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Abstract— In high voltage electrical power system, variety of 

solid, liquid and gaseous materials are used for insulation 

purpose to protect the incipient failure inside the power 

equipment. Among these the solid insulation is widely used 

for high voltage power equipment in electrical power system. 

Most of insulating materials are not perfect in all respect and 

contains always some impurities. The presence of air bubble 

(void) is one of such impurities in insulating materials and 

highly undesirable for such type of insulation which causes a 

local weak zone inside the insulator. Insulation of the power 

equipment gradually degrades inside the insulator due to 

collective effect of electrical, chemical and thermal stress. 

Due to the high voltage stress the weak zone inside the 

insulator causes the partial discharge (PD) which is known as 

local electrical breakdown. As a result the insulation 

properties of such materials are enormously degrades its 

quality due to the PD. The established model of the flashover 

of an insulator, whose surface is covered with a moist, 

conducting layer of pollution, envisages that it develops from 

the formation and bridging of a dry band by a partial-arc pre-

discharge. This pre-discharge is assumed to possess arc 

characteristics, so that the electric field across the dry band 

will fall as the partial arc current increases. Observations of 

insulators which are only lightly polluted, however, show that 

pre-discharges are of low luminosity and rich in ultraviolet, 

and resemble the spark leader inception and extension 

sequence in air gaps. This is because the current limitation by 

low values of surface-layer conductance can inhibit the 

transition to an arc at the pre-discharge stage. An alternative 

model using simplified voltage-current equations is 

developed to represent these spark properties rather than an 

arc characteristic. In this work, the simulation of PD activity 

due to presence of a small cylindrical and cubical void inside 

the solid insulation material of high voltage power equipment 

is studied with the MATLAB Simulink platform.     
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I. INTRODUCTION 

The insulation of power equipment is very essential and it 

plays an important role in the efficient and effective delivery 

of the equipment. Insulation degradation and breakdown had 

been an intense challenge for power system infrastructures 

most especially for high voltage. This has been one of the 

major reasons for the reduction in efficiency, increase in 

power loss and outages over the years; hence the study of 

partial discharge is a vital aspect of electrical power 

engineering. 

Insulators usually contain impurities and air bubbles 

present giving rise to Partial Discharge (PD) when subjected 

to high or intense electrical stress. This is a major failure of 

insulators. Eventually, this may lead to a breakdown of the 

electrical power system. The adequate knowledge of the 

activity, occurrence, type and mode of partial discharge helps 

in its prevention and effective management. One of the 

effective ways of understanding partial discharge activity is 

through void simulations. This is done by creating a model 

that can perfectly represent a true-life scenario. 

Rapid growth in power system has given the 

opportunity to protect the equipment’s for reliable operation. 

Their operating life in most of the power system equipment’s 

are made of with different type of high quality insulation to 

protect against the high voltage stress. A variety of solid, 

gaseous, liquid materials are used as insulation in high 

voltage power equipment. Among those the solid insulation 

like epoxy resin is widely used, not only as a component of 

complex insulating system such as HV rotating machine, 

transformers and in many different high voltage power 

equipment insulation. To access the quality of such insulation 

is a challenging task to the power engineers while the same 

power equipment is under operating with high voltage stress 

for a long period. However, the insulation of power 

equipment’s are gradually degrades due to the collective 

effects of electrical, chemical and mechanical stresses caused 

by the partial discharges (PDs). Partial discharge is a 

localized electrical discharge that only partially bridges the 

insulation between electrodes. It is studied from the several 

articles that most of insulators are not hundred percent perfect 

in nature and always contains some impurity. During the 

manufacturing process the presence of air/gas bubble in the 

insulating material is one of the causes for making the 

insulation imperfect. The presence of air/gas bubble during 

the manufacturing process may in the form of different 

geometrical shape such as rectangular, spherical, elliptical, 

cylindrical cubical etc. The presence of air bubble in any 

shape inside the insulation formed an impurity inside the 

insulation which weakens the insulation region and 

responsible for occurrence of PDs in the high voltage power 

equipment. It is studied that the field intensity while exceeds 

the breakdown strength of gas in void, then partial discharge 

takes place. However, once the PD starts inside the high 

voltage power equipment it is continue for a long time if it is 

not taken care of them. The PD phenomenon usually 

commences within the void, cracks, in bubbles within liquid 

dielectrics or inclusion within the solid insulating medium. In 

addition, PDs also occur at the boundaries between the 

different insulating materials, contamination, poor conductor 

profiles and floating metal-work in the HV equipment.  

