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THE MEASURES FOR SUPPRESSION APERIODIC CURRENT
COMPONENT IN EXTRA-HIGH VOLTAGE LINES 750 kV

At present, the networks of extra-voltage received the SF¢ switches with the auto-compression principle of
extinguishing the arc. The experience of operation showed the inability of these switches to perform commutation-
type quick "on/off" for lines with a high degree of compensation of charging power due to the existence of a long
durable aperiodic component in the current flowing in the switch. The results of investigation of the causes of
accidents of SFe circuit breakers during commutation of compensated transmission lines of 750 kV are presented.
In the article have been reported, that the presence of a large aperiodical component of current prevent the
current from crossing zero for several milliseconds, resulting in serious damage to one pole of circuit breaker.

In the work the analysis of abnormal modes of extra high voltage transmission lines with different measures
is performed. The article deals with the cycle of three-phase automatic re-inclusion on the 750 kV line with two
groups of shunt reactors installed. Electromagnetic processes in compensated transmission lines depending on
parameters of the line are investigated. The moments of a sharp change in parameters of transient processes
during switching in extra-high voltage lines are revealed. Measures to limit the duration of the existence of the
aperiodic component of the current are considered.

In the main power Ukrainian grids have replaced air switches for SFs gas switches. This upgrade was
caused by the fact that modern electrical industry does not produce air switches and in the event of damage to
repair and restore power would be impossible. Compared to SF¢ gas air circuit breakers have certain advantages,
the main ones are speed and high breaking capacity, and the possibility of an extra device controlled switching.
This upgrade was carried out from 2010 year to 2014.

Nevertheless new SF¢ breakers have a lot advantages, but some nuances were discovered in the process of
using 750 kV on long overhead power lines with shunt reactors installed on them, due to which there were several
accidents at the substations. Damage 750 kV circuit breakers, which in recent years have occurred on several
foreign substations and also in Ukraine, served as an excuse for starting the necessary development of normative
documents, establishing regulations and norms of operation.

Keywords: short circuit, three-phase automatic reclose, aperiodical current component, pre-insertion
resistor, damping constant, total current of electromagnetic transient.

General characteristics of the problem.

In main power electrical networks of Ukraine, the replacement air circuit breakers on sulfur hexafluoride
(SFg) circuit breakers were implemented. This modernization is due to the fact that the modern electrotechnical
industry does not manufacture air switches and, in case of accident, repairs these breakers and renewals electrical
supply will be impossible. In comparison with air circuit breaker, the SF¢ has certain advantages, the main ones
being the speed and high switching power, as well as the possibility of installing an additional control switching
device and pre-insertion resistors. The switching point of an SFe circuit breaker is a probabilistic parameter and it
is impossible to perform switches at the required moment without the use of controlled switching. Such a
disadvantage during the operation led to emergency situations, including the appearance of aperiodic (AP) current
component at electromagnetic transients [1-5].

So the presence of a significant aperiodic component in the current through the switch leads to the fact that
the current passing through zero can happen only after a certain time (up to several sentiseconds) after switching
on. For asymmetric faults in damaged phases, the damping rate of the aperiodic component is rather high, and the
amplitudes of the aperiodic component and the periodic current of the steady-state regime are approximately equal.
Therefore, in the damaged phases the problem of a long non-transient current through zero is absent. In undamaged
phases, the amplitude of the aperiodic component is several times greater than the amplitude of the periodic current
of the steady-state regime. Therefore, when reclosing of the line (planned or in the three phase auto-reclose cycle
(TPAR)) in the case of an asymmetrical short circuit on this line, it can be difficult to disconnect its undamaged
phases.

Therefore, in design practice to ensure reliable operation of overhead lines equipped with SFs circuit
breakers with an intensive arc suppression system, it is necessary to perform calculations related to the analysis of
the switching capacity of such at commutations.

