59K FaW. 115-122
2026 £ 4 H 20 H

M EL

Insulating Materials

Vol.59, No.4: 115-122
Apr 20, 2026

DOI:10.16790/j.cnki.1009-9239.im.2026.04.014

FE 4 2S: TM561: TN249

BT S FANEN S H GIS £ B 2 B A S 5

ANAY, E MmO EFS KROT RKEZR, 2 MR, eAREr &Y
(1. BMAZE LB AR RN @MNEE NG, 28E AN 350009;
2. FERF I AR FHRAZ, LF 100084)

8 ZEo RS BRRE W T 12T 24 GIS IS R 6. SR, X T-4x J8 4 AR 15 43 51 K R 8 s B 08 T 6] GIS 4625
R SEE G R H AT ICE R . BT ARSI TOU O 7k OOt ) Ry s i B A R bkt fRUALYE , BT C S AL PR
N A [RRL AR AT LA, TE AR AR FSE (14 47 o8 A9 24 ) 30 LR AL B AS T VA AR AORE 5 R 1) Je) 3T HL A 5 T = 1o
JSEAE , XA A2 HERR 51 A 28 G AR LIS PR IO LR EEAT WP R R - 45 AR W] M LL L4k, UHF Gl 5 5 ik
TRVENS B JE A A JR) T PR I ) RO AR s < by 24 A B 06 1 R o T AR A PR R R 37 R S A B, EL
BHRBOCRE TIRE - S ARAR R LK. A, R RS —E 2R L FRAR GIS Ak 18] B (K 48 25 1 R
R R ZIT R s SR A 6 T E SRBa AR I R 5

Research on partial discharge characteristics of metal dust in GIS based on
photon counting and light intensity measurements

LIN Chuanjie', WANG Yang', LU Shihong', CHEN Ning', ZHANG Runhao',
WU Tong', FAN Xianhao?, LI Chuanyang®’

(1. Fuzhou Power Supply Company, State Grid Fujian Electric Power Co., Ltd., Fuzhou 350009, China;
2. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Dust-like metal particles are commonly found inside the cavity of GIS that has been operated for many years.
However, there is still no clear conclusion as to whether the metal dust will cause partial discharge (PD) and thereby pose a
threat to the GIS insulation. In this study, five measurement techniques including photon counting, optical intensity, UHF,
ultrasonic, and pulse current methods were employed to investigate the PD characteristics of metal dust with different
particle sizes and unit area concentrations under AC voltage. The adaptability of different measurement methods to the
measurement of local discharge signals induced by dust particles was clarified, and the mechanism of discharge voltage
reduction for insulating gas caused by dust accumulation was preliminarily examined. The results show that compared to
optical methods, UHF, ultrasonic, and pulse current methods show lower sensitivity to PD signals generated by metal dust.
The number of photons generated by metal dustincreases with the increase of unit area concentration and electrical field
strength, and the amplitude of PD optical intensity signals shows a positive correlation with the particle size of dust.
Furthermore, the accumulation of metal dust will to some extent reduce the insulation performance of the gas gap in GIS.
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Fig.1 Schematic diagram of metal dust partial discharge
characteristics measurement detection platform
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Table 1 Parameters of sensors
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Fig.2 Microscopic images of metal powder
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Table 2 Onset electric field strength of metal dust

Hi4E/um HC k37 9 /(kV/mm)
100 0.38+0.01
75 0.39+0.01
50 0.38+0.01
25 0.42+0.02
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Fig.3 Motion of 100 pm aluminum powder

(b) 1.31 kV/mm (c) 1.66 kV/mm
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Fig4 Measurement results of UHF sensor at aluminum

powder concentration of 43.40 mg/cm’
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Fig.5 Measurement results of photon numbers of aluminum
powder with different particle sizes and unit area

concentrations under different voltages
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Table 3 Photon counting results under initial and

maximum field strength

iz BALIAREE A& Y Hhh/ R &
/um /(mg/cm?) /(kV/mm) T H
0.217 0.57/1.41 336/6 811
100 0.434 0.42/1.41 362/16 668
0.868 0.42/1.41 560/39 088
0.217 0.57/1.41 158/4 953
75 0.434 0.57/1.41 248/18 016
0.868 0.42/1.41 349/37 237
0.217 0.57/1.41 146/9 040
50 0.434 0.57/1.41 192/19 189
0.868 0.57/1.41 247/39 822
0.217 0.57/1.41 533/12 109
25 0.434 0.57/1.41 710/17 659
0.868 0.57/1.41 1130/39 817
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Fig.6 Comparison of average photon numbers results of aluminum powder with the same concentration under different voltage and
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Fig.7 PRPC and PRPD spectra of aluminum powder with different particle sizes under 10 kV voltage accumulated for 10 s
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Fig.8 Photon number results of aluminum powder with a

concentration of 43.40 mg/cm’
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Table 4 Gas gap breakdown test results of aluminum
powder at different concentrations

FATTH AR IR (mg/em®) B3 5R/(kV/mm) R R
130.2 1.7
260.4 1.7 Rl %
434.0 1.7
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Fig.9 Breakdown of aluminum powder observed at a

i % AR

concentration of 434.0 mg/cm’ under an
electric field of 3.7 kV/mm
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