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The long time resonance overvoltages arising through resonance of current, due to coincidence of the range parameters
in open-phase modes. This type of overvoltages caused by the network properties and can be removed by changing the
ratio between its network parameters. Unlike switching overvoltages that last few hundredths of second, resonance
overvoltages not only arise unexpectedly, but there may exist a long time until the effect of increasing voltage protec-
tion, voltage regulators or intervention personnel do not perform schema changes or regime. Resonance overvoltages
not taken into account when selecting insulation or surge protection devices as these protective measures calculated to
limit switching overvoltages, not to extinguish a long process. Therefore, the probability of accidents and development
system failure in the resonance overvoltages is considerable. Thus the improvement of analytical methods and develop-
ing appropriate simulation and mathematical models to study the resonance overvoltages in their occurrence, develop-
ment and existence, the solution of which is devoted this work, there is an actual scientific and practical problem. The
paper also discussed the application of the developed methods and models to identify factors in electrical networks that
have the greatest impact on the appearance and values of overvoltages, also selecting means of preventing and limiting
this kind of overvoltages. References 7, figures 5, tables 2.
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General description of the problem. Main power overhead lines of rated voltage 330-750
kV are bulk lines in supergrid electrical system and provide power delivery from powerful nuclear
power unit and also provide necessary power exchange between power utility systems. In addition,
their development and efficient operation is an important prerequisite for future integration of the
United Energy System of Ukraine into the European grid. It is because damaged lines or equipment
that ensures their interconnection to power system is a heavy accident, it can cause disintegration of
the bulk supergrid system into separate parts, in which will be a deficit or oversupply of generating
capacity, and therefore it will cause shutdown of consumers in scarce regions and stop blocks in
power surplus regions. Of course, such an abnormal mode backbone of electric grid will be different
from optimal [2-4, 5-7]. Thus preventing the failure of extra high voltage power lines is an important
scientific and practical problem in terms of reliability of electricity supply and ensuring satisfactory
quality and efficiency of the main power electrical systems.

One of the main causes of equipment failure in the main electrical network is overvoltages.
Overvoltages are the values of voltage which according to the technical requirements exceed the
maximum value of normal operating voltage. The reason is that the relatively small insulation
reserve provides for the equipment of the electricity grid because of its high cost for a given voltage.
Generally, cost of power systems insulation is a significant factor in capital investment.

In spite of overvoltages which appear in normal operation condition of extra high voltage
lines, resonance overvoltages characterized by modes in which parameters deviation from the design
parameters are essential. In paper under such source of distortion accept short time open phase mode
of overhead line and group of shunt reactors. In such abnormal condition appears resonant circuit
with distributed capacity of overhead line and lumped inductance of shunt reactors group. Although
causes of occurrence these kinds of overvoltages are well-known, their appearance and
characteristics depend on many factors. The shunt reactors group, which are installed on extra high
transmission lines for compensation charge capacity are one the most fundamental factors. In other
words in abnormal conditions it possible various combinations of open phase modes of shunt
reactors group that is why in the design and exploitation extra high transmission lines is necessary
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scrupulous and inclusive checking necessary and sufficient conditions of abnormal overvoltages
appearance in extra high voltage networks.

The approach of solving problem. The voltage arising from the formation of an appropriate
range of line distributed capacitances with inductance group of shunt reactor at open-phase mode of
power lines are shown [1, 2]. For a more complete and accurate understanding of the causes of

resonance overvoltages at open-phase

A=———p Acg ® mode schematic diagram and equivalent
B T B T T circuit of shunt reactors set in neutral
C G compensation reactor is depicted on
Lonr Le Fig. 1. The neutral compensation reactor

is used specifically for suppression of

L second arc current in pause of single

phase auto-reclosure [4, 6, 7]. In four-
rayed connection of group Fig. 1
inductance compensate not only the
capacitance between the ground but also
the interfacial capacitance between
phases of the line

For better understanding of the action of four-rayed connection of group shunt reactor
expressions below are constituents L,, — interphase inductance between phases and L, — inductance

Ln
Fig. 1

between phase and earth:
Lp
N

Ly — inductance of neutral compensator reactor; Lp — inductance of shunt reactor.

jolw On equivalent circuit of group shunt reactor Fig. 2 it is shown that
' installation in neutral compensation reactor is equivalent to appearance of
two inductance circuit — L that is inductance resistance of shunt reactor

for compensation of capacitance between phase and earth and L;, — in-

1/2jwlICy ductance for compensation of mutual capacitance of the line. When value
of equivalent inductance L, is tuned to full compensation of mutual ca-

pacitance current resonance occurs Fig. 2:
_ In circuit Fig. 2 existence of resonance of currents is possible. The
JolLe current resonance is characterized by higher values of overvoltages in the
outer circle.

