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1.1 OVERVIEW 

 

To date, aging degradation is still one of the major problems in 

power system equipment such as transformers and machines. 

Therefore, many new, real-time continuous equipment assessment 

methods have been proposed as better alternatives to the 

conventionally practiced time-based preventive maintenance 

method. In these, one of the proposed methods is known as the 

condition-based monitoring method. With the aid of online 

monitoring system, this predictive maintenance technique provides 

an indication of equipment condition throughout its operating 

lifetime and predicts when maintenance should be performed. This 

results in a time-saving approach in fault diagnosis and improves 

the overall safety of the equipment. This chapter will review 

various computational methods commonly used in time-domain 

equipment condition monitoring systems. The chosen 

computational methods will be based on the use of user-friendly 

software and the response time taken in assessing the condition. In 
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addition, Data Acquisition (DAQ) performance of the 

computational method will also be taken into. This review will try 

to summarize the best computational application for time-domain 

monitoring. 

 

 

1.2 INTRODUCTION  

 

Currently, many high voltage apparatus, such as transformers, have 

been in operation for a long time and are approaching the end of 

their life cycle. In order to maintain the performance, efficiency and 

reliability of the apparatus, maintenance of the apparatus has to be 

carried out effectively. For this, predictive maintenance systems 

such as the condition-based monitoring systems have been 

introduced in place of the conventional yet ineffective time-based 

preventive maintenance system. 

According to [1], the transition from the time-based 

preventive maintenance system to the condition-based predictive 

maintenance system benefits in terms of cost reduction; the cost of 

maintenance and operation are essential so that it does not disrupt 

the efficiency of the supply to demand sides. Therefore, condition-

based monitoring systems based on reliable diagnostic tools have to 

be considered as new alternatives to the conventional practiced 

preventive maintenance system. Since insulation is the backbone to 

high voltage equipment, insulation condition assessment is one of 

the techniques that can be used to monitor the condition of the 

overall high voltage equipment – the performance of insulation is 

normally degraded by electrical, mechanical, thermal and 

environmental stresses during operation. 

In time domain, the behavior of a linear insulation system is 

characterized by its conductivity and dielectric response function 

[2].  Various diagnostic methods have been investigated by many 

researchers for their effectiveness in diagnosing insulation 

condition, and one of the dielectric diagnosis techniques using time-

domain measurement is known as the Polarization and 

Depolarization Current (PDC) measurement.  
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The availability of modern computer-controlled 

instrumentation becomes significant to researchers and utility 

companies since it facilitates faster measurement and analysis [3]. 

This chapter discusses about the software implementation for the 

PDC technique. At the end of this chapter, the developed 

performance and advantages will be presented for the software. 

 

 

1.3 MONITORING SETUP REVIEW 

 

1.3.1 Time-Domain Condition Monitoring 

 

The time-domain diagnostic method has gained significant attention 

over the last few years [4]. Time-domain monitoring systems 

monitor insulation performance under applied test voltage over a 

period of time [3]. Return Voltage Measurements (RVM) and PDC 

measurement are two techniques that fall under this method. Both 

these techniques have been introduced to support the deficiency and 

weaknesses in classical diagnostic methods [3]. 

The condition of an insulation system depends on both 

aging and moisture content. According to [4], the interfacial 

polarization spectrum obtained from the RVM and the nature of the 

polarization and depolarization current obtained from the PDC 

measurement can be related to the aging status and moisture content 

of an insulation material.  

 

1.3.2 Polarization and Depolarization Current (PDC)  

Measurement 

 

PDC measurement is a nondestructive dielectric testing method in 

determining the conductivity, moisture content and dielectric 

response function, f(t) of a high voltage insulation system. It has the 

advantage of providing instantaneous information upon the 

application of Direct Current (DC) step voltage. 

In addition, the dielectric response function obtained from 

PDC measurement provides useful information on ageing as well as 
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on the overall condition of the insulation system. The dielectric 

response function not only describes the fundamental property of 

the dielectric system, but also provides significant information on 

the material composition of the insulation [5]. 

Also, the PDC measurement has been introduced since 

much information can be obtained from the complete dielectric 

response function through the curve graph [6]. 

The principle of PDC measurement is based on the 

application of DC voltage across the insulator for a period of time. 

The response time for this measurement is 10,000 s for both 

charging and discharging cycles. 

