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Cdepa nesiTeqIbHOCTH UM OCHOBHBIE HanpaBJieHus MccienoBaresibcKoro
KoMurera A3.

B cdepy nesrenpHocTn UccnenoBarensckoro komuteta (MK) A3 BXOaST BOPOCH! TEOPETH-
YECKUX U IKCIIEPUMEHTAIBHBIX UCCIICIOBAHUMN, IPOCKTUPOBAHMSI, CO3JJAaHUS U IPUMEHEHHS BEICOKO-
BOJIETHOTO O0OPY/IOBaHUS M KOMIIOHEHTOB JUISI MATUCTPAIBHBIX U PaCpEACTUTENLHBIX CETEH JIIeK-
TPOIHEPTETUYECKUX CHCTEM NMEPEMEHHOTO U MOCTOSHHOTO HANpsHKEHUsI, BKIIIOYasi B3aUMO/IEHCTBUE
C CeThI0 U JAPYyTrUM 00OpYyJOBaHMEM B HOPMAJBHBIX U aBAPUMHBIX peKMMax paboThl, oOecrieueHue
HAJECKHOCTH, MPOBE/ICHUE UCIIBITAHNHN, 00CITY)KUBAaHUE, YIIPABIICHUE aKTUBAMU U IIpOYee.

OcHoBHble HanpaBieHus aedarenbHocTh WK A3 cBsizaHbl ¢ HccneoBaHHEM KOMMYTAlMOH-
HBIX almnapaToB, U3MEPUTENLHBIX TPAaHC(HOPMATOPOB, TOKOOTPAHWYHMBAIOIIUX yCTPONCTB, OTPaHU-
yHUTeNIeH nepeHanpsHKeHU, KOHAEHCATOPOB, U30JSTOPOB M BHICOKOBOJIBTHBIX BBOJOB M BKITIOYAIOT
B ce0sl aHanW3 TMPUMEHEHHS HOBBIX KOHCTPYKIMH, MaTepHalioB, TEXHOJIOTUH, TIOBBIIICHHUE
HAJESKHOCTH AJIEKTPOOOOPYIOBAHNS, UCCIICIOBAHUE BOIPOCOB CTAPEHUS, MPOIJICHHUS CPOKa CITYXK-
OB 000PYIOBAHUS U JIP.

Tematnueckas oomacte MK A3 BkIIOYaeT 4YeThIpe OCHOBHBIX HAIIPABJICHUS, @ HMEHHO:

- HOBBIE TEXHOJIOTUH (B TOM YHUCJIC BBIKIIOYATEIN TTOCTOSIHHOTO TOKA);

- YIPaBIIEMOCTh BBICOKOBOJIBLTHOTO 00OPY/IOBAHHUS;

- TMarHOCTUKA U MOHUTOPHUHT COCTOSIHUS 000pYAOBaHUS;

- OLIEHKA HaJIe)KHOCTH, BKJIIOUYAsi CPOK KU3HU CTApEIOUIEro 000py/10BaHUS B HOPMAJIbHBIX U

OKCTPEMAJIbHBIX YCIIOBUSAX.

BBenenue

B mepuon ¢ 24 asrycrano 3 centsops 2020 roma B oHyaliH-(hopmare B BUJI€ BeOWHA-
poB cocrosnack 48-1 Ceccuss MexnyHaponHoro Cosera no bonpmmm DiekTpudeckum
Cuctemam (CUI'PD). HakanyHe MeponpusTus Ob110 3aperucTpupoBaHo 6osee 2500 yqyacTHHUKOB
(puc.1), 94TO 3HAYUTENHHO MPEBBIIIACT TIEPBOHAYATBHBIC TTPOTHO3BI, 800 YeTOBEK MPUCYTCTBOBAIHN
Ha TOPYKECTBEHHOM OTKPBITHH B MPSMOM ddupe, U B cpennem nmoutu 1500 genoBek exXeTHEBHO
MOJKJIIOYAIINCH K DJIEKTPOHHON CECCHH.

[Ipeacrasurenu Hanmonansuoro Mccnenoarensckoro komutera HUK A3 PHK CUT'PD
MPUHSIIN yYacTHe TaKKe MPUHSUTN YYacTHE B CIEIYIOUINX MEPOIPUITHUSIX:

1. TopxecTtBeHHOE OTKpBITHE 48-11 Ceccum.

2. IlpesenTanuu 10KIa10B 10 IPEANOYTUTENIbHBIM TeMaM HanpasieHus UK A3.

3. Bacemanue Mccnenosarensckoro komurera MK A3.
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Puc.1. KonudecTBo 3apeructpupoBaHHbIX yuacTHUKOB (30 cTpaH)

1. TopxecTBenHoe oTkpbITHE 48-i1 Ceccun.

24 aBrycra COCTOSUIOCH TOPKECTBEHHOE OTKpBITHE ceccud. OCHOBHAs 4acTh 3acelaHus
ObUIa OTBE/ICHA JIOKJIATy KII0YEeBOTo criukepa - AHHbI Oaxodd, pyKOBOIUTENS OTAEa CTPAaTEerny,
KJIMMAaTU4YEeCKOI0 IUIAaHUPOBAHMsSI M MOJIUTUKU JIaTCKOro TEXHUYECKOTr0 YHUBEPCUTETA — NapTHepa
nporpammbl Opranuzanuun O0benuaeHHbIx Haruii mo okpyxatomeit cpeae (FOHEIT). Anna On-
xo¢ ¢ npencrasuna gokaan FOHEII o pa3peiBe B ypoBHsX BeiOpocos 2019 rona.

Taxoke B xone otkpeitus npesuaeHT CUI'PD Pob Credan npencraBui 1aypeaToB IpeMUuu
CUI'PD 2020 roga u 03HAKOMUJI CIyIIATENIeH ¢ TEXHUYECKUM COAEpKaHWEM AJIEKTPOHHOU Cec-
CUM: TeMaTHMKaMHM BeOMHApoB 16 HccCieqoBaTENbCKUX KOMMTETOB, OOy4yaroIMX CEMUHApOB M

BOPKIIIOIOB.

2. Illpe3eHTanuu JOKJIAIOB N0 MPEANOYTUTEILHBIM TeMaM HanpasJieHus UK A3.

ITo wnampasnenuto HMccnegoBarenbckoro komutera A3 Ha 48-i1 3JIEKTPOHHOM CECCUM
CUI'PD Owo mpencrasieHo 45 nokiazos, B ToM yucie 5 u3 Poccun. OCHOBHBIMH BOIPOCAaMH,
O0CyXJaBIIMMHUCS B TpoIecce AMCKYCCHM, ObUIM TpPOOJIEMBI, OTPaXEHHbIE B Tpex
npeanoututeabHbIX TeMax (I1T)O. 0ObsSBICHHBIX ABYMS TOJaMHU paHee:

OT 1 (19 noxnanos). [IEPCIIEKTUBHBIE PASPABOTKU B COEPE
OBOPYJIOBAHUA JUIA ITEPEAAYN U PACIIPEJIEJIEHMA DJIEKTPOOHEPT N

- BeIkirouaTenu moCTOSHHOTO TOKA CPEIHETO HANpsHKEHUSI.

- CniocoObl MOBBIIIEHUS HAJECKHOCTH.

- Pa3paboTtka 060py10BaHMS CO CHM>)KEHHBIM BO3/ICHCTBHUEM Ha OKPY’KAIOLIYIO CpEay.

- AnbrepHatuBsl auteraszy (SF6) mis gyroracsiieid U H30IUPYIOIIEH cpeibl.

OT 2 (23 noxnan). YIIPABJIEHUE CPOKOM CJIYXBbI OBOPYIOBAHU A JIA

IIEPEJIAYN U PACIIPEAEJIEHMA BJIEKTPOOHEPI MU
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- lnarHocTrika, MOHUTOPUHT U IPOTHOZUPOBAHKUE COCTOSHUS 000PYAOBaHUS.

- Biiusiue okpyXarommx 1 3KCIUTyaTallMOHHBIX YCIOBUH.

- OnBIT ¥ MEpBI IPEIOTBPAIICHUS H30BITOYHBIX HATPY30K U MEPErpy30K.

IIT 3 (3 noknana). BIVMSIHUE PACIPEJIEJIEHHOM TEHEPAIIMM HA BA3E BUD
N CUCTEM HAKOIUIEHUA SHEPTMM HA OBOPY IOBAHUE MAT'MCTPAJIBHBIX U
PACIIPEJIEJIMTEJIBHBIX CETEN

- HoBble 1 nepcreKTUBHBIE TEXHOJIOTUH ISl KOMMYTAllMOHHBIX allapaToB U JPyroro
000pyIOBaHUA.

- Co3aHue UHTEIJIEKTYallbHOTO 000PYI0BaHUSI.

- Bousinue pacnpenenenHoi renepanuu Ha 6aze BID u cucrteM HakoIIeHUs SHEPTUH HA
TpeOOBaHUs, IPEABIBISIEMbIE K 000y I0BAHHUIO.

Ilepeuens noknanos npencrasieH B Ilpunoscenuu 1, annoraunu - B Ipunoxncenuu 1.

2. 3acenanue UcciaenoBareLCKOro komurera A3

Ownnaiin-3acenanue lMccnenoBaTenbCckoro KoMuTeTa A3 mpoXOauio B T€UEHUE 2 THEH —
25 aBrycta u 1 ceHtsa0psa. B 3acenanuu mpuHAIM ydacTHE YiICHbI KoMuTeTa A3, SBISIOIIUECS
IIPEICTaBUTENSIMA HALIMOHAJIBHBIX KOMUTETOB cTpaH-ydacTHUL CUI'PD, a Taxxe npeacraBuTenu
npyrux komuteroB CUI'PO, roctu.

[TporpammMa nBYyXIHEBHOTO 3aceiaHusi komureTa A3 BKJoyana B ceOs oOcyxaeHHue
BOIIPOCOB, CBA3AHHBIX C TEKYyIIEH AEATENbHOCTHI0O KOMHTETAa M MJIAHOB Ha Oynyiiee:
OTYETHl PYKOBOAHMTENEH pabouux rpynmn, HpoBeAeHUE OyIaymUX KOJJIIOKBUYMOB H
ceMuHapoB. TeMbl IBYXJIHEBHOTO 3acenaHus Oblim 0003HadyeHBl B JOKJaJe PYyKOBO-

nutens UK A3 Henana V3enaxa.

2.1 Posib medcoynapoonvlx op2anu3auuil ¢ peuwieHuy IHep2emuyeckKux npo-
onrem Appuxku

Hoxnan 6b1n1 npencraBieH Kesunom KiueliHxaHcoMm - pykoBoauTeneM pabouei
rpynnsl WG Africa, co3nannoii BceMupHbsiM OaHKOM A1 M3y4deHUs npobiem OemaHeil-
mux ahpUKAHCKUX CTPaH B 00JaCTH BJIEKTPOIHEPTETHKH.

B oTnuyme oT npyrux yactel Mupa, HbIHEIIHSs IJIOTHOCTh HAaceJIE€HUsS B CTpa-
Hax Adpuku k 1ory or Caxapbl HEBBICOKAa M JeJNAeT 3JIEKTpHU(HUKAIUIO HAa OCHOBE
SHEPTOCUCTEM JOPOTOCTOSIIEH BO MHOTUX CI€HApHUsAX. DTU CTPaHbl MOTYT HU3BJIEYb
0co0y10 BBITOJY M3 MPOJOJIKAIOLIEHCs CMEHBI MapagurMbl dHEPTeTUUECKOW CUCTEMBI

Ha OoJiee JeleBYH BO300HOBISEMYIO JHEpPruio, MUpPOBU3ANMUIO, BKIIOYAS >KU3HE-
5



CIIOCOOHBIH KOHTPOJb MHUKpOCETEH, M Bce OoJsiblliee MOHMMAaHHE POJHU PBHIHKOB IO
CPaBHEHHUIO C MOHOIMOJHUSAMHU B 3JEKTPOIHEPreTUUECKuX cucremax. OrpoMHbie THAPO-
U COJIHEYHBIE MPUPOJHBIE pecypchl B Adpuke nenaroT MEKAYHAPOJHBIC HIIU JlaxKe
MEXKOHTHUHEHTAJIbHbIE MEXCETEBbIC COCIUHEHUS 0COOCHHO NMPUBJIIEKATEIbHBIMU. DTO
MOXET TOJIOKUTEIbHO MOBIUATH Ha HHTETpPalMi0 BO300HOBISEMBIX HCTOYHHKOB
sHeprum Takxke B EBpome m Ha bamxnem Boctoke. Bmecte BcecemupHbBIi 0aHK u
CUI'PD paszpaboTranu mpouecc pacUIMpeHHs Hepenadud Hoy-xay aias AQpHUKHU, OCHO-
BAaHHBIN Ha MPEJAOCTABICHUM JOCTyNa K O0OBEKTHBHOMY U aKTyaJbHOMY TEXHHYECKO-
MY OMBITY pa3HbBIMH MHHOBALMOHHBIMH CITIOCOOAMU.

B pamkax paGodeit Tpymnmbl OCYIIECTBISAETCS B3aUMOJEHCTBUE C MEHEKepa-
MU, HHXXEHEpPaMHU, JKOHOMHUCTAMHU, MIaHOBUKAMH, a TAKX€ aKaJleMHUYECKUMH KpyraMu
B pa3HbIX yupexaeHuax B Appuke k rory ot Caxapsi:

* MuHHCTEpCTBA DHEPTETUKH, PETYIUPYIOLIHE OPTraHbl U 3aKOHOJATENU

* DIeKTpodHEepreTuKa, BKJ. ONEepaTopbl CUCTEM Mepelayd U paclpenesieHus
reHepaTophl, TOCTABIUIUKYU YHEPTUH U IIEKTPUUIECKHE OacCeHBI

* KpynHble mpoMBIIIJIEHHbIE H TOPHOA00BIBAIONINE MOTPEOUTENH IITEKTPOIHEP-
Tuu

* AIMUHHCTpAlUU TOPOaa

* Komnanuu mo yctaHoBKe M OOCIYXHBaHUIO MHKpoceTed / HaHoceTell u 00-
I[ECTBEHHBIE TPYIINbI JEPEBEHCKUX JUIEPOB

* YHUBEPCUTETHI U LIEHTPHI MEPETOBOTO OMBITA.

Pabouyas rpynmna onpeneiauT peruoHajbHble MPUOPUTETHBIE 00JaCTH HA OCHOBE
pe3yIbTaTOB OMPOCAa U MPUOPUTETHHIX MPOEKTOB, OMpeJeNeHHbBX BceMupHbIM OaH-
KoM. B HacTosmiee Bpems pemaeTcs BakHas 3ajada Mo NPUBJIEUYEHUIO IKCIIEPTOB IJIs
nepenayu 3HaAHUW M CO3/IaHUI0 MECTHBIX HalMoHaJbHBIX KomMuTtetoB CHUI'PD B kaue-
CTBE CpeJCTBA JOCTHUXKEHHUS dTOU LEIH.

[ToguepkuBaeTcsi, YTO BBICOKME TEMIIBI 3KOHOMHUYECKOTO pocTta B Adpuxe
HYXXJAIOTCAd B HaJexHOH snekTposHepruu. Ludposuzanus moszsomuser Adpuke co-
BEpIIUTh CKAYOK B Pa3BUTUU M MCIOJH30BaTh HOBEHIIME TEXHOJOTUU U CHUCTEMBI
ymnpaBieHus s sHeprocucteM. OCHOBHOE BHUMaHHE yHelsieTcs nepenade 3HaHUU
IJIs1 CONEUCTBUS PAa3BUTHIO JIEKTPOIHEPTETUUECKOTO CEKTOpA U AOCTYyIa K 3JIEKTPO-
sHepruu B AQpHuKe MOCPEACTBOM CHUCTEMATHUUYECKOTO PacHpOCTpaHEHUS Pe3yJbTaTOB
CUI'PD, opueHTUPOBAHHBIX HA LE€JIE€BHIE TPYIIIHI.

