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Abstract – In this research article an attempt is made to investigate the effect of hydrostatic pressure on the 

propagation behavior of Partial Discharge (PD) acoustic emission (AE) signals in a simple experimental 

tank. A mathematical model has been developed in the form of partial differential equations (PDEs) for PD 

acoustic wave propagation in transformer oil in a steel tank. A Finite Element Analysis tool (FEMLAB), has 

been used to simulate the propagation of the acoustic waves. The simulation results show that the speed of 

the acoustic signal varies with the depth of the source location demonstrating hydrostatic pressure affects 

AE wave propagation. Furthermore, the effect of hydrostatic pressure was investigated and conformed 

experimentally. It is concluded that the propagation speed is not constant within the tank and increases with 

tank depth. If the effect of increased acoustic velocities due to hydrostatic pressure is ignored then the 

possibility of practical PD location algorithms inferring the incorrect location in high voltage assets, such as 

oil filled transformers, will be increased significantly.  

 

Keywords: Acoustic signals, High voltage equipment, Partial discharge and Wave propagation 
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Difference of Arrival, UHF– Ultra-High Frequency, δ–Dirac Delta function, ρ0–density of the fluid/solid, ω–angular 

frequency,  β–attenuation factor,   –density of fluid and ‘∆d’–path difference, V–speed of the PD AE wave. 

 

I. Introduction 

The High Voltage (HV) power apparatuses are the critical 

elements of the electrical power system, which requires 

continuous monitoring to prevent sudden catastrophic 

failures and also to maintain reliable power to the end 

users [1]. The most common failures in the HV 

equipment are due to Partial Discharge (PD) in electrical 

insulations which are the results of the insulation 

degradation over time [2]. The PD is like a cancer in 

power equipment. 

The PD is defined by the IEC 60270 standard as an 

electrical discharge that only partially bridges the 

insulation between conductors and that may or may not 

occur adjacent to a conductor [3]. This usually occurs 

when insulation of electrical equipment is defective [4]. It 

is an indicator of abnormal insulation conditions and a 

further cause of insulation degradation, within power 

transformers, cables, switchgear, and windings in large 

motors and generators [5] & [6]. Thus PD measurement is 

a useful tool for quality assessment of electrical insulation 

during design, manufacture and in the prediction of the 

life span of HV equipment [8]. Therefore, early detection 

of PD activity is very important for condition monitoring 

engineers to avoid any expensive and unexpected failure 

in a power system.  Hence, condition assessment of these 

power utilities at regular intervals is essential in order to 

ensure an uninterrupted power supply [9-11]. The 

detection of PD is an important process to evaluate the 

insulation status of power equipment [12]. When the 

location of its source is precisely determined, it can help 

to better identify the discharge type and the severity of the 

PD defect. Moreover, locating the PD source can assist in 

finding and repairing the discharge defect of HV power 

accessories [13] & [14]. 

The PD measurements have gained international 

acceptance by condition monitoring engineers, 

researchers and manufacturers of HV power system 

equipment and is used as a test method for non-

destructive evaluation of the electric insulation properties 

[12]. Depending on the intensity, PD is often 

accompanied by emission of light, heat, electromagnetic 

radiation and Acoustic Emission (AE) signals [1]. There 

are varieties of technique available to detect and evaluate 

PD activity. The most common are electrical, 

electromagnetic, chemical, optical and acoustic 

techniques [14]. In recent years, the PD AE method has 



 

 

   

gained popularity. The reason behind is that acoustic 

emission techniques are non-invasive, immune to 

electromagnetic noise, relatively cheap and it is a 

convenient on-line diagnostic method for attempting to 

locate the discharge site [16] & [17]. 

The PD occurrence inside the insulation system can be 

explicated as a small explosion that excites the emission 

of acoustic pressure waves, which are propagated through 

the insulation material. The measurement of these 

mechanical waves by acoustic sensors that are sensitive to 

pressure changes can detect PD [18]. The AE sensor is 

not affected by external electrical interference and can be 

easily installed on the walls of HV equipment. Therefore, 

the AE method has been widely applied in PD 

localization [18] & [20]. 