During measurements, current will flow due to the 

polarization process within the test object, responding at different 

time constants. During measurements, current will flow due to the 

polarization process within the test object, responding at different 

time constants, with the characteristic of the current depending on 

the conductivity and the type of insulation material [7]. This current 

is known as the polarization current, ipol.  

 

 

      tfUCtip  000 /                        (1.1) 

 

 

Where C0 is the geometric capacitance, U0 is the charging voltage, 

σ is the DC conductivity, Ɛ0 is the vacuum permittivity, tc is the 

charging time and f(t) is the dielectric response function. 

The applied voltage is then removed while the object is in 

short circuit. The depolarization current, Id will be measured. 

During this time, there is no contribution from the conductivity.  

 

 

      cd ttftfUCti  00 -                           (1.2) 
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Figure 1.1 Basic Polarization and Depolarization Current (PDC) 

measuring circuit [6] 

 

 

 
 

Figure 1.2 Waveform of Polarization and Depolarization Current 

(PDC) [6] 
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1.3.3 Computational Methods 

 

 

 
 

Figure 1.3 Interfacial Polarization Spectra (IPS) 

 
Table 1.1 Interfacial Polarization Spectra (IPS) features 

 

Name of 

product 
Developer Purpose Features 

Interfacial 

Polarization 

Spectra 

(IPS) 

 

Dr. T. K. Saha and 

his research team 

(University of 

Queensland) 

Analyze the 

transformer 

insulation 

condition 

 

- Laptop/   

   Computer 

- Keithley 6517A  high 

resistance electrometer 

- Control 488/16 (16 

channels with PCAC2 

switch module power 

interface) 

- 2 HV relays 

- LabVIEW  

Advantage: 

User-friendly software; LabVIEW 

will put the measurement data into 

folders in PC automatically 

Disadvantage: 

Only do the measurement and save the 

data, analysis is done separately 
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The availability of modern computers has enhanced measurement 

and analysis capabilities. A lot of researchers used computational 

methods to interpret the monitored and diagnosed data. For 

example, researchers in [8] divided diagnostic methods into three 

categories: traditional diagnostic methods that has been used for 

several decades, new diagnostic methods  starting to be 

implemented, and new diagnostic methods under research state. 

The implementation using software system can improve the 

reliability and provide facilities to analyze the data [8]. Existing 

systems that are used in PDC measurement and analysis around the 

world include the Interfacial Polarization Spectra (IPS), as shown in 

Figure 1.3 and PDC Analyzer 1MOD as shown in Figure 1.4. These 

existing products are summarized in Table 1.1 and 1.2. 

 

  

 
 

Figure 1.4 PDC Analyzer 1MOD [15] 
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Table 1.2 PDC Analyzer 1MOD features 

 

Name of 

product 
Developer Purpose Features 

PDC 

analyser 

1MOD 

Alff 

Engineering 

On-site 

measuring and 

analysis for 

dielectric 

behavior of 

electrical 

insulation 

materials and 

insulation 

system 

- Windows 

compatible computer 

- Electrometer 

- Voltage source 

- Switching devices 

- Measuring and 

analysis software in 

1 portable 

Advantage: 

PDC evaluation program 

permit the quantitative 

determination of moisture 

content in pressboard and 

oil conductivity in 

homogeneous and multi-

layer oil-paper insulation 

systems. 

Disadvantage: 

Only for online monitoring. 

 

 

1.4 SOFTWARE DEVELOPMENT REVIEW 

 

1.4.1 Software Interfacing 

 

Figure 1.5 shows the PDC measurement system that has been 

designed and developed by researchers at the University of 

Queensland [9]. Control software was developed using LabVIEW 

environment that enabled users to record current automatically 

during PDC measurement.  
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Figure 1.5 Schematic diagram of PDC measurement setup [9] 

 

 

The General Purpose Interface Bus (GPIB) is used as an interface 

between the computer and the instrument while the Data 

Acquisition (DAQ is used to acquire or generate the signals, such as 

from analog signal to digital signal. This is available in both 

LabVIEW (Laboratory Virtual Instrument Engineering Workbench) 

and MATLAB (Matrix Laboratory) environment. LabVIEW and 

MATLAB are preferred in PDC measurement because of their 

advantages of being user-friendly. In MATLAB, there is a data 

acquisition toolbox for users to connect to the data acquisition 

hardware, such as from National Instruments DAQ. In LabVIEW, 

there is a complete set of hardware and drivers built in LabVIEW 

environment. The maximized performance of the data acquisition is 

essential in order to measure and analyze the data accurately 

without errors. 

