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ABSTRACT

In response to the problem of frequent leakage and false alarm of partial discharge insulation defects in GIS,
this paper conducts experimental research on intermittent discharge characteristics of common solid insulation
defects in GIS. Using true GIS to build a multi-source testing platform for intermittent discharge of solid insulation
defects, and using pulse current method, ultra-high frequency method, ultrasonic method, and gas characteristic
component detection method to study the variation law of intermittent discharge characteristics of solid insulation
defects. The results show that: the intermittent discharge state of metal fouling defects on the solid insulation surface
decreases with the extension of the discharge time, the discharge time interval as a whole shows an increasing
trend, and the metal fouling defects on the solid insulation surface in the intermittent discharge state is difficult to
develop into a breakdown discharge fault. The overall discharge amount of air gap defects inside solid insulation
also shows the law of increasing first and then decreasing, and the discharge amount of air gap defects inside solid
insulation stays at a large level for a long time during intermittent discharge, and there is a risk of breakdown, and
the discharge will gradually evolve into continuous discharge; ultrasonic method and characteristic component
detection method cannot realize the effective perception of intermittent discharge of metal fouling. The 50-period
mapping information commonly used in the power field cannot reflect the intermittent discharge variation law of
solid insulation, and the 200-period UHF mapping composed of four groups of 50-period UHF mapping data can
initially derive the intermittent discharge distribution law of solid insulation defects. The research results of this
paper are of great significance to expand the knowledge of intermittent discharge characteristics and the detection
of GIS discharge defects in the field.
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1 Introduction

Gas Insulated Switchgear (GIS) has been widely used in power systems because of its small
footprint, flexible and convenient installation, and good insulation performance [1-3]. Although GIS
is generally considered to be less maintenance or even maintenance-free, according to decades of GIS
operation experience, some partial discharge (PD) insulation defects can not be avoided in the process
of manufacturing, transportation, installation, maintenance, and operation, and the presence of PD
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insulation defects may lead to the occurrence of insulation faults, which may cause power outage
accidents [4,5].

Now the researchers have done a lot of theoretical and experimental research on PD insulation
defect detection technology [6,7], and the new high-voltage GIS are installed with detection systems,
but the operation is not effective: the GIS PD online monitoring system has more false alarms
and leakage problems [8]. To address this problem, the State Grid Corporation organized relevant
technical experts to disassemble and fault analyze GIS, and concluded that intermittent discharge
is the cause of false alarms and missed alarms, which is because the time interval between each
discharge of intermittent discharge is much larger than the time interval of stable discharge, leading
the traditional PD detection system to judge the intermittent discharge pulse signal as interference
signal and ignore it [9].

At present, there is no clear definition of intermittent discharge, and no uniform standard for
its discharge interval. Wang et al. [10] designed a defect model with metal foreign matter attached to
the surface of GIS, the Ultra High Frequency (UHF) signal pattern characteristics and the variation
of discharge interval under the long intermittent discharge were studied by applying a test voltage,
which was slightly lower than the PD inception voltage Ui to the defect model. It was found that
the discharge channels on the insulator surface showed significant growth, and the intermittency of
the discharge was further enhanced; Zhang et al. [11] investigated the sparse characteristics of the
discharge characteristics of metallic foreign bodies on the insulator surface, he found that the discharge
intervals were widely dispersed and spanned from several seconds to several hours; Liu et al. [12] used
the UHF method to monitor GIS for a long time, and finally found a typical intermittent PD signal
for a solid insulation defect in GIS, meanwhile the defects are located based on the signal amplitude
comparison method and the time difference positioning method, then, the type of discharge fault is
judged according to the signal PRPD spectrum and positioning results. In contrast, the typical solid
insulation defects common inside GIS lack the discharge law under intermittent discharge voltage, and
the related research on the change law of multi-source characteristic signal generated by the discharge.

Based on this, this paper conducts a study on the change law of intermittent discharge signal of
typical internal inter-gap and external metal fouling for the common solid insulation defects in GIS.
And build a multi-source detection test platform for intermittent discharge of solid insulation defects
using real 220 kV GIS, conducts long time intermittent discharge experiments. Using pulse current
method, UHF method, ultrasonic method and characteristic component detection method to study
the time and frequency domain characteristics of intermittent discharge signal, mapping characteris-
tics, discharge time interval and discharge volume characteristics. In addition, the characteristic change
law of gas characteristic components is also studied.