The model was developed to study the processes at single phase
— auto-reclose in the environment MATLAB/Simulink [1,3] which are il-
lustrated on Fig. 3. This model includes additional models of group shunt
reactors and arc of alternating current to investigate resonance overvolt-

Fig. 2 ages as against [3, 4]. There were made calculations to find the effective

measure to prevent this kind of overvoltages. The three phase power system is simulated by voltage
sources with fixed voltage and inductance. The overhead line is simulated by two parts, which are
given complex matrices with distributed elements or values on the forward and reverse sequence.

The resonance overvoltages were obtained for real transmission line Khmelnytsky Nuclear
Power Plant (Ukraine) — Rzeszow (Poland) with value of parameters which are shown in Tables 1
and 2. In Table 2 are shown parameters of equivalent systems.

In accordance with resonance circuit in Fig. 2, it is also possible to use a compensation
reactor as an overvoltage prevention measure [6]. Compensating reactors as a measure for
suppression resonance processes have found wide application in networks of extra high voltage [1-3,

1/jwICe
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6, 7]. Below the description of the resistance choice of the compensation reactor for detuning the
resonance circuit with subsequent modeling of open-phase mode of the line is shown.

Overhead line

Electrical Circuit Circuit Electrical
power breaker 1 breaker 2 power
system 1 — — system 2

Group of shunt Group of shunt Group of shunt
reactor 1 reactor 2 reactor 3
Fig. 3

Table 1

Numbers of

Lo, Henry™ C,, Farad” L,, Henry™ C,, Farad™® groups shunt Length, (km)
reactors, n
2.44 9.89 8.9 1.305 3 396

Table 2

Parameters of systems

Voltage U, kilovolts Impedance of system Z, Ohms

Inductance of shunt reactor Lp, Henry

1 2 1 2
768 745 |5.68+65.851 8.78+70.85 5981
The degree of compensation of charging power of line:
CP
k=0Qsur 1O 2) B
. CP . A C
QOgyr — reactive power of groups shunt reactors; Q" — charging power
of overhead line.
Ratio between capacitances:
m=(C1_Co)/C1, (3) < 2 0
C, — capacity of direct sequence transmission line; C, — capacity of Rshr
zero sequence transmission line.
The equivalent resistance of parallel connected SHR: Xshr
2
U}’l
x = : “4) =
Osir L]

U, —rated voltage of transmission line.

Then resistance of compensated reactor is defined by full
compensation interfacial capacitance of transmission line Fig.1:

X, =Lomi(k—m).

)

Modeling compensating reactor and SHR Fig. 4 were implanted
be series inductively-active branches in which active resistance are set
for a more detailed simulation as in reactors active power losses occur.

Efficiency of compensatory reactor application are shown on

Rl
X1

Fig. 4
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compensating reactors is

=0T ) ” that the resistance value is
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oo time, [secdnds] number of installed groups

T 01 02 03 04 05 06 07 08 09 of Shuntcrgicctl?lrssi'o ns.  On

b paper is shown what pa-
Fig. 5 rameters of extra high volt-

age transmission line create

resonance circuit and accordance with it a measure for prevention resonance overvoltage has been
developed. This compensator reactor with correctly chosen inductance reactance can frustrate reso-

nance circuit and suppress resonance overvoltages.

A simulation model of the power transmission line has been developed to simulate electro-
magnetic transient processes in the incomplete phase mode. In response to the developed model, a
effectiveness of compensator reactor for prevention resonance overvoltages has been made. For cal-
culation, the data of a real high-voltage power transmission line of a rated voltage of 750 kV was
taken for testing how developed method for suppression resonance overvoltages real influence on
this kind of overvoltages.
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3axoau 3ano0iraHHs pe30HACHHMM IepeHAnpyraM Yy HemoBHO(A3HHMX pe:XuMax JiHii eJekTponepenay
HA/IBUCOKOI HANPYTH

