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Abstract: Thanks to its anti-interference against electromagnetic noises and
vibration as well as its applicability for the diagnosis of overheating fault, the SFs
decomposition method demonstrates a broader application prospect in on-line
fault detection. The present study attempts to fill the research gap by exploring
the correlation between SFs decomposed products and PD in GIS. Based on the
simulation of three major PD patterns including protrusion discharge, floating
discharge and surface discharge in GIS, long-term tests are carried out to study
the impact of partial discharge pattern, PD severity and SFs gas pressure over the
volume fraction of SFs decomposition products as well as the variation in volume
fraction over time. It is found that three kinds of discharge can generate SOF; +
SOz and HF. Thus, the two decomposed gas can be used as feature gas in detecting
PD in the GIS; as PD severity increases, the volume fraction of both SOF; + SO>
and HF increase as well. The SFs decomposition method is more suitable for the
diagnosis of severe PD; a negative correlation is identified between SFs¢ gas
pressure and the generation rates of SOF2 + SO2 and HF.

Key words: GIS, partial discharge, gas decomposed product, discharge type,
severity, gas pressure

history. Its detection circuit,
calibration method and test procedure
At present, partial discharge detection are regulated by International
method is used to evaluate internal  standards IEC 60270: 2000 and

1. Introduction

condition of GIS. If partial discharge
exists for a long time, the insulation
will degrade and expand, finally
resulting in insulation breakdown and
surface flashover.

Common PD detection methods
include impulse current method, UHF
method, ultrasonic wave method and
decomposition method and so on. The
impulse current method has a long
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national standards GB/T 7354-2003.
Moreover, this method can gain
apparent discharge quantity. However,
its anti-interference ability is bad and
SNR is low; it is hard to realize on-line
monitoring. With high sensitivity and
strong anti-interference ability, the
UHF method makes use of UHF
electromagnetic wave to detect and
effectively avoids common
electromagnetic interference. On-line
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monitoring, pattern recognition and
fault location can be realized as well.
But it is hard to calibrate its discharge
quantity. The ultrasonic wave method
utilizes vibration signal generated by
partial discharge. There is no
connection between sensor and
to-be-tested equipment’s electric
circuit. However, it is hard to calibrate
the discharge quantity and its SNR is
low.

Thanks to its anti-interference against
electromagnetic noises and vibration
as well as the applicability for the
diagnosis of overheating fault, the
decomposition method has broad
application prospects. In recent years,
a lot of work has been done at home
and abroad. Results indicate that SF
decomposition process is very
complicated,  involving  complex
physical and chemical processes. Main
factors affecting its decomposition
process include discharge energy,
electrode material, water content,
oxygen content etc. Main mechanism
is in the following: under the role of
partial discharge, SF¢ decomposes,
reacts with electrode material,
insulation medium, micro-moisture
and micro-oxygen etc and generates
different kinds of combined products.
However, there is a research gap about
the correlation between partial
discharge pattern, PD severity, SFs
pressure and volume fraction of
decomposed products in the GIS.
Hence, this paper builds a set of GIS
PD platform in the lab. Tests are
conducted to study the impact of
discharge pattern, PD severity, SFs
pressure on volume fraction of SFe
decomposed product, which lay a

technical foundation for the fault
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diagnosis and maintenance of GIS
equipment.

2. Test Platform
2.1 Test cavity

There will be a large discrepancy
between test result and actual
condition if we simply adopt coaxial
cylinder to simulate. Therefore, in
order to simulate all faults in the
internal GIS, this paper adopts actual
110KkV GIS cavity. The cavity structure
is L-shaped and three-phase; it
includes 5 basin insulators and 4
independent gas rooms with different
sizes, which can meet the requirement
that different fault models are set in
different parts. Each gas room is
equipped with hand holes to facilitate
the installation and setting of
discharge model. Structure of test
cavity is shown in Fig.1. All the tests
are undertaken in No.3 cavity.
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Fig.1 Structure of test cavity
2.2 Discharge model