II. PROPOSED METHODOLOGY 

A. Selection of void parameter  

Void parameters are the most important factor for PD 

characteristics. PD characteristics also depend on types of 

void used. Requirement of parameters are height, diameter, 

and volume of void. According to the [7], parameters are 

chosen for finding out the relationship of void parameter with 

apparent charge. Gap spacing between the electrodes is taken 

0.02 mt., height of the void varies from 0.002 - 0.008 mt. and 

radius of the void varies from 0.005-0.04 mt. The other 

parameters used for simulation is depicted in Table 1. All the 

dimensions are expressed in meter unit. 
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B. Circuit model for PD measurement  

The behavior of internal discharges at AC voltage can be 

interpreted using the well-known a-b-c model which is shown 

in Fig. 1. Different models are used for partial discharge 

phenomenon which is compared with experimental data .The 

Pedersen model is established to get better accuracy.  

Circuit Model  

 
Fig. 1: Cylindrical Void model inside solid dielectric 

C. Partial Discharge Measurement System  

The basic components required for measurement of PD are  

 A coupling capacitor –Coupling capacitor should have 

low inductance. It holds up low level partial discharge at 

a particular applied voltage for measurement of 

discharge magnitude when coupling capacitor is 

connected in series with the measuring system. A higher 

level of partial discharge is measured when coupling 

capacitor and measuring system is connected separately. 

This happens when measuring system is connected in 

series with the test objet.  

 A high voltage supply –High voltage supply is having 

low degree of background noise to pass the discharge 

magnitude which is to be measured for a particular 

applied voltage.  

 High voltage connection having sufficiently lower 

degree of background noise.  

 Input impedance for measuring system consisting of Rm, 

L, and C. Input impedance is the most determinant factor 

for the wave shape of the PD impulse.  

 A high voltage filter- It is used for reduction of 

background noise from the power supply. Such filters are 

also used for improvement of voltage stability.  

 A test object- Consists of three capacitors. One capacitor 

is connected in parallel with the two series capacitors that 

are Cc corresponds to the cylindrical void present inside 

the solid insulation, Cb corresponds to the capacitance of 

the remaining series insulation with void (Cc), Ca 

corresponds to the capacitance of the remaining 

discharge-free insulation of the rest of the solid insulator. 

 Measuring instrument -The measuring system is used to 

distinguish the observed electrical discharges from the 

test object.  

 Display unit and PC software used for characteristic 

study and its analysis.  

The most important factor for partial discharge 

characteristics is void parameters. Partial discharge 

characteristics changes accordingly, with the size of void. 

There are several types of voids as such as cylindrical, 

cubical, rectangular, etc. So the main parameters which are 

required for the analysis are height, length, breadth, diameter 

and volume of the void. The symbol and the values for the 

parameters used for simulation is depicted in Table I. 

Sr 

No. 
Parameter Symbol Value Dimension 

1. 

High voltage 

measuring 

capacitor 

Cm 1000 pF 

2. 
Coupling 

capacitor 
Ck 1000 μF 

3. Permittivity Ɛo 
8.85*10-

12 F/m 

4. 
Relative 

permittivity 
Ɛr 3.5 - 

5. Resistance R 50 Ω 

6. Inductance L 0.60 mH 

7. Capacitance C 0.45 μF 

Table 1: Parameters Used for Simulation 

D. Partial Discharge Measurement System  

For measurement of partial discharge required components 

are:  

 High voltage supply having low quantity of noise is used 

so that it can pass the discharge magnitude which is to be 

measured for a particular input voltage.  

 For the reducing the noise present in the high voltage 

supply a high voltage filter is used.  

 A detector circuit consisting of resistance, inductance 

and capacitance is used for collecting the partial 

discharge signals. It is the major equipment for a partial 

discharge measurement system.  

 A coupling capacitor having low inductance is used to 

keep low partial discharge pulses and it helps in 

measurement of partial discharge pulses. It acts as a filter 

for partial discharge measurement system.  

 A measurement instrument is used across the detector 

circuit to measure the partial discharge pulses produced 

due to presence of void inside the test object which is 

shown in figure 2.  

 The test object used is made up of epoxy resin and 

consists of three capacitors. Among three capacitors, two 

are connected in series with parallel to the other. Where, 

Ca is the capacitance of the healthy part of the test object, 

Cc is the capacitance of the void present in the test object 

and Cb is the capacitance of the part of the test object 

leaving Ca and Cc. 

 
Fig. 2: Void model of the epoxy resin insulator 
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E. Electrical circuit model for partial discharge observation 

Figure 3 consists of three capacitors. Capacitor Cc represents 

capacitance of the void present in the test object which is 

shown in Fig. 3. Capacitor Cb represents capacitance of the 

healthy part connected in series with the void. Capacitor Ca 

represents capacitance of the healthy part leaving Cc and Cb. 

When a high voltage supply is given to the circuit model then 

discharge occurs. With this high voltage the void gets charged 

and breakdown starts. A measuring instrument is connected 

across the detector circuit in order to receive this pulse from 

the test object through detector circuit.  

