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Design Simulation and Optimization of Fast Electromagnetic Repulsion Mechanism for
Mechanical DC Circuit Breaker

XU Dangguo, PENG Zhaowei, HUANG Shiyang, SONG Peng, LI Yamei, NING Linru
(Electric Power Research Institute of State Grid Jibei Electric Power Co., Ltd., Beijing 100192, China)

Abstract: The electromagnetic repulsion mechanism is widely used as the operating mechanism of DC circuit breaker. In the
DC breaking scenario, the action time of the electromagnetic repulsion mechanism is required to break to the full opening
distance within 2 ms as much as possible, while ensuring a long service life. To address this issue, this paper first analyzes the
basic principle of electromagnetic repulsion mechanism, then builds a simulation model of electromagnetic repulsion
mechanism using finite element software, and analyzes six important parameters ( coil turns, coil height, coil width, repulsion
disk height, energy storage capacitor capacity and charging voltage) that affect the driving performance of electromagnetic
repulsion mechanism. After that, 54 sets of samples are outputted by BBD experimental design method, imported into the BP
neural network prediction model and combined with NSGA-II algorithm to optimize the structure of electromagnetic repul-
sion mechanism. The simulation results show that with 36 turns of coil, 5 mm coil height, 1.52 mm coil width, 8.87 mm
repulsion disc thickness, 5 000 puF energy storage capacitor capacity and 1 400 V charging voltage, the coil current of the
electromagnetic repulsion mechanism is reduced by 14% and the 2 ms motion displacement reaches 13.64 mm, which, under
the condition of satisfying the constraints The driving performance of the mechanism is obviously improved, which provides
reasonable mechanism parameters for the opening and closing requirements of the fast mechanical switch.

Key words: eclectromagnetic repulsion mechanism; NSGA-II algorithm; BP neural network; optimization design
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Fig. 1 Schematic diagram of fast mechanical switch

structure

Kl 2 CPRM %R
Fig. 2 CPRM structure schematic
FLTL e D BILAG) S5 5 e s B LB 3, b 2 e
R DAL S8 B 4 s 2 3D ()P

di, . d . .
Uczggfwmfing (1)
di d
0=L —2+i,R ——Mi 2
2 dt 2°%2 dt 1 ()

(). @FF: LAIL, i fTiy, RFIR 5
NEGPEIRN R )8 B, RN LR, B MR
LR VB A LI B Uc NRERE A IPIIE
J o

— 07— YT

Bl 3 CPRM 52k g 1K
Fig. 3 Equivalent circuit diagram of CPRM
E LR R DI B AR 1A v S A2 B T 1
SEE, Horp Ah B R AR L BE B dE N AE T LR
WUKG BT 02l dA < B 37 66 B 22k dw DA S #4546 dO
Z A, B
dE =dA+ dw+dQ 3)
XG)H, dE. dw. dQ hFEEXN
dE =i’ Rdt +i; R dt +i Ldi, +i,L,di, +
i,Mdi, +i,Mdi, + 2i,i,dM
dw =i Ldi +1i,L,di, + i Mdi, + i, Mdi, +i,i,dM @)
dQ =i Rdt +i;R,dt
MR (3). @)
dA = ii,dM 5)
DAL I BILAS) P LB R 0 A



_dA i, dM
dz dz

2 HURLE JIWUR A AN G A

2.1 fiEER

FIFH#AE X CPRM BT EAE AL (57, B
R LI 4. CPRM Jh— A~ 4Rl ARBLAY,
BRI R R R @ T E s, LA R T S
TEBEE AT RE TR IZ 5l , R 2R PR I I 5 o
14 415 FL A U

(6)

Ll =

A

Efhik

K 4 CPRM —4{j B

Fig. 4 Two-dimensional simulation model of CPRM

3 % % A
cl T 2
) A

L Winding!

ma&‘-’

Kl 5 CPRM fjj FAR B 4132 H it 1]
Fig. 5 External circuit diagram of CPRM simulation
model

22 fiEath
221 P ML

T MG BT N Oy 20, 26, 36 [T, 1
KR 6, it £ Pl [0 K ¥ 56 n, HL R e 00
{EANIZ Bk B2 W AE B T G 0 . (H T 0N 36 [,
LR T 7038 B AN G W 22 B o i em]
PGS B B R AN K, ST
20 [ H./~NF- 36 [

F/kNewton

t/ms
(a) HHLFH

10000

8000

6000

1/A

4000

2000 4

t/ms

(b) £l R

T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/ms

(c) hi#

T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/ms

(d) JEJE

K6 Ll i Hoe CPRM 1521
Fig. 6 The effect of the number of coils on CPRM



2.2.2 B EE

LR Gy HEE 5. 100 15 mm AT
B, RIE 7, 05 a5 T Rk B s R
Wk F3 A0 2 ms 3B BHALAE BISE MAR /)N, {8 28 P8l s
BN, 2k PE E YRR 2 K. DR 2 P v R gk EY
&, AR

100
80
60
g
<
=
3
Z 10
<
=
20
04
T T T T T T T
0.0 0.5 1.0 L5 2.0 2.5 3.0
t/ms
(a) HLHLFT
8000
70004
6000
5000 -
40004
=
=
30004
20004
1000
04
~1000 T T T T T T T
0.0 0.5 1.0 L5 2.0 2.5 3.0
t/ms
(b) LB HiR
12
104
[—#— G=5Smm
89 [—®— G=10mm|
[—A— G=15mm|
E 97
S~
P

T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

t/ms

(c) Mi#

-2 T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

t/ms

(d)
B 7 ke % CPRM (#5200
Fig. 7 Effect of coil height on CPRM
2.2.3 LR
LRPE L E W BIEE 1. 150 2 mm, fiE
SR 8, [ 8 iR Wk A £ R LG n, L
R FEL L e Al . SRR . 2 ms 3B B FS
12 5y JE VG A 34 AN IR 19 I

100

—=— W=Imm
—®— W=1.5mm|
—A— W=2mm

F/kNewton
2
1
e
— Aoﬂ:;j::)

T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/ms

(a) WHEF

T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/ms

(b) Z&fe B



—=— W=Imm
—®— W=1.5mm|

—A— W=2mm
5 o
S~
I
4
24
0
T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/ms
7 %2
(c) %%
10
8
6
«
N
=4
=

T T T T T T T
0.0 0.5 Lo 1.5 2.0 2.5 3.0
t/ms

(d) %
B 8 ZilE N CPRM 5
Fig. 8 Effect of coil thickness on CPRM

224 xR

S R H AR HRIERC S, 10, 15 mm,
TEERIWE 9, Hrh it fr el iE5h s
WEAE \ 2 ms IB B # K 2k Pl HL i S B 0 A IR
RN G K. H i TR B AR N, 2
SRR N, WRIE BB K2 R
W FRREERLN, fEr & R R A
TR AR ML T8 = 3 8UF EUR, Bk
DB R IR B G BURAE 5~15 mm [X (8] P 42
NEH,

—®— H=5mm
—®— H=10mm|
—A— H=15mm|

F/kNewton

s
H TN
—

T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/ms

(a) HLHLIF 1

7000 4
b

—®— H=5mm
—®— H=10mm|
—A— H=15mm|

6000

5000 4

4000 4

3000 ey

20004 “‘“‘

1000 4

-1000

T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/ms

(b) Ll R

E 97
S~
P

44

24

04

T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0
t/ms
9
(c) Mi#
10
“t“

54

64
«
~
=g
>
>

T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/ms

(d) %
9 JFIHLEEEXS CPRM 15
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