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Abstarct. This article shows the results of a study of relay protection against
single-phase earth faults. The originality of the study lies in a completely new approach to
identifying the fault feeder by the constant component in the zero sequence current. Further
research is currently underway. In the article there is a review of one of the received patents
for the invention of the Republic of Kazakhstan.
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Introduction. Improving the efficiency of networks with a voltage of 6 -
35 kV is one of the important tasks associated with the need to increase the
reliability of power supply to consumers, due to the fact that most of the electricity
is distributed to consumers through networks of this voltage class.

The most common type of damage in 6 - 35 kV networks are single-phase
earth faults (SPEF), which are not accompanied by large currents. However, very
often these damages are the root cause of accidents, accompanied by significant
economic damage and posing a danger to the lives of operating personnel.

It is known that short-circuit currents are many times higher than the
currents of normal operating modes. This is a consequence of the closure of the
phases between themselves or the phase and the earth. Such accidents are a
common occurrence for energy companies.

According to statistics, to date, SPEF occurs from the following factors,
such as:

— wear of cables with a service life exceeding the warranty period,;

— the practical absence of relay protection against SPEF;

— wvulnerable to overvoltage insulation of cable lines with insulation

made of cross-linked polyethylene;

— fan shutdowns of feeders after the appearance of the 1st SPEF.

Thus, the improvement and implementation of relay protection from SPEF
is an urgent problem of energy enterprises.

Studies are being conducted in various countries aimed at preventing or
minimizing the emergency consequences of single-phase earth faults, and these
studies are aimed at improving both neutral grounding modes and protections
against single-phase earth faults.
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Currently, current and current directional protection devices are used to
protect against SPEF in 6 - 35 kV networks with isolated neutral with increased
safety requirements and in power plant networks. However, they do not fully meet
modern requirements: current protections such as RTZ-50, RTZ-51 do not have the
necessary sensitivity in short-range networks (since it is necessary to detach from
its own capacitive connection current), and directional protection such as ZZP-1
and ZZP-1M may unnecessarily trigger when eliminating external single-phase
earth faults.

Research conditions and methods. The research methodology sets the
following tasks:

- analysis of known algorithms and relay protections against earth faults;

- justification of directional relay protection against ground fault based on a
direct current algorithm;

- calculation of electrical circuit parameters;

- experimental studies;

- development of recommendations for the introduction of selective
directional relay protection against ground faults in 6-35 kV power grids.

According to [1,2], the main and most common algorithms for relay
protection against SPEF are the following.

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 humber of outgoing feeders, the scope of
application is very limited.

2. The algorithm for the SPEF transient process is based on determining
the sign of the instantaneous power of the zero sequence in the initial stage of the
transient process. Provides fixation of short-term self-removing insulation
breakdowns. However, the duration of the transition phase on which the signal
signs need to be fixed is 0.5-2.0 ms, which reduces reliability.

3. The algorithm for the direction of the power of the zero sequence is the
most obvious and adequate, since the source of the zero sequence is located right at
the point of the SPEF. But it is difficult to use the algorithm in practice, which is
explained by large angular errors and non-identical characteristics of existing zero-
sequence current transformers (ZSCP), especially with arc SPEF and in the low-
current region [3,5].

4. The algorithm for the sum of the higher harmonics in the zero sequence
current works satisfactorily in centralized relative metering devices for branched
networks containing a large number of ferromagnetic equipment (transformers, arc-
extinguishing reactors, etc.). But for individual absolute measurement devices, it is
almost impossible to calculate the setpoint by the level of harmonics. Therefore,
they are ineffective due to the instability of the composition and the level of higher
harmonics in the zero sequence current.

5. The algorithm for the magnitude of the harmonics of the superimposed
current provides the greatest selectivity in compensated networks. Requires a
special superimposed current source. The most appropriate application is in
networks that already have such a source, for example, for controlling arc-
extinguishing reactors. Limited use in complex branched power grids [4].

The analysis of the presented relay protection algorithms shows a number
of their shortcomings that limit their use.