An epoxy resin insulator with dimensions 15mm, 

20mm and 25mm is considered. In that insulator a cubical 

void is present. The void is having dimensions 3mm, 4mm 

and 5mm. As the electrical circuit model consists of three 

capacitors the value of those capacitors is to be  

  dAC
r

/
0
  

 
Fig. 3: Electrical circuit model for partial discharge 

measurement 

where, C is the capacitance, 
0

  is the permittivity of free 

space and 
r

  is the relative permittivity and d is the distance 

between the electrodes.  

 
Fig. 4: Simulink model for partial discharge detection 

The capacitances values of the three capacitors are 

calculated. This value is required for measurement of partial 

discharge pulses. Partial discharge is a localized dielectric 

discharge seen in the region of insulating medium in high 

voltage power equipment. Partial discharge is usually seen in 

voids, cracks or bubbles present in the insulating material. In 

some cases partial discharge is seen on the surfaces of 

insulating material due to bad conductor profile and 

disambiguation. Here, an equivalent circuit of solid insulator 

having a cubical void is taken to evaluate the partial discharge 

pulses. In this insulator the void is present at the center of the 

insulation medium. The value of three capacitors shown in 

the electrical circuit model is calculated. Here generally, 

(Ca>>Cb>>Cc). In this study the value of void model and 

other parameters are calculated. The figure below shows the 

SIMULINK model which is used for the detection of partial 

discharge which is shown in figure 6.4. 

The model drawn in figure 4 is simulated using 

MATLAB. In figure 4 the partial discharge characteristics is 

seen in scope1 which is connected to voltage measurement 2. 

In figure 4 an AC voltage is applied to the source and through 

the detector circuit via V Meas.2. Partial discharge pulse is 

seen in scope1. Here Cm refers to the measuring capacitor 

and Ck refers to the coupling capacitor. 

F. Electrical circuit for illustration of PD measurement 

 
Fig. 5: Electrical equivalent circuit model of cylindrical void 

in solid insulation along with high voltage equipment 

In the equivalent circuit model the capacitance Cc 

corresponds to the cylindrical void present inside the solid 

insulation, Cb corresponds to the capacitance of the 

remaining series insulation with void (Cc) and Ca 

corresponds to the capacitance of the remaining discharge-

free insulation of the rest of the solid insulator. Such circuit 

is energized with ac voltage source, a recurrent discharge 

occurs. Capacitance of the void Cc is charged which is 

responsible for occurrence of break down. Voltage across the 

cylindrical void Cc is given by 

)/(
babac

CCCVV   

Apparent charge which is measurable at the high 

voltage terminal A and ground terminal B can be calculated 

from [3]. 

Q = Cb  Vc 

Pedersen has suggested a model [3] which is based 

on induced charge. According to this model, apparent charge 

will be given by [1] for cylindrical void 

 
where, S is void geometric factor, V is volume of 

cylindrical void and is given by πr2h, (where, r = radius of 

void, h = height of void), ε0 is permittivity of free space, εr is 

relative permittivity of dielectric, Ei is inception voltage for 

streamer inception, El is limiting field for ionization and Δ z 

is reciprocal of distance between two electrodes is (1/d). 

 
The value of (Ei-El) can be calculated by equation [3.1, 3.5] 

Where, B is constant characteristic of gas in void, a 

is radius of void, p is pressure of gas in void, of gas in void, 

El/p (for air) = 24.2/pa.m. 

Apparent charge is calculated by using above 

parameter values by putting in this Eqn. 3.3. It has been 

studied that, PD phenomena is investigated from different 

electrical model. This present work consists of a cylindrical 



Partial Discharge Testing of Insulator using MATLAB Simulink 

 (IJSRD/Vol. 5/Issue 06/2017/276) 

 

 All rights reserved by www.ijsrd.com 1153 

void model placed inside an epoxide resin sample which is 

intended to use in universal software for both electrical and 

electronics circuit analysis of MATLAB type. 

III. SIMULATION MODEL & RESULT 

A. MATLAB Simulation Model 

The partial discharge find out due to the presence of cubical 

and cylindrical void inside a solid epoxy resin insulator. The 

voltage of 1kv, 2kv, 3kv……up to 15 kV is applied in 

between the electrodes. The partial discharge characteristics 

cannot be measured directly in high voltage power equipment 

system. Hence it is necessary to see the partial discharge 

inside a solid insulation is found out using MATLAB 

Simulink model. 

