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The subject matter of this paper refers to the applicatioth@facoustic emission method
(AE) for the measurement and analysis of the pulses (AE) rgéeet by surface partial dis-
charges (SPD) occurring on bushing and stand-off insidaibfithin the research work car-
ried out, the results of which are presented in this paperAt pulses generated by SPDs
were measured at meteorological and technical paramegergels for high-voltage exper-
iments carried out. The range of the research work inclutiedcomparison of the time-
frequency analysis results of the AE pulses generated bys$#B bushing insulator at the
distance changes between an insulation grip and a fermdieatethe internal electrode diame-
ter changes. In Summing-up the comparative analysis waigdaut for the results obtained
in the time-frequency domain for bushing and stand-off laisus.
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1. Introduction

At present the acoustic emission method (AE) constitutes a significaptesagnt
of the measuring methods used in diagnostics of insulation systems of gppl&ances.
It enables taking measurements in industrial conditions without shutting ttepower
system of the appliances being in operation. The information obtainedgthnasing
the AE method refers to the size, intensity, and to a limited extent, location télpar
discharge (PD) occurrence in insulation systems under study.

In operation practice there exists a big number of insulation systems wotesttin
such a way that solid dielectrics co-operate with liquid and gas dielectriesplEime
dividing the co-operating dielectrics is usually the place in which electricgtinesf the
whole system is the smallest. Surface electrical partial or disruptiveatiges, leading
to insulation breakdown, can occur along this surface. The formatidmevelopment
of surface partial discharges (SPDs) depends mainly on the typecadlition of the
solid dielectric surface, type of the voltage supplying a system and spiatidbdtion of
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electric field intensity. The resistance of a solid dielectric to PD formation onitace
is also significant. These properties are conditioned by the internal seuwgta solid
dielectric, and, first of all, by the presence of a dirt layer on its surfagdectrics such
as glass or porcelain, contrary to dielectrics of the organic origin, dgaudicipate
actively in PD formation and development.

A bushing insulator is a classic example of a diagonally layered systemgeolta
distribution in such an insulation system depends, first of all, on the sudagacity
and dielectric capacity placed between the electrodes. A stand-off insuiateever,
is the simplest example of a parallel layered insulation system, in whichiel&etd
intensity has the same value on both sides of border surfaces in eadiriiekst the
same electric field intensity the electric spark-over occurs in the dielectacl@iier
strength. Equivalent circuit diagrams of such systems, equatiogsiluiag physics of
the phenomena analyzed and diagrams showing the dependencekoigpaltage on
the distance between the electrodes have been widely discussed, girensgio works
[8, 9].

The aim of the research work carried out, the results of which aremezbsen this
paper, was registering and carrying out the time-frequency analyjilisstress on con-
tinuous and discrete wavelet transforms of the AE pulses generatedsgriPbushing
and stand-off insulators. For that purpose a model system in the fbenporcelain
insulator was used, a simplified diagram of which is shown in Fig. 1. Inipusvre-
search work, the results of which are presented in paper [4], the mciuef geometric
parameters of the system modeling a bushing insulator on the frequealggia results
of the AE pulses generated was determined. It was observed thasthes i@btained in
the frequency domain are not influenced by:

e distance changes between a metal grip (2) to which high voltage wasatedne
and a grounded ferrule (3) of the porcelain insulation pipe (4) in theer&mogn
2cmto 10 cm,

e changes of the metal insert thickness (1) for a bushing insulator in theetka
range () from 4.9 mm to 11.9 mm, at a constant electrode distamte (
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Fig. 1. Idea diagram of the system modeling bushing and stéfridsulators; 1 — metal insert, 2 — movable
grip, 3 — grounded ferrule, 4 — porcelain insulation, 5 —sfarmer oil.
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The research work carried out presently, presented in this pajens te the com-
parative analysis of the time-frequency analysis results obtained faygtem mod-
eling PDs in a stand-off insulator (without a metal inseft) and in a bushing insu-
lator.

The measurements of the AE pulses generated by PDs were taken atnthecta-
tive voltage value equal 1.8 U,, (breakdown voltage of the system) so that the results
obtained could be subjected to the comparative analysis. The modehsystastructed
were supplied from a test transformer, which enabled fluent adjustrhdre supplying
alternating voltage in the range from 0 to 220 kV. The AE pulses genergtieDb were
registered by using a measuring system by the Bruel & Kjeer firm, the ditikerac-
teristics of which has been presented in works [1, 5-7]. The AE pulsasuned were
subject to the time-frequency analysis consisting in determining a consrarali dis-
crete wavelet transform and a short-time Fourier transform, usingemettical depen-
dences characterized, among others, in works [2, 3, 5-7]. Mergihe results obtained

were supplemented with power density spectra, power diagrams angttiteariance
function.

