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Abstract: Operating electromagnets in high-voltage switches are the key components connecting control systems
and mechanical systems. It is necessary to optimize the design of electromagnet. Through the example of an actual
product, the winding method of electromagnet coil is analysed, is proposed a way to optimize the ampere-turns of
coil this paper also focus on when the power and shape size are given. And simulating parametrization designs of
different armature radiuses and end face structures are carried out with finite element analysis software Ansys—
Maxwell. The optimized design can be obtained by comparing the simulation results. Experiment shows that the
new design is superior to the original design on power and output force. The rated power is reduced from 370 W to

220 W, and the output force and load force are more matched.
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Fig. 1 Structure diagram of solenoid electromagnet

www.eage.com.cn

Sy fif) 45 2 v 1 Bk

Big o

Theoretical Analysis |

1.2 ERkR TERE

VST — 1275 5 72 W i & A& 7R & T 89 45 il
e 40 Z Gean K 2 B 7 o 24 4 Il 45 Bl WL Bk 1 D)
W2 e f IR, T Bk i Loz b, (F A B
HEAT WU B 25 A i sh e fh % 2h, Hdndk &
c=0 mmiFf, JuB AL AT, W B g KON E
) 30 fih Sk £E 5 1) 5 RO AR B R AU R T AR
) fr Bz g, S BT &5 0O o [ $R0E . (E 5
i A v LR A B il B o Ok DI o ) [l %, 5y
I 48 B FL R Bk 2K AL AL

e Bl 3
4y i) 58 3%

E2 EERSWEBRINRSETER

Fig. 2 Diagram of circuit breaker tripping system
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Fig. 3 Output force & load force trends
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Fig. 4 2D simulation model of electromagnet
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Tab. 1 Values of variables

No AR i BUEYER /mm
1 a 0,1,2,3,4,5,6,7,8
2 b 0,12
3 . 5.0,5.2,5.4,5.6,5.8,6.0
6.2, 6.4,6.6,6.8,7.0
PR 1,234,568,
gap 9,10,11




M T Ansys — Maxwell iy i Ji I 5% #5210 % 2% O £ A5 1

2.3 WERSHLIEE

H, B Bk T D B A i N 7E £k BBl B & I 4
NI, HB(E % T 2 1 W 5N 2k B i 110 5
., Ho, NERgeFL&BBINED,. SMED,.
EEH, BRI dRn gk B iR R, & E
iR B mESFR,

” ;
/

Es ZRE&HETEE
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Tab. 2 Ampere-turns confirmed by r values

12)

D, D, d H

/mm /mm /mm BT
1 5.0 13.8 26.2 0.20 45 4085
2 52 14.2 26.4 0.20 45 4023
3 5.4 14.6 26.6 0.20 45 3964
4 5.6 15.0 26.9 0.20 45 3904
5 5.8 154 27.1 0.20 45 3847
6 6.0 15.8 27.3 0.20 45 3790
7 6.2 16.2 27.5 0.20 45 3735
8 6.4 16.6 27.8 0.20 45 3682
9 6.6 17.0 28.0 0.20 45 3629
10 6.8 17.4 26.6 0.19 45 3352
11 7.0 17.8 26.9 0.19 45 3303

2.4 BENIRITERER,

Mgk RSB B, BT

1) FAEEME SR, Bla=b=0,

2) rfigapfIEUIE W&,

3) fEMaxwell# i, LAR289 “r” FIFN
NI FIECHE S R B, ds 4 BRI 1%
HOHE B v 3k R 6 L H e D N IR A Bl

Ui B A5 3 % gap {d T 15 8k fr %2 i WL i h FBE
ri A LR, E 6N,

1) Mgap=1~3 mmpf, »=7.0 mm¥}

2020928 - HMEN - w1 Hd | 21



HigoH |

Theoretical Analysis

FAE#R A fe KIE
2) Mgap=4~11 mmls}, r=6.6 mmX} /[
FAB AR A B KIE .
120.00
100.00_2
80.00—;
E“ 60.00-5 E—— e =

~ gap=11m :

0.00 e e
5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00
r/mm

B6 F-rk%E (gap=1~11 mm)
Fig. 6 F-r Diagram (gap=1~ 11 mm)

HIPE 3w G, Hifngap=4~11 mm (BI47FEX
] 414 ~21 mm) [19HRE D) A R T4 e f i
DA DRI IEECEE , b HL-=6.6 mm,
2.5 SENIZITHHISRIRE

ferekdim i 13 e LR DR PE LA B B, i
2508 & o 4 R alEFb{E , *ixm
AR EAE AL O A RIS 4n T

1) EffiEr=6.6 mm,

2) ER2BFI B BANI=3 629 A,

3) a. bFigapHRIEHZEL,

HEMAR, FAANFEGEMLE T, FEE R
gapW B LB mE 7~ EIf R, HET~ E
9nl4n, Hla=8 mmpf, gap=11 mm#ib (B
M TAEfTREAR G A) WFERTALIE T # A &
K, HAEB A TEfT R R ARE,

G EE A EH, 24q¢=8 mmpt, F %D
{6 T B (Al B gap Y S L B an B 10 7

1) fEgap=7~11 mm[X [d], b=1 mmJ}jZE
fIF,lb=0 mmF %K, HE5b=2 mm¥%Z+5

2) fegap=1~3 mm[x A, b=1 mmJ5 %1
FALTbh=2 mmJ}jZ%,

£i BAriR, B ae=8 mm, b=1 mm,

3 MEREEERT

HL Bk DB T TR IR U R S Boan k3
FiR 6

22 | @5 pdl - EWRGE - 2019FH395 24

100.00 a
] a=0 mm
85.00 — = b=0 mm
70.00 E a=8 mm
Z  55.004
= ]
40.00 3
25.00 3 ——
10.00 4 T T T T 1
1.00 3.00 5.00 7.00 9.00 11.00
gap/mm

E7 F,-gapX%E (5=0.0 mm)
Fig. 7 F,-gap Diagram (5=0.0 mm)

100.00 A
a=0 mm
8500 1 o4 mm e
70.00 3 ===
f\: 55.00 3§
40.00 =
25.00 4 ~————
10.00 T T T T
1.00 3.00 5.00 7.00 9.00 11.00
gap/mm
E8 F,-gapXZE (b=1.0 mm)
Fig. 8 F,-gap Diagram (4=1.0 mm)
100.00 A
a=0 mm
85.00 i b=2 mm
70.00 9~ i
N
Z 55.009 N
& 40.00 3
25.00
10.00 T T T T
1.00 3.00 5.00 7.00 9.00 11.00
gap/mm
B9 F,-gapX%HE (5=2.0 mm)
Fig. 9 F,-gap Diagram ()=2.0 mm)
50.00 T T T T :
45.00 F e B mm =8 mim
A .
40.00
Z 3500
hﬂ LL/_" BUSENE ~
30.00
25.00
20.00 ;
1.00 3.00 5.00 7.00 9.00 11.00
gap/mm

El10 F,-gapXFE (¢=8 mm)
Fig. 10 F,-gap Diagram (¢=8 mm)

3.1 {FExt

FElfn TAE4T R B, BNIA BRgap=1~11
mm [X ] 73 B PR R RS DR . B
VLR, EMERERE (143 V) T, ik



M T Ansys — Maxwell iy i Ji I 5% #5210 % 2% O £ A5 1

R3 BHEKIEITSH

Tab. 3 Design parameters of electromagnets
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Fig . 11 Comparison of static force (simulation)
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Fig . 12 Diagram of measuring static force
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Fig . 13 Comparison of static force (experiment)
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