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Introduction

Power transmission at high voltages has acquired considerable prominence in recent times. As the voltage
level gets higher, the problem of finding suitable insulation becomes more complex and critical. EHV and
UHV transmission systems are vital and expensive links in an electric power network that must operate at
the highest reliabil ity. The design of these high voltage transmission lines must take into account three
basic conditions that can cause flashover and possible outages of long duration. They are:  (i) over-voltages
caused by lightning strokes (ii ) over-voltage caused by line switching operations and (iii ) abnormal voltage
gradient distribution across the insulation system caused by contamination on the solid insulation surfaces.
It has become necessary to design and develop a compact, cost effective and reliable insulation structure
considering all the above factors. In general, the insulator’s dielectric material is largely responsible for the
electrical performance of the insulator. There are three main classes of dielectrics that have been used for
outdoor high voltage insulator construction: Porcelain, glass and polymers.

Polymer materials are currently used as insulation structures in the power system network, because of their
better dielectric properties, lightweight and cost, when compared to the porcelain or glass insulator *[1].
The polymer insulators are known by other names, such as composite insulators (in Europe) and non-
ceramic insulators (in North America).  When selecting the insulators, there are choices that encompass
both material properties and design.  The major problem to outdoor polymeric insulators is pollution.

The insulation requirement of EHV and UHV transmission lines is being increasingly decided on the basis
of their pollution performance. Considerable research is on under way to understand the complex pollution
flashover phenomena of insulators under artificially polluted conditions as well as long term tests under
natural conditions. However, artificial pollution tests in the laboratory are preferred because of the good
reproducibilit y of the results within a limited time. Though several test methods were used, only salt-fog
and solid layer steam fog (Clean fog) tests are recommended by IEC as suitable for laboratory testing
purposes.

Basically several stages are involved before the flashover of an insulator is completed. The first stage is the
accumulation of the conductive contaminants on insulator surfaces. The *contaminants can generally be
classified into three broad categories: (1) Coastal regions, where the collection of contaminants is in the
form of salty moisture spray and salt storms. (2) Industrial centers, where insulation collects pollutants in
the form of fallout of industrial emission (3) Rural and agricultural region, where contamination is usually
in the form of fertilizers and soil dust. Once contaminant deposits on the surface of insulators, a conductive
film is formed in the presence of moisture. Leakage current flows through the film and due to ohmic
heating, causes evaporation at regions with high current densities thus initiating dry zone formation. In turn
this leads to high voltage stress across these dry zones causing scintill ation. Due to this scintill ation, a clear
zone emerges. If the contamination is severe enough, this scintill ation can bridge the insulation and cause
flashover.

The development of a reliable system for monitoring the salt contamination on insulators is strongly desired
in order to take precautions against possible accidents due to salt contamination. The most widely used
methods for pollution monitoring are the equivalent salt deposit density (ESDD), the surface conductance,
air pollution measurement, optical measurement, the non-soluble deposit density the leakage current *[] .
The leakage current measurement is the easiest method of all these techniques.



In polymer insulators the leakage current flow followed with ohmic heating causes local evaporation of
*moisture. Due to applied electric field the water droplets form a filamentary tubule structure reducing the
gap between the high voltage point and ground. This raises the potential difference causing arcing which
leads to degradation of surface material. If no discharge occurs, the material regains the hydrophobic
property. The above process is repeated until carbonization of the surface occurs leading to flashover of the
insulation structure. Hydrophobic surfaces present higher resistance to leakage current flow than
hydrophili c surfaces and require high leakage current and cause high energy dissipation.

Having known all this, in the present work, it is planned to understand the pollution performance of the
insulation structure (Flat plate specimen), by measuring leakage current in the clean fog test experiments,
carried out by IEC-507 and *IS. . Utilizing the signal processing techniques Viz. Fast Fourier transform and
the Wavelet techniques, the leakage current signals were processed, which provide finger print
identification of the surface condition of the insulators (with no discharge/Faint discharge/Arcing) and the
point of transition from surface discharge to flashover. The advantages of Wavelets over FFT analysis were
discussed in this paper. In addition, the basic aspects of wavelets, the methodology adopted for
characterization, selection of type of wavelets, the complete details were discussed.

Experimental Procedure

In the present work, the polyethylene insulation material was used for the tracking studies. The thickness of
the insulation material is 3mm. The samples were cut into required dimension of 153 x 50 x 3 mm3 from
long sheet. The high voltage electrodes and the ground electrode are fixed to the samples as shown in the
Fig. *1. The gap distance between high voltage electrode and ground electrode is maintained at 85mm. The
top electrode is connected to the high voltage point and the bottom electrode is connected to ground
through 180W resistor to measure the tracking current. The potential drop across the 180 W is measured
using the HP digital oscilloscope and the data transferred to computer for further analysis.

