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Abstract— Partial discharge (PD) is a phenomenon that can
occur in power transformers which can lead to the degradation
of the insulation system that resulting the failure of the power
transformer. The power transformer uses oil as its insulation
medium. An acoustic pressure wave generated by a partial
discharge in oil can be detected by using Acoustic Emission (AE)
sensors. However, the position of AE sensors needs to be
determined to ensure that the sensors can effectively detect and
capture the signals produced by partial discharges occurring
within the transformer. The acoustic emission sensor can
identify the PD between 10 kHz and 300 kHz. This paper
presents the simulation of acoustic waves for oil propagation in
a model transformer tank and its pressure that is detected by
AE sensor using the finite element method (FEM) approach. In
this research, two locations of AE sensors are simulated which
is on the wall of the transformer and inside the power
transformer tank. Based on the acoustic pressure and time of
arrival, the propagation of the acoustic PD signal is being
examined. The result shows that the acoustic pressure wave is
getting bigger as the time increase. Its amplitude decreases when
the radius of the acoustic pressure wave increases. The
placement of the sensor either inside or outside of the
transformer tank does not affect the amplitude of pressure
detected by the acoustic sensor.

Keywords—Partial discharge, power transformer, oil
propagation, finite element method, insulation system.

I. INTRODUCTION

Partial discharge is a source of electrical discharges that
contain voids, cavities, or insulation defects which can lead to
transformer failure. According to IEC-60270, PD is an
electrical discharge that only partially bridges the insulation
between conductors and could occur close to a conductor [1].
PD signal must be identified at an early stage before serious
damage occurs in the power transformer and interrupt the
operation of the power transformer.

Partial discharge can be detected using different
techniques such as optical detection, chemical detection,
electrical detection, electromagnetic detection and acoustic
emission (AE) detection [2], [3]. In this research, Acoustic
emission is selected because of its advantage that gives
electromagnetic noise immunity. The acoustic emission
sources can be detected and characterised using the
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identification of acoustic signals produced by partial discharge
PD in a frequency range from 10 kHz to 300 kHz [4].

Finite Element Method is a numerical technique used to
solve complex engineering and scientific problems[5]. In this
research, FEM software is used to evaluate the oil propagation
of the PD signal in power transformer. The acoustic pressure
transient module is already defined with a partial differential
equation (PDE) in FEM software.

Thus, this paper is identified and evaluates the partial
discharge signal in a power transformer using acoustic
pressure with Finite Element Method to obtain more accurate
detection and PD localisation.

II. AcousTiCc DETECTION IN POWER TRANSFORMER

Acoustic PD measurement is a usual method for figuring
out where PD occurs in insulation systems in power
transformers. When a PD signal occurs, it produces pressure
waves that can be seen as waves of sound. Acoustic sensors
are usually placed on the surface of the transformer tank to
detect these sound waves.

The exact position of the PD source by using time of
arrival for acoustic signal to travel from the PD source to the
sensors. One of the AE detection applications is a
piezoelectric sensor that converts mechanical strain-induced
vibrations from acoustic signals into corresponding electrical
signals [6]. When a sound wave or vibration hits a
piezoelectric material, it causes vibration, which makes the
material produce an electric charge.

FEM has been widely used in evaluating the propagation
of partial discharge signals in the oil of power
transformers[7], [8]. FEM software provides the acoustic
pressure transient module for the simulation of acoustic wave
propagation in power transformer [9]. This paper presents a
review of the use of FEM in evaluating the oil propagation of
partial discharge signals in power transformers.



III. SIMULATION OF SIGNAL PROPAGATION

The FEM software is used to generate a simulation model
that will be used to analyse the propagation of partial
discharge acoustic waves in a model transformer tank[10].
There are two cases analysed in this research. The first case
focuses on the effect of the sensor's distance from the PD
source and the second case is to study the influence of the
sensor placement inside and outside the transformer tank.

In this research, the 2-dimensional (2D) geometry of the
transformer tank filled with transformer oil is simulated using
the FEM software. The pressure acoustic wave equation is
defined in the software using transient pressure acoustic
module. The point source of pressure which is the Flow of
Energy, Q(t) [11], [12]can be expressed as :

Q(t) = AeCm I AD% e

Where A is the amplitude of the pulse, f is the frequency
of the pulse and 7 is the time offset for the peak pulse of the
tank.

A. Transformer Model

The prototype modelling of geometry for power
transformer is modelled in this design as shown in Fig. 1 with
the dimension of the transformer tank is 50 cm X 30 cm and
the thickness of the wall is 1 cm. Square 1 is adding as steel
material on it for the outer area of the transformer. Square 2
adding as transformer oil for the interior of the transformer.
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Fig. 1. The geometry of the power transformer

The transient pressure acoustic is placed inside the power
transformer to act as PD source. The measurement probe
which is the sensor was placed at the wall of transformer for
case 1 to measure the acoustic wave, while for case 2, the
sensor is placed at the wall of transformer and inside the
transformer oil with the same distance as shown in Fig. 2.
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Fig. 2. The location of the sensor for (a) Case 1, (b) Case 2
The location of the PD source is fixed at coordinate (15,15)

for case 1 and case 2, while the sensor location is changed, as
shown in Table 1.

