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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PROTECTION OF A TWO-CABLE LINE FROM SINGLE
PHASE-TO-EARTH FAULT WITH ABSOLUTE SELECTIVITY

Abstract. At present, if the line has two cables, during its protection from single phase-to-earth fault one zero
sequence current transformer worn simultaneously on both cables or one per cable is used in isolated neutral system.
In this case, the secondary coils of these transformers are connected in parallel or in series. If the conditions for
selecting the operation threshold set out in are fulfilled, the operation zone of such protection applies both to the
entire line and to all its consumers. As a result, the protection of such a line has a relative selectivity.

This article substantiates the relevance of the protection of a two-cable line from single phase-to-earth fault with
absolute selectivity; develops the method of its protection based on measuring the difference of the zero sequence
currents in this line cables; provides for the choice of the mode of this line operation, in which the unbalance current
in the current relay is maximal; proposes a method for calculating the current relay operation threshold, as well as
evaluates the protection insensitivity zone and its dependence on the number of connections on the substation bus
bars.

Keywords: two-cable electric line, single phase-to-earth fault, protection method, protection operation thre-
shold.

Introduction. In urban and industrial power supply systems, most of the electric power is distributed
to consumers through cable networks with a voltage of 6-10 kV. At the same time, up to 75-90% of the
total number of electrical damages in these cable networks is due to single-phase to ground fault (SPGF)
[1-3], which are often the primary cause of more severe accidents, accompanied by significant economic
damage. At the same time, the current of the SPGF is small, since it is caused by the cable cores capa-
citance relative to the earth [4-6]. In this regard, in accordance with the EIC (Electrical Installation Code),
the existence of an SPGF is allowed within two hours, while the relay protection from SPGF can act both
on the trip and on the signal [7, 8].

As you know, cable networks of large cities and powerful industrial enterprises are complex, and
their configuration depends on the location and number of power sources (PS), switchgears (SW) and
electricity consumers (EC), technological conditions of the production [9,10]. A significant role in such
cable networks is played by communication lines, which are used to redistribute electricity between power
sources and switchgears in a city or industrial enterprise. Such lines are equipped with two switches, and
some of them are made in the form of two or more cables.

At present, if the line has two cables, when implementing its protection [1, 2, 11] from a single-phase
to ground fault (SPGF) [12, 13] one core balance current transformer (CBCT) is used in networks with
isolated neutral. It is worn simultaneously on both cables or one CBCT per cable. In this case, the
secondary windings of these transformers [14] are in parallel or in series aiding. When the conditions for
selecting the trigger threshold set out in [1, 2, 11] are fulfilled, the protection zone of such protection
applies both to the entire line and to all its consumers. As a result, the protection of such a line has a
relative selectivity.
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At the same time, selective disconnection of the damaged network element is a fundamental
requirement, which is required for relay protection of 6-10 kV cable networks from SPGF [7]. In this
regard, two directional maximum residual current protections with a step-by-step selection of the response
time of type ZZP-1 or MiCOM are established for each communication line. Such protections have a
relative selectivity, and to ensure their operation, a zero-sequence voltage source is required [15, 16]. In
relay protection [17, 18], this voltage is obtained from the secondary winding of a three-phase voltage
measuring transformer of NTMI type connected to an open triangle.

Therefore, due to the constantly changing number of connections, the calculation of operation
thresholds of directional current protectors on the communication line buses is rather complicated and
depends on many factors. In this regard, it is not always possible to build the protection so that they
adequately respond to the SPGF in a network with such a line. In addition, failure of protection at one of
the stages can lead to a long and time-consuming search for the reason of the protected line disconnection.
Moreover, in a rather complex network, the search time can exceed the two-hours regulated by EIC.

Largely, the listed problems can be avoided by using protection with absolute selectivity on
communication lines. In addition, to improve the reliability of power supply, protection with absolute
selectivity in some cases can be used as a backup.

Thus, the development of protection with absolute selectivity from single-phase to ground fault in a
line of two cables, which does not require a zero-sequence voltage source is relevant.

Principle of operation of device. It is possible to obtain absolute selectivity [11] if the secondary
coils of the zero-sequence transformers are connected in parallel-opposition or series-opposition. That is,
to use the cross-differential principle of constructing line protection on zero-sequence currents.

