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Annotation. The article describes the process of finalizing and configuring additional
protection systems at substations in order to increase the reliability and stability of electric power
facilities. The study analyzes the issues of a comprehensive assessment of the operability of
protective devices, matching their parameters with the main relay protection circuits and ensuring
proper operation in emergency or transient conditions. The main stages of the commissioning work
are revealed: the study of design materials, carrying out functional and statutory tests, modeling
possible emergency modes and improving protection parameters. Modern methods and software
tools used to diagnose and monitor the operation of security systems are also considered. As a result
of the effective implementation and fine-tuning of additional protection systems, the level of
electrical safety increases, the risk of technological failures decreases, and the reliability of
uninterrupted power supply to consumers increases.
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Introduction

Ensuring stable and safe operation of power systems is one of the most urgent technical
tasks of modern society. In fulfilling this task, substations play a crucial role, as they carry out the
processes of receiving, converting and distributing electrical energy to consumers. Continuous and
reliable operation of substations allows maintaining the quality of electrical energy, providing
consumers with uninterrupted power supply, and ensuring the stability of the entire power system.

There is always a risk of various malfunctions and emergencies in power networks. In such
cases, the main element of system protection is relay protection and automation devices. However,
the main protection systems cannot always detect all possible malfunctions or may not be activated
under certain conditions. At such moments, additional protection systems are activated, protecting
electrical equipment from damage and large-scale system failure.

To increase the efficiency of additional protection systems, it is very important to correctly
configure them and accurately determine their parameters. The correctness of the settings directly
affects the selectivity, speed, and sensitivity of relay protection. When calculating the operating
limits and time parameters of each protective device, the network configuration, transformer power,
short-circuit current levels, and consumer characteristics are taken into account.

Currently, the process of tuning additional protection systems is carried out using automated
programs and digital relay devices. This approach allows engineers to accurately simulate, test, and
optimize protection parameters. However, in practice, it is of great importance to analyze the
calculation and test results, taking into account the individual characteristics of each station.

This article considers the importance of additional protection systems of substations, their
operating principles, and tuning methods. It is also proposed to analyze the stages and results of
tuning based on specific technical parameters.
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Initial data

No Short circuit maximum Short circuit Short circuit
power amount, MBA minimum power minimum voltage size, kV
quantity, MBA

1 2950 2800 110
2 3000 2900 110
3 3200 3050 110
4 2900 2800 110
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1. picture. Scheme of the distribution network
Zero circuit current protection (ZCCP)
Calculation of stage I
15" =1,5x4,

I =1,2x4,

Il,,=K,3-1,=11-3-1,5=4,95x4,

where, [ él) — single phase HF current;

1 él’l) — two-phase HF current;

K, — reliability coefficient.
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1.1 picture. / (()1) — single phase HF current;
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Calculation of Stage I1
Values of one-and two-phase KT of 20 adjacent networks

IV =9734,
I =8014,
I

3
1
1 C320

3

3200

=1,17x4.

DC 1e-0090hm

1.2 picture. two-phase HF current;

w=K, 31 =1,1-3-973=3,2x4
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Reproduction of the II stage of the protected network:

I8 =1,008x4,
I =8014,

1" =K, -3-1,=1,1-3-1,008=3,32xA.

Sensitivity factor:

3.1
Kq =— 0 >1,5.
322
Calculation:
K, = 3150015415,
3320

Calculation of Stage I11

Values of one-and two-phase KT of adjacent 18 networks:

1" =7664,

1 = 6864,

IL =K, -3-1,=1,1-3-766=2,5kA,
1

Leas _ 2500 5664
3 3

Values of one-and two-phase KT of Stage II of adjacent 20 networks:

1" = 6334,
1" =6314,
I, =K,-3-1,=1,1-3-633=2,088x4,

Lo 2088 _ o6y
33

Elimination of Stage III of the protected network:
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19 =6394,
1M =5754,

1" =K, -3-1,=1,1-3-639=2,1xA.

