

intensity magnetic separation technology [ J]. Nonferrous

Metals(Mineral Processing Section), 2013(Suppl.1) :50-53.
(6]  REEH,TARI BT %, % 5T COMSOL Mutiphysics

JE A SR WG R w0 55 S8R ] g K

SR CHRBHERD ,2021,52(4) :1049-1057.

CHENG Zhiyong, LU Dongfang, XUE Zixing, et al.

COMSOL Mutiphysics-based magnetic field simulation and

parameter optimization of planar magnetic system of crawler

magnetic separator[ J]. Journal of Central South University

(Science and Technology),2021,52(4):1049-1057.

[7] MOHANRAJ] G T, RAHMAN M R, JOLAOARASHI S.
et al. Design and fabrication of optimized magnetic roller for
permanent roll magnetic separator (PRMS) : {inite element
method magnetics (FEMM) approach[ J]. Advanced Powder
Technology,2021,32(2) :546-564.



BRI, F FREBENT G ERASBNAREATR]]F LR S A ,2025,45(1).

237

(8]

9]

[10]

[11]

[12]

[13]

ZEEAKG RS, L AE BT ANSYS 1 38R 8 Hz 2 % 3 Bl
) 1 4 B B LT B Ak . 2021, 37(2) - 147-150.

LI Yuyong, LIU Fengliang, XIN Qing, et al. Analysis of
magnetic field simulation of high intensity magnetic plate
magnetic separator based on ANSYS[]]. Modern Mining,
2021,37(2):147-150.

A LR K R R T ML R O R R 4 A AL
(1A ()8 G #8453 . 2015(5) - 73-76.
WANG Zhiwei, RAN Hongxiang. Simulation and
optimization of magnetic system of high-intensity permanent
magnetic separator [ J |. Nonferrous Metals ( Mineral
Processing Section) ,2015(5) : 73-76.

TRUERR o A, e L, A5 KRG L A 0 BF 9 IR Bk
BHLIA B8R GETHIY) . 2021(5) :103-110.

SHEN Hairong, GAO Likun, RAO Bing., et al. Research
status and development tendency of permanent magnetic
separation equipment [ J ]. Nonferrous Metals ( Mineral
Processing Section) ,2021(5) :103-110.

WITEK-KROWIAK A, CHOJNACKA K. PODSTAWCZYK
D, et al. Application of response surface methodology and
network methods in modelling and

artificial neural

optimization of biosorption process [ J ]. Bioresource
Technology 2014, 160 150-160.

CAO Bin, YUAN Yi, YERBOL A, et al. Optimization of
Halbach magnetic roller for eddy current separation based on
the response surface method and multi-objective genetic
algorithm [ ] . Production, 2021,
278:123531.

SHI Changliang, CHEN Shihao, MA Jiao, et al. Recovery

Journal of Cleaner

of heavy medium in coal washing plant using a flat plate
magnetic separator and optimization of flow and magnetic

fields[J]. Fuel,2023,333(2):126414.

[14]

[15]

[16]

[17]

[18]

[19]

FERZE, DL, 7)€, 55 5 T RSM-BBD Y 4 B 10 2 ¥
UURERCRZ B Z W& 0 i L) .07 L §F 58 5 9F &, 2023, 43
(6):62-67.

WANG Xiaojun, MA Xiaoya, SUN Yanfei, et al. Multi-
factor coupling analysis on flocculation and sedimentation
effect of whole tailings based on RSM-BBD [ ] ]. Mining
Research and Development,2023.,43(6) :62-67.

X SO S g ML AL G T AR R AR L 20052 30.

LIU Wenqing. Design of experiments[ M. Beijing: Tsinghua
University Press,2005:30.

BHLAE AR A, B WL ma N 1 A A NSGA- I 33k i R
BERS S5 K AL ()] 4L T #E ) . 2020, 39(8) : 2962-2971.

XIE Jiangwei, LI Chunli, HUANG Guoming. Structural
optimization of dividing wall column using response surface
methodology coupled with NSGA-[[ algorithm[]]. Chemical
Industry and Engineering Progress,2020,39(8) :2962-2971.
ZHAO Xinyang. ZHU Yi, MEI Zhiyuan. A many-objective
joint parallel simulation method for acoustic optimization
design of sound-absorbing structures[ J]. Applied Sciences,
2022,12(14) :6892.

M7 AR BN, S LT Comsol (7 M = 6 14 A i
PLEY 5 B 5 52 5 0 5E L) ). & R 5™ 1, 2021(10) : 155-161.

YE Fangping, LI Chenyu, ZENG Jianwu, et al. Simulation
and experimental research of flat plate high gradient
magnetic separator based on Comsol[]J]. Metal Mine, 2021
(10):155-161.

W ZL5E  ARET DR BB L A B 3 e vk R R R AT O R
mig B L) . o b K 2 4, 2022, 51(3) :599-606.
SHANG Hongliang, LI Guoping, SHEN Zhengchang, et al.
Characteristics of the rotating magnetic field and its influence on
magnetic separation behavior[ J]. Journal of China University of

Mining &. Technology »2022,51(3) :599-606.



