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Crnucok cokpaieHui

IIIIT Ilepenaya moCTOSHHOTO TOKA
BIIT BcraBka mocTossHHOro Toka
I1T ITocTOSIHHBIN TOK
LCC (Line Commutated Converter) ITpeoOpa3oBarenb Toka
ITH [IpeoOpazoBarens HAMIPSIKEHUS
VSC (Voltage Source Converter) [IpeoOpazoBarenb HATPSHKSHUS
YIIK Y CTpoCTBO NPOAOIBLHON KOMIIEHCALUH

SVC (Static Var Compensator)

Y CTpoicTBO KOMITIEHCAIIMUA PEAKTUBHOM
MOIIIHOCTHU (TUPUCTOPHO-PEAKTOPHOE)

K HccaenoBaTeabcKkuii KOMUTET
OK3 OTHOLIEHNE KOPOTKOTO 3aMbIKAHHUS
KJI KabenpHas muHUA

BJI Bo3znymnas nuHus
KBIJI KabenpHO-BO3MyIITHAS] TUHUS
BOY BerpoanekTpuyeckas ycTaHOBKa




BBeaeHue

OuepenHoe 3acegaHue MCCIENOBATENbCKOrO0 KoMutera B4 «OnekTponepenaun mo-
CTOSIHHBIM TOKOM U CHUJIOBAsl 3JIEKTPOHHUKa» cocTosioch 20 cenTsiops B . Arpa (Muaus). Ha
3aceJaHuM MPUCYTCTBOBAIM PETYJISIPHBIE WIECHBI HCCIIENOBATEILCKOTO KOMHUTETa OT AB-
crpanuu, bpasunuu, Anonuu, I'epmanuu, Asctpuu, Kananel, Unauu, Kuras, Hunepnan-
noB, ®pannuu, Mcnanuun, Benukoopuranun, FOAP. Kpome uieHOB uccieqoBaTebCKOro
KOMHUTETA Ha 3aCEJaHUM MPUCYTCTBOBAM PYKOBOJMTEIH HEKOTOPBIX ACHCTBYIOIIUX pado-
YUX TPYIII U P SKCIIEPTOB, B TOM uucie u3 Poccun.

Ha 3acemanuu o0Cy»X1anuch OCHOBHBIE CIICAYIOIINE BOMPOCHL:

1. Jloxknan pykoBoautens B4 Moxamena PamBaHa o nesTeIbHOCTH TEXHUUECKOTO
KOMHUTETA.
Hoxmnan [Ipuero "apcust 0 pa3BuTuu caiita ucciaeqoBaTeIbCKOro komurera B4.
JleaTenbHOCTh KOHCYJIbTaTUBHBIX pabouunx rpynn B4.
Jlokmaapl 0 TeKyIIen AesTeIbHOCTH padounuXx TPyII.
[Mpencrosimue coositus CUT'PD
[Ipennoxenust 1uist CO3aHUS HOBBIX pabo4uX rpymil. J[pyrue Buibl akTUBHO-
CTH.
B3anmoneiicTBre ¢ IpyrumMu OpraHu3alysiMy.
8. TapMmoHU3anMs TEPMUHOJIOTHH OTHOCUTEIBHO IIpeodpa3zoBaTesiell HanpsKeHUs
9. Ilnanupyemble U HaXOMSIIMECS B CTAIUU CTPOUTENIHCTBA OOBEKTHI TOCTOSHHO-
ro TOKa

3acenanne B koH(epeHi-3ame rocrunuilsl Jaypee Palace Hotel magamocs B 9:00

MECTHOTO BpeMeHHU U 3akoH4mII0ch B 16:30.
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1. Jloxsaj o AeSATeJIbHOCTU TEXHUYECKOro KOMMTeTa

1.1. 3acepaHue TexHHU4Yeckoro komurerta B Tokuo 7 maa 2015r.

3acenaHue uccienoBarenbckoro komurera B4 nHauvanoch ¢ Jokiana pyKoBOJAUTE-
ns komuteta Moxamena PamBana o0 ydacTuu B 3acelaHUM TEXHUYECKOTO KOMHTETA
CUI'PD B Tokuo 7 mag 2015 roxa.

