
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 04, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 660 

Simulation of Partial Discharge for Different Insulation Material Using 

MATLAB 
Deepak Kumar

1
 Dr. Ranjana Singh

2 

1
ME Student 

2
Associate Professor 

1,2
Department of Electrical Engineering 

1,2
Jabalpur Engineering College, Jabalpur, India

Abstract— It is well known that most of the insulation failure 

is caused due to the partial discharge in the insulation material. 

It gradually degrades the properties of the material which 

further become the major cause of the insulation failure. In 

this paper, simulation of partial discharge is done using 

MATLAB with different insulation material. All the 

simulation work is done with the solid insulation material. In 

this study, the dependency of partial discharge on the 

permittivity of the insulation material is tried to be analyzed 

with the help of void model made in the very well-known 

software “MATLAB”. 
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I. INTRODUCTION 

Rapid growth in power sector of the nation has given the 

opportunity to the electrical engineers to protect the High 

Voltage equipment for reliable operation during their 

operating life. It has been seen that the major problem in high 

voltage equipment is the degradation of insulation i.e., quality 

of the insulation material of the high voltage equipment [4-

15]. The major cause of degradation of material is Partial 

Discharge. It generally begins within voids, cracks, at 

conductor-dielectric interfaces within a solid insulation system 

or in bubbles within liquid dielectrics. The insulations used in 

high voltage equipment are generally not in pure form, it 

contain some impurities in the form of voids. These voids may 

be of any shape like spherical, cylindrical, cubical, irregular 

shape etc. These voids are formed during the manufacturing 

process.  Generally, these voids are filled with a medium such 

as gas, which has lower breakdown strength than the solid 

insulation. The permittivity of the filling medium is frequently 

lower than that of the solid insulation, which causes the field 

intensity in the void to be more than in the dielectric. Under 

normal working stress of the insulation system the voltage 

across the void may exceed the breakdown value and may 

initiate breakdown in the void. This breakdown is called 

Partial Discharge. Partial discharge reduces the strength of the 

insulation which further leads to the partial or total insulation 

failure[2-3]. Partial discharges are in general a consequence of 

local electrical stress concentrations in the insulation or on the 

surface of the insulation. Generally it appear as pulses of 

duration of much less than 1µs[1]. 

On the partial discharge in the void inside the solid 

insulation, various research works have been carried out. 

According to IEC standard 60270, partial discharge is mainly 

done with the apparent charge as a vital parameter. To study 

the behavior of the partial discharge, several models are 

purposed. 

In this paper, a model based upon the capacitance 

concept is developed to evaluate the parameters related to the 

partial discharge such as number of partial discharge, 

magnitude of partial discharge etc. In this paper, it is tried to 

relate the partial discharge with the permittivity of the 

insulation. For this, four types of insulation sample is taken, 

which are Teflon, polyethylene, rubber and impregnated 

paper. A void having cylindrical shape is considered for the 

analysis. This void is taken at the center of the samples made 

of these materials. The model used for this simulation is 

developed on the well-known software package “MATLAB”. 

II. PARTIAL DISCHARGE ACTIVITY IN THE VOID 

Partial discharge can be defined as a localized discharge 

within only a part of the solid insulations between two 

separated conductors. It usually initiated within gas-filled 

voids within the insulation because the permittivity of the void 

is considerably less than the surrounding insulation. It is 

considered very harmful for high voltage systems from the 

electrical engineering viewpoint as they gradually degrade the 

insulation and also cause energy loss. 

Fig. 1 shows a cross-section of a dielectric of 

thickness d containing a cavity in the form of a cylinder of 

height h and radius r, with an equivalent circuit.  

 
Fig. 1: Electrical discharge in cavity and its equivalent circuit 

In the equivalent circuit the capacitance Cc 

corresponds to the void, Cb corresponds to the capacitance of 

the insulation series with Cc, Ca is the capacitance of the rest 

part of the dielectric. It is assumed that void is filled with gas, 

the field strength across Cc is given by  

                                                                     (1) 
Where    is the relative permittivity of the insulation. 
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Assuming that the void breakdown stress is Ecb, then 

treating the void as series capacitance with the healthy part of 

the dielectric, it can be written as 

                                    
     

   
                                            (2) 
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The voltage across the void is, 
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Therefore the voltage across the dielectric which will initiate 

the discharge in the void will be, 

                              {  
 

  
 
   

 
 }                              (5) 

The sequence of breakdowns under sinusoidal 

alternating voltage is shown in Fig. 2. The dotted curve shows 

qualitatively the voltage that would appear across the void if it 

did not breakdown. As Vc reaches the value V
+
, a discharge 

takes place, the voltage Vc collapses and the gap extinguishes. 