Suitable AE sensors are mounted on the tank surface to 

pick up the signal. PD source location is based on time of 

flight measurement. First technique for PD source 

location is with simultaneous electrical and acoustic 

measurement. From the time difference between the two 

signals and velocity of acoustic signal, source distance 

from the sensor is calculated. For location, multiple 

sensor measurement with triangulation is applied. When 

electrical PD measurement is not feasible, an alternative 

method is applied with multiple acoustic sensors. From 

the time difference between the different sensor output 

and velocity of the signal, source location is calculated. In 

both methods of source location, it is assumed that the 

average speed of acoustic wave is constant [15] & [16]. 

In the earlier studies, researchers have located PD 

sources by continuously moving multiple sensors [1] & 

[4]. However, the time difference of arrival (TDOA) 

method is generally used nowadays. In the TDOA 

method, the differences in the arrival times of various AE 

sensors are calculated and the equations can be solved to 

obtain the PD coordinates [5] & [12]. 

  Presently there is little published work related to 

modeling and simulation of the propagation modes of 

acoustic waves from PD activity [5] & [15]. Most of the 

research work on acoustic PD detection and its practical 

applications can be found in [16], [19] and [23]. There 

experiments were conducted to study characteristics of 

the PD acoustic signals as a function of position, 

propagation path, energy content, and signal attenuation 

[9] & [12]. 

In the current literature, detailed analysis and 

evaluation of propagated acoustic PD signals in HV 

equipment seems to be lacking [20]. Many experiments 

have demonstrated the viability of utilizing AE signals as 

warning indicators before any catastrophic failure occurs 

as a consequence of PD activity. Unfortunately the recent 

literature fails to address fully the modeling and the 

propagation behavior of these AE signals. The authors of 

[1] made an attempt to discuss some basic concepts of the 

acoustic wave-front and its practical applications. The 

theoretical model has discussed by [2] for ultrasonic wave 

propagation and methods of measuring the propagation 

time while [5] presented a basic three dimensional 

numerical simulation for PD acoustic waves. The 

researchers [9] have analyzed the behavior of the PD 

acoustic wave from the theoretical point of view using 

simplified 1-dimensional model. The results indicate that 

this method could extract the PD spike from the noisy 

measurement effectively. A simulation study of acoustic 

PD signal in a model Transformer using Finite Difference 

Time Domain (FDTD) method has described in [15]. The 

interpretation of PD results, development of remedial 

actions and numerical simulation models which would 

provide a better understanding of the emission and 

propagation processes of PD signals within typical HV 

plant insulations are subject yet to be developed.  

Some scholars have utilized oil-filled tanks without 

transformer windings and cores in laboratory tests [12] 

and they assumed that the AE waves propagate directly 

from PD sources to AE sensors. Actually, since these 

sensors are mounted externally on the tank wall, the AE 

wave may travel via an indirect path and become the first 

to arrive at sensors. This process is complicated due to 

mixed wave-types and the existence of different wave 

speeds. These aspects also lead to inaccuracy in PD 

detection [14]. 

The technical literature [2-4] and [16-18] normally 

assume the speed of PD AE signals in oiled filled 

equipment to be constant but it is not correct. 

Specifically, this paper investigates the simulation and 

experimental study of PD AE wave propagation’s 

behaviour. The study is to visualize the influence of 

hydrostatic pressure and quantify the change of the 

hydrostatic pressure at deeper locations within the oil 

tank to understand better how it may be applied to 

practical oil filled transformers which are complex in 

nature. The experiments were conducted to determine the 

percentage change of the propagation speed at different 

heights within a model tank to demonstrate the physical 

changes in the PD AE waves which may be expected in 

real-life scenarios. A comparison between simulation and 

practical measurements is made to explore that the speed 

of propagation is not constant. It changes with depth in 

oil filled tank and will therefore influence any time of 

flight measurements made on oil filled power 

transformers when AE sensors are positioned at different 

locations. If the change in acoustic velocities due to 

hydrostatic pressure is ignored then the possibility of PD 

location algorithms based on TDOA of signals at AE 

sensors determining an incorrect PD location will be 

increased significantly [10].  