Sensitivity factor:

3.1
K,=2_0>15.
C322
Calculation:
k=219 54515,
2100

The sensitivity coefficient is satisfied.
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1.3 picture. ZCCP selectivity map outline
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Gas transformer protection

Transformer gas protection is one of the most reliable and sensitive types of relay protection
designed to detect internal damage occurring inside the transformer tank. In case of short circuits,
overheating or decomposition of insulation, gases are formed in the oil, which indicate a violation
of the normal operation of the equipment. The gas protection detects these processes and promptly
sends a signal or disconnects the transformer from the mains, preventing the development of
accidents.

The basis of gas protection is a Buchholz gas relay installed between the expander and the
main tank of the oil transformer. It reacts to the accumulation of gases or the movement of oil
caused by internal damage. In case of minor defects accompanied by slow release of gas, the
protection issues a warning signal, which allows for timely inspection and troubleshooting. In case
of serious damage, when a large amount of gas is released or an oil flow occurs, the relay sends a
command to instantly turn off the transformer.

The gas protection is highly sensitive and easy to operate. It is able to detect the initial
stages of malfunctions that have not yet manifested themselves in other ways, thereby increasing
the reliability and durability of the transformer. However, this type of protection is used only for oil
transformers and does not respond to external short circuits or overloads, so it is used in conjunction
with other types of relay protection.

Alarm circuit I r
+—0 O Release cock

:

-~

B carramecon e B
P { From
To< . —— transformer
conservator | tank
....................... f

b =
R Flap
Test cock

1.4 picture. Buchholz gas relay

Conclusion

Setting up auxiliary substation protection systems is the most important step in ensuring
reliable and safe operation of power equipment. The accuracy of the protection operation, timely
identification and elimination of emergency situations, as well as minimizing damage in case of
possible malfunctions depend on the correctness of the settings made.

A high-quality setup makes it possible to achieve coordinated operation of all elements of
protective and control devices, increase the stability of the power system and extend the service life
of the equipment. During the setup process, all settings, logical relationships and operability of
relay, alarm and automatic systems are checked, which guarantees their correct functioning under
any operating conditions.

Setting up auxiliary substation protection systems plays a key role in creating an efficient
and safe energy infrastructure. Proper execution of these works contributes to improving the
reliability of power supply, reducing operational risks and the sustainable functioning of the energy
system as a whole.
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KOCAJKbI CTAHIIUSAHBIH KOCBIMIIIA KOPFAHBIC )KYHUEJEPIHIH
BAIITAYJIAPBIH XKYPI'I3Y

Kenicos Kannoc, Kyiaaraii Epnap
Kyb6anoB ateiHarel AKTOOE OHIPIIK YHUBEpcuTeTi, AKToOe, Kazakcran
e-mail: z_zhenisov@mail.ru, kylatayO3@bk.ru

AnpaTna. Makanana 3JeKTp CTaHIUSIIAPBIHBIH CEHIMIUTITT MEH TYPAaKTBUIBIFBIH apTTHIPY
MaKcaThIH/a KOCAJIKbl CTAHIUSUIAPAAFbl KOCBIMIA KOPFAHBIC IKYHENEpiH asKray IKoHe
KoH(UTypalusuiay Tpoleci cumarraaraH. 3epTrey OapbIChIHIA KOPFAHBIC KYPBUIFBLIAPBIHBIH
KYMBIC KaOlJIETTUTITH >KaH-)KaKThl Oarajay, OJIapJblH MapaMeTpiepiH peNeliK KOPFaHBICTHIH
Heri3ri Ti30eKTepIMEH COMKECTEHIIIPY JKOHE amaTThIK HEMece OTIENi JKaraalaapaa AYPhIC KYMBIC
icTeylH KamMTaMachl3 €Ty Mocenesnepi TanmmaHanbl. [laiimamanyra Oepy >KYMBICTapbIHBIH HETI3T1
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KE3CHIEepl AaHBIKTAJABL: JKOOAJBIK MaTepHalmapabl 3epTTey, (OYHKIHOHAIABIK >KOHE 3aHIbBIK
CBIHAKTAP/BI JKYPri3y, BIKTUMaJ aBapUsUIBIK PeKUMICPII MOICIBILY KOHE KOpFay MapaMmeTpiiepin
x)akcapty. Conmaii-ak Kayilnci3aiK KyHenepiHiH )KYMBICBIH JUAarHOCTUKANIay YKoHE Oakplaay YIIiH
KOJIJIaHBUIATBIH 3aMaHayd OJICTep MEH OarnmapiiaMaiblK Kypannap KapacTeIpbuianasl. Kockimima
KOpFaHBIC JKYHENepiH THIMJI CHTI3Y JKOHE Jo/ OamnTay HOTHIKECIHJE SJIEKTp Kayilci3airi AeHrewi
YKOFapbUIANIbI, TEXHOJOTUSIIBIK aKayJiap KayIi TOMEHICH1, TYTHIHYIIBUIAPABI Y3/IIKCI3 AIEKTPMEH
KaOIBIKTAY CEHIMJILIITI apTaibl.
Tyiiin ce3nep. Hemnnik Ti30eKTi TOKTaH KOPFaHbBICH, T paHc(OpMaTOpbIH T'a3 KOPFaHBICH,

