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Optimization and Simulation of Mining Electromagnet Based on Ansys—Maxwell
GUO Dayong, SI Guolei, TANG Bing, WANG Jialei
( Sichuan Aerospace Fenghuo Servo Control Technology Co., Ltd., Chengdu 611130, China)

Abstract: With regard to the deficiency of driving the control valve of a certain type of mining electromagnet due to its low starting
electromagnetic force, and on the premise that the control voltage, the outline dimension of the electromagnet and the stroke of the
valve core remain unchanged, the finite element simulation software Ansys-Maxwell is used to carry out parametric simulation
analysis on the influence of the length and position of the magnetic separator ring in the electromagnet on the starting electromagnetic
force. The simulation results show that the length of the magnetic separator has little effect on the starting electromagnetic force, the
position of the magnetic separator, however, has an important effect on the starting electromagnetic force. The final optimization
scheme obtained from the research is that when the position of the magnetic separator ring is moved to the left by 3.0 mm, the
starting electromagnetic force of the mining electromagnet increases from 3.47 N to 13.9N, which is far greater than the opening
hydraulic pressure of the control valve of 4.12 N. The vadility of the simulation analysis is verified by experiments.

Keywords: electromagnet; the starting electromagnetic force; Ansys-Maxwell; magnetic separator length; magnetic separator
position

PERIRZNA I B3 T R REAET BRAEAN ) B I B G 9 0 A1
HUHE, BRI S BT T Ak S - AR o AT £ B
Ak A 0 i IS~ A B R it PR 00 5 TR 114 68 £

0 5l
WU SE BRI ) R B R e ok TAE Tl ) T 24 A

003 R RUEREST TN 0% Al 6 2R, &7
1 S 2 P PR ) 2 9 e A R o, o o E 1
FIRTIEE DA (VR AR SR BRSBTS 2R S BT
Wiz sh BB R A X, BRERED T M 2Rl HRgEk
YRR — ol e — LA F50 e 2 L 2T R A 42 T
oy HAERER IR B B IR SRR G IEH TAE

T IS AR BRI, O PRAIE 2 2, 67 ] A i ik —
FOR AR i AR PE RO DC12 VR8T (2£0.06)
mm , U BT 200mA, FE AL/ DR A6 1F T 3R
PRI A AL TEREBRERE S U, i
IR HE) IR R . AR, VF AT TSN GXT FL
T4 TR S AT AR 7E . RSNV AE N T R
KRR WFFE T LR RO F TG ) OS2, BB
AR A IRIT R E T AS IR 2 B0 H 1 B S

HEEWH . BFRE S0 &5 H (2019YFB2005100)

X HLBERR I ) 2, O 38 i T A IR B IE 1 iy FLA AR
IR AE RS 05 B RAAT

R SR T AL S RO B R ) S A AT TR
Fo AWFFEHEIRFMED™ /2 7] BOR 745 i L I | R Bk AT
RS FESAT AL (0L T, 8 Ansys —Maxwell 4
FRITHRAF 20 B B G P2 2O 5 8l R B2, 45 21 412 12
JE Bl LB ) B BRI A T 3, T AR e i TR S 4 0 T A
EENE,

1 HBHEESREHE TIERE

1.1 HBEESHEEH
HLRE G S IR S A 1 TR, e R A S

E—IEE B FRH (1989—) , INVEIBHA, TARIM, -1 W58 5 1l R il N T

<123 -



- fEREA -

KRB F - AT Ansys—Maxwell 695 8 & @Esk AL 45 B

SR e T IR A 8 5 OGRS R Ah e
A CIE N2 AN MO SRS TR /RS 2 AR S L N 27 =X s
PR, BRI A SRR 1 PR,

4 5 6 7 8§ 9 10 1112
1 “1‘/;6‘
[IRIN NI

NS -

IR

|
SUBRS)

I —HUREROIFE s 2— ) AT B 3— IS 2L A  4—FRTE A
S—LRPEIL I 6— il ] T B 7—HR AR (I ; 8— ik
9—HERT 3 10—ATHT ; 11—2E IS 12— SE R IR A3

1 BE@ESEEHEE

®1 TRBHEKNEHESY

28 EE 28 EfE

2B 4ME d/mm 35.0 P A PR R 1/ mm 7.5
2B NFE d1/mm 21.6 PG PR B h2/mm 3.0
2 P8 B h/mm 40.5 2+0.6

