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A METHOD OF WAVELET ANALYSIS OF TIME SERIES OF PARAMETERS OF
DIELECTRIC ABSORPTION OF ELECTRICAL INSULATING STRUCTURES

Introduction. In the objects of control there are always a number of interfaces, for example, solid insulation — electrode. On
contacting surfaces, free surface charges are transferred. Surface conductivity leads to fluctuations in the measured values of the
capacitance and the tangent of the dielectric loss angle of solid insulation, the state of which is determined. The drain off of the
surface charge does not lead to a decrease in the scatter of the measured dielectric absorption parameters. One of the main
reasons for the significant time spread of the dielectric absorption parameters, and to a large extent (three orders of magnitude)
of the dielectric loss tangent are tribo charges caused by triboelectrification of cable structural elements. Tribo charges cause
internal noise in electrical insulating structures, masking processes in the polymer insulation itself. Purpose. Substantiation of a
method for analyzing the time series of dielectric absorption parameters, which provides increased accuracy of control and
diagnostics of solid polymer insulation of electrical insulation structures based on filtering experimental data using wavelet
transform. Methodology. The inefficiency of filtering the spectra of time series using a low filter based on the direct Fourier
transform is shown. Multilevel wavelet decomposition of the time series of parameters is presented, and the efficiency of applying
wavelet transforms to identify high-frequency and low-frequency components in the measured values. Practical value. The
method of analyzing the time series of dielectric absorption parameters using the wavelet transform, proposed for the first time,
makes it possible to increase the accuracy of monitoring and diagnostics of solid polymer insulation both at the manufacturing
stage and in the operation of electrical insulating structures. This method is the basis for creating a database of control results for
assessing the state of solid polymer insulation of electrical insulation structures, in particular, power and information cables.
References 17, figures 8.

Key words: dielectric absorption parameters, capacitance, dielectric loss tangent, spectrum of time series, low-pass filter,
decomposition levels, approximation and detail, wavelet transform.

Bcmanoeneno ennue nosepxmnegux i mpioozapaooe na pezyivmamu KOHMPONIO €MHOCHMI i manzeHca Kyma Oie1eKmpuiHux
empam eKpaHoeanux i HeeKPAHOoeanux Kaodenie 3 nonimepnoio izonayicero. Ilokazana neegpekmuenicmey inompauii cnexmpie
uacoeux padie 3a O00NOMO2010 Qinbmpa HU3LKUX UYACMOmM HA OCHOGI npamozo nepemeopenna @yp'e. Ha npuxnadi
HeeKpanoeano20 Kabenlo npeocmaesieno 0Oazamopienese eeiliem pO3KIAOAHHA YACOBUX pAdie napamempie i nokazama
ehekmugnicms 3acmocyeanns 6eiigiem nepemeopenHs 0 GUAGNEHHA GUCOKOUACMOMNUX | HU3LKOYACHOMHUX KOMNOHEHM Y
eumipanux 3navennax. OOIPYHMOGAHO ONMUMANbHUIL DPIGEHb PO3KAAOAHHA napamempie OieleKmpuynoi aodocopouii
HeeKpaHoeamnozo i eKpanoeanozo Kavenie 3a donomozoio eeiienema /oouwi 12 nopaoky. /Josedeno egpexkmuenicms memooy
geiigniem aumanizy uacoeux paodie napamempie OieneKmpuunoi adcopoyii ui000 nidsuwieHHs MOYHOCMI KOHmMPOJ0 ma
OdlazHocmuKu meepooi noimepuoi izonauii enekmpoizonayitinux koncmpyxkuii. bion. 17, puc. 8.

Kniouosi crosa: napameTpu Jie1eKTpUYHOi adcopouii, EMHICTb, TAHI€HC KYTa JieJIeKTPMYHUX BTPAT, CIEKTP YaCOBUX PAAiB,
(ibTP HU3BKHUX YACTOT, PiBHI PO3KJIaIaHHS, ANMPOKCUMAILifl TAa JeTali3alis, BelBJeT NepeTBOPEHHS.