Partial discharge of GIS is caused by
insulation defect. Different insulation
defects result in different PD patterns.
We specify common fault factors and
take degree of simulation difficulty
into account. Then, three Kkinds
discharge models are figured out in all:
protrusion discharge, floating
discharge and surface discharge.
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2.2.1 Protrusion discharge

Protrusion discharge is uneven
electric field and belongs to typical
corona discharge. Therefore, the
copper wire with 2Zmm diameter and
26mm length, which is fixed on the
high-voltage conductor, is used to
simulate. The distance between
copper wire end and the shell of test
cavity is 4mm. Image of actual model
is shown in Fig.2.

Fig.2 Image of actual
discharge model

protrusion

2.2.2 Floating discharge

A large piece of metal is used to
simulate the floating on the
high-voltage conductor. This piece of
metal is made of iron; the distance
between metal and high-voltage
conductor is 23mm. Image of actual
model is shown in Fig.3.

Fig.3 actual

Image of

discharge model
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floating

2.2.3 Surface discharge

A piece of insulator is made use of to
simulate surface discharge. Seven
copper wires are attached to the
surface. The diameter of copper wire
is 0.5mm and the length is 10mm.
When setting the model, the piece of
insulator is fixed on the clamp of
high-voltage electrode; the bottom of
the piece of insulator touches the shell
of test cavity. Image of actual model is
shown in Fig.4.

etal particlg

plate

Fig4 Image of actual surface

discharge model

2.3 SFe¢ decomposed product
detection device

At present, main detection methods of
SFs decomposed products include
detector pipeline, gas sensor, gas
chromatography, chemical analysis,
ion chromatography, infrared
absorption spectrum, opto-acoustic
spectrum methods. The paper adopts
gas sensor method to detect SFs
decomposed products. The test gas
moves from test cavity to gas sensor
through pipeline; the gas sensor
converts gas volume fraction to
electric signal and then sends it to
micro-processor and A/D converter;
simulation quantity is converted to
numerical quantity; then after
temperature shift and calibration,
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volume fraction of test gas is shown
through LCD. Relative parameters are
shown Tab.1.

Tab.1 Parameters for SFs decomposed
products

Gas S0 Precision
2 W% E=| 0 o< 104
S0F; 150, =i 1
=2 We Eo| 20,25 104
=2 s E=l 0 1< 1076
HF =01
=2 We E =l £0.2x w—+|

Notes: §- sensitivity E-error

During the test, decomposed gas is
detected per certain time. Before the
detection  analysis, we  should
eliminate residual gas in the gas
pipeline through 1min to-be-tested
gas in order to prevent residual gas
from affecting detection results.

2.4 Test and detection circuit

Test circuit is shown in Fig.5. The test
power source is connected into power
frequency non-corona transformer T
through self-coupling voltage
regulator Ti. The T, model is HCTT
150kv/15kVA; rated voltage s
150/0.22; rated current is 0.1/682A.
Zx is protective resistor and its
resistance is 10 Q ; protective resistor
is connected with output end of T; in
serial to restrict output current of test
transformer during the test object
breakdown. Cx is corresponding PD
model. C, is  150kV,  300pF
high-voltage capacitor, which is to
couple the impulse current signal
generated by model discharge. Zn is
detection impedance. PDM is the
acquisition system, including one set
of PD tester, one set of DL 1540L
oscilloscope and one set of R610
industrial control machine. Discharge
signals detected by PD tester are

transmitting through GPIB card and
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are stored into PC for counting
discharge times and discharge
quantity, which will help to compare
with data obtained through the
detection of gas decomposed products.
The minimum quantity of discharge
for this system is 5pC.

Fig.5 Test circuit

2.5 Results of volume fraction of
SOF: + SO; without discharge model

In order to ensure the precision of test
data, before the test, 72h, 85kV power
frequency voltage-rising test is
undertaken for test cavity without any
PD model and volume fraction of SOF;
+ SOz as well as HF should be detected
every other 12h by using detection
device of SFs decomposed products
during the process. Measuring data is
shown in Tab.2. According to Tab.2,

¢ (SOF; + SO;) and ¢ (HF) are

respectively volume fraction of SOF; +
SOz and HF. The test cavity built in the
paper does not generate SF¢
decomposed gas, fully meeting the
research requirement.

