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ABSTRACT: In high voltage (HV) electrical power 

system, variety of materials (solid, liquid and gaseous) is 

used for insulation purpose to protect the incipient failure 

in HV Current Transformers. Most of insulating materials 

are not perfect in all respect and contains always some 

impurities. The presence of air bubble 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. Due to the high voltage stress 

the weak zone inside the insulator causes the Partial 

Discharge (PD) and finally the insulation properties of 

such materials is enormously degrades its quality. In this 

work, the simulation of PD activity due to presence of a 

small cylindrical void inside the solid insulation material 

of high voltage power equipment is studied with the 

MATLAB Simulink platform. 

Key Words : Apparent Charge,Gemantvon Philippo 

model Discharge-Free Insulation, Transients. 

 

1. Introduction 

 In High Voltage HV electrical power 

system, variety of materials solid, liquid and 

gaseous are used for insulation purpose to protect 

the incipient failure in HV Current Transformers. 

Most of insulating materials are not perfect in all 

respect and contains always some impurities. The 

presence of air bubble 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 HV Current 

Transformer gradually degrades inside the insulator 

due to cumulative effect of electrical, chemical and 

thermal stress. Due to the high voltage stress the 

weak zone inside the insulator causes the partial 

discharge (PD) and finally the insulation properties 

of such materials is enormously degrades its quality. 

In this paper simulation is carried out based on an 

extended PD equivalent circuit in order to 

understand the characteristics of PD in solid 

dielectric materials.  

             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 

 

II. Mathematical  Modeling  of  Partial Discharge 

Inside Solid Insulation 

a) Partial Discharge Equivalent Circuit model 

A Most common source of PD in solid dielectrics is 

void. Void, is located within the medium or at the 

boundaries between the dielectric and the electrodes 

as can be observed in Fig. 2. These voids are often 

filled WITH a medium that maybe in the form of 

gas or liquid. This medium usually has a lower 

dielectric strength (dielectric constant) than the 

dielectric strength in the insulation. Due to the lower 

permittivity of the gas in the medium, the electrical 

field of the void will be much stronger than in the 

insulation material. Thus, breakdown can occur at 

any time, even under normal working voltages since 

the field in the voids may go beyond the breakdown 

value. 

 

FigureII-1: Dielectric Material with a Cavity 

Figure 1 shows simple capacitor arrangement in 

which a gas filled void is present. The partial 

discharge in void will  take place as the electric tress 

in the void is ε𝑟  times the stress in the rest of the 
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material where ε𝑟  is the relative permittivity of the 

material is. Due to the geometry of the material 

various capacitance are formed as shown in figure 1. 

C𝑐 is the capacitance of void. C′𝑏 is the capacitance 

between electrode A and the cavity C𝑐   and similarly 

C′′𝑏  is the capacitance between electrode B and the 

cavity C𝑐 . Similarly C′𝑎  and C′′𝑎  are the capacitance 

of healthy portions of the dielectric on the two sides 

of the void. Figure 2 shows equivalent of figure 1 

where  

C𝑎= C′𝑎  + C′′𝑎  

 And  

C𝑏= 
C ′
𝑏C ′′

𝑏

C ′
𝑏  +C ′′

𝑏
 

 

In general C𝑎 ≫  C𝑏 ≫  C𝑐  

 

 

Figure II- 2: Schematic Representation of the 

Equivalent Circuit of a Cavity Enclosed in a Solid 

Insulating Material 

 

The classical model (or abc model or the Gemant- 

von Philippo model) is given schematically in 

Figure. 1. An enclosed cavity in solid insulation can 

be represented by a capacitance Cc , the insulation 

next to the cavity by a capacitance Cb and the rest of 

the capacitance of the insulation as Ca . The voltage 

across the cavity can be given by 

V𝑐= V𝑎
𝐶𝑏

𝐶𝑏+ 𝐶𝑐
 

b) Selection of Void Parameter  

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. 

 

Figure II-3  Test Object 

 

     The test object used is made up of impregnated 

paper and consists of three capacitors. Among three 

capacitors, two are connected in series with parallel 

to the other. Where, Cais the capacitance of the 

healthy part of the test object, Cc is the capacitance 

of the void present in the test object and Cbis the 

capacitance of the part of the test object leaving 

Caand Cc. 