CenekTHBTLIIK KapTackl, byXroipil raz pemneci.

MPOBEJEHUE HACTPOMKHN BCTIOMOT ATEJBHBIX CUCTEM 3AIMTHI
MOJICTAHIIAA

Kenucos Kanpnoc, Kyaarait Epaap
AKTIOOMHCKMI pernoHanbHbIi yHuBepcuteT uM. JKybanosa, Akrode, Kazaxcran
e-mail: z_zhenisov@mail.ru, kylatayO3@bk.ru

AHHoTanus. B ctatbe onucan nmporecc 1opaObOTKU U HACTPOUKHU JTOTIOJIHUTEIbHBIX CUCTEM
3alllMThl HAa MNOACTAHIIMAX C LCJIBIO IIOBBIMICHHWSA HAACKHOCTHU U CTaOMJILHOCTHU pa6OTI)I 00BEKTOB
JIEKTPO’HEpPreTUKU. B HcciaenoBaHMM — aHATU3UPYIOTCS  BOIPOCHl  KOMIUIEKCHOW — OLIEHKH
paboTOCTIOCOOHOCTH 3aIIUTHBIX YCTPOMCTB, COTJIACOBAHUS UX IAPAMETPOB C OCHOBHBIMH IETISIMU
peneitHOM 3aiMThl 1 obecrieueHus Hauiexanieil paboThl B aBapUMHBIX WIIM MIEPEXOHBIX PEKUMAX.
PaCKprTI)I OCHOBHBIC JTaIllbl ITIYCKOHAJIAAOYHBIX pa60T: HN3YUYCHUC TIPOCKTHBIX MAaTCpuaioB,
npoBeieHne (YHKIMOHAJIBHBIX W HOPMATHBHBIX MCIBITAaHUHM, MOJETMPOBAHHE BO3MOXKHBIX
ABapUMHBIX PEXUMOB W YIIYUIICHHE MapaMeTpOB 3aIIUTHI. Takke paccMOTPEHbI COBPEMEHHBIE
METOABl U NPOTrpaMMHBIE CPEACTBA, HUCIOJb3yeMble AJIS JTMarHOCTUKM M MOHMTOpPUHIa paboThI
cucreM Oe3omacHocTH. B pesynprate 3¢ (EKTHUBHOIO BHEAPEHUS U TOHKOW HACTPOMKHU
JIOTIOJTHUTEJBHBIX CUCTEM 3alIUThI MOBBIIIAETCS YPOBEHb JIEKTPOOE30MACHOCTH, CHU)KAETCSI PUCK
TEXHOJIOTUYECKMX CO0EB U TIOBBIIIAETCS HAJEKHOCTh OecrepeOoitHOro 3JIeKTPOCHA0KEHUS
norpeduTenei.

KaioueBble cjioBa. 3amuTa OT TOKa HYJEBOIO 3aMBIKAaHMS, 3alldTa Ta30BOTO
TpaHchopMmaTopa, cxema CeleKTUBHOCTH, ra3oBoe pene byxronbua.
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