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BTOPVMHHMX KiJI.

2. Improvement of grounding systems of electric substations to ensure trouble-free operation of secondary
circuits

Pedepar:

1. Y puceprauiiiHiil po60Ti HaBeIeHO OCHOBHI (PYHKIIii Ta HOPMATHUBHI BUMOTH 3 [iarHOCTUKU 333€MJIIOBAJIBHAX
[IPUCTPOIB, IIPOBELEHO aHaJIi3 PE3YyJIbTATiB AiarHOCTUKY Ta HABEJLEHO OCHOBHI HEMOJIIKY 3a3€MJIIOBAJIbHUX
npucTtpoiB. OGIpyHTOBAaHA aKTyaJIbHICTbh BIOCKOHAJIEHHS 3a3€MJIIOBAJIbHUX IIPUCTPOIB €J1IeKTPOyCTaHOBOK
HaMpyroo noHaz 1 kB y es1IeKTpUYHNX Mepeskax i3 Iilyxo3a3eMJIeHO0 ab0 e(eKTUBHO 3a3€MJIEHOI0 HEUTPAJLIIIO, SIKE

CIIpAMOBAHO Ha 3abe3reyeHHs eJIeKTpOMaI‘HiTHOi CYMiCHOCTi INEPBUHHUX Td BTOPUHHUX KiJI, a came Ha 3ano0iraHHg



MOLIKOJKEHHSI i3071s111ii KabesliB BTOPUHHUX Kijl BUMIPIOBAJIbHUX TPAHCPOPMATOPIB CTPYMy Ta Ha 3aM06iraHHs
XUOHUX CIIpallOBaHb CTPYMOBUX 3aXUCTIB. Y po6oTi Briepuie chopMyIbOBAaHO TPU AOJATKOBUX KpUTEPii BUKOHAHHS
3a3eMJII0BAJIbHUX IPUCTPOIB MifcTanLiil Hanpyroto 330(220)/150(110) kB, ki cipsiMoBaHO Ha NoNepeyKeHHs
MOLIKOAKEHHSI 130J1s111ii KabeJIiB CTPyMOBHUX 3aXMCTIiB IPU yapi 6/JIMCKAaBKU Ta IPY KOPOTKOMY 3aMMKaHHI Ha IIMHAX
PO3MOiNBHOrO MPUCTPOIO, 8 TAKOX Ha MONEPEIPKEHHS XUOHOT0 CIIPALIOBAaHHSI CTPYMOBUX 3aXUCTIiB y BUIIAJIKY
TMOMIKO/IKeHHS i30J1s111ii BKa3aHUX KabeJiiB. Y poboTi MpoBeIeHO aHai3 eKCIIepUMEeHTaIbHUX TaHUX, OTPUMaHUX Ha
80 mitounx mipcraHuisx Ykpainu Hanpyroto 330(220)/150(110) kB, 1151 BU3HauU€HHS He3aleKHUX (PakTopis. B
pe3yJbTaTi IPOBEeIEHHS 0OHO(MAKTOPHUX €KCIIEPUMEHTIB BCTAHOBJIEHO, 10 HE3AIEKHUMU (PAaKTOPaMU € IJIOoLWA
3a3€MJIIOBAJIBHOTO IIPUCTPOIO, €KBiBaJIEHTHUN TMTOMUM OIIip I'PYHTY, PO3Mip YapyHKU CiTKU 3a3€MJIIOBAJIbHOTO
IIPUCTPOIO, IEPUMETP TIEPEPi3y TOPU3OHTANBHUX 3a3€MJIIIOBAYiB, INIMOMHA 3aK/IaJJaHHSI TOPU30HTAJIbHUX
3a3eMJII0BauiB, CTPyM 04HO(A3HOr0 KOPOTKOrO 3aMUKAHHSI, 8 TAKOXK KOHCTPYKTUBHUM KOeQillieHT, IKUH €
BiZIHOIIEHHSIM BificTaHi MiX TpaHC(HOPMATOPOM CTPYMY Ta 3aJI010 PeJIeMHUX MaHesel 10 AiaroHati
3a3eMJII0BAJIbHOT'O ITPUCTPOI0. BCTaHOBJIEHO peasibHi /liara3oHy 3HaueHb He3ayleskHUX PakTopiB. B pesysbTati
IIPOBEEHHS 0OHO(MAKTOPHUX €KCIIEPMMEHTIB BCTAHOBJIEHO, 110 IIIMOMHA 3aKjIaaHHsI TOPU30HTAJIbHUX
3a3eMJII0BAYiB € HE3HAYMMUM (PAKTOPOM. Y po6OTi TEOPETUYHO OOIPYHTOBAHO YMOBHU Ta IIPOBEAEHO MIOBHI
IBOPiBHEBI YOTUPbOX(PAKTOPHUI Ta I'AITUPAKTOPHUI EKCTIEPUMEHTHU [17151 BU3HAUYEHHS OTIOPY 3a3€MJII0BAJIbHOTO
IIPUCTPOIO [TPY KOPOTKOMY 3aMHUKaHi. Y po60Ti HaBeIEHO PE3yJIbTaTH PO3PAXyHKY OIOPY 3a3€MJII0BAJIbHOTO
IIPUCTPOIO 7151 peajibHUX 3HaYeHb (akTopiB 80 mifcTaHLii 3a OTpMMaHUMU QPOPMYJIaMu Ta 3a POPMYyJIaMH, SKi
BiZlOMi 3 HODMATHUBHOI Ta TEXHIYHOI JliTepaTypu. Y po6oTi Breplie TEOPETUYHO O6TPYHTOBAHO YMOBHU Ta TPOBEIEHO
IIOBHUIA IBOPiBHEBUI ECTU(HAKTOPHUI €KCIIEPUMEHT [J151 BU3HAYEHHS HAlPYTy HA i30J1411ii Kabest0 BTOPMHHUX
KiJl TpaHcOpPMaTOpPy CTPyMY, SIKUH € HalBiJajIeHiIMM Bif 3211 peJlIeliHUX NIaHesell, IPU KOPOTKOMY 3aMUKaHHI
Ha IIMHAaX. Y po6OTi HaBeIEHO PEe3yIbTaTh PO3PaXyHKy BKa3aHOI HANPYTy [AJ1s1 peayIbHUX 3Ha4eHb pakTopis 80
migcTaHIii 3a oTpUMaHuMU GopMmyaamu. Y po6oTi cpopMyIbOBAHO NPOLENYPY €KCIIEPUMEHTAIILHOTO BU3HAYEHHS
HaIpyry Ha i30s1ii Kabeso BTOPMHHUX Kijl TpaHCOPMaTOPy CTPyMY, SIKUI € HalBinJaeHilnM Bif, 3aIu
peJieHuX NaHesel, IpY imMiTalii KOpOTKOro 3aMMKaHHS Ha IIMHAX LbOT0 TpaHCHOPMaATOpPy CTpyMy. Y poboTi 6ys10
PO3p06JIEHO METOJUKY Ta HABEJEHO MPUKJIaA/A BUSHAYEHHS! KOHCTPYKTMBHUX I1apaMeTpiB Ta MaTepialbHUX BUTPAT
Ha BUKOHAHHS 3a3eMJII0BAJIbHUX NPUCTPOIB Hifncranuiin 330(220)/150(110) kB 3 BUKOpHUCTaHHSIM OTPUMAaHUX B
po6OTi MaTeMaTUYHUX MOJieJlel 3a KpUTePieM 3an06iraHHs MMOIIKOPKEHHS {30111l KabeJsIiB CTpPyMOBUX 3aXUCTiB
IIpY KOPOTKOMY 3aMUKaHHi, @ TAaKOX 32 KpUTepieM 3anobiraHHst XMOGHOTO CIPALIIOBAHHS CTPYMOBHUX 3aXUCTIB Y

