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Research on GIS External Excitation Voltage Withstand Test Method and Its Effectiveness in
Detecting Latent Metal Particles

YANG Xiaoyu', QIU Ning?, LI Xiaoang'!, WANG Hao®, ZHANG Yu*, ZHANG Qiaogen'
(1. State Key Laboratory of Electrical Insulation and Power Equipment(Xi’an Jiaotong University), Xi’an 710049, China;
2. State Grid Corporation of China, Beijing 100031, China; 3. China Electric Power Research Institute, Beijing 100192, China;
4. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, China)

Abstract: The occurrence of foreign object-induced discharge faults during switching operations of ultra/high-voltage
gas-insulated switchgear (GIS) tested by conventional static withstand voltage tests can reflect the limitations of detecting
latent foreign object defects by traditional static withstand voltage tests. This paper presents a novel method and proce-
dure for conducting seismic endurance tests on GIS. Mechanical vibrations are externally applied during the GIS
endurance test process, aiming to stimulate and enhance the movement of latent metal foreign objects to achieve efficient
detection. Furthermore, a test platform for external excitation and vibration resistance was established for a 550 kV re-
al-type GIS. This platform was used to investigate the effectiveness of a new testing method for detecting hidden defects
such as flange gap concealment, shield cover concealment, and high-density irregularities. The results indicate that latent
metal particle defects exhibit a “static dormant” state under stepped static test voltages, and neither ultrasound or partial
discharge or breakdown occurs, making them difficult to detect effectively. Subsequently, during external vibration en-
durance tests, the latent metal particles show a “release” state, displaying intermittent jumping or continuous dancing
movements under different voltage steps, and ultrasound and partial discharge signals significantly increase. This vali-
dates the effectiveness of the GIS external vibration withstand test in detecting latent metal particles, offering a simple and
efficient insulation testing method to enhance the insulation reliability of GIS equipment.

Key words: GIS; metal particles; withstand voltage test under mechanical vibration; ultrasonic testing; impact vibration
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Fig. 1 Experimental platform diagram of the 550 kV GIS
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Fig.2 Schematic diagram of test busbar
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Fig.3 Comparison of measured operating vibration of circuit

breaker and output waveform of external excitation device
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Fig.4 External vibration application device
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Table 1 Performance of different types of particles in pressure

resistance tests
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Fig.5 Schematic diagram and physical image of the placement

of three types of particles

R2 AN EAR T e B E
Table 2 Setting up external excitation and voltage

withstand test
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Fig.6 Procedure for applying voltage in external

excitation vibration test
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Table 3 Determination of the results of GIS external

excitation voltage test
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Table 4 Arrangement of particles concealed in fracture

apertures
Fs zs AR R Kk
1 4 mmx0.1 mm 1
2 5 mmx0.1 mm 2
3 f s 5 mmx0.2 mm 1
4 5 mmx0.3 mm 2
5 5 mmx0.3 mm 2
6 i o 5 mmx0.4 mm 1

SRR N REE BB IR 5k, FFARRRK SN
AR e 3 BUE PR AR TR 1 183 . A,
SR FH 2 IR (R 5 R0 R IR o RO SR R
M ST HAS HHCR

FEAMHEBIRI I 45, B A Ae 2 A B
FITBLEL I 6 AR <8 oRE K345 R ik
FIEBE GIS ARMEG MIRER Sk B
o 1 ASIORER B T G A 2 73R 1Mok EL R
[ 5 22 pegg ).
2.2 [FilE R

BT PRLAE GIS H I BEHL AR S 52 Wit
BRI AR A R, ks 5 B B T 375 iR
BRI R A AT, B U e DU o AN
FCIEFEAE 5 5 AT -k B8 FR S8 MR AL AT B O (RS
BRI SR i A e S AR ), R



2136 i LR

2026, 52(5)

50
40}
30}
20}
10}

o
~10}

1 [E/mV

il I 1

=20 | 1 e

of— BT E B F h—i— BOREZ) —
~40f i

o1 T2 3 4 s

Ff 18]/s
K 7 381 kV RGBT

Fig.7 Ultrasonic waveform after 381 kV excitation
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Table 5 Arrangement scheme of hidden particles at the

shielding cover location

iae) i JEAR N e
1 4 mmx0.1 mm 3
2 il 2317 4 mmx0.2 mm 1
3 4 mmx0.3 mm 1
4 4 mm*x4 mmx0.2 mm 1
4 AP
5 5 mmx5 mmx0.2 mm 1
6 4 mmx0.3 mm 1
H 3
7 4 mmx0.4 mm 1
8 4 mmx4 mmx0.1 mm 1
H v
9 5 mmx5 mmx0.1 mm 1
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Fig.8 Ultrasonic waveform after 381 kV excitation

R 6 LR IRRLAT B T %
Table 6 Arrangement strategy for high-density irregular

micro particles
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4 mmx4 mmx0.2 mm
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5 mmx5 mmx0.2 mm
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Table 7 Overview of experimental results
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