The paper is organized as follows. Section I introduces 

the importance of PD, detection methods and the 

significance of acoustic PD detection. The authors have 

also documented the literature review on acoustic 

methods for PD detection. Section II highlights the 

significance of Partial Differential Equations (PDE) to 

model the AE signal. The PDEs describing the AE wave 

in an oil tank have been reported assuming the PD as a 

point source. Section III provides the proposed simulation 

method based on the propagation geometry. Section IV 



 

 

   

presents the simulation results. The changes in 

propagation speed of AE signals and the influence of 

hydrostatic pressure on propagation of acoustic waves 

have been explored. Whereas Section V illustrates the 

experimental investigation undertaken in order to validate 

the simulation studies discussed in section IV. Finally, 

section VI concludes the paper. 

II. Formulation of the Problem 

In transformer oil, PD emits light, heat, electromagnetic 

radiation and AE pressure signals as it excites the 

surrounding fluid medium. These signals can be 

considered as an impulse having a steep mechanical 

pressure wave front. In reality, the pressure waves may be 

more complex, but for an initial evaluation, the simplest 

form of an impulsive event generating signal emission is 

considered. These signals travel towards sensors through 

various propagation materials such as oil and metal. The 

PD propagation phenomena can be described 

mathematically by a set of coupled partial differential 

equations (PDE). A solution to these equations yields 

observable characteristics of the discharge. The standard 

PDE that governs the propagation of an acoustic wave 

within 3-D homogenous media is given by [1]. 
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In equation (1), P is the pressure wave field (Pascal), t is 

the time (s) and C is the acoustic wave velocity (m/s). δ is 

the Dirac Delta function associated with the position of 

the PD source located at (x0, y0, z0) in 3-D space and f(t) 

is the source function used in the numerical simulation of 

acoustic propagation. Equation (1) is a combination of 

three basic equations, which describe continuity, 

conservation of momentum, and elasticity of the medium 

[6] and [21] & [22]. The function f(t), which represents 

the PD source, is often expressed as follows [4]:  
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Where, ρ0 is the density of the fluid/solid, ω is the angular 

frequency and β is the attenuation factor which 

determines how fast the peak amplitude of the signal 

decays. Equation (1) is simulated using Finite Element 

Methods (FEM) [6] & [15]. 

III. Materials and Methods 

The proposed simulation is based on the propagation 

geometry presented in Fig. 1 which simulates a PD AE 

wave from a point source. The main objective is to 

demonstrate the 3-D propagation characteristics of the 

acoustic wave at different temperatures within the oil and 

the interface of the two media. In Fig. 1 the oil filled steel 

tank is designed to have a size of 30cm × 30cm × 30cm 

with steel wall thickness of 0.2cm. 

The transformer oil is assumed to be filled up to a 

height of 23cm from the bottom of the model tank. A 

point-to-plane electrode is placed in the tank as shown in 

Fig 1. One of the electrodes is presumed to be a needle 16 

mm long with and a sharp tip length of 40µm.  

 
Fig. 1.   Investigative 3-D oil filled steel tank 

 

The oil within the steel tank is modelled as Class-I type 

transformer mineral oil according to the IEC60296 

Standard [3]. The temperature is presumed to be 200C 

with corresponding oil and steel densities are 998 kgm-3 

and 7900 kgm-3, respectively. In the simulation study the 

propagation speed of the AE wave in oil is 1478 m/s and 

5950 m/s in steel e.g. [1], [4] and [16]. It is also assumed 

that the pressure formula for the “explosion” of the PD 

moves with a spherical wave front at any time t expressed 

through equation (2) [4]. 