The aim of article is to study the conditions for the appearance of unacceptable values and the duration of
the AP current component of the transition process to avoid damage of the poles SFs circuit breakers. This goal
implies developing measures to prevent possible emergency situations in extra-high voltage lines 750 kV.
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Proposed approach to problem solving.

As design commutations on overhead lines, at which dangerous values of the aperiodic component of the
current in the circuit breaker can occur, it is necessary to consider:

a) re-closing of the unsuccessful TPAR in the cycle with a short-circuit in the pause, which occurred again
or taking into account the possible false operation of the relay protection;

b) re-closing in the cycle of an unsuccessful TPAR with non-stopping short-circuit on the power line;

¢) re-closing in the cycle of a successful single phase auto-reclose (SPAR) with a short-circuit fault on the
line, taking into account possible false protection relay operation.

A single-line scheme of extra-high voltage line is shown on (Fig.1). The structure of the circuit consists of
the following elements: Ly, — the inductance of the groups of the shunt reactors for the compensation of the

mutual capacitance Cp; , Lg - the inductance of the groups shunt reactors which compensate for the capacitance
onthe ground Cg, L - inductance phase of the line, Lgq, Lg> - inductance of the power systems, Ly, - phase-
to-phase inductance of the air line, Ry, - active resistance of component shunt reactor, that compensate Cg , Rg
- active resistance of component shunt reactor, that compensate Cy, , REqv - equivalent active resistance of
systems and overhead line.
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Figure 1 — The single-line scheme of extra-high voltage line

On (Fig.2) are shown the total current of electromagnetic transient at reclosing TPAR undamaged phase.
We can see that the value of the AC of the current determines the moment of the transition of current through zero.
Accordingly, the larger this component of the current of the transient process, the longer the arc will burn in the
arc-camera, which will damage the switch's pole. Prolonged burning of the arc in the interconnecting gap of an
SFe switch leads to burning of contacts, overheating of the arc gas and extreme pressure increase in the chamber.
In this case there is an explosive breakdown of the switch's pole.

The total current value in the switch ic (t) is determined by the expression:

ic (t) =liny () +iap (t) +ipsc (1)
where
finy (t) = ljpy cos(at + ) involuntary component voltage in circuit breaker; @ - angular velocity; ljpy
and ¥ - amplitude and phase of involuntary value of current.
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iap t)= Iape_t/T aperiodical component in circuit breaker; |ap - amplitude of aperiodical component;
t - time of electromagnetic transient; 7 - the damping constant of the AC.
losc () = Itre_t/fOSC cos(wt + Wy ) decaying current transient component in circuit breaker. Iy, and

Wiy - amplitude and phase of decaing transient component; 7. - the damping constant of decaying current
transient component.
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Figure 2 — The total current of electromagnetic transient

The time constant of the damping of the aperiodic component of the current can be determined from the
ratio of the active resistance and the inductive current in the flow circuit. The damping constant of the AC of the
current in the switch when the line is switched on with shunt reactors, is determined by the expression:

LM +LE+L81+L32+L|_
T =
REqv +RM +RE

M

In this work, the modes of operation of switch are considered in the fast "on/off" cycle of the pause a TPAR
cases a-c) of extra high voltage line 750 kV, when at the moment of connection in the current of the switch there
is mainly AP component whose value is more than several hundred amperes. Also it should be noticed, that active
resistance of the line and equivalent active resistance of systems are neglected due to small value relative to
inductance resistance of shunt reactors and other power equipment.

So, the initial value of the AP current component depends of values (1).0n (Fig.3) are shown AP in phase
A in cycle of TPAR. The permissible value of AP component for SFe circuit breakers 750 kV is 58% of total
current at the transition process.
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Figure 3 — Excess the current AP component the maximum permissible value
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One way for suppression AP is growing active resistance. So, one of the solutions to mitigate the risk related
to the magnitude and duration of AP component is pre-insertion resistors (PIR). There are basically two different
PIR configurations: parallel and series. In parallel PIR configuration, the resistor switch is in series with the resistor
bank, and both are in parallel with the circuit breaker interrupter, where the interrupter operation follows the PIR
switch operation. In a series PIR configuration, the resistor switch is in series with the circuit breaker interrupter
but in parallel with an overhead line.

