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ABSTRACT 

Partial Discharge (PD) is the major cause for insulation degradation. These discharges occur due to presence 

of voids or cracks or impurities inside the insulation. There are different types of partial discharges occurring in 

the insulation system depending on the nature and location of source of discharge. Commonly observed 

discharge types in rotating machines are delamination, void discharge, end winding discharge, surface 

discharge etc. Different discharge sources produce different Phase Resolved Partial Discharge (PRPD) 

patterns. Physical processes taking place at different locations with different intensities during occurrence of 

partial discharges are responsible for such varying behaviour. The PD detector gives the PRPD data. The 

values of number of PD pulses (N) and Apparent Charge (Q) from this data is used to calculate effective charge. 

This effective charge is used to obtain the spectrum plots for delamination type of discharge with increasing 

applied voltage. Simple Digital Signal Processing (DSP) based tools are used to obtain the frequency spectrum 

from the PD data. It is observed from these results that the even though the amplitude of the effective charge 

increases for increase in applied voltage, the spectrum of the PD remains same. This paper proposes spectrum 

analysis as one of the method for PD source identification.  

KEYWORDS: Partial Discharge, High Voltage Insulation System, Rotating Machines, Digital Signal 

Processing, Frequency Spectrum.   

I. INTRODUCTION 

Partial Discharge (PD) is the process of electrical discharges which do not completely bridge the 

electrodes. Such discharges occur inside the insulation or at the insulation-electrode interface. Based 

on the source, PDs are classified as internal, external, corona etc type of discharge. The PD is 

responsible for progressive deterioration of insulation, ultimately leading to electrical breakdown of 

the high voltage insulation system. The types of discharges commonly seen in generator are slot 

discharge, delamination, surface discharge, end winding discharge, gap discharge, bar-to-bar etc. PD 

measurement is an important tool for diagnosis of the health of insulation. Apparent charge is readily 

available through PD detectors which also captures the number of PD pulses of different magnitudes. 

The PD pulses are generated in the range of nanoseconds having frequencies varying from KHz to 

hundreds of MHz.  

PD pulses are stochastic in nature. Different methods are adopted by several researchers to analyze 

the PD. Analysis of these stochastic characteristics of the PD pulses is carried out in terms of pulse-

height, pulse-phase, rise time  and the spectrum of PD. Broadly, there are three different categories of 

PD pulse data patterns gathered from the digital PD detectors during the experiments. They are: 

phase-resolved data, time-resolved data and data having neither phase nor time information [1].  

Several statistical operators like skewness, kurtosis etc are used for the classification of the type of 

defect [2, 3, 4]. Different signal processing techniques can also be used for feature extraction for PD 

analysis [1, 5]. Among the most fundamental and useful tools in digital signal processing (DSP) is the 

estimation of the Power Spectral Density (PSD) of a discrete time deterministic and stochastic 

process. There are different methods of PSD estimation [6]. Estimating spectrum is a fundamental 
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tool used in DSP for analysis of stochastic processes. The frequency spectrum of PD in case of power 

transformer is used to locate source of PD [7, 8, 9]. Liu Yunpeng et. al. [10] proposes a method of 

pattern recognition based on spectrum of PD gray-scale image using six kinds of typical discharge 

models. Spectrum of electromagnetic (EM) noise occurring due to PD [11, 12] is also used to 

analyze PD. PD occurring in Gas Insulated Switchgear (GIS) is detected using the Wavelet transform 

by finding the spectrum of EM wave emitted from the PD. The frequency dependence of PD is 

studied in [13, 14, 15] by modelling the PD spectrum for a cavity inside the insulation. Online PD 

detection can be performed on cables using the spectrum analyzer. The suitability and sensitivity of 

the method is studied using the frequency spectrum of measured PD [16]. Z. Liu et. al. has studied 

propagation of PD pulses in the power cables using the mathematical model for the PD pulse [17].  

