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TokoBble 3alUTHI JUHUN pacHpeiesUTeabHbIX ceTeil 6—-35 kB ucnonb3yroTcs i HX
3aIIUTHl OT MEXTy(ha3HbIX KOPOTKHX 3aMbIKaHUH. I TaBHBIA HEZOCTATOK COCTOUT B OTHOCH-
TeJIbHO OOJIBIINX BBIAEPKKAX BPEMEHU MOCIETHUX CTYMEHeH, 0COOEHHO Ha TOJOBHBIX y4acT-
KaX CeTH, BCIEACTBUE CTYIEHUYATHIX XapaKTEPUCTUK CPadaThIBaHUA, a TAKXKe 3HAUUTEIHHOTO
KonmmdecTBa cryneHeid. [lomHonenHas 3ammra JTUHUA 6-35 KB 0T MexIydha3HBIX KOPOTKHX
3aMBIKaHUI MOXET OBITh 0OecIieueHa AByXCTYIIEHYaTOl TOKOBOM 3aIIUTOMH, y KOTOPOii IepBast
CTYIIEHb — TOKOBasi OTCeUKa 0e3 BBIAEPKKH BPEMEHH, a BTOpas — MaKCHMaJIbHasl TOKOBas 3a-
LIUTa C BBLICPXKKOH BPEMEHH, JTUHEHHO 3aBHCALICH OT PAaCCTOSHUSA OT MECTa YyCTaHOBKHU 3a-
IIMTHl 10 TOYKU MOBpPEXACHUS. B craTthe mpencrtaBieHbl GOPMYIBI pacuyeTa XapaKTepUCTHK
BBIJICPKEK BPEMEHH BTOPOW CTYIEHH M UX NPUMEPHBIH rpapuueckuil Bua. ABTOpaMH Ipen-
JI0KEH BapHaHT PEIICHUs MPOOIEMBI ¢ PAaCUeTOM BBIIEPKEK BPEMEH! BTOPOIl CTYNEHH 3allli-
Thl B T€X ClIydasX, KOrAa OT HIMH IOACTaHLUM, PACHOI0KEHHON B KOHIE 3alUIIAEMON JH-
HHHU, OTXOJAT HECKOJIBKO NTPUCOEAUHEHUH.

CoBepIIEHCTBOBAaHUE TOKOBBIX 3alUT JUHUHA 6-35 KB ¢ OJHOCTOPOHHMM MUTaHHEM
0T MeXIy(a3HbIX KOPOTKHX 3aMBIKAHHH MOKET OBITh OCHOBAaHO Ha HCIIOJIb30BAaHUH B COBO-
KYIMHOCTH TAaKUX MPUHIHUIIOB, KaK. Y4eT MeCTa W BHJA KOPOTKHX 3aMbIKaHHi, 4TO olecrie-
YUBACT PACHIMPEHHE 30HBI MIHOBEHHOT'O OTKIIIOYEHHS OBICTPOACUCTBYIOLIEH CTYINEHU U €e
HE3aBUCHMOCTh OT BHJa MOBPEXKICHHUS U PEXUMa PabOTHI CETH, a TAKKe IO3BOJSET YBENHU-
YUTh YyBCTBUTEIBHOCTh MOCIECAHEH CTYNEHM K HECUMMETPHUUYHBIM KOPOTKHM 3aMbIKAHUSAM;
oIpeiesieHHe MecTa KOPOTKUX 3aMbIKaHUH 110 pe3ybTaTaM MU3MEPEHUs TOIBKO TOKOB IOBpE-
JKJIEHUS, YTO YIPOILAET BBINOJHEHUE 3aIlUTHI; BBIIOJHEHUE IIOCICAHEH CTYNEHH 3allUThl
C JMHEHHO 3aBUCHMOIl BBIIEP)KKOH BPEMEHH, YTO 0OECICUHBACT BO3MOKHOCTh ITOBBIIICHHS
ee ObICTPOJCHCTBYS.