Tab.2 Volume fraction of SOF, + SO
and HF without discharge model

Decomposedgas 0Oh 12h 24h 36h 48k 60k T2h
FSOFz+S02) o ¢ 0o o0 0 0 o0
FHF) o 0 0o 0 0 0 o0

3. Impact of PD Patterns on
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Decomposed Gas
3.1 Test method

After corresponding discharge models
are placed, test cavity is vacuumized
and filled with certain SF¢ gas. Then
long-term test is carried out. During
the test, PD detection and acquisition

system is used to record each
discharge model’s maximum
discharge quantity Qmax, average

discharge quantity Q., number of
discharge times N and total quantity
of discharge Q. Moreover, volume
fraction of decomposed gas is
measured one time by using the
device every other 10h. Initial
discharge voltage, breakdown voltage
and test voltage of three discharge
models are shown in Tab.3. The
pressure in the internal test cavity is
0.3MPa.

Tab.3 Initial discharge voltage,
breakdown voltage and test voltage of
three PD patterns

Pattern Initial Breakdown | Test
Discharge discharge/ | voltage/
voltage/kV | kV kv

Pd 16 23 20

Fd 60 85 75

Sd 42 53 49

Notes: Pd - Protrusion discharge
Fd - Floating discharge

Sd - Surface discharge

3.2 Test Result

Discharge features of three kinds of
models are shown in Tab.4. Measuring

result of ¢ (SOF2 + SO2) is shown in
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Tab.5 and ¢ (HF) result is in Tab.6.

Tab.4 Discharge features under three
PD patterns

Pattern Qmax/pC Qav/pC N Q:/pC
Pd 600 179 3960 TORE40
Fd 5000 615 ekl 142680
5d 4500 561 24 136884

Tab.5  SOF; + SO volume fraction
under three PD patterns

FSOF,+ 50,0 10— %

Pattern —
IDh 20k 30k 40k S0k GO
Pd o 0ol 005 0l 0.42 =
Fd . ] 005 012 018 — =
Sd [i} o 0 [i} 03 0ns

Tab.6 HF volume fraction under three
PD patterns

FCHF )/ 1078
Pattern
10h 0 h Wh 40k 50 h 60 b
Pd i} i} 0.02  0.12 0.z =
Fd i 0 005 013 - =
Sd 0 ] 0 0 005 012

3.3 Analysis of test data

Based on Tab.5 and 6, the change in
¢ (SOF; + SO;) and ¢ (HF) over time

is shown in Fig.6 and 7.

05

—=—Protrusion discharge
~e— Floating discharge
—&— Surface discharge

4

P (SOF+80,)/ 107

10 20 30 40 50 Gl

t/h

Fig.6 Change in the volume fraction of
SOF2 + SOz over time
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0.30
g.25+  —=Protrusion discharge
~+-Floating discharge
g0 ~* Surface discharge
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@(HF) /107"

010 F

0.05 |
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t

Fig.7 Change in the volume fraction of
HF over time

According to Tab.4-6 and Fig.6-7,
some conclusions are made: (1) three
PD patterns can generate SOF; + SO
and HF. The two gas can be used as
feature gas in detecting PD in the GIS;

(@ As the times increases, ¢ (SOF; +

SO2) and ¢ (HF) increase accordingly;

(3) As the time extends, rate of SOF; +
SOz and HF gas generation tends to

increase; (4) ¢ (SOF; + SO;) of three
kinds are higher than ¢ (HF).

