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Abstract: In order to compare the sensitivity between the UHF and ultrasonic methods
for partial discharge detecting in GIS, a 252kV GIS experimental platform was established.
Five typical defect models are taken into consideration, including metal particle stuck on
the insulator surface; free metal particle on the insulator surface; high voltage electrode
defect; ground electrode defect and poor contact of high voltage electrode. Through the
PD inception voltage and the PRPD (phase resolved partial discharge) spectrogram of
UHF and ultrasonic signals, the sensitivity and feature of UHF and ultrasonic methods
could be compared. The results indicate that: 1)Compared to the ultrasonic method, the
UHF method could detect all five defects mentioned above with high sensitivity. 2) The
ultrasonic method could only detect some models with high sensitivity.

1 INTRODUCTION

GAS Insulated Substation (GIS) has been widely
used in the filed of high voltage transmission
system attribute to its small volume and perfectly
anti-interference performance. Some GIS have
been used for 20~30 years. So it is essential to
deal with insulation on-line monitoring to GIS to
improve the reliability of power system [1]. Partial
discharge activity is the most prominent indicator of
insulation degradation in GIS [2]. Since the
frequency band used to acquire the partial
discharge signals is relatively low, the conventional
measuring method (IEC60270) is not suitable for
on-line partial discharge detection [3]. So in recent
years, UHF and ultrasonic methods have been
more and more used for PD on-line monitoring
thanks to their principle advantage of minimal
noise interference.

The principle on UHF method is to detect the high
frequency electromagnetic waves emitted from PD
source. And for ultrasonic method, the pressure
waves generated in the event of PD will be
captured. In the past, researchers focalize their
work on the pattern recognition, PD source location,
etc [4-7]. But For the field measurement engineers,
the most often problem is whether UHF and
ultrasonic method could detect different insulation
defects in GIS with sufficient sensitivity and how to
find a reliable means to use these two methods for
more accurate PD on-line measurements. So a
comparative study on the sensitivity between the
UHF and ultrasonic method for partial discharge
detection in GIS is necessary.

This paper is going to compare the sensitivity of
UHF and Ultrasonic methods for partial discharge
in GIS. A 252kV GIS experimental platform based
on a real GIS equipment was established. And five
typical partial discharge models in simulation of the
common and hazardous discharge faults in GIS

field operation were set in the experiment tank.
The experiment results are supposed to be used
as helpful references when the UHF and Ultrasonic
methods are used for partial discharge detection in
GIS.

2 EXPERIMENTAL SETUP
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The experiment circuit is showed in figure 1. A
150kV experiment transformer is used to provide
AC high voltage for the GIS. All the high voltage
electrodes are covered with grading rings and
grading shields to prevent corona. The data
acquisition unit and PC are used to collect, record
and analyse the data of UHF signals and acoustic
emissions.

The experiment circuit
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Figure 1: Schematic diagram of test platform

2.2 The experiment vessel

Figure 2 shows the L-shaped 252kV GIS which
was constructed for the study. It contains a input
high-voltage bushing and eight air chambers of
various sizes. Every chamber is filled with 0.4MPa
SFs. The upper chamber is used as the experiment
chamber, in which all test models are set up.
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Figure 2: Structure of the 252kV GIS
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2.3 Partial discharge detection device

The EFS1 UHF sensor and RPAL1F preamplifier
are used to detect the UHF signals. The detection
band is from 300MHz to 2GHz. And the gain of the
preamplifier is 40dB. The ultrasonic signals are
detected by the AS75l Ultrasonic sensor and
RPAL1F preamplifier with the band range from
40kHz~800kHz, the gain of 40dB.

Taking the structure of GIS and detection
sensitivity into consideration, the UHF sensor is
fixed on the observation window of the test
chamber. The ultrasonic sensor is fixed on the
hand hole of the GIS. And some organic silicon is
filled between the chamber and the ultrasonic
sensor in order to improve the sensitivity of the
ultrasonic detection. The location of these two
sensors is shown in figure 3 and figure 4.

Figure 4: Location of the ultrasonic sensor

2.4 Defect models

Metal particle stuck on the insulator surface:
An aluminium wire of 5cm in length and 0.8mm in
diameter is stuck on the insulator surface to
simulate the often occurred fault in GIS that some
fallout metal particles such as screws are
immobilized on the insulator. The wire is set in
parallel with the electric field line. The model is
shown in figure 5(a) .

Free metal particle on the insulator surface: In
order to simulate the often occurred fault in GIS
that free metal particles fall on the insulator surface,
10 aluminium wires of 1cm in length and 0.8mm in
diameter and 10 aluminium wires of 2cm in length
and 0.8mm in diameter are set freely on the
insulator surface closing to the GIS sheath. The
model is shown in figure 5(b).

High voltage electrode defect: The triple junction
in GIS where the metal electrode meets the solid
insulator in SFg has a weak insulation and could
initial surface flashovers. In order to simulate this
fault, an aluminium wire of 2cm in length and
0.8mm in diameter is positioned in parallel with the
electric field line, clinging to the high voltage
electrode. The model is shown in figure 5(c).