2 220 kV GIS Solid Insulation Defects Intermittent Discharge Multi-Source Detection System

2.1 Test Platform

In this paper, pulse current method, UHF method, ultrasonic method and chemical detection
method are used to detect PD, and the multi-source detection test circuit of 220 kV true type GIS
solid insulation defect intermittent discharge is built as shown in Fig. 1. Among them, T, is the
voltage regulator; T, is the frequency test transformer without PD; Rr is the 4 k2 protection resistor;
C, is the coupling capacitor, Z is the detection impedance, and the PD detection circuit with the
coupling capacitor C, and the detection impedance Z in series is established according to IEC60270
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standard, and the PD pulse signal is collected through the detection impedance Z; C,/C; is the voltage
divider capacitor, and the frequency cycle signal is transmitted from the end of capacitor C; through
the coaxial cable line to the Tektronix high-performance digital oscilloscope (TektronixxMS044,
bandwidth 1.5 GHz, sampling frequency 6.25 GS/s); 220 kV GIS experimental chamber sealing flange
is made of plexiglass, UHF sensor is placed in front of the outer surface of the plexiglass flange;
ultrasonic sensor is attached to the GIS test chamber by ultrasonic coupling agent; the metal outer
wall of the GIS test chamber is sealed by the ultrasonic conductive paste; In the experiment chamber,
the experimental defective high voltage electrode and the pot insulator high voltage end inside the
chamber are connected by a smooth and angular metal guide rod, ground electrode connected to
external ground with metallic copper wire through a custom Plexiglas flange, the test chamber is filled
with 0.5 MPa pure SF6 gas.
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Figure 1: Schematic diagram of the test platform

Fig. 2 shows the physical diagram of metal fouling defects on the surface of solid insulation and air
gap defects inside solid insulation. In Fig. 2a, multiple metal scraps are fixed to the insulator surface
using epoxy resin adhesive, which is used as the metal fouling defect on the solid insulation surface, as
a way to simulate the actual operation of the GIS process, disconnect switches or circuit breakers when
the contact collision produces metal debris attached to the insulator surface due to the action of the
electric field [13], and the metal fouling consists of 1, 1, and 0.5 mm size metal fouling in the length,
width, and height. The solid insulation internal air gap defect model in Fig. 2b is placed between the
high-voltage electrode and the ground electrode by pressing three layers of epoxy resin plates, which
are glued together with epoxy resin adhesive [14], and a circular through-hole with a diameter of 3 mm
is opened in the center of the middle layer of the epoxy plate, the total height of the epoxy plate model
is 3 mm and the diameter is 90 mm, the electrodes and the epoxy plate are closely bonded together.
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Figure 2: Physical map of metal contamination on the surface of insulators

2.2 Multi-Source Detection Sensor Characteristics and Detection Methods
2.2.1 UHF Sensor

The UHF sensor is used to detect the high-frequency electromagnetic wave signal radiated by PD
[15-18], the UHF sensor used in this paper is a flexible elliptical monopole antenna developed by
our team [19], and the operating band of the sensor is 300 MHz~3 GHz, VSWR (Voltage Standing
Wave Ratio) <5 in the 300 MHz-3 GHz band, VSWR <2 in the 340 MHz-3 GHz band, the structure
diagram and physical diagram of the sensor are shown in Fig. 3, and its VSWR curves for different
bending degrees are shown in Fig. 4.
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Figure 3: UWB elliptical monopole antenna
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Figure 4: The VSWR of the UHF antenna

2.2.2 Ultrasonic Sensor

The ultrasonic method is a PD detection using ultrasonic sensors close to the shell of electrical
equipment, and the ultrasonic detection is a non-electrical detection [20—22]. The ultrasonic sensor
bandwidth used for this test is 25-530 kHz, with a resonant frequency of 140 £+ 20% kHz, and the
ultrasonic differential amplification module has three amplification multiples (20, 40, and 60 dB) to
choose. The physical ultrasonic sensor is shown in Fig. 5.