Tpueani eHympiwini pe3oHACHi nepeHanpyeu BUHUKAIOMb Yepe3 pPe30HAHC CMpPYMy, 6HACTIOOK 30icy 3HAUeHb
napamempis enemenmis Kona. Lleii euo nepenanpyz, 3yMo61eHUll 8IACMUBOCMAMU MepexCi, Modxce Oymu yCyHeHuu
WNAXOM 3MIHU CNIBBIOHOWIEHHA Midc napamempamu mepedxci ma ii pexcumy. Ha e6iominy 6i0 komymayitinux
nepenanpye, K mpusaromv comi 001i CeKyHOU, PE3OHAHCHI He MIbKU GUHUKAIOMb Henepeobayeno, a i MOodNCymb
icHyeamu documv mpuganuil 4ac, 0oKu Oisi 3axXucmy 6i0 NiOGUWEHHS HANPYeU, pe2yNamopie Hanpyeu 4u GmpyqanHs
NEePCoOHANy He GUKOHAIOMb 3MIHU cXemu abo pescumy. Pesonancui nepenanpyeu ne depymvcs 0o ygsazu npu 6ubopi
i30nAYil wu napamempis HeNHIUHUX 00MedHCy8aui, OCKIIbKU Yi 3AXUCHI 3aX00U PO3PAX08YIOMbC Ol 0OMENCEeHHS
KOMYMayitiHux nepenanpye, a He 05 2aCiHHsA mpusano2o npoyecy. Tomy 6ipociOHicmb GUHUKHEHHS MA PO3GUMKY
CUCMEMHUX aBapill NpU pe30HAHCHUX nepeHanpy2ax 0ocums 3Hauna. Takum yuHoOM, 80OCKOHANIEHHS. MemOoOi6 aHAi3y
ma po3pooOKu GIONOBIOHUX MoOeell Ol BUBUEHHS Y MO8 BUHUKHEHHS, PO3BUMKY U ICHY8AHHS Pe30HAHCHUX NEPeHanpye €
AKMYanbHOI HAYKOBO-NPAKMUYHOW 3adauero. Pozenanymo 3acmocysanHs pospoOieHux memooie i mooereu 07
8UABNEHHS (DAKMOPIB 8 eNeKMPUUHUX Mepetcax, AKi Marms HAUOLIbWUL 8NIUE HA BEIUYUHU NEPEeHAnpye, d MAaKodC
6ubOpY 3acobie nonepedsicents i 06MenceHHss mako2o pody nepenanpye. bioin. 7, puc. 5, Tadin. 2.

KiaouoBi ciioBa: HernmoBHO(A3HUIT PEXKUM, PE30HAHCHI TIEPEHANPYTH, LIYHTYBaJIbHUII PEakTop, iMiTalliiiHa MOJIETb.
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MeponpusiTusi N0 NPeJOTBPAILCHHIO PE30HAHCHBIX NePEeHANPSKeHUH B HEMOJHO(PA3HBIX pPeKUMAX JIHMHHUH
3J1eKTponepesay CBePXBbICOKOI0 HANPSIKEHH S

Hnumenvnvie 6HympeHHUe PE30OHAHCHbIA NePEeHANPAINCEHUS 603HUKAIOM U3-3a PE30HAHCA MOKd, 6cledcmeue
coenadenus GeIUUH Napamempos dIeMeHmo8 yenu. Imom 6ud nepeHanpasceHull, 0OYCI061eHHbI CGOUCMBAMU
pedicuma pabomel d1EKMPUMUECKOU cemu, Modicem Oblmb YCMPAHeH Nymem UMEHEHUs COOMHOWEHUs MeNCOY
napamempamu cemu u ee pexcuma. B omauuue om xommymayuoHuvlx nepeHanpaicenuti, Komopule ONAMCsA combie
00U CeKyHObl, Pe30HAHCHbIE He MOAbKO B03HUKAIOM HenpeocKazyemo, HO U MO2Ym CYWecmeosams 00CMAamo4Ho
onumenvHoe 6pems, NoKa Oeucmeue 3auumsl oM NOGbIUEHUS HANPAICEHUS UIU GMEUlamenrbCcmeo NepCoHANd He
6bINONHAM UBMEHEHUs CXeMbl Ul pedcuma. Pesonancuvie nepenanpadicenuss ne npuHUMAalomcs 60 GHUMAHUe Npu
6b100pe UBONAYUY UTU NAPAMEMPOS HENUHEUHbIX O0Spanudumeneli nepeHanpsadCeHull, NOCKOAbKY MU 3auumHsle
Mepbl paccuumvi8aOmes Oas 02PaAHUYEHUs, KOMMYMAYUOHHBIX NEePEeHANPAX*CEHUU, a He 0N NO0A6NeHUs OTUMENbHO2O0
npoyecca. Ilosmomy 6epoamHOCMb 603HUKHOGEHUS U pA3GUMUS  CUCMEMHbIX a8apuil Npu Pe30HAHCHbIX
nepeHanpANCeHUsx eecbMa Genuka. Taxum o0pazom, cosepuieHcmeosanue Memooos auaiuza u paspabomxu
coomeemcmeyrouux mooenei O usyyeHus Ycio8ull 603HUKHOSEHUS, PA3GUMUSL U CYUWeCHE068AHUA PEe30HAHCHbIX
nepeHanpANCeHull A6NAemcs AKmyanbHol HAyyHO-npakxmuyeckol sadadei. B pabome maxoce paccmampusaemcs
npumenenue pazpadbomanHvlx Memooos u mooenell 05 GblAIeHUs PAKMOPOE 8 INEKMPULECKUX CeMaX, UMEIOUUX
Haubobulee GIUAHUE HA BENUUUHBL NEPEHANPAICEHUN, A MAKICe 8blO0OPA CPeOCmE NPEOYyNPedtcOeHUs U 02PAHUYEeHUs
maxkozo poda nepenanpsicenui. budn. 7, puc. 5, Tadmn. 2.

KawueBble cioBa: HenomHo(aszHBI peXHUM, PE30HAHCHBIE TEPEHANPSKCHUs, LIYHTUPYIOLIMH  peakTop,
MMHTAIMOHHASI MOJIETIb.
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