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Abstract—Due to the rising role of overhead lines extra high voltage there is a need of application of modern electronic
devices that allow controlling modes of bulk electricity system. Durable resonance overvoltage may cause damage of electri-
cal power equipment. This kind of overvoltage is caused by properties of the network and can be eliminated by changing
the ratio between the parameters of the network and its mode. Unlike switching overvoltage that exist centiseconds, reso-
nance overvoltage not only occur unexpectedly, but they may go on for a long time until the automatic action or action of
personnel will not change electrical schemes or operation modes. The resonance overvoltage are neglected when selecting
insulation or parameters for high-voltage surge arrester as this protective measure is calculated to limit switching overvolt-
age, not to extinguish a long resonance process. Therefore, the probability and development of system accidents due to
resonance overvoltage is significant. One of the main causes of equipment failure in the main electrical network is overvolt-
age. Overvoltage are the values which according to the technical requirements exceed the maximum value of normal oper-
ating 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. The main source of distortion in extra high voltage networks is nonlinearity of volt-ampere characteristic of
magnetic shunt in unloaded power autotransformer. This mode causes the conditions for the significant overvoltage on even
harmonics. It should be noted that the processes of the second harmonic overvoltage are generally known, but their specific
occurrence conditions depend on many factors of abnormal mode. That is why the aim of the article is developing measure
for reduction and prevention of overvoltage in accordance with conditions for their existence. In investigations residual
magnetization is neglected because capacitance between autotransformer and circuit breaker is large enough. In the article
the features of the operation of SF6 switches that should be considered when introducing them to the power lines of 750 kV.
The switching control unit Switchsync F236 is one of such devices which enables to connect and disconnect contacts of poles
circuit breakers at required time. This function of Switchsync F236 can be used not only for interruption of short circuit.
One of the objectives of application Switchsync F236 is prevention of resonance overvoltage occurrence at closing extra high
voltage line on no-load autotransformer. The analysis of electromagnetic switching transients when operating a three-phase
auto recloser with really existing power transmission lines has been implemented. The influence of initial conditions of elec-
tromagnetic transients based on simulation has been analyzed. Based on the research it is proposed to use suppression
equipment components with aperiodic current line switches. The research of recommended exposure settings of the con-
trolled switching device on duration of current aperiodical component has been done. Recommendations on the use pre-
insertion resistors and switching units controlled have been proposed. The importance of application and prevention of
resonance overvoltage caused research area which is presented in article.

Ref. 11, fig. 6.
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implemented not only in normal modes but also for
abnormal (non-sinusoidal and unbalanced) modes.

L INTRODUCTION

Trends of modern electricity grid point to the growing

role of extra high voltage transmission lines as backbone
and intersystem. It should be noted that the study for this
lines must be done especially precisely, particularly with
regard to the impact of sources of distortion. This is due
to the lack of practical operational reserve insulation,
designed for extreme values, as a reserve for extra high
voltage (EHV) lines is expensive [1-5,8]. Thus, analysis
of the possibility of overvoltages in power lines should be

At least in the main power networks air switches have
been replaced by sulfur hexafluoride switches. This
upgrade due to the fact that modern electrical industry
does not produce air circuit breakers and in the case of
damage it would be impossible to repair and restore elec-
tricity supply. Comparing to gas-insulated air circuit
breakers they have certain advantages. The main of which
are the speed, high breaking capacity and the possibility
of application of controlled switching device.
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Fig. 1 The model of extra high voltage transmission line

Il.  ANALYSIS OF PUBLISHED DATA AND PROBLEM
DEFINITION

Non-sinusoidal modes are characterized by the
appearance of higher harmonics of current and voltage [4,
6, 9-11]. The distortions of voltage and current wave-
forms in the case of non-sinusoidal modes appear due to
nonlinearity of the magnetization shunts of unloaded
autotransformer. In recent years, much attention in stud-
ies is paid to electric-mode networks with fluctuations in
the circles with steel elements with non-linear character-
istic. This is the reason why occurrence of resonance
overvoltages at frequencies that differ from the main is
a complex phenomenon [4,6,8].