4. Impact of PD Severity on
Decomposed Gas

4.1 Test method

As for the same discharge model,
assume that other conditions do not
change, the higher test voltage is, the
stronger PD becomes. Hence, the
voltage applied on the model can be
used to reflect the severity of partial
discharge. In order to study the
relation between the severity of PD
and SFs decomposed gas, the paper
selects floating discharge model
(shown in Fig.3) to conduct the test
under three different test voltage;

corresponding discharge models are
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placed; test cavity is vacuumized and
filled with certain SFe¢. Then long-term
test is carried out. During the test, PD
detection and acquisition system is
used to record each discharge model’s
Qmax, Qavy, N and Q: under different
severities. The volume fraction of
decomposed gas should be measured
one time by using the system every
10h.

4.2 Testresult

Discharge features under three PD of
severities are shown in Tab.7. Result

of ¢ (SOF; + S0O;) is shown in Tab.8
and ¢ (HF) result is in Tab.9.

Tab.7 Discharge features under three
PD severities

Test voltage Qma/pC Qav/PC__ N Q:/pC

65 S0HH 1500 629 S 3500

75 JLLEIT] o 1252 1375948

11 2SH0D EIE i) nE TaeS1EN
Tab.8 SOF, + SO volume fraction

under three PD severities

Test FSOF+ 5020 1078

voltage/kV  1on 20 h 30k 40 b
63 0 0. 03 0.12 0.18
75 0 0. 02 0.11 0.23
&0 0. 05 0. 12 016 0.29

Tab.9 HF volume fraction under three
PD severities

Test FHF ) 108

voltage/kV 20k 30 kb 40h
65 0 0 0.05 0.13
75 i 0. 10 0.16 0.23
&0 0 0. 13 0.19 0.32

4.3 Analysis of test data

According to Tab.7, when test voltage
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is 65, 75 and 80KV, the corresponding
maximum discharge quantity is 5000,
10000 and 25000pC; number of
discharge times is 629, 1252 and
2387; average discharge quantity is
1500, 1099, and 3140pC; total
quantity of discharge is 943500,
1375948 and 7495180pC. Hence, as
the test voltage rises, Qmax, Qav, N and
Q: tend to increase. In other words, as
the test voltage rises, PD becomes
severe.

According to Tab.8 and 9, the change
in ¢ (SOF2 + SO2) and ¢ (HF) over

time is shown in Fig.8 and 9.

@ (SOF,+80,) /107"
n
T

20
t/h

Fig.8 Change in SOF; + SOz volume
fraction over time

~m— 65kYV
—&— T5kV
—i— ROV

@(HF)/ 10"

Fig.9 Change in HF volume fraction
over time

Based on Tab.8 and 9 and Fig.8 and 9,
after raising the voltage for 10h, SF¢
gas does not decompose under the
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test voltage 65.75kV; only under the
80kV, SFs gas decomposes slightly
and generates little SOF, + SO, the
volume fraction of which is 0.05x10°;
after raising the voltage for 20h, 30h

and 40h, as test voltage rises, ¢ (SOF;

+ S02) and ¢ (HF) become high;

number of discharge time increases;
the bigger the discharge quantity is,
the greater the total discharge
quantity becomes. The quantity of SFs
gas decomposition is directly related
to total discharge quantity of partial
discharge. Some conclusions are made
as follows: (@ If partial discharge
becomes more severe, it is easier for

SFe gas to decompose and ¢ (SOF; +

SO;) and ¢ (HF) become higher

under the same time; () The gas
detection method is only applicable
for detecting continuous and severe
PD faults.

5. Impact of SFs Pressure on

Decomposed Gas
5.1 Test method

In order to study the impact of SFs gas
pressure on SFs decomposed gas, the
paper selects floating discharge model
(shown in Fig.3) to conduct the test
under three different pressures (0.2,
0.3 and 0.4MPa); corresponding
discharge models are placed; test
cavity is vacuumized and filled with
certain SFs gas. Then long-term test is
carried out. During the test, PD
detection and acquisition system is
used to record each discharge model’s
Qmax, Qav, N and Q: under different
pressure. The volume fraction of
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decomposed gas should be measured
one time by using the system every
10h.