 Parameter Sym

bol 

Default 

Value 

Dimension 

1 Gap spacing 

between 

electrodes 

D 0.005 m 

2 Relative 

permittivity of 

dielectric (for 

impregnated 

paper) 

𝜀𝑟  5  

3 Permittivity of 

free space 

 

𝜀0 8.852×
10−12  

F/m 

Table 1: Parameters Used for Simulation 

c) Electrical Circuit Illustrating the Principle 

of PD Measurement 

When electrical partial discharge measurements are 

performed, the tested object is connected to some 

kind of measurement circuit. The arrangement and 

parameter values of additional elements of this 

circuit can influence experimental results the 

electrical circuit illustrating the principle of PD 

measurements is shown in Figure. 
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FigureII-4: Electrical Circuit Illustrating the 

Principle of PD Measurement 

 

In this circuit V𝑠 is a high voltage AC source with 

network frequency and C𝑘  is a coupling capacitor. Z 

is the impedance consisting either only of the lead 

impedance of or lead impedance and PD-free 

inductor or filter decouples the coupling capacitor 

and the test object from the source during discharge 

period only, when very high frequency current pulse 

i (t) circulate between C𝑘  and C𝑜 . C𝑜 is the total 

equivalent capacitance of the test object. 

During discharge, the voltage across the test object 

C𝑜  falls by amount ∆V and during this period C𝑘  

stores the energy and release the charge between C𝑘  

and C𝑜  thus compensating the drop ∆V. The 

equivalent capacitance of the test specimen is  

C𝑜 ≈ C𝑎+C𝑏  (assuming C𝑐  to be negligibly small). If  

C𝑘>>C𝑜  the charge transfer is given by  

q =  𝑖 (𝑡)𝑑𝑡 ≈ (C𝑎+C𝑏) ∆V 

Now ∆V = 
𝐶𝑏

𝐶𝑎+ 𝐶𝑏
∆𝑉𝑐  

∆V = 
𝑞

𝐶𝑎+ 𝐶𝑏
 

Therefore, 
𝑞

𝐶𝑎+ 𝐶𝑏
 = 

𝐶𝑏

𝐶𝑎+ 𝐶𝑏
∆𝑉𝑐  

  

q = 𝐶𝑏∆𝑉𝑐  

Here q is known as apparent charge and ∆𝑉𝑐  is the 

voltage drop across the cavity. 

When a partial discharge pulse occurs, there is a 

very fast flow of electrons from one side of the gas 

filled void to the other side. Since the electrons are 

moving close to the speed of light extremely fast 

across a small distance, the pulse has a very short 

duration, typically a few nanoseconds [1]. The 

electrons carry a charge, thus each individual 

discharge creates a current pulse, i = dq/dt. In 

addition to the electron current flow, there will be a 

flow of positive ions (created when the electrons are 

ionized from the gas molecules) in the opposite 

direction. The PD current in the void creates a 

disturbance and results in pulse current and voltage 

that flows away from the PD site [11]. This impulse 

is basically detected through a recharge process 

from a coupling capacitance. Typical values for the 

capacitance are between approximately 0.1 nF to 1 

nF [9]. 

 

FigureII-5: Conventional PD measurement 

 

       In the equivalent circuit 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. Generally, (Ca>>Cb>>Cc). According to 

the size of void in insulation sample (impregnated 

paper), a cylindrical void of height of 4 mm and a 

radius of 2 mm is used in a cube sample (25mm 

×25mm ×5mm) in this model. The void is located in 

the center of the insulation sample. 

The capacitance value of sample is calculated by 

using the formula, 

𝐶𝑐  =
𝜀0×𝑟2×𝜋

ℎ
 

𝐶𝑏  = 
𝜀0×𝜀𝑟×𝑟2×𝜋

𝑑−ℎ
 

𝐶𝑎  = 
𝜀0×𝜀𝑟×(𝐴−𝑟2𝜋)

𝑑
 

            The applied voltage to the insulation sample 

is 5 kV and frequency of 50 Hz. The capacitance 

value of sample is calculated as 𝐶𝑎= 5.421×
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10−12F, 𝐶𝑏= 5.5590× 10−13F, 𝐶𝑐= 2.779× 10−14. 

In this study the value of the void model and the 

other high voltage equipment for measurement of 

PD has been taken as per Table 1 and Table 2 

respectively. 