Ground electrode defect: Protrusion on the
sheath is one of the most frequently ground
electrode faults in GIS. An aluminium wire of 2cm
in length and 0.8mm in diameter is positioned in
parallel with the electric field line, clinging to the
metal sheath of GIS in order to simulate this fault.
The model is shown in figure 5(d).

Poor contact of high voltage electrode: During
the operation of GIS, some incidents such as
switching operation or mechanical vibration can
lead float conductor. To model this fault, high
voltage electrode grading shield is made to
insulate the high voltage electrode. The model is
shown in figure 5(e).
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Figure 5: The schematic diagram of defect models

3 EXPERIMENTAL METHOD AND DATA
ANALYSIS

3.1 The experimental method

After the defect model is set up carefully, the
experiment chamber is vacuumed and filled with
0.4MPa SFs. After that, the applied voltage is
raised slowly until stable partial discharge is
detected. The inception discharge voltage detected
by UHF sensor V; and the inception discharge
voltage detected by ultrasonic sensor V, are
recorded. Then the applied voltage is gradually
raised. And the raising step is different among
each model. The duration time of each specific
voltage level is 5 minutes. The phase resolved
partial discharge (PRPD) spectrogram of UHF
signals and acoustic emissions are recorded to
compare the sensitivity of these two PD detection
methods.

3.2 The comparison of inception
discharge voltage

The inception discharge voltage is defined as the
applied voltage when the UHF sensor and
ultrasonic sensor begin to detect stable discharge
signals. The inception discharge voltage by UHF
sensor (Vi) and by ultrasonic sensor (V,) under
five defect models as well as the comparison
between them (V,- V;) are shown in tablel.

Table 1: comparison of the discharge inception
voltage under different fault models

difference between V; and V,. The largest
difference between V; and V, is found in the Metal
particle stuck on the insulator surface and High
voltage electrode defect models.

3.3 The comparison of phase resolved
partial discharge (PRPD) spectrogram

The applied voltage is gradually raised to make the
discharge severe. The raising step is different
among each model. And the phase resolved partial
discharge (PRPD) spectrogram of UHF signals and
acoustic emissions are recorded. Considering that
the PRPD spectrogram will be very intensive after
5min under each specific voltage, which brings
about difficulties to compare the sensitivity
between these two methods, the duration time
under each voltage level is chosen to be 5 minutes.
The test results are as follows:

Metal particle stuck on the insulator surface:

Table 2: comparison on PRPD spectrogram of
metal particle stuck on the insulator surface

Applied UHF PRPD spectrogram
voltage

Acoustic PRPD spectrogram

60.9
kv
4. ZmY
25a¥/DIV
75.9
kv
L ﬁ s _,.'-' ¥ ‘;-_:
50.123:;5( BL : So=ioomanuy Fei— Sl 701
85.9
kv
73.8dBuV+— <& 7mb
| s T G- ioomiiey o= TEEVIOTY

PD Models Vi(kV) V,(kV) V- Vi(kV)
Metal particle stuck on
the insulator surface 60.9 75.0 14.1
Free metal particle on
the insulator surface 16.7 18.0 1.3
High voltage electrode
defect 62.5 74.5 12.0
Ground electrode
defect 60.4 63.0 2.6
Poor contact of high
voltage electrode 379 379 0

From the above table, it is found that among all the
five defect models, the UHF sensor detect the PD
signals firstly (V1<V,). For poor contact of high
voltage electrode model, V; is the same as V,. For
the partial discharge triggered by the free metal
particle on the insulator surface and ground
electrode defect models, there is a not remarkable

From the above table, it is found that in the
preliminary stage of partial discharge, the UHF
sensor can capture a certain amount of PD signals
while the ultrasonic sensor can detect nothing. As
the applied voltage goes up, according to the
density and the signal amplitude of the
spectrogram, the number of discharge and the
average discharge amplitude detected by the UHF
sensor are always larger than the ultrasonic sensor.
The ultrasonic sensor could only detect a few
signals when the discharge becomes severe.

Free metal particle on the insulator surface:

Table 3: comparison on PRPD spectrogram of free
metal particle on the insulator surface
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Applied UHF PRPD spectrogram

Acoustic PRPD spectrogram
voltage

16.7
kv

Fo-iiz C 25av/DIV

26.7
kv

Ground electrode defect:

Table 5: comparison on PRPD spectrogram of
defects of ground electrode

Applied UHF PRPD spectrogram

voltage

Acoustic PRPD spectrogram

60.4
kv

B1.7dBV+— <& 7m¥

5006z ¢ 60-100 dpuv Fo ois < TERv/EIY

[o-18z ¢ 25avV/DIV

76.7
kv

94.4dBL — i + 1
iRz C 50-100 aBuv | 75av/DIv]

65.4
kv

i

§0-100 dBuv Sav/DIv

According to table 3, the UHF sensor detects large
amount of discharge signals in the early stage of
discharge. Under each voltage level, the discharge
count and amplitude detected by the UHF sensor
are larger than the ultrasonic sensor. The
ultrasonic sensor could detect weak discharge
signals when the applied voltage is relatively low.
As the applied voltage goes up, the signals
detected by the ultrasonic sensor become dense,
along with the larger discharge amplitude and
wider discharge phase interval.