The second traditional measure to reduce the magnitude and duration of AP component is energizing
overhead line by controlling the closing moments of the circuit breaker poles [3]. The controlled commutation is
used to eliminate undesirable effects of transients during scheduled switching of capacitor banks, shunt reactors,
overhead lines and power transformers. The purpose of this device is to close and/or unlock the terminals of the
switch at the required point of the sinewave of the current or voltage. It should be noted that ABB (Asea Brown
Boveri Ltd.) has developed switching device SwitchSync F236 [3-5], which is intended for SFs switches with polar
control. The moments of disconnection for phases control switch device are shown on figure 4.

All circuit breakers are equipped controlled switching device SwitchSync F236. The main advantages of
the SwitchSync F236 in comparison with other devices are shown in Table 2. Among them there are application
area and breaker operation. The SwitchSync F236 can be used for commutation of all power equipment unlike
others.
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Figure 4 — Sine wave voltage phases A, B. C with designated switching points

The application of PIR can reduce (1) and, consequently reduce amplitude and duration AP in circuit
breaker. When using the PIR for a certain period of time before closing the main contacts of the circuit breaker,
auxiliary contacts are switched on, in series with the active contacts resistance (Fig. 5 a)) for series and (Fig. 5 b))
for parallel connection. Due to this, at the first moment of time after the contacts are closed, an intensive damping
of the electromagnetic transient is carried out. Used in modern switches, the pre-activation time of the resistors
varies within 8-12 ms. In the present work, the pre-connection time is assumed equal to 10 ms.

On (Fig. 5 a and b) is shown the connection diagram of the PIR to the switch. Main contacts 1, 2 of circuit
breaker can be locked with springs after their unlocking. In all circuits, the main contacts 1 and 2 are disconnected
before the auxiliary 3 and 4, and switched on later (unless, of course, contacts 1 and 2 remained disconnected).
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Figure 5 — Connection of pre-insertion resistor

When installing switches with PIR on the overhead line, the AP in the current arises both at the first stage
of switching on- when arcing contacts are switched on, and in the second stage of switching on-when the main
contacts shunt resistors. At the first stage of reclose AC due to PIR, included in the circuit, that fades faster than
in the circuit without a resistor. At the second stage of the re-closing, an AC appears again, the initial value of
which is much smaller than in the first stage (the amplitude of the aperiodic component in the second stage of the
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inclusion may be zero, and maybe about 30% less than at the first switching stage, depending on the moment
including the main contacts).

Therefore, not for all values of the resistance and not in all circuit-mode situations, the current transition
through the zero value is guaranteed by the time when the breaker contacts begin to break. Solving the issue of
reliability of arc extinction in the switch when installing on lines switches with PIR should be taken after the
carefully exact selection of the value of the resistance and the time it is in the circuit and check the efficiency of
the selected resistor for all possible commutations

It should be noted that nowadays don’t exist studies in which compare the effectiveness of the PIR using
of different designs in combination with a controlled switching device for suppressing the AP current component.
The (Fig. 6) shows the results of comparing the efficiency of the application of two designs of PIR in combination
with a control switching device. As can be seen from (Fig. 6), when using a PIR connected in 6series to the circuit
breaker, it will be possible to suppress the AP component and, consequently, such a measure can be recommended
for installation on extra-high voltage lines.
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Figure 6 — Comparison the effectiveness of the PIR using of different designs in combination with a
controlled switching device

The total current value in the switch ic (t) at using combined measure is shown on Fig. 7. As can be seen
from the figure, the aperiodic component in the current of the intact phase is absent.
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Figure 7 — The total current of electromagnetic transient at using PIR connected in series with with
designated switching points

Conclusions.
Thus, although the replacement of the traditional air circuit breakers on SFe as rule, leads to an increase

reliability of electrical supply, nevertheless, it can be concluded that it is necessary to perform before the
modernization the preliminary analysis of transient processes arising from switching, in particular the value of the
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current aperiodic component. The measure for preventing failures caused by the inability of the SF¢ circuit breaker
poles to interrupt current that does not cross zero for a long period of time due to the presence of large aperiodic
component is suggested.

