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ANNOTATION

LykhovydY.G. Overvoltages in asymmetric modes of main electrical netweorks.
Qualifying scientific work on the rights of manuscripts.

Dissertation for the degree of a candidate of technical sciemcapeaialty
05.14.02- electric stations, networks and systemmstitute of Electrodynamics dahe
National Academy of Sciences Okraine, Kyiv, 221

The thesis is devoted to solving scientific tasks for improving methods «
mathematical models, dewgling scientific approaches and measures to prevent an
leveling effects of the emergence of the phenomenon over a main power grids.

The work determines the importance of functioning of existing main electric:
networks and the prospects for building nene®. The main reasons for the failure of
superhigh voltage transmission lines are considered, the main of which is tt
phenomenon of overoltage- an abnormal increase in voltage beyond the maximun
permissible value. This can be explained by the pres#firwemall isolation reserve for
elements of main electrical networks due to their high cost. Overvoltage establist
regime arising from asymmetry of power grid, which in turn arises from th
asymmetrical short circuits or nepovnofazni modes (repair workage, break phase,
wrong phase switch operation when disconnected or turned on).

The paper noted that virtually all modes electric systems are asymmetric beca
modern electrical power system phase containing a nhumber of different elements
act & souces of asymmetric currents and voltages. They can exist for a short time &
for a long time. In most cases, asymmetric regimes are insignificant and do not leac
significant errors in calculations. However, there are cases where asymmetric regir
aresignificant, and they must be taken into account when calculating-t8horimodes
are caused by the emergence and subsequent eliminatgmoflocking by phase
disconnections and switching switches and other switching devices. Also occurdn ca
of severe damage (simultanealsort lockingand phase breakage), for example, in a

singlephase automatic yfengagement cycle.
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Were considered and special modes of operation of main electrical networ
which included the mode of melting ice and the madoperation under the security
voltage. It is determined that the last mode of operation is not described by &
literature and normativeechnical documents. This is a forced step of the present. The
resort to it to prevent the theft of structuralnentsof power lines, which at the current
time are not exploited.

It is noted that theoretical errors during calculations carried out with respect
transmission lines NPV are very expensive in the case of their practical implementat
and operation. Térefae, any research in this area should be conducted very, ve
carefully and carefully. Such analyzes can be carried out using: experiments on ac
equipment; use of analytical methods; mathematical and simulation modeling using
electronic computefcomputer). It should be borne in mind that due to the high level o
danger of an unexpected transition of the electrical network to an emergency conditi
experimental research is limited, and, accordingly, mainly analytical methods are us
Traditiond andytical methods based on some over simplification, because they can r
provide the desired accuracy of some modes of power lines, so the thesis rese
modes of transmission line used NVN simulation. Under this, the real electric pow
line (or anyotherobject) was replaced by a-salled simulator, which, based on the
parameters and dependencies of real objects, repeats (simulates) the processes occ
in the object being studied.

Many proposed methods of calculating electric modes allow fouraber of
simplifications. Such simplifications include the neglect of the phenomenon ¢
coronation of wires. Therefore, in order to study the modes of operation of me
electrical networks in the dissertation, an imitation model was developed, taking ir
account the impact of the corona discharge. This allowed to improve the accuracy of 1
results.

In order to verify the created model, a comparison of the results obtained
simulation with the results of the stap operations of the real line of the WRvas
made. Thus, the model of tl@HL 750 kV YouzhnoeUkrainska NPP - Isakcha was

created, and the results of its research are compared with the results of the launch
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system tests. As a result of the comparison of the obtained dependences, conclu:
were made on the suitability of the proposed model for practical use. Also, during tl
research, it was experimentally confirmed the correct location of two reactor groups
the OHL 750 kV YouzhnceUkrainska NPP - Isakcha by therouzhneUkrainska NPP
and me reactor group from Isakchi.

