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Abstract

Purpose — Detection of deformation of devices in high voltage electricity transmission line systems is an
important issue in terms of economy and reuse. This study is aimed to detect devices that are deformed or
thought to have suffered due to environmental and electrical reasons.

Design/methodology/approach — In this experimental study, it was ensured that the sound and deformed
insulators used in energy transmission lines were determined by the analysis of the sounds obtained by using
the impact method. Equal intensity impact was applied to the isolator using the pendulum and the resulting
sound noise signal analyses were made using power spectral density (PSD), magnitude scalogram (MS),
multitape power spectrum density (MPSD) and continuous wavelet transform (CWT) methods in the study. In
the analysis results, the isolators that are not visible to the eye and have certain damage were successfully
separated from the intact insulators. Especially, MPSD and CWT analysis results are quite satisfactory.
Findings — Damage analysis of insulators used in electricity transmission lines has been made. A total of 40
insulators were examined in two categories in their group, both damaged and not damaged. Data collection
system was established. The data obtained from the data collection system were analysed and compared using
four analysis methods. PSD, MS, MPSD and CWT analyses were made in the study. All the analyses carried out
generally contain features that distinguish damaged and undamaged insulators from each other, the most
successful results are MS and CWT results. CWT results are very successful in terms of time and amplitude,
and it has been proposed as a method that can be used to separate damaged and undamaged insulators.
Originality/value — It can be suggested as a result of experimental tests that the results of CWT analysis can
be used in the pulse noise method in isolators to be tested for reuse in electrical power transmission lines.
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1. Introduction

Electric power transmission lines and their components are of great importance for delivering
electrical energy to end-users (Baretich, 2020). Regular inspections should be carried out and
damaged parts should be replaced to fulfil the high efficiency, reliability and safety requirements
of the power transmission lines. These damaged materials may need to be tested regularly from
the production stage to the end-use stage (Angrisani et al,, 1998; Toussaint et al, 2009). Electric
power lines are constantly threatened by environmental influences, impacts such as vandalism
and theft by humans. Due to all these threats, it is necessary to constantly monitor the electricity
transmission lines (Dzansi et al, 2014; Bompard et al, 2013; Weedy et al, 2012).

The most common damages on the components of electric power transmission lines;
Mechanical damages of poles, insulation failures in conductors, insulator damages. These
insulator damages are corrosion, cracking, breakage and fatigue. Insulator deformations
caused by corona discharge can reach levels that will impair the energy transmission quality
(Afif et al., 2018; Akbari et al., 2013; Farzaneh et al., 2013; Salman and Li, 2018).

Most of the malfunctions in electrical power transmission lines can be detected by
technicians by remote observation. However, most of the deformations that occur in the
insulators can be detected by observing very closely or using vibration and acoustic methods.
Since the equipment used in electrical power systems is very expensive and requires labour,
the elements used in transmission systems are reused if it is understood that they do not have
deformation after testing (McLaughlin et al,, 2012; Werneck et al., 2014). In the design of a new
electrical power transmission line, all components on the old power transmission line are
controlled and put into use again.

Fires that occur as a result of damaging the transmission lines of the trees close to the electric
power transmission lines cause the energy to be cut by damaging both the pole and all the
elements in the transmission line. As a result of such fires, many elements in the electrical power
system become unusable. Most of the malfunctions in the electrical power line are detected by
technicians by visual inspection or by technological devices such as unmanned aerial vehicles
(drones). Many applications have been developed in this field, and there are studies in the
literature for this purpose. Most of these studies are included in the literature as image processing
studies (Antwi-Bekoe et al, 2020; Guo et al., 2018; Zengin et al., 2020; Zormpas et al., 2018).

In electrical power transmission and distribution facilities, insulators are one of the most
important materials for the safe transmission of electrical energy (Liu et al,, 2021; Yang et al.,
2020). Insulators are elements that protect the safety of the electrical transmission line and its
contact with the pole. Deformations on insulators may cause leakage currents or arcs on the
transmission line (Li e al., 2009). Analysis of data collected as a result of such inspections and
observations on transmission lines in electrical power systems is important to distinguish
between robust and intact components. Personal observations are not enough in these
determinations and do not give correct results. For this reason, it is of great importance to
developing experimental procedures that determine whether the devices used in
transmission lines are intact or not. Researches show that there is not enough research to
analyse these data to date. There are very few studies in the literature, especially on insulator
malfunctions. In this study, the detection of solid and defective insulators has been achieved
by using the acoustic impulse method for different types of insulators (Jiang et al, 2019,
Marciniak, 2010; Platt ef al, 2005; Zhang et al., 2017; Zhao et al., 2018).

