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Abstract

The paper is dedicated to the diagnostics of the insulation system of high voltage
installations. In particular, diagnostics by resistance of the insulation system, both for
liquid insulation material - transformer oil, as well as for composite solid insulation
materials, electric motor insulation system and oil-filled high-voltage transformer, where
the insulation system is coated with transformer oil (electric oil) Represents.

The introduction shows the advantages of the method of diagnosing the insulation system
according to the impedance compared to the diagnostic method according to the
magnitude of the dielectric losses. It has also been shown that the degree of diagnostics of
an insulation system with dielectric losses is greatly increased if we use magnitude of
resistance of the insulation system.

After study of literature, there has been shown thatthere is not method by which a
transformer is prepared for operation, or is in operation, or is not suitable for operation,
by determining the oil's own impedance when oil temperature rises and then oil
cools,becausewater diluted or bond in the transformer oil evaporates from it, so oil
resistance at the same temperature will be greater when cooled than while heating.

For the purposes set out above, a review of the literature was conducted which failed
to reveal any substantial results in both old and new works that either refuted or
reinforced the above view. But it turned out that the study for this purpose is to some
extent a continuation of the research conducted by previous doctoral students (G.
Guraspashvili, K. Chikhladze, G. Vakhtangadze).

Determination of the resistance of the insulation system by the action of constant
voltage is not a damaging method of insulation (unlike the elevated voltage test) and does
not cause any defects that develop during operation.

The first chapter describes the tools and machines designed to measure the
transformer's impedance in the temperature range of 20°C to 120°C. It is substantiated to
limit the maximum measurement temperature to 120°C and to start the aging mechanism
of the transformer oil at this temperature, in which case it would be impossible to
determine the cause of the change in the specific impedance.

In terms of determining the resistance of the insulation system, materials used to build
the insulation system of high voltage transformers, generators and motors and the
structures created with these materials, the methods of measuring the resistance of these
structures, the rules and the tools used are discussed.

Influence of the transformer oil and electrical paper aging products and water
molecules formed during the aging process on the magnitude of the insulation system
resistance are shown.

The effect of free radicals resulting from aging on the resistance of the oil-barrier
system is discussed.

The third chapter discusses the dependence of the transformer on the new,
regenerated, normal operating condition and dependence of the oil ellectrical resistivity
corresponding to the limit permissible norm on the temperature, both as the temperature
increases and as the temperature decreases. The values of the resistances measured by
these two methods at the same temperature are compared. The ratio of these impedances
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is determined. It has been shown that the higher this ratio, the aging it is and transformer
oil containsmore impurities.

The fourth chapter points out the principle of operation, scheme and software
capability of the high-voltage machine insulation resistance measuring devices filled with
transformer oil. Advantages and disadvantages of traditional and zoning methods for
measuring insulation system characteristics are described.

Also, a diagram of replacement of the impedance of the insulation system of a two-
winding transformer is given, and through this diagram, formulas are derived, which
allows the traditional method of calculating the characteristics of a particular zone and
vice versa.

In order to increase the accuracy of the measurement, it was necessary to shorten the

windings after each measurement and to connect them electrically to the ground.
The experimental part of the fourthchapterdiscusses and compares the assessment of the
condition of the insulation system with the absorption coefficient and the polarization
index.The advantage of the polarization index over the absorption coefficient is also
shown. In order to increase informativeness of the obtained results, the need to increase
measurement time was identified.

The results show that the diagnostics of the insulation system of high voltage devices
gives better results in terms of the magnitude of the resistance than the diagnosticsof
dielectric losses, and in some cases, reveals defects which in the case of dielectric losses
will not be detected at all.

It is established that if we determine electrical resistivityof the transformer oil when
the oil is heated and cooled to the same temperature, then we can estimate the condition
of the oil by the ratio of the impedances.

The results obtained are recommended for practical use.
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