Research results. To solve the higher tasks , the following relay protection
is proposed:
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Figure 1. Device diagram

The figure shows a block diagram of a single-phase earth fault protection
device in electrical networks, where:

1 — the power grid,

2 — outgoing feeder,

3 — switch,

4 — zero sequence current (ZSC) sensor

5 — phase—detecting module,

6 — actuating relay,

7 - RC extinguisher,

8 — voltage relay,

9 — matching unit,

10 — current transformer,

11 —signal recorder

In the power grid (1), each of the outgoing feeders (2) contains a switch (3),
a ZSC sensor (4) connected by a secondary winding to the input of the phase-
detecting module (5), the output of which is connected to an executive relay (6), a
control switch (3). At the same time, common to all outgoing feeders (2) connected
directly to the power grid (1) is an RC extinguisher (7) connected by inputs to the
power grid (1) and outputs connected to a common point, grounded through a
current transformer (10). Moreover, the secondary winding of the current
transformer (10) is connected by means of a matching unit (9) with a signal
recorder (11) and a voltage relay input (8) having a time characteristic, the outputs
of which are connected to the input of the phase-determining module (5) and the
input of the signal recorder (11).

The proposed invention works as follows.

In the normal operation of the power grid (1) without switching overvoltages
and SPEF, the outgoing feeders (2), with the switch on (3), provide power supply
to consumers, and the ZSC sensors (4), RC extinguisher (7) and current
transformer (10), built from unbalance currents, are energized in their original
state. Also in readiness to function in the event of switching overvoltages or SPEF
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are the phase-determining module (5), the executive relay (6), the voltage relay (8),
the matching unit (9) and the signal recorder (11).

The occurrence of switching overvoltages in the power grid (1) is
accompanied by the fact that a current pulse appears in the RC extinguisher (7) and
the current transformer (10), which is then converted into a voltage pulse in the
matching unit (9). Since the duration of the switching overvoltage does not exceed,
as a rule, 10 ms (one half-wave of the fundamental harmonic), and the setpoint of
the delay time in the voltage relay (8) significantly exceeds the specified duration,
the signal about the resulting switching overvoltage is only recorded in the signal
recorder (11) and does not manifest itself in other elements of the device.

The appearance of the SPEF in the power grid (1) leads to the fact that in the
RC extinguisher (7), which is, in essence, an intact outgoing feeder, as well as
through the capacitances in intact feeders, a zero-sequence current appears, which,
passing through the current transformer (10) and its secondary winding, is then
converted into in the matching block (9) in the voltage of the zero sequence Uo. At
the same time, its phase coincides, by definition, with the phase of the current from
the ZSC sensor (4) of the intact feeder. Then, the Uo signal exceeding the setpoint
in the voltage relay (8), determined by the current unbalances in the RC
extinguisher (7), and with a delay for the duration of the transient process at the
SPEF, usually by 20-40 ms, enters the phase-detecting module (5). Simultaneously
and synchronously with this process, a signal from the ZSC sensor is received (4)
and is compared in the phase-determining module 5 with the phase of the signal
Uo. At the same time, their mutual antiphase state indicates a damaged feeder and
the signal generated in this way from the phase-detecting module (5) comes to the
executive relay 6 with subsequent action on the signal or on disconnection by the
switch (3) of the damaged feeder. Moreover, the Uo signal is also sent to the signal
recorder (11), which records the fact of the SPEF in the power grid (1).

Discussion of scientific results. A comparative analysis of the proposed
device with the prototype shows the following:

1. The use of an RC extinguisher (7) as a voltage sensor of the zero sequence
Uo is based on its absolute similarity with intact outgoing feeders of the power grid
(1), the currents in the ZSC sensors of which coincide in phase with the specified
voltage of the zero sequence Uo. At the same time, the use of an RC extinguisher
(7), one per bus section of the power grid, instead of a high-voltage three-phase
rectifier, which is installed on each outgoing feeder, greatly simplifies and reduces
the cost of protection against SPEF in power grids.

2. The rationale in the proposed device for the additional function of limiting
and registering switching overvoltages that occur in the power grid (1) for a
number of reasons lies in their manifestation primarily in the RC extinguisher (7).
At the same time, compared with nonlinear surge limiters, which have a very high
level of operation, the RC extinguisher (7) limits even insignificant switching
overvoltages and dangerous higher harmonics. This ensures an increase in the
reliability of the device and the power grid as a whole.

3. The introduction of a signal recorder (11) into the device makes it possible
to record in time the facts of the occurrence and limitation of switching
overvoltages. This helps in the subsequent analysis to identify sources of
overvoltage in order to take preventive measures to prevent overvoltage and
improve the reliability of the power grid.