KiroueBbie cj10Ba: 3HEPreTHKA, JIMHUU PACIIPECINTEIIbHBIX CETEH, peneiiHas 3aiura.

Wn. 2. bubmuorp.: 10 Hass.

CONCEPTS OF IMPROVING CURRENT PROTECTION
OF POWER-GRID LINES

ROMANIUK F. A., SHEVALDIN M. A.

Belarusian National Technical University

The 6-35 kV power-grid current protection serves to protect the transmission lines
against phase-to-phase short-circuits. The major disadvantage of it lies in the relatively large
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time delays of the last stages especially in the main sections of the grid owing to the step-
ped relay characteristics as well as a large number of the steps. A full-fledged protection of
the 6-35 kV lines against inter-phase short circuits can be provided by the two-stage current
protection: the first stage being the current cutoff without any time delay and the second
stage — the maximum current protection where the time delay is linear contingent on the dis-
tance between the protection placement and the fault-point location. The article introduces the
rating formulae for the time delays of the second-stage and their exemplary graphic presenta-
tion. The authors offer a variant for solving the problem with computation of the second-stage
time delays in those instances where several feeders diverge from the bus bars of the substa-
tion located in the end of the protected line.

Improving current protections for the 6-35 kV transmission lines with one-end power
supply against interphase short-circuits can be based on the collective application of the fol-
lowing principles: accounting for the type and location of the short-circuit which provides for
the high-performance cutoff zone instantaneous expansion and its independence on the mode
of failure and the grid operation mode. It also allows increase of the last stage sensitiveness
towards asymmetrical short-circuits; detection of the short-circuit location only on the results
of fault currents measurement which simplifies the protection implementation; realization
of the last (second) protection stage with linear-dependent time delay which ensures potentia-
lity of its operation speed increase.

Keywords: power engineering, power-grid lines, relay protection.
Fig. 2. Ref.: 10 titles.

ToxoBBIE 3alIUTHI IMHUI paclpeneauTenbHbIX ceTe 6—35 kB ncnonp3yroT-
csl IUISl MX 3alMTHl OT MeXAypa3HbIX KopoTkux 3ambikanuid (K3). I'naBHbIN He-
JOCTaTOK COCTOMT B OTHOCHUTENILHO OOJNBIIMX BBIACPIKKAX BPEMEHU MOCIEIHUX
CTyNHeHeH, OCOOCHHO Ha TOJIOBHBIX Y4YacTKax CETH, BCIEACTBHE CTyIeHYa-
THIX XapakTePUCTUK cpalbaThIBaHMS, a TAKKEe 3HAUUTEIFHOTO KOJIMYECTBa CTY-
nenei [1-4].

OnHuM U3 HalpaBJICHUH COBEPIIEHCTBOBAHMS TOKOBBIX 3aIUT SIBISETCS HC-
M0JIb30BaHUE MH(POPMAIIMH O MECTE TOBPEXKAEHHSI, KOTOPast MOXET OBITh MOJY-
YeHa IyTeM aHaJ13a BEIMYMHBI OTHOCHTEJIBHOIO 3HAUYEHHs PACCTOSHUS OT Me-
CTa YCTAHOBKH 3aIlUTHI 10 TOYKH MOBpexaeHus | .. st ompenenenns | . mpu

HU3BCCTHOM TOKC IMMOBPCKACHUS Ik MOKHO BOCITOJIb30BAaTLCS BBIPAKCHUCM [5]
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riae K — ko3¢ durmenT, 3aBucAIIMi OT BUIa TIOBPEKACHUS; TpH Tpexdasupix K3
_ . 13 3
k= 1,0, a npu aByxdasubix K = 0,5x/§, IIE(Z[) , ||£(1)<) — toku K3 mpu TpexdazHbix

MOBPEXACHUAX COOTBETCTBEHHO B Hayale M KOHIIE JINHUM; |y — cpenHee 3Hade-
HUE U3 TPEX WIH JBYX TOKOB (a3 JJisi COOTBETCTBYIomero Buaa K3.

