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

circuits

Pedepar:

1. Y nuceprauiiiziit po60Ti HaBeJleHO OCHOBHI YHKIIii Ta HOPMATUBHI BUMOTH 3 [iarHOCTUKYU 3a3€MJIIOBaJIbHUX
IIPUCTPOIB, IPOBEEHO aHaIi3 pe3y/bTaTiB AiarHOCTUKY Ta HABEL,EHO OCHOBHI HEJJOJIKY 3a3€MJII0BAJIbBHUX
npuctpoiB. OGIPyHTOBaHA aKTYyaJIbHICTh BIOCKOHAJIEHHS! 3a3€MJIIOBAJIbHUX IIPUCTPOIB €JIEKTPOYCTaHOBOK
HAIMpyroo NoHag 1 KB y eJIeKTpPUYHMX MEPEXKax i3 I1yx03a3eMIIeHOI0 a00 e(EeKTUBHO 3a3€MJIEHOK HEUTPAJLIIO, SKe
CIIPSIMOBAHO Ha 3a0e31eYeHHs! eJIEKTPOMarHiTHOI CyMiCHOCTI IEpBUHHUX Ta BTOPUHHUX KiJl, @ came Ha 3anobiraHHs
MOIIKOIKEHHS 130J1s111ii KabeJs1iB BTOPMHHUX Kijl BUMipIOBaJIbHUX TPaHC(POPMATOPIB CTPYMyY Ta Ha 3a100iraHHs
XMOHUX CIIpall0BaHb CTPYMOBHUX 3aXUCTiB. Y po6oTi Brepiie cpopMyIbOBAHO TPU AOLATKOBUX KPUTEPii BUKOHAHHS
3a3eMJII0BAJIbHUX IIPUCTPOIB MifcTanuii Hanpyroto 330(220)/150(110) kB, ski cipsiMoBaHO Ha MoONepeKeHHs



NOUIKOPKEHHSI i3071s111ii KabesliB CTPyMOBUX 3aXUCTIiB IPU yJapi 6J1MCKaBKY Ta TPU KOPOTKOMY 3aMUKAHHI Ha IIMHAX
PO3MOJiNBHOrO MPUCTPOIO, & TAKOXK Ha MONEPEPKEHHS XNUOHOT0 CIIPALIOBAaHHSI CTPYMOBUX 3aXUCTIiB y BUIIAKY
MOMIKO/IKeHHS i3071s111ii BKa3zaHUX KabeJiiB. Y poboTi MpoBeieHO aHai3 eKCIlepUMeHTaIbHUX TaHUX, OTPUMAaHUX Ha
80 mitounx mipcranuisx Ykpainu Hanpyroto 330(220)/150(110) kB, 1151 BU3HaU€HHS He3aleXHUX (akTopis. B
pe3yJIbTaTi IPOBeeHHS OJHO(AKTOPHUX €KCIIEPUMEHTIB BCTAHOBJIEHO, 1[0 He3a/IesKHUMU (PaKTOPaMU € IJIOIA
3a3€MJIIOBAJIbBHOTO IIPUCTPOIO, €KBiBaJIEHTHUIN [TMTOMUM OIIip I'PYHTY, PO3Mip YapyHKU CiTKU 3a3€MJIIOBAJIbHOTO
[IPUCTPOIO, IEPUMETP IIepepi3y FOPU30HTAIBHUX 3a3€MJII0OBAYIB, [NMIMOMHA 3aK/IalaHHs TOPU30HTAIbHUX
3a3€MJIIOBAUiB, CTPYM O4HO(A3HOT0 KOPOTKOTO 3aMUKaHHS, a TAKOK KOHCTPYKTUBHUMN KOeillieHT, SIKUH €
BiJHOLIEHHSM BifCTaHi MixK TpaHCHOPMATOPOM CTPYMY Ta 3aJI0I0 peJielHUX NlaHesell Jo fiaroHasi
3a3eMJII0BAJIbHOTO ITPUCTPOI0. BCTaHOBJIEHO peasibHi /lialla30Hy 3HaUeHb He3ayle>XXHUX (PakTopiB. B pesysbTati
IIPOBEIEHHS 00HO(MAKTOPHUX €KCIIEPMMEHTIB BCTAHOBJIEHO, IO IJIMOMHA 3aKJIafaHHsI TOPU30HTAJIbHUX
3a3eMJII0BaYiB € HE3HAYMMUM (PAKTOPOM. Y po6OTi TEOPETUYHO OOIPYHTOBAHO YMOBHU Ta IIPOBEAEHO MOBHI