BB AR d2/mm 16.6

AT 8/mm
T AL A 380

1.2 HBELESEEIT(EERE

PR 21 R ) AR SR Ay 25 v K P I, B PR
i F7 BRSBTS N, 25 R ) R T A B T I R IS
(LR R IR 55 AT 2 () DA MR S 2 45 ) |, AT HE Sl kL
FF (G000 9 51 5 Bt 32 8, S S It o I 558 g R
T3, e S T s e G BRI L, S S RS E R Ao
S S A T B R S A0 P T B s e A A A R
JHERIT 2407,

1.3 EZFEITFER AL

P T L B ) T2 A R o 5 5 WA AT DR L 22
XFSE T B FTIT I BRI A A I, i an 4] 2 e
AN E SRS IR B A 35 MPa (9 AR 7, FHIN 73t
eSS T I, e A O R )T AR e 5 1 5l
SR T v B AR B O S S I AT AE T 0 R, A
2 A LAE L ATI e S TR 2 1 412N, Ik
WERR AR SR RE T LUK T 412N,

1.4 [RFRE#SKE B R EE K

FEL R B Sl PR 7 e AN A 3 B, Ferp i g i
AR T[T 78 [ Al L, T Aol o 7 3 748 B &
2y AT RS [ SR A — . KT AR, 1 L
Bl S, SRR e Sl TR G I E A T A 8l 2 i

124 -

PR3 5 R R BRAFEAT I 12 ik (DU 33 7R (60 0, T 88—
WZRAEAR 0)  JELLRE TR (E T 05 585 LG BRI FRL A2 £3r
Fesh TRe i e i R sl WAL TR M8, 7R (E N
(2£0.06) mm ( BLEATRE) 15 15 3l s B 2 UG Bam HE
(PO N A SR A R W S (RIS R v 4 7 = R R
Kb,

(a) SeSRFTIFRIAE A fE (b) ST IR A
B2 ESEFTFERIMKIRE

=R

gt
) T4t
BT e e Bk

B3 mRE%kENREINKKE

MNP 3 B IR SR a] LA I R R BR A S 3 ri
J12 347N NT e SR T IR ROAE T A R 2 &
W T F T 0T OGP PRI s 06 D vl ik A 0 P e i, 42
e LR BR A0S S L )

2 HEBBEIHRENERITIERL

BT P ER Rk ANE R AR | R e 0 A
At T B B e BB R T AR R T | IR A T AR AN i il 2 [T
BORAS 38 3 X FH o W Bk S R A e B, ARk =2 A A
T F N T RR R G A SOk 6-7 ] PR L
FRRREIR R AN SRR RL , B 450 S B00T e il 4 v i
Tl TAE S BR A BB 5 RN A B I, AR5
WIS AL FRRE IS S B Gk S B sh i ok
4.12 N f9fF5E B AR,

2.1 Ansys fFE#EE!
ST R N X R 25 H I AR R S e S e =



- fEREA - FRF,F

« X T Ansys—Maxwell 897" ] & s 4k AL Foff B

HEREOL, o TR RIS R T 2D o] AR AR L
TIRES TS S T T R R IR S BO0 T L
BRJA S AL RO A ST 2D Bl PRI RLANIA] 4 B

4 W RBHHKHERDR

TEHRES AT B, R RSN 5E AR Bak S L
B S5 T Bk R DT4 B 1% B0 R0 42 8 Y 4R g
5 3 A R R BRI R A AR 3 R XA 43
ANT-2h WA R ARES & A6 5 B R S L A, 2R
REl L2 A0k 380 A, SR i 5 B v A KISl 40oh 10, sl
HITWIRZEN 1%, B AL E 7t ol 30% , dEZeth 5k 2
7 0.000 1,

TE i R 254 P B R B h2 = 3.0 mm , BRREIR T
it TSR 0] £ R S T PR S Rl =7.5 mm, TR B R~ Ay
BRSNS, R AR A TS TS AS %5 i B g 3 5 R
M), 50 DB s B 0 B o B A7 22 V96 T 43 W %o i 8 e
paliop=A e

2.2 [REINMKEXY B 3B RS

N G RE P B AT PR R O Bl L R T R
0] fo e s PR JEE T 8 mm ~ 28 mm S5 FEI N ZE 4, A5 2 mm HX
MR BEAIT A, TESENER 1 R SRR E
REFPM LN A s i A A th 2 e 5 s

x:20 x:22 x:24 x:26 x:28
i 0347 |p:345) [p:3.43] [)13.41| [33.39)