Ycmanoeneno enuanue noeepxnocmmublx u mpuoo3apaooe Ha pe3yibmamvl KOHMPONA €MKOCMU U MAHZeHca y2ia
OuINNeKMpPUUeCcKUx nomepsb IKPAHUPOGAHHBLIX U HEIKPAHUPOGAHHLIX Kabeneil ¢ nonumepnoi uzonayuei. Ilokazana
HeIpexmusnocms Gunvmpayuu cnekmpos 6PEeMeHHbIX PAOOE C NOMOUbIO (PuUAbMPA HUSKUX HACHOM HA OCHOBE NPAMO20
npeoopasosanus @ypve. Ha npumepe neIKpanupogannozo rabdens npedcmagieHo MHO20YPOBHEE0e Gellélem pasnodiceHue
6PDEMEHHBIX PAO0E RAPAMEMmpPOE U NOKA3AHA IPGeKmueHocmy npumeHeHus 6eilgiem npeodpa30eéanus 014 6blAGIeHUA
GbICOKOUACMOMHBIX U HU3KOUACHOMHBIX KOMNOHEHmM 8 U3MEPEeHHbIX 3Hauenusax. O00CHO6aH ONMUMATILHBLIL YPOGEHD
Pasnodcenus napamempos OuINeKmpuieckoi. adcopoyuu HeIKPAHUPOEaHHO20 U IKPAHUPOCAHHO20 Kabeneil ¢ NOMOWbIO
eeiienema Jloouwmu 12 nopaoka. Ilokasana ppexmusnocmo memooa 6eiigniem aHANU3A GPEMEHHBIX PAOOE NAPAMENPOS
OulieKmpuueckoil abcopoyuu, obecneuusaruiezo nOGvlUieHUe MOYHOCMU KOHMPONA U OUAZHOCMUKU MEEPOOIl NOIUMEPHOU
U3ONIAUUU ITIEKMPOUONAYUOHHBIX KOHCmpyKyuil. bubn. 17, puc. 8.

Kniouesvie crosa: mapameTpsl AMIJIeKTpHYecKol adcopOINM, eMKOCTh, TAHTEHC YIriia AMIJIEKTPHYECKHX INOTepb, CIEKTP

BPEMEHHLIX pP#AI0B, q)ﬂJ'lLTp HU3KHUX YaCTOT, YPOBHM PaA3J0KCHHHA, aNINPOKCHUMaUUsi U JeTaJIu3alus, BeliBiIeT
npeodpa3oBanue.
Introduction. Monitoring and diagnostics of the dielectric loss angle of solid insulation, the state of

electrical insulating structures with high-quality solid
polymer insulation according to dielectric absorption
parameters requires equipment with increased sensitivity
and high selectivity of measurements [1-4]. In the objects
of control there are always a number of interfaces, for
example, insulation — electrode, insulation — insulation.
On contacting surfaces, free surface charges are
transferred. Surface conductivity leads to fluctuations in
the measured values of the capacitance and the tangent of

which is determined. Surface conductivity causes its own
internal noise, significantly affecting the control results
[4]. To reduce the effect of surface charges, all current-
carrying parts of the structure are grounded before
measurements. The time required for the surface charge to
drain off is commensurate with the self-discharge time
constant of the insulation [4].
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Problem definition. The drain of the surface charge
does not lead to a decrease in the scatter of the measured
dielectric absorption parameters (Fig. 1). Figure 1 shows
the results of measurements of the electric capacitance
(Fig. 1,a) and the dielectric loss tangent (Fig. 1,b) of a
shielded single-core power high-voltage cable: curves 1
correspond to measurements without draining surface
charges; curves 2 — with a charge drain. The
measurements were performed at frequency of 120 Hz,
for which the effect of free charge carriers on the
measurement results is most pronounced in comparison
with the data obtained at frequency of 1 kHz [4].
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Fig. 1. The effect of drain off of surface charges on
dielectric absorption parameters in the power cable

Obviously, one of the main reasons for the
significant time spread of the dielectric absorption
parameters, and to a large extent (three orders of
magnitude) of the dielectric loss tangent (see Fig. 1,b),
are tribo charges caused by triboelectrification of cable
structural elements [5, 6] which is confirmed by the
results of measurements of the contact potential
difference (Fig. 2) [5-7]. The registration of the contact
potential difference is the base of the diagnostics of
surface properties of polymer solid insulation of
cables [4-7].

Due to the presence of tribo charges, a double
electric layer arises [8], and hence an additional electric
capacitance. The value of the additional capacity is
determined by the electrophysical properties of the solid
insulation, the state of its surface, the presence of
impurities, etc. [8]. Tribo charges cause internal noise in
electrical insulating structures, masking processes in the
polymer insulation itself (see Fig. 3).
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Fig. 2. Contact potential difference in the power cable
with cross-linked polyethylene insulation before drain off
(curve 1) and after drain off (curve 2) of surface charges
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Fig. 3. The effect of tribo charges on the results of the control of
polyethylene insulation by the electric capacity (a)
and the dielectric loss tangent (b) in the initial state (curve 1)
and after thermal radiation aging (curve 2) of the power cable
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On the other hand, during long-term measurements,
slow fluctuations of the results of measurements of the
dielectric absorption parameters, i.e. flicker noise (Fig. 4),
the more noticeable, the longer the observation interval
[4, 6] are manifested. The regularity of such noise is the
increase in amplitude inversely with the frequency
(harmonic number K) (see Fig. 4). There is also thermal
noise (Johnson noise) due to the thermal motion of charge
carriers in the conductors of electrical insulating
structures, resulting in a fluctuating potential difference at
its ends [4].

