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Resume

The dissertation subject touches upon study of the working modes of
neutrals of medium voltage networks and its effect on the overvoltage caused by
single-phase grounding and the principles of arranging relay protection. Correct
selection of the neutral grounding mode in course of designing medium voltage
network is the issue of significant importance. As a rule, reliable electricity supply
of consumers, electric equipment and term of operation of the cables, safety of
humans and animals and the principles of relay protection arrangement depends
on this.

This subject is actual, as it offers grounding of isolated neutral of medium
voltage network with active resistance in Georgia. Currently, medium voltage
network of Georgia operates with the mode of isolated neutral. It is known that
according to the old Rules of Electrical Facilities Maintenance introduced during
Soviet Union, single-phase fault in isolated neutral network in Georgia does not
represent breakdown, only grounding period (2 hours) and maximum permissible
current are limited. However, single-phase fault in the network gives rise to the
overvoltage, sequence of which is quite high and, often damages isolation of
expensive electric devises, becoming reason causing serious breakdown. It shall be
noted that when grounding single phase in ungrounded neutral (isolated) network,
it is difficult to establish location of breakdown and its timely elimination, for
which said networks are to operate in the said mode for longer time, thus not only
threatening humans and animals, but also — reducing useful operation term of
electric devices.

Studies performed in the dissertation thesis are of practical importance, as
they are comprised of the modelling of different modes of operation of neutrals of
medium voltage network. On the particular example of medium voltage network
of Georgia, it becomes possible to select optimal mode of grounding of neutral,
where relay protection arrangement principles are of special importance, to satisfy
all requirements set to it.

We may consider the fact that Thesis offers two options of implementing
relay protection in the closed medium voltage network of the neutral grounded
with active resistance to be scientific innovation of the subject matter. In case of
the first option, closed network first opens (divided in two parts) with 3Uo and 3lo
facts; then, as in radial network, it operates zero sequence current protection.
According to the second option of relay protection, damaged power transmission
line will cut down in cascade form — first with current protection and then with
the relay protection operating on the principle of Io-I2 equation.

First Chapter touches upon theoretical review of the operation modes of
medium voltage neutral, presenting four main modes of neutral grounding and
their advantages and disadvantages. It also reflects global practice and approaches
for selection of neutral grounding modes. Moreover, for studying the processes
caused by single-phase grounding in the isolated neutral network, modelling of
overvoltage caused by single-phase grounding in 35/10 kV voltage substation Gori
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35 is presented in the same Chapter, as well as the example of damaging voltage
transformer by the said overvoltage.

Second Chapter touches upon mathematic modeling of overvoltage caused
by the single-phase grounding in the network of isolated neutral of medium
voltage, where numerical integration of the received differential equation is
performed in accordance with Runge-Kutta method. Herewith, said Chapter
shows modelling of development of breakdown caused by single-phase grounding
in the network operating with isolated neutral of 35 kV voltage of the substation
Khashuri 35. It also gives description of the arrangement of relay protection and
difficulties with identification of the damaged power transmission line. Moreover,
modeling of single-phase grounding is performed with arcing reel and in case of
grounding with resistor.

Third Chapter touches upon single-phase short circuit relay protection
arrangement principles. It presents modeling of single-phase short circuits in the
radial-branched and closed networks, based on which different principles of
implementing relay protection for single-phase short circuits are offered. This
Chapter also describes the principles for arrangement of relay protection and
operation for single-phase short circuit in the 35 kV closed network in Gori
Region.

Fourth Chapter touches upon analysis of neutral operation modes in the
autonomous systems, particularly reviewing single-phase short circuit period in
active resistor, impact of outflow capacity on the amount of turns of the generators
existed in the network. It also presents modelling of single-phase short circuit
operation in autonomous modes of the networks of Ortachala HPP and Ozurgeti
Region and capacity changes caused by them.
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1. 396965&Hm™®0:
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