For example, researchers in [10] used MATLAB to measure 

the dielectric response function, f(t) and conductivity for different 

samples of oils – biodegradable and mineral oils. By assuming that 

the dielectric response function is a continuously decreasing 

function as time and that the polarization time is sufficiently long, f 

(t - tc) ≡ 0. Consequently, the dielectric response function, f(t) can 

be determined by the following equation: 

 

 

    00/ - UCtitf d                                (1.3) 
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Parameters of response function, f(t) can be obtained from 

MATLAB’s curve fitting function. 

Researchers in [11] integrated LabVIEW and MATLAB in 

the simulation system to diagnose the condition of transformer. 

Expert system in MATLAB that is known as Fuzzy Logic is used to 

assess all the information in order to diagnose and predict the type 

of faults for different types of transformers. LabVIEW acts as a 

window that connects users with the system. Users are free to 

choose their type of diagnosis, whether dry or oil fault diagnosis. 

Interfacial Polarization Spectra (IPS) also uses LabVIEW in 

the data analysis. LabVIEW is chosen as it is designed specifically 

for measurement and automation application by acquisition, 

analysis and presenting the data in a graphical method [12]. Using 

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

panel can be easily accessed to monitor and collect the data. Virtual 

instrument (VI) is executed at speeds comparable to traditional text-

based programming languages [11]. However, due to sequential 

data flow in LabVIEW, it is suggested to import the analysis to 

MATLAB while performing the monitoring and measurement in 

LabVIEW.  

The same method has been used by researchers in [13]. 

They implemented LabVIEW and MATLAB to measure the effect 

of thermal runaway to the oil impregnated paper insulation system. 

The data were stored both as ASCII text files and binary files so 

that MATLAB could further interpret and analyze the obtained data 

from LabVIEW.  

After some observation and study, the combination of 

LabVIEW and MATLAB was found to have a better prospect to 

advance the analysis in monitoring the condition of high voltage 

equipment. 

 

1.4.2 Data Analyzer 

 

Since the response time for polarization and depolarization current 

(PDC) measurement is long (~10,000 s), the implementation of 

software is suitable for this problem. Stable values of DC current 
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can be obtained if the measurement time is long and this leads to 

better accuracy [14]. However, recently researchers found that the 

charging/discharging time can be as short as 3000/3000 s [14]. This 

is due to economic concerns, where power utilities usually cannot 

compromise the long duration of the response time. They also 

proposed two novel ways in order to estimate paper conductivity, 

namely, the Current Difference Method (IDM) and the Charge 

Difference Method (CDM) [14]. This is because paper conductivity 

could only be estimated at the final parts of the polarization and 

depolarization current (PDC) while oil conductivity could be 

estimated at the initial parts.  

Referring to researchers in [15], the experiment must be 

longer than the actual measuring time (~10 times longer than the 

maximum desired time of discharge measurement) so that the 

equipment will not be affected by memory effects. The programs 

developed within the software can be automatically set once the 

measurement started.  The data can then be extracted and 

interpreted to analyze the measurement data. Moreover, it can 

reduce the manpower to assist the measurement and analysis parts 

by certain program in the software. The response time of charging 

and discharging is recommended to be taken at adequate time 

periods. Otherwise, serious errors could occur during current 

measurements, especially on the conductivity and response 

function, f(t).  

 

1.4.3 System Overall Cost 

 

Commercial equipment has been introduced to the industry to 

enhance the existing equipment measurement method. However, 

the commercial equipment is costly (see the approximate price in 

Table 1.3) due to the implementation in software and hardware. 

Thus, the proposed system is expected to overcome the economic 

problem.  
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Table 1.3 Approximate prices for commercial and proposed product 

 
Product Approximate price 

PDC Analyser 1 MOD ~ USD 180,000 

Proposed PDC measurement & analysis by 

authors (software + hardware) 

~ USD 18,000 

 

 

1.5 CONCLUSION 

 

In order to improve the existing time-domain condition monitoring 

systems, software development is important since it is expected to 

ease the monitoring system. Several concerns such as the safety of 

personnel and economic factors is tend to be taken care of so that 

the supply is always in an optimum condition to the end users. 