The test specimens (flat plate samples) are artificially polluted by spray coating them with the standard IEC
recommended polluting suspension comprising 100g of Kieselguhr, 1g of Sio2 and appropriate amount of
NaCl in 100 ml of distill ed water to obtain a solid layer contamination. The desired level of pollution can
be obtained by adopting either single or multi-layer deposition methods. In the present work multi l ayer
deposition was used. The test specimens are coated with several layers (3,6,9) of the polluting suspension
using 2g of NaCl in 100 ml of distill ed water with all other composition remaining the same.

When working with a spraying system to contaminate the specimens, there are necessarily a large number
of variables. The spraying conditions are held constant as far as possible for each operation to reduce these
variables to a minimum. The polluted layer obtained is fairly uniform when the distance between the
specimens and the spray gun as well as the compressed air pressure are held constant (2 kg/cm2 ). The
specimens are dried at room temperature.

The experimental set-up for the artificially polluted flat-plate model consists of a fog chamber *(75cmx75
cm x 95cm) covered with polyethylene sheets and a perspex front panel permitting easy opening and
closing of the chamber. The test specimen are placed at a suitable height to allow proper wetting by steam-
fog which is let in at a low pressure of 0.25 kg/cm2. Care is taken to see that the fog chamber temperature is
normal for each operation. Such an arrangement reduces condensation of steam and formation of water
deposits on the surface of the test object while allowing for proper wetting, thereby ensuring uniform
variation of leakage current.



Introduction to wavelets

The wavelet transform converts a signal from time domain to the time-scale domain. Wavelet analysis
involves the breaking up of a signal into shifted and scaled versions of a single prototype function called
the original or mother wavelet. The Fourier transform gives us only the frequency domain representation of
the signal. In comparison, the wavelet transform gives us both the time and frequency domain information
of the signal. Therefore it is suitable for analyzing the signal where time-frequency resolution is needed. In
the present work it is essential to understand the cause of decomposition of the insulation structure and the
instant of occurrence. Utili zing the inherent advantage of the wavelet analysis to the present work is
important.  A mathematical definition follows.

Let x (t) be a signal defined in L2(R) space, which denotes a vector space for finite energy signals is a real
continuous number system. Such signals satisfy

                                    ¥
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The wavelet transform of x (t) is then defined as

where  y  (t) is called a base function (or mother wavelet). The asterisk denotes a complex conjugate, and
t , s e R, s¹ 0 are the dilation and translation parameters respectively. The functions that are used as mother
wavelets have zero net area. Instead of continuous dilation and translation, the mother wavelet maybe
dilated and translated discretely by selecting s=am and t =nbam where a and b are fixed constants with a>1,
b>0, m, n e Z and Z is the set of positive integers. The discrete wavelet transform is given by

Let c0(n) be a discrete time signal recorded from a physical measuring device. The signal has to be
decomposed into a detailed and smoothened representation. From the MSD technique, the decomposed
signals at scale 1 are c1(n) and d1(n), where c1(n) is the low pass version of the original signal, and d1(n) is
the high pass representation of the original signal c0(n) in the form of wavelet transform coefficients. They
are defined as



Where h(n) and g(n) are the associated filter coefficients that decompose co(n) in to c1(n) and d1(n)
respectively. The next higher level decomposition is based on c1(n). The decomposition signal at scale 2 is
given by

             Fig. 2

Higher scale decompositions are performed in the same way as described above. The implementation of the
MSD technique is best described by Fig.2.Multi-resolution signal decomposition is used to achieve two
important properties. The first is the localization property in time for any transient phenomena. This will
appear by the presence of large coefficient at the time of disturbance. The second is the partitioning of the
signal energy at different frequency bands. This gives an idea of the frequency content of the distorted
signal.  The standard deviation can be considered as a measure of the energy for a signal with zero mean.
Therefore, the standard deviation at different resolution level of the decomposed signal, std_MRA is used
in the present work.

Choice of Wavelets

The Choice of wavelets plays a significant role in understanding the intricate details of the signals. It is well
known that for short and fast disturbances, Daub4 and Daub6 wavelets are better, while for slow transients
Daub8 and Daub 10 are particularly good.

The selection of appropriate mother wavelet without knowing type of transient disturbance is a formidable
task. Therefore instead of creating an algorithm to select appropriate wavelets, we utili ze one type of
mother wavelet in the whole course of detection. In the present work Daub-4 Wavelet is used. The shape of
the mother wavelet is shown in Fig. 3



Fig. 3 db4 fil ters a) Decomposition Low Pass Filter b) Decomposition High Pass Filter
c) Reconstruction Low Pass Filter d) Reconstruction High Pass Filter

Construction of std_MRA:

The obtained current signal is first decomposed using Daub 4 wavelet into a number of levels depending on
the frequency bands of interest .The standard deviation for the DWT coeff icients of each of these levels is
computed. The std_MRA curve is constructed by plotting these standard deviation values against the
respective levels. The std_MRA curve for a pure sine wave of 50 Hz frequency is shown in Fig. 4.

