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COMBINED RELAY PROTECTION AGAINST EARTH
FAULTS IN POWER GRIDS 6-10 KV

Abstract. This article discusses the problems that arise during the SPEF in networks
with an isolated neutral. The main problem lies in the occurrence of overvoltage,
inoperability of overvoltage protections and in the absence of available and selective
overcurrent protections. Selective non-directional overcurrent protection is widely used,
however, in networks with weakened insulation, it is inapplicable due to the high level of
overvoltage and insufficient sensitivity with incommensurate own capacitive currents of
feeders. This is proved by calculations using the example of Substation-47 of JSC "AZhK",
and the solution to the problem by replacing selective non-directional overcurrent
protection with individual directional protections for each feeder is justified.
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Introduction. According to statistics, about 80-90% of accidents in
distribution power grids occur in cable lines (CL), from single-phase earth faults
(SPEF), arising in most cases from overvoltage (OV) and, to a lesser extent, from
mechanical damage and moisture ingress [1]. The functioning of these networks,
the occurrence in them and the course of emergency processes, as well as the
provision of protection against accidents, depend mainly on the neutral grounding
modes [2, 3]. The main electrical equipment that provides the neutral mode
(neutral-forming transformers, arc suppression reactors, neutral resistors) are
designed to limit overvoltages and capacitive currents that occur during SPEF and
are the most dangerous for power grids [4, 5]. Nonlinear overvoltage arresters
(NOVA), RC absorbers of higher harmonics, shunting of SPEF, etc. are also used
[2,6,7].

However, the final function of identifying, localizing and disconnecting
emergency connections in power grids is performed only by relay protection (RP).
At the same time, for each neutral mode of the power grid and the electrical
equipment used, there are distinctive conditions and requirements, the
consideration of which provides an opportunity to determine the damaged feeder
(DF) and further actions of the relay [2, 8].

Research conditions and methods. The primary basis for DDF operations
and relay protection actions are devices with certain functions, which are usually
called algorithms.In the event of the SPEF, they receive signals from the
corresponding measuring equipment installed in the power grid and in each
outgoing feeder, convert them and feed them directly to the relay protection
elements. The main and most common algorithms for relay protection against SPG,
according to [2, 8, 9], are the following:
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1. Algorithm for the maximum effective value of the fundamental harmonic
of the zero sequence current in the connections. For networks with isolated neutral,
especially with a small number of outgoing feeders, the scope is very limited.

2. The algorithm for the transient process of the SPEF is based on
determining the sign of the instantaneous power of the zero sequence at the initial
stage of the transient process. Provides fixation of short-term self-eliminating
insulation breakdowns, however, the duration of the transient process section, on
which it is necessary to fix the signs of signals, is 0.5-2.0 ms, which reduces
reliability.

3. The algorithm in the direction of the power of the zero sequence is the
most obvious and adequate, since the source of the zero sequence is located
directly at the point of the SPEF. But in practice, the algorithm is difficult to use,
which is explained by the large angular errors and non-identical characteristics of
the existing zero-sequence current transformers (ZSCT), especially with arc SPEF
and in the region of low currents.

4. The algorithm for the sum of the higher harmonics in the zero sequence
current (ZSCT) works satisfactorily in centralized relative metering devices for
branched networks containing a large amount of ferromagnetic equipment
(transformers, arc suppression reactors, etc.). But for individual absolute metering
devices, it is almost impossible to calculate the setpoint from the harmonic level.
Therefore, they are not very effective in conditions of instability of the composition
and level of higher harmonics in the zero sequence current.

5. The algorithm for the magnitude of the injected current harmonics
provides the highest selectivity in compensated networks. Requires a dedicated
source of injected current. It is most expedient to use in networks that already have
such source, for example, to control arc suppression reactors. The use in complex
branched power grids is limited.

As follows from the analysis of the presented algorithms, the most
problematic from the standpoint of the functioning of relay protection against
SPEF is the isolated neutral mode. For such networks, an algorithm is mainly used
for the maximum effective value of the fundamental harmonic of the zero sequence
current, and the protection is called selective zero sequence non-directional current
protection (SNCP).However, according to [2], even for the most sensitive digital
protection against SPEF, the sensitivity condition is fulfilled in cases where the
intrinsic capacitive current of the protected feeder does not exceed 17% of the total
capacitive current of the network. This is due to a very serious drawback of relay
protection against SPEF, since the zero sequence current transformer of the
damaged feeder does not react to its own capacitive current, but records the total
capacitive current of the intact feeders. Therefore, in this mode of the neutral of the
network with SNCP, additional algorithms are forcedly applied, namely,
directional relay protection, they create superimposed currents or include a resistor
in an artificially created neutral of the power grid. And this requires the installation
of additional special, including high-voltage, equipment [2, 7, 8, 9].