Figure 5: Ultrasonic sensor

2.2.3 Chemical Gas Detection Method

The chemical detection method also belongs to a kind of non-electrical measurement method,
which is not subject to electromagnetic interference [23-25]. For 220 kV GIS without a special gas
extraction port, this paper improves the filling/discharging port, and designs a gas extraction device
that can support the filling/discharging port of the test chamber with a valve and good sealing
performance, as shown in Fig. 6 below. Control the gas collection port valve can collect the gas
after the discharge test to the matching gas collection bag in small doses, and use GCMS (gas
chromatography-mass spectrometry) to qualitative and quantitative analysis of the characteristic gas
after SF6 decomposition.

2.3 Experiment Procedure

Firstly, the test platform was built according to the circuit shown in Fig. |, and PD inception
voltage Ui of the defect model was reached by the successive boosting method; then the test voltage
was slowly reduced until the continuous discharge disappeared, keeping the test voltage constant, and
the test was continued for 48 h. During the test, the pulse current signal (corresponding to the discharge
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maganitude information), UHF signal, ultrasonic signal and phase signal are counted every 8 h and
analyzed by graphs. After the test, the gas was collected by the gas extraction port above the GIS, and
the components of SF6 decomposition gas and its concentration are measured by GCMS to obtain
the internal intermittent discharge of the GIS. The test flowchart is shown in Fig. 7.

Figure 6: Genuine GIS intake device
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Figure 7: Test flowchart
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3 Analysis of Experiment Results

3.1 Intermittent Discharge of Solid Insulation Defects

The circuit was calibrated with a 50 pC standard pulse generator before the experiment, and the
50 @ port impedance calibration result on the oscilloscope corresponded to a pulse current detection
signal amplitude of 18 mV.

(1) Intermittent discharge of insulator surface fouling insulation defects

First of all, the intermittent discharge test is performed on the metal fouling defects on the
solid insulation surface by using the step-up method. The test voltage is 22.8 kV, and the voltage is
considered to be the PD inception voltage of the defect when a stable continuous discharge signal is
detected by the pulse current method. The average amplitude of the pulse current signal is 8.77 mV,
corresponding to the average discharge volume of 24.3 pC, and 50 frequency cycles of pulse current
signal under the voltage level were collected for discharge mapping analysis, the results are shown in
Fig. 8. It can be seen that the number of discharge pulses is high and the phase distribution of discharge
pulses has the typical characteristics of metal fouling on the insulator surface [26], which shows that
the discharge in this state is stable.
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Figure 8: 50-cycle pulsed spectrum of initial discharge of metal contamination on the surface of the
insulator

Under the same test environment, the test voltage is reduced to 21.2 kV, the number of discharges
per unit time is significantly reduced, and it is difficult to detect the discharge pulse current signal
in one working frequency cycle, the average pulse current amplitude is 5.5 mV, corresponding to an
average discharge volume of about 15.2 pC, the discharge pulse current signal of 50 working frequency
cycles under the intermittent discharge of this state is collected and analyzed in the plot, and the
corresponding plot is shown in Fig. 9 below, it is obvious that the number of discharge pulses under
this state is small and the discharge is sparse, the discharge characteristics in this case can easily be
considered as interference signals.
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Figure 9: 50-cycle pulsed spectrum of intermittent discharge of metal contamination on the surface of
the insulator

(2) Intermittent discharge of air gap defects within solid insulation

The intermittent discharge test was performed on the internal air gap defects of solid insulation,
and the test procedure is the same as the above-mentioned intermittent discharge test procedure for
surface fouling defects of insulators. When the test voltage rose to 5.5 kV, a stable continuous discharge
signal was detected by the pulse current method, and the air gap defects inside the solid insulation were
in a continuous discharge state. The average amplitude of the corresponding pulse current signal was
about 19.8 mV, and the average discharge was 54.8 pC. 50 cycles of pulse current signals at this voltage
level were collected for pulse discharge mapping analysis. The results were shown in Fig. 10. It can be

seen that the discharge of air gap defects inside the solid insulation at the test voltage of 5.5 kV was a
continuous discharge state.
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Figure 10: 50-cycle pulsed spectrum of initial discharge of air gap defect
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The average pulse current amplitude was 15.7 mV, corresponding to an average discharge volume
of about 43.5 pC. The discharge pulse current signal of 50 cycles of intermittent discharge in this state
was collected and plotted. The corresponding spectrum is shown in Fig. 11 below. Compared with
the continuous discharge state of air gap defects inside the solid insulation, the intermittent discharge
phase distribution is more dispersed, the discharge is more sparse, and the discharge pulse amplitude
is also larger.
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Figure 11: 50-cycle pulsed spectrum of intermittent discharge of initial discharge of air gap defect

3.2 Analysis of Intermittent Discharge UHF and Ultrasonic Signals of Solid Insulation Defects

Under the intermittent discharge test conditions determined in Subsection 2.1, the intermittent
discharge test of metal fouling defects on the surface of solid insulation and air gap defects inside
solid insulation were carried out, and the intermittent discharge UHF signals and ultrasonic signals
obtained during the tests are shown in Figs. 12 and 13.