The goal of the paper is substantiation of a method
for analyzing the time series of dielectric absorption
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parameters, which provides increased accuracy of control
and diagnostics of solid polymer insulation of electrical
insulation structures based on filtering experimental data
using wavelet transform.

Filtering the time series of dielectric absorption
parameters using the Fourier transform. The presence
of noise in the results of measurements of dielectric
absorption parameters predetermines the mathematical
processing of data using the direct and inverse Fourier
transform [9-14].

The direct Fourier transform results in a spectral
function (Fig. 4, 5). The Fourier transform is aimed at
identifying the harmonic components of the time series,
while the time series is decomposed into components in
the form of sines and cosines. Then, a comparison is made
of the studied sample and its response to the harmonic
function by calculating the correlation. If, as a result of
the comparison, it was found that there is a correlation,
this means that the process contains components of the
selected frequency. Then the frequency of the harmonic
function changes, and the comparison procedure is
repeated.
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Fig. 4. Spectra of the electric capacitance (a) and the dielectric
loss tangent (b) of the power cable with polyethylene cross-
linked insulation before drain off (curve 1) and after
drain off (curve 2) of surface charges

Figure 5 shows the time series of the dielectric
absorption parameters of twisted pairs of unshielded

(Fig. 5,a) and shielded (Fig. 5,b) cables of category Se.
The spectra of the time series of the capacitance are
presented in Fig. 6,a,c — curves 1 for unshielded (Fig. 6,a)
and shielded (Fig. 6,c) cables, respectively. The spectra of
the time series of the dielectric loss tangent are shown in
Fig. 6,b,d — curves 1 for unshielded (Fig. 6,b) and
shielded (Fig. 6,d) cables, respectively. Filtering the
spectra of the time series of the dielectric absorption
parameters using a low-pass filter of the 8th (curves 2),
the 12th (curves 3) and 24th (curves 4) orders leads to a
decrease in noise in the measurement results, but does not
exclude the flicker component of noise and distorts the
results, especially in the high-frequency region (see
curves 1-4 in Fig. 6).
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Fig. 5. Time series of parameters of dielectric absorption
of twisted pairs of unshielded («) and shielded () cables
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Accurate restoration of the time series of dielectric
absorption parameters after the direct and inverse Fourier
transforms is practically impossible, in particular due to
the appearance of the Gibbs effect — spreading of the
spectrum [11-13]. The reason for the spreading of the
spectrum is the lack of time localization of the sine and
cosine functions used in the Fourier series.

To improve localization in time, for example, the
window Fourier transform method is used. As the window
functions, the Hanning, Blackman, Bartlett-Hann,
Gaussian functions (S-transform or Stockwell transform)
are widely used [11-13]. But it is not possible to achieve
at the same time high frequency and time resolution due
to the Heisenberg uncertainty principle.
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Fig. 6. On the efficiency of measured parameters filtration based
on the direct Fourier transform

Approximation and detailing of time series of
dielectric absorption parameters using wavelet
transform. Considering that at certain points in time, the
measured parameters (see Fig. 1, Fig. 3, 4) change
stepwise, which leads to poor approximation by
trigonometric functions, it becomes necessary to use other
transforms, for example, wavelet transform [14, 15].

Figure 7 shows the process of a multi-level wavelet
decomposition of time series of a capacitance (Fig. 7,a,b
for 4-level and 6-level decomposition, respectively) and
the dielectric loss tangent (Fig. 7,c,d for 4-level and 6-
level decomposition, respectively) of unshielded cable
based on twisted pairs (Fig. 5,a).

Such a decomposition process is a multiple
alternation of subband filtering and a decrease in the
number of samples. A halving of the number of samples
means a halving of the quantization frequency, that is, a
halving of the frequency scale (see Fig. 7). This is a
common requirement for filters used in wavelet
decomposition. On the left, approximations of time series
(low-frequency components) are shown. On the right are
the details (high-frequency). In MATLAB, a vector with
approximation coefficients is denoted by cA;, and a vector
with detail coefficient is denoted by c¢D; [13]. The first
part of the output vector is a set of half-sums of paired
samples of time series and is a coarsened version of the
original time series, which are “thinned out” twice in
frequency, i.e. this is an approximation of the original
time series. The second part is the half-differences of
paired samples and is a set of complementary (detailing)
information that is necessary to restore the original time
series, i.e. detailing.