5.2 Test result

Discharge features wunder three
different pressures (0.2, 0.3, 0.4MPa)
are shown in Tab.10. Result of

¢ (SOF; + SO2) is shown in Tab.11
and ¢ (HF) result is in Tab.12.

Tab.10 PD features under three

different gas pressures

P/MPa QmaypC Qa/pC N  Q:/pC
0.2 5000 1405 165 231825
0.3 4800 1239 194 240366
0.4 5000 1588 142 225496

Tab.11 SOF; + SOz volume fraction
under three different gas pressures

PSOF+ S0, 10—

Pressure /MPa
W0h 20k 30k 4k 50k
0.2 0 002 016 0.22 -
0.3 0 0.05 012 D18 -
0.4 0 0 0 0.04  0.07

Tab.12 HF volume fraction under
three different gas pressures
FOHF ) L

Pressure,fMFa 10 h 20 h 30 b 40 h 50 h

02 L] 0. 02 0. 08 017 ==

03 L1} i} 005 o3 =

04 L1} i} 0 0. 02 o1l
5.3 Analysis of test data
According to Tab.10, when the
pressure is 0.2MPa, 0.3MPa and

0.4MPa, corresponding maximum
discharge quantity is 5000, 4800, and
5000pC; when the pressure is 0.3MPa,
the number of discharge times is 194
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(the biggest) but average discharge
quantity is small-1239pC and total
discharge quantity is 240366pC; when
the pressure is 0.4MPa, the average
discharge quantity is the
biggest-1588pC but the number of
discharge times is small-142 and total
discharge quantity is 225496pC; when
the pressure is 0.2MPa, there is no
great discrepancy. Hence, when the
pressure is 0.2MPa, 0.3MPa and
0.4MPa, the severity of PD is roughly
the same.

According to Tab.11 and 12, the
change in ¢ (SOF; + SO2) and ¢ (HF)

over time under three different
pressures is shown in Fig.10 and 11.

025

0.20 | —m— (. 2MPa
—&— (L.3MPa

0.15F —ik— (L 4MPa

010

@(SOF,+S0.)/ 10

R o

sl

A
10 20 30 40 50
t/h

Fig.10 Change in SOF; + SOz volume
fraction over time

0.20 -

~m= 0. 2MPa
—&— (J.3MPa
—— (). 4MPa

015F

010

w(HFy/ 107

1] 20 3 40 50
t/h

Fig.11 Change in HF volume fraction
over time

According to Tab.10 and 11 and Fig.10
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and 11, the SF¢ starts to decompose
under 0.4MPa only raising the voltage
for 30h while it begins to decompose
under 0.2MPa and 0.3MPa after 10h.
Hence, the higher the pressure is, the
harder it decomposes. There is a

negative correlation between ¢ (SOF;
+S0;2) and ¢ (HF) and the voltage.

From test result, if discharge quantity
and number of discharge times are
roughly the same, it is harder for SFs
to decompose under 0.4MPa than
under 0.3MPa and 0.2MPa; under the
same voltage-raising time, volume
fraction of SFs decomposed gas under
0.4MPa is lower than under 0.3MPa
and 0.2ZMPa. Hence, a negative
correlation is identified between SFg
pressure and the generation rates of
SOF2 + SO2 and HF.

6. Conclusions

a) Protrusion discharge, floating
discharge and surface discharge can
generate SOF; + SOz and HF, thus SOF;
+ SOz and HF can be used as feature
gas in detecting PD in the GIS; volume
fraction of SOF, + SO generated by
three discharge types is higher than
HF; as the time extends, rate of SOF; +
SOz and HF gas generation tends to
increase.

b) If the severity of partial discharge is
different, volume fraction of SOF, +
SO and HF is also various. A positive
correlation is identified between the
severity of partial discharge and
volume fraction of SOF; + SO; and HF.
The gas method is suitable for
detecting insulation defect with heavy
severity.
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c) A negative correlation is identified
between SF¢ pressure and the
generation rates of SOF2 + SO2 and
HF.
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