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II. BASIC THEORY
Statistics based on the survey [2] say that the electrical
failure that occurs is caused by the presence of metallic free
particles. The particle triggers a small discharge in a part of
isolation, commonly called partial discharge. This condition
then causes a breakdown in isolation. In all cases, PD with
very fast rise time will cause electromagnetic energy
propagate in the GIS. The energy is converted into current
pulses in high-voltage electric circuits. The discharge that
occurs in GIS is followed by an increase in ionized gas,
acoustic waves, light emission and the formation of
chemical products produced by gas ionization. Therefore,
PD has several characteristics such as physical, chemical
and electrical [3]. All these characteristics can be used as a
principle in detecting PD in GIS.

Abstract — In the GIS (Gas Insulated Switchgear) system,
insulation can occur partial discharge (PD) disturbances which
excitation electromagnetic waves (EM), this interference will
cause insulation run into breakdown and failure. early
detection of PD is needed to prevent more dangerous
disturbances, especially insulation failure. The UHF sensor
method is one of the most sensitive sensors and often used than
the other sensor methods because this method is in accordance
with in-service monitoring that used at the substation. In this
study an investigation will be conducted on the placement of
the right UHF sensor to obtain optimal partial discharge wave
detection results. The research was carried out by GIS
modeling and PD source on 70 kV GIS tank through
MagnaTDM software and processing the results using IgorPro
software. Partial discharge diagnosis simulation is done by
placing sensors circumferentially on the GIS so that from the
results obtained we can determine the exact position of the
sensor to get an optimal PD wave.

Partial Discharge on the GIS will radiate an
electromagnetic signal (EM) with a rise time of 50 ps or a
frequency of 20 GHz. This generally occurs in isolation with
a coaxial structure.
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I. INTRODUCTION
GIS has been widely used as a high voltage protection
against the surrounding environment. Compared to air
insulation, GIS is more commonly used because of its type
of insulation can improve safety. In addition, GIS has
proven to have high reliability, although in terms of cost,
GIS is quite expensive.

There are 3 types of EM wave modes that propagate on
GIS [1]:
•
•
•

SF6 as an insulating material from GIS is a type of gas
that is stable, non-toxic, non-flammable, and has a high
vapor pressure of about 21 bar at room temperature. SF6 has
good heat transfer characteristics, the ability to fire the
electric arc, and the dielectric ability is three times greater
than water or about 89 kV / cm. However, SF6 is also known
as "fragile" media, where insulation will increase rapidly if
the field on the conductor increases. This can occur due to a
small protrusion or a conductive rod or SF6 gas cylinder so
that a partial discharge occurs which if left unchecked will
result in a breakdown. Therefore, it is necessary to detect
partial discharge activity in the GIS [1].

Transverse Electric Magnetic (TEM) (Ez = 0, Hz = 0)
Transverse Magnetic (TM) (Ez = 0, Hz ≠ 0)
Transverse Electric (TE) (Ez ≠ 0, Hz = 0)

All GIS systems and equipment use a combined isolation
consisting of two isolation systems - gas and solid - in
parallel to obtain adequate insulation and good mechanical
performance as expected [4]. Specifically, gas isolation have
a major role in overall insulation performance, while solid
insulation plays a major role in providing mechanical
strength and a small role in system insulation compared to
gas isolation. In this case, gas insulation is in the form of
SF6 and solid insulation in the form of spacers. Spacers,
apart from being part of solid insulation, can also act as
separators to partition the system into smaller parts.

In this study, the sensor is placed in a cross sectional
form on a 70kV GIS to detect EM waves radiated by a
Partial Discharge source. This circumferential sensor form is
able to provide the best position of sensor to detect EM
waves from PD. The PD source used in the GIS tank is
modeled as a transmitter of electromagnetic waves induced
by partial discharge and will be detected and observed by
the UHF sensor.

Spacer installation considers several factors, one of them
is the type of material which refers to the relative
permittivity value, etc. With the high permittivity of the
spacer, the magnitude of the field through spacer will be
smaller than the magnitude of the field passing through the
gas and certainly smaller than the intrinsic breakdown field
in the spacer. This causes a breakdown in gas isolation [5].
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EM waves in the propagation will experience a reduction
due to damping and reflecting part of the EM wave after
passing through a medium, in this case the spacer. One of
the causes is discontinuity due to ohmic losses.

Inter Section
distance

2.06 m except the distance
between sensors in sections
1 and 2 is 1.8m

Sensors

B. Modeling Partial Discharge Sources
Partial discharge can be expressed by a gaussian pulse
signal [1]. Based on experiments from the literature study,
PD source parameters in the form of needles which have a
peak Io = 10mA current, a maximum frequency of 3.79GHz
with t0 = 263ps. With the peak current (I0) = 10mA the PD
load can be calculated using the equation:
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−( −
2
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)
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Based on these equations it was found that the PD load
used in this study was 7.53 pC. This value is in accordance
with the CIGRE standard that the minimum UHF sensor
used can detect a PD load of at least 5pC.