Ha 3acemannm TEXHMYECKOTO KOMHTETa OOCYKIaT0Ch KOJUYECTBO BHOBH CO3/aBa-
€MBIX M MPEKpaTHBIIMX pPaboTy paboumx rpynn. Ha muarpamme (puc. 1) mpencraBieHO
M3MEHEHHUE KOJMYECTBA PaOOUYMX TPYII 3a IMOCTIETHHUE TOJIbI.
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Puc. 1. KonmnuecTBo pabodyux rpyIin HavyaBIIUX M 3aBEPIIMBIINX CBOIO padoTy B 2013 - 2015
rojgax



W3 nuarpammsl BUAHO, 4TO uncio ¢yHkumonupyoomux B CUT'PD pabouux rpynm
cocraBisieT B cpemHeM 225. IIpu 3TOM €XErogHO HAYMHAIOT W 3aKaHYMBAIOT paboTy B
cpenHem 35 rpymm.

Hpyras cratucTuka - BO3pacT (YHKIIMOHUPYIOMUX padouux rpymnmn. COOTBETCTBY-
IolIast [uarpaMmma MpeacTaBieHa Ha puc. 2.
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Puc. 2. Bo3pact paGouux rpymnmn

W3 nuarpammbel Ha puc. 2 BuAHO, 4To Bo3pacT /0% pabouymx TpyMIN MPEBHIIIACT
2 roga. C y4eToM TOro, 4TO paboyas TpyIma co3/JaeTcs Ha CPOK He OoJiee IBYX JIET, JaH-
Hasl CTAaTUCTHKA JEMOHCTPHUPYET CIOXHOCTU (DYHKIIMOHUPOBAHHMS HEKOMMEPYECKUX Opra-
Huzauui. [lockonpKy ydacTre B pabouyux Tpymnmnax s MHOTHX UX YJIEHOB SIBISETCS J100-
POBOJIBHBIM, 3TO y4acTHE HE MOXKET OBITh JJISI HUX HMPUOPUTETOM IE€pel] OCHOBHOM jes-
TEeIBHOCTHIO. B pe3ynbpTaTe paboume Tpymnmbl PeaKo 3aKaHYMBAIOT padOTy B CPOK 0003HA-
YEHHBIN W3HAYaJIbHO.

BaxxupiM MOMEHTOM, OOCYXKIaeMbIM Ha 3aceJaHHM TEXHHUYECKOT0 KOMHUTETa, ObLIO
Bce OoJiee MOBBIMIAIONICECS 3HAUYEHHE BOIPOCOB paclpeeNuTeNbHbIX cereil. Ha puc. 3
MpeJcTaBlieHa JAMarpaMMa, Ha KOTOpOM MoOKa3aHa MJo0Js paboyux TPy B HCCIEA0Ba-
TEJIbCKUX KOMMTETaxX, 4Ybs TEMaTHKa CBs3aHa C PacCHpeAeTHUTENbHbIMU ceTaMmu. M3 nwma-
rpaMMBbl BHIHO, YTO JESITEIBHOCTh 55 % Bcex pabovyux Tpynm Tak WM MHAYE CBA3aHA C
pacrpenenuTeIbHBIMI CETSIMU.
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Puc. 3. [Ipobnemaruka pacnpenenuTenbHbIX ceTeil B padbouux rpynmnax CUI'PD

HpyruMm acnexktom paboThl, OOCYXJTaeMOM Ha TEXHUYECKOM KOMHUTETe, OblLia
CpaBHUTENbHAST MyOJMKALIMOHHAsI aKTUBHOCTh MCCJeIOBaTeNbCKUX KoMuTeToB. Ha puc. 4
MOKA3aHbl TUArpaMMBbl, IEMOHCTPHUPYIOIIUE MyOINKAIIMA KOMUTETOB.

Taxxke Ha 3aceJaHUM TEXHUYECKOTO KOMHUTETa 00CyXkaaach TeMa «3elIeHON KHUTH.
[Toctynuino npennokeHue OmyOIMKOBaTh «3elIeHyI0 KHUTY» KomuTeTa B4 Ha Temy mpeol-
paszoBaTeel HanpsHKEHUs.

1.2. Kypnau “CIGRE Science & Engineering”

Hossrit xxypHan “CIGRE Science & Engineering” mo3uIMOHHPYETCs] KaK OJUH