Present work contains an analysis of the conditions for the onset of an aperiodic component of the current
in circuit switching by SF circuit-breakers with installed shunt reactors. When the charging power of the line is
close to unity, during fast on / off cycles, the aperiodic component value cannot change instantaneously, which,
together with the structural features of the gas-insulated circuit breakers, leads to emergencies.

The inclusion of a transmission line 750 kV in the absence of a zero crossing is a dangerous phenomenon
that can occur when operating modern circuit breaker. The use of the PIR, together with the corresponding settings
of the controlled switching device in the circuit breaker, is an effective measure for prevention the presence of the
AC inthe current. In addition, the use of the PIR should not introduce any undesirable consequences for the system.
Since the value of the resistor depends on the moment of switching the switch it is impossible to determine for all
possible cases of exploitation of transmission lines. But regardless of the moment of turning on, the use of such a
resistor significantly reduces the aperiodic component of the current that occurs when the line is turned on.
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3AX0/11 OBMEKEHHA ANIEPIOUYHOI CKJIAI[OB"Oi CTPYMY IIPU
KOMYTAUIAX JITHIN EJIEKTPOIIEPEJAYI HAABUCOKOI HAITPYI'H 750 KB

B oanuti wac 6 mepesicax Hao8ucokoi wanpyeu OmpuManu pOo3NOGCIO0NCEHHS eneca306i GUMUKAY 3
ABMOKOMNPECIiHUM NPUHYUNOM 2acinHsa Oyeu. J]oceid excniyamayii nokazas ne30amuicms OAHUX GUMUKAYIG
BUKOHYEAMU KOMYMAYII0 NO MUNY «GKIIOUEHHA-UWEUOKE GIOKNIOUEHHA) OJIA NiHill 3 peakmopamu npu 6UCOKOMY
CMyneHi KoMmneHcayii 3apsaoHoi ROMYICHOCMI GHACTIOOK ICHYBAHHA MPUBANOL 3amyxarouoi anepioouyHoi
CKa0080i 6 cmpymi, wjo npomixae 8 gumuxaui. Hasedeno pesynbmamu 00CHiONHCEHHS NPUYUH ABAPITE TTHIHUX
ene2azo8ux BUMUKAYIE NpU KOMYMAayisx KOMReHCO8aHux iHill enekmponepeoayi 750 kB. Cgopmyrvosaro
pexomenoayii no 3anobieanHio agapiil yepe3 Mpusaie HeGIOKIIOYEHHs NOTIOCOM ele2d308020 GUMUKAYA CIPYMY,
Wo He nepexoOumv uepe3 Hylb GHACAIOOK HASABHOCMI 68 HbOMY 6eUKOI anepioouunoi ckiadosoi. B pobomi
BUKOHAHO AHANI3 AHOPMAJbHUX —PedCUMI@ JiHIU elekmponepeoayi HAO8Ucokoi Hanpyeu. JlocnioxceHi
eeKMPOMACHIMHI NPOYecu 8 KOMNEHCOBAHUX NIHIAX eleKmponepeoayi 8 3a1edCHOCMI 8i0 MOMEHMIB KOMYMAayil.
Buseneni momenmu piskoi 3minu napamempis nepexionux npoyecie ni0 yac KOMymayii @ AIHIAX HAOBUCOKOT
nHanpyeu. Pozensinymo 3ax00u oomesicens iCHy8anHs mpusanioi anepiooutnoi ckiadoeoi cmpymy.

