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KpaTtak cagpxaj: Y oBOM paay npukasaH je npopadyH nofeluera
3aWTUTHMX PyHKUMja enemeHaTa NPEHOCHOr cucTema. AHanuMaupaHu
npeHocHu cucteM YnHe enemeHtn 500 kV n 230 kV HanoHckor HMBOA.
Jat je npopayvyH nofelwera nojeAnHUX 3awTUTHUX yHKumja 500 kV
peakTopa, 500/230 kV/kV  ayTto-TpaHcdopmaTtopa " 500 kV
hanekoBoja. MopgenoBakbe Mpexe W aHanuM3e BpLIEHE Cy Y
codptBepckoM nakeTy DIGSILENT PowerFactory.

Krby4yHe peum: npeHocHW cuctem, nogellewe 3alTuTHuxX yHKuuja,
codpTBEPCKE CUMynauuje

1. YBop

Y oBOM pafy Aart je npukas npopadvyHa nogellera 3awTUTHUX PyHKUnja
erniemeHaTa npeHocHor cuctema. AHanuanpanu cuctem vmde 500 kV u 230 kV
HanoHckn HuBow. MocTtojeha 230 kV npeHocHa Mpexa ojayaHa je JofAaBakeM
500 kV HanoHckor HuBoa. [loctojeha 230 kV noctpojewa TC1 u TC2
noeesaHa cy 230 kV BogoBuma y mMpexu. Y noctpojeka TC1 mn TC2
WHCTanupaHa cy no gsa ayto-tpaHccopmaTopa 500/230 kV/kV, Te je 500 kV
Bogom TC1-TC2 peanusoBaH HOBM kOpuaop 3a npeHoc eHepruje. Ha 500 kV
cabuvpHuue TC1 n TC2 nHcTanmMpaHu cy cabrMpHUYKM PEaKTOPU KOjU CIyXe 3a
ynpaBrbake HanoHCKMM npunukama y mpexu. Takohe, Ha obe ctpaHe 500 kV
BOAA WHCTanMpaHu Cy W TJVHUJCKM peakTopu y CBPXYy KOMMeH3auwuje
peakTVBHe eHepruje reHepucaHe Of CTpaHe [Ayraykor MpeHOCHOr BoAa.
JIMHKWjcKkM peakTopy y HeyTparHoj TaykM nmajy 1 ogaTHN peakTop KOju Cryxu
ToMe Aa omoryhu rawene nyka rnpu je4HoNomMHOM UCKIbyYery Aanekosona y
dasu koja je UckrbyyeHa.
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Mopen aHanuaupaHe wMpexe kpeupaH je y COTBEPCKOM MakeTy
DIgSILENT PowerFactory.

JegHornonHa wema aHanuaupaHor aena Mpexe rnpukasaHa je Ha
cnium 1.

inijski reaktor Linijski reaktor =
st Sabirnicki reaktor

Sabirnicki reaktor

TS1 500 kV TS2 500 kV

Cnuka 1: JeOHononHa wema aHanusupaHoe desa MpeHoCHe Mpexe

2. 3awTtuTtHe pyHKLUMje enemeHaTa NMPeHOCHOr cuctema

NHTepHa npaBuna onepatopa aHanuM3vpaHor MpPeHOCHOr cucTema
3axTeBajy MMMneMeHTauujy oapefeHuMx 3awWTUTHUX YyHKUMja 3a cBaku
enemeHT, a Takofle pajy M KpuTepujyme 3a nogellaBare 3alITUTHUX

dyHKUMja.
3a 3aWwTnTy peaktopa npumeryjy ce cnegehe sawtutHe dyHKuuje:
1. OudepeHumjanHa sawTtuta (ANSI 87T)
2. ®asHa npekocTtpyjHa 3awTtnta (ANSI 51)
3. 3emrbocnojHa 3awTtuTa (ANSI 51N)

3a 3awTuTy ayto-TpaHcdopmaTopa npuMmewyjy ce cnegehe 3awTuTHe
dyHKUMje:
1. OudepeHumjanHa sawTtuta (ANSI 87T)

2. ®asHa npekocTpyjHa 3alTuTa Ha BUCOKOHAMOHCKOj U HUxXe
HanoHckoj ctpaHu (ANSI 51)

3. 3emrbocnojHa 3awtuta (ANSI 51N)

3a 3awTnTy fanekosoda npumMemyjy ce criegehe sawTutHe yHKumje:

16



1. [OuctaHTHa 3awTtuTa (ANSI 21)
2. YcmepeHa 3emrbocnojHa 3awTtuta (ANSI 67N)
3. [OwudpepeHumjanna sawTtuta (ANSI 87L)

Y oBomMm pagy he 6GuTu npukasaHu pesyntatu npopadyHa nopellera
cnepehnx 3aWwTUTHNUX PyHKUMja:

. 3emrbocnojHa  3aWTMTa JMHUJCKMX peakTopa Ha 500 kV
aanekoBogy (ANSI 51N)

Il. 3emrbocnojHa 3awTtuta 500/230 kV/KV ayTo-TpaHcdopmaTopa
(ANSI 51N)

11 YcmepeHa  3emsbocnojHa  3awTtuta 500 kV  ganekoBoga
(ANSI 67N)

V. OuctaHTHa 3awTtuTa ganekosoga (ANSI 21)

3. [Mpwukas pe3yntaTta npopayvyHa nogeluera 3aWTUTHUX
cyHkumja

3.1. 3emrbocnojHa 3awWTUTa NMHUjCKUX peakTopa Ha 500 kV ganekoBoay
(ANSI 51N)

3emrbocnojHa 3awTuTa JIMHKJCKMX peakTopa KOPUCTU Ce Kao pe3epBHa
3alWTUTa peakTopa of YHyTpallHMX KpaTKMX CrojeBa ca 3eMibOoM, Kao 1 o4
KpaTKMX CrojeBa y NPeHOCHOM cucTtemMy. PyHKUMja MEepU HYNTY KOMMOHEHTY
CTpyje 13 TpaHcdopmaTopa y HeyTparHoj Tayky peakTopa, LTO je NpukasaHo
Ha cnvum 2 [1]:

Cnuka 2: lllema ge3usarba cmpyjHUX mpaHcgopMmamopa 3a 3eMsbOCIojHy 3awmumy
peakmopa
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lMpema nHTepHUM NpaBunMma onepaTopa NPeHOCHOr cucTemMa, yHKumja
je peanu3oBaHa Cca WHBEP3HOM KapakTepucTukoMm pearoBawa. CTpyja
npopage ce nogewasa Ha 15 A npuMapHO, KOPUCTU Ce HOpMariHO MHBEpP3HAa
kapaktepuctuka (IEC Normal Inverse), ook ce BpeMEHCKM MynTUnnmkaTop
Oupa Tako ga je MMHMMAarHoO Bpeme envMmuHucama keapa 1,3 s, npu kBapy ca
3eMiboM Ha BH npukrbyyky peaktopa. Takohe, notpebHo je 06e3beantn ga
Mpu jeQHOMOSTHOM WCKIbydewy BOAA, He Aornasv OO0 npopage 3awTuTHe
dyHKUMje 3a Bpeme kpahe oA MoAelleHOr BpeMeHa ayTOMaTCKOr MOHOBHOTN
YKIby4yerwa Boga og 2,5 s.

Y codTBEpckOM Mogeny cuctema CUMYNUPaHO je  jeQHOMOoSHO
nckrbydere Boga. Cnvka 3 npukasyje CTpyjy Kojy Mepu 3awiTuTHa yHKumja
nuHujckor peaktopa y TC1 npu jeAHONONHOM UCKIbYYerY BoAa:

[Al

Cnuka 3: Cmpyja Kojy mepu 3eMrbOcCrojHa 3awmuma JiuHujckoe peakmopa y TC1 npu
JjeOHOMNOMHOM UCKIby4ery 800a

Ha cnuuu ce BMauM ga makcumanHa cTpyja Kojy Mepu 3aliTuTHa yHKuUmja
He npenasu 60 A. Takohe, cumynupaHu cy jegHodasHu 1 ABodasHN KpaTku
crnojesBun ca 3eMrboM Ha BH npukrbydky NUHMJCKMX peakTopa M npukasaHe cy
CTpyje Koje Mepu 3awTuTHa yHKuMja, kKoje wnsHoce 45 A un 37 A,
pecnekTuBHO. Ha OCHOBY 3afaTtux Kputepujyma 3a rnogeluaBara yHkumje u
KPUTUYHUX CTpyja, npopadyHaTa BpPedHOCT BPEMEHCKOr MynTunfiuMkatopa
n3Hocu 0,51 s. Cnuka 4 nprkasyje KapakTepPUCTUKY pearoBaka 3eMIbOCMojHe
3awTuTe nNuHujckor peaktopa y TC1 1 BpemeHa pearoBara 3a KpUTepujymcke
cTpyje.
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Cnuka 4: Kapakmepucmuka peazosatrba 3eMsbOCIOfHE 3almume SIUHUJCKOo2
peakmopa y TC1 u kpumu4He cmpyje Kkgaposa

3.2. 3emrbocnojHa 3awTtuta 500/230 kV/kV ayto-TpaHccdopmatopa (ANSI
51N)

3emrbocnojHa 3awWwTuMTa ayTo-TpaHcdopmartopa KOpUCTU Ce  Kao
pesepBHa 3aliTMTa ayTo-TpaHcopMaTopa of YHYTpallkbuX KpaTKux crojeBa
ca 3eMJbOM, Kao U Of] KpaTKuX criojeBa y MPeHOCHOM cuctemMy. PyHKUMja Mepu
HYNTY KOMMOHEHTY CTpyje u3 TpaHcdopmaTtopa y HeyTpariHoj Tayku ayTo-
TpaHcdopmaTopa, LWTO je NpukasaHo Ha cnivum 5 [2]:
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Cnuka 5 Lllema se3usar-a cmpyjHUx mpaHcgopmamopa 3a 3eM/bOCIOjHY 3awmumy
aymo-mpaHcghopmamopa

lMpema uHTEpHUM NpaBunMma onepaTopa NPeHOCHOr cuctema, yHkumja
je peanu3oBaHa Ca WHBEP3HOM KapakTepuUCTUKOM pearoBawa. CTpyja
npopage ce nogewana Ha 120 A npyMapHoO, KOPUCTK Ce HOpMariHO MHBEp3Ha
kapaktepuctuka (IEC Normal Inverse), OOk ce BpeMeHCKM MyMTUnnmkaTop
Oupa Tako Aa je MMHMUMarHo BpeMe envMuHucara keapa 1,3 s, npu kBapy ca
3eMrboM Ha BH n HH ctpaHu ayTto-TpaHcdopmaTopa.

Y codTBEpCKOM MoAeny cuctema cumynupaHu cy jegHodasHn wu
ABodhasHn kBapoBu ca 3eMrboM Ha BH u HH cTtpanu ayto-TpaHcdopmartopa y
TC1. Ha ocHoBy 3apatux kpuTepujyma 3a nofellaBarwa GYyHKUMjE WU
KPUTUYHUX CTpyja, npopadyHaTa BPedHOCT BPEMEHCKOr MynTunfauMkatopa
nsHocu 0,57 s. Cnnka 6 npukasyje KapakTepUCTUKy pearoBara 3eMrbOCnojHe
3awTuTe ayTto-TpaHcdopmatopa U BpeMeHa pearoBaa 3a KpuTepujymcke
CTpyje Npu 3agaTtMM KBapoBMMa Y CUCTEMY:
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Cniuka 6: Kapakmepucmuka peazosarba 3eM/bOCIojHE 3almume aymo-
mpaHcghopmamopa y TC1 u kpumuyHe cmpyje kgaposa

3.3. YcmMmepeHa 3emrbocnojHa 3awTtuTta 500 kV nanekoBoga (ANSI 67N)

3emrbocnojHa 3alwTuta Bogosa KOPUCTU Ce Kao OCHOBHA 3alTuTa Boga
Of, KpaTKMX crnojeBa ca 3eM/bOM KOjU HWUCY [AETEeKTOBaHM Of CTpaHe
ONCTaHTHe 3alTuTe, Kao M pe3epBHa 3aliTMTa BOAA Of KpaTKMX crojeBa Ha
cyceHMM BOJOBUM Yy cucTemy. ®PyHKLMja npopadyHaBa HYNTYy KOMMOHEHTY
CTpyje 13 dpasHux cTpyja, HyNTy KOMMNOHEHTY HaMoHa u3 ha3HMX HamnoHa, LWTo
je npukasaHo Ha cnvum 7 [3]:
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Cnuka 7: LLlema se3usarba cmpyjHUX mpaHcgopmamopa 3a yCcMepPeHy 3eMIbOCIOjHY
u ducmaHmHy 3awmumy danekogoda

lMpema MHTEpHUM NpaBunMma onepatopa NPeHOCHOr cuctema, yHkumja
je peannsoBaHa ca HOpManHoO MHBEP3HOM KapakTepucTukoM pearoBama (IEC
Normal Inverse). Ctpyja npopage ce nogewasa Ha 80% MuHMMarnHe cTpyje
KOjy Mepu 3awituTta npu jeaHodasHOM KpaTKoOM Crojy ca 3eMSbOM Ha Kpajy
Hajkpaher ganekoBoga koju nonasu ca cabupHuua Ha Apyrom Kpajy wruheHor
BOAA, Y3 yBaXkeH oTnop nyka oA 50 Q. [ogatHo, cTpyja npopage mopa outun y
oncery 60-120 A. BpemeHcku mynTunnvkatop 6upa ce Tako fa je MUMHUMarnHo
BpeMe enumMmuHucana keapa >0,84 s, npu kBapy ca 3eMrbOM Ha OPYrom Kpajy
wTuheHor Boga un >0,5 s, Npu KBapy Ha noyeTky WTmMheHor Boaa.

Y codTBEepckOM Moferny cuctema cumynupaHn cy jeaHodasHn wu
ABOda3HN KBapoBM Ca 3eMibOM Ha Mo4veTKy wTtuheHor Boda (ca oTnopom
nyka R=0 Q), kao u Ha Kpajy Hajkpaher pganekoBoga koju nonasu ca
cabvpHuua Ha gpyrom kpajy wruheHor Boga (ca otnopom nyka R=50 Q). Ha
OCHOBY 3afaTuX KpUTepujyma 3a nofgeluaBatba MyHKUMje U KPUTUYHKX CTpYyja,
npopayyHata BpeAdHOCT cTpyje npopage wusHocu 120 A, a BpemeHcku
myntunnukatop wu3Hocu 0,26s. Cnuka 8 npukasyje KapakTepUCTUKY
pearoBaka ycMepeHe 3emrbocrojHe 3awTuTe ganekosoga y TC1 n BpemeHa
pearoBaha 3a KpUTepujyMcke CTpyje Npu 3agaTtuM KBapoBMMa Y CUCTEMY:
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Cnuka 8: Kapakmepucmuka peazosatba yCMepeHe 3eMIbOoCIojHe 3awimume
OGanekosoda y TC1 u kpumuyHe cmpyje keaposa

3.4. OuctaHTHa 3awTuTa ganekosoaa (ANSI 21)

[dvctaHTHa 3awTnTa ganekosoga KoOpUCTM ce Kao OCHOBHa 3aliTuTa Boga
Of, KpaTKMX CrojeBa M Kao pe3epBHa 3alUTMTa BOAa O KpaTKuMX cnojeBa Ha
cyceHUM efneMeHTMMa MNpeHocHe Mpexe. Ha ocHOBY MepeHux cTpyja u
HanoHa, dyHKUMja MpopayvyHaBa WMMNedaHCy MeTibe Keapa, LWTo je
UNycTpoBaHo Ha cnuum 7 [3].

MNpema MHTepHUM NpaBunMma onepaTopa NpPeHOoCHor cnuctema, pyHkumja
je peanu3oBaHa ca Tpu cTteneHa. NpBu cTeneH nogellasa ce Tako Aa pearyje
camMo npu KpaTkum crojeBuma Ha wrtuheHom Bogy (80% wmnegaHce soga),
6e3 BpeMeHcke 3agpuke. [pyrm cTeneH nogellaBa ce Tako Aa CUTYpHO
JeTekTyje kBapoBe Ha Apyrom kpajy Boaa (120% nmnegaHce Boga~67,38 Q),
ca BpemeHcKoMm 3agpLukom of 240 ms. Tpehu cTeneH nogellasa ce Tako Aa
He peTekTyje kBapoBe Ha 230KkV cTpaHu ayTo-TpaHcopmaTtopa Yy
noctpojewy Ha dpyroMm kpajy wtuheHor Boga (90%  mepeHe
nmnegaHce=68,68 Q), ca BpemMeHckuMm opnarawem op 840 ms. Cnuka 9
npukasyje kapaktepuctuky aucrtaHtHe 3awtute 500 kV ganekosoga y TC1 um
MepeHy mnegaHcy npy 3agatoM KBapy y CUCTEMY:
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Cnuka 9: Kapakmepucmuka peacosara ducmaHmHe 3auimume 500 kV danekosoda
y TC1 u mepeHa umnedaHca npu keapy Ha 230 kV cabupHuuama y nocmpojery Ha
Opyeom Kpajy wmuheHoz eoda

4. 3akrby4Ha pa3maTpama

Y oBOM pafy OaT je npukas npopadvyHa nogellerwa nojeAnHNX 3aTUTHUX
dyHKLMja enemeHaTa NpeHoCcHor cuctema. [laTt je npukas umnneMmeHTupaHnx
3aWTUTHUX yHKUMja Ha enemeHTuma 500 kV HanoHckor HMBoa. 3a n3abpaHe
dyHKUMje HaBedeHW Cy KpuUTepujymu 3a nofellaBare npema WHTEPHUM
npasunMma onepaTtopa MpeHoCHOr cuctemMa. W3spleHe cy codreepcke
cMMynaumje KpUuTuYHMX nopemehaja 1 KBapoBa y cuctemy kako 6u ce gobune
Kputepujymcke BenuuuHe noTpebHe 3a npopadyH nofellera 3awTUTHUX
dyHKUMja. Y pady cy npukasaHu pesyntatu npopadvyHa nogeluera
napametapa 3awWTUTHUX YHKUMja W gatm  cy rpaduyky  npukasu
KapakTepucTuKa pearoBara aHanmM3npaHux 3awTUTHUX yHKuuja.
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Abstract: In the paper the protection function setting calculations for
elements of the transmission system are shown. Analyzed transmission
system consists of the 500 kV and 230 kV voltage levels. The setting
calculations are shown for several protection functions for the 500 kV
reactors, 500/230 kV/kV autotransformers and 500 kV line. Network
modeling and analysis have been performed using DIgSILENT
PowerFactory.
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