Research results. Thus, the presented analysis of systems and devices for
relay protection against SPEF allows us to conclude that the most problematic are
power grids with isolated neutral. For these networks, in most cases, the known RP
algorithms are either completely unacceptable, or involve the installation of
additional complex equipment and devices.In addition, they are characterized by a
high probability of protection failure in operation due to the instability of the
composition and level of zero sequence currents [2, 7]. This is the basis for
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formulating a conclusion about the urgency of this problem for 6-10 kV power
grids.

It is proposed to solve the task of ensuring the reliability of the relay
protection against SPEF, in which the SNCP cannot function on some of the
outgoing feeders, is proposed to be solved by the example of the existing
problematic 10 kV power grid (substation Ne47) in “AzhK” JSC in Almaty.The
outgoing feeders in this network were initially equipped with the SNCP of
MICOM, but some of them were not put into operation for the reasons presented in
our work. Figure 1 shows the design diagram of one of the outgoing feeder
sections, made by cable lines (CL), mainly with outdated, weakened paper-oil
insulation. In addition, part of the cable line is made with modern cross-linked
polyethylene insulation, which is also very vulnerable to overvoltages during
SPEF. The specified grid is with isolated neutral (uncompensated), i.e. does not
contain an arc suppression reactor.

Calculations of the SNRP, as you know, are made according to two
conditions of setpoint current selection [2, 9]:

- a failure condition at an external SPEF (on another feeder) by detuning
from the protected feeder's own capacitive current;

- the triggering condition (sensitivity coefficient).

Feed.1 Feed.2 Feed.3

Pl % Pl

17,5 A 0.9A 13A
= 19,7 A

Figure 1. Distribution scheme of capacitive currents on the substation section

Calculations for outgoing feeder 1[2]:

I..=12x13x175=273A €))
where:

- I, - tripping current;

- 1,2 —reliability factor;

- 1,3 — throw factor (for modern digital relay protection MICOM type is 1.2 -
1.4);

- 17,5 — own capacitive current of feeder 1.

K= (19,7-17,5)/27,3=0,08 < 1,25 2)
where:

- K— sensitivity factor;

- 19,7 —total (total) capacitive current of the network.

Insofar as K, = 0,08 < 1,25, then the selectivity condition for feeder 1 is not
met [2].

Calculations for outgoing feeder 3:

I..=12x13x09=14 A 3)

K;=(19,7-0,9)/1,4=13,4> 1,25 )]

The selectivity condition for feeder 3 is fulfilled and this feeder is reliably
protected by the installed SNCP of type MICOM.

Calculations for outgoing feeder 5:

I..=12x13x13=20A (5
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K,=(19,7-1,3)/2,0=9,1 > 1,25 (6)

The selectivity condition for feeder 5 is also fulfilled and this ensures
reliable protection of the installed SNCP of type MICOM.

Thus, for feeder 1 with its own capacitive current of 17.5 A, the existing
SNCP cannot be used due to the insufficient value of the sensitivity coefficient.

For such cases, individual (for each feeder separately) RP are used based on
the injected current or resistive grounding of the neutral, shunting of the SPEF, as
well as injecting current [2, 7, 9]. However, these measures are very costly and
greatly complicate the power grid.

In addition, they are beginning to use centralized relay protection against
SPE, using several algorithms. In these protections, the damaged feeder is
determined by the largest value of the parameter of each of the algorithms [1, 2].
However, centralized protection is very complex, expensive, requires highly
qualified personnel for operation, and involves a complete reconstruction of relay
protection at existing substations.

Discussion of scientific results. To eliminate the indicated disadvantage of
SNCP, it is most preferable to replace individual SNCP with insufficient selectivity
with individual directional zero-sequence protection.

The principle of operation of directional zero sequence protection is based
on the fact that the direction of the current in the damaged feeder is opposite to the
direction of the currents in the undamaged feeders. In this case, the phase-sensitive
protection element (power direction organ) reacts to the change that has appeared
and generates a signal about the SPEF on a specific feeder [2].

Such protection of the ZZN type is serially manufactured at the Cheboksary
electrical equipment plant (Russia), is widely used and reliable in operation.

Advantages of individual directional relay protection against SPEF:

- the possibility of using in power grids containing any number of feeders
with insufficient selectivity of SNCP;

- sufficient noise immunity;

- relatively low cost.