2.2 KoncyromamugHblil cogenm no 31eKmMpo3IHep2emuKe

PykoBoautens rpynnsl — Pobept ne Pya (Upnanaus). Lens UAB - 6bITh «TroJo-
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coM» JHepromorpeduTeneii. 3ajgaya COCTOUT B TOM, YTOOBI OOCYAUTH MOTPEOHOCTH
dHEpromoTpeduTeae, COMOCTABUTh A3TU MOTPEOHOCTH U CHOPMYJIIMPOBATH CTpaTEeTHUYE-
CKHH miaH ycayr, 4To0bl MHGOpMUpPOBATH 00 MX HyXkJIax U npobnemax Mcciaemosa-
TEJIbCKUU KoMUTeT A3.

B nacTosimee Bpems pabouas rpynmna HacuuThiBaeT 10 4emoBEeK W OTKpHITA JJI

BKIKUYCHHUSA B HEC HOBBIX YJICHOB.

(Green Book on Swithgear)

Texanueckuit komurer CUI'PD B coTpyaHudecTBe ¢ M3AaTEeIbCTBOM Springer,
npojoyikaeT NyOnuKauuio 3eJeHbIX KHUT [0 HampaBJIEHUSIM COOTBETCTBYIOLIHUX
UccnenoBarenbckux komutetoB CUT'PO.

B 2016-2017 r.r. 6b111 U3AaHBI cleqyouue 3eleHble KHUTHU:

- High Voltage Equipment (BricokoBonbTHOE 000pynoBanue), MK A3;

- Insulated Cables (13onmupoBannbie kabenun), UK B1;

- Substations (Iloacranun), UK B3;

- HVDC and Power Electronics (IlocTostHHBIN TOK 1 cujioBas 3iekTponuka), UK B4;

- Protection and Automation (Peneiinas 3amura u aBTomaruka), MUK B5;

- Distribution Systems and Dispersed Generation (Cuctembl pacrpeaesieHus: JIeKTPOIHEPTUU U
pacmnpenenennas reaepaius), MK C6.

Ha 3acenanuu pykoBoautens MK A3 Hiroki Ito o6bssBuI 0 Beixone B 2018 roay
3eJeHONW KHUTH 1O HaNpaBJICHHIO KOMHTETa A3, BKIWUYAKIIYI B cebs cleayrmue
pa3aensbl:

1. destenpHOCTh KOMUTETA A3
. YCTpolCTBa KOMMYTAalluHU
. MexaHu3mM KOMMYyTaluu
. Belknouatenu nepeMeHHOro Toka
. Cuctemsl aBapuiiHo# curnanmu3anuu u onosenieHuss (AC DS and ES)

. Orpannuenue Toka K3
. YupaBnsemMas KOMMYTalus

. BriknrogaTenu BEICOKOTO HanpsAXCHUA MOCTOAHHOI'O TOKa

O o0 3 O »n s~ W

. YpaBieHHe CPOKOM CIYX OBl KOMMYTAIIMOHHOTO 000PYya0OBaHUS
10. HoBEIEe TEXHOJIIOTHH

2.2 leamenvnocmos pabouux 2pynn

Ha 3acemanum OblIM 3aciaymiaHbl OTYETHl PYKOBOAUTENEH cleAylomMUX paboumx
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rpymi:
PI" A3.36 MynbsTudu3ndeckoe MOICTUPOBAHKE IJIsI pacdeTa MPEBHIIIICHUH TEMIIEPATYPHI.
PTI” u3yunia KOHTPOJIBHBIA OPUEHTHP MYJIbTH(HU3NIESCKOTO MOJACTHUPOBAHUS M YIIPOIIICHHBIE TEXHUICCKIE
CpeACTBa ISl MPOTHO3UPOBAHUS PE3YJIHTATOB UCTIBITAHHI Ha MPEBBIILIEHUE TEMIIEPATYPbl, OIUCHIBAIOLINE
COBPEMCHHBLIC TCXHOJIOTUH B OTHOLICHUU paCHpeHYCTpOﬁCTB CPCAHCTO U BBICOKOT'O HAIIPAKCHUA U KPUTHUICCKUC
napaMeTphbl, BIUAOONIME HA TOYHOCTH MOJACTIMPOBAHUSA. Pa60Ty npeanoaracTcs 3aBCpuIuTh B 2019 .

PyxoBoautens, Martin Kriegel (CH)

OPT" A3/B5/C4.37 CocTosiHME CHCTEMBI ITPHU paccoriacoBanuu ¢az. (O0beanHeHHAs

pabouas rpymnmna uccieaoBaTenbckux koMuteToB A3, B4, C4). PykoBoaurens - Anton Janssen

(NL).

PykoBoauTtens nHGOPMHUPOBAT O 3aBEpUICHUN paboThI Ipymmel B 2018 .
PI" A3.38. BxitoueHue HIYHTUPYIOIIUX KOHAEHCATOPOB B MaruCTPajbHBIX U pacCHpeaeIiu-

TenbHBIX ceTax. PykoBoautens - Edgar Dullni (DE)

Pabouas moarpymma TF1 3aBepmmna oHnaitH-onpoc, HadaTeiid B GeBpase 2018 roxa, morydeHsl OTBETHI OT 48
pPECHOHIEHTOB I 14 KaccoB HampspKeHMS. B cpenHeM Kakaplii peCHOHAEHT OCBETHII IO 3 Kilacca HaNpsDKEHUS, YTO
MO3BOJMJIO onucaTh 157 ciaydaes.

Pa6oune noarpynns! TF4 u TFS cobpanu nHpopmMaimio 06 aibTepHATHBHBIX EMKOCTHBIX KOMMYTAIIMOHHBIX
YCTPOMCTBAX U NPUMEHEHUH OJIOKOB (DPHIIBTPOB.

Pabouas moxrpynma TF3 cobpan u npoananusupoBasa jAaHHbIE O paboTe 3Jera3oBbIX U BaKyyMHBIX

BBIKJTIOYATENICH C YUECTOM JJIUTCIIBHOTO CPOKa SKCIUTyaTaliun

PI" A3.39. lIpuMeHeHre U OMNBIT 3KCIUTyaTallud METAJI-OKCUAHBIX pa3psIHUKOB. PykoBo-
nutenb - Robert le Roux (IE).

B mapre 2018 roma cocrosioch TpeThe 3acenanue paboueit Tpymnibl, CO31aHHOM B 2.

CocraBieHna (opMa aHKETHI JIJIsl aHATU3a HAJACKHOCTH U OTKa3a Ha OCHOBE JIAHHBIX, KOTO-
pBIe MPEAIoaraeTcs MoJyuYnuTh B OHJIaitH-onpoce. O00O0IIEHB! pe3yabTaThl MPEIBIIYIIIMX OMPOCOB.

PI" A3.40. Texuuueckue TpeOOBAHUS M OIBIT IKCILTyaTalldd KOMMYTAIlHOHHOTO 000py/10-
BaHMS TIOCTOSIHHOT'O TOKa CpeHero HanpsbkeHus. PykoBoautens - Christian Heinrich (DE).

Pabouas rpynma 6su1a chopmupoBana B 2018 r. u npeanonaraeT 3aKOHUYUTH CBOIO JAEATENb-
HocTh B 2021 1. B coctaB paboueiil rpynmnsl BXOAUT poccuiickuii cnenuanuct — B. Kyunnckwii. Ie-
pen rpynmnoi MoCTaBIEHB! CIEAYIOLINE 3a1a4u:

1. CobpaTh U mpoaHAIM3UPOBAThH OIBIT HKCILTyaTallMd KOMMYTAIIHOHHOTO 000PYIOBaHUS
MOCTOSIHHOTO TOKA HampsbkeHueMm 110 52 kB.

2. Ilpoananu3upoBaTh CyIIECTBYIONIUE MPOTOTUITEI KOMMYTAIIMOHHOTO O00OPYIOBAHHMSI TI0-
CTOSIHHOTO TOKa MOILHOCTBIO 110 52 kB.

3. Ilpoananu3upoBaTh TEXHUUECKHUE TPEOOBAHUS K KOMMYTAllUOHHOMY O0OPYJOBaHMIO T1O-

CTOSIHHOTO TOKa JUIsl pa3jIN4HbIX KOH(QUTYpaIUi CUCTEMBI.
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4. CpaBHUTh TeXHUYECKHE TPeOOBaHMS K aBTOMATHYECKUM BBIKIHOYATENISIM HOCTOSHHOIO
TOKa CPEHEr0 HaNpsKEHHs MO CPAaBHEHHIO C BBIKJIIOYATEISIMA IIEPEMEHHOIO TOKa U BBIKJIIOYATe-
JISIMH TTOCTOSTHHOTO TOKA BBICOKOT'O HAIIPSDKEHUSI.

5. PazpaboTtare pekoMeH Al 10 TPeOOBAHUSAM K HCIIBITAHUSIM KOMMYTALIUOHHOTO 000pYy-
JIOBaHUS MIOCTOSTHHOT'O TOKA BBICOKOI'O HANpPSXKEHUS.

PI" A3.41: IlpeppiBaHust 1 KOMMYTallUH MPH MPUMEHEHUH KOMMYTAIIMOHHOTO 000pYyI0Ba-
HUS, HE cofieprkaliero aeras. Pykosoaurens - René Smeets (NL).

Pabouas rpynmna 6su1a copmupoBana B 2018 r., 3acenanus erie He MPOBOAUIIHCE.

B 3agauy rpynmnsl BXOJUT:

CO0p 1OCTYNHBIX JAHHBIX O IPEPHIBAHUH U NEPEKIIOUYEHUN 000PYAOBaHUEM C Pa3IMUYHBIMU
cMmecsiMu ra3oB 6e3 SF6, aHanu3 npeuMyIIecTB U HEJOCTaTKH pa3HbIX pemeHuit SF6, ananus skc-
IUTyaTalluyd, OCYIIECTBISIEMO B paMKax MHJIOTHBIX MPOEKTOB M OIEHKa 3()h(PEeKTUBHOCTH KOMMY-
TalUi B TEYEHHUE 0’KUAAEMOT0 CPOKa CIIy>KOBbI, JOITOCPOYHON CTAaOMIBHOCTH U BIUSHUE Ha PaboTy
[0 TeXHUYECKOMY OOCIIy’>KHBaHUIO, CBSI3aHHOMY C KOMMYyTaluel, pa3padoTka peKOMEHIAUN s
KOMMYHJIBHBIX MPEANPUATHH, a TAK)Ke PEKOMEHIAIMH /I Pa3HbIX CTaHIapTOB.

Ha 3acenannu xomurera A3 ObUia 3aciyliaHa Takxke WH(pOpManus IO POJACTBEHHON TeMma-
THUKE, KOTOPYIO MPEJCTABUII PYKOBOJIUTENh 00beMHEHHOU paboueit rpynmsl OPI" D1/B3.57 - Jlu-
JIEKTPUUECKUE UCIIBITAaHUSI FA30HANIOJHEHHBIX CUCTEM ITOCTOSTHHOT'O TOKA BBICOKOI'O HANpPSKEHUS.

Cexperapp K A3 ®dpank Puxrtep npornHdopmupoBan o npuHATHA TeXHUYECKUM KOMUTE-
tom CUI'PD perienus 0 co3qaHUM HECKOIBKUX HOBBIX Pa0OYMX TPYIIIL:

- WG A3.42. Failure analysis of recent AIS instrument transformer incidents;

- WG A3.42. Tools for lifecycle management of T&D switchgear based on data from

condition monitoring systems.

Kpowme Toro, TexHnueckuM KOMUTETOM pacCMaTPUBAETCSI BOIIPOC O CO3JIaHUH €IIe YeThIpeX

HOBBIX pabOYUX TPYIII:

- WG A3.XX. Identification of frequency response characteristics of conventional and non-

conventional voltage instrument transformers;

- WG A3.XX. Temporary operation Of High Voltage Equipment above Maximum Operat-

ing Voltage;

- WG A3.XX. Procurement, Quality Control, Commissioning of Equipment;

- WG A3.XX. Technical evaluation of generator switching technologies in power genera-

tion plants.

Jlis ydacTust B HOBBIX pabouMx TrpyIax MPUITIAIIAlOTCs 3aUHTEPECOBaHHBIE HKCIIEPTHI.

2.3 Coobuienusn npedocmagumeneii opzanuzauuii-napmuepoe UK A3
9




B xoxe 3akpeiToro 3aceganusi komutera A3 ObLIM 3aCTyIIaHbl COOOIICHHS TPEICTABUTE-
Jier pana opranuzanuii — naptaepo CUI'PO.

IpencraBurenu CIRED u IEC TC17/SC17A caenanu cooOIIeHus O MPeACTOSIINX COObI-
TUSX, OPraHU3yEMBIX 3TUM OpPTaHMU3AIUSAMH B OMibKaiieM OymyiieM, pa3padaTbiBaeMbIX MU

CTaHJapTax, TUIAHUPYEMBIX K CO3/IaHHUI0 HOBBIX pabOYMX rpyI, B TOM yucie ¢ yaactuem MK A3.

2.4. Coobwernue o npeocmosamux coovimusax c yuacmuem UK A3

[IpencraBuTensb SMOHCKOTO HarpoHanbHOTo KoMuTeTa A3 D. Yoshida npoundopmuposan
YYaCTHHMKOB 3aC€/IaHus O JAETAIAX KOH(EPEHIIUH, TPOBOIUMON COBMECTHO KoMuTeTamMu A2, A3,

B1, B2, B4, C4 u D1 23 -27 anpens B 201t roxy Xakonare, Amonus (http://www.cigre2019.ip).

Kondepenuus nocpsiieHa HOBbIE TPEHIaM B IIEPEOBBIX TEXHOJIOTUAX [ 3P PEeKTUBHOTO yIpaB-
JIEHUS SKOHOMUYHBIMHU U YCTOMYMBBIMHU YHEPTreTUUECKUMU CUCTEMAMH BBICOKOTO M CBEPXBBICOKOTO
HaIPsHKEHUS IEPEMEHHOTO U MTOCTOSIHHOTO TOKa

[IpencraButens Pymbinum [.Hategan npeacTaBuil mpe3eHTALMIO O IPEACTOSIIEM KOJIIO-
kBuyme CUI'PD, opranmzyemom komuteramu CUI'PO Al, A2, A3, B1, B2, B3, D1 coBmecTHO ¢
CMDM) xotopsrii cocroutcst 9-11 cents16ps 2019 roxa B byxapecre, Pymbiaus

(http://www.cigre.org.ro).

[IpencraBuTens nHAMICKOTO HarmoHaNbHOTO KomuTeTa A3 Tayagi Ravindra Kumar npen-
ctaBua uHpopmaruio o ianupyemom B 2021 rony kosumoksuyme MK A3 B Jlenu, Uuaust.,

[IpencraButens pocCHiCKOro HaluoOHANBHOTO KomuTeTa A3 A./IpoObIeBcKuii crenan
MIPE3EHTAINIO — IPUTIIANICHUE MPOBECTH 0ObETMHEHHBIN KOJJIOKBUYM M ccienoBaTebCKIX KOMU-
tetoB CUT'PD Al, A3 u /D1 B 2023 roxy B Mockse. [Ipennoxxenue 6su10 puasaTO. Bee meramu mo

OopraHu3amuu (CpOKU, MECTO MPOBEACHUS, TPEATIOUTUTEHHBIC TEMBI) OYyT 0OCYKIEHBI ITO3/IHEE.