% 10 12 12 1618 20 22 24 26 28
P A 2 /mm

5 FREIAKEN B3R

M S B9 05 245 B o] LUE W 25 B G ER KR A
8 mm~ 14 mm i3 [l N A5 T BT, B 2 9 0 B 1 B2 i 185, e
REAR Y T h R 0 1 I A5 Eb A B T 24 B R BRI B A
14 mm~28 mm 315 BBl ]IS AL, oL 54 A4 S Bl L G 1 78 1k
AR, P X B4 1 3 2 R 2 XY B 3 K R 7
8 mm~ 14 mm 70 Fl N AR FL I, BE 25 B i T4 < B A 38, 42
T A\ WUk HRE D) 2 B8 1, B 3 SRR IE e EG
DR S R S B, G 6 B as Ti 2Y R R R K R A
14 mm~28 mm 78 [ P25 AL A, 3 43 3 SOBR A9 g R JE AR
AR RS SR T AR R

2.3 REGMIEXBIRE M

WE 1 FR, IR T G TS 1 5 T ahm Al =
7.5 mm AAE RS H RS WGHEIR R LS BN IE T 1], mE
Bah iy, e B E - 3.0mm ~ +7.1 mm 4§

ﬂﬁ B 0.2 mm BUAS 45, 1 LI R A8 itk
15305 sh g 1 AL i g gl 7 s

SHALNTE,

(@) WARESFICHE8 mm YT A—

B 6 ARRE#AKESELENED T

(b) FAREF L 14 mm

JA SR I/N

l mﬁf;%u;ﬁig_/mm )
B7 AEREAIERINE#ENTH L

PNE IR RS S ANV S V] R 2 AN
TE-3.0 mm~ 3.0 mm JEFE NAEFL AT, Bl 25 B 05007 5 AN
WiZe#%  URERR A IR S LR ) AT HE N, 7E 3.0 mm 43k 3]
e RAE 14,17 N SRR AR 2 20 % | WL RE RN Bl L i )
RWTRRAG, 7 7.1 mm AbFEA 3.92N, F2AE X AR EL AR i £
JE R U BRI B TE - 3.0 mm ~ 3.0 mm 71 | N AR AL,
Bl B G PR B A N W 22 B8, OB A 0 B 7 5 2 A B 494
T, RS Sl R AN W i, SR G PR Ak S 2 A% B A
)RR 7 508 32 A T i/ | R LG 3 30 vl 0 0 AN Wi /s 1B 8
HFBREIERS B R 4 AL EAL R RER GRS . M E
FERPA LI Y PRI E A 3.0mm B, SBRAR 1Y
R INE N R N N R A VAR ) =R RN ARTEN NS

%éﬁ*ﬁﬁﬂ I'EHSEE/mm
8 WA E SRR

<125 -



- fEREA -

KRB F - AT Ansys—Maxwell 695 8 & @Esk AL 45 B

24 HESZRSH

AT 475 L5 SR T LA

1) YRR K EAE 8 mm ~28 mm 5 B AR LI | BE &
W e P A 188 0 FL R 4 0 2 LR T S RS AR
A YRS G 14 mm B L RERR S SR G ) M 3.51
N, A/NTF BARME 4.12 N, Rk 2 6 S FTTFER

2) BEEREIRN B AE-3.0mm ~ 7.1 mm 35 B N 2L,
HL B R 1) I 3 ERL G ) SE B R R RN, A R R A B A2 RS
3.0 mm Ji7, BEERIY A S 8E 78 1417 N i R F H b5
{H 4.12 N3 1 S0 T IR FT AR 2R

3) DRIt i PR R R B R R Ak T R e B R B 2
# 3.0mm,

3 KIEIEIE

M EEE R AT DU T R B e i A7 5K
PRARE IO B ZERS 3.0 mm MR (15 FL25 S X S 1) £ v B
L B AT IR DU A B4 S ] T 25 B Sl R g sk
SR 9 FR