2. Mathematical background

In this experimental study, the most effective result was investigated by comparing the
mathematical methods used. Fourier-based analysis techniques are the most effective
methods for examining sound signals. However, some of these techniques give clearer results
in terms of analysis. Here, power spectrum, multitape pspectrum density, magnitude
scalogram and continuous wavelet transform (CWT) methods are used.



2.1 Power spectrum density
Power spectral density (PSD) means that the magnitude of the analysed signal is proportional
to the mean square value of the signal, it is not a physical quantity. Similarly, the frequency
function represents the spectrum distribution. The term density means that it is normalized
to a single frequency bandwidth. PSD is the most common method used in random vibration
analysis. Thus, resonances and harmonics that are hidden in the time domain are determined
by a PSD analysis (Esen et al., 2015; Seker et al., 2012; Yan and Ren, 2012; psd, 2021).

In a data set, the transformation in mAf frequency for N samples is given in Equation 1. Where
Afis the frequency resolution, the data sampling interval. Auto-PSD is given in Equation 2.

N-1 .
X(maf) = 3 x(kAexp [_] 2]\’73”“} M)
k=0
Sualf) = IX(mafP, f=maf. )

2.2 Multitape power spectrum density (MPSD)

The Fourier method is traditionally used to extract information from a signal. Sometimes
there are situations where this method cannot respond. MPSD is used to estimate the power at
the component frequency in the data taper.

Analyse with K Conic periodograms over samples that are evenly spaced relative to the N
mean. MPSD is a PSDand an estimation technique used to reduce the variance of PSD. Here,
the estimation of Spectrum sx(f) from NN data is given in equation (1). Equation (2) is a
windowed periodogram obtained by using the data window (Akinci et al, 2013; Babadi and
Brown, 2014; Di Matteo et al., 2020; Rooney and Buck, 2015; Upadhya ef al., 2018).
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2.3 Continuous wavelet transform (CWT) and Morlet wavelet

The CWT of the signals is quite suitable for signals that change in frequency according to
time, that is, non-stationary signals. Here, the conversion to be analysed can be selected as
desired. This transformation is a generalized form of the Fourier transform. Physically, in this
transformation, the variable, the modulated range is during the whole signal. The phase
spectrum is investigated for both positions that are shifted. This process is repeated in short
and long intervals. Continuous wavelet transform is given in equation 3 (Akgtn et al., 2013;
Holschneider et al., 1990; Melhem and Kim, 2003; Zhen et al, 2019). Here, f (¢) is a signal, and
w(t)is the analysing function (wavelet). Is the conjugate of the wavelet function, and @, b is the
sequence expansion and translation parameter. Wy (a, b) is defined as:

1 [° t—>b
- * 77 i
Witab) = [ s (S0 ©
Considering y(¢) as the bandpass impulse response, it changes the bandwidth of the
bandpass in scaling the wavelet (Holschneider ef al, 1990). Thus, unlike STFT, CWT
provides better resolution in the frequency domain.
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Plate 1.
Experimental
hardware setup for
insulators tests

vae=v |57 ©)
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Morlet wavelet form is also frequently used in time-frequency analysis. A complex wavelet
form is used to remove oscillations from the magnitude of the wavelet coefficients. The square
of the real and imaginary part in the equation translates the energy representation in the
magnitude scalogram into intuitive form (Equation 6). The Morlet wavelet is also referred to
as the gauss form of a complex sinusoidal signal.

3. Measurement and data collection system

A pendulum is used to generate a constant pulse in the measuring system. Rotary Servo Base
Unit is used as a pendulum. The pulse pendulum is designed to create equal-sized bumps. The
hammer attached to the end of the impact pendulum ensures that the impact pendulum
strikes the insulator by producing an equal impact (Akinci ef al, 2011; Akinci et al., 2012;
Yumurtaci et al, 2020). Insulators are made of ceramic materials and the sound emanating
from the isolator was recorded after the applied equal impact. A computer is used to analyse
the sound that comes out afterwards. In this experimental study, an insulator with the same
type and model of the impact pendulum, one damaged and one not damaged, was applied.
The sound generated by applying equal impacts applied to this same type of damaged and
undamaged insulators was transferred to the data collection system and then from the data
collection system. The output audio data of the amplifier coupled to the data acquisition
system is transmitted to the computer at a 17 kHz sampling frequency via an Advantech
1716L Multifunction PCI card and data analysis is performed using Matlab© (Plate 1).