Fig. 1. Reflection and Transmission on EM Waves

III. RESEARCH METHODOLOGY
In this research, MagnaTDM software is used as a tool
to model EM wave propagation radiated by a partial
discharge source because it has the basic principle of FDTD
as an EM waves solving method. From this MagnaTDM the
software will get a graph of the electric field sensor and
voltage signals in the GIS at an observation point that has
been determined cross-sectionally. Furthermore, the
maximum value of the EM electric field will be evaluated at
each cross sectional observation point in the direction of x,
y, x (Ex, Ey, Ez), then the value will be analyzed so that the
optimum sensor placement in the GIS is obtained.

The PD source parameters used in the simulation are
shown in the table below:
TABLE II. PD Source Parameters in MagnaTDM Simulation

Amplitude
Constant α = (4 x fmax)2
time t0 (s)
time Te (s)

Electrical Field (V/m)

A. Modeling of 70 kV GIS
In this study, it is made 2 models of 70 kV GIS, namely
70 kV GIS with spacer and 70 kV GIS without spacer. The
Fig. 1 below shows the design of the two GIS in the
MagnaTDM software

1
2,31 x 1020
2,632 x 10-10
20 x 10-10

Fig. 3. GaussianPulse Signal as a PD Excitation Source in MagnaTDM
Software

C. EM Wave Processing
In this study, the software used to process EM wave data
is IgorPro which can analyze the spectrum of data with the
Fast Fourier Transform (FFT) method.

(a)

The equations used for TE and TM modes are as
follows:
Fc TE

(b)
Fig. 2. GIS modelling: (a) with spacer; (b) without spacer

(

Fc T

)

=

(

)

With :
a = radius of the GIS conductor
b = radius of the GIS tank
m = 1,2,3, ......
M = 1,2,3, .....

The table below shows the detailed parameters of the 70
kV GIS created
TABLE I. Detail GIS 70 kV model

GIS Component Name
Conductor Length
Tank Length
Conductor Diameter
Tank Diameter
Spacer Distance

=

Size
8,63 m
8,83 m
0,08m
2,2 m
1m

TABLE III. TE-propagation Mode Cut-Off Frequency on 70kV GIS

Fc
TE11
636,9
MHz
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Fc
TE21
1273
MHz

Fc
TE31
1910
MHz

Fc
TE41
2547
MHz

Fc
TE51
3184
MHz

Fc
TE61
3821
MHz

Fig. 5. Maximum Electric Field Graph 70kV GIS Without Spacer At 90
Angle PD Source on Tank

TABLE IV. Frekuensi Cut-Off Mode Perambatan TM pada GIS 70kV

Fc
TM21
4285M
Hz

Fc
TM31
6428
MHz

Fc
TM41
8571
MHz

Fc
TM51
10,716G
Hz

Fc
TM61
12,856
GHz

Maximum electric
Fields (mV/m)

Fc
TM11
2143
MHz

To get the filtered signal, Igor PRO software is set with
the following parameters :
TABLE V. Signal Filter Parameter in IgorPro Software

coef
End of Pass
Band Frequency
Start of Reject
Band Frequency

Filter Low Pass
Filter High Pass
Filter Low Pass
Filter High Pass
Filter Low Pass
Filter High Pass

101
101
500 MHz
700 MHz
550 MHz
770 MHz

Fig. 6. Maximum Electric Field Graph 70kV GIS Without Spacer At 180
Angle PD Source on Tank

Maximum electric
Fields (mV/m)

IV. RESULT AND ANALYSIS
A. Simulation Result and Analysis For 70 kV GIS without
spacer
Observations were made by placing sensors
circumferentially at 5 points on the GIS. The following list
is the distance of each sensor:
1.
2.
3.
4.
5.

Sensor 1: Sensor at the observation
distance of 0.27m from the PD source
Sensor 2: Sensor at the observation
distance of 2.33m from the PD source
Sensor 3: Sensor at the observation
distance of 4.13m from the PD source
Sensor 4: Sensor at the observation
distance of 6.19m from the PD source
Sensor 5: Sensor at the observation
distance of 8.25m from the PD source

point with a
point with a

Fig. 7. Maximum Electric Field Graph 70kV GIS Without Spacer At 270
Angle PD Source on Tank

point with a
Based on the graph, we can see that the farther
circumferential sensor observation point with the PD source,
the magnitude of the electric field Ex, Ey, and Ez EM waves
measured by the observation sensor are smaller. The
amplitude of the electric field whose value is getting smaller
due to the high frequency mode that is TE will be more
muted.

point with a
point with a

The result of simulation is in Fig. 4, Fig. 5, Fig. 6, and Fig. 7
below :

Maximum electric
Fields (mV/m)

The graph above also shows that generally the value of
the electric field towards the z axis (Ez) has a greater value
than the value of the electric field Ex, and Ey. In general,
the maximum value of an electric field has a sequence of Ez
> Ex > Ey. This can happen because the FDTD method used
to analyze EM waves propagating on GIS uses the PML
(Perfectly Matched Layer) boundary area and PEC (Perfect
Electric Conductor) which serves to reduce the reflection
that occurs on EM waves at both ends of the GIS and GIS
surface [6].