3akiaroueHue

[To wmroram pabGotel xommurera A3 Ha 48-it ceccum CUIPD, xak m Ha mpenbIayIIeH,
MOXKHO OTMETHUTH ClleAylolue Hambosee 00Cyk1aeMble KIH0UEBbIe BOIIPOCHL:

1. BeicokoBOIbTHOE 000pPYI0BAHUE JIJIsI HOBBIX CUCTEMHBIX YCIIOBHIA.

2. VYmopaBineHHE ~ CpPOKOM  CIOY>KObI ~ O0OOpyJIOBaHUS  JUIi  MAarucTpalbHbIX U
pacnpeenuTeNbHbIX CETEH.

3. [IpumeneHue cpenctB MHMOOPMALMOHHBIX TEXHOJOTUHN A pa3pabOTKU M YIpaBJICHUS

BBICOKOBOJIBTHBIM 000PY/IOBaHUEM.
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[MTPUJIOXXEHUE 1
ITepeuens nokmnanoB MK A3, npencraBineHHsix Ha ceccun CUTPI-48

IIpennoururenanHas tema 1. IlepcnekTuBHLIE pa3padoTKH B chepe 000pyI0BaAHUS LIS
nepeaayy M pacnpeaeJeHus 3JeKTPOIHEePrun

A3-101 EDISON: A New Generation DC Circuit Breaker

L. GRABER, T. DAMLE, C. XU, J. WEI J. SUN, M. MEHRABAN, Z. ZHANG, M.
SAEEDIFARD, S. GRIJALVA, J. GOLDMAN, Q. YANG, K. SCHODER, F. PENG, M.
STEURER — CI114

A3-102 Environmental Performance of Dead-Tank Circuit Breakers with SF6 and
Alternative Gases

E. LARUELLE, C. GREGOIRE, L. DARLES, Y. KIEFFEL - @panyus, V. HERMOSILLO -
CLIA

A3-103 VARC DC circuit breaker — a versatile concept for nonzero current interruption
L ANGQUIST- Illseyus

A3-104 Innovative T&D Switching Equipment and Development of its Testing Technology
A.B. HOFSTEE, RM. NIJMAN, N.A. BELDA, B. BAUM, R.P.P SMEETS - Huoepnranowi

A3-105 Low loss DC circuit breakers and DC GIS equipment
M. KOSAKADA - Anonus

A3-106 First CO2neutral 145 kV and up to 63 kA Dead Tank Circuit Breakers based on
Vacuum Switching and Clean Air Insulation Technology

TH. HEINZ, S. GIERE, J. TEICHMANN, D. HELBIG, S. KOSSE - Janus, C. WEEKS, T. RAK -
CLIA

A3-107 Fault current limiters for electrical grids 220 kV on the base of the fast-acting
highvoltage explosive commutators

A.B. MYPOB, B.E. ®OPTOB, A.B. IIYPVIIOB, A.B. KO3JIOB, K.A. 3UMHIH, H.JL.
HOBUKOB - Poccus

A3-108 Studying the characteristics of non-traditional current and voltage converters for
digital substations

A.A. SIBJIOKOB, B./I. JJEBEJIEB, I''A. ®UJIATOBA, C.H. IUTBHUHOB, E.E. TOTOBKHNHA,
H.B. JJEBEJIEBA - Poccus

A3-109 Power plants Modernization by Smart integrated vacuum generator breaker
switchgears

K. VENNA, H. URBANEK, F. RADEMACHER - Janus, J. ROMAN, I. CARCAMO, G.
URQUIZA - Hcnanusa

A3-110 Development and Electrical Performance Research of a 12kV C4F7N/CO2 Ring Main
Unit

Z. L1, E. DONG, R. ZHANG, Z. ZHANG, Y. WANG, X. YAN, Y. Z, D. AN, H. HUANG, X. Xu -
Kumani

A3-111 Experience of Capacitive Current Switching of EHV and UHV AC Circuit Breaker in
Power System and Test

G.LL S.L. YAO, C. H. ZHANG, P. R. WANG, D. F. YAN - Kumati

A3-112 Basic aspects of switching with series-connected vacuum interrupter units in high-
voltage metal-enclosed and live tank arrangements
J. TEICHMANN, R HUTH, T. GOEBELS, J. WEISKER, P. G. NICOLIC - /lanus

A3-113 Interrupting Performance Evaluation of High-Voltage Gas Circuit Breakers Using
CFD Simulation and Data Analysis Technique
J.H. PARK, S. Y. WOO, H. K KIM, M. J. HA, K. B. SEO - Kopes

A3-114 The First Development of SF6-free 170 kV 50 kA 60 Hz GIS with Fluoronitile
(C4F7N) Mixtures

H.E. JUNG, H.S AHN, Y.G. KIM, J.U. YEUN, J. CHOI - Kopes, J OZIL, M. PERRET,
K.BOUSOLTANE, G PERNAUDAT - @panyus




A3-115 Case Study — Improving Reliability of Circuit Breaker by using Controlled Switching
and removing Pre Insertion Resistor (PIR)
JIVESH KHANNA, AMANDEEP SINGH, RAKESH KUMAR, R.K. TYAGI - Hnous

A3-116 Innovative SF6 Free Load Break Switch with Shunt Vacuum Interruption (SVI)
Technology
C. PREVE, R. MALADEN, D. PICCOZ — ®@panuyus,

A3-117 Return of experience of the SF6-free solution by the use of fluoronitrile gas mixture
and progress on coverage of full range of transmission equipment

J. OZIL, F. BIQUEZ, A. FICHEUX, Y. KIEFFEL, C. GREGOIRE — ®panuus, L. DREWS —
I'epmanus, R. LUESCHER - Ilseuyapus

A3-118 CS fluoroketone based gas mixtures as current interrupting media in high voltage
switchgear

P.S. STOLLER, M. SCHWINNE, J. HENGSLER, F. SCHOBER, H. PETERS — I'epmanusa, T.HD.
BROUN — Ulseuyapusa, W. ALBITAR - I'epmanus

A3-119 Theoretical and Practical Behaviour of Ecofriendly SF6 Alternatives in High Voltage
Switchgear
S. BRYNDA, Y. PARK, H. SOHN, T.H. SONG, X. YE, J.D. MANTILLA - IIBeliuapus

IpeanmouruTebHasg TeMa 2. YIIpaBjeHHe CPOKOM CJVKObI 000pYI0BAHNSA IJIsl IIepeIavyu 1
pacnpeacJacHudA 3JICKTPOIHEPIUH

A3-201 CIGRE Reliability Survey on Equipment
Hiroki ITO, Nenad UZELAC, Frank RICHTER, Robert le ROUX, Wayne PEPPER, Li PENG,
Anongpun MAN-IM, Toan HATEGAN — om SC A3 CIGRE

A3-202 Operational Experience, Field Test and EMT Simulation for EHV ShuntReactor
Switching
G. BLANCHET, R. OTTERSTEN, D. P. LYSHEIM, T. M. OHNSTAD - Hopgezus

A3-204 In-service Diagnosis of Grading Capacitor Dielectric Deterioration
K. WILLIAMS, P. MOORE - Beauxobpumanus

A3-205 Circuit Breaker De-Rating Assessment under High DC Time Constant
T. FAIREY, Z. EMIN — Beaukoopumanus, J. KELLIHER, M. V ESCUDERO - Upaanous

A3-206 Actual use survey and maintenance practice of circuit breakers for frequent switching
applications
S. TSUKAO, M. NAKAMURA, M. NAKAI A. SHIMAMURA, D. YOSHIDA J. KIDA — Anonusa

A3-207 A campaign for the ageing evaluation of station hollow core composite insulators after
a number of years of service

G. CAMPOPIANO, G. PELLICCIONE, M. MARZINOTTO — Hmanusa, E. MOAL, J. SEIFERT,
G. ROCCHETTI — Janus

A3-208 Overvoltages research in switching modes of cable and mixed overhead-cable
lines, power transformers, shunt reactors and capacitor banks of 110-750 kV and
development of a controlled switching device for the above electrical equipment

C. APYTIOHOB, A. MEP3JISIKOB, 1.HA3APOB, B. CMEKAJIOB, C. BAJIAIIIOB, E.
EPOXWUH - Poccus

A3-209 X-ray inspection of operating high-voltage oil-filled circuit breakers
JL.A. JAPBAH, I1.B. TOJIVBEB, E.Il. TPABYAK, P.M. OBPA3IIOB - Poccus

A3-210 Online monitoring of paper-oil insulated current transformers
I. AYERDI, I. HUERTA, J. MENDIZABAL, J.M. NOGUEIRAS - Hcnanus

A3-211 Influence of Contact Heating on Main Circuit Resistance Measurement and Dynamic
Contact Resistance Measurement in High Voltage Circuit Breakers
T. CHENG, W. GAO, L. JI - Kumaii

A3-212 Research on Simulation Testing Method of System Level's Strong Electromagnetic
Disturbance in Substations




L. CHENG, J. LIU, A. GUO, W. XU, H. WEL J. LU, AND S. REN - Kumaii

A3-213 Operational Aged Switchgear With The Age Up To 50 Years - Investigations,
Testing, Results Considerations For The Design And Operation Of Old and New Switchgear
T. GRAF, R. SCHILLER - I'epmanus

A3-214 Investigation of ferroresonance oscillations in the systems with electromagnetic
potential transformers by experimental and calculation methods

A. POTBJIYOT, T'. BEIEPHUKOB, O. IIETPOBA, B. COJIOMEHNH, JI. TYIIOHOI'OB, A.
CHUBKOB - Poccus

A3-215 Development of 362kV 63kA 60Hz Self-Blast Breaker without additional capacitors to
prevent ferro-resonance by improving the SLF performance
J.H. YOON, J. K. PARK, J. U. CHOL H. S. AHN, Y. G. KIM - Kopes

A3-216 Damping Performance of VFTO using Magnetic Rings in 800kV GIS
J. W.KIM, J. K SEONG, J. K KIM, K. R KWON, D. J SIM - Kopes

A3-217 Approach & Experience of IoT Based Predictive Maintenance Technologies in Power
Distribution Network

H.C. SHARMA, Y. K. GUPTA, S.K. ATRI, P.K. SINGHAL, RM. BHANAGE, V. K. DIXIT, A.
BASU - Unousa

A3-218 Technical-Economic Study on Spark Gaps Replacement by Surge Arresters on Pole-
Mounted MV/LV Transformers
W. CHABANE, F.REBBOUH - Anorcup

A3-219 Pollution and Humidity Effects on Air Insulated Switchgear (AIS) of MV/LV
Substations
F.REBBOUH, W. CHABANE - Aznocup

A3-221 Digital Disconnector and smart sensors: example of integration in the condition base
asset management cloud tool
T.PEGOURET - ®@panyua, E.STELLA - Umanus

A3-222 External flashover of a 245KV live tank circuit breaker
D. CHUN, C. PONS, H. DIGARD - @panyus

A3-223 Monitoring of asymmetric short circuit currents at a hydro power plant using
electronic fibre optical current transformers
T.NEUMEIER - I'epmanusa, T.HEID, F.RENAUD, M.VO - llsetiyapusa, M.Y ANIN - Poccus

A3-224 Accuracy study of a combined low-power instrument transformer in different climatic
and pollution conditions
T.HEID, M.VO - Illlgeuyapus, B.PAYA, LLBASUYAUX - @panyus, M.Y ANIN - Poccus

A3-225 Development of Light Asset Models based on Data Mining
F. LIMA, G. MARQUEZIN, T. MAUFFREY - @panyusa

IIpeanoururtennuas TemMa 3. Bausinue pacnpenejeHHoi reuepanyun Ha 6aze BUJ u cucrem
HAKOIJICHHUS YHEPrMY HA 000PYI0BAHNE MATMCTPAJLHBIX M PACHpPeaeJUTeIbLHbBIX ceTel

A3-301 First 170 kV / 50 kA GIS with Clean Air and Vacuum Interrupter Technology as a
Climate-neutral Alternative to SF6

K. KIM, B. CHOI, S. HEO - Kopes, F. EHRLICH, K. POHLINK, M. KUSCHEL, T. RANK -
T'epmanus

A3-302 Benchmarking the suitability of a Bi-Stable Disc Spring as Novel Ultra-Fast Actuation
Principle
H. MENNE, C. M. FRANCK - Illgetiyapus

A3-303 Performance tests of circuit-breakers for controlled switching
J. KIEFER, H. HEIERMEIER, S. KOTILAINEN, M. STANEK - Iliseiiyapus,
U. PARIKH - Anous, A. DANESH - I'epmanus




[TPUJIOKEHUE 2
Annotauuu goknanoB MK A3, npeacraBinennbsix Ha ceccuu CUT'PD-48

IIpennoururenanHas tema 1. IlepcnekTuBHLIE pa3padoTKH B chepe 000pyI0BaAHUS LIS
nepeaayy M pacnpeaeJeHus 3JeKTPOIHEePrun

A3-101 EDISON: A New Generation DC Circuit Breaker
L. GRABER, T. DAMLE, C. XU, J. WEL J. SUN, M. MEHRABAN, Z. ZHANG, M.
SAEEDIFARD, S. GRIJALVA, J. GOLDMAN, Q. YANG, K. SCHODER, F. PENG, M.
STEURER — CLIA

The lack of viable DC circuit breaker technologies limits the implementation and use of DC grids.
Therefore, several R&D projects are underway worldwide to develop DC circuit breakers.
Particularly, in this paper we describe four innovative ideas and technologies in order to arrive at
highly compact and efficient hybrid DC circuit breakers to make them available for DC grid
applications. This hybrid DC circuit breaker features a power stack of semiconductors and
associated energy absorption elements, which is normally bypassed by a fast mechanical switch to
minimize on-state losses. This fast mechanical piezo-actuated switch uses supercritical fluids as a
dielectric medium and is therefore expected to carry several kiloamperes of continuous current
while it can open, without interrupting current, within several hundred microseconds. Next, we are
placing a controllable voltage source in series with the power stack to commutate the rising fault
current from the mechanical switch into the power stack. Finally, we follow the increasing voltage
withstand capability of the opening mechanical switch with the incremental voltage buildup across
the power stack over time. This approach significantly reduces the overall fault current peak as
opposed to turning off the power stack at once only when the mechanical switch reached the
complete open position. The expected outcome is a more efficient breaker with improved fault
handling characteristics. The four technologies are described in detail and explained how
synergistic effects improve the overall switching performance. Applications for such technology is
listed and the benefit briefly explained.

A3-102 Environmental Performance of Dead-Tank Circuit Breakers with SFé6 and
Alternative Gases
E. LARUELLE, C. GREGOIRE, L. DARLES, Y. KIEFFEL - @panyusa, V. HERMOSILLO —
CILA

Life cycle assessment results are presented for different HV Dead-Tank (DT) circuit breaker
technologies including SF6, a CO2/02/C4F7N gas mixture and a combination of vacuum
interrupters with technical air insulation. Comparisons are made of the environmental performance
of DT outdoor circuit breakers with 72,5 kV maximum rated voltage, 40 kA short-circuit current
and 2000 A continuous current. This is a voltage class for which SF6-free products have been
available for nearly a decade. This is also the rating that has been proposed for phase-out by CARB
in the year 2025. At this time, there are around six-hundred 72,5 kV DT vacuum/air circuit breakers
installed in North America and their market penetration has been limited by price and performance
considerations.

Design features that affect the material content, dimensions, power usage, emissions and
maintenance requirements are presented and compared for each of the technologies. Circuit
breakers described as 0,5 Mpa and 0,6 Mpa vacuum have material masses 61% and 32%,
respectively, greater than those insulated with SF6 and a gas mixture. The mass increase for
solutions using vacuum interrupters is due to dimensional requirements associated with reduced
dielectric withstand of internal air insulation. All circuit breakers with alternative insulating gases
offer a reduction in climate change impact in the range of 50 to 60%. Ozone depletion is equal for
SF6 and CO2/02/C4F7N gas mixture and lower for vacuum/air. Human toxicity, particulate matter,
ionizing radiation, ozone formation, acidification, eutrophication, fresh-water ecotoxicity, water
consumption, land usage and resource depletion are higher for vacuum/air circuit breakers
compared to the other options.

A3-103 VARC DC circuit breaker — a versatile concept for nonzero current interruption
L ANGQUIST- Il/seyus



The paper describes a new interrupter concept, the “VSC Assisted Resonant Current (VARC]”,
having the capability to instantaneously interrupt non-zero current. A standard vacuum interrupter has
been equipped with a low-voltage power electronic converter combined with a resonant circuit, which
generates an artificial current zero-crossing in the arc current in the vacuum interrupter when a
sufficient contact gap has been established.

Using an ultra-fast actuator, the operation time from trip command to current neutralization is only
a few milliseconds at a voltage level of 40 kV. A current interruption capability exceeding 10 kA
has been demonstrated.

It is shown that the proposed VARC concept requires a low number of semiconductor devices,
offering an attractive bill of materials without compromising the provided performance.

A module based on the concept was tested at an independent laboratory in 2018. Some test results are
presented in the paper.

