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Discharge Fault Diagnosis Method for Air-insulated Switchgear Based on Integrated
Ultrasonic-gas Sensing and Computing
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Abstract: Air switchgear is widely used in medium- and low-voltage power distribution systems; however, insulation
failures occur frequently. To address this issue, this study proposes a discharge fault monitoring method based on the fu-
sion of ultrasonic and gas sensor signals. A discharge monitoring device integrating ultrasonic and gas sensors was
developed, along with an air discharge fault simulation platform. The diffusion behavior of discharge-generated gases
within the discharge chamber was simulated, and an optimal deployment strategy was determined, namely ,deploying the
monitoring device at the bottom of the switchgear. Subsequently, the device was installed at the upper, middle, and lower
positions to conduct experiments on following three types of discharge faults: corona discharge, arc discharge, and surface
contamination discharge on insulators. Sensor response signals were collected to validate the simulation results. Further-
more, an early warning method based on a sliding time window for ultrasonic signals was introduced, and a discharge
fault identification algorithm using a classification and regression tree (CART) was developed.A discharge monitoring
device for sensing and computing was realized, achieving accurate classification of multiple fault types with a recognition
accuracy of 96.67%. This research holds strong potential for large-scale application in the field of discharge monitoring
for air switchgear.
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Fig.1 Dual-parameter sensing module
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Fig.2 Dual-parameter discharge monitoring device



1972 LR ROR

(b) FrhL L
B3 A AR A

Fig.3 Platform for air discharge fault simulation

NIESR TR B R AR, a3 Bk R Rk
(Tektronix P6015A)F1 HL i 48 3k (CT6701) 5 7~ I %
FHIE, 3R, HoAAa S 15 R (R T
T 4 Fizs. WA AR, IR
PREAAR AR A T %, BT EMR =R A S i K
AR, HUE R TR, BRI IR
JE A7 R VA AL o PRSI L O 2 HR AR FB ARG ) R
e, HIRMEE, (H02 M TR gk s ff
PRME, IR ERRLL, IR R TR, -
WEMEZI 500 mA. ZE%F3RIHT5 S R 2 T
B, HLIRA AR HAE HL R BB

SRR T T H M N 2 B TR S A A A
B, RN E L. AR SR 3 NS
J R A e S VRS R i N SR
300 mm, e By AL TR A BT 390 mm Ab;
HH S w7 5 8 R FEAR (KPR A 300 mm,
T B 7 A S5 ARG RS s S
WK FEEE N 300 mm, 3 B 7 [ A7 T He F b
T77390 mm b, SEEG KR E IR 1 R, HE
TRCEEYCE 10 KV A1 13 kV X 2 Fl s s, OBt
(M54 20 min, BT FHBEN 15KV, H
SR R R A JG SR B [ R L R AT RO, 4T
LG RTBOR I E 5.5 kV A 6 kV iX 2 Fhjgod B,
JCHL IS (8] 152 B A 20 min.

2026, 52(4)
20 20
10 10
BT 17
B0 19 =
T -10 ®
200 00 o0 oo ow
i 16 /s
(a) HL 5 HL 3
20
L 10
~
W0
)
2002
i [8)/s
(b) H I H I
20 20
10F ‘ 110
z Y. -
g 10 =
F 1o R 1710 ®
%02 o o0 oo o X
i [8/s
(OEX:SREL 2V EN3i

B4 3 s FR O

Fig.4 Voltage and current waveforms of air discharge

R ORRFME

Table 1 Experimental conditions setup

ot By BEOE
13 T
10 T
N 13 !
i N .
13 E
10 E
15 T
A 5 "
15 =
55 T
6 ¥
ik TSRO f z
55 =
6 E

2 oESHTRNE

2.1 FFXRIEFHAERREZENL
NIRRT BN B IR S, AR SCRIE
s = 454, SR Ansys 15 B T Wil S A
REDTERAL, BAIK 996 mm, T 600 mm,
800 mm, WFBEA IR K. J T IRIED;F 5 SE5
SR —8E, ¥R EEE R . RAE S



WU R R B S SRR URRL S BRI SO RO R RIS W5 1973

BAL, SRR SAE, R AL ER AL
PrEREM R A, BEMIAL AR B AT, B
TN R ¥ BN 9.81 my/s2. sRAETT A simple, %
TR BECT %, BHRETHER BT WA 5 T I i
INTFRE, EEUE AR 1 e X . TR K
wEELSK, HRN 0.1 s, BECH 600 &, HIfiR
0~1 min ISR HUEAL. P SIRARBEE N T,
H42N 0.05 mm, AN HUFEE s ENEEN I,
T = SR ) P S AR AR N
Q0 =Sv=m’y (€))
K QPRI SRR R S SRR
TR v AR r P REEAR
BRI E, ESE 6], T
JES AR I R ST 259 800 mm*500 mmx 1 200 mm, fE%F
MR AT, R [EDY 18 h, B RS
IR BN 20x107°, S35 S0k 1340775,

AR A
_CV _20x107°x800x500x1200mm’ _
&= 18x3600's )
0.148 mm’ /s

KA: O NSH SR ISR E; CA
ISRV IR ¢ iR
N [A] o

S CER 6] LN 8 KV, AL EEHK
PR A L L IR 10KV A 13 KV, TP d R
T R R I ARG B, PRI, ASCI B
B EATREE N 0.1 m/s F1 0.5 m/s, STNEIFT
SARFRIRES N 0.785 mm3/s A1 3.925 mm?/s.
22 HESERSH

Bl 6 B~ T NO» B/=<#EN 0.1 m/s Fl
0.5 m/s i) NO2 EFF A A B9 BRI L o 247 SOk FE
0.1 m/s i, NO27E 60 s AR FUt, FFesad
R SMAIRE e m: 4 R E N 0.5 m/s I, NO»
ARTE P2 SURAE T UL, FFOHE T S SRR B 5 =
E—IRRRAE T, PSRN T AR [ AL
B, NO2 M 7 F R E R T2, 24 NO2 [k 2
2w, ZE|EIJMW, ZSES T M NO,
SAREUDIF, NOa2 [ BUE 2 (132 e b = SR
FPEZI, RMEH AR iR

K7 SR 7 CO By EE 4 0.1 m/s F10.5 m/s
i CO FEFFRAE NI #UE &l . BT CO BT 73
FRES TSN E AN T FEEAME, 2
FERIEE R, CO S M S VY A3 S . 1B

A
PR
- S—F E
=
P _[ 2
600 mm |
|
. 996 mm ‘ g
5 THy

(IR QURER St

Fig.5 Diffusion simulation model
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