Fig. 4 a) sinusoidal signal of frequency 50 Hz b) std_MRA plot



Results and Discussion

Fig.5 shows the variation of typical leakage current waveforms measured at different pollution levels, at
different applied voltage magnitude. At the time of application of voltage to the salt deposit specimen, it is
observed that the leakage current flow is nearly sinusoidal. The reason is that initiall y the surface acts as a
perfect conducting zone without any arcing or drybands. Irrespective of the level of pollution, it was
noticed that increase in magnitude of the applied voltage shows an increase in leakage current magnitude.
On constant voltage application, the magnitude of current stabili zes and a reduction in the flow of current
magnitude was noticed. Also, increase in magnitude of applied voltage, showed an increase in current
magnitude and the waveshape became more peaky. Similar characteristics were observed when the
pollution level was increased. As the voltage magnitude was increased, high magnitude transient currents
were observed due to surface discharges and due to arcing. At the time of arcing, increase in the DC
components were observed in addition to high frequency components in the waveform.

It is essential to understand the level of leakage current magnitude and the frequency contents in the
leakage current to understand the surface condition of the insulators. It is well known that the FFT analysis
could provide sufficient information about the harmonic contents present in the signal. For non-stationary
waves the reconstruction of the original signal from the Fast Fourier transformed signal is highly
*questionable[ ]. In addition, the FFT plots cannot provide any time localization of these high frequency
components in the signal. The typical leakage current measured during the experimental run is shown in
Fig. 6a. The FFT plot of the leakage current waveform measured during discharges and the reconstructed
waveform by Inverse Fourier transform is shown in Fig.6b and 6c. The error plot due to reconstruction is
shown in Fig.  6d.

Fig. 5 Leakage current waveform at different pollution levels a) 3 coatings b) 6 coatings



Fig. 6 Typical Leakage current analysis using FFT
a) Actual Waveform  b) FFT

c) Reconstructed Signal d) Error in the Reconstructed Signal

It is well known that Daub 4 and 6 are very useful in identifying any transition in the signal due to high
frequencies. In the present work Daub4 Wavelet is used. Fig. 7 shows the leakage current waveform and
five levels of decomposition of the signal. The horizontal axis represents time and the vertical axis
represents magnitude. Fig.7a shows the leakage current waveform and Fig.7b – 7g show the five level
decomposition of the signal. The reconstructed signal waveform is shown in Fig. 7h. The standard
deviation multi resolution curve is shown in Fig. 7i. The pure sine wave std_MRA will be used as reference
in comparison with other cases. Similar results were obtained for the leakage current measured during the
experimental run especially at the time of local discharges and arcing. A characteristic variation in the
std_MRA curve showing increase in magnitude with increase in the pollution level is noticed. For the sake
of brevity the std_MRA curve of standard sine wave , surface discharge and at the time of arcing is shown
in Fig. 8. High and low frequency contents were noticed in the surface discharge signals. In addition, at the
time of arcing the std-MRA results indicate highest variation in the curve. These classification rules are so
simple for the person to identify the operating condition of the insulators. The std_MRA curves show
different patterns and helps one to identify the surface condition of the insulation structure.

Comparing the FFT analysis results and the MRSD results, it is clear that the FFT analysis can provide
information about the presence of high frequency content in the signal and a proper analysis can help one to
say the surface condition of the insulators. But the results of FFT cannot pinpoint the instant of occurrence
of high frequency contents, which the Wavelet technique because of its inherent property can identify. Also
the std-MRA curve can provide finger print identification of presence of high and low frequency content in
the signal. Thus the use of wavelet technique is advantageous compared to the conventional FFT analysis.



Fig. 7 a) Leakage current waveform (b)-(g) wavelet decomposition
h) Reconstructed signal i) std_MRA plot



Fig. 8 I) Signal waveform II) std_MRA plot for
a) Pure sine wave b) Surface discharge c) At the time of arcing

Conclusions

The important conclusions obtained based on the present work are the following.

·  It is observed, at the time of application of voltage, only pure sinusoidal current was noticed.
·  It is noticed, with increase in time of application of voltage, the odd harmonic content in the leakage

current increases and the power frequency components decreases.
·  For increase in the pollution level, increase in magnitude of higher harmonic contents was observed,

irrespective of magnitude of the applied voltage.
·  The FFT results indicate only the presence of high frequency contents in the leakage current.
·  The std_MRA curve provides finger print identification of deviation of leakage current from pure

sinusoid with the addition of harmonic current.
·  The magnitude of high and low frequency contents increases enormously when arcing takes place
·  The wavelet analysis indicates clearly the point of occurrence of high frequency contents. Admittedly,

in the present work, continuous data acquisition could not be carried out to explain the advantageous
and inherent characteristics of wavelets. Implementation of the data acquisition system for continuous
acquisition of results would be taken up as continuation of the present work, the results as and when
accrued, will be contributed in the future conferences.

·  The above results were obtained using a flat polymeric material. To study the leakage current in actual
insulators, the above experiment has to be performed and the results analyzed.