The paper provides a technical overview of the proposed concept and its applications in DC and AC
systems.

A3-104 Innovative T&D Switching Equipment and Development of its Testing Technology
A.B. HOFSTEE, RM. NIJMAN, N.A. BELDA, B. BAUM, R.P.P SMEETS - Huoepnranowi

In this contribution, a number of technology innovations in T&D switchgear have been identified.
In almost all cases, the ongoing energy transition is the main driver of these innovations. In this
contribution, based on test-experience and overviewing the industry, innovations are grouped by a
number of drivers that each have their impact on testing technology.

These drivers are the following:

* Increase of ratings: the ongoing trend of co-existence of micro-, local- and supergrids. The
consequences for testing of switchgear for UHV and very large current are highlighted;

* Offshore transmission: compactness and reliability are requirements stretched to the limit for this
application. Very long cables for AC and HVDC power transmission, even in a multi-terminal
topology will have impact on switchgear;

* Health safety and environment: here, the major switchgear related discussion is on SF6
replacement and reduction of electrical losses. Various issues related to SF6 replacement will be
highlighted. In addition, a recent project, intended to quantify the hazard of aluminium busbars in
power stations affected by long duration fault arcs, is described;

* HVDC and power electronics: circuit breakers are going to be installed in multi-terminal HVDC
grids. Recent testing of HVDC breakers, regarding the complete interruption process is described;
* Digitalization: switchgear is going to be communicating with the IEC 61850 communication
protocol. This will impact testing for which laboratories need to prepare. The introduction of
smaller micro-electronics (sensors, IED) more closer to primary HV components and its high-
frequency transients need careful consideration regarding operation, endurance and lifetime.

* Resilience and fault mitigation: Large scale outages are less and less accepted by society but still
occur frequently. Resilience against severe weather conditions, vandalism and cyber-attacks calls
for resistant equipment and robust mobile equipment/substations that can be deployed very rapidly
still having an extreme degree of readiness and availability. Novel technologies of ultra-fast
actuators enable a new generation of fault current limiters.

A3-105 Low loss DC circuit breakers and DC GIS equipment
M. NAKAL Y. NAKAIL Y. MAKINO, A. MIURA, T. MINAGAWA, M. KOSAKADA - flnonus

Multi-terminal high voltage direct current (HVDC) systems are expected to expand into many
applications, including offshore wind power networks. In such systems, DC circuit breakers (DC
CBs) play an important role to separate a faulted section rapidly from the system, while keeping a
remaining portion of the network in continuous operation. Various types of DC CB have been
proposed and developed in recent years, each having its advantages and disadvantages. Minimizing
losses, which is important both for the overall efficiency of the system and from an environmental
point of view, is a vital consideration in these CB designs. This paper introduces two types of
systems, a mechanical system and a hybrid system. In the mechanical type, a comparison was made
between a combined design and a modular design, with a voltage class up to 525/600 kV.
Performance was verified up to the 160/200 kV-16 kA class. The hybrid type is characterized by



both low losses and high-speed interruption under all conditions. These parameters were verified
for interruptions up to 6.7 kV-9 kA.

The application of compact equipment is required especially for offshore wind power systems, and
DC GIS is one of the solutions for compact equipment. In Japan, there is a need to apply DC GIS
due to the fact that the available land area is small, and also because salt pollution is severe. DC
GIS at 250 kV and 500kV were developed and have been in operation since 2000 in Japan. A new
250 kV DC GIS was recently developed and put into operation in the New Hokkaido-Honshu
HVDC Link in 2019. These applications and experiences obtained from the projects are presented
in this paper. The development specifications, technical and structural considerations, application
concepts, and commutation SW technology will be introduced.

A3-106 First CO2-neutral 145 kV and up to 63 kA Dead Tank Circuit Breakers based on
Vacuum Switching and Clean Air Insulation Technology
TH. HEINZ, S. GIERE, J. TEICHMANN, D. HELBIG, S. KOSSE — /[anus,
C. WEEKS, T. RAK - CIII4

This paper describes performance and test results of newest products which use vacuum-switching
and technology up to 145 kV and 63 kA and complete CO2-neutral insulation with clean and dry
compressed air. It shows the newest products: 145 kV / 40 kV Dead Tank Breakers, 145 kV / 50 kA
gas-insulated switchgear and concludes with the 145 kV / 63 kA Dead Tank circuit breakers. The
CO2-neutral Dead Tank circuit breaker replaces existing equipment easily without any changes in
the layout. Based on existing 50 kA vacuum interrupters an upgraded version for 63 kA vacuum
interrupter was developed by usage of simulation tools for arc behavior and magnetic fields. With
the vacuum interrupter as key element the Dead Tank circuit breaker design was developed with the
help of mechanical multi-body and electro-magnetic simulations. The specific conditions for the
clean air insulation system has been considered accordingly. With a development prototype Dead
Tank circuit breaker high-power switching tests have been performed (e.g. T100 short circuit
current test duties) as well as dielectric and mechanical tests.
The vacuum switching technology has significant advantages compared to gas circuit breaker
applications. The vacuum circuit breaker is the preferred solution for frequently operated
switching and high short-circuit interruptions because of low contact erosion. The vacuum
interrupter is a sealed for life component and thus completely maintenance free throughout the full-
service life of more than 30 years. For low temperature applications below -25° C, the vacuum
technology in combination with clean air insulation offers outstanding performance because no
additional measures are necessary. With the new technologies — high-voltage vacuum switching and
clean air insulation — upcoming switchgear are future proof with respect to environmental and
technical aspects. Both technologies combined ensure outstanding switching performance, safety
and reliability with excellent long-term stability and very low environmental and health impact. All
these aspects are eminent for future demands of power grid.
High-voltage vacuum interrupters up to 245 kV (single break) will be available in the next years
commercially. The world’s first vacuum interrupters for 170 kV / 50 kA and 245 kV / 63 kA were
shown on CIGRE 2018. Now a 145 kV / 50 kV dead-tank circuit breaker will be shown on CIGRE
2020. Based on recent developments on vacuum switching and clean air insulation technology new
CO2-neutral products will replace common SF6 switching equipment in the next decades.

A3-107 Fault current limiters for electrical grids 220 kV on the base of the fast-acting high-
voltage explosive commutators
A.B. MYPOB, B.E. ®OPTOB, A.B. IIYPVYIIOB, A.B. KO3JIOB, K.A. 3MUMUWH, H.JL.
HOBUKOB — Poccus

New fault current limiting device with a voltage of 220 kV (FCL-220) based on explosive type high
voltage switches, is presented. The device is intended to limit the short-circuit current to acceptable
values for a time not exceeding one half-period of the supply frequency at electric power facilities.
The analysis of the electro-technical scheme of the developed fault current limiting device is
provided. The main features of the scheme are: a fundamentally new high-action high-voltage
explosive switcher with a high restoring voltage of more than 500 kV; high-voltage fusible switches
that allow limiting overvoltage in the event of a sudden circuit break in the explosive switcher; a



non-inductive resistor with a high thermal capacity and a pulse reactor with operating time of not
more than 10 seconds. A series of experimental investigations was carried out, including with the
use of current from shock generators to confirm the functionality and technical characteristics of
the FCL-220. They showed the effectiveness of the FCL-220 and were sufficient to make a decision
on its installation on an existing substation on the busbar connection with voltage of 220 kV.
Currently, the FCL-220 is fully assembled and ready for testing in power grid with following pilot
operation. The FCL-220 satisfies all the requirements for high-voltage devices and can become one
of the key components of power grid security in the future.

A3-108 Studying the characteristics of non-traditional current and voltage converters for
digital substations
A.A. ABJIOKOB, B.JI. JJEBEJIEB, I''A. ®UJIATOBA, C.H. IUTBHUHOB, E.E. TOTOBKHNHA,
H.B. JIEBEJIEBA - Poccus

At present innovative development of electric power industry is aimed at creating a Smart Grid
which should have such properties as reliability, flexibility, visibility, self-diagnostics, etc. One of
the key technological aspect of the smart grid is measuring instruments and devices. The
development of microprocessor technology opens door for the possibility of using new
(nonconventional, low-power) current and voltage converters that were not previously used in
power industry and have advantages over electromagnetic current and voltage transformers (no
effects of saturation and residual magnetization of magnetic circuits, as well as ferroresonance
phenomena, explosion and fire safety, low weight and size indicators). Such converters include
the Rogowski coil, shunt, galvanomagnetic sensors, resistive divider and others. However, the
operation of these converters under actual conditions (strong electromagnetic fields, wide
temperature range), as well as their joint work with secondary devices, especially with intelligent
measuring devices, requires further research. It is worth noting that IEC 60044-8 does not include
the requirements to non-conventional instrument converters.

The article will present the results of studies of transient, frequency, thermal and other
characteristics of various non- conventional current and voltage converters (including digital
transformers), as well as the results of tests of their collaboration with electric power meters and
relay protection and automation devices. It will focus on the influence of the electromagnetic
fields on the currents and voltages measurement errors using the non-conventional primary
converters.

Similarly, the report will review and analyze the characteristics of a transformer with magnetic
conductors of electrical and amorphous steel, galvanomagnetic sensors, shunt and resistive
voltage divider. The report will also present the results of trial operation of digital transformers
with non-conventional primary converters at substations in the central and northern parts of the
Russia.

A3-109 Power plants Modernization by Smart integrated vacuum generator breaker
switchgears
K. VENNA, H. URBANEK, F. RADEMACHER - Janus, . ROMAN, I. CARCAMO, G.
URQUIZA - Ucnanus

New grid scenario requires conventional power plants to be more flexible and reliable to adapt to
the inclusion of renewable energies into existing networks. This is mainly due to the fact that such
resources are only partially predictable in advance and non-influenceable. This lead to higher
number of switching operations and faster response of existing conventional plants in connection to
the grid.

This paper presents a proposal about how an old conventional power plant can be modernized to
handle today’s dynamic digital grid scenario with focus on:

- Numerous switching operations, for a flexible demand,

- New operation modes, being able to work in island mode, storing energy;

- High demands in terms of reliability, equipment protection against faults;

- Personnel safety with target zero accidents;

- Reduction of life cycle costs and autonomy in maintenance;

- Climate change impact and reduction of greenhouse effect gas emissions;

The purpose of this paper is to explain how latest achievements in electrical equipment and



digitalization concepts developed by manufacturers can allow existing conventional power plant to
be modernized up to date for today’s energy generation challenges.

A typical case study is used to describe a smart generator switchgear with highly integrated and
digitalized design and interaction between different plant equipments is analysed to achieve an
overall electrical balance of plant.

A3-110 Development and Electrical Performance Research of a 12kV C4F7N/CO2 Ring
Main Unit
Z.LL E. DONG, R. ZHANG, Z. ZHANG, Y. WANG, X. YAN, Y. Z, D. AN, H. HUANG, X. Xu -
Kumanu

The mixtures of C4F7N (fluoro-nitrile, C4 for short) and CO2 has good insulation performance
and low greenhouse effect, considered a potential replacement gas of SF6. SF6 ring main unit
(RMU) with widely applicate requires gas insulation and arc extinguishing performance.
The development of C4/CO2 mixtures RMU has high engineering application and environmental
protection value. In this paper 12kV C4/CO2 load switch RMU with metal plate to extinguish arc
was designed using C4/CO2 instead of SF6. The RMU passed the withstand voltage test of 1.2
times the rated insulation level at 6% mixing ratio and zero gauge pressure which means the
insulation performance of C4/CO2 is excellent. The research on active load current breaking
performance was on a synthetic test circuit. By measuring the arc volt-ampere characteristics and
observing the arc moving images, it was found that compared with SF6 arc in C4/CO2 has a lower
voltage, wider arc channel and more liable to fall from the metal plate. Therefore, the arc
extinguishing structure needs to be optimized.
The influence factors of breaking capacity are studied and optimized design is carried out. A small
increase in low pressure has no help and Increasing gas mixing ratio can obviously enhance the
breaking capacity. Therefore, the pressure is 0.14MPa, and the mixing ratio is 15-20%.Switch
opening speed should be make sure moving contacts out of the arc extinguishing plate when the arc
is extinguished. Therefore, the switch opening speed is improved to 6.5m/s. In the design of
different arc extinguishing plate structures (flat plate with and without insulation cover structure,
sparse flat plate with insulation cover structure and curved plate without insulation cover structure),
the flat plate with insulation cover structure has the best breaking performance when the plate
spacing is 3mm. A optimized structure was used to avoid arc drop and CuW contact was added on
the static contact and moving contact to improve the anti-ablation ability. The improved C4/CO2
RMU successfully passed active load current opening and closing tests of 630A for 10 times and of
1000A for twice. The research shows C4/CO2 can meet the breaking requirements and achieve the
purpose of replacing SF6.

A3-111 Experience of Capacitive Current Switching of EHV and UHV AC Circuit Breaker in
Power System and Test
G.LL S. L. YAO, C. H. ZHANG, P. R. WANG, D. F. YAN - Kumau

Capacitive current switching is the basic operation for high-voltage AC circuit-breaker in power
system, and it is easy for circuit-breaker to clear capacitive current which is usually only a few
hundred amperes. However, the circuit-breaker is at risk of restrike when switching capacitive
current. Restrike may cause undesired overvoltage or high frequency transient process, which may
affect the power quality of the grid. Restrike may cause damage to circuit-breaker and other
electrical equipment. Therefore, capacitive current switching performance is important for high-
voltage circuit-breaker and must be verified strictly.

Restrike is probabilistic in the process of capacitive current breaking, it is related to the
characteristics of circuit-breaker and power grid. The probability of restrike cannot be eliminated.
In order to evaluate the possibility of restrike, the capacitive current switching test is specified in
standards to simulate the most severe operating condition in the system.

With the development of China's AC and DC UHV transmission projects, UHV and EHV circuit-
breakers have been widely used in China, and there are more and more system conditions and test
requirements for capacitive current switching of UHV and EHV AC circuit-breakers, especially for
circuit-breakers which are used to switch filter bank in UHV convertor station.

In the face of more and more new system conditions, such as UHV back-to-back capacitor bank
switching and filter bank switching, we have found that the UHV and EHV circuit-breakers that
have passed the type tests specified in the current standards have encountered many problems when



switching capacitive current in actual system. This means that the current standards and test
methods have not been adapted to the new working conditions, and it has been impossible to
effectively evaluate the reliability of capacitive current switching of UHV and EHV circuit-breaker.
The standards and test methods related to capacitive current switching test need to be improved
according to the actual situation.

In recent years, a large number of capacitive current switching tests for UHV and EHV circuit-
breakers have been performed in China. In order to improve the reliability of capacitive current
switching of UHV and EHV AC circuit-breakers, this paper studied and analyzed these typical
problems, discussed the defects of the current relevant standards and test methods, put forward the
ideas for perfecting the current standards and test methods. At present, China is developing the
corresponding standards for circuit-breakers used for filter banks. This paper introduced the idea of
standard setting and the test scheme for circuit-breakers used for filter banks, and finally
introduced the actual tests of UHV and EHV circuit-breakers.

A3-112 Basic aspects of switching with series-connected vacuum interrupter units in high-
voltage metal-enclosed and live tank arrangements
J. TEICHMANN, R HUTH, T. GOEBELS, J. WEISKER, P. G. NICOLIC - Jlanu=

Vacuum switching technology combined with CleanAir insulation yields a highly performant,
environmentally benign and maintenance free solution, replacing SF6 in high-voltage switchgear.
For rated voltages up to Ur =245 kV (Ur = 170 kV already available at the market) single break
vacuum interrupter units are under development. One option to enable the vacuum switching
technology combined with CleanAir as insulation medium at rated voltages up to Ur = 550 kV and
beyond is the use of series-connected vacuum interrupter units as circuit breaker. This principle can
e.g. be used for metal-enclosed and live tank circuit breakers. The main challenge for the
application of series-connected vacuum interrupter units is the voltage distribution across the series
connection during switching operations and in open position. Due to parasitic capacitances, the
voltage is not distributed equally across all series-connected vacuum interrupter units. In metal-
enclosed circuit breakers, the line to ground capacitance is higher than in live tank breakers and
consequently the voltage distribution across the switching units is more asymmetric. For balancing
the voltage distribution, capacitors can be connected in parallel with the interrupter units for the
purpose of grading. These aspects are considered in this study by means of a laboratory prototype
with a series connection of two medium-voltage vacuum interrupter units and in a second
laboratory setup, live tank supported vacuum interrupters in series connection are being
investigated. High-voltage tests as well as high-power breaking tests have successfully been
performed on 145 kV 40 kA vacuum interrupters. An outlook on the application of series-connected
vacuum interrupter units at highest voltage levels is given.