Anroput™M ompeseNieHUus MeCTa TOBPSKJICHHS pealn3yeTcss Ha BPEMEH-
HOoM uHTepBane cymiectBoBanus K3. [Ipu atom uxcupyrorest Toku ¢a3 IuHuH,
M3 KOTOPBIX BBIACISAIOTCS HAauOOJbIIee W HaWMEHbIIIEe 3HAYSHHSI C TOCIeIyIo-
M ycranoBieHuem mo HuM Buga K3 [6—10]. 3ateM B COOTBETCTBUM C BUIOM
K3 BrrOmupatorcss HeoOxoaMble 3HaUeHUs KOd(pUIMEHTa W ONpeneiseTcs Be-

mmanHa Toka ly. Tlocme atoro ¢ mcmomb3oBannem (1) Beraucisercst | .. Ecmm
I« <1, To K3 HaxomuTes Ha 3aIMIIAEMON JIMHUK M €€ MOJKHO OTKIIIOYath 6e3
Boiiepkkn Bpemenn. Korma | > 1, To mectom K3 siBisiercst cMexHast JTHHUS

1 OTKIIFOYCHHUE €€ SHLL[HTOP'I AOJIKHO TPOU3BOAUTLCA C BBIZ[Cp)KKOfI BpPCMCHHU.
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YuuThiBas, 4TO ONEPATUBHOE ONPEACIICHUE MECTa MOBPEXKICHUS B pEaIbHOM
BpEMEHH OYIET OCYIIECTBIATHCS MO BTOPUYHOMY 3HAYCHHIO Toka ly, a Tarke
MpUHAMAs BO BHUMaHHE APyrue 0OCTOSATENhCTBA, OyIeM CYHTaTh, YTO Ha JO-
CTOBEPHOCTH ompeseneHust . Hambomee CylIECTBEHHOE BIMSHHE OKA3bIBAIOT
cnemyromye haKTOPHI:

e Bug K3;

e ICPEXOAHOE COMPOTUBJICHUE B MECTE MMOBPEKICHNUS;

e MIOTPEITHOCTH TPaHC(HOPMATOPOB TOKA,

e Harpy3Ka JIMHUH;

e MOIIIHOCTh U COTIPOTHUBIICHUE MUTAIOMIECH CUCTEMBI,

e TIOTPEUTHOCTH pacuera TOkoB K3 B Hawase v KOHIIE TNHUH.

B [5] mpuBeneHsl pe3yabTaThl HCCICAOBAHMN METOIOM BEIYHCIUTEIHLHOTO
SKCIIEPUMEHTa TIOrPEIIHOCTEN onpeeneHus | . il pasiudHBIX PEKHMOB pa-

0oT1el TuHUN 6-35 kB u BumoB K3 B COOTBETCTBYIONIMX TOUYKAX, a TAKXKE IPH
ydeTe U3MEHEHUS] OTMEUEHHBIX BBINIE BIUSIOMUX (aKTOPOB B MpeJesiaX pealib-
HO BO3MOXHBIX 3HaucHWi. OIEHWBas PE3yJIbTaThl BHIMIOJHEHHBIX HCCIIEIOBA-
HUM, MOXXHO CJIIeJIaTh BBIBOJ, YTO KOHTpONUpPYS B pexume K3 Tonbko onuH
napameTp, a UMEHHO MPOTEKAFOIHA 10 THHUU TOK K3, BIIoJIHE BO3MOXKHO OIpe-
JEeITUTh MECTO TMOBPEXKICHHS C TOTPEIIHOCTHIO, a0COMIOTHOE 3HAYCHUE KOTOPOit
He npesbIuaet 15 %.

O06aacTH BO3MOYKHBIX PACUCTHBIX 3HAYCHHUI OTHOCHUTEIBHBIX paCCTOHHHﬁ Ik*
npu K3 B Pa3IMYHBIX TOYKAX CCTHU, ONPCACIIACMBIX |*, C YUCTOM BOS}.‘[GﬁCTBI/IH

BIUSIONINX (aKTOPOB ISl HAMXYAIINX CIy9YaeB IMOKa3aHbl Ha puc. 1.

l,,0.¢e.