The main direction of previous studies was focused on
the development and application of mathematical models
in order to obtain quantitative results for practical use
[10,11]. They have not found the exact cause of overvolt-
ages in the higher harmonic components, although cases
of this type are known for a long time. From these results
[10,11] is unclear and unknown, themselves or switching
modes lead to overvoltages at the higher harmonic. An
investigation in area of overvoltages was performed with
great simplification, because this type of overvoltages
depends on many factors. Therefore, these studies are
considered as comprehensive impossible.

It should be noted that the process of the second har-
monic overvoltages are generally known, but the values
of the characteristics depends on many factors of abnor-
mal mode. It is therefore necessary to develop methods
for identifying key factors which most of all influence on
necessary and sufficient conditions for overvoltages dur-
ing the design and operation of EHV lines.

IIl.  THE PURPOSE AND OBJECTIVES OF THE STUDY

The aim of this paper is to develop the controlled
switching device as a measure to prevent surges when
the EHV line is connected to unloaded autotransformer.
The controlled switch should reduce the value of over-
voltages to level of effective traditional measures such as
surge nonlinear varistors. This goal associates with reso-
nant frequency of the line. According to certain ranges of
frequency recommendations will be made for real EHV
lines.

IV.  THE SIMULATION MODEL FOR ANALYSIS OF RESO-
NANCE OVERVOLTAGES IN NON-SINUSOIDAL MODE

The model was developed to study the processes at
single-phase auto-reclose in the environment MATLAB®
/ Simulink® [1,3] which are illustrated on Fig. 1. This

model includes additional models of group shunt reactors
and arc of alternating current to investigate resonance
overvoltages as against [5-6]. The calculations to find
the effective measure to prevent this kind of overvoltages
were made. The three-phase power system is simulated
by voltage sources with fixed voltage and inductances.
The overhead line is simulated by two parts, which are
given complex matrices with distributed elements or val-
ues on the forward and reverse sequence.

As noted above, the harmonic simulation over the sec-
ond harmonic of every single factor cannot be considered
independently. Changing one of the parameters may
change the other, in other words, in this case there is
a correlation between a particular network mode settings
and parameters of the equipment.

Because of the reasons mentioned above, the simula-
tion model has been developed in environment
MATLAB® / Simulink® [1,9] Fig. 1. The main feature of
the application of this model is compulsory presence of
three groups of shunt reactors (SHR). In practice is known
[8] that harmonic overvoltages occur when length of line
should compensate the charging capacity like in the case
of installing three groups of SHR [4,6,10].

There are some explanations of Fig.2: the value of
normal operation voltage is 643 kV and the x-axis is time
in seconds and y- axis is value of voltage. On Fig. 2 we
can see value of voltages exceed normal operation volt-
age.
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Fig. 2 Resonance overvoltages in abnormal mode
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TABLE 1
A ACTY =400 e ACT-400 750 kV

3310 Number

Lo H* | Co,F® | L,H? | Ci,F* of Length,

groups (km)
SHR, n
244 9.89 8.9 1305 |3 396

Fig. 3 Main power electrical grid

Due to the use of the simulation model (Fig. 1), the
angles of ranges for which overvoltages values are

reached: maximum values are 56[0;140]u[200;240];

minimum values are © €[140:215]0[275:355] ppo (ver

voltages reach the maximum values in the zones of ex-
tremes of the sinusoidal voltage (0; 140) and (200; 240)
[4,5]. The moments of switching the line to the unloaded
autotransformer have been changed during the full period
of the sinusoid, which allowed detecting a decisive factor
in the appearance of the overvoltages.

V.  THE RESONANT FREQUENCY OF THE EHV TRANS-
MISSION LINE

For illustration the scheme of main power electric grid
is shown on Fig. 3.

Resonant circuit is formed by connecting the phase of
line to the unloaded autotransformer shown on Fig. 4. On
Fig. 4 the following notations of equivalent circuit ele-
ments are made:

Ls _ equivalent inductance of the power system;

Lt _ inductance of the transmission line;
LsHR _inductance of shunt reactor;

Ce_ capacity between phase of overhead line and earth;

Cm capacity between phases of overhead line;
@ — angular velocity.