TABLE L. LOCATION COORDINATE OF PD SOURCE AND SENSORS
Probe Coordinate (x,y)
PD source (15,15)
Sensor 1 (0,15)
Sensor 2 (30,15)
Sensor 3 (50,15)

B. Material Properties

Several factors were considered when simulating the oil
propagation in the transformer tank. The simulation frequency
in this research is selected at 100 kHz as the frequency of
acoustic partial discharge frequency range from 20 kHz to 300
kHz[13]. Table II shows the material properties of the
transformer filled with transformer oil and its wall is from
steel AISI 4340.

TABLE II. MATERIAL PROPERTIES OF THE TRANSFORMER
Material Density Speed of
(kg/m3) sound (m/s)
Transformer oil 0.92 1390
Steel (ASAI 4340) 7850 5850

C. Meshing

After the design structure is completed, the meshing part
is important to understand the behaviour of PD. The meshing
process will analyse each element in the project design. To
well resolve the propagating of the wave, 5 to 6 mesh elements
per wavelength are required. The typical mesh size [11] is
given by:

__min _ “min (2)
max N f N
max

Where hmax is the typical maximum mesh element size,
Amin is the minimum wavelength computed at the highest



frequency and cmin is the minimum speed of sound and N is
the number of elements per wavelength. s

IV. RESULT AND DISCUSSION

The PD oil propagation is being recorded in this research.
The acoustic pressure wave generated by the PD source
propagates in space with a spherical wave front. The wave
travels along in the power transformer at different times after
the PD source is triggered. Fig. 3 shows the behaviour of
acoustic pressure waves from 20 ps to 250.5 ps.

The acoustic pressure wave progressively increases over
time becoming bigger. However, the amplitude of the wave
decreases as it expands and propagates outward. Its amplitude
decreases when the radius of the acoustic pressure wave
increases because of the effect of energy conservation within
the wave. The energy is as the wave expands out and covers a
larger area resulting in the amplitude of the wave is decrease.
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Fig. 3. Acoustic pressure wave at; (a) 20 ps, (b) 60 ps, (c) 108 ps, (d) 140
s, (e) 200.5 ps, (f) 250.5 ps

At 108 ps, the wave reaches the area of the steel tank and
it reflects the wave due to a change in the impedance from oil
to steel. The transformer oil and steel have different acoustic
impedance values that cause some of the wave energy to get
bounced back and reflected from the steel surface.

A. Case I — The effect of the sensor's distance from the PD
source

The PD source is placed at a distance of 15 cm along the
x-axis from sensor 1, while sensor 2 is positioned at a distance
of 35 cm. The result of the peak amplitude of pressure and
time of arrivals between the sensor and PD source is shown in
Fig.4.
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Fig. 4. Acoustic pressure signal detected by (a) Sensor 1, (b) Sensor 2

Sensor 1 detected the pressure wave faster with the time
of arrival was 112 ps compared to sensor 2 with 255.5 ps.
This result proves that the closer the sensor with the PD
source allowing it to detect pressure wave faster. However,
sensor 2 was located at a longer distance from the PD source
that cause the delay before detecting the pressure of PD wave.

Moreover, the peak pressure for Sensor 1 is higher than
the Sensor 2 which is 16.377 kPa and 11.006 kPa
respectively. The difference in pressure shows that the
pressure wave experiences attenuation or a decrease in
strength as it travels from the PD source to the sensors. The
longer the distance between the sensor and PD source, the
pressure becomes lower because of energy losses and
dispersion of wave pressure that propagates through oil.

B. Case 2 - The influence of the sensor placement inside
and outside the transformer tank

The simulation is repeated with the PD source remaining
constant at its coordinate (15,15). The location of sensor 1
and sensor 3 have the same distance which is 15 cm. Fig. 5
shows the comparison between sensor 1 outside the
transformer tank and sensor 3 inside the transformer tank.
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Fig. 5. Acoustic pressure signal detected by (a) Sensor 1, (b) Sensor 3

Sensor 1 showed a shorter time of arrival of 112 ps than
sensor 3 which recorded a time of arrival of 119 ps. There is
some difference of time which is 7us because of the
propagation of the pressure waves that took to reach the
sensor. The wave propagation hit the inner wall of the
transformer tank first at sensor 1.

Next, sensor 1 showed a peak pressure reading of 16.377
kPa which is higher than sensor 3 with 8.767 kPa. This is due
to the reflection of the oil with the tank’s wall reflected back
into the tank. When the transformer oil hits the wall and comes
to stop, the energy of the wave pressure transformer into
potential energy that resulting higher pressure at the
transformer tank.

V. CONCLUSION

In this study, acoustic pressure propagation inside a
power transformer using FEM software has been
investigated. A new method for locating the acoustic sensor
in the transformer tank is evaluated and compared with
external placement.

Based on the results, the pressure waves generated by the
PD source inside the tank travel through the oil before
reaching both sensors. The bigger pressure of acoustic is
detected by the sensor when the sensor location is near the
PD source. Moreover, the sensor for internal placement
detected lower pressure compared to the sensor located at the
wall of the tank because of the reflection between the
transformer oil and the tank. However, the sensor inside the
tank will be shielded from external noise. In addition, the time
of arrival of the first peak amplitude for sensor inside and
outside the transformer tank does not affect much for it time.
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