A3-113 Interrupting Performance Evaluation of High-Voltage Gas Circuit Breakers Using
CFD Simulation and Data Analysis Technique
J.H. PARK, S. Y. WOO, H. K KIM, M. J. HA, K. B. SEO - Kopes

This paper presents the analysis method of the interrupting performance of high-voltage gas circuit
breakers (GCB). From the computational fluid dynamics (CFD) and electric field analysis, electric
field intensity and flow field variables such as gas pressure, density, and temperature are obtained.
Using the data analysis technique, we investigated the important factors which have considerable
effects on the decision of pass or fail of high power laboratory testing. Then, through the
optimization method, the optimal weighting value for each factor is determined. We investigated
major interrupting duties including L90, T100a/s, and T30 duties for SF6 GCB. For each duty, due
to different interrupting current and transient recovery voltage (TRV), the interrupting performance
index is different.

For puftfer type SF6 GCB, pressure rise and flow rate from compression volume to the arc region
are important to cool down the arc quickly. For self-blast type GCB, high pressure rise and low
temperature gas flow at the heating channel are major factors to achieve successful L90
interruption. In the case of T100a/s duty, E/rho (electric field intensity over gas density) is a good
indicator that represents the dielectric recovery characteristics. Regarding T30 duty, from our



simulation results, success or failure can be distinguished from the direct comparison of gas
temperature in front of the pin electrode.

For SF6-free GCB, we investigated the puffer type GCB filled with 5% Fluoronitrile and 95% CO2
mixture gas. L90 duty of SF6-free GCB is most difficult to pass because of the lower arc cooling
power compared to SF6 gas GCB. Through the data analysis technique, it is found that the pressure
ratio of compression volume to stagnation point is important for L90 interruption to a model GCB.

A3-114 The First Development of SF6-free 170 kV 50 kA 60 Hz GIS with Fluoronitile
(C4F7N) Mixtures
H.E. JUNG, H.S AHN, Y.G. KIM, J.U. YEUN, J. CHOI - Kopes, ] OZIL, M. PERRET,
K.BOUSOLTANE, G PERNAUDAT - @panyus

Short line faults with 60Hz power frequency for example are quite difficult to interrupt and
simulations helped to select the right prototypes. Building strong numerical tools is key to ensure
the development of new technology equipment, and a fluoronitrile mixture showed very good
compatibility with SF6 tools, methodology and criteria. Dedicated mock-up for simulations allowed
to capitalize and not only to propose the first SF6-free 170kV 50kA 60Hz GIS circuit-breaker, but
also to accelerate the development of a full range of SF6-free alternative solutions to the customers.
Using these simulation tools, the circuit-breaker was designed and demonstrated its full short-circuit
breaking performance: terminal faults and short-line faults with respectively 10%-100% and 75%-
90% of the short-circuit current. Out of phase and capacitive current switching were also
successfully passed according to the IEC standards.

In addition, all GIS test results by IEC standard which are relevant to a fluoronitrile mixture of
fluoronitrile (C4F7N), carbon dioxide (CO2) and oxygen (O2) are introduced in this paper. GIS
design basis came from SF6 one but the most of inside part details have been changed due to
different gas properties comparing to those of SF6. However, external dimension has been kept the
same for enclosure dimension and eventually the same foot-print as SF6 GIS. This makes
installation and replacement easy in utility point of view.

The fluoronitrile mixture has been successfully investigated for all required performances of this
new ratings GIS. It is considered to be the first development of 170kV 50kA 60Hz GIS with SF6-
free solution and the most probable solution to replace SF6 so far.

A3-115 Case Study — Improving Reliability of Circuit Breaker by using Controlled Switching
and removing Pre Insertion Resistor (PIR)
JIVESH KHANNA, AMANDEEP SINGH, RAKESH KUMAR, R.K. TYAGI - Hnous

Over-voltages are produced during routine switching operations and unscheduled opening
operations aimed at interrupting a short-circuit current in power systems. Switching On/Off of
Transmission Lines by Circuit Breaker operation leads to generation of Switching Over-Voltages
due to sudden change in configuration of electrical Transmission network. Over-Voltages during
the closing operation are entirely random and may depend on the CB pole mechanical scatter and
point of closing in the source voltage wave. Limiting these Switching Over-Voltages are extremely
crucial especially in Transmission network with rated voltage of 400kV or above as Switching
Impulse Withstand Voltage level in these High Voltage network may between 2.0 — 3.0 p.u. or even
more . The switching over-voltages are more pronounced during the operation of long transmission
lines due to the high capacitance of the very long lines.

In order to mitigate Switching Over-Voltages during Line Switching, most common technique is to
provide Pre Insertion Resistors (PIRs) in Circuit Breakers. However, addition of this extra
component i.e Pre Insertion Resistors impacts the overall reliability of Circuit Breakers due to
problem arising in linkages/levers and subsequent stucking of Pre Insertion Resistors, SF6 Leakage
through Pre Insertion Resistors joints etc. These issues associated with Pre Insertion Resistors have
led to development of an alternative method that can be used for mitigating Switching Over-
Voltages i.e. Controlled Switching of Transmission Lines using Controlled Switching Device
(CSD). In this method, Mechanical Closing/Opening of Circuit Breakers are controlled to an
optimal instant by introduction of a suitable time delay through an electronic device called as
Controlled Switching Device (CSD). Benefits of Controlled Switching in Transmission Lines are
more pronounced incase of re-closing than normal closing as trapped charges presence during re-



closing may lead to very high switching over-voltages. In addition to Controlled Closing/Re-
Closing, Controlled Opening of Transmission Line reduces the probability of forced outages of
Circuit Breaker due to electrical failures as Controlled Opening eliminates risk of re-strikes.
Implementation of Controlled Switching technique for Transmission Line must take into account
configuration of Transmission Line :

- Uncompensated Transmission Line

- Shunt Compensated Transmission Line

In this paper, a 400kV (340 km long) Transmission Line provided with shunt compensation was
switched through both techniques i.e. Circuit Breaker with Pre Insertion Resistors & Controlled
Switching Device and In-rush current & Over-Voltages observed during switching were measured.
Results for both cases are presented in this paper.

All the retro-fitments made in substation connecting aforesaid 400kV Line like Installation of
Controlled Switching Device (CSD) to switch Line from one end, Installation of sensors to provide
feedback of Line side Voltage to CSD etc are discussed in the paper. In addition to this, philosophy
considered in Controlled Switching of Line to mitigate Switch Over- Voltages and Inrush current
has also been highlighted in this paper. The long term objective of this exercise is to compare
switching over voltages generated in long transmission using CSD & PIR.

A3-116 Innovative SF6 Free Load Break Switch with Shunt Vacuum Interruption (SVI)
Technology
C. PREVE, R. MALADEN, D. PICCOZ — ®@panyus,

Thanks to its exceptional physical properties, SF6 is widely used as dielectric and quenching gas in
medium voltage switchgear since the seventies. However, it presents the disadvantage to have the
highest global warming potential among any other industrial gas (GWP = 23 500), and a life time
upper than 750 years which means that concentration level in the atmosphere will increase over
time. For this reason, alternative solutions must be found.

This paper presents an innovative and compact SF6 free medium voltage load break switch with
shunt vacuum interruption (SVI) technology applied to secondary distribution.

Vacuum interrupter is a well-known, mastered and effective technology to ensure current breaking
in medium voltage (MV) switchgear. It is broadly used for MV circuit-breakers.

In order to make a load break switch with vacuum interrupters, the traditional solutions consist in
setting vacuum interrupters in series with a disconnector. In this case, 2 different mechanisms are
required: one for the vacuum interrupter, one for the disconnector. The vacuum interrupters must be
able to make and break the load current, withstand and make the short-circuit current with its peak
value. This architecture presents strong drawbacks: the manner to operate is different than the
current 3-positions SF6 switch and is very expensive.

To solve these issues, an innovative solution with vacuum interrupters set in parallel of the main
circuit has been developed. In this design, the vacuum interrupters are only used during the short
period of the breaking phase. In this case, the vacuum interrupters do not require a dedicated driving
mechanism and have only to be able to break the load current. Consequently, they do not need to
withstand and make the short-circuit current (and its peak value). Moreover, this solution presents
the benefit to reduce the temperature rise because the load current is not passing through the
vacuum interrupter when the switch is closed. Disconnection is ensured by an air gap and earthing
1s done using a third contact. The operating mode is the same as current SF6 3-positions switches.
Breaking and disconnecting are done in one operation and earthing in a second operation. Both are
performed with the same operating mechanism similar to those used in SF6 3-positions switches for
years. The dielectric insulation is ensured by pure air at different pressures depending on voltage
rating. As example, for 12 kV switchgear, the pressure is 1,4 bar absolute whereas for 24 kV, the
pressure is 2,5 bar absolute. By increasing the pressure compared to SF6, it is possible to keep the
same dimensions and footprint.

Based on this technology, complete ranges of Secondary Air Insulated Switchgear (AIS) and Gas
Insulated Switchgear (GIS) have been developed. They present the advantages to be fully
environmentally friendly, compact, safe for people, easy to operate and cost effective. In addition,
the use of pure air does not affect the minimum operating temperature and does not require specific
precaution at end of life. The dimensions of Secondary AIS and GIS are the same as SF6 ones and



the switchgear is also fully interchangeable with current SF6 switchgear. Pilot switchboards at 12
kV and 24 kV have already been installed on the field. This technology is fully validated according
to IEC standards and enables to reach all the performances required for Secondary MV application.
For Primary GIS, the same principle of pure air at different pressures depending on voltage has
been applied in order to keep the same dimensions as SF6 switchgear. Primary GIS functions are
circuit- breakers and already based on vacuum interrupters. Then, this technology will be re-used
for pure air Primary GIS.

A3-117 Return of experience of the SF6-free solution by the use of fluoronitrile gas mixture
and progress on coverage of full range of transmission equipment
J. OZIL, F. BIQUEZ, A. FICHEUX, Y. KIEFFEL, C. GREGOIRE — ®pannus, L. DREWS —
I'epmanusa, R. LUESCHER - Ilseuyapus

Since 2014 with the first disclosure at CIGRE of an eco-friendly alternative to SF6 by using
Fluoronitrile compound (C4F7N) mixed with CO2 and O2, this gas mixture has been implemented
on several projects covering ambient temperatures from -30°C to +50°C. The gas mixture is used
now in Gas Insulated Switchgear (GIS), Gas Insulated Lines (GIL) and Air Insulated Instrument
Transformer (ITR). Thanks to the gas mixture properties (high dielectric strength and strong
switching capabilities), the design and manufacturing of high voltage products are available with
comparable dimensions and ratings than up to date SF6 equipment. In all these products proven in
the field, the gas mixture based on C4F7N reduces the CO2 equivalent by more than 99% compared
to SF6.

Field experience has now been gained for more than 3 years with positive feedback from users and
a strong expansion of the installed base is ongoing in the transmission equipment domain, as
presented in this paper.

Recent developments have shown the scalability potential of this SF6-free technology from 72,5kV
up to 550kV with associated rated short circuit current ranging from 31.5kA up to 63kA ensuring
compactness and reliability.

This paper presents the studies that have been done on the gas mixture optimization in order to
increase the current interrupting capability up to 63 kA 60 Hz while limiting the number of gas
mixtures to cover all applications. The impact of the Oxygen (O2) ratio on the breaking
performance and on the dielectric strength is summarized. As the C4F7N content on the gas mixture
should be limited for outdoor applications up to -30°C, the minimum C4F7N ratio is identified to
ensure insulation in the worst switchgear lifetime conditions.

Two optimum technical and economical gas mixtures are now selected to cover the full High
Voltage range under development:

* 5% mol C4F7N / 13% mol O2 / 82% mol CO2 for -25°C application,

* 3.5%mol C4F7N / 13%mol O2 / 83.5%mol CO2 for -30°C application.

A3-118 CS fluoroketone based gas mixtures as current interrupting media in high voltage
switchgear
P.S. STOLLER, M. SCHWINNE, J. HENGSLER, F. SCHOBER, H. PETERS — I'epmanusa, T.HD.
BROUN — Ulseuyapusa, W. ALBITAR - I'epmanus

The high global warming potential of SF6 has led high voltage switchgear manufacturers to seek
possible alternatives to this highly effective dielectric insulation and current interruption medium.
Several alternatives to SF6 have been investigated, including synthetic air and CO2. While these
two gases have the advantage of negligible greenhouse warming potential (GWP) compared to SF6,
their dielectric strength and current interruption capability are below those of SF6 (when comparing
similar gas densities and flow conditions). To compensate for the reduced dielectric strength,
equipment with larger dimensions and higher filling pressures than is used with SF6 can be
employed to achieve the same voltage rating. Similarly, the short-circuit current rating can be
reduced to compensate for the reduced current interruption capability.

Another approach to the design of electrical equipment that permits increasing the inherent
dielectric strength of an insulating medium based on synthetic air or CO2 is to add a relatively small
amount of a gas with a high GWP and high dielectric strength, analogous to mixtures of SF6 and



N2. To avoid condensation above a certain temperature, the partial pressure of C4 fluoronitrile used
in electrical equipment must not exceed a certain threshold.

Gases with negligible GWP (compared to SF6), but high dielectric strength, such as CF3I and
C5F100 (CS5 fluoroketone), have also been considered. While concerns regarding the toxicity of
CF3I itself and the toxicity and conductivity of its decomposition products (such as 12) renders
difficult its application in electrical equipment, C5 fluoroketone does not have this disadvantage. In
fact, C5 fluoroketone is a molecule that has a high dielectric strength, is not classified as toxic, has a
GWP < 1, has no ozone depletion potential, and is compatible with the materials used to construct
electrical equipment. As in the case of C4 fluoronitrile, the amount of C5 fluoroketone that can be
used in electrical equipment is limited by the need to avoid condensation above a certain
temperature.

In this work the current interruption performance of mixtures that include C5 fluoroketone and use
nitrogen and oxygen or carbon dioxide and oxygen as the background gas has discussed. Authors
focus on aspects of current interruption performance that can be influenced by small design changes
(with respect to a design optimized for use with SF6). Two examples of such design changes for
very two different applications are given:

1) Modifications to a make-proof earthing switch that permit it to achieve the same induced current
switching ratings possible with SF6.

2) The valve design modification of a circuit breaker to improve the performance in different short-
circuit current test duties, and results of computational fluid dynamics studies that allow these
improvements to be quantified and understood.

A3-119 Theoretical and Practical Behaviour of Ecofriendly SF6 Alternatives in High Voltage
Switchgear

S. BRYNDA, Y. PARK, H. SOHN, T.H. SONG, X. YE, J.D. MANTILLA - IlIBeiinapus
In the last ten years the advancement of SF6-free HV equipment has seen an increase in
production from the manufacturers and acceptance from the utilities. Yet many important
questions remain open today and addressed in different ways. Three main new gaseous
technologies of non-SF6 equipment are being considered. All using CO2 as carrier gas, namely,
pure CO2 switchgear and CO2-based switchgear plus 3M™ Novec™ 4710 Insulating Gas
(Fluoronitriles, C4F7N) or 3M™ Novec™ 5110 Insulating Gas (Fluoroketones, C5F100) as
additives.
Different aspects on the dielectric and thermal interruption regimes have been discussed in
different works. Still the operational aspects, i.e. the behaviour of the new eco-gas mixtures with
regards to their gas lifetime -and composition- during operation are not fully addressed. In expert
committees it is discussed whether standard type testing covers all possible real-life scenarios. It
is necessary to understand and explore through R&D testing these scenarios, to facilitate a better
design or retrofitting of existing equipment.
Diving into the thermodynamics of the alternatives, the thermal decomposition of Fluoronitriles
(FNs) and Fluoroketones (FKs) occur at temperatures exceeding 800 °C. During interruption, the
occurring chemical reactions create several gaseous radicals and by-products. These are
decomposed further with the changing temperature fields and recombined to several stable gas
components when the temperature decreases. In order to understand the impact of this, two
models of the thermal decomposition of these gas mixtures is presented. The different reaction
stages are subdivided in time and mapped to the interruption process that of a high voltage
circuit breaker (HVCB) to judge their influence.
Through testing and gas analysis the decomposition rate of CO2+C4F7N mixtures is derived and
estimations on gas lifetime presented.
The results of this work contribute to answer the question of the real environmental benefit that
the different alternatives have. It is not only about the Global Warming Potential (GWP) or Ozone
Depletion Potential (ODP). Neither is only a matter of size or footprint horizontal nor vertical, or
the minimum operating temperature possibilities, or the scalability to higher voltage ratings, etc.
Is about all the above and several more characteristics. Looking only at one or two convenient
environmental parameters is rather narrow-minded and borderline greenwashing.
This work presents considerations based on simulations, calculations, R&D testing and laboratory



analyses. Its results enable utilities and users of SF6-alternative switchgear to take a more
informed decision with regards to their assets.