I BOPiBHEBI YOTUPbOX(PAKTOPHNUI Ta M'AITUPAKTOPHUI EKCIIEPUMEHTHU [17151 BU3HAUYEHHS OIOPY 3a3€MJII0BAJIbHOTO
IIPUCTPOIO [IPY KOPOTKOMY 3aMHMKaHi. Y Po6OTi HaBeJIEHO Pe3yJIbTaTh PO3PaXyHKy ONOPY 3a3EMJII0OBATIbHOTO
IIPUCTPOIO [J151 peasibHUX 3HaYeHb (aKkTOopiB 80 mifcTaHLii 3a OTpMMaHUMU POPMYJIaMu Ta 3a POPMYyJIaMHU, SIKi
BiZJOMi 3 HODMaTHBHOI Ta TEXHIYHOI JliTepaTypu. Y po6OTi Bepile TEOPETUIHO OOIPYHTOBAHO YMOBH Ta IIPOBEIEHO
IIOBHUI IBOPiBHEBUI ECTU(HAKTOPHU €KCIIEPUMEHT [1J151 BU3HAYEHHS HAIPYTy HA i30J1411ii Kabesi0 BTOPMHHUX
KiJl TpaHc(OpPMaTOpPy CTPYMY, SIKUH € HalBiaIeHIIIMM Bif 3aJ11 peJIeiHUX NIaHeJlel, IPU KOPOTKOMY 3aMUKaHHi
Ha mMHAX. Y poOOTi HaBeeHO Pe3yJIbTaTU PO3PAXyHKY BKa3aHOI HAPyTH 151 peajibHUX 3HaueHb (pakTopiB 80
migcTaHii 3a oTpuMaHuMu Gopmyaamu. Y po6oTi cpopmMyIbOBAHO NPOLEAYPY €KCIIEPUMEHTATILHOTO BU3HAYEHHS
HaIpYry Ha i30s1ii Kabeso BTOPMHHUX Kijl TpPaHC(OPMATOPY CTPYMY, SIKUI € HalBifaIeHiM Bif, 3211
pesiefiHuX NaHesel, Npuy iMitalii KOpoTKOro 3aMMUKaHHS Ha IIMHAX LbOTO TPAHCHOPMATOPY CTPyMy. Y po6oTi 6ys10
PO3p0O6JIEHO METOJUKY Ta HABEJEHO MPUKJIaA/ BUSHAYEHHS! KOHCTPYKTMBHUX I1apaMeTpiB Ta MaTepiaJbHUX BUTPAT
Ha BUKOHAHHS 3a3eMJII0BAJIbHUX NPUCTPOIB Hifncranuiin 330(220)/150(110) kB 3 BUKOpHUCTaHHSIM OTPUMAaHUX B
po6OTI MaTeMaTUYHUX MOJIeJIel 3a KpUTEPieM 3an0b6iraHH MMOIMKOKEHHS {30111l KabeJsIiB CTpPyMOBUX 3aXUCTiB
IIpPY KOPOTKOMY 3aMUKaHHi, @ TaKOX 32 KpUTepieM 3ano6iraHHs XMO6HOTO CIIPALIIOBAHHS CTPYMOBHUX 3aXUCTIiB Y

BUIIAJIKy 3aMUKaHHS Ha 3eMJII0 (a3HOro abo HyJIbOBOTO IIPOBIIHUKIB KabeJsil0 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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