High voltage electrode defect:

Table 4: comparison on PRPD spectrogram of
defects of high voltage electrode

80.4
kv

m\!. .

'

=

252V/DIV

Applied UHF PRPD spectrogram Acoustic PRPD spectrogram

From table 5, it is indicated that in the early stage
of partial discharge, the UHF sensor can capture a
little number of PD signals while the ultrasonic
sensor can detect nothing. Under each voltage
level, the UHF sensor could capture more signals
than the ultrasonic sensor. When the discharge
becomes severe, the discharge signals detected
by ultrasonic sensor become intensive and are
distributed in two phase intervals, just the same as
UHF signals.

Poor contact of high voltage electrode:

Table 6: comparison on PRPD spectrogram of free
metal particle on the insulator surface

Acoustic PRPD spectrogram
voltage

Applied UHF PRPD spectrogram

37.7
kv

57.7
kv

>94 4BV

voltage
62.5
kv
4. ZmY
Fo_ 16z C TEav/OIV
775
kv
P O
< ?m\l
| Er - T5avV/OIV
80.5
kv
Pt H e
4. ZmV
[Fo.onz ¢ - Z5aV/DIV

From table 4, it is indicated that in the early stage
of partial discharge, the UHF sensor can capture a
little number of PD signals while the ultrasonic
sensor can detect nothing. Under each voltage
level, the UHF sensor could capture more signals
than the ultrasonic sensor. When the discharge
becomes severe, the discharge signals detected
by ultrasonic sensor become intensive and are
distributed in two phase intervals, just the same as
UHF signals.

7.7
kv

>4 4BV

According to the table 6, for the partial discharge
triggered by the poor contact of high voltage
electrode model, both the UHF sensor and
ultrasonic sensor can detect PD signals with high
sensitivity. All the spectrograms are very intensive
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under each voltage level. As the applied voltage
increases, the discharge counts detected by both
methods are almost the same.

3.4

The results discussion

The analysis upon the comparison of the PD
inception voltage and the phase resolved partial
discharge (PRPD) spectrogram is as follows:

1

2)

3)

4)

The UHF method could detect all five defect
models adopted in this paper with higher
sensitivity. It is well known that GIS is filled
with SFg which has high insulation property.
When the partial discharge occurs in a very
small-localized region, the procedure of gas
breakdown is so fast that a steep pulse current
is generated. This pulse current will emit
electromagnetic wave from several hundreds
Hz to GHz. The coaxial cylinder structure of
GIS is equivalent to a coaxial wave-guide,
which is very fit for electromagnetic wave
transmission. In addition, the UHF signals are
absolutely shielded by the sheath of GIS. So it
is reasonable that UHF method show higher

sensitivity in detecting partial discharge signals.

The ultrasonic method shows very low
sensitivity in detecting the metal particle stuck
on the insulator surface model and high
voltage electrode defect model. This is
because that the ultrasonic signals generated
by partial discharge have to travel through the
insulator and SFg to reach the ultrasonic
transducer. And the attenuation of ultrasonic
signals in these dielectrics is significant.

For the partial discharge triggered by free
metal particle on the insulator surface model
and ground electrode defect model, the
detection  sensitivity of the ultrasonic
transducer is fairly high. The free metal
particles on the insulator surface can emit
ultrasonic wave not only from the partial
discharge but also from the vibration of them
selves subjected to the high intensity
alternating electric field; for the ground
electrode defect model, considering that the
metal wire is adjacent to the GIS sheath, the
attenuation of ultrasonic signals is rather weak
in process of transmission. So the ultrasonic
method could be used for these two styles of
partial discharge, although it shows less
sensitivity than the UHF method.

These two methods show little difference in
detecting the poor contact of high voltage
electrode model. Because this model style
could initial very intensive partial discharge. In
comparison with the significant amount of the
UHF and ultrasonic signals, the attenuation is
considered negligible, so that both the
methods show very high sensitivity in detecting

5

this kind of partial discharge. methods show
very high sensitivity in detecting this kind of
partial discharge.

CONCLUSION

For the five defect models studied this paper,
the UHF method shows higher sensitivity in
detecting them

The ultrasonic method is sensitivity in
detecting the partial discharge triggered by
free metal particle on the insulator surface
model, ground electrode defect model and
poor contact of high voltage electrode.

According to these results, it is suggested that
the UHF method should be used as the main
means for PD site test. Due to its advantage of
convenient installation and anti-electrical
interference, the ultrasonic method could be
used as the main-assistant PD detection
method.
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