The scheme of such protection is shown in Fig.1, where the protected two-cable line with two ZSCTs
is designated as W1, and the remaining lines of the cable network are replaced by one equivalent, which is
designated as WX . At the same time, for simplicity, it is considered that ZSCTs have a transformation ratio
equal to one.

As a result, at SPEF at points k1 and k2 on substation bus bars and the load as shown in figure 1,a,
currents I¢y; and I¢p; of zero sequence flowing along the ZSCT CT1 and CT2 will be equal in magnitude
and have one direction (figure 1,a). Herewith, current in the coil of the current relay CR is

Ly =Ici1—1Ici2=0 (1)
In turn, at SPEF, at any point in the cable line, for example at ¢3 point, SPEF currents at ZSCT CT1

and CT2 are not equal in magnitude and has the opposite direction (figure 1,b). Further, current in the coil
of the current relay CR is

Lis =Icii T Icia (2)

From which it follows that the protection will only work at SPEF in the interval from ZSCT to the

load bus bars. Thus, this protection as a cross-differential protection has absolute selectivity and has a

dead band [1, 2, 11]. The dead band magnitude is determined by comparing the dependence I, 3(li3) and
the trip current magnitude I, as follows.

6KV 6kv
=]

w1 WE 2 W1 wg 0

Figure 1 — Currents distribution schematic at SPEF on the substation bus bars and in the protected two-cable line
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Sensitivity and area of protection. During operation, the number of connections to the substation
bus bars other than the protected line can vary significantly. Consequently, will vary the total magnitude

of their capacity Cy and the magnitude of currents ICl.l , IC1.2 as well as their difference in the form
Ir k3 - Current dependencies ICl.l’ ICI o as well as their difference in the form of current in the relay coil
Ir k3 from the location of SPEF ¢3 point on the damaged cable in the network at CZ =40uF, 20 uF

and 0 pF are shown in figure 2. These dependencies in accordance with [19] were obtained using
Electronics Workbench, a well-known circuit modeling system [20] for a line of two aluminum cables

with a core section of 10 mm’ and a length of 1 equal to 1 km, which have 1, =3,10hm/km and
Co = 3,IuF/km at nominal phase voltage Uph =220V.
Trip current is also determined as for conventional cross-differential protection in the form of
Ly = CCrlynp )
where Ck is the coefficient for taking into account capacitive kicks for intermittent SPEF, which, if there
is a time relay, is assumed to be 2-3; C; - the reliability coefficient in accordance with [11] is equal to

1.1-1.2; Iynp - unbalance current, i.e. the highest current magnitude in the relay coil, in the absence of
SPEF in the protected line.

- ST Tl
> I E
13 }_‘_{01.2 40 F 13
» r k3 e s I
2,2 S 22 T
By [T
1’1 --....____hh . \:> 191 1"""‘---....______ I‘:‘:‘
T e G [~ p e
0 02 04 06 0,8 Lperunit 0 02 04 06 0,8 Lperuni
a) b)
LA OnE
4.4 I
33
2.2
Ici1, Iz
11 ——
[———
0 02 04 06 0,8 Lperuni
c)

Figure 2 — Modeling results using zero sequence current difference

As is known, ZSCT, like conventional current transformers, has measurement errors that are caused
by non-identical characteristics of magnetization by a number of other causes caused by their manufacture
and installation. These measurement errors are made up of errors in both current and angle. Measurement
error magnitude is largely dependent on the type of ZSCT. However, when determining the operation
threshold and putting protection into operation, it is considered that the difference between the measured
losses from the initial magnitude should not exceed 10% of the current and 7° of the angle [7].

Results. As during the operation the number of connections to substation bus bars can vary, from the
scheme in Fig. 1,a and the dependencies in figure 2 it becomes clear that the greatest current magnitude I,
will be at SPEF at point k2, when the sum of the capacitive currents of all available connections to
substation bus bars, except for the protected line will flow through ZSCT. In this case, the unbalance
current in the relay coil is equal to
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Iunb = ICZ Cerr , 4)

where Cerr - is ZSCT error coefficient, in calculations taken equal to 0.1.
Thus, for the previously considered line of two aluminum cables with the capacity of all other
connections CZ = 40 pF, the unbalance current will be 0.3 A, and the current tripper will be 0.66-0.72 A.

Then, taking into account figures 2,a and 2,b the dead band size at Cy =40 pF and 20 pF will be
approximately (0,12-0,13) 1, and (0,18-0,196)1, .