When restoring time series, first in the sequence of
approximating and detailing coefficients zero elements
are added, and then for each consequence its own filter is
used to reconstruct the measured values.

Wavelet analysis of time series of dielectric
absorption parameters of electrical insulating
structures. The detection of local features or the
allocation of individual sections in the experimental data
is necessary at the stage of analysis. The wavelet
transform provides extended information about the
measurement results, which is achieved by filtering the
initial data from random interferences, noise, outliers,
non-linear distortions (see Fig. 7).

For a complete reconstruction of the time series of
dielectric  absorption parameters, only orthogonal
wavelets with a compact carrier can be applied, for
example, Daubechies family wavelets [16]. The
advantage of this type of wavelets over others is that their
use does not introduce additional redundancy in the initial
data, and time series can be completely restored using
quadrature mirror filters.

This type of wavelets is calculated using iterative
expressions, and the form depends on the degree of the
polynomial and the number of calculated coefficients
[14, 15].
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Fig. 7. Multilevel expansion using the Daubechies wavelet of
the 12th orders of the time series of dielectric absorption
parameters

At high wavelet orders, the filter granularity
increases, thereby filtering quality increases due to a
steeper amplitude-frequency characteristic, but the
computational volume at the transform also increases.

With a decrease in the order (window width) of the
wavelet, the transform selects more and more high-
frequency components, but the amplitude-frequency
characteristic is more gentle (compare Fig. 7,c and
Fig. 7,d).

Figure 8 shows the results of filtering the time series
of the dielectric absorption parameters of twisted pairs of
unshielded (Fig. 8,a,b) and shielded (Fig. 8,c,d) cables
using a 12-order Daubechies wavelet with different levels
of decomposition. Here, each level of decomposition is a
filter that covers a certain range, regardless of the type of
data being analyzed.

For an unshielded cable, the time series of the
capacitance are presented in Fig. 8; of the dielectric loss
tangent — in Fig. 8,b. The curves correspond to: 1 — initial
data; 2 — decomposition using the Daubechies wavelet of
the 12th order with decomposition level of 4; 3 —
decomposition level is 10; 4 — decomposition level is 14.

For a shielded cable, the time series of the
capacitance are shown in Fig. 8,c; of the dielectric loss
tangent — in Fig. 8,d. The curves correspond to: 1 — initial
data; 2 — decomposition using the Daubechies wavelet of
the 12th order with decomposition level of 4;
3 — decomposition level is 8.

The presence of the shield causes less noise when
measuring the dielectric absorption parameters of the
shielded cable and, of course, with a lower value of the
decomposition level, more efficient filtering is observed
compared to unshielded cable (compare curves 4 and 2 in
Fig. 8,a,b and Fig. 8,c,d, respectively).

The reconstructed time series of the dielectric
absorption parameters of an unshielded cable (see
Fig. 8,a,b) at a decomposition level of 14 are consistent
with the average capacitances of 4.909-10° F and the
dielectric loss tangent of 0.001433 [17].

Conclusions.

Based on long-term measurements, the effect of
surface and tribo charges on the results of monitoring the
capacitance and the tangent of the dielectric loss angle of
power and information cables with polyethylene
insulation is established. The scatter of the measured
values of the dielectric loss tangent due to the influence of
tribo charges can reach three (for newly manufactured) —
one (aged in operation ones) orders, which makes it
difficult to control the state of polymer insulation.

The inefficiency of filtering the spectra of time
series using a low-pass filter based on the direct Fourier
transform is shown. Significant distortion of the results in
the high-frequency region, especially when using high-
order filters, has been established.

Using an unshielded cable as an example, a
multilevel wavelet expansion of the time series of
parameters is presented. The efficiency of applying the
wavelet transform to identify high-frequency and low-
frequency components in the measured values is shown.
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Fig. 8. On the selection of the optimal level of decomposition of
the measured values of the dielectric absorption parameters of
unshielded (a,b) and shielded (c,d) cables using a 12-order
Daubechies wavelet

The optimal level of decomposition of the measured
values of the dielectric absorption parameters of twisted-
pair cable of unshielded and shielded cables using the 12-
order Daubechies wavelet is substantiated.

The first proposed method for analyzing the time
series of dielectric absorption parameters using wavelet
transform allows to increase the accuracy of monitoring
and diagnostics of solid polymer insulation, both at the
manufacturing stage and in the operation of electrical
insulating structures. This method is the basis for creating
a database of control results for assessing the state of solid
polymer insulation of electrical insulation structures, in
particular, power and information cables.
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