Conclusion. Based on the analysis of damage statistics in 6-10 kV power
grids of “AZhK” JSC, Almaty, an increase in the damage rate of cable lines with
outdated weakened insulation was established.

The low efficiency of overvoltage protection, as well as the disadvantages of
relay protection against SPEF in the indicated power grids, are noted.

Calculations have been performed and presented to assess the selectivity and
sensitivity of SNCP, showing the limited use of this protection against SPEF in a
number of cases due to insufficient sensitivity.

The necessity of increasing the selectivity and reliability of relay protection
against SPEF with insufficient sensitivity by replacing it with individual directional
relay protection has been substantiated.

References
1. [Tynn, B.A. 3anmTs! OT 3aMbIKaHUI Ha 3eMJIIO B JIEKTPUYECKUX ceTax 6-10
kB [Tekcr] / B.A. lllymn, A.B. I'ycenkop //IlpunoxeHune K KXypHaIy
«Quepreruk», Bbimyck 11(35). — M.: HT® «Ouepromnporpecc», 2012. -

C.112-115

2. [aban, M.A. 3amuTa oT onHO(Aa3HBIX 3aMbIKaHUK Ha 3eMJIIO B ceTax 6-35
kB [Tekct] / M.A. 1lla6axn. - M.: HT® Duepronporpecc, 2007. — 64 c.

3. Tenerun, A.B. [IpoGnemaTrka 3aMBIKAaHHMIA HA 3EMIIIO M PEKUM 3a3EMIICHHS

HelTpaldu B CeTSIX CpenHero HampsbDkeHus crpaH EBpombl u Amepuku

97



Dulaty University Xadapuivicot
ISSN 2307-1079 Becmnuk Dulaty University 2021, Ne2
Bulletin of the Dulaty University

[Texkcr] / A.B. Temermn, A.W. Illupkoery //PeneiiHas 3ammra
aproMatm3anms. - 2012. - Ne3. - C. 30-39.

4. Kuckauu, B.B. 3ammra or ogHoda3HBIX 3aMbIKAHMH Ha 3eMJII0 B CETSX
HanpspkeHneM 6-10 kB ¢ pa3nuuHbIM peXXHMOM 3a3eMJICHHS HeTpanu Tura
33H [Tekcr]: y4yeOHO-MeToauueckoe mocodue / B.B. Kuckaun. — M.:
UIIKTC, 2001. - 63 c.

5. PykoBoacTBo mo 3amuTe dekTpudeckux cerei 6-1150 kB oT rpo3oBeIX U

BHyTpeHHUX nepeHanpspkennid P 153-34. 3-35. 125-99[Tekcr] / Yactp 2.
Paspgensr 5.4, 5.5,5.6.

6. ynkuii, B.W. 3ammTHOe IIyHTHpOBaHWE OMHO(MA3HBIX MOBPEKIACHUI
anekrpoycranoBok [Tekcr] / B.W. Ilymxkui, B.O. Xuakos, 10.H. Unbun. —
M.: Dueproaromuszaar, 1986. — 152 c.

7. Yens, B.C. HoBblii cnoco0 ramenus ayrd omHO()a3HOTO KOPOTKOTO
3aMBIKaHUS B CETAX ¢ M3oiMpoBaHHON HeWTpanbto [Tekcr] / B.C. Yens, X.
UYenb // Dnexkrpuuaectro. - 2009, - Nel. — C.37-39

8. lopronos, B.A. OmHoda3Hoe 3aMblkaHHWE Ha 3eMJI0. MOXKHO JIM PEIIMTh
npobnemy? [Teker] / B.A. T'optonos // HoBoctn DnekrpoTexuuku. - 2017. -
Ne2(104) - Ne3(105). - C. 36-47.

9. Kyxekos, C.JLIIpenorBpamenre MHOTOMecTHbIX moBpeknenuid KJI 6-10
kB. ABromaruzamus OTKIIOYEHUH mpu OMHOGA3HBIX 3aMBIKAHUAX Ha
semutto| Tekcr] / C.JI. Kyxekos, B.A. Xubrues // HoBocT DnekrpoT eXHUKH.
- 2010. - No3(63) - Ned(64). — C. 58-61

Material received 03.06.21.
B.U.Amutpuuerko, H.T.Omupsakos, M.K.Epmarambetos, M.A.}eTnucos
HAO «AamamuHcKuli yHUsepcumem sHepaemuKu u ceasu», Anmamel, KazaxcmaH