In this study, 20 undamaged and 20 damaged insulators of different types, 40 of them in
total, were used. In this study, analyses of only 4 insulators of two different types were made.
In Figure 1, the time-amplitude diagram of the damaged and undamaged insulator belonging
to the X4 type insulator is given.

The damaged and undamaged time-amplitude graph of the X13 type insulator is also
given in Figure 2. When the graph is examined, it is seen that the amplitude starts from an
average of 0.6 dB from the first moment of impact to the insulator and decreases over time. It
can be seen that the amplitude changes between Figures 1a and 1b after the first second. In
Figure 3, the comparison of the time-amplitude graph of the undamaged and damaged
insulators is given.
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4. Analysis of MPSD and CWT

MPSD analysis results are given in Figures 4 and 5. MPSD analysis results, these data do not
contain distinctive results. Amplitude values for both undamaged and damaged insulators do
not contain discriminatory consequences. However, although it has distinctive elements for
damaged and undamaged insulators with an amplitude of —120dB around 0.4 s/data, these
elements are not as successful as the CWT and magnitude scalogram. For Figures 4 and 5, the
normalized frequency value of 0.8 is the threshold value. However, it can be used to compare
the amplitude (dB) value.

The frequency-time domain map after continuous wavelet transform (CWT) is given in
Figures 6 and 7. Here the Morlet wavelet is shown as the main wavelet due to the expected
symmetry of the returning sound waves.

When Figures 6 and 7 are examined, it is seen that the scale and Coefs are quite determinant
for damaged and undamaged insulators. Here, the Coefs coefficient takes the value 0.8 in the
X 13 insulators, while this peak value takes the value 0.5 in the damaged insulator.

Magnitude scalogram analysis is given for both isolators in Figures 8 and 9. Magnitude
scalogram analysis contains very successful results for insulators.

In Figure 10, as a result of PSD analysis, damaged and undamaged insulators are compared.
In the analyses made, it was determined that the damaged and undamaged insulators around
—20 dB contain distinctive features around 5 Hz. The changes are shown in the figure and it has
been observed that Magnitude scalogram analysis has more successful results (see Figure 11).
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Figure 1.
Time-amplitude
graphs (a) undamaged
(b) damaged insulator
for X4 type

Figure 2.
Time-amplitude
graphs (a) undamaged,
(b) damaged insulator
for X13 type
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Figure 3.
Comparison of
undamaged and
damaged insulators

Figure 4.

MPSD analysis for X4
insulators (a) No
damage (b) Damaged
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In this analysis, the frequency-amplitude changes can be understood from the change of the
peaks on the curve. While for some insulators, these analysis results can only be made using
advanced analysis techniques, the change of peaks in these insulators determines.

5. Conclusion
An insolation device is of vital importance in high voltage energy transmission lines. In this
study, damage analysis of insulators used in electricity transmission lines has been made. A total
of 40 insulators were examined in two categories in their group, both damaged and not damaged.
In Figure 12 and 13, the frequency distributions in the region between the scale 256 and
1,024 show the characteristics of the damaged and undamaged insulators. As is known, scale
and frequency are inversely proportional. Again, the scale shows the fundamental frequency
of the insulator between 4 and 16.
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Figure 5.

MPSD analysis for
X 13 insulators (a)
Undamaged (b)
Damaged

Figure 6.
CWT analysis for x4
type insulators

Figure 7.
CWT analysis for X13
type insulators




WJSTSD
184

400

Figure 8.
Magnitude scalogram
analysis for X4 type
insulators

Then a data collection system was established. The data obtained from the data collection
system were analysed and compared using four analysis methods. PSD, MS, MPSD and CWT
analyses were made in the study. Although all the analyses carried out generally contain
features that distinguish damaged and undamaged insulators from each other, the most
successful results are MS and CWT results. CWT results are very successful in terms of time
and amplitude, and it has been proposed as a method that can be used to separate damaged
and undamaged insulators. This study also includes the fundamental frequency response
analysis results regarding the material structure of electrical insulators. These response
analyses are successful for comparing damaged and undamaged isolators. However, CWT

Figure 9.
Magnitude scalogram
analysis for X13 type
insulators

Figure 10.
PSD analysis for x4
type insulators
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Figure 11.
PSD analysis for X13
type insulators

Figure 12.

Cwt analysis for X4
type undamaged and
damaged insulators

Figure 13.

Cwt analysis for X13
type undamaged and
damaged insulators
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and MS results can be used for damage detection. The frequency changes here are closely
related to the structure of the insulator. In this sense, it can be suggested as a result of
experimental tests that CWT analysis results can be used in the impulse noise method in
insulators to be tested for reuse in electrical transmission lines.
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