The equation of resonant circuit current is:

2Cy?I[3(Ls+L )+ LpL 1]-3=0 (
jol,l
| 1 1
i, . wa.””, —_— - —
o 3 | ol Ted,

The resonance overvoltages were obtained for real
transmission line Vinnytska — Pivdennoukrainska power
plant (Ukraine) with values of parameters which are
shown in table 1.

From equation (1) the polynom of second degree was
obtained, from which the resonance frequency is deter-
mined.

So we can find the resonance frequency of the line.
Assess the reliability of this approach (1) is possible by
comparing the values obtained from the simulation results
on the simulation model. As seen from the table 2 an error
is 3.2%.

VI. CONTROLLED SWITCHING UNIT SWITCHSYNC
F236

The controlled commutation is used for eliminating
the undesirable effects of transients during scheduled
switching of capacitor banks, shunt reactors, overhead
lines and power transformers. ABB’s (Asea Brown
Boveri Ltd.) high-voltage circuit breakers are well suited
for controlled switching stable operating times.

Fig. 5 The basic connection scheme of controlled switching unit Switch-
sync F236

TABLE 2
Object of comparison The resonant fre- 9,%
quency, Hz
A simulation model 105 0
Polynom 108.5 3.2

Fig. 4 The resonance circuit of lineal part of overhead line
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CunoBa eneKkTpoHiKa

TABLE 3
Position Legend
1 Switchsync F236
2 Command entry
3 Command entry
4 Voltage transformer
5-10 Operating coil
11-13 Current transformer
14 Circuit breaker

The simplest explanation of the unit operation is:
Switchsync F236 receives a command to actuate circuit
breaker of the control circuit and taking into account
the expected operating times its own switch transmit them
to the circuit breaker at the moment at which provides
closing or opening contacts on desired voltage phase.
The basic connection scheme of controlled switching unit
Switchsync F236 is shown on Fig. 5.

In the table 3 imposed positions and legends of
the basic connection scheme of controlled switching unit
Switchsync F236 are shown.

ABB’s high-voltage circuit breakers are well suited
for controlled switching featuring stable operating times
as well as steep and stable dynamic dielectric withstand
capability. To synchronize the time of the contacts open-
ing special devices are developed and used, for example,
Switchsync F 236 ABB.

On Fig. 6 we can see that controlled commutation re-
duces overvoltages. The marking of axis are the same as
on Fig. 2.

The resonance scheme has been composed for inves-
tigation factors that really influence on occurrence of har-
monic overvoltage. It is shown that there are overhead
lines with natural frequency nearly 100 Hz. The condition
of resonance current can be used to express estimation of
overvoltages in non-sinusoidal modes.

The factor which is critical for occurrence of non-si-
nusoidal overvoltage has been defined while modelling.
In accordance with it results have been obtained and
a new measure for prevention and reduction overvoltages
on higher harmonic components was proposed.
The measure is based on the use of controlled switching
device whereby contact closure switch was provided at
the right time at which the value of overvoltages does not
threaten isolation of equipment.
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Fig. 6 Reducing of resonance overvoltages by SwitchSync F236
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Pe3oHaHCHI IepeHanpyryu y HECUHYCO1AalbHUX
peXKUMaXx JIHIN eJleKTponepeaad
HAJIBUCOKOI HAIIPYTH