Conclusion. Thus, an increase in the number of connections on substation bus bars, which leads to an
increase in the total magnitude of their capacity CZ , 1s accompanied by an increase in zero-sequence
currents through ZSCT at SPEF in any cable of the protected line, and, consequently, by the increase of
the current Ir,k3 in the coil of the current relay CR and the reduction of the dead band zone size. At the

same time, disconnection of all connections from the substation bus bars leads to the fact that the current
Ir k3 in the coil of the current relay CR sets to zero (figure 2,c), and the protection becomes insensitive to

SPEF. However, this is entirely permissible, if the substation is equipped with non-selective SPEF
occurrence signalization.
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XK. Bb. l/lcaﬁeKOBI, A. H. HOB(mmJIOBl, T. A. HOBO)KI/IJIOBZ, B. B. UcabekoBa®

'TMaBnoxapckwuit rocynapcTBeHHbIH yauBepcuteT uM. C. Topaiirsiposa, [TaBnomap, Kasaxcras,
2Omcknit roCy/IapCTBEHHBII TeXHUYEeCKU yHuBepcuTeT, OMck, Poccus,
3HaBnonapCKI/Iﬁ rOCyJapCTBEHHBIN Nearorndecknii yansepeurer, [laBnonap, Kazaxcran

3AIIATA JUHUAA U3 IBYX KABEJIEA OT OJTHO®A3HOI'O 3AMBIKAHMS HA 3EMJTIO
C ABCOJIIOTHOM CEJIEKTUBHOCTBIO

AnHOTanusi. B HacTosiiiee BpeMs eciiv JIMHHSL UMEET JiBa Kalellsi, TO NMpH pealn3aliu ee 3alluThl OT OJHO-
(ha3HOrO 3aMBIKaHUS HA 3eMJII0 B CETSX C M30JMPOBAHHOM HEHTPanblo MCIONB3YIOT OAWH TpPaHC(HOpPMATOp TOKa
HYJICBOIl MOCIIEIOBATENFHOCTH, OJCBAeMBIil OJHOBPEMEHHO Ha 00a Kkabeis WM mo ogHoMy Ha kabenb. [Ipu sTom
BTOPUYHBIE OOMOTKH 3THX TPAaHC(HOPMATOPOB COSTUHSIOT COTJIACHO MapaLIeNbHO WM COTVIACHO ITOCIIEI0BaTENbHO.
[Tpu BBINOJIHEHNUH YCIOBHI BBIOOpa mopora cpabaTbIBaHMs M3JI0)KEHHOTO B 30HE NEHCTBHUS TaKHX 3allUT paclpo-
CTpaHseTcs Kak Ha BCIO JIMHHIO, TaK U Ha BceX ee moTpeduteneil. B pesynbrare 3amura Takol JIMHHM 00namaet
OTHOCHTENBHOH CEJIeKTHBHOCTBIO.

B nanno#i cTaThe 000CHOBaHA aKTyaJIbHOCTh 3aLUTHI JIMHUM U3 IBYX Kalenel oT ogHO(pa3HOro 3aMbIKaHHS Ha
3eMJII0 ¢ aOCOJIIOTHOH CENIEKTUBHOCTBIO, pa3padOoTaH ee cHocoO 3aluThl, OCHOBAHHBIM Ha M3MEPEHUH Pa3HOCTH
TOKOB HYJIEBOHM I1OCJIE/IOBATEIBHOCTH B KaOessix aTod smHuu. [IpuBeneH BbIOOp pexuma paboThl 3TOH JIMHUM MPU
KOTOPOM TOK HebayaHca B pejie TOKAa MAaKCHMaJIeH U NPEUIOKEeH METOJ| pacueTa 1opora cpadaThIBaHUs pelie TOKa.
JlaHa orieHKa 30HBI HEYYBCTBUTEIBHOCTH 3aIlUTHI M €€ 3aBUCHMOCTh OT YHWCIIA INPHUCOEAWHEHWH Ha MIMHAX
MIOJICTAHIIUH.

KnroueBble ciioBa: sneKTpuuecKas JIMHHS U3 ABYX Kabenel, omHo(pa3HOE 3aMbIKaHHE Ha 3€MIII0, CIIOCO0
3aIIUTHI, HOPOT CpabaTHIBAHUS 3aILUTHL
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