It can be seen from Fig. 12 that the UHF sensor can effectively detect the discharge signals of
metal fouling defects on the surface of solid insulation and air gap defects inside solid insulation in the
case of intermittent discharge, indicating that the UHF method can be used as an effective detection
means to detect intermittent discharge of solid insulation defects.

From Fig. 13, it can be seen that the ultrasonic sensor has limited sensitivity to detect the ultrasonic
signal generated by intermittent discharge of solid insulation defects, and cannot detect the ultrasonic
signal generated by intermittent discharge of defects. This is because the ultrasonic signal attenuation
in SF6 is large, the attenuation coefficient is 26 dB/m (nearly 20 times of the attenuation coefficient in
air or oil), and the ultrasonic signal generated by intermittent discharge first passes through SF6 gas
and then reaches the ultrasonic sensor through the metal shell [27]. In these tests, the ultrasonic sensor
1s attached to the outer wall of the test chamber, the distance from the PD source is about 200 mm,
and the intermittent discharge energy is small and the radiated ultrasonic signal is weak, which makes
it difficult to detect the ultrasonic signals generated by the intermittent discharge of solid insulation
defects.
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Figure 12: UHF time-domain diagram of intermittent discharge of defects
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Figure 13: Ultrasonic time-domain diagram of intermittent discharge of defects

3.3 Statistical Analysis of UHF Signal Frequency Domain and Plot of Intermittent Discharge of Solid
Insulation Defects

(1) Frequency domain analysis of UHF signals

The spectrum analysis of intermittent discharge UHF signal of solid insulation defects is shown
in Fig. 14, where Fig. 14a shows the frequency domain characteristics of background noise, Fig. 14b
shows the frequency domain characteristics of intermittent discharge UHF signal of metal fouling
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defects on the surface of solid insulation, and Fig. 14c shows the frequency domain characteristics of
intermittent discharge UHF signal of air gap defects inside solid insulation.
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Figure 14: Frequency domain diagram of the interference signal and UHF signal of solid insulation
defect discharge

As can be seen from Fig. 14a, the main frequency points of the background noise signal are at
900 MHz and 1.8 GHz, which correspond to the signals of communication interference [28]. From
Figs. 14b and 14c, it can be seen that the main frequency band of intermittent discharge UHF signal
of insulator surface fouling insulation defects is concentrated above 900 MHz, and the solid insulation
defects are concentrated in 300 MHz-900 MHz, compliant with the frequency range of UHF signals
generated by PD (300 MHz-3 GHz), which indicates that the signals detected by the UHF sensor were
generated by the intermittent discharge of insulation defects.

(2) Statistical analysis of UHF signal spectrum

The UHF spectrum of the solid insulation surface metal fouling defects and intermittent discharge
was studied by the traditional 50 power frequency cycles, and the UHF spectrum of the intermittent
discharge of the solid insulation surface metal fouling defects is shown in Fig. 15, the intermittent
discharge of internal air gap defects of solid insulation is shown in Fig. 16, it can be seen that the UHF
spectrum of the 50 power frequency cycles reflects that the discharge is very sparse and scattered, and
the phase information of the discharge cannot be effectively derived.

To obtain the spectrum that can effectively reflect the intermittent discharge pattern of solid
insulation defects, multiple sets of 50 power frequency cycles signals were continuously collected during
the test, the mapping analyses were performed for 100, 150 and 200 cycles of UHF signals, and the
analysis results are shown in Figs. 17 and 18.