IV. Simulation Results and Discussions 

The simulation results are presented in Figs. 2 to 7.Fig. 

2 depicts a front side tank view of the simulated PD AE 

wave at 6 cm depth from the oil level (17 cm from 

bottom) of the tank. The PD source is located at 

coordinates x = 15cm, y = 15cm and z = 17 cm within the 

tank. The corresponding plot for acoustic pressure of the 

PD signal versus time is presented in Fig 3. 



 

 

   

 
 

Fig. 2.  Simulated PD AE wave at 6cm deep from top of the tank at 

(x=15cm,y=15cm, Z=17cm)  
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Fig. 3.  Acoustic pressure of PD signal (arbitrary) versus time (µs) 

 

Fig. 4 shows a front sides view of simulated PD AE 

wave at 11 cm depth from top of the tank. The PD source 

is at the position (15cm, 15cm, and 12cm) within the 

tank. The corresponding plot for acoustic pressure of PD 

signal versus time is presented in Fig. 5 

 

 
 
Fig. 4.  Simulated PD AE wave at 11 cm deep from top of the tank at   (x 

= 15cm, y = 15cm, z = 12cm) 

 
Fig. 5.  Acoustic pressure of PD signal versus time (µs) 

 

Fig. 6 shows a front side view of simulated PD AE wave 

at 18 cm depth from top of the tank. The PD source is at 

the coordinate (x=15 cm, y=15 cm, z=5 cm) within the 

tank. The corresponding plot for acoustic pressure of PD 

signal versus time is presented in Fig.7. 

Figs. 2, 4 and 6 illustrate the propagation behavior of 

the AE signal as it propagates in deeper locations. The 

colour legend has provided at the right side of each figure 

to understand the change of PD AE wave as the spherical 

wave-front moves further from the point source. The red 

colour describes the highest pressure at start of PD. The 

broader wave-front with changing colour shows that the 

wave is moving. The colour changes from red to yellow 

to green to blue indicating that the wave-front is 

weakening. It weakens as the wave spreads out towards 

the boundaries of the tank within the oil as shown in the 

simulated result varying depth presented in Figs. 2, 4 and 

6. 

 

 
 
Fig. 6. Simulated PD AE wave at 18cm depth from top of the tank at   (x 

= 15 cm, y = 15 cm, z = 5 cm) 

 



 

 

   

 
Fig. 7.  Acoustic pressure of PD signal versus time (µs) 

 

It is interesting to note that in Fig. 2, Fig. 4 and Fig. 6, the 

AE wave-fronts are non-circular. This is attenuated due to 

the influence of hydrostatic pressure at varying depth. 

When moving deeper within the oil tank, the effect of 

hydrostatic pressure distorts the circular nature of 

acoustic wave-fronts. 

The acoustic pressure (P) at any level may be 

interpreted as the total weight of the fluid on a unit area at 

any elevation. The pressure exerted by a fluid depends 

only upon the depth of the fluid (h), the density of the 

fluid (  ) and the acceleration due to gravity ( g ) as 

shown in equation (3) [7], i.e.,   

 

       
ghP                                    (3)

 
Since the density is a function of depth, the acoustic 

pressure is directly proportional to the product of depth of 

the source location and the acceleration due to gravity as 

described by equation (3). When moving deeper within 

the tank, the oil pressure increases which can be seen in 

Figs. 3, 5 and 7. The change of pressure of the acoustic 

signal with the depth of the tank is plotted in Fig. 8. The 

Fig. 8 illustrates that the peak pressure of the acoustic 

signal has non-linear relationship with the depth of the 

tank as given equation in Fig. 8. The peak pressure of the 

acoustic signal increases non-linearly at deeper locations 

because hydrostatic pressure affects the propagation of 

AE wave. 

