Journal of Sensor Technology and Application {&&253 R 58, 2023, 11(1), 28-41 Hans X
Published Online January 2023 in Hans. https://www.hanspub.org/journal/jsta
https://doi.org/10.12677/ista.2023.111004

R IR 2 MM R G A v

M%*) % jé#a jul\n‘&ﬁa 7?Ait, %*i_/ﬁ\.
KE TN RN LR S |tk 2B, 7 KiE
Weks H . 20224F11 9 FHBEM: 20234F1H3H; AfAHM: 20234F1H12H

wm B

NFREZ WA E R BB TR, RO —MERELRINRS. ZREXRAARERER
AR, BBE 020 R A A B A SRRk R AR I R B L A SKAT REA U LB L LB B AR R B
HEFRW B, F5REER, SRR EESNEITRES. LAIHURSE S $05 2 ] ) i
&, MERBWEER, X EZWBEFSITHELET N, AWFFER LSRR SR U R R R
BERITTREIR N, ARG ALK B LA e T T, BB A RS B EALREAT R 8. SLRK
i, E”‘fﬁﬁ%%ﬁﬁ&ﬂﬁ?ﬂﬂ%%ﬁfU\Xﬂ‘ﬁ’i‘ﬁﬁ%%&B‘Ji@ﬁﬁ%ﬁi&ﬁiﬁﬂ‘ﬂﬁﬂﬂ*ﬂﬁ[‘%%%, Ha bR i AR
i REs R S

XA
VB RE, (RSN RE, TEER, BRI

Design of Hardware Circuits for Vacuum
Circuit Breaker Online Monitoring Systems

Fuxing Zhang’, Teng Gao*, Zhilei Liu, Hongda Wu, Guibing Pang

School of Mechanical Engineering and Automation, Dalian Polytechnic University, Dalian Liaoning

Received: Nov. 9th, 2022; accepted: Jan. 3rd, 2023; published: Jan. 12‘h, 2023

Abstract

In order to solve the tedious work of regular maintenance of vacuum circuit breakers, an intelligent
online detection system is proposed. The system adopts modern sensor technology, and carries the
current detection circuit of switching coil, the contact stroke detection circuit, the contact pressure
detection circuit, the mechanical vibration detection circuit, and the signal conditioning circuit to
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detect the operation state of the vacuum circuit breaker in real time. The upper computer draws the
monitoring curve according to the real-time data, and analyzes the operation of the vacuum circuit
breaker with the state evaluation system to determine the level of the risk of failure and the possible
causes of the failure. Then the upper computer warns the failure, and the maintenance personnel
repairs the early warning parts in time. The experimental verification shows that the online detec-
tion system of a vacuum circuit breaker can monitor and diagnose the operation state of a vacuum
circuit breaker in real time, so as to ensure timely maintenance when the fault occurs.
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Figure 1. Monitoring system flow
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Figure 2. Block diagram of system hardware
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Figure 3. Peripheral circuit of Hall current sensor

3. BRI AE AT HOSNE FE B

3.2. filskiERENESRE

DPRIIE T % 45 RE A8 PR BT 2016, fik Sk PH G IS 20496 — 8 B4l 77, DRUE 3 RT3 PER, Al Sk e
g PR SR TT, SEELPR IR U)W R L, AR RS AR RGCR A Ok B LB R AR AR R
BF1K-2GB #& & (1) 4 M s i Al sk e 7, BV (R YA A8l AL BEAE 34 1K, S RSB R 2%
HIAE P ) (TG RS R AR ) IB (S S, R AE RS B M R i R ARAE 5o 1 HLBEL PR A G AR A 28
AR31/R31+ AR3y/R3p+ AR33/Razs AR3y/Rago LI PUAN AR B 2H B AN 22 3l TAE 4L RY My e g sp,  H AR
AR Z AL 1o EWFREINE 4, HP Ry Ry MfE—M, Rapv Rag ME7E S — M2 TAE
HIVAR RN AR, ABARPEAA S o @it it 75 =0nT DUA 3 sl ks FE . SRl 22 1 F B, Hf
HLRAFAE AT 20

_ARy AR, ARy AR,

>R= + + + 1)
R31 R32 R33 R34

AR
|U4—U5|=5><? 2

U4

R31 R35 R32
1K

1K 1K

| S|
R36
10K —

\H\RB \H\RSGND
1K 1K
U5

Figure 4. Full bridge differential measurement circuit
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Figure 5. Schematic diagram of coupling capacitance method
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Figure 7. Vacuum control device
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Table 1. Relationship between vacuum degree and sensor

# 1 ATESERRSEXAR

HA % (Pa) HLURAE (V)
0.0012 0.5583
0.0019 0.5654
0.0032 0.5702
0.0107 0.5787
0.0216 0.5935
0.0595 0.5869
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0.7449
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0.6665
0.7789
1.0191
1.2578
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Figure 8. Vacuum detection curve
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Table 3. Status evaluation results
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FEIEAE W IE e {E HIZH PEAIRZS
A (Ty, Ts) (36, 5.88) (42, 6) (-14%, 11.7%) (P3, P3)
B (Ty, Ts) (50, 7) (42, 6) (19%, 16.7%) (P3, Py)
C (T2 T) (44,9.9) (50, 11) (-12%, -11%) (P3, P3)
D (T, Ty) (56, 12.4) (50, 11) (12%, 12.7%) (P3, P3)
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Figure 17. Mechanical vibration and fault waveform
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