4. The increase in the level of electrical safety created by the proposed
device consists in the fact that the current transformer (10) creates a galvanic
isolation between the high-voltage power grid (1) with the RC extinguisher (7)

136



Dulaty University Xaoapubicot
Becmuux Dulaty University 2023, Ne2
Bulletin of the Dulaty University

ISSN 2788-4724 (print)
ISSN 2790-833X (online)

connected directly to it and, accordingly, the remaining low-voltage elements of
the device.

Conclusion. The presented analysis confirms the increase in the efficiency
of power supply when using a simple and inexpensive to implement device for
protecting power grids from SPEF with advanced functionality for limiting and
registering emerging switching overvoltages and ensuring the safety of the power
grid, and also proves the novelty and significant advantages of the proposed device
compared to the prototype for all types of SPEF. On the basis of the above, it
should be noted the importance of researching new protection systems against
SPEF in 6-35kV networks. Therefore, this work is devoted to the research of a new
high-performance protection in 6-35 kV networks.
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Material received 03.04.23.
B.U. Amutpuuenko?, A.M. Aktan?, H.T.Omupsakos?®
123 Aamamel sHepaemuka #aHe balinaHsic yHusepcumemi, Aamamel, Kasakcman

6-35KB 3/IEKTP TOPAMNTAPbIHAFbI BIP ®A3AHbIH, }KEPTE TYAbIKTA/TYbIHAH BEMIM A
PENENIK KOPFAHbBICTbI 3EPTTEY

AHgatna. byn Makanaga 23NekTp TopanTapbiHafbl 6ip  dasaHblH,  Kepre
TYMbIKTaNyblHaH penenik KOopfaHbICTbl 3epTTey HaTMXKenepi KepceTinreH. 3epTtrey
)KaHanbIFbl 3aKkbiMdanfaH oéugepabl HONAIK PETTINIK TOrblHAAfFbl TYPaKTbl KypayLbiCbl
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6oMbIHIWA aHbIKTayFa HerisgenreH abcontoTTi XKaHa Tacingemese. Kasipri TaHaa ofaH api
3epTTey XKymbICTapbl Xyprisinyae. Makanaga ocbl 3epTTey HerisiHAe anbiHFaH KasakcTaH
Pecny6/MKacbIHbIH 6HepTabbICKa NaTeHTTEpPiHIH Bipeyi cunaTTanfaH.

Tipek ce3pep: 6ip PpasaHbIH, Kepre TyhbiKTanybl, [CP 6ap TopanTtap, a*kblpaTbiAFaH
6einTapan, KopfFaHbIC AATOPUTMI, TYPaKTbl KypayLlbl, HB/AjH, PETTINIK TOrbl.

B.U. Amutpuuerko?, A.M. Aktan?, H.T.Omup3akos?
L23AamamuHckull yHusepcumem sHep2emuKu u ceasu, Aamamel, KazaxcmaH

WCCNEQOBAHUE ANANTUBHOW PENEMHOMN 3ALLMUTDI
OT OQHO®PA3HbIX 3AMbIKAHMIA HA 3EMJ1LO B 9/IEKTPOCETAX 6-35KB

AHHOTaumA. B AaHHOM CTaTbe NOKasaHbl pe3ynbTaTbl UCCNEA0BaHUA pPeneriHOn
3aWMTbl OT 04HOGA3HbIX 3aMblKaHUMKM Ha 3eM/to. HOBM3HA MCCNea0BaHUA 3aK/todaeTca B
abcoNtoTHO HOBOM nNoOAXoAe K BbifABAEHMIO dupepa MNOBPENXAEHUA MO MOCTOAHHOM
COCTaBNAOWEN B TOKE Hy/JeBOW Noc/iefoBaTeNbHOCTU. Ha AaHHbIM MOMEHT BeagyTcA
JanbHelwne uccnegoBaHus. B ctatbe MAET O3HAaKOMJIEHME C OAHMM M3 MOJyYeHHbIX
naTeHToB Ha n3obpeteHne Pecnybamkmn KasaxcTaH.

KnoueBble cnoBa: ogHodasHoe 3amblkaHMe Ha 3emato, cetm ¢ AP,
M30NMPOBAHHAA HENTPasb, aAFOPUTM 3alUMTbl, MOCTOAHHAA COCTaBAAIOLWLAs, TOK HY/eBOM
nocnefoBaTeIbHOCTU.
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