2. The results of the time-frequency analysis of the AE pulses
generated by PDs in bushing and stand-off

Repeatable, characteristic shapes of spectrogram, scaling grapheaeelet de-
composition runs were obtained for the measurements taken of the AéSmarerated
by PDs in systems modeling bushing and stand-off insulators.

Analyzing the time-frequency analysis results obtained it was obseraéthhpo-
larization of the voltage supplying the systems under study does not ioéluke shape
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Fig. 2. CWT scaling graph of the AE pulses generated by PD$irshing insulator at the positive voltage
polarization. The distance between the grip and the fersul® cm and the insert diameter 11.9 mm.
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Fig. 3. CWT scaling graph of the AE pulses generated by PDstaral-off insulator at the positive voltage
polarization. The distance between the grip and the fersul® cm.
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Fig. 4. DWT, PSD and power diagrams scaling graph of the ABqaibenerated by PDs in a bushing
insulator at the positive voltage polarization. The distabetween the grip and the ferrule is 10 cm and the
insert diameter 11.9 mm.
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and character of the runs obtained. Minimum value of the mutual cornelateffi-

cient, determined comparatively for the positive and negative half-tinteeosupply-
ing voltage, spectrograms, scaling graphs and wavelet decompositisrwas bigger
than 0.95.

Hence Figs. 2—7 show only the runs of scaling graphs (Figs. 2, 3gletadecom-
position runs supplemented with power density spectra and power disFags. 4, 5)
and two- and three-dimensional spectrograms (Figs. 6, 7), whick determined for
the AE pulses generated by PDs at the positive voltage polarization foygtesmod-
eling a bushing insulator (Figs. 2, 4, 6) and a stand-off insulator (Fids. 3.
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Fig. 5. DWT, PSD DWT, PSD and power diagrams scaling grapthefAE pulses generated by PDs
in a stand-off insulator at the positive voltage polari@atiThe distance between the grip and the ferrule
is 10 cm.
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Fig. 6. Spectrogram, three-dimensional spectrogram ofliardp spectrum, three-dimensional spectro-
gram of power spectrum density scaling graph of the AE puiseerated by PDs in a stand-off insulator
at the positive voltage polarization. The distance betwberyrip and the ferrule is 10 cm.
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Fig. 7. Spectrogram, three-dimensional spectrogram ofliardp spectrum, three-dimensional spectro-
gram of power spectrum density scaling graph of the AE pulseerated by PDs in a stand-off insulator
at the positive voltage polarization. The distance betvibergrip and the ferrule is 10 cm.
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3. Comparative analysis of the results obtained

Based on the results of the time-frequency analyses carried out ofdtasumed AE

pulses generated by PDs the following conclusions can be drawn:

e based on the runs of CWT scaling graphs it can be observed that thdeoban
dominant frequencies for bushing insulators is in the range (0—80) &ht: for
the stand-off insulator it is wider and contained in the range (0-200) kHz,

e on spectrograms determined by using STFT, compared with wavelees gy
tained for scaling graphs, there can be observed additional rangisrohant
frequencies in the range from 300 to 450 kHz, which can be obseovéldd two
insulator types under study, and the electric participation of the structuees p
sented is more significant for the AE pulses generated by PDs on theddtand
insulator,

e based on the wavelet decomposition runs it can be observed that bditle #&E
pulses generated by PDs on the stand-off and bushing insulators tegsarar
structure for the particular decomposition levels was obtained. Details ®3-D
have the biggest power participation, which corresponds with the freguange
(46.8-187.5) kHz. The participation of the other details is at similar lewelhz
energy size is of more than 30% smaller than that of dominant details.

The results obtained confirm the necessity of taking into account PDsaged®n

stand-off and bushing insulators during diagnostic measurementsutdtios systems
of power transformers. This can be of a vital importance for the cbimgerpretation
of the measurement results obtained on-line of the AE generated byMRiDsover,

obtaining varied results for the insulator types under study can be Usefidcogniz-

ing PDs measured by the AE method for insulators of appliance operatipgwer

appliances.
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