IIpennouyruTeanLHas TeMa 2. YIpaBJeHHe CPOKOM CJIYKOLI 000pYI0BaHMS AJIS Heperadn U
pacnpenejeHus dJIeKTPOIHEPTr U

A3-201 CIGRE Reliability Survey on Equipment
Hiroki ITO, Nenad UZELAC, Frank RICHTER, Robert le ROUX, Wayne PEPPER, Li PENG,
Anongpun MAN-IM, loan HATEGAN — om SC A3 CIGRE

Reliability of substation equipment in power systems is of major concern especially for
transmission and distribution system operators and asset owners. A major failure of substation
equipment may result in significant system outages with the associated power restoration efforts as
well as possible safety implications. There are also financial implications in case of poor reliability.
In addition to the cost of a system outage and its restoration, poor reliability will contribute to
higher system operating and maintenance costs to the operators and, ultimately, their customers.
For these reasons, CIGRE periodically conducts an international reliability survey on equipment in
power systems that can provide good feedback on the validity of international standards. The first
reliability survey was carried out in 1974-77 and covered nearly 78,000 circuit breaker years in
service. The results were published in 1981 and had a significant impact on testing requirements in
IEC standards. In the second reliability survey, data were collected for the period 1988-91 and
almost the same number of circuit breaker years was sampled, but the survey was limited to circuit
breaker single pressure SF6 technology. CIGRE Technical Brochure (TB) 083 remains a valuable
source of information for the circuit breaker community. Later, the CIGRE TB 165 provides further
considerations on lifetime management of circuit breakers. The reliability data related to GIS were
also collected in 1990 (first survey) and in 1996 (second survey).

The third reliability survey included not only circuit breakers but also disconnecting switches,
earthing switches, instrument transformers and gas insulated switchgear (GIS). The time period
covered was 2004-2007, and the enquiry covered equipment with voltage ratings higher than or
equal to 60 kV. The results from the circuit breaker part and GIS part were presented in CIGRE
Technical Brochures 510 and 514, respectively. Only single pressure SF6 circuit breaker
technology was included in the third survey. A fourth reliability survey on substation equipment is
under progress and intended to expand the scope to cover generator circuit breakers, vacuum circuit
breakers, and surge arresters, in addition to SF6 circuit breakers, disconnecting switches, earthing
switches, instrument transformers and GIS only focusing on major failures. The paper will present
preliminary results of the fourth survey and compare them with the previous results.

A3-202 Operational Experience, Field Test and EMT Simulation for EHV ShuntReactor
Switching
G. BLANCHET, R. OTTERSTEN, D. P. LYSHEIM, T. M. OHNSTAD - Hopsezus

Statnett commissioned 25 new shunt reactors in the Norwegian 300- and 420-kV EHV systems over
the past 16 years and installs only VSRs since 2009. The original idea for using VSRs, rather than
conventional shunt reactors, was to reduce transients in weak alternative current (AC) systems since
a variable shunt reactor (VSR) can be energised and de-energised at a high tap, hence low reactive
load. Additional VSR benefits were discovered later such as using a VSR as part of the reactive-
power control for the high voltage direct current (HVDC)-crowded Kristiansand substation in
Norway, simplified spare strategy and built-in adaptation to both long- and short-term variations for
the reactive power.

Statnett unfortunately experienced several reactor circuit-breaker (CB) failures, as previously
described in [1], and therefore has implemented the following improvements in order to reduce the
failure consequences and their probability of occurrence:

* Only composite-housed reactor CBs are allowed, and previously installed porcelain-housed
reactor CBs have been replaced.

* An in-house program for on-line monitoring of reactor CBs is under development.

* Controlled-switching devices (CSDs) are programmed to send a control-center alarm when re-
ignition occurs, three re-ignitions for the same reactor CB prohibit re-energization.



* Mixed SF6/N2-gas instead of pure SF6-gas is used for low temperature region, it increases the
dielectric strength and meanwhile keep the dew point below —40°C.

Statnett’s commissioning method for new reactor CBs follows a standard procedure and includes
on-site “fingerprint” measurements, which opening and closing times occasionally differ by at least
1 ms compared to factory routine tests. Both controlled closing and opening are employed and the
re-ignition-free arcing window for controlled opening is selected according to the Manufacturer
recommendations based on the outcome of type tests at the correct filling pressure.

Recent transient recovery voltage (TRV) field measurements on a 420-kV two-unit self-blast SF6
reactor CB, without grading capacitors, at two filling pressures and varying arcing times are
described. The field-measured minimum re-ignition-free arcing times become similar to previous
type-test results. Furthermore, electro-magnetic transient (EMT) simulations and calculations agree
well with the field-measured TRV waveforms and show that the load- and supply-side CB units
become subjected to approximately 70 % and 30 %, respectively, of the maximum peak TRV across
both units.

A3-204 In-service Diagnosis of Grading Capacitor Dielectric Deterioration
K. WILLIAMS, P. MOORE - Beaukobpumanus

Disruptive dielectric failure of circuit breaker grading capacitors is well known in AIS and GIS
transmission switchgear. This paper describes a methodology, initially developed to investigate the
cause of damage to interrupter nozzles during reactor CB opening operations, that has proved
suitable for grading capacitor Partial Discharge (PD) measurement. A key technology used in the
investigation is radiometric PD location which allows identification of the origin of individual PD
events from a CB via the reception of RF impulses. During the arcing period of a CB operation,
impulses are emitted from the interrupters as the contacts move. However, field tests under CB
open operations revealed additional PD impulses were also recorded immediately after the
extinction of the current when the grading capacitors were highly stressed. This effect was
repeatable over many operations until the defective grading capacitor was replaced. The defect in
the grading capacitor was confirmed by testing in a HV laboratory which revealed abnormal results
in both Tan6 and IEC60270 PD tests. As a consequence the capacitor was stripped down revealing
extensive damage to many of the individual capacitor units within the assembly, confirming that the
capacitor was effectively at its end of life. Analysis of the PD data recorded during the investigation
demonstrated that the duration and intensity of the PD increased over a period of 78 days involving
14 separate CB open operation measurements. One particular PD metric, based on assessing the
number of emitted PD impulses that exceeded an amplitude of 0.1V, indicates that the remaining
life of this capacitor to be ~25 operations after the amplitude threshold was exceeded. A significant
benefit of this measurement approach is that the CB remains in service during testing.

A3-205 Circuit Breaker De-Rating Assessment under High DC Time Constant
T. FAIREY, Z. EMIN — Beauxoopumanus, J. KELLIHER, M. V ESCUDERO - Upaanous

High-voltage circuit-breakers standards such as IEC 62271-100:2008 define a default value of DC
time constant deemed adequate for most applications but “special cases time constants” concept is
introduced for those situations when it is insufficient. There is in general limited availability of
references in applying de-rating assessments under high DC time constant and this paper is intended
to fill that gap by providing a comparison of available assessment approaches. The paper provides a
compact literature review of the subject matter before moving into comparative de-rating
assessment methodology with clear recommendations on the benefits for those seeking to assess
potential equipment overstresses without the benefit of specific equipment test performance.

In particular, the paper covers the following asymmetrical short-circuit current breaking duty de-
rating assessment methods:

* accurate calculation of arc energy in the last major current loop prior to interruption assuming
constant arc voltage or constant arc resistance;

* simplified methodology described in CIGRE Technical Brochure 304 and based on the product of
the peak or square of the peak and duration of the last major current loop before interruption
(implicit in these approaches is the assumption that arc voltage or arc resistance is constant during
the arcing period respectively);



* ENA Engineering Report 89.

A multi-criteria matrix comparing the strengths and weaknesses of each of the above assessment
methods is presented and covers the safety aspects, ease of use and how wide it is used
internationally.

A3-206 Actual use survey and maintenance practice of circuit breakers for frequent switching
applications
S. TSUKAO, M. NAKAMURA, M. NAKAI A. SHIMAMURA, D. YOSHIDA J. KIDA — Anonusa

The number of switching operations is one of the key factors to determine the electrical and
mechanical wear of a circuit breaker. A high-voltage circuit breaker is normally in service for more
than 20 years after installation. Its wear due to accumulation of current switching operations

while in service may result in major or minor failures. CIGRE TB510 reports that frequent
operation

duty breakers such as shunt reactor or capacitor bank applications have a higher failure rate
compared to other application such as feeder or busbar connections.

This paper shows the lifetime and maintenance cycle tendency of frequently operated breakers,

and examples of maintenance activities as provided by utilities and manufacturers. 468 breakers
with rated voltages of 72 kV to 300 kV which were in service in 2018 at three Japanese utilities
were investigated.

The result shows realistic usage conditions for shunt reactor and capacitor bank applications.
Usage life is about 40 years and the number of operations is less than 2,000 for most of the
breakers. Breakers which were maintained properly exceeded 10,000 operations although they
were in other applications. The survey result is helpful to set up guidelines for inspection plans.
The maintenance program, parts of circuit breaker and application are also improved to maintain
reliability. Rationalization is required to TBM so that CBM becomes more important. Various kinds
of activities to extend the life and to improve the reliability are applied for breaker itself and
system operation.

A3-207 A campaign for the ageing evaluation of station hollow core composite insulators after
a number of years of service
G. CAMPOPIANO, G. PELLICCIONE, M. MARZINOTTO — HUmanusa, E. MOAL, J. SEIFERT,
G. ROCCHETTI — Janus

The reliability of electric transmission network is strictly related on the quality and material
reliability of its electrical equipment. Insulators play a role of paramount importance for the
reliability of the grid. Silicon rubber hollow core insulators are being widely used replacing
porcelain thanks to the advantages as pollution insulation withstand, safety and reduced life cycle
cost.

The environmental conditions combined with the electric field, may result in the insulator ageing
depending on the design, technology and silicone compound formulation/quality.

A standard monitoring or field-testing method for early detection would be helpful for life
prediction and in the worst case to replace the equipment before failure.

This paper is a common approach of a manufacturer of High Temperature Vulcanized (HTV)
silicone rubber (and Liquid Silicone Rubber (LSR) as well) Hollow Core Insulators (HCI) and a
Transmission System Operator (TSO) to combine an experience of 30 years with HTV silicone
rubber HCI.

The Italian TSO TERNA has been an early precursor of the use of composite insulators in the HV
Equipment specifying silicone composite insulators for the housing of high voltage Current
Transformers (CT) for the 170, 245 and 420 kV classes replacing porcelain for safety reason and
aiming to a better behaviour in high contaminated area without incur in insulator washing anymore.
This paper resumes the experience on technical evaluation of HTV silicone rubber HCI with same
technology and base silicone polymer but different shed profiles over periods up to 30 years to
evaluate ageing behaviour in harsh environments.

Reinhausen Power Composite and TERNA based on such very long joint experience decided to
start a campaign for the ageing evaluation selecting a number of sites falling between heavy and
very heavy site pollution severity where Reinhausen Power Composite HTV HCI are installed in



the Italian high voltage grid and defining a number of non-destructive tests in order to get as much
as possible information on the ageing. Such campaign refers to HTV HCI with homogeneous
insulator characteristics installed on CTs over a period of more than 15 years of operation on the
420 kV grid.

A3-208 Overvoltages research in switching modes of cable and mixed overhead-cable
lines, power transformers, shunt reactors and capacitor banks of 110-750 kV and
development of a controlled switching device for the above electrical equipment
C. APYTIOHOB, A. MEP3JISIKOB, 1.HA3APOB, B. CMEKAJIOB, C. BAJIAIIOB, E.
EPOXWUH - Poccus

Switching of electrical equipment can be accompanied by unacceptably high overvoltages, throws
of switched currents which are comparable in magnitude with short-circuit currents, and the
appearance of aperiodic components in the switched current with parameters (magnitude and
duration) exceeding the breaking possibilities of switching equipment.

Despite the short duration, overvoltages are characterized by a high ratio to the operating voltage
and can be dangerous for both the main electrical equipment and secondary circuits.

The presence of an aperiodic component in the breaking current can lead to the impossibility of
interrupting such a current during the operation of the circuit breaker (CB) delaying the breaking
process and, as a consequence, to a severe emergency of the circuit breaker.

Methods and means of controlled switching of power equipment, non-reacted and reacted power
lines, shunt reactors, capacitor banks and power transformers have been widely introduced in the
world energy sector over the last years. The basic principle of controlled switching device (CSD)
when receiving a command to perform a switching operation is to delay the signal for CB control
circuits so that the specified (required) contact switching moment (or pre-arc) relative to the voltage
or current angle is provided.

For the last 14 years CIGRE WG A3.07 issued a number of basic documents concerning the
mentioned subject, and also new CIGRE WG A3.35 taking into account developments of WG
A3.07 prepared the application of the controlled switching in a world practice extensive review
“Guidelines and best practices for the commissioning and operation of controlled switching
projects. Reference: 757. February 2019”.

Research works carried out in Russia on the study of overvoltages research in switching modes of
cable and mixed overhead-cable lines, power transformers, shunt reactors and capacitor banks of
110-750 kV as well as the use of controlled switching world experience analysis, allowed to begin
development of domestic CSD and offer a number of new technical solutions for the power industry
of the Russian Federation.

A3-209 X-ray inspection of operating high-voltage oil-filled circuit breakers
JLA. JAPBAH, I1.B. TOJIYBEB, E.Il. TPABYAK, P.M. OBPA3IIOB - Poccus

This article presents the results of the studies of non-destructive X-ray testing method capabilities
of high-voltage oil-filled equipment based on VMT-110 minimum oil circuit breaker with porcelain
external insulation. The main advantage of the examined method is the possibility of efficient non-
destructive testing of internal elements of high-voltage oil-filled equipment located at the
installation site without its dismantling. An instrumentation and analytical system (IAS) based on
monoblock X-ray unit with direct-current tube voltage and directed radiation output is suggested for
X-ray inspection of high-voltage oil-filled equipment.

After the analysis of possible reasons for failures of VMT-110 circuit breakers during their
operation a list of specific defects and Special Defective Sample (SDS) were created for laboratory
studies. The results of SDS examinations showed that this technical solution allows to reveal at
least 75% of specific types of defects in internal structural elements of minimum oil circuit breaker.
The assessment of the method informativeness was carried out for inspection of high-voltage
equipment technical condition. The resolution of X-ray image of the equipment is not worse than 1
mm of its original size.

Suggested radiographic system and control technology have been tested at four operating 110 kV
voltage class substations.



A3-210 Online monitoring of paper-oil insulated current transformers
I. AYERDIL I. HUERTA, J. MENDIZABAL, J.M. NOGUEIRAS - Hcnanus

Asset management is becoming a key task in electrical networks, with the objectives of improving
the quality of service, enhancing the safety of staff and installations, and boosting the economic
performance of the system.

Smart electrical networks, with the incorporation of modern monitoring technologies and
communication systems, will make possible a more efficient management of generation, transport
and distribution of electricity. The integration of monitoring systems will allow the condition
assessment of the network primary equipment, providing an essential tool to minimize failures and
improve security of supply.

