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Dynamic Simulation and Fault Analysis of the Opening Electromagnet in
Vacuum Circuit Breaker
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(1. School of Electrical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China; 2. State Grid Hebei
Extra High Voltage Company, Shijiazhuang 050070, China)

Abstract: The fault of the opening and closing electromagnetic mechanism is the main reason for the abnormal
switching , refusal operation and mal-operation of vacuum circuit breaker. Accurate analysis of the operating state of
the opening electromagnet of the vacuum circuit breaker is of great significance for stable operation of power system.
In this paper, the opening electromagnet of the vacuum circuit breaker is taken the study object and a dynamic simu-
lation model of the opening electromagnet of the vacuum circuit breaker is set up. First, the operating principle of the
opening electromagnet is derived and the operating state of the plunger in normal condition is analyzed. Then, the
simulation current waveform characteristics under such failure states as poor contact, core jamming and inter-turn
short circuit are compared to analyze systematically the influence of different faults on the opening of the circuit
breaker. Finally, a simulated opening experiment is performed on the circuit breaker’s opening electromagnet, with
three types of faults- poor contact, core jamming and inter-turn short circuit, being configured. The opening coil cur-
rnt under fault conditions is collected and compared with the simulated waveforms.The effectiveness of the simula-
tion model is verified by the experimental result, which provides an important means for fault analysis, fault monitor-
ing,and condition assessment of circuit breaker electromegnatic mechanisms.
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Fig.1 Structure diagram of circuit breaker electromagnet
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Fig.3 Current waveform of the opening electromagnet
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Fig.4 Schematic diagram of simulation model for
opening electromagnet
22 HiEEBESIEREH RS BIRE
BEHUATRHA S 22 R ZN63 HY 5 K i A i R bt
Tk, 2 Bl DX 3Rt 3 o 5 A, BBk O R RO A S
SRR, S 1A TR TR R, R s A B R
A e, HAb AR SRR 1.
®1 SABEKIERSSHY
Table 1 Main electrical parameters of the

opening electromagnet
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TE W% e 70 I 3 RS DL S 6 v 4 A L e e
B e H TP 0 I Il o 1 T Y
i FEL ELRE A i LA 63 i G P [ R 4 L L i
FTREAUL UL P 13 (a) 3 8R0S RS i i £ B O L 20
SEHR I I G NS k0 5 T 1 B 18] Y EE A T
SRR I35+ BEAT BT &, LMD O R 1
DAL 13 (b 7 I ] Rt g A PRS00 v, Sk ) — ) L
T B R ) A AR AT 7] [ 5 AN [ 118 4 B A I ) g
B LEE 13(c)o

(b) BRLr i

S I 5

T T e
30% 20% 10% 5 \
Wher

(c) 1l 5
E13 S RmusHEE T REE
Fig. 13 Setting of the simulation scheme for the fault of
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Table 2 Characteristic values and errors of simulated and

measured curves in normal state

W

# thms  tms  t/ms WA A /A

JIGME 1076 17.59 5744 1.96 173 2.11
EAME 1092 1742 5749 198 165 212

WK, -148 097 008 -1.02 462 047
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Table 3 Characteristic values and errors of simulated and

measured curves with poor contact

ZH n/ms  Lms  t/ms WA i/A i/A
IR 1087 20.16  61.24 1.74 151  1.88
LM 1079 2052 60.89 172 146 183

WERKG 074 =179 057 1.15 331 2.60

®4 HOFRABESLNEBLHNFIEERRE

Table 4 Characteristic values and errors of simulation

and measured curves of iron core stuck

2 n/ms  bims  t/ms QA i/A i/A
SEEGMH 1123 2126 62.87 2.0l 1.84 214
PFEAE 1158 2175 6262 201 182 213

BWER, =312 -230 039 0.00 1.09 047

x5 MEEBRHESSSNHENFHEERRE

Table 5 Characteristic values and errors of simulation

and measured curves of interturn short circuit

ZH n/ms  bims  t/ms QA i/A i/A
IR 1131 1691 56.09  2.20 191 235
PFEAE 1181 1662 56.64 221 1.88 239

WEEN  -442 171 -062  -045 157 -1.70
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