Puc. 1. O6iacTi BOSMOKHBIX PACUSTHBIX 3HAYCHUN |y

C YyU4€TOM BOSHeﬁCTBHﬂ BJIMAKOIHUX Q)aKTOpOB

Jlyis ompezeneHUs OTHOCUTEILHOTO 3HAYEHUS PACCTOSHUI OT MecTa ycra-
HOBKHM 3amuthl Al 10 Touku moBpexaenust Ha nuaud JI1 |, wcmonp3oBamn
1 1® 13 -

Beipakenue (1), B kotopom Bmecto i, U () burypuposanu TOKH Tpex
¢dazaeix K3 coorBercTBenHO B Toukax K1 m K2. Ecnu momydeHHOe 3HaUYeHHE
l» < 1, To mpuaumanu |« =1l,., B OPOTHBHOM Cilydae BBIUMCISUTH OTHOCH-
TeJIbHOE 3HAYCHHE PACCTOSHHS OT MECTa yCTaHOBKH 3alIUTHl A2 10 MecTa To-

Bpexaenus Ha nunun JI2 1. mo Toky K3, mporekaroruemy depes 3amury Al.
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910 OCYHICCTBJIAJIM HAa OCHOBC BBLIPAKCHUA U) npu MUCIOJb30BAHUHU BMECTO

(3) (3) i
lkon ¥ i) 3HaYeHHil TokoB Tpexdasubix K3 coorBercTBeHHO B TOYKax K2

u K3. B atom ciyuae |y onpenemsinu kak |, =1+1,,..

Crnenyer oTMETHTbH, uTO 3amuTor Al muawmm JI1 MoryT ObITH 3adpukcHpoBa-
HBI TOYKH MMOBpEeXAeHNMA Kak Ha JI1, Tak u Ha JI2, KOTOpBIE ¢ y9€TOM IOTPEITHO-
cTeit obpazyroT obnacts 1 (puc. 1). 3amuroit A2 nuann JI2 mMoryT OBITH ycTa-
HoBJieHbl MecTa K3 kak Ha JI2, Tak U Ha CMEXHON JUHUH, KOTOPHIE C yU4ETOM
BIMAIONINX (aKTOPOB OyAyT pacmonaratbes B oomactu 2 (puc. 1).

[MomyueHHbIe pe3yNIbTaThl O3BOJISIOT CICNATh BBIBOJI, YTO PaCYCTHOE OTHO-
CUTEIIbHOE PAcCTOSHUE |« BIONHE MPHEMIIEMO OTPaXKaeT MECTOIOJIOKEHHE

Toukn K3 Kak Ha 3amumiaeMoM, Tak M Ha CMEXKHOM JUHHMH. BecbMa Ba)KHO, UTO
Biustomue (hakToOpbl HE MOPOXKIAIOT TAaKMX MOTPEINHOCTeH ompeneneHus .,

KOTOpBIE TPUBOAMIIN OBI K HAIOKEeHHIO obnacteit 1 u 2. braromaps aTomy npen-
CTaBISIETCS. BO3MOYKHBIM BBITIOJTHEHUE CEJICKTHBHOW TOKOBOW 3all[UTHI, Y KOTO-

poii BpeMsi cpabaThIBaHMs JTHHEHHO 3aBUCHT OT ..

[NonuonenHas 3amurta auauid 6—35 kB oT Mexmydasusix K3 Moxer ObITH
obecriedeHa ABYXCTYNEHYaTOH TOKOBOW 3alIUTOH, y KOTOPOU mepBas CTYINEHb —
TOKOBasi OTCeYKa 0e3 BBIACP)KKH BPEMEHH, a BTOpasi — MaKCUMaJlbHask TOKOBasi
3allUTa C BBIIEPKKOW BPEMEHH, JIMHEHHO 3aBUCSAIIEH OT PacCTOSHUS 10 TOUKH
MOBPEXACHUA. XapaKTePUCTUKH BbIIEP)KEK BPEMEHHM TAKOM 3aIMTHI NPEICTaB-
JIEHBI HA puC. 2.