3.0 mm}

etk fE Beilai) !
(a) PRALRI I 510 45 (b) DA v AR By A

B9 LU RBEHRYENIRIKE

N9 f 45 S T L W B G R 7 A RS
3.0 mm 5 HLEEK (4 J5 Bl B ) 390 Dy 13.9N, 5 {7 FL 4G
REEARW) & A LT R RS SR ) 347N BT
10.4 N, 18 KT BARME 4. 12 N, 3 2 S0 FRFTIFER

4 4hiE

AR A P R i B LR D AR AR A F
1) BRGS0 e G RR 1) Sl LRl A E B R
2) 7E— 5 71 [ PN A Ao 15 o 6 e R B T L o R A

BRi)E S RE T BRI A K
3) Wt A7 % ER R K Y U Bl L ) A TR B T

T o8 A o A7 T LA e R R A SRR T

SE Lk

(1] Se3be, BRI, AR A 2k, 55 07 H v o 10 30 0 25 K5 1 4
MrlT]. WE558),2020(8) :42-48.

(2] BEFEEE ATME, A8, &5, 00 S48 40 0 1 A0 3 3 7 33
Jrid BRI, B, 2019,44(5) :1609-1615.

(3] BUFITT, 2o, P le e, 25, 4 1) [T 2800t v 3o T 5 Hl o 2k i
NSRRI SE [ )], WS 8l 5 %35 ,2018,38(2) :79-82.

[4] BRI, T4, 3852 45, JET Maxwell BY LU B B RE AT 50 T
ERRMEIIGE [ 1], RS 5% $,2017,37(3) :38-42.

[5] R0, JRER. 520 b5 e R4k 7 1 254 D 3R AR [T ]
WIES B 58 E,2019,39(2) :41-44.

(6] his B A E. AR % TR B A e 05 B 9E (], 971l
LB ,2013,41(3) :120-123.

(7] Z5t. o] el mE AR S AR b MBI 2T [ 7). WM AL 30 5 B il
2017(2) :25-32,35.

[8] MR, BXEAT {58 X, 45, H&T 0 3018 il i o R o 5% fed FF
FEMERFFE[ ], WK 558),2019(5) :9-14.

(9] 28, TALH, Tkl , 25, —Fh 42 F v o TF 56 1 L R 77 5% i)
HRVFFR[I]. WHE53,2020(9) :168-173.

[10] ok AR BRI S0 50T D). W . WmRH

K2 ,2013.
[11] Hak. SRRk B sE[ D], L. IR R R,
2018.

[12] TEY, HFk. mESEh KBRS T]. W
R 553h,2017(1) . 21-25.

riE B #8:2022 - 07 - 01

W AVAVAVAVAVIVIVIVAVAV \WVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVIV AV IVAV AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVIVAV AV AVAVAVAVAVAVAVAVAVAVAVAVAV VAV IV IV IV AVAVAV\V \

(E#E 110 7T)

[24] MEAF, B SO FPC BLBERI R SE[T]. X
FHAR G EEE,2020(9) :64-68.

[25] JIAN M Q,XIA K L,WANG Q,et al. Flexible and highly sensitive
pressure sensors based on bionic hierarchical structures [ J ].
Advanced Functional Materials,2017,27(9) ;1606066.

[26] XIA K L, WANG C Y, JIAN M Q, et al. CVD growth of
fingerprint—like patterned 3D graphene film for an ultrasensitive
pressure sensor| J]. Nano Research,2018,11(2) ;1124-1134.

[27] HONG S Y,LEE Y H,PARK H,et al. Stretchable active matrix
temperature sensor array of polyaniline nanofibers for electronic
skin[ J]. Advanced Materials,2016,28(5) :930-935.

(28] ARHuFY KBTS VLT, 55, BT RFID $R (Y J0 Lk Tl 25 41

- 126 -

N A AR SR [T ]. 2499 ,2021,58(8) :53-59.

[29] SaEpk, Foek SaiAR , 5. —Fl e 7 B2 JHk A fil 5 1% vk
WE[)]. S E,2022,44(1) :118-124.

[30] #fH, it etk 7l & v 1 E R [ NT . v B 4l
2016-10-28(2).

[31] . JEJC MR Fa R R R B HE R [ )], b L
BiERE,2018,46(4) ; 110.

[32] BRigile, wfs. ThRRHI &R M RE R el 28 [ 0] B
i ,2022(2) ¢ 1.

[33] g JEI IR TR S R (], EIRHH,
2022(1) :60-62.

s B H#7.2022 - 11 - 02