As can be seen from Fig. 17, for the intermittent discharge defects of metal fouling on the
insulator surface, the 100 power frequency cycles UHF pattern and 150 power frequency cycles UHF
pattern are scattered and cannot reflect the discharge characteristics of metal fouling defects, for 200
power frequency cycles discharge mapping solid insulation surface metal fouling defects intermittent
discharge signal, most concentrated in the positive half-cycle peak and negative half-cycle peak, with a
more obvious distribution pattern, while the discharging UHF signal amplitude gap is large, reflecting
that the discharge of metal fouling defects on the solid insulation surface is unstable in the intermittent
discharge process.
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Figure 15: UHF spectrum of metal contamination defect with intermittent discharge for 50 power
frequency cycles
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Figure 16: UHF spectrum of intermittent discharge of air gap defect for 50 power frequency cycles

As can be seen from Fig. 18, the intermittent discharge signal of air gap defects inside the solid
insulation is more dispersed in phase distribution than the intermittent discharge signal of metal
fouling defects on the surface of solid insulation, and the signals in the UHF spectrum of 200 power
frequency cycles are mainly concentrated at the positive and negative half-period peaks, and there are
also discharges at 0°, 180° and 360° phases, which can reflect the characteristics of air gap discharge
defects of solid insulation, and the difference in the amplitude of the discharge UHF signal is also

larger, which reflects the instability of the discharge of air gap defects inside the solid insulation in the
intermittent discharge process.



EE, 2023, vol.120, no.9 2127

Amplitude/mV
5
Amplitude/mV
5
Amplitude/mV

L L L L L L e L L
0 90 180 270 360 0 920 180 270 360 [ 90 180 270 360

Phase/degree Phase/degree Phase/degree

(a) 100-cycle UHF mapping (b) 150-cycle UHF mapping (c) 200-cycle UHF mapping

Figure 17: UHF spectra of metal contamination defects in different periods of intermittent discharge
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Figure 18: UHF spectra of different periods of intermittent discharge of air gap defect

4 Analysis of Intermittent Discharge Process of Solid Insulation Defects
4.1 Discharge Statistics

The intermittent discharge test was carried out at 21.2 and 5.3 kV for solid insulation surface metal
fouling defects and solid insulation internal air gap defects, respectively. During the test, the discharge
information was collected every 8 h, for a total of 48 h. The average value of discharge is calculated
by randomly taking 10 groups of discharge pulse signals for each collected discharge, which is used to

analyze the variation law of intermittent discharge of solid insulation defects with time. The statistical
calculation results are shown in Fig. 19.

Solid insulation surface metal fouling defects intermittent discharge state devolution of electricity
with the extension of the discharge time shows a trend of change first up and then down, the overall
discharge time interval shows an increasing trend of change, in the intermittent discharge state of
solid insulation surface metal fouling defects is difficult to develop into a breakdown discharge fault;
solid insulation internal air gap defects discharge overall also shows the law of first increase and then
decrease, in the solid insulation internal air gap defects in the process of intermittent discharge for

a long time to maintain a large level, there is a risk of breakdown, and the discharge will gradually
evolve into continuous discharge.

As can be seen from Fig. 19, the intermittent discharge of metal fouling on the surface of solid
insulation is weak at the beginning stage, and maintains a mild micro-rising state of discharge for a
period of time, with the increase of pressurization time, the discharge intensity gradually strengthens,
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and the discharge volume will slowly increase during the test for a period of time at the stage of
pressurization time about 16-32 h, and with the extension of discharge time, the discharge volume
as a whole will gradually during 40-48 h, the discharge will be extinguished, and there is no tendency
to re-discharge after a period of continuous observation. The insulator surface does not show traces of
flashover along the surface, and there is no trace of ablation on the insulator surface after the actual
experiment.
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Figure 19: Variation diagram of solid insulation defect discharge amount

Solid insulation internal air gap defects in the intermittent discharge process, the overall discharge
also shows a pattern of first increase and then decrease, during the 16-32 h discharge process, the
discharge volume compared to the solid insulation surface metal fouling defects, and in a longer period
of time the discharge volume remains at a larger level, solid insulation internal air gap defects have a
risk of breakdown.

4.2 Intermittent Discharge Interval Statistics

Since PD events are not independent of each other, the residual space charge of each discharge
after its completion will have an impact on the time of the next PD occurrence, and this impact can be
characterized by the variation profile of the discharge time interval At of adjacent discharge pulses.
Based on this, this paper further investigates the intermittent degree of discharge of metal fouling
defects on the surface of solid insulation and air gap defects inside solid insulation as a function of time.
The discharge time difference was collected every 8 h during the experiment, and 10 groups of discharge
signals were randomly taken for the average time difference calculation, and the average discharge
time difference of intermittent discharge of metal fouling defects on the surface of solid insulation and
air gap defects inside solid insulation was analyzed. The variation law of intermittent discharge time
difference At between two typical solid insulation defects within 48 h is shown in Fig. 20.