Kyuancekuii B. B., x.1.1., ORCID 0000-0002-8648-7942
e-mail skilldur@ukr.net

Incturyt enexrpoannamiku HAH Ykpainmy,
Kuis, Ykpaina

Pegpepam—Pe30HaHCHI NepeHANPYrd MOKYTh CHPUYHMHUTH NOLIKOIKEHHS €JeKTPHYHOI0 CHJIOBOro OOJIaJHAHHS.
IlosiBa TaKkoro poay nepeHanpyr 3yMoBJieHa BJIACTHBOCTSMM Mepe:ki i Moxke 0yTH yCyHeHa LIUISIXOM 3MiHM CIiBBiAHOIIECHHSI
Mizk mapameTpamu Mepe:xi Ta ii peskumom. Ha Biaminy Bix komyTaniiiHux nepeHanpyr, siki iCcHyl0Tb NpOTAroM AeKiIbKoX
nepioiB MPOMHUCI0BOI YACTOTH, PE30HAHCHI NepeHANPYrd BUHUKAIOTH He TLILKH HecNoAiBaHo, a71e BOHH MOKYTh TPHBATH
NMPOTATrOM TPUBAJIOTO Yacy, 10 MOKH CIPAINIOBAHHS MPHUCTPOIB peieilHOI0 3aXucTy ado il mepcoHaTy He 3MiHATH eJIEKTPH-
4yHy cxemy a0o pe:xkuM. Pe3oHaHCHI mepeHanpyru He BpaxoBYIOTh MpH BUOOpI i30asuii a6o mapamerpiB od1agHanHsA, 60
Cy4acHi 3aXHCHi 3aX014 PO3PaxX0BaHi UIsi 00MesKeHHSI KOMYTaLiiiHUX epeHanpyr, a He 11 N0JaBJe¢HHs TPHBAIUX Pe30HA-
HCHHUX npoueciB. Takum 4nHOM, HMOBIPHICTB i PO3BUTOK CHCTEMHHUX aBapiil yepe3 pe30HAHCHI NepPeHANPYTH € 3HAYHOIO.
BaskuBicTh po3po0Ku 3aX0/1iB NonepeIKeHHs Pe30HAHCHHUX MepPeHANnpyr 3yMOBUJIO HANPSIMOK /10CJiIKeHb, IKi NpecTaB-
JIeHi B cTaTTi.

bBi6a. 11, puc. 6.

Knrwowuoei cnosa — pezonancui nepenanpyzu; Keposana Komymauisa; imimayiitna mooens;, HeCUHYCOIOAbHI pexcumu.
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Pe3oHaHCHBIE IEpEHATIPSIKEHUSA
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AJIEKTPOIIEPEIAUYN CBEPXBBICOKOTO HAIIPSIKECHUS
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Pegpepam—Pe30HaHCHBIE TTepeHANPSIKEHUsI MOTYT NPHUBECTH K MOBPEKIeHHIO 3JIeKTPUYECKOro CHIOBOT0 000py10Ba-
Hus. [TosiBaeHne Takoro poaa nepeHanpsi:Kenuii 00ycJI0BJIeHO CBOHCTBAMHU CeTH H MOKeT ObITh YCTPAHEHO IyTeM H3MeHe-
HHUSI COOTHOILIEHUSI MKy apaMeTPaMH CeTH U ee PesKHMOM. B oT.imume 0T KOMMYTalHOHHBIX NepeHANPsIKeHH I, KOTOpbIe
CYLIeCTBYIOT HA MPOTSKeHUN HECKOJbKHX MepHOA0B MPOMBIILIEHHOH YaCTOThI, Pe30HAHCHBIE NMePeHaANPsIKeHusI BO3HH-
KaI0T He TOJIbKO He0KHJIAHHO, HO OHH MOI'YT IIPO/I0/IKAThCH B TeYeHHe JUINTeIbHOr0 BPeMeHH, 10 TeX Mop, NoKa cpadaTbi-
BaHHe YCTPOICTB peJIeiiHOM 3aIUThI U 1eliCTBHS IEPCOHAJIA He H3MEHAT 3JIeKTPHUYECKYI0 CXeMY WIH peskuM. Pe3oHaHCHBIE
nepeHanpsi’keHUusl He YYUTHIBAIOT NIPU BbIOOPe U30/SALMH WM NapaMeTpoB o0opynoBanusi. CoBpeMeHHbIe 3aLlIUTHbIE Me-
PONPHATUS PACCYUTAHBI /IS OTPAHMYEHNS] KOMMYTALMOHHBIX NepeHaNpsiKeHnii, a He 1J1s1 OAaBJIeHNUs JUVINTeJbHbBIX pe-
30HAHCHBIX Mponeccos. Takum 00pa3oM, BepOSITHOCTh PA3BHTUS CHCTEMHBIX ABAPHIi H3-32 Pe30HAHCHBIX MepeHanpsiKeHnit
sIBJIsieTCSl 3HAYUTeNbHOIN. BaxkHOCTL pa3padoTkm Mep mNpeaynpeskIeHHsl Pe30HAHCHBIX NepeHaNpsikeHUi 00yca0BHIO
HaINpaBJieHHe UCCIeT0BAHUI, KOTOPbIe MPeICTaBICHbI B CTAThe.

buba. 11, puc. 6.
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