Lot —

/ 13
I
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Puc. 2. XapaKTepUCTUKHU BBILAECPKEK BPEMEHU CTYHCHEH 3all{UThL:

t(ljm — BpeMst Cpa6aTbIBaHI/I$I HepBOﬁ CTYyHICHHU COOTBeTCTBy}OHleﬁ 3allUThI;

tII

s = T(l.) —Bpems cpabaTbIBaHHs BTOPOIi CTYIIEHH COOTBETCTBYIOIIEH 3aIIUThI

Brigepkka BpeMeHH BTOPOW CTYINEHH 3amuThl Al NMpU MOBpeXIeHUSIX Ha
nmuaun JI1 onpenensieTcs kak

t331 = t|c31 + 1At 2)

rae At — cTyneHs BBIACPKKH BPEMEHH.

Tpu K3 na mmamm JI2 ', BHUMCIISETCS MO BHIPAKEHHIO

1) =t + At+ 1, LAl 3)



Ecnu ot mwmH Ha moacTaHIK B KOHIE JUHUY JI1 OTXOIUT HECKOJIBKO TpHU-
COCIUHCHHIA, TO MPU OTNPENICICHUH BBIJCPKKUA BPEMEHH BTOPOU CTYIIEHU 3alllu-
o1 Al B (3) B kauectBe |, Al wncmonp3yercs HaMMEHbIICE MOIOKHTEILHOES

3HAUYCHHUE AHAJTIOTUYHOW BEJIMYMHBI U3 PACCUMTAHHBIX IJIS1 BCEX MPUCOCIUHCHUM.
Peanmuzanust 3Toro momxosia 00ECIEUNUT COKpAIeHUE YHCIa CTYIeHEH TOKOBOM
3alUTHl JIMHUU JI0 JBYX W TOBBIIICHHE OBICTPONEHCTBHS IIOCIEIHEH CTyIe-
HU, BKIIIOYas TOJIOBHBIC YYaCTKU CETH, PACIOJIOKEHHbIC BOJIM3U HMCTOYHHKOB
MMUTAHMSL.

CoBepIiieHCTBOBaHNE TOKOBBIX 3aIIHT JIMHUH C OJHOCTOPOHHUM ITHTaHHEM
oT MexydasHeix K3 MoxkeT ObITh OCHOBAaHO Ha HCIIOJIE30BAHUU B COBOKYITHO-
CTH TaKHUX MPUHIIUIIOB, KaK:

e yueT MecTta 1 Buaa K3, 9ro o0ecriednBaeT paciiupeHne 30H6l MTHOBEHHOT'O
OTKJIFOUEHUSI OBICTPOJICHCTBYIONICH CTYNEHH W €€ HE3aBUCUMOCTh OT BHUA
TTOBPESXKICHAS M PEKUMa PabOTHI CETH, a TAKXKE MO3BOJISAET YBEIMUNTH TyBCTBHU-
TEJTHHOCTH TIOCJIETHEN CTyNeH! K HeCUMMeTpraHbIM K3;

e onpenenenre Mecta K3 mo pesyiapraTtaM U3MEpeHUs TOIbKO TOKOB MOBpE-
JKICHUS, 9TO YIIPOIIACT BHITOTHEHHUE 3aIIUTHI;

e BBITIOJIHEHHE TIOCJIEAHEN CTYNIEHU 3alUThI C JUHEWHO 3aBUCUMOM BBIJEPK-
KOW BpPEMEHH, YTO O0O0ECIICYMBACT BO3MOXXHOCTh TIOBBIIICHUS €€ OBICTPO-
JIEHCTBHS.
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