 

 

 
 

Fig. 8.  Peak pressure of acoustic signal versus depth of tank 

 

The oil pressure increases as moving down within the oil 

tank which would make the medium denser resulting 

decrease in radius of wave front. Since the amplitude of 

the spherical wave is inversely proportional to the radius 

of wave-front [10], the amplitude of the wave would 

increase resulting in increase in the speed of the AE 

signal.  

As acoustic pressure is directly proportional to the 

speed of the PD AE wave (V) [7], i.e., 

VP ,
 Therefore, the speed of the PD AE wave can also be 

represented as,  
 

ghV 
  

                     (4) 

Hence it can also be said by equation (4) that the speed of 

the PD AE wave (V ) depends upon the depth of the fluid 

(h), the density of the fluid (  ) and the acceleration due 

to gravity ( g ). It has been observed in Fig. 8, that the 

peak pressure of the acoustic wave gradually increases by 

around 11% when going deeper by 10 cm in the tank. 

Hence it can be concluded that the propagation speed of 

the AE signal increases when going deeper in the oil tank. 

This outcome is an alarm in the field of PD study for the 

exact location of PD in HV equipment, because the 

researchers [1], [4] and [16] are assuming the speed of PD 

AE signal as a constant value, which is not correct. 

V. Experimental Validation 

In order to validate simulation studies discussed in 

section 4, experiments were conducted to investigate the 

relation of the propagation speed of PD acoustic signal 

with hydrostatic pressure in transformer oil to 

demonstrate the physical changes in the AE waves.  

 

Fig. 9 illustrates the experimental layout of the 

laboratory setup based on six device (numbered 1to 6 in 

fig. 9) for detecting the acoustic signals produced by PD. 

To capture the AE signals, the experimental set-up 



 

 

   

consists of the HV transformer (1), HV coupling 

capacitor (2), Voltage divider (3), Electrode systems (4), 

Steel oil tank (5) and Four Piezo-electric sensors (6). 

 

 
 

Fig. 9. Experimental layout of the laboratory setup 

 

However Fig. 10 illustrates the circuit diagram of the 

experimental setup for detecting the acoustic signals 

produced by PD. The magnitude of the HV is increased 

gradually until the electrical stress is large enough to 

produce PD. 

 

 
Fig. 10. Circuit diagram of the experimental setup 

Two AE sensors positions are located directly opposite 

to each other with the PD source at the centre as shown in 

Fig. 11. PD source and the sensor are kept at the same 

height so that the sensor could capture the first peak of 

AE signal as a result of the direct propagation path which 

is to be quickest. A thin layer of silicon grease is applied 

on the surface of the sensors for maximum transmission 

of signals between the tank wall and the sensors. During 

the experiments, same as simulations, the tank top cover 

is kept open so that the PD source could be put inside the 

tank. The coordinates of the PD source and the sensors on 

the tank wall are as given in Table 1. 

Transformer oil is filled in the tank up to the level of 

23 cm from the bottom of the tank. The needle-plane 

electrode system is placed along the center axis of the 

tank and PD source is moved at the heights of 10, 15 and 

25 cm from the top of the tank in different sets of 

experiments such that 1 to 9 specified locations are used 

as shown in Fig. 11. 

 

 

TABLE I 

THE POSITIONS OF THE DISCHARGE SOURCE AND THE SENSORS IN THE 

EXPERIMENT AS SHOWN IN FIG. 10 

Components x(mm) y(mm) 
 

z(mm) 

PD Source 150±1 150±1 115±1 

Source 1 150±1 0 115±1 

Source 2 150±1 300±1 115±1 

Source 3 300±1 150±1 115±1 

Source 4 0 150±1 115±1 

    

 

The temperature of the transformer oil in the model 

tank is kept around 200C. A stirrer is used to maintain 

constant temperature throughout the tank so as to 

maintain the consistency in the results of hydrostatic 

pressure at room temperature. The applied voltage is 15 

kV. 

The experiment will help to monitor the influence of 

location of the PD acoustic signals within the tank. It is 

critical to establish how the signals will vary depending 

on the location of the PD source due to any variations 

with density/pressure of the oil. A PD pulse creates a 

spherical pressure wave of a longitudinal nature in the oil 

which then excites a longitudinal wave and a shear wave 

in the transformer tank. 