 
Fig. 6:.LAB simulation model for partial discharge test circuit 

An increasing voltage of 1kv in steps up to 15 kV is 

applied to the solid insulation to observe the partial discharge 

characteristics. To observe the partial discharge 

characteristics it is necessary to see the maximum partial 

discharge values at different applied voltages. It helps for the 

partial discharge detection and measurement in high voltage 

power equipment system. We cannot see partial discharge 

characteristics for a long time interval. So the applied voltage 

is increased to see the maximum partial discharge and thus 

the partial discharge pulses are seen that are short term 

breakdown.  

To understand the PD activity inside the solid 

insulation a MATLAB based simulink model has been 

developed in this work shown in figure 6. Partial discharges 

are a major source of insulation failure in high voltage power 

system. which needs to be monitor continuously to avoid the 

incipient failure in the power system network. In this work it 

is studied that the PD activity inside the solid insulation is 

highly depends on the entire geometry of the void presence 

inside the solid insulation model To observe the partial 

discharge characteristics it is necessary to see the maximum 

partial discharge values at different applied voltages. It helps 

for the partial discharge detection and measurement in high 

voltage power equipment system. We cannot see partial 

discharge characteristics for a long time interval. So the 

applied voltage is increased to see the maximum partial 

discharge and thus the partial discharge pulses are seen that 

are short term breakdown. 

B. Partial discharge (PD) voltage  

 
Fig. 7: The partial discharge voltage in cubical voids in 

insulator at 13 KV 

The PD obtained in both cubical and cylindrical voids in 

insulators are tested separately for 0 to 0.02 sec at 50 hz 

supply. In this model the voltage is applied 1kv to 15 kv in 

steps. The PD obtained with application 13kv is shown in 

figure 7. The PD voltage is maximum at approximate at 

0.001sec for cubical void as shown in figure 8.2. However the 

PD obtained due to cylindrical void is maximum at time 0.076 

sec at 15 kv as shown in figure 8.  

 
Fig. 8: The partial discharge voltage in cylindrical voids in 

insulator at 15 KV 

C. Partial Discharge voltage analysis 

Applied voltage at 

insulator in KV 

Cubical void 

in 10-4 Volt 

Cylindrical void 

in 10-4 Volt 

1 2.9468 4.222 

2 5.8937 1.7935 

3 8.8440 1.1340 

4 2.6437 1.1900 

5 2.8250 1.3600 

6 3.2915 1.5715 

7 4.7315 4.6446 

8 3.9155 1.4291 

9 3.3100 2.7730 

10 2.8444 2.6130 

11 2.4773 3.9280 

12 2.1822 2.4875 

13 1.9375 1.5800 

14 6.3914 9.3000 

15 1.5650 6.3268 

Table 2: Maximum PD Voltage for both Cubical and 

Cylindrical Void in Insulators 

The PD obtained due to the application of voltage 

start from 1kv to 15 kv with increase in 1kv in each step. The 
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result obtained for maximum PD for both cubical and 

cylindrical void is shown in table II.   

IV. CONCLUSION 

Partial discharge is the main problem in high voltage power 

equipment system. Therefore, detection and measurement of 

partial discharge is necessary to keep the equipments in 

healthy condition during their operation. In this work an 

epoxy resin is taken as a solid insulation material and 

MATLAB Simulink based model has been introduced to 

observe the partial discharge activity inside the solid 

insulation. It is found that with the increase in applied voltage 

to the void present inside the insulation, partial discharge 

increases. This study is employed to find out the maximum 

partial discharge, the number of partial discharge values, the 

frequency content of partial discharge pulse and other partial 

discharge parameters. Based on the SIMULINK model 

partial discharge characteristics are plotted.  

Partial discharges are a major source of insulation 

failure in high voltage power system which needs to be 

monitored continuously to avoid the incipient failure in the 

power system network. To understand the PD activity inside 

the solid insulation a MATLAB based simulink model has 

been developed in this work. The PD activity inside the solid 

insulation is highly depends on the entire geometry of the 

void presence inside the solid insulation model (epoxide resin 

sample). In addition, PD is increases with the increase of 

applied voltage inside the solid insulation. In this study an 

efforts have been made to investigate the maximum PD 

magnitude, number of PDs and number of other PD related 

parameters like PD distribution, frequency content of 

obtained PD pulse by using phase resolve partial discharge 

(PRPD) measurement technique. Based on the developed 

SIMULINK model and calulated parameters used for epoxide 

resin sample, the charactericstic of PDs has been studied. This 

study will ensure the power engineers to predict the quality 

of the insulation used for high voltage power equipment. The 

present work is to be extended for further study in different 

high voltage power equipment such as current transformer 

(CT), potential transformer (PT), switch gear and circuit 

breaker. 

In this dissertation we present wavelet transform 

approach for analysis of void formation in insulator by 

observing the PD voltage across insulator by detector circuit. 

Using wavelet transform we easily analyzed the frequency 

and time information of signal and also analysis of small void 

formation in insulator also possible due to wavelet 

decomposition techniques. 
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