
 

  

                                                           
 

Abstract--Leakage current frequency components are 
frequently used as a tool for surface condition monitoring on 
polymeric insulation material and their pollution severity. Fast 
Fourier Transform (FFT) is one of the methods that are applied 
for the analysis, but it has some limitation in non-stationary signal.  
This   paper   presents  analysis  of  leakage  current  on polymeric  
insulation  material  for  high  voltage  application  in frequency 
domain and time-frequency  representation.  Tracking and erosion 
test (Inclined Plane Test (IPT)) complying with BS EN 60587-2007 
is conducted on polymeric insulation to select a set of different 
leakage current patterns from capacitive, resistive and discharge. 
Then, the leakage current patterns are analysed in frequency 
domain and time-frequency representation using Fast Fourier 
Transform and spectrogram technique, respectively. It is found 
that the surface condition of polymeric insulation material state 
can be classified accurately by using spectrogram compared to 
Fast Fourier Transform. 
 

Index Terms--Inclined-Plane Test, Leakage Current, Fast 
Fourier Transform, Time-Frequency Representation, spectrogram 

I.  INTRODUCTION 
N high voltage engineering or its applications, insulation is 
the most important part to prevent the flow of current to 

undesired paths.  The dielectric strength and electrical field are 
a key properties of insulating material and they  become the 
major factors that determine the failure of the insulation[1]. It is 
being widely accepted by many power utilities worldwide, 
including Malaysia. It is being widely accepted by many power 
utilities worldwide, including Malaysia. There are many 
advantages of polymeric composite material over conventional 
ceramic material with a detailed  comparison between ceramic 
and polymer electrical insulation includes as explained in [2]. A 
good insulation system give better design, performance and life 
span of the electrical apparatus. Even though, it has been used 
widely, there are still many issues such as  ageing performance, 
expected lifetime and their long-term reliability are not known 
and therefore are a concern to users. To overcome these, a large 
number of studies and research activities for improvement on 
their performance have been made. These include the 
development of new materials, the understanding of 
deterioration of chemical, electrical and mechanical over the 
stress, design and manufacturing process of material, and also 
development of practical testing, monitoring, reliability 
methods of measuring and service performance. 

 

This paper describes the reliability method to measure loss of 
hydrophobicity on polymeric insulation, which leads to tracking 
and erosion as well as to flashover under contaminated 
condition. One of the key indicators widely accepted to 
measuring the surface condition of polymeric insulation either 
in service or accelerated aging laboratory test is by investigating 
its leakage curent (LC) signal. For LC performance factor that 
should be controlled is flashover mechanism because of dry 
band formation on the surface. Basically, LC signal that leads to 
surface flashover can be divided into three events state [2] 
which are the early aging period (EAP),  transition period (TP), 
and late aging period (LAP).  

 
They consists of capacitive current, resistive current, non-

linear current and non-linear with discharge current [3]. When 
the sample is completely dry or in hydrophobic state, it is 
classified as EAP and only low capacitive LC flowed. In the 
second state, TP, the polymer insulation surface became 
hydrophilic and LC will change significantly from capacitive to 
resistively. Finally, during the LAP, LC is completely resistive 
and surface discharge took place. 

 
Measurement of the LC such as amplitude, pulse, 

accumulated charge and discharge duration has been used to 
provide information on degradation [2]. But onwards literatures 
show, LC harmonic component analysis give better information 
[2, 4-6]. G.P Bruce and S.M Rowland [7], Suwarno et al [8], 
A.H El Hag et al [9-11] and Hussein Ahmad [12] examined low 
harmonic components of LC as a diagnostic tool to study aging 
and surface condition. A correlation was found that frequency 
component correspond to surface discharge event as well as 
high pollution severity. 
 

In most of previous works, LC is normally analyzed in 
frequency domains, and the fast Fourier transform (FFT) is used 
for transformation technique. However, LC signals are usually 
in non-stationary pattern especially during dry-band condition 
and surface discharge. Thus, this technique is only suitable for 
stationary signals and does not provide temporal information 
[13]. Any abrupt signals localized in time require more than 
FFT. Another reason was reported by C.Muniraj and 
S.Chandrasekar [14] who found that the analysis of LC in 
polluted polymer insulator shows that FFT is fast in 
computation but possess limitations in resolution. In time or 
frequency domain plot, it just gives half of the information 
about the signal.  A frequency domain plot will tell "what" the 
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signal looks like, but does not notify “when” it occurred. 
Meanwhile, a time domain plot will present "when" something 
happened, but it does not notify "what" happened. To overcome 
these limitations, time frequency representation (TFR) with 
spectrogram technique is used. There are other time frequency 
representations (TFR) that can be used such as Gabor, S-
transform and Wavelet techniques. These types of analysis have 
been successfully employed in signal processing application 
such as seismic data analysis, audio processing, sonar 
application and etc.   