 
 
Fig. 11. Front view of model tank with 1 to 9 locations of PD and ‘A’ is 

a reference point with coordinates (0, 0, 0) 

 

In general, there are three basic propagation paths from 

the source of the AE wave to the sensor as illustrated in 

Fig. 12. One is the direct path in the oil (straight line 

between the PD source and the sensor i.e. d1 or d2). The 

other is the mixed path; the acoustic wave propagates in 

oil first and then in steel tank wall and next one is the 

reflected paths. 

 



 

 

   

 
 

Fig. 12.  Illustration of typical propagation paths for acoustic PD signals 

 

To measure the speed of propagation of an 

acoustic pulse in oil, it is necessary to determine the 

TDOA between sensors required for the AE pulse to 

travel a known distance [4], [16-18] and [23]. Since the 

path difference ‘∆d’ between the PD source and the AE 

sensors is known, then one can estimate the propagation 

speed ‘S’ of the PD AE signal by using  

 

         
TDOA

d
S


  ,                     (5) 

 

for example, the path difference between sensor 1 and 

2 (i.e., d1-d2) as shown in Fig. 11, divided by the TDOA 

between sensor 1 & 2 (i.e., t1-t2) will produce the 

propagation speed over the difference in path length. 

Repeated measurements were taken for the TDOA of AE 

signal at sensors. Thirty sets of samples were measured at 

9 locations as shown in Fig. 11. But due to limitation of 

paper size, the readings of only three locations, 2, 5 and 

location 8 are presented here. TDOA was measured 

taking sensor 1 as a reference.  12  is the TDOA between 

sensor 1 and 2. The average propagation speed of PD AE 

signals were estimated (including standard deviation) 

using equation (5) on each location and presented in 

Tables 2 to 4. 
 

TABLE II 

PROPAGATION SPEED OF AE SIGNAL AT 200C AT LOCATION 2 

(x=15 CM. y=15 CM, z= 10 CM) 

   Sr. 

     No. 
Temperature 

Path 

Difference 

between 

PD source 

to the 

sensor 1&2 

Average TDOA (τ12) 

(including mean error)  

µs 

Average 

speed of 

AE signal 

m/s 

(including 

standard 

deviation)  

 

1 200 C 15.1 114±0.34                1324±0.29% 

     

     

 

 

 

 

TABLE III 

PROPAGATION SPEED OF AE SIGNAL AT 200C AT LOCATION 5 

(x=15 CM. y=15 CM, z= 15 CM) 

Sr 

No 
Temperature 

Path 

Difference 

between 

PD source 

to the 

sensor 

1&2 

Average 

TDOA µs 

(τ12) 

(including 

mean 

error) 

Average speed of 

AE signal m/s 

(including 

standard 

deviation) 

 

1 200 C 15.1 106±0.63 1425±0.59% 

     

     

 

 

 
TABLE IV 

PROPAGATION SPEED OF AE SIGNAL AT 200C AT LOCATION 8 

(x=15 CM. y=15 CM, z= 20 CM) 

Sr 

No 
Temperature 

Path 

Difference 

between 

PD source 

to the 

sensor 

1&2 

Average 

TDOA µs 

(τ12) 

(including 

mean error) 

Average speed of 

AE signal m/s 

(including 

standard 

deviation) 

 

1 200 C 15.1 99±0.28 1525±0.43% 

     

     

The variations of the average speed of AE signals at 

locations 2, 5 and 8 at a temperature of 200C in oil are 

plotted in Fig. 13. Least squares curve fitting is also used 

for all three curves. The curve is second order parabola 

with the equation shown in the Fig. 13. The propagation 

speed can be computed by the equations at any depth 

between 10 cm to 20 cm within the tank. 