However, the modification of the measurement and analysis 

systems are still being actively developed by researchers 

worldwide. Thus, the PDC measurement and analysis system 

proposed by the authors contributed to the modification on the 

online as well as the offline measurement in one system. Others, the 

comparison graph for conductivity and dielectric response function, 

f(t) displayed and calculated in a seconds, respectively, where 

useful to determine the condition of the insulation. 

 

 

ACKNOWLEDGMENT 

 

The authors gratefully acknowledge the Malaysian Ministry of 

Higher Education (MOHE) and Universiti Teknologi Malaysia 

(4L014 ERGS) for financial support.  

 

 

REFERENCES 

 

[1] Zaengl, W. S. 2003. “Dielectric Spectroscopy in Time and 

Frequency Domain for High Voltage Power Equipment, Part 



Review on Software Development for Time-domain High Voltage Equipment        13 

I: Theoretical Considerations.” IEEE Insulation Magazines, 

19(5): 5-19. 

[2] David, E., R. Soltani, and L. Lamarre. 2010. “PDC 

Measurements to Assess Machine Insulation.” IEEE 

Transactions on Dielectrics and Electrical Insulations, 17(5): 

1461-1469. 

[3] Saha, T. K. 2003. “Review of Modern Diagnostic 

Techniques for Assessing Insulation Condition in Aged 

Transformer.” IEEE Transactions on Dielectrics and 

Electrical Insulation, 10(5): 903-917. 

[4] Saha, T. K. and P. Purkait. 2004. “Investigation of an Expert 

System for the Condition Assessment of Transformer 

Insulation Based on Dielectric Response Measurements.” 

IEEE Transactions on Power Delivery, 19(3): 1127-1134. 

[5] Bhumiwat, S. A. 2004. “Insulation Condition Assessment of 

Transformer Bushings by Means of Polarisation/ 

Depolarisation Current Analysis.” In Conference Record of 

the 2004 IEEE International Symposium on Electrical 

Insulation (ISEI 2004): 500-503. 

[6] Soltani, G. R. and E. David. 2006. “Condition Assessment of 

Rotating Machine Winding Insulation by Analysis of 

Charging and Discharging Currents.” In Conference Record 

of the 2006 IEEE International Symposium on Electrical 

Insulation (ISEI 2006): 336-339. 

[7] Saha, T. K. and P. Purkait. 2005. “Impact of the Condition of 

Oil on the Polarisation based Diagnostics for Assessing the 

Condition of Transformer Insulation.” IEEE Power 

Engineering Society General Meeting, 2: 1881-1886. 

[8] Gockenbach, E. and H. Borsi. 2008. “Condition Monitoring 

and Diagnosis of Power Transformers.” Proceedings of 

International Symposium on Electrical Insulating Materials 

(ISEIM 2008): 16-19. 

[9] Ekanayake, C. et al. 2010. “Application of Polarization 

Based Measurement Techniques for Diagnosis of Filed 



14                              High Voltage Insulation Studies: Series 5 

Transformer.” In 2010 IEEE Power and Energy Society 

General Meeting: 1-8. 

[10] Muhamad, N. A. et al. 2009. “Polarization and 

Depolarization Current (PDC) Tests on Biodegradable and 

Mineral Transformer Oils at Different Moisture Levels.” 

Proceedings of Australasian Universities Power Engineering 

Conference (AUPEC 2009): 1-6. 

[11] Muhamad, N. A. and S. A. M. Ali. 2006. “Simulation Panel 

for Condition Monitoring of Oil and Dry Transformer Using 

LabVIEW with Fuzzy Logic Controller.” Paper was 

presented at Australasian Universities Power Engineering 

Conference (AUPEC 2006). Melbourne, Australia. 10-13 

December. 

[12] Fountain, T. 1993. “Software Advances in Measurement and 

Instrumentation.” IEE Colloqium on Software 

Instrumentation - Software Components: 1-45. 

[13] Fofana, I. et al. 2010. “Polarization and Depolarization 

Current Measurements of Oil Impregnated Paper Insulation 

System under Thermal Runaway.” Proceedings of 10
th

 

International Conference on Solid Dielectrics (ICSD 2010): 

1-4. 

[14] Saha, T. K., M. K. Pradhan and J. H. Yew. 2007. “Optimal 

Time Selection for Polarisation and Depolarisation Current 

Measurement for Power Transformer Insulation Diagnosis.” 

IEEE Power Engineering Society General Meeting: 1-7. 

[15] Alff Engineering. 2000. PDC-Evaluation User’s Guide-

Version 3. Switzerland:  Alff Engineering.  

 