At present, about 30 groups of shunt reactors are used IP3@af Ukraine to
compensate for the charging power of the transmission lines of 750 kV NPV. Howev
according to [22], even with the general overcompensatiaheof50 kV network by
shunting reactors, the problem of the provision of technically permissible voltage levi
remains relevant. This phenomenon is contributed by the high level of accidents
installed shunting reactors. According to the analysis [2$, determined that in the
operating state of 750 kV networks, at most, no more that®li&actor groups can be
present at the same time. In this way, in the-reactor phase, voltage may be higher
than the voltage of other phases and there is an at@yge phenomenon of the
indicated phase. In addition to this, the continuous asymmetry of -duteaeactive
mode will influence its shoierm asymmetry when performing switching operations,
and, accordingly, the probability of long and skerm overwltages will increase. It
was assumed that in the event that at one end of the transmission line under vol
regime or other restrictions the reactor group was withdrawn from operation, and at
other end of the line a ndull reactor group of shuntqreators is in operation, an
increase in the voltage at the rommpensated phase occurs. In order to prevent suc
excessive voltage growth, it was proposed at the transmission end of the line (whe
group of shunting reactors was withdrawn from wddkpu into operation a single SF
in the phase whose charge power was uncompensated. As a result of a serie
experiments, the theoretical assumption and conclusions were drawn experiment
that the LNP NPV has at its ends one group of SFs, of whielgomp is withdrawn
from work (under voltage or other reason), while the other is in work In incomplete
reactive mode, in order to ensure a decrease in the voltage level acanmpensated

phase, it is necessary to introduce the same phase at themdo the line. Thus, for
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the first time, it was proposed to solve overvoltage problems at substations w
incomplete reactor group by using the SS of other substations.

In the dissertation work it was proposed to use a compensation reactor not o
during an uninterrupted pause singlephase automatic +enable but constantly at
work of a full reactor group of shunt reactors. With the help of the conducte
simulation, the safety of the constant voltage compensation of the compensation res
was poved.The continuously operating folneam circuit can improve the reliability of
thelPSof Ukraine.

This is achieved by the lack of the need for automatic control of the introductic
of compensation reactor into operation, which in turn could fail aadl b the
commissioning of the operation of thielay protection and automaticBue to the
elimination of the control automation of the introduction of the compensating reactc
the need for additional expensive switching equipment is reduced. Alsppsiige
effect of the constant use of the fdagam reactor circuit was determined by reducing
the total energy losses in the reactors.

One of the types of asymmetric operation of transmission lines NPV |
incomplete mode of operation.

It was determinedhatthe use of londime incomplete mode of operation of the
power transmission can significantly improve the reliability of electricity supply tc
consumers, since, even due to emergency or scheduled shutdown of one or two pha
the line, the consumevill receive electricity, albeit in limited quantities. It is noted that
in Ukraine at the present time, long incomplete modes are not applied. Therefc
through simulation, we tested the practical feasibility of applying such regimes. Giv
the fact thathe overwhelming majority of repair works (emergency or planned) on th
lines of this class falls on phased implementation, the practical feasibility of usir
incomplete phase modes of ultitagh voltage lines is an invaluable gain for reliable
operationof the IPS of Ukraine, especially in terms of planning of parallel operation
with the electricity grid ENTSGE
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It has been experimentally proved that at the working phase the voltage var
slightly, mainly within the tolerances for this class of voltdge 5o¥the nominal
voltage.

In the simulation of operating modes of transmission lines NPV inrphase
modes for the first time was determined the sequence of operation of line switch
when transferring the line in incomplete mode, it is necessary tbrslisconnect
switches from the side of the power supply, and then from the side of the consun
when returning to fulphase mode it is necessary to make a clear, guaranteedpstart
first from the receiver of electric energy, and then from the powgplg Performing
such a sequence of triggering switches will help to prevent the unacceptable increas
voltage in the phases being disconnected / switched on.

Thus, the reliability and practicality of the transmission lines of the NPV in nor
phase modwasscientifically verified by simulation.

It was noted that the study of the constructive constructiomaih electrical
networkis an important scientific and electrical task, because even due to the chang
the mode of lightning protection, the pilds level of overvoltage changes. Thus,
during numerical experimental studies, it was determined that under the conditions
construction of new transmission lines of NPV and reconstruction of the existir
feasible step is the transition from the isadateork of the HRT to grounded since this
measure has a significant positive effect on the reduction of the overvoltage level.

Considered relatively young, but rather promising from a scientific point of view
the direction of research and development aghéstc science and technologySmart
Grid in the section ofmain electrical networksmart grids). Thus, with the help of one
of the elements of the Smart GHctontrolled switching units, one can avoid or limit
overvoltages in the asymmetrical modestlof main electrical networkand with the
help of another element of the Smart Grid, a controlled bypass reactor, it is possible
to reduce the currershort lockingduring the pause of th@nglephase automatic e
enablein 1,5 times and to reduce thiene of a powerless pause; in the mode of line

switching to limit switching overvoltages; during a sharp decrease in load, the CW
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successfully reduces overvoltage and prevents the possibility of an emergel
shutdown of the line.
Key words: oveivoltage, asynmetric mode, crown, ultrhigh voltage line,

lightning cable, shunt reactor, compensating reactor, Smart Grid.
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