As can be seen from Fig. 20, the average discharge time interval At of intermittent discharge of
metal fouling on the solid insulation surface shows an overall trend of gradually becoming larger
with the increase of discharge time, indicating that the intermittency of discharge is slowly becoming
larger. Initially, the average intermittent discharge time interval is short, and with the extension of
the discharge time, the discharge time interval gradually becomes larger, two adjacent discharges do
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not necessarily occur in the same power frequency cycle, and the discharge becomes very sparse, and
the metal fouling defects on the surface of solid insulation in the intermittent discharge state do not
gradually evolve into intense discharge, which also shows again that the intermittent discharge of metal
fouling does not evolve into breakdown discharge. For the intermittent discharge of air gap defects
inside the solid insulation, the discharge time interval will increase and maintain a total of about 32 h of
stable discharge time interval, and the discharge pulse signal was observed to evolve from intermittent
discharge to continuous discharge when the discharge is 48 h, probably because the air gap defects
inside the solid insulation are ablated and the insulation performance is reduced due to the prolonged
discharge of its insulator.
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Figure 20: Plot of At mean over time

4.3 Chemical Detection Analysis

Pure SF6 gas decomposes after a long-time discharge experiment with major decomposition
products such as SO,F,, SOF,, SO, and H,S [29]. After the intermittent discharge experiment of solid
insulation defects was carried out in this paper, the gas was collected after the experiment by using gas
collection bags, and the gas components were detected by GCMS, the results are shown in Fig. 21.

It can be seen from Fig. 21 that the concentration of SO,F,, SOF,, SO, and H,S characteristic
gases in the detection results after 48 h of intermittent discharge of solid insulation defects is very
low, which is difficult to detect the characteristic gases by using the existing monitoring technology
and to detect the intermittent discharge defects by using the gas component detection method. At the
same time, the gas component detection results also indicate that the defect is not discharged in a large
amount in the intermittent test and the discharge is not violent.
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Figure 21: SF6 decomposition product concentration plot

5 Conclusions

For the site GIS PD insulation defects leakage, false alarm problem occurs frequently, this paper
conducts experimental research on intermittent discharge characteristics of common solid insulation
defects inside GIS, builds a multi-source detection experiment platform for intermittent discharge of
solid insulation defects by using real type GIS, and studies intermittent discharge of solid insulation
defects by using pulse current method, UHF method, ultrasonic method and gas characteristic
component detection method, the following conclusions were obtained:

(1) UHF method can effectively detect the intermittent discharge of metal fouling and solid
insulation internal air gap defects radiating high-frequency electromagnetic wave signals, and the
ultrasonic sensor installed on the metal shell of GIS cannot effectively detect the discharge signals; the
intermittent discharge of metal fouling defects on the surface of solid insulation and solid insulation
internal air gap defects resulting in a low fractionation of SF6 into SO,F,, SOF,, SO, and H,S, and
it is difficult for the chemical detection method of characteristic gas components to effectively detect
intermittent discharges. The traditional 50 power frequency cycle UHF mapping cannot effectively
derive the variation law of intermittent discharge of solid insulation defects, while the 200 power
frequency cycle UHF mapping composed of 4 sets of 50 power frequency cycle can initially derive
the distribution law of intermittent discharge.

(2) The discharge amount of metal fouling defects on the surface of solid insulation shows a trend
of rising and then falling with the extension of discharge time, and even the discharge disappears at
the end; the discharge time interval shows an overall trend of gradual increase, which means that the
metal fouling defects on the surface of solid insulation in the state of intermittent discharge with small
discharge amount can hardly cause the occurrence of breakdown discharge. The discharge volume
of intermittent discharge of solid insulation internal air gap defects also shows an overall increase
and then decreasing pattern, and the intermittent discharge will gradually evolve into continuous
discharge, and the discharge volume of solid insulation internal air gap defects is larger than that
of solid insulation surface metal fouling defects, and the discharge volume remains at a larger level in
a longer period of time in the test, and there is a risk of breakdown.
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