Fig. 4. Maximum Electric Field Graph 70kV GIS Without Spacer At 0
Angle PD Source on Tank
Maximum electric
Fields (mV/m)

The PEC boundary area results in a reflection wave in
the electric field whose direction is perpendicular to the
plane, namely the electric field towards x and y, while the
electric field towards the z axis will be forwarded without
being reflected. This combination of PML and PEC causes
the electric field in the z axis to be greater than the electric
field on the x and y axes.
B. Simulation Results and Analysis 70 kV GIS with Spacer
Observations were made by placing sensors
circumferentially at 5 points on the GIS. Following is the
position of each sensor for 70 kV GIS with spacer:
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1.
2.
3.
4.
5.

Fig. 11. Graph of Maximum Electricity of 70kV GIS With Spacer At
270 Angle PD Particle Source In Tank

Sensor 1: Sensor at the observation point before the
spacer
Sensor 2: Sensor at the observation point after two
spacers
Sensor 3: Sensor at the observation point after four
spacers
Sensor 4: Sensor at the observation point after six
spacers
Sensor 5: Sensor at the observation point after eight
spacers

Based on the graph above we can see that the farther
observation point, the magnitude of the EM wave measured
by the observation sensor is getting smaller. The position of
the observation point farther away from the PD source
results in EM waves having to propagate through a number
of spacers. This is in line with the theory which states that
there are reflections that cause a reduction in signal
magnitude due to the discontinuity due to the presence of
spacers with relative perimitivity of 4.3. As on 70KV GIS
without spacer, on 70KV GIS with this spacer the electric
field in the direction of z (Ez) has a greater magnitude when
compared to the electric field in the x and y directions (Ex
and Ey).

Maximum electric
Fields (mV/m)

Fig. 8, Fig. 9, Fig. 10, and Fig. 11 below shows the
results of the simulation that has been carried out.

C. Frequency Spectrum in 70 kV GIS without Spacer and 70
kV GIS with Spacer
Fig. 12, Fig. 13, Fig. 14, Fig. 15, Fig. 16, Fig. 17, Fig.
18, and Fig. 19 below show the frequency spectrum of EM
waves radiated by Partial Discharge on 70 kV GIS

Maximum electric
Fields (mV/m)

Fig. 8. Graph of Maximum Electricity of 70kV GIS With Spacer At 0
Angle PD Particle Source In Tank

Fig. 12. 70kV GIS Without Spacer Frequency Spectrum At 0 Angle

Maximum electric
Fields (mV/m)

Fig. 9. Graph of Maximum Electricity of 70kV GIS With Spacer At 90
Angle PD Particle Source In Tank

Fig. 10. Graph of Maximum Electricity of 70kV GIS With Spacer At
180 Angle PD Particle Source In Tank

Maximum electric
Fields (mV/m)

Fig. 13. 70kV GIS With Spacer Frequency Spectrum At 0 Angle
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Fig. 14. 70kV GIS Without Spacer Frequency Spectrum At 90 Angle

Fig. 18. 70kV GIS Without Spacer Frequency Spectrum At 270 Angle

Fig. 15. 70kV GIS With Spacer Frequency Spectrum At 90 Angle

Fig. 19. 70kV GIS With Spacer Frequency Spectrum At 270 Angle

Based on the graph of the EM wave frequency spectrum
detected by the sensor placed circumferentially in general,
we can see that the TE 11 propagation mode or TE 21
propagation mode is the dominant frequency, this is
consistent with the experiments conducted by Hikita [7]
which states that the mode TE 11 or TE 21 mode is the
dominant mode of delay in 70kV GIS.
Based on the data obtained, from the graph of the
electric field and frequency spectrum we know that the best
position of the UHF sensor to detect the PD wave is at the
angle of 0 and 180 because at that angle the sensor shows a
magnitude value that is relatively larger than the other angle
position.

Fig. 16. 70kV GIS Without Spacer Frequency Spectrum At 180 Angle

V. CONCLUSION
From the research done, we can get a conclusion:
 The FDTD method can be used to analyze EM waves
radiated by partial discharge in a 70 kV GIS
 When the sensor distance to the PD source is farther, the
magnitude of the electric field is lower
 The best position of the UHF sensor for detecting PD
waves is at an angle of 0 and 180.
Fig. 17. 70kV GIS With Spacer Frequency Spectrum At 180 Angle
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