The optical method is one of the methods used for PD detection. The optical spectrum of PD gives 

important information about type of PD since the optical spectrum of different types of discharges is 

not the same [18]. The physical processes of recombination and ionization during the PD mechanism 

varies as per the PD location and the applied voltage magnitude. The spectrum analysis can be used as 

a tool to explore frequency characteristics for different types of PD. The work is carried out on actual 

PD data obtained from the measurements on rotating machines. 

Spectral density estimation gives the spectral density of a random signal from a sequence of time 

samples. Depending on what is known about the signal, estimation techniques can involve parametric 

or non-parametric approaches, and may be based on time-domain or frequency-domain analysis. For 

example, a common parametric technique involves fitting the observations to an autoregressive 

model. A common non-parametric technique is the periodogram. 

The methodology of estimation of spectrum of PD and its application to delamination type of 

discharge is discussed in section 2. The results thus obtained are discussed in section 3.  

II. SPECTRUM ANALYSIS OF PD 

The PD of different magnitudes occurs at different time instances which increase / decrease with 

applied voltage. The PD measuring system consists of the PD detector, coupling capacitor, external 

calibrator, measuring impedance. PDs are detected using a PD detector in the rotating machines when 

they are subjected to high applied voltages. The PDs of different magnitudes occurring at different 

instances are obtained at different phase angles and at different applied voltages. The pattern thus 

obtained are called as Phase Resolved PD (PRPD) patterns. The PRPD patterns detected by any PD 

detector, the magnitude of Q Vs. Ø is plotted and number of PD pulses (N) is also indicated for a 

given number of cycles. Thus data obtained from PD detectors contain plot of N & Q for phase angle 

between 0o to 360o. After analyzing various practical data, it was found that product of N and Q gives 

better information on PD than using just Q [19]. The product is thus termed as effective charge and is 

given by 

Qeff = N × Q                           (1) 

where Q = Apparent Charge. Spectrum of this Qeff is obtained for individual type of discharge in case 

of generators for increasing applied voltage 

 Different types of PDs commonly observed in rotating machines are Slot, delamination, end winding, 

surface, void discharges etc. The spectral analysis in case of delamination is discussed in this section. 

Two types of delamination exist. The first one pertains to delamination of the ground-wall insulating 

tape itself, whereas the other one is related to delamination of the insulation close to the inner 

conductor strands [2]. Delamination is the deterioration of layers of insulation. Typical characteristic 

PRPD pattern for delamination is as shown in Figure 1a. Figure 1b shows the corresponding NQ plot. 

It is clearly seen from Figure 1 that the PD activity in positive & negative half cycle is symmetric. 

Other than symmetry in two half cycles, the characteristics of delamination discharge also include 

abrupt increase of PD activity at the starting of each half cycle. Figure 1b shows that the plot of 

effective charge (Qeff ) resembles the PRPD pattern (Figure 1a). It is observed that Qeff gives more 

appropriate information than just Q and can be used as an analytical parameter. Therefore, the 

spectrum of effective charge is the parameter used in this analysis.  

The spectrum has been obtained by applying Fourier transform of the auto-correlated signal of Qeff. 

Here, the Qeff values are for all phase angles of sinusoidal applied voltage (i.e. there are 360 values of 

Qeff). After performing auto-correlation the number of samples gets doubled resulting 720 samples. 
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Therefore, the sampling frequency is 36 kHz. The frequency values in analog domain can be obtained 

from the x-axis values of the spectrum plots. The value of frequency of xth sample is equal to 

[(fs.x)/720], where fs is the sampling frequency. Now, the x-axis of the spectrum plot of figure 2 

shows that the PD activity occurs till 100th sample approximately. Figure 2 shows spectrum of 

effective charge for delamination type of discharge. Thus the frequency of PD in this case is of 5 kHz. 

 
Figure 1a: PRPD Pattern 

 
Figure 1b: Envelope of Qeff versus phase angle 

Figure 1. Characteristics of Delamination type of PD 

 

Figure 2. Spectrum of Qeff for delamination type of PD 

A program is written in MATLAB (Mathworks Inc.) software to perform the estimation of spectrum 

from the PD data. The algorithm is as follows: 

1) Take the values of N and Q from the PD data as the input. Construct the plot of effective 

charge [Qeff  = (N × Q)] versus the phase angle as shown in figure 1(b).  

2) Perform the Auto-Correlation of this Qeff signal. 
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3) Take the Fourier Transform of this Auto-correlated Signal. This gives the Power Spectrum. 

Density (PSD) of the Qeff or the spectrum of Qeff as shown in figure 2. 

Now, to observe the PD activity from the spectrum plot more clearly, the following steps are 

followed. 

a) The area under the Qeff curve (say, for example as shown in figure 3a) is calculated for every 

phase window of 10o. This gives the representation of the same information in the normalized 

form. 

b) Perform steps 2 and 3 mentioned above and obtain spectrum plot (for example, figure 3b 

gives normalized spectrum plot using the data from figure 3a). 

c) Obtain the spectrum for voltages 3 kV to 6 kV. 

d) Observe and study the changes in spectrum of PD for increase in the applied voltage. 

The spectrum for delamination with increasing voltage is shown in figure 3 to 6.  

 
 

Figure 3a. Envelope of Qeff at 3 kv Figure 3b. Spectrum of Qeff at 3 kv 

 
 

Figure 4a. Envelope of Qeff at 4 kv Figure 4b. Spectrum of Qeff at 4 kv 

  
Figure 5a. Envelope of Qeff at 5 kv Figure 5b. Spectrum of Qeff at 5 kv 
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Figure 6a. Envelope of Qeff at 6 kv Figure 6b. Spectrum of Qeff at 6 kv 

Figure 3-6. Envelope and Spectrum of Effective Charge for delamination discharge for 3 to 6 kV 

 

III. RESULTS AND DISCUSSION 

The plot of effective charge resembles the PRPD pattern. Figure 3a to 6a shows the plot of effective 

charge in case of delamination discharge for increasing applied voltage i.e. from 3 to 6 kV 

respectively. This data is of 11 kV generator coil. The inception voltage observed in this case is of 

3kV, so the plots above inception are only considered in figure 3-6 below. It can be seen from figure 

3a to 6a that as the voltage increases, the magnitude of PD increases. Also, the plot of Qeff shows the 

characteristics of delamination when there is substantial PD activity i.e. at higher voltages; as shown 

in figure 5a and 6a. The characteristics of delamination include symmetry of PD activity in positive 

and negative half cycles of phase angle of applied voltage [2]. The spectrum details (the crests and 

troughs) for delamination from figure 2 are not clearly visible. So, the area under the curve of Figure 

1b is calculated with window size of 10° and then the spectrum is estimated for these area under the 

curve values. Therefore the spectrum plots of figure 3b to 6b are the normalized plots, as compared to 

figure 2, for voltage magnitudes 3 to 6 kV respectively. It can be observed from the magnitude (Y-

axis) of the plots of figure 3b to 6b that, the magnitude of spectrum is increasing with increase in 

applied voltage. The maximum magnitude of effective charges noted are 0.04 nC, 1.5 nC, 3 nC and 

100 nC for the applied voltage 3 kV, 4 kV, 5kV and 6kV respectively. The spectrum of PD activity 

for all voltages is concentrated up to 10th sample approximately i.e. the frequency of PD is 5KHz. It 

can be concluded that, even though the pattern of effective charge is changing with respect to applied 

voltage, the spectrum of effective charge does not change. The discharge mechanism is a highly 

random phenomena and it depends on the parameters like geometry of the voids, material properties 

etc. The parameters in this case; the internal voids between the lamination layers causing delamination 

does not change drastically with the applied voltage. This may be the reason that similar spectrum is 

obtained. Also, the ionization growth taking place at the discharge site may also not be getting altered 

since the physical conditions at the discharge site are not changing drastically.  

These conclusion sticks to one particular type of discharge i.e. delamination in this case. However, it 

can be said that for some other types of discharge say Slot discharge, surface discharge etc., frequency 

spectrum may not be same as that of delamination.  

 

IV. CONCLUSION 

Effective charge is estimated using apparent charge (Q) and number of pulses (N). The values of N 

& Q are extracted from the PD data obtained from the PD detector. The effective charge is used as the 

analytical parameter. The spectrum of this effective charge is estimated and studied for delamination 

type of discharge in this paper. It is concluded that the frequency spectrum does not change for same 

discharge source even though the applied voltage is increasing. Spectrum for various other types of 

PDs needs to be investigated. If the spectrum obtained from different PD sources are different then 

PD source identification may be possible from the same.  

 



International Journal of Engineering Sciences & Emerging Technologies, Feb. 2013. 

ISSN: 2231 – 6604        Volume 4, Issue 2, pp: 37-43 ©IJESET 

 
42 

 

REFERENCES 

[1] N. C. Sahoo, M. M. A. Salama & R. Bartnikas, (2005) “Trends in Partial Discharge Classification: A 

Survey”, IEEE Trans. on Dielectrics and Electrical Insulation, Vol.12, No.2, pp248-264. 

[2]  C. Hudon & M. Belec (2005) “PD Signal Interpretation for Generator Diagnostics”, IEEE Trans. on 

Dielectrics and Electrical Insulation, Vol.12, N.2, pp.297-319. 

[3]  A. Contin, G. C. Montanari & C. Ferraro, (2000) “PD Source Recognition by Weibull Processing of 

Pulse-Height Distributions”, IEEE Transactions on Dielectric and Electrical Insulation, Vol. 7, No. 1, 

pp.48-58. 

[4]  A. Contin, A. Cavallini, G. C. Montanari, C. Hudon, M. Belec & D.N. Nguyen, (2006) “Searching for 

Indexes Suitable for Rotating Machines Diagnosis”, IEEE International Symposium on Electrical 

Insulation, pp.101-105. 

[5]          Wenjie Li,  Jiankang Zhao and Shaoxin (2012), “Partial Discharge Time-Frequency Spectrum Analysis 

and Extraction for Power Cable”, Power and Energy Engineering Conference (APPEEC), 

China, pp1-3. 

[6]   Ali Abbas Ali, (1990) “Theory and Assessment of an Improved Power Spectral Density Estimator”, 

Cranfield Institute of Technology, Department of Electronic System Design. 

[7]  Shuzhen Xu, Steven D. Mitchell & Richard H. Middleton, “Partial Discharge Localization for a 

Transformer Based on Frequency Spectrum Analysis”. 

[8]          Joseph Vedral and Martin Krizz(2010), “Signal Processing In Partial Discharge Measurement”, Metrol. 

Meas. Syst., Vol. XVII, No. 1, pp55-64. 

[9]          Wang. P, Cavallini A. and Montanari G. C (2012), “The Influence of Square Voltage Rise Time on 

Partial Discharge Spectra”, Conference on Electrical Insulation and Dielectric Phenomena (CEIDP), 

Italy, pp129-132. 

[10]  Liu Yunpeng, LvFangcheng, Li Chengrong & Li Yanqing, (2005) “Pattern Recognition of Partial 

Discharge Based on its Pattern Spectrum”, Proceedings of 2005 International Symposium on Electrical 

Insulating Materials, Kitakyushu, Japan, pp763-766. 

[11]  Masatake Kawade, Ampol Tungkanawanich, Zen-Ichiro Kawasaki & Kenji Matsu-ura, 

(2000) “Detection of Wide-Band E-M Signals Emitted from Partial Discharge Occurring in GIS Using 

Wavelet Transform”, IEEE Transactions of Power Delivery, Vol.15, No.2, pp467-471. 

[12]   M. Hikita, H. Yamashita, T. Hoshino, T. Kato, N. Hayakawa, T. Ueda & H. Okubo, 

(1998) “Electromagnetic Noise Spectrum Caused by Partial Discharge in Air at High voltage 

Substations”, IEEE Transactions on Power Delivery, Vol.13, No.2, pp434-439. 

[13]  U. Gafvert, H. Edin & C. Forssen, (2005) “Modelling of Partial Discharge Spectra Measured with 

Variable Applied Frequency”, Proceedings of 7th International Conference on Properties and 

Applications of Dielectric Materials, Nagoya, pp839-842. 

[14]       W. G. Ariastina and T. R. Blackburn (2012), “Frequency characteristics of Partial Discharges in Aged 

Insulation”, Proceedings of Australasian Universities Power Engineering Conference (AUPEC). 

[15]      Hans Edin (2001), “Partial Discharges Studied with Variable Frequency of the Applied Voltage”, 

Thesis, Kungal Tekniska Hogskolan,  Sweden. 

[16]  N. H. Ahmed & N. N. Srinivas, (1997) “On-Line Partial Discharge Detection in Cables”, IEEE Annual 

Report – Conference on Electrical Insulation and Dielectric Phenomena, Minneapolis, pp214-217. 

[17]  Z. Liu, B. T. Phung, T. R. Blackburn & R. E. James, “The Propagation of Partial Discharge Pulses in a 

High Voltage Cable”. 

[18]  M. Muhr & R. Schwarz, (2009) “Experience with Optical Partial Discharge Detection”, Materials 

Science-Poland, Vol.27, No.4/2, pp1139-1146,. 

[19]  A. S. Deshpande, A. N. Cheeran & H. A. Mangalvedekar, (2010) “Comparison of Partial Discharge 

and Tan Delta with Energy Approach”, 8th India-Doble Power Forum on PD Monitoring of High 

Voltage Assets-Modern Trends, Ahmedabad, India. 

 

Authors  

Amol Shripad Deshpande received the B.E. degree in 2006 and the M. Tech degree in 2008 

from Dr. Babasaheb Ambedkar University, Maharashtra, India and now pursuing his 

PhD at Veermata Jijabai Technological Institute (VJTI), Mumbai, India. He is 

currently working in the area of Partial Discharge. 

 

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6304951
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6304951


International Journal of Engineering Sciences & Emerging Technologies, Feb. 2013. 

ISSN: 2231 – 6604        Volume 4, Issue 2, pp: 37-43 ©IJESET 

 
43 

 

 

Alice Noble Cheeran (M’04) was born in Kerala, India on January 28, 1962. She received her 

B.E. in Electrical Engineering from the Kerala University, India in 1984. She joined 

the Electrical Engineering department, VJTI, Mumbai, India as lecturer in 1987. She 

completed Masters in Electrical Engineering with specialization in control systems in 

1994 from Mumbai University, India. Subsequently she completed Masters in 

Electronics Engineering in 1996 from the same university. Further did Ph. D. in the 

topic of signal processing for hearing aids in 2005 from Indian Institute of Technology, 

Bombay, India. Currently she is an Associate Professor in the Electrical Engineering 

Department, VJTI, Mumbai, India. Her topics of interest include Signal and Image 

Processing Applications in various fields like biomedical, partial discharge etc. 

 

 

Harivittal A. Mangalvedekar  received the BE degree in 1979, the ME degree in 1984, and the 

Ph.D degree in 1995 in electrical engineering from Bombay University, India. He has 

been with Veermata Jijabai Technological Institute (VJTI) for the last 26 years and is 

currently a Professor in the Electrical Engineering Department. He has developed the 

high voltage laboratory at VJTI and presently conducting research in the areas of 

power systems and high voltage. 
 

 

 

 

 

 

 

 

 

 

 