Sr. Components Value/ Rating 

1  HV transformer  0.23/145 

kV,50 kVA  

2  HV measuring capacitor  200/1500 pF  

3  HV coupling capacitor  1000 μF  

4 Detector circuit 

resistance  

50Ω  

5 Detector circuit 

inductance  

0.63 mH  

6 Detector circuit 

capacitance  

0.47 μF  

TableII-2: Specification of the Different 

Components and Their Value Taken for Partial 

Discharge Simulation 

 

III. Performance Analysis 

 

 

Figure: Simulation Model of PD measurement 

To observe the PD activity due to presence of 

cylindrical void inside the developed solid insulation 

model a high voltage of 50-100 kV is applied in 

between the electrode. As the occurrence of the PD 

inside the power equipment is not directly 

measurable because of the PD sources are not 

accessible an apparent charge method is used. 

According to IEC 60270 apparent charge “q” of a 

PD pulse is that charge which if injected in a short 

time between the terminals of a test object in a 

specified test circuit, would give the same reading 

on the measuring instruments as the PD current 

pulse itself. 

 

FigureIII-1: PD pulse observed with 50 kV 

 

                                   

            FigureIII-2: PD pulse observed with 75 kV 

 

 

FigureIII-3: PD pulse observed with 100 kV 

 

Radius 

of void 

(mm) 

Sample 

dimension 

Ca 

(pF) 

Cb 

(pF) 

Cc 

(pF) 

2 25× 25 × 5 5.421 0.5559 0.0277 

3 25× 25 × 5 5.282 1.2507 0.0625 

4 25× 25 × 5 5.087 2.2236 0.1111 

5 25× 25 × 5 4.837 3.4744 0.1737 

TableIII-1: Variation of PD Amplitude for Different 

Radius of Void 

It is understand from the above result that the 

magnitude of the PD is also vary as the 
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apparent charge is varying with changing the void 

height, diameter and void volume. The void 

capacitance is changes with the changing the radius 

of the void keeping the void height same which is 

depicted in the Table . 

TABLE III-1: Different Voltage PD Pulses 

Appearing for different  angles. 

anglesSr.  Vin 

(kV) 

PD 

Pulses 

Cb 

(pF) 

∆𝑽 

(V) 

Q 

(pC) 

1 50 72 0.559 1047.87 582 

2 60 81 0.559 1257.44 699 

3 75 111 0.559 1571.80 873 

4 90 145 0.559 1886.16 1048 

5 100 149 0.559 2095.74 1165 

TableIII-2: Variation of Apparent Values for 

Different Applied Voltages. (Calculated) 

a) PD Pulse Counter To Count Number of PD 

Pulses For One Cycle 

PD pulse output was considered for one ac cycle i.e. 

for 0.02sec or 2  radians. The number of PD pulses 

was counted by the PD Pulse Counter subsystem 

shown in figure below. An edge detector was used 

whose output becomes 1 as soon as it detects a 

rising edge of input i.e. PD pulse waveform. The 

output of edge detector was fed to a pulse counter 

which counts the PD pulses. This output values were 

taken to workspace. A program was composed in 

MATLAB. A while loop and for loop were used 

which counts the number of PD pulses appearing in 

time interval of 0.02 sec for one ac cycle. PD pulses 

were counted for 50 kV, 75kV and 100 kV, and the 

numbers were plotted in form of chart. 

 

FigureIII-1: The Simulated PD Pulse Found at 

Positive & Negative Half Cycle of Different 

Applied Voltage 

 

Phase angle 

(degrees) 

No. of PD 

pulses for 

50 kV 

No. of PD 

pulses for 

75 kV 

No. of PD 

pulses for 

100 kV 

0-45 6 8 19 

46-90 9 25 21 

91-135 22 18 16 

136-180 3 8 15 

181-225 4 11 23 

226-270 12 18 11 

271-315 10 8 24 

316-360 6 15 20 

Total 72 111 149 

 

Conclusions 

. To understand the PD activity due to Short circuit 

and Transients inside the solid insulation a 

MATLAB based simulink model has been 

developed. 

  The PD activity inside the solid insulation 

is highly depends on the entire geometry of the void 

presence inside the oil and paper  insulation model 

and Impact of Transients. 

 PD is increases with the increase  due to 

magnitude of Transients and short circuit inside the 

solid insulation. 

 Short circuit and Transients pulses weakens 

the Insulation leading to Partial Discharges. 
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