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3.1 INTRODUCTION 

 

Degradation due to ageing is the major problem in the life span of 

high voltage insulation. Thus, continuous assessment method has 

gained an interest recently due to the economic concern. The 

measurement and evaluation of the dielectric response is one of the 

methods to diagnose transformer insulation condition. Dielectric 

diagnosis through polarization and depolarization current (PDC) 

measurement used dielectric response in time domain to assess the 

insulator’s condition. This paper presents the PDC data analysis 

system developed using LabVIEW software. The developed user-

friendly system will enable user to run the recorded PDC data to 

evaluate the performance of the insulator in term of its 

conductivity. The analysis result on PDC data recorded from field 

run using this system has also been presented in this paper. Based 

on the obtained result, the system developed has been successfully 
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helping user to do analysis on PDC data by giving the PDC pattern 

and conductivity value of the insulator tested. 

Polarization and depolarization current (PDC) measurement 

is a non-destructive dielectric testing method to determine the 

conductivity and moisture content of the high voltage insulation. In 

the time domain measurement, conductivity and dielectric response 

function f(t) are characterizing the behavior of the linear insulation 

system [1]. This response function f(t) will provide the significant 

information about the material itself [2, 3]. However, the dielectric 

properties are also affected by the other factors such as mechanical, 

electrical, thermal and environmental stresses during its operation 

[4, 5]. PDC gives information about the oil conductivity within 

initial seconds while the paper conductivity during the final periods 

[5-8].The magnitude and values of the conductivities of oil and 

paper depend on the moisture and ageing condition of the 

insulation system [5]. Besides, this new electrical diagnostic 

method is able to analyze the paper and oil insulation separately, 

without opening the transformer tank [5, 9]. In this project, a user 

window to run the analysis on PDC measurement data recorded 

has been developed. The window was built using LabVIEW to 

determine the conductivity of the insulation system. By using this 

user-friendly interfacing system, the users will enable to import the 

recorded data and run PDC analysis automatically to find the 

polarization and depolarization current (PDC) pattern and the 

insulation conductivity values. 

 

 

3.2 PRINCIPLES OF PDC MEASUREMENT 

 

The principle of measurement in PDC is based on the application 

of DC voltage across the test object for a period of time [6, 10-13] 

as shown in Figure 3.1.  

Figure 3.2 shows the step input voltage applied to the test 

object with different time of charging and discharging. During 

these times, the current will flow from the polarization   process  in 
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Figure 3.1 Basic PDC measuring circuit [6, 10-13] 
 

 

 
 

Figure 3.2 Waveform of polarization and 

depolarization current [2, 4, 6, 10-13] 

 

 

the test object with different time constants. This current depends 

on the conductivity and the insulation material. [6, 10-13]. 

Polarization current depends on two parts: the first part is related to 

the conductivity of the test object, whereas the other part is related 
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to the activation of different polarization processes that happen 

within the test object [8]. 

 

 

ip (t) = C0 U0 [(σ/Ɛ0) + f(t)]                              (3.1)                                                                                      

 

 

where, 

C0 : Geometric capacitance 

U0 : Charging voltage 

σ : Steady state conductivity 

Ɛ0 : Vacuum permittivity (8.854 × 10-12 F/m) 

f(t) : Response function 

 

 

After a period of time (usually ~10,000 s), the voltage is removed 

while the test object is short-circuited. The activation from the 

previous polarization process now gives rise to the discharging 

current. This process in which the current flows in the relaxing 

state is called depolarization current [6, 10-13]. Depolarization 

current is defined in Equation 3.2. 

 

 

id (t) = - C0 U0 [ f(t) – f(t-tc)]                           (3.2)                                                                                               

 

 

where, tc is the charging time or also known as polarization time.   

 

By assuming the dielectric response function is a continuously 

decreasing function in time and if the polarization time is 

sufficiently long, f(t-tc) ≡ 0. Due to that, dielectric response 

function f(t) is now equal to Equation 3.3 [8]. Equation 3.3 is 

estimated from the depolarization current in Equation 3.2.  

 

 

f(t) ≈ -id(t) / C0 U0                                                    (3.3)                                                                                                                  
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DC conductivity can be estimated from polarization and 

depolarization current measurement. Conductivity can be 

expressed as in Equation 3.4 if the test object is charging in the 

sufficiently long time until f (t-tc) ≡ 0 [8]. 

 

 

σ ≈ ( Ɛ0 / C0 U0 ) [ ip(t) – id(t)]                            (3.4)  

 

 

3.4 SIMULATION PANEL: LABVIEW 
 

LabVIEW is designed specifically for measurement and 

automation application that was done by acquisition, analysis and 

presentation [14]. The data presentation is in a graphical method. 