KOMBUHWUPOBAHHAA PENEAHAA 3ALLUTA OT 3AMbIKAHUIA HA 3EMJIIO B
S/IEKTPOCETAX 6-10 KB

AHHOTaumA. B gaHHOW cTaTbe PacCMOTPEHbI NPobaembl, BO3HUKatowme npu 033, B
ceTax C M30/IMPOBAHHOMN HelTpanbto. OCHOBHaA npobsema 3aKNHO4YaETCA B MOABAEHWUN
nepeHanpsxeHnn, HepaboTocnocobHOCTb 3aMUT OT NEepPeHANpPAXKEHUS U B OTCYTCTBUU
OOCTYMHbIX M CENEKTUBHbBIX 3aLLMT MO TOKy. LLIMpoKoe npumeHeHne nMmeeT TOKOBaA 3alwmuTa
CefIeKTUBHaA HeHanpaB/ieHHasa, OAHAKO B CeTAX C ocnabsieHHoi u3onaumen OHa
HenpMMeHMMa WM3-3a  BbICOKOTO YPOBHA  MepeHanpsaXeHua WU HeJoCTaTOYHOM
YYBCTBUTENBHOCTU MPU HECOM3MEPUMbIX COBCTBEHHBIX EMKOCTHbIX TOKax ¢uaepos. 310
[OKasblBaeTcA pacyetamu Ha npumepe MNC-47 AO «AXK», n obocHOBaHO pelleHue
npobnembl ¢ 3ameHOlM OTAeNbHbIX 3awnuT T3CH Ha WHAMBMAyanbHble HanpaBieHHble
3aWmTbl ANA Kaxgoro ouaepa.

KnioueBble cnoBa: opHodasHoe 3amblKaHWe Ha 3eMIlo, NepeHanpsXKeHue,
CeNeKTMBHAA HeHanpaB/ieHHasa TOKOBaA 3aluTa, onpegeneHue NoBpexaeHHoro duaepa,
YCNOBUA CENEKTUBHOCTU, pesielHan 3alumTa.
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B.U.AmutpuueHko, H.T. Omip3akos, M.K.EpmarambeTos, M.A.XeTnicos
KEAK «Anmamesl sHepeemuKa #caHe balinaHbic yHUsepcumemi», Aamamel, KazakcmaH

6-10 KB /IEKTP YKENINEPIHAET XXEPTE TYUbIKTANYAAH
K¥PACTbIPMA PENENIK KOPFAHbIC

AHHOTaums. byn MaKanaga oKlaynaHFaH HeUTpab *KeniciHge 6ip dasaHbIH, Kepre
TYMbIKTaNybl KesiHge nanga 6onaTblH Macenenep KapanfaH. Herisri macene mbiHaga:
aCKblH KepHeyiH, naiga 60nyblHAAQ, aCKblH KePHeyAeH KOPFaHbICTbIH, KYMbIC *Kacayfa
Kabinetcisgirinae »oHe KO/MKeTimAi, ipiktemeni Kepre TyMbIKTanynapaaH TOKTbIK
KOPFaHbICTbIH, *KOKTbIFbIHAA. KeH, TapanfaH ipiktemeni H6afblTTaiMaraH TOKTbIK KOPFaHbIC
OKLUAyNnafblll KacuUeTi o/NCipereH enineppe Kofapbl acKblH KepHey oaHe 6eniHy
KeninepiHiH, MeHLWIKTi CbIMbIMAbIIbIK TOKTAPbIHbIH, LWaMaacnalTblHAbIFbIHAH KETKIMIKCI3
cesimTangplFbl cebebiHeH KonpaHyfa Kapamcbl3. byn AK «AXK» —HbiH, Ne47 Kocankbl
CTaHUMACBIHbIH, MbICA/IbIHAA KacanfaH ecenTepMeH A2/eNfeHreH KaHe O6yn maceneHi
6afbITTasIMaFaH ipikTemeni TOKTbIK KOPFaHbICTbl 9pbip 6eiHy KeniciHiH, *KeKe bafblTTanfaH
TOKTbIK KOPFaHbICbIHA aybICTbIPY apPKbl/bl WeLY *KON4apbl HEFi3aenreH.

TipeK ce3aep: 6ip dasanbl Kepre TyMbIKTaNY, aCKblH KepHey, 6aFblTTaiMaFaH acKblH
TOKTAQH KOPFaHbIC, 3aKbIMAA/IifaH KOPEKTEeHAIpriwTi aHblKTay, ipiKTemenik wapTrapsbl,
penenik KopfaHbIC.
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