The rapid evolution of information and communication technologies together with an increasing
availability of sensing components, have already led to the first on-line monitoring systems;
however, they have been oriented preferably to power transformers, while the diagnosis of paper-oil
insulated instrument transformers is still performed by means of the conventional periodic off-line
testing of the de-energized equipment.

This article describes the first phase in the development of an on-line monitoring system for paper-
oil insulated instrument transformers, consisting of three sensors (temperature, pressure and
hydrogen dissolved in the oil), together with the conditioning electronics and the communications.
The measurement of pressure, temperature and hydrogen allows the detection of anomalies in the
operation of instrument transformers, but it is also necessary to design and carry out a series of
validation tests that define good and fault conditions, and subsequently analyze together the data
obtained by the three sensors in these conditions, to correctly interpret all data.

A3-211 Influence of Contact Heating on Main Circuit Resistance Measurement and Dynamic
Contact Resistance Measurement in High Voltage Circuit Breakers
T. CHENG, W. GAO, L. JI — Kumaii

Main circuit resistance measurement and dynamic contact resistance measurement (DRM) are
electric resistance measurement, and they are effective techniques to evaluate the contact condition
of high-voltage circuit breakers in substations without dismantling the breakers. However, metallic
fluorides produced during the arc quenching process mask the actual resistance of the breakers.
Performing contact heating tests before main circuit resistance measurement can help relieve the
influence of metallic fluorides on the static contact resistance Rs. Thus, this paper further studies
the influence of contact heating tests on the electric resistance measurement.

A test program composed of 5 subprograms was made to study the influence of contact heating
tests, including a) electric resistance measurement tests at the DC injected current (Id) of 750 A
without contact heating tests; b) electric resistance measurement tests at Id of 200 A without contact
heating tests; c) electric resistance measurement with contact heating tests at the AC heating current
(Ich) of 1000 A; d) electric resistance measurement with contact heating tests at Ich of 2000 A; e)
electric resistance measurement with contact heating tests at Ich of 3000 A. A new contact system
was performed the test program until it was worn out. And Rs of a clean contact system is estimated
to study the influence mechanism of the contact heating tests on the electric resistance
measurement.

Results indicate that contact heating tests made the metallic fluorides and films fritting and made Rs
of the tested contact system close to the one of a clean contact system; contact heating tests had
little effect on DRM test results, because the contact movement changed the a-spots formed in
contact heating tests, and the new formed a-spots were still influenced by the metallic fluorides and
films.

A3-212 Research on Simulation Testing Method of System Level's Strong Electromagnetic
Disturbance in Substations
L. CHENG, J. LIU, A. GUO, W. XU, H. WEL J. LU, AND S. REN - Kumati

With Ubiquitous Power Internet of Things Technology proposing, its construction will improve the
holographic perception of power grid. One of the core technologies of it are Intelligent Sensor and
Intelligent Terminal Technology. These sensors, which based on electrical technology, largely
distribute in the primary high voltage side. However, these intelligent sensor’s electromagnetic



compatibility experiment standards and interference protection methods are established on the
electromagnetic environment of secondary side’s cabinet, which is far away from high voltage
devices of the primary side. Testing parameters ruled by the standards are not able to fully meet the
requirements of actual working conditions. Single parameter’s experimental force is below the
superposition of multi-parameters’ force happen in actual scenes at the same time. Experiments of
component level fail to reflect experiments of system level. Thus, the methods and numerical values
in the standards are far lower than the complexity and force in the electromagnetic environment of
primary high voltage side. It may result in that these intelligent sensor devices, which made up of
micro-electronics devices, have high failure rate in the extremely terrible electromagnetic working
environment. Even worse, it influences the constructing pace of Ubiquitous Power Internet of
Things. For example, electronic transformers still have serious electromagnetic interference
problems, although their applications have been spread widely for nearly ten years.

This article firstly analyses the source of typically intense electromagnetic interference in complex
electromagnetic environment , and got the transient electromagnetic characteristics of the AIS
substations. Then it proposes a system-level electromagnetic compatibility testing method for
simulating strong electromagnetic interference process using a circuit breaker turning on and off to
control dynamic ball gap discharge to generate dynamic arc. The time of electromagnetic
disturbance can be from millisecond to minute, and strong electromagnetic pulse can be generated
in 500kHz—2MHz frequency band with controllable intensity. Then the model and simulation are
set up for this testing method, and give equivalent comparison analysis of the simulation results and
real waveform. Use the electromagnetic interference source testing system built in this paper to do
experiments on anti-strong electromagnetic interference capability of electronic transformers of
system level. It makes electronic transformers output interference waveforms to verify the validity
of the experiment method. The intense electromagnetic interference experimental methods in this
article can be used to test electromagnetic compatibility for intelligent sensors in the primary high
voltage side in electrical substations. It is able to guarantee the construction of Ubiquitous Power
Internet of Things going on smoothly.

The test method proposed in this paper can be used to simulate the complex and strong
electromagnetic environment of substations, so as to realize the system-level standardized test of the
anti-strong electromagnetic disturbance ability of intelligent devices such as electronic transformers
in smart substations and high-voltage primary-side smart sensors in Ubiquitous Power Internet of
Things. This method is helpful to ensure the smooth development of smart grid and Ubiquitous
Power Internet of Things. Based on the research results of this project, the next step is to study and
formulate the relevant test standards for transient strong electromagnetic disturbance in substations,
and to promote the application of this test method in a wide range

A3-213 Operational Aged Switchgear With The Age Up To 50 Years - Investigations,
Testing, Results Considerations For The Design And Operation Of Old and New Switchgear
T. GRAF, R. SCHILLER - I'epmanus

The service life of electrical switchgear is designed for a lifetime of approximately 30 years.
Meanwhile, the average operation time of switchgear is significantly higher than 40 years. The main
reasons for this are a low susceptibility to failure as well as the compulsion to reduce costs and
optimized use. Due to the already high age and the furthermore operation of the electrical
infrastructure, the question arises as to whether and how aging effects can be determined after the
end of the service life of switchgear that have been operationally aged. For the evaluation of these
operational aged switchgear actual efforts within the standardization especially for “maintenance” /
maintenance strategies and asset-management should be considered. Investigations were performed
at operational aged switchgear after disassembling these at site for examination at the IPH Berlin.
Different kinds of investigations and tests showed that there are different “aging” effects
influencing the performance of switchgear. The achieved results show that in all of phases of
switchgear’s life cycle unfavorable effects influences the ageing process. Even maintenance and
service can play a role reducing the lifetime of a switchgear.

A3-214 Investigation of ferroresonance oscillations in the systems with electromagnetic
potential transformers by experimental and calculation methods



A. POTBJIYOT, I'. BEIEPHUKOB, O. IIETPOBA, B. COJIOMENH, JI. TYIIOHOI'OB, A.
CUBKOB - Poccus

The laboratory research results of ferroresonance in the circuits with inductive voltage transformers
110-330 kV are presented in this report. The researches consist of 2 related stages: experiment and
calculations. Main characteristics of voltage transformer, magnetization curve, no-load current and
short-circuit inductance were determined at the first stage. After that the approximate mathematical
model of voltage transformer was built according the results of known characteristics. The inductive
voltage transformer behavior during the switching of circuit breaker with grading capacitors was
researched at the second stage.

A huge amount of experiments on switching off the circuit breaker, with variation in capacitance
values between the terminals of circuit breaker, ground capacitance, switching angle and secondary
load on the transformer allows getting enough information for checking the voltage transformer
mathematical model built at the first stage. The model parameters were corrected according the
results of experiments on switching off the circuit breaker. The refined model can be used for the
research on voltage transformer work in real operating conditions, when the experimental
researches are difficult to make, during the modeling of change-over switching on the real
substation. The features of voltage transformer mathematical model building are presented in report.

A3-215 Development of 362kV 63kA 60Hz Self-Blast Breaker without additional capacitors to
prevent ferro-resonance by improving the SLF performance
J.H. YOON, J. K. PARK, J. U. CHOL H. S. AHN, Y. G. KIM - Kopes

As a result of the continuously increasing demand for electrical energy and grid of high voltage
power systems the magnitude of short circuit currents has increased continually. In the range of
high short circuit currents increased from 50kA to 63kA with a period of 8 years. The new 362kV
63kA 60Hz GIS has been installed at 345kV KEPCO substation instead of S0kA GIS in KOREA
because of the evolution of short circuit currents in recent years. Such high short circuit currents
become more difficult to interrupt fault currents. However, reliability of switching of high currents
has been more increased in power systems. Specially, one of the most severe failure is short line
fault(hereafter refer as SLF) which has been occurring on an overhead transmission line at several
hundred meters to a few kilometers away from the circuit breaker terminals. The fault condition is
reprsented by a very rapidly rising voltage of Transient Recovery Voltage (hereafter refer as TRV)
across the breaker contacts within a very short period after current interruption. The conventional
solution to deal with SLF is to install line-to-ground capacitors on one or both sides of the circuit
breakers or across the circuit breaker’s contacts to reduce the RRRV. However, in the case the
overvoltage occurs in the transformer due to resonance effects. In order to prevent the phenomena
during the energizing in the field, needs of circuit breakers without capacitors have been increased.
Circuit breakers have been developed to improve efficiency of interrupting performance of short
line fault(SLF). This paper provides hot gas flows of self-blast type circuit breaker(CB) without
capacitor have been simulated to evaluate interruption performance using CFD. Design parameters
such as various types of expansion chamber and nozzles are suggested by using simulation results.
Simulated results and experimental ones are compared with previous (ones that of in under
development and with capacitor) CB. Modified new shape of an expansion chamber and nozzle has
been suggested to improve the efficiency of gas flow and to provide guidelines for designing self-
blast breaker with a higher interruption capability.

A3-216 Damping Performance of VFTO using Magnetic Rings in 800kV GIS
J. W.KIM, J. K SEONG, J. K KIM, K. R KWON, D. J SIM - Kopes

The very fast transient overvoltage (VFTO) inevitably occurs when the disconnecting switch (DS)
of the gas insulated switchgear (GIS) operated. VFTO rises up to 3 pu while travelling in the GIS
and creates insulation problems inside or outside of GIS. In the GIS, VFTO generates breakdown
between the conductor and the enclosure or sparks outside the enclosure. Outside the GIS, VFTO
affects the winding insulation of the transformers and reactors.

Research to reduce the VFTO has been conducted for a long time, and the mitigation methods
include applying the shunt resistors, RF resonators, magnetic rings, surge arrester, and making
helical slots on the central conductors. Shunt resistor has the best performance but it is expensive



and complicates the DS design. RF resonator changes the resonant frequency but has a problem of
insulation breakdown between the resonator and the conductor. Magnetic ring is inexpensive and
can be installed around the central conductors. It can be made of ferrite, amorphous, and
nanocrystalline materials. Nanocrystalline materials are best suited for VFTO mitigation because of
the high impedance at high frequency and negligible losses at the power frequency.

In this study, the VFTO test system was constructed in order to verify the VFTO mitigation
performance of the nanocrystalline ring. The test was proceeded according to the insertion loss, the
number of the nanocrystalline ring, and the applied input voltage. The test results showed that the
VFTO mitigation performance was improved as the insertion loss and the number of the rings are
increased and the input voltage is decreased.

A3-217 Approach & Experience of IoT Based Predictive Maintenance Technologies in Power
Distribution Network
H.C. SHARMA, Y. K. GUPTA, S.K. ATRI, P.K. SINGHAL, R.M. BHANAGE, V. K. DIXIT, A.
BASU - Unous

In this paper we discussed our experiences of adoption of IoT devises for Condition Monitoring of
equipment and various methodology adopted for health and life Assessment of equipment. We used
modern scientific and technological tools which provide accurate measurement on the condition of
the equipment like power transformers and Circuit breakers. The need of the new technological
tools used are based on the idea of operating the equipment till the end of its useful life, over and
above its design life. This paves way for the performance based management of the asset.
Assessment of the condition of the equipment requires adoption of Non-destructive techniques and
procedures. The results of the tests performed on the equipment were compared against the
manufacturer standards and plotted against the tripping data developed over the years in the
company database. The results were interpreted to match the fault data and fault levels of grid
stations recorded in the recent past. Using the available knowledge and in conjunction with
structured process of data collation and interpretation, the thresholds associated with the features
representing the condition of the CB and Power Transformers were determined. The knowledge and
understanding of the satisfactory and unsatisfactory condition of the equipment was gained and
made explicit from the analysis of remote monitoring of circuit breakers, Infrared Thermography,
use of manual ultrasound detection technique, trend data of DGA results for past 3 years, DCRM
signatures and trip coil signatures. The paper further demonstrates complete framework related to
market availability, deployment and operational experience of IoT based predictive maintenance
architecture for switchgear and cable termination. The subject paper present risk model based using
a data driven analytics from IT/OT deployed system per se ADMS, SAP and FMEA.

Considering all such parameters critical assets are being identified for application of IoT based
predictive model on identified assets. The adopted loT system aggregate data inputs from installed
IED on switchgear and sensors and analyse entire parameter related to electrical, thermal,
mechanical & environmental stress related to switchgear and cable termination failure. The design
system generates prediction based on data analytics & instantly communicates failure predictions to
user for corrective actions. The evolution of various maintenance philosophies are explained in this
paper as a case study at TATA POWER-DDL.

A3-218 Technical-Economic Study on Spark Gaps Replacement by Surge Arresters on Pole-
Mounted MV/LV Transformers
W. CHABANE, F.REBBOUH - Aznorcup

Pole-mounted MV / LV transformers are widely used in Algeria’s distribution network. Unlike
transformers in masonry substations, Pole-mounted transformers are highly exposed to surges
caused by lightning, especially in regions with a high keraunic level. The protection devices of
surge transformers are the spark gap and the surge arrester. In our case, the device used is the spark
gap. In this paper, after the analysis of the incidents caused by lightning, we carried out a technical-
economic analysis to study the profitability of the replacement of the spark gaps by surge arresters.

A3-219 Pollution and Humidity Effects on Air Insulated Switchgear (AIS) of MV/LV
Substations



F.REBBOUH, W. CHABANE - Anorcup

Substation protection is one of the most important schemes in power system, a report has been
developed by CREDEG on the causes and effects of pollution and humidity within indoor
substation distribution substations environments and methods of mitigating these factors. This study
briefly explains the effect of high relative humidity with pollution on damage. The study covers
best practice for the design of substations and internal environment control, the factors affecting the
environment within a substation and methods of mitigating these factors. This report demonstrates
why it is extremely important to control the substation environment and this can be achieved by
minimizing moisture ingress and pollution into substations and controlling the temperature and
humidity within the building.

A3-221 Digital Disconnector and smart sensors: example of integration in the condition base
asset management cloud tool
T.PEGOURET - @panyus, E.STELLA - Hmanus

Nowadays the renewable energy is growing constantly, and this kind of green energy is subjected to
daily and seasons variability whose prediction is difficult and need to be precise. Consequently, to
maintain stability in the network, there is an increasing demand of switching operations in the HV
substations.

This can produce in the HV substation a kind of stress hard to predict for each switching device and
on power components in general.

The impact of these changes can affect also the HV disconnector. In the article is presented a
possible smart solution that is focus on integration of the IoT technology to set up smart sensors and
a cloud monitoring network integration.

Will be presented a real case application of a system of smart sensors integrated in the design of
disconnectors that monitor the temperature generated in the live part and the correct alignment of
fix and mobile contacts directly in the main current path. In this document is also presented a sensor
that can forecast the right time to clean disconnector’s insulators.

The architecture of these sensors can be of different types and uses different technologies, the
lowest common multiple is the application of electronic components to HV equipment.

Is presented the descriptions of these sensors and the main challenge solved to apply these sensors
to HV live parts, a very harsh environment from climate point of view and from electromagnetic
point of view.

When several sensors are applied to a single device in substations, new interactions must be taken
into consideration. In particular, for each substation, several disconnectors are installed and each
one, thanks to its sensors, produces a big quantity of data. The management of this new aspect is
considered and in the article is presented how this is managed thanks to the possibility offered by
the IoT.

A second new aspect to consider is the possible interferences between sensors of different devices,
in the case of wireless communication. The solution proposed is based on the digital
communication between sensors to the merging unit. The use of digital technology helps the
common rejection mode to ambient noise.