According to [13], LabVIEW is a graphical programming language 

which is developed by National Instruments in 1986. By using 

virtual instruments (VI) adapted in LabVIEW, the user-friendly 

front panel can be easily monitor and collect the offline data by the 

users. VI execute at speeds comparable to the traditional text-based 

programming languages [15]. In addition, LabVIEW is a graphical 

compiler that generates optimized compiled code [15]. Front panel 

is the user-interface to control and indicate the offline data that 

have been saved by the users in their drives. When the system 

starts, the user-friendly panel will automatically execute and run. 

However, the first procedure that user needs to do is to change the 

format of data saving to the comma separated value text file (.csv) 

or in delimited text file (.txt) in order to LabVIEW understand the 

command. The same procedure is needed when users want to 

import the data from other sources, such as from Excel Worksheet 

or Notepad. Figure 3.3 is the front panel built in LabVIEW to 

measure the polarization current. As the result, the graph of 

polarization and depolarization current will be display on the front 

panel.  

Next, the conductivity will be displayed at the simulation 

panel graph as it is calculated using Equation 3.4. This simulation 

panel for conductivity graph is displayed in Figure 3.4. 
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Figure 3.3  Front panels for polarization current measurement 

 

 

 
 

Figure 3.4 Simulation panel for conductivity 

 

The measurement of geometric capacitance, C0 is done manually 

before the measurement takes part using LabVIEW so that the 

conductivity can be calculated using Equation 3.4.  Permittivity of 

insulation affected the calculation of conductivity and this is based 

on the type of insulation used whether solid or liquid.  

 

 

3.5 SIMULATION TEST RESULT 

 

Simulation on the front panel was conducted to ensure that the 

system is successfully monitored and recorded the offline data. 
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Tests were conducted using several data’s taken from the new 

material of unfilled linear low-density polyethylene (LLDPE) and 

unfilled linear low-density polyethylene (LLDPE) blend with 

Natural Rubber (NR) plus Silicon Oxide (SiO2). These new 

materials are still in the improvement process to be used as an 

insulator. PDC measurements were performed on the materials 

with test voltage equal to 1000 V. The charging and discharging 

time is 10,000 s respectively. 

Firstly, simulation panel conducted the measurement on the 

unfilled LLDPE for the offline monitoring. The measurement was 

repeated twice to get the accurate value of the PDC for the 

material. First polarization current measurement of unfilled 

LLDPE obtained showed that the current is not stable yet, 

compared to the second measurement of polarization current. Thus, 

the average polarization current was used to assess the conductivity 

of the material. It can be seen that the second measurement of 

depolarization current is more relax current than the first 

measurement. It is due to the environment, electrical factors, 

humidity and the geometry of the insulator. The connection to the 

earth also takes part in defining the current measurement. The 

remaining current also contribute to the unstable condition on the 

first current measurement. This remaining current happened due to 

the incomplete discharging of the test object before taken the next 

measurement.  

Figure 3.5 and 3.6 shows several measurement of 

polarization and depolarization current for unfilled LLDPE in nA. 

Figure 3.7 shows the conductivity of the unfilled LLDPE.  

Next, the measurement continued with LLDPE, natural 

rubber and silicon oxide to identify the conductivity of the mixed 

material. Conductivity value that showed in Figure 3.8 has a lower 

value than unfilled LLDPE. The value of its conductivity is almost 

half of 0.1 S/m, whereas the conductivity of unfilled LLDPE is 

higher than the mixed material of insulation. From the obtained 

result of PDC measurement, higher conductivity tends to increase 

the magnitude of the PDC measurement. 
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Figure 3.5 Several measurement of polarization current for unfilled 

LLDPE in nA 

 

 

 
 

Figure 3.6 Several measurement of depolarization current 

for unfilled LLDPE in nA 
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Figure 3.7 Conductivity graph for unfilled LLDPE 

 

 

 
 

Figure 3.8 Conductivity graph for mixture of unfilled LLDPE, NR 

and SiO2 

 

 

3.6 CONCLUSION  

 

In order to ease the users, a PDC measurement system is developed 

in LabVIEW environment. This user-friendly simulation panel 

enables users to activate and control the data for offline monitoring 

automatically. Besides, the insulation performance is being 

evaluated based on PDC knowledge. In this study, the evaluation 

for offline data by PDC measurement is successfully performed 

using the developed offline panel that took part in LabVIEW. PDC 

measurement can determines the conductivity of the insulation 

system, based on the material used that defined by the utility. 
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Therefore, the condition of the insulation system can be identified 

by using the conductivity value.  
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