BUIIAJIKy 3aMUKaHHS Ha 3eMJII0 (a3HOTO abo HYJIbOBOTO IIPOBiIHUKIB KabeJsilo BTOPUHHUX KiJl.

2. In the dissertation the basic functions and normative requirements for grounding system diagnostics are given,
the analysis of the diagnostics results is carried out and the main disadvantages of grounding system are given.
The urgency of improvement of the grounding systems of electrical installations with the voltage of more than 1kV
in electric networks with a grounded or effectively grounded neutral is substantiated. The improvement is aimed
at ensuring the electromagnetic compatibility of primary and secondary circuits, namely, at ensuring the
prevention of damage to the insulation of cables of secondary circuits of measuring current transformers and at
ensuring the prevention the false triggers of current protections. In the work, for the first time, three additional
criteria for the implementation of grounding systems of 330 (220) / 150 (110) kV substations are formulated, which
are aimed at preventing damage to the insulation of current protection cables with lightning strike and with short
circuit, as well as to prevent current protection false triggering in the event of damage to the insulation of the
specified cables. The paper analyzes the experimental data obtained at 80 operating substations 330 (220) / 150
(110) kV of Ukraine, to determine the independent factors as well as insignificant factors from a number of
independent ones. As a result of single-factor experiments, it was established that the independent factors are
follows: the area of the grounding systems, the equivalent specific soil resistance, the size of the grounding
systems mesh cell, the perimeter of the horizontal electrodes section, the depth of the horizontal electrodes, the
current of the single-phase short circuit and a constructive coefficient which is the ratio of the distance between
the current transformer and the relay panels hall to the diagonal of the grounding system. As a result of single-
factor experiments, the depth of the horizontal electrodes was found to be insignificant . In the paper a complete



two-level four-factor and five-factor experiments were carried out to determine the grounding system resistance
with short-circuiting. The results of calculation of the grounding system resistance for the real values of the
factors of 80 substations based on the formulas obtained and the formulas known from normative and technical
literature are presented in the work. In the paper, for the first time, a complete two-level six-factor experiment
was carried out to determine the voltage on the cable insulation of the secondary circuits of the current
transformer, which is the most distant from the relay panel hall, with a short circuit. The paper presents the
results of calculation of the given voltage for real values of the factors of 80 substations based on the obtained
formulas. In the paper the procedure for the experimental determination of the voltage on the insulation of the
secondary circuits cable of the current transformer, which is the most distant from the relay panel hall, when
simulating a short circuit on the bus of this current transformer, was formulated. In the paper a technique was
developed and examples of design parameters and material costs for the implementation of grounding system of
substations 330 (220) / 150 (110) kV using the mathematical models obtained in the work on the criterion of
prevention of insulation damage of current protection cables with short-circuit, as well as the criterion for
preventing the false triggering of current protection in the event of a grounding of the phase or zero conductors of
the secondary circuits cable.
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