 

 

 
 

Fig. 13.  Variation of average speed of AE Signal at location 2, 5 and 8 

at temperature of 200C in oil 

 

Fig. 13 shows that when the acoustic signal propagates 

from the top towards deeper locations within the tank, the 

speed of the AE signal increases. It illustrates that going 

deeper within the tank from locations 2 to 5 then to 8, the 

average speed of AE signals increases non-linearly. 

Hence it can be concluded that propagation speed of the 

AE signal increases with depth in the oil tank. This is due 



 

 

   

to increased density of the oil that is caused by 

hydrostatic pressure. Hydrostatic pressure will affect the 

acoustic velocities in such a way that the initial change in 

depth of just 5 cm produces an increase of around 6% in 

the speed of AE signals and nearly an 8% increase of the 

signal speed when going 10cm deeper within the tank at 

200C temperature. Due to increased density influence, the 

oil pressure increases when moving down within the tank 

which makes the media denser (more viscous) resulting in 

an increase of speed of AE signals as seen in Fig. 11 at 

location 8 which is near to the bottom of the tank. 

Therefore, it can be concluded that percentage rise of 

propagation speed of PD; AE signals increases at deeper 

levels at room temperature. This result validates the 

simulation study explored in section 4.  

Fig. 13 also illustrates that the speed of the AE signal 

increases around 30% with a change in depth of just 5 cm 

at 200C at location 2, nearly 20% at location 5 and around 

15% at location 8. Since the location 8 is near to the 

bottom of the tank, therefore it has been seen that in Fig. 

12 percentage of rise of speed of PD; AE signal due to 

rise in hydrostatic pressure is decreasing at deeper level. 

If the effect of increased density due to hydrostatic 

pressure is ignored then the possibility of having wrong 

PD location will be increased significantly since the speed 

of propagation cannot be assumed to be the same at each 

location within the HV plant equipment. 

VI. Conclusions 

A 3D simulation of PD acoustic signal propagation in 

a model transformer tank has been presented. The 

simulation study deals with the propagation of induced 

PD-AE wave through the oil using FEMLAB, a Finite 

Element Analysis tool. The investigations and results 

presented here are very interesting behavior to the field of 

PD. In order to estimate the propagation speed within the 

oil tank at different levels, experiments were also 

conducted. On the basis of the outcomes of experiments, 

it has been seen that propagation speed of AE signals is 

not constant within the tank. It was observed that the 

speed of the acoustic signal varies with the depth of the 

source location. The propagation speed increases with 

increasing depth in the oil tank at room temperature. This 

is because of the effect of hydrostatic pressure, the 

pressure increases as moving down within the oil tank. 

This makes the media denser (more viscous) resulting in 

an increase of speed of the AE signal. 

By comparing the experimental results with simulation 

studies, the partial discharge acoustic emission signal 

speed increases around 10% theoretically and 8% 

experimentally when going 10 cm deeper within the tank. 

It was also observed that the amplitude of the peaks 

becomes larger with deeper locations. 

The results explored here are for a small size model 

tank. So there is a great possibility of having significant 

effect on these outcomes with real size transformer tank. 

Neglecting these results may produce incorrect diagnostic 

conclusions for PD diagnostic engineers and practitioners.  

 

Future research work may involve simulating a real 

transformer to study the effect of multi-wave propagation 

modes in deeper locations at different temperatures. 

Further investigations should consist of the effect of path 

obstacles on the propagation and signal attenuation of the 

PD AE wave within the transformer structures. Moreover, 

other important improvement is to include electrical 

detection along with the acoustic detection. The 

simulation on multiple PDs can be performed since the 

timing of the PD is available from the electrical detection. 

Therefore, the study will not be limited only to the well- 

defined reflection pattern recorded by the acoustic sensor. 

 

These comprehensive investigations will therefore 

assist in PD diagnosis and aid in understanding more to 

determine sensor placement within the tank or on the tank 

wall and will also help the practical engineer to choose 

suitable AE sensor positions to monitor the PD activity.  
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