The voltage across the void then increasing again until it 

reaches V
+
, then a new discharge occurs. Thus several 

discharges may take place during the rising part of the applied 

voltage. Similarly, on decreasing the applied voltage, the void 

discharges as the voltage across it reaches V
-
. In this way 

groups of discharges originate from a single void and rise to 

positive and negative current pulses on raising and decreasing 

the voltage respectfully. 

 
Fig. 2 Sequence of void breakdown under alternating voltages 

III. PARTIAL DISCHARGE SIMULATION 

In this paper, partial discharge simulation is done with 

different insulation materials which have different relative 

permittivity. Permittivity is a property material which 

expresses the force between two point charges in the material. 

The relative permittivity of a material is its 

dielectric permittivity expressed as a ratio relative to 

the permittivity of vacuum. For simulation, a sample cuboid of 

dimensions (30mm x 30mm x 5mm) is considered of different 

material like Teflon, polyethylene, rubber and impregnated 

paper. In each sample, a cylindrical void is considered at the 

center of radius 2mm and height 4mm. 

 

 

 

 
Fig. 3 Sample with cylindrical void 

The relative permittivity of the material used for simulation is 

different for each material, which is shown in the table I. 

 

Insulation Material 

 

Relative Permittivity 

 

Teflon 

 

2.0 

 

Polyethylene 

 

2.2-2.4~2.3 

 

Rubber 

 

3.0 

 

Impregnated paper 

 

5.0 

Table 1: Relative Permittivity of the Insulation Material Used 

For Simulation 

For equivalent circuit of void model, all three 

capacitances, the capacitance Cc corresponds to the void, Cb 

corresponds to the capacitance of the insulation series with Cc, 

Ca is the capacitance of the rest part of the insulation sample, 

are calculated which is given in Table 2. 

The void model is shown in Fig. 4, from which 

capacitances can be evaluated as 

                                                                             (6) 

 

                              
       

 
                               (7) 

 

If void is at the center of the sample , then  

                                                                             (8) 

 

Otherwise, 

                                                                             (9) 

 

In this study, void is considered at the center of the 

sample as shown in Fig. 3. 

30mm 

30mm 

http://en.wikipedia.org/wiki/Permittivity
http://en.wikipedia.org/wiki/Vacuum_permittivity
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Fig. 4: Void model of the sample having cylindrical void 

Insulating 

Material 

Capacitance 

Ca Cb Cc 

 

Teflon 

 

2.7 x 10^-

12 

 

2.22x10^-

13 

 

2.78 x10^-

14 

 

Polyethylene 

 

3.17 x 10^-

12 

 

2.55x10^-

13 

 

2.78 x10^-

14 

 

Rubber 

 

4.14 x 10^-

12 

 

3.33x10^-

13 

 

2.78 x10^-

14 

 

Impregnated 

paper 

 

6.91 x 10^-

12 

 

5.56x10^-

13 

 

2.78 x10^-

14 

Table 2: Capacitances of Void Model 

IV. RESULT AND DISCUSSION 

A MATLAB Simulink model is developed to study the partial 

discharge in an insulation material. In this work the simulation 

is done on four different solid insulation materials. For 

simulation a cylindrical void is taken at the center of each 

sample of insulation material. The simulation is done on 

different applied voltage. 

 
(a)  Partial discharge voltage in Teflon at 5KV 

 

 

 
(b) Partial discharge voltage in Polyethylene at 5KV 

 
(c) Partial discharge in rubber at 5KV 

 
    (d) Partial discharge voltage in Impregnated Paper at 5KV 

Fig. 5: Simulation result of partial discharge in different 

insulation material at 5KV 

The observed partial discharge voltage pattern 

obtained at 5KV is shown in Fig. 5.  

Another study has been made in this work, which 

relates the apparent charge and the volume of the void. It 

shows a linear relationship between apparent charge and 

volume of the void shown in Fig. 6. 

 
Fig. 6 Relationship between apparent charge and volume of 

void 

V. CONCLUSION 

In high voltage power equipment system, partial discharge is 

the main problem. Hence detection and measurement of it is 

necessary to keep the power equipment in healthy condition 

during their operation. Its major sources are impurities and 

voids inside the insulation material. In this study, four 

different insulation materials have been taken to obtain the 
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partial discharge pattern. All sample considered for the 

simulation are cuboidal and the void in each sample is 

cylindrical. Each insulation material has different permittivity 

or dielectric strength and hence their void model capacitances 

are also different, due to which different partial discharge 

pattern has been obtained for different material at different 

voltage. The observation shows that the permittivity of the 

insulation material is also an important parameter of partial 

discharge. It shows that partial discharge is the function of 

permittivity of the insulation material, void geometry enclosed 

in the insulation. All the simulation is done on MATLAB 

software package. It can be further extended to derive the 

other parameters on which partial discharge depends and can 

be made more accurate. 
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