Knwouosi cnosa: xopoTKe 3aMHKaHHS, Tpu(a3zHe aBTOMAaTHYHE IOBTOPHE BKIIOYEHHS, arepiogndHa
CKJIaJI0Ba CTPYMY, IEPEIBKIIOYEHNI aKTUBHUH OIIip, NOCTii{HA 3aTyXaHHSA, OBHUI CTPYM €JIEKTPOMAarHiTHOTO
MEPEXiTHOTO MPOILIECY.
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MEPBI O'PAHUYEHMUA A}'[EPPIOI[I/I‘IECKOFI COCTABJISIIOINIEN TOKA
TP KOMYTAIIUU JIMHUU SJIEKTPOIIEPEJJAYU CBEPXBBICOKOI'O
HAITPAKEHUA 750 B

B nacmoswee epemsa 6 cemsax c6epxeblcOKO20 HANPAICEHUS NOJYUUNU PACHPOCMPAHEHUE 31e2a306ble
BbIKIOUAMENY C  ABMOKOMHDECUOHHBIM —NPUHYUROM  2auwienus Oyeu. Onbim  9KChayamayuu nokasai
HeCnOCOOHOCMb ~ OAHHbIX — BbIKMIOUAMENell  BbINOIHAMbG  KOMMYMAyulo no Muny «GKIodeHue-ovicmpoe
omKOUeHue» Ol IUHUIL C peakmopamu NPy 6blCOKOU cmeneHu KOMNEeHCayul 3apsaoHol MOWHOCMU 6Ce0CmEue
Cywecmeosanus OAUMENbHOU 3amyxaiowjell anepuooudeckoll. cocmaegisiioujell 6 mokKe, npomexKaroujem 8
svikiouamenu. Ilpugsedensvl pe3ynbmamel uccied08anus NPULUH ABAPULL TUHEHHBIX 2N1€2A306bIX GbIKIOYAMenel
npu KOMMYmayuu KOMREeHCUposanHvlx aunull saekmponepedauu 750 kB. Chopmynuposansvl pexomenoayuu no
npedomepawjeHuio aeapuill U3-3a ONUMeNbHO20 HEOMKIOYEeHUY NOJIIOCOM 91€2a306020 GbIKNIOYAMENs MOoKd, He
nepexooum yepe3 HOIb 8CledCmaUe HAIUYUs 8 HeM OOAbWOU anepuooudeckol cocmasisiouen. B pabome
6bINOJIHEH  AHANU3 HEHOPMANIbHLIX — PEJCUMOE JUHULL  DJIEKMPonepeoayl  C8epxebicOKO20  HANPAICEHUSL.
Hccnedosanvi anexmpomazHummuble npoyeccol 6 KOMREHCUPOBAHHBIX TUHUAX INEKMPOnepeoaiu 6 3a6UcCUMocmu
0Mm MOMEHMO8 KoMMymayuu. Buisenenvt Momenmsbl pe3ko2o usmMeHeHus napamempos nepexooHbIX RPoYeccos npu
KOMMYmMayuy 6 JIUHUAX CEEPXBbICOKO20 Hanpsdicenus. Paccmompenvl mepvi ozpanuyeHus CywecmeoeaHuis
ONnUMenbHOU anepuooutecKoll CoCmasnaoujell moxd.

Knroueevie cnosa: KOPOTKOC 3aMbIKaHHUC, Tp@xd)amoe aBTOMATUYCCKOC TMOBTOPHOC BKJIIOYCHUC,
ariepuoanveCKas COCTaBJIAOIIAsA TOKa, MPCABKIHOYECHHOC AKTUBHOC COIPOTHBICHUC, NOCTOSIHHAA 3aTyXaHUS,
IIOJIHBIN TOK QJICKTPOMArHUTHOTO IEPEXOAHOTO ITpoHecca.
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