The aim of this study is to examine the reliable method of 
surface monitoring using LC signal in time-frequency domain. 
Spectrogram is performed to detect the surface event of 
polymeric material. Incline Plane Test (IPT) that complying 
with BS EN 60578-2007 was conducted on Polypropylene 
polymeric composite to simulate a set of different LC patterns 
from capacitive, resistive or hydrophilic state and local arcing 
event. Then the comparison between FFT and spectrogram is 
made to distinguish the best method for the determination of 
surface condition state of events. 

II.  EXPERIMENTAL WORK 
IPT is normally used to evaluate the tracking and erosion 

resistance of insulating materials. It is a valuable tool for the 
comparison and evaluation of new and different materials under 
controlled electrical stress, to compare the suitability of 
materials for the dielectric surface of an insulator. It also has 
simplicity in test procedure and low equipment cost. IPT 
complies with BS EN 60587 [15], and Polypropylene is used as 
the material under test. The selection of Polypropylene as 
electrical insulation, their advantages and properties are 
mentioned in [16]. Fig. 1 shows the schematic circuit diagram 
for Inclined Plane Test. LABVIEW program is developed for 
LC data monitoring and storage for analysis purpose. In this 
study, Method 2 ‘variable-voltage method’ or stepwise tracking 
voltage is applied to simulate the initial and continuous tracking 
voltage as well as surface condition events for sample 
specimen. The voltage is increased from 0-3.5kV while 
maintaining the conductivity level of 2.5mS/cm and flow rate at 
0.3ml/min. 
 

The LC flow on polymer insulation surface can be divided 
into several parts which are the early aging period (EAP), 
transition period (TP) and late aging period (LAP) [17]. It 
consists of capacitive current, resistive current, non-linear 
current and non-linear with discharge current [3], which is the 
basic concept of this present study. When the sample is 
completely dry or in hydrophobic state it is classified as EAP 
and only low capacitive LC flowed. In the second state, TP, the 
polymer insulation surface became hydrophilic and LC will 
change significantly from capacitive to resistively. Finally, 
during the LAP, LC is completely resistive and surface 
discharge took place. 
 

 
Fig. 1 Schematic diagram of Incline Plane Test 

 

III.  ANALYSIS TECHNIQUES 
Fourier transform is mathematical techniques which convert 

signal from time to frequency domain. Discrete Fourier 
transform (DFT) is a digital filtering algorithm that calculates 
the magnitude and phase at discrete frequencies of a discrete 
time sequence while fast FFT are computationally capable 
algorithms for computing the DFT. FFT is useful to get the 
magnitude and/or phase of a number individual or band of 
frequencies [19]. The current peaks of leakage current 
waveform are efficient tool to collect information about surface 
condition on polluted insulators and performing an FFT analysis 
to  extract its frequency characteristics [20]. The FT is defined 
as: 

∫
∞

∞−
−== dtftjetxtxFfX π2)()}({)(     (1) 

where x(t) is the time domain signal, X(f) is the FFT, and ft is 
the frequency to analyze. 
 

Spectrogram is motivated by the limitation of FFT to cater 
non-stationary signals whose spectral characteristics change in 
time. It represents a three-dimensional of the signal energy with 
respect to time and frequency. This technique is the result of 
calculating the frequency spectrum of windowed frames of the 
compound signal [21]. Normally, the STFT is computed at a 
finite set of discrete values of ω. In addition, due to the finite 
length of the windowed sequence, the STFT is precisely 
represented by its frequency sample as long as the number of 
frequency sample is larger than the window length. 
Spectrogram provides a distribution of the energy signal in a 
time-frequency plane [22] and it can be defined as  

    
2

2)()(),(xS ∫
∞

−∞
−−= dtfjetwxft τπττ        (2)  

where x(τ) is the input signal and w(t) is the window 
observation window. In this study, Hanning window is selected 
because of its lower peak side lope [23] which is narrow effect 
on other frequencies around fundamental value (50 Hz in this 
study) and other frequency components. 
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IV.  RESULT AND DISCUSSION 
The LC signal starts with capacitive and become resistive 

with increasing LC amplitude [23]. Later, discharge activities 
take place and there are more harmonics that can be seen as 
shown in Fig. 4. 

A.  Capacitive 
The hydrophobic state or capacitive type is a sinusoidal shape 

with highly distorted waveform and their amplitude value in the 
range of µA. At this condition, the power amplitude of LC 
below than threshold value 1x10-10 is considered as a noise. Fig. 
2(a) and 2(b) show the LC in time and frequency domain 
respectively. In Fig. 2(b), since the sampling frequency is 5 kHz 
the plot contained the frequency component up to 2.5 kHz, and 
depicts the non-fundamental frequency visible at around 400 
Hz. Fig. 2(c) shows the time-frequency representation of 
capacitive LC signal using spectrogram. The highest amplitude 
is represented in red color while the lowest is represent in blue 
color. 

 
 
 
 
 
 
 
 

 
 

Fig. 2(a) Capacitive Leakage Current Condition 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2(b) FFT of capacitive LC signal 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2(c) Time-frequency representation of capacitive LC signal using 
Spectrogram 

B.  Resistive 
Resistive LC type can be defined as hydrophilic state of 

insulating surface which occurs at voltage stress from 0.9 kV to 

2.8 kV as shown in Fig. 3(a). The amplitude of this signal is 
varied depending on the applied voltage stress and it’s up to 
30mA. Fig. 3(b) and 3(c) show the LC in frequency and time-
frequency representation, respectively. In both figures, it clearly 
shows that only fundamental frequency 50 Hz exists in pure 
sinusoidal signal.  

 
 
 
 
 
 
 
 
 
 
 

Fig. 3(a) Resistive Leakage Current Condition 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Fig. 3(b) FFT of resistive LC signal 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3(c) Time-frequency representation of resistive LC signal using 
Spectrogram 

C.  Discharge Activities 
Corresponding to a distorted non-linear symmetrical as 

shown in Fig. 4(a), arcing with lower sound is produced 
because of dry band region resulting from evaporation of 
conducting film. It can be observed at constant voltage of 3.5kV 
and sustain for longer than 8 cycles. The effect of distorted non-
linear symmetrical is associated with fundamental and non-
fundamental frequency component. Fig. 4(b) and 4(c) shows the 
frequency spectrum and time-frequency representation of the 
signal, respectively. 
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Fig. 4(a) Discharge Leakage Current condition 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.4(b) FFT of discharge LC signal 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig.4(c) Time-frequency representation of discharge LC signal using 
Spectrogram 

 
The different in frequency component behavior is observed 

significantly with the LC signal shape. The non-fundamental 
frequency component is appearing associated with the distorted 
signal for capacitive and non-linear symmetrical LC signal. 
While, in pure sinusoidal LC signal only fundamental frequency 
signal is existed. The correlation between the surface condition 
events could be made, where highly distorted signal will have 
higher non-fundamental frequency component. Instead of using 
frequency domain analysis, time-frequency representation with 
spectrogram gives better information on the material surface 
condition. The state of events from EAP to LAP can be 
classified by observing the result of spectrogram analysis. Other 
observations are the length, type of window and frequency 
sampling that is used has affected the frequency resolution as 
well as time resolution of spectrogram results. After a careful 
study and observation, corresponding resolution selected is 10 
Hz with window length 512 and sampling frequency is 5 k Hz.   

V.  CONCLUSION 
Spectrogram distribution is performed to detect the surface 

event of polymeric material. Incline Plane Test (IPT) that 
complying with BS EN 60578-2007 is conducted on 
Polypropylene polymeric composite to simulate a set of 
different LC patterns from capacitive, resistive or hydrophilic 
state and local arcing event. The conclusion that can be made is 
the LC amplitude is directly proportional with voltage stresses, 
while the frequency component level of the signal can be used 
as indicator of surface condition event. Also, with higher 
content will indicate the severity of the LC signal distortion. 
Spectrogram analysis gives better information on frequency 
component compared to FFT analysis. The correlation of 
surface event could be determined by frequency component of 
LC, where the higher content of frequency component represent 
as LAP and sinusoidal shape represent hydrophilic state of 
event or TP. 
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