At the end also another two important aspects are considered and presented in the article: the data
representation and the data interpretation.

A3-222 External flashover of a 245KV live tank circuit breaker
D. CHUN, C. PONS, H. DIGARD - @®panyus

This article presents the case of an external flashover along the switch chamber insulator housing of
a 245kV live tank circuit-breaker. The incident took place in a French thermal power plant
connected to the 225 kV/50 Hz grid and operating since the 1970’s. This is the only known case
recorded in France of an external flashover occurring on a circuit-breaker. In the following, we
explain the conditions that led to this exceptional phenomenon and present the measures
implemented following this incident.

The power plant is located in the immediate vicinity of the seashore and close to petrochemical
factories. It is known to be exposed to severe saline and industrial pollution conditions. The



equipment is a 245kV outdoor live tank circuit breaker with a “d” class of pollution as defined by
IEC 60815-1:2008 standard. It ensures about one hundred coupling and decoupling cycles per year.
While the plant was in production, a process incident tripped the unit and caused the circuit- breaker
to open. One of the circuit-breaker’s terminal was subjected to the grid voltage (225kV 50Hz). As
the alternator was still excited and the turbine generator was rotating at 3000 rpm, the other terminal
was also subjected to a voltage of 225kV. As these voltages were no longer synchronized, they
were periodically in phase opposition. In these conditions, the voltage between the circuit-breaker
terminals was higher and reached about 282kV RMS. This is a normal transient phase that occurs
during each coupling and decoupling phase. The circuit-breaker is designed to withstand this
voltage value.

Nonetheless, a flashover took place on one phase of the circuit-breaker at this exact moment. The
voltages and currents recorded by the disturbance recorder on both sides of the circuit-breaker were
analyzed. The electric arc current was about twice the nominal current of the plant and was flowing
from the grid to the neutral point of the main transformer. At the time of the incident, the pollution
level was estimated to be class “d”, and the humidity level was well above 70%. The high pollution
level, coupled with the presence of two voltages in phase opposition at the circuit- breaker terminals
explain the incident. The protective relays finally put an end to the incident by opening an upstream
circuit-breaker.

Several sheds of the switch chamber insulator were broken and the lower and upper flanges were
damaged by the electric arc. The damaged pole has been identically replaced.

Several solutions and mitigation measures were implemented in order to reduce the effect of the
pollution on the equipment:

- As a short term solution, a silicone grease has been applied to the insulators.

- Modifications of the protection system have also been implemented in order to reduce the fault
clearance time in case of a flashover.

- Laboratory tests on circuit-breakers with higher pollution class (class “e”’) have been carried out.

- Following these tests, the existing circuit breakers have been replaced by one equipped with an
interrupting chamber with a 30 % increased creepage distance.

A3-223 Monitoring of asymmetric short circuit currents at a hydro power plant using
electronic fibre optical current transformers
T.NEUMEIER - I'epmanua, T.HEID, FRENAUD, M.VO - lIseuyapusa, M.Y ANIN - Poccus

Optical current transformers (OCT) and other low-power instrument transformers (LPIT) have been
available, and are running in several pilot projects, since more than a decade. The technological
advantages of OCTs include a high precision for a wide dynamic range for both AC and DC
currents as well as the highest level of safety on primary and secondary side, when compared to
conventional CTs. This paper presents a solution implemented by Swiss TSO Swissgrid AG, to
monitor asymmetric short-circuit currents using Flexible Electronic Fibre Optical Current
Transformers (F-EFOCT) and digital fault recorders. Before installation and commissioning of the
solution, the proof of concept for the performance of F-EFOCT combined with the digital fault
recorder to precisely monitor asymmetric currents (AC with DC components) was established in
laboratory tests and project-specific factory acceptance tests (FAT). For this purpose, different tests
such as short circuit current injection, AC or DC as well as combined AC and DC current injections
into the optical current sensor were performed. In this context, it could be verified that
asymmetrical currents captured by the F-EFOCT were correctly recorded with real timestamps. In
addition, the fault recorder combined the sampled values (SV) of current measurement from the F-
EFOCT with voltages and currents originated from conventional measuring methods. The
interoperability between the merging unit and the digital fault recorder, which are coming from
different suppliers and are based on the IEC 61850-9-2 LE standard, has been proven and the
stability of the communication between the different units on the process bus was given.

A3-224 Accuracy study of a combined low-power instrument transformer in different climatic
and pollution conditions
T.HEID, M.VO - llgeuyapus, B.PAYA, LLBASUYAUX - @panyua, M.Y ANIN - Poccus



The Power System & Transmission Engineering Centre (CIST) of the French electric utility
company Electricité de France (EDF) has been studying the installation and use of low-power
instrument transformers (LPIT) with numeric outputs in power plant substations and insular
networks substations since many years. For this purpose and in order to gain more experience on
long term performance of a digital instrument transformer, EDF R&D and CONDIS started a
partnership to conduct a long-term investigation on a combined low-power instrument transformer
(cLPIT) under extreme climatic and pollution exposure.

The cLPIT consists of a fiber optical current transformer (FOCT) mounted on a high voltage
insulator column which integrates a capacitive voltage divider (CD) with a low voltage secondary
output. The voltage transformer functionality is realized by an analog to digital converter (ADC)
with optical output integrated in the base of the CD. Optical fibers are used for the transmission of
the signals from the primary side to the merging units, which use the IEC 61850-9-2
communication protocol.

This paper presents an investigation of the behavior of a novel combined low-power instrument
transformer with electronic voltage transformer (EVT) and optical current transformer (OCT) in
various climatic conditions, along with the ageing influence caused by extreme weathering
conditions on the primary parts and converters. The performance of the LPIT is evaluated at
different times during the project based on comparison with a conventional solution.

Firstly, the accuracy of the combined electronic VT and optical CT was proven at different
temperatures, according to the standard cycle. These measurements serve as a reference point for
future comparison. Those accuracy tests were performed in December 2018 in EDF Lab Les
Renardieres facilities and have highlighted the importance of using reference setups with
significantly better accuracy than the DUT itself.

In a second step, the cLPIT was installed at the end of year 2018 in the EDF Martigues test station,
which is located at the coast of the Mediterranean Sea in the south of France. The LPIT will remain
continuously energized for two years, in which the device will be exposed to severe environmental
stress factors. The region is distinguished by a heavy pollution level (SPS class d in accordance
with TS/IEC 60815-1). Periodic inspections are conducted to follow the evolution of the equipment.
After one year of ageing, no degradation or malfunction of neither the cLPIT, nor the electronic
processing unit (EPU) has been detected. The visual ageing inspection has shown some typical
traces of material ageing for exposure to such an aggressive environment (industrial pollution and
seaside effects). However, no signs of electrical activity or tracking on the insulator itself was seen
and the surface hydrophobicity of the silicone sheds remains unaltered.

The third and final step in this project, is to verify the evolution of the accuracy properties of the
cLPIT due to the pollution and ageing period. These tests will be performed beginning of 2021 at
the same temperature levels as the reference points taken in the first step.

A3-225 Development of Light Asset Models based on Data Mining
F. LIMA, G. MARQUEZIN, T. MAUFFREY - @panyus

Electrical grid networks are strategic for the development of economies. They transmit the energy
from the generation to where it is used to develop and ensure the human activities. During the last
30 years, world energy demand increased by 110% from 11000 TWh to 23000 TWh and in the next
20 years, it will continue to grow at the same path in expectance to reach out 34000TWh by 2040.
To support this growing energy demand, deliver business objectives and optimize the performance
across the entire network from power generation to the end consumer, the different actors in the
field of energy need to master the condition of each of their asset. The improvement of efficiency,
reliability and lifetime of substation is as key as the optimization of the related costs to manage
High Voltage & Medium Voltage power equipment lifecycle. However, due to technological
evolutions, vanishing electrical expertise, ageing assets and continuous pressure on operating and
capital expenses, electrical grids are more exposed to complex and challenging environments,
increasing exposure to failures.

In order to minimize the risk of default, assets are being even more monitored, generating huge
amount of data. The collected information is then used to take maintenance and replacement
decisions on assets. Sometimes, data is used to fulfill asset models in Asset Management software
which supports the fleet management and optimize maintenance and replacement decision.



However, the increased number of measurements and checks is not always the right solution to
improve reliability, availability and lifetime of an asset or a fleet of assets:

= Risk of right assignment comprehensions due to different level of data relevancy

* Quality of the recommendation depends on the quality of the model;

= Operational cost increases with the number of collected data

The solution is to monitor a selection of data of which influence is significant and acceptable in
terms of cost of collection. Plenty of data’s sources are available — Reliability survey by CIGRE,
FMEA (Failure Mode and Effect Analysis) beside all data recorded either during inspection or by
online monitoring solution. The main challenge is to deal with such an amount of heterogeneous
data, select the right type and number of parameters and to determine the method and the frequency
to collect them. In this way, an accurate model of the asset can be developed and fed, keeping in
mind that the data collection cost shall stay relevant when compared to the cost of the asset itself
and the cost related to the failure.

In this paper, it will be described the workflow to follow to develop new asset-type model and how
to combine various sources of information and data mining to develop consistent and cost- effective
analytics evaluating the real condition of the asset.

IIpeanoururenbuas TeMa 3. Bausinue pacnpeaeJeHHol reaepanun Ha 0aze BUD u cucrem
HAKOIIJICHHS DHEPruy HA 000PYA0OBAHHE MATHCTPAJIbLHLIX H PacHpeaeJuTeIbHbIX ceTel

A3- First 170 kV / 50 kA GIS with Clean Air and Vacuum Interrupter Technology as a
Climate-neutral Alternative to SF6
K. KIM, B. CHOI, S. HEO - Kopes,
F. EHRLICH, K. POHLINK, M. KUSCHEL, T. RANK - I'epmanus

This paper presents a development of a new SF6-free 170 kV / 50 kA GIS, in Korea so called E-
GIS, for a rated current of 4,000 A qualified according to IEC and Korea Electric Power
Corporation (KEPCO) standards. The GIS is based on totally climate-neutral clean air (dry and pure
synthetic air with 80 % nitrogen and 20 % oxygen) insulation and vacuum switching technology for
interrupting the switching capacity. Both technologies are well proven and fulfil all customers’
views on performance, safety, total cost of ownership and improved sustainability by lowering the
carbon footprint of the insulation gas to its minimum (global warming potential GWP = 0).
Synthetic air has many advantages over other alternative gases. It is sustainable, highly reliable with
excellent long-term stability and gas no greenhouse gas emissions during operation and all other
handling processes. Operation, maintenance and recycling costs are lower in comparison to other F-
Gas GIS solutions. Moreover, the toxicity caused by the decomposition gas after the arc is
negligible and it is applicable below -30° without liquefaction.

The short circuit current interruption is handled with the well proven vacuum interrupter
technology. The vacuum interrupter has been verified in medium voltages for decades and recently
it has been increasing in utilization at high voltages. Synthetic air is more vulnerable than SF6 in
terms of insulation performance, however the presented E-GIS is designed to be comparable to
existing SF6 GIS by optimization of compactness and extendable to existing SF6 GIS with
coexistence.

The paper present details of the design aspects as well as of the positive verification of performance
tests. Additionally, the impact of GWP is presented and discussed based on life cycle assessment to
underline and proof the environmentally sustainable effect. In fact, with this new GIS we can lower
the GWP impact of 14 t CO2 equivalent per bay and year. Therefore, application of an insulation
gas with a GWP = 0 could positively contribute to a CO2 reduction in Korea.

A3-302 Benchmarking the suitability of a Bi-Stable Disc Spring as Novel
Ultra-Fast Actuation Principle
H. MENNE, C. M. FRANCK - llsetiyapus

High Voltage Direct Current transmission lines have been well established for a long time.
Especially the growing generation from renewable energy sources, which are usually located in
remote areas, is nowadays a driving factor for transmission increase. The downside of point-to-
point connections is their reliability and availability, which can be improved by connecting such
lines to a grid. For this purpose circuit breakers are necessary. One solution is the Hybrid HVDC



circuit breaker, which relies on semiconductors as the current breaking elements. Unfortunately,
their on-state losses are prohibitively high. To overcome this issue, an Ultra Fast Disconnector
(UFD) in a parallel branch is used, which short-circuits the semiconductor stack during normal
operation. The main requirements for such a device are an extremely short opening time and a low
resistance path for the nominal current in closed position. Previous studies have demonstrated the
importance of a short opening time: due to the low network impedance, HVDC fault current levels
rise quickly and consequently require a larger interruption performance of the main breaker. Most
of the known UFD designs rely on Thomson coils as actuators. While this principle works fine, it
requires bulky and heavy contacts, which limits the speed of the actuator. A reduction of the
opening time would lead directly to a lower short-circuit interruption capability requirement.

For this reason, alternative novel actuation principles with the potential of substantially decreasing
the opening time of a UFD are investigated. In order to do this, the general design of a UFD is split
into three parts: electric strength in open position, contact resistance and heat generation in closed
position and actuation speed (mainly during opening). The requirements of each part can be
conflicting with and even contradictory to each other. One example is the stroke: a shorter stroke
results in shorter opening time, while a larger stroke offers a better electric strength.

The present work focuses on the actuator and presents the use of a bi-stable disc spring as main
actuation component. Such a spring is relatively light and offers a short opening time. The design as
well as the experimental static and dynamic characterization are presented in this work.

The potential applicability of such an actuation mechanism goes beyond the application in UFDs
and could enable also other switchgear applications where fast actuation is beneficial, e.g.
controlled switching.

A3-303 Performance tests of circuit-breakers for controlled switching
J. KIEFER, H. HEIERMEIER, S. KOTILAINEN, M. STANEK - Il/setiyapus,
U. PARIKH - Anous, A. DANESH - I'epmanus

Controlled switching of circuit-breakers is a cost-efficient way to increase the stability of the power
system, improve the power quality and reduce the stresses of high voltage equipment. It becomes
increasingly important as the growing use of renewables requires a more frequent network
reconfiguration. Capacitor banks, phase shift transformers or shunt reactors have to be switched at
certain network conditions for stable power system operation.

Inrush currents and accompanying voltage dips should be limited to a certain value to avoid
unnecessary disturbances. Each network situation requires a different strategy for the best closing or
best opening instant of the circuit-breaker. A precise timing for the switching is crucial, and the
required precision is in the range of milliseconds. This is a true challenge for high voltage circuit-
breakers, which are large and heavy mechanical systems.

The presented paper will address the required testing of circuit-breakers according the new IEC
draft standard 62271-113. The focus is on closing of the circuit-breaker:

Rate of Decrease of Dielectric Strength (RDDS), mechanical behavior, the statistics of breakdown
during making, and the statistical characteristics of the mechanical operations are measured and
analyzed. The tested circuit-breakers (single-break 420 kV GIS) were tested with two different
closing speeds: velocity 1 and velocity 2 (higher than velocity 1 by 50%). The tests were performed
at different drive, ambient, idle time and control conditions.

Furthermore, the assessment of circuit breaker for various load application is carried out according
to CIGRE TB-757. The assessment results show that the tested breaker is well suited to energize at
any point on the power frequency voltage curve as its RDDS is larger than 1 pu. The higher closing
speed needs to be chosen. Stable timing correlation of the auxiliary contacts in respect to the arcing
contacts was checked to make sure that it is possible to rely on these signals in service applications.
The measured mechanical scatter follows a normal distribution, and the tested breaker has a
distribution with a width for three standard deviations (3c) of 0.5 milliseconds. This means that
more than 99% of the closing events will happen within £0.5 ms of the intended target. Influences
of the ambient temperature, control voltage, drive condition or idle time can be compensated with a
suitable controller. However, for best targeting after long idle times — where the statistical
information is obviously limited — exercising of the breaker before switching gives the best results.



Field measurements for controlled energization of capacitive & inductive loads with the test breaker
at commissioning are evaluated and presented. An important finding is that it is counterproductive
to be “conservative” and underestimate the RDDS of the breaker. This may create serious
difficulties during commissioning and achieving optimum mitigation performance because the
targeted points close to zero are not reached and the registered making instants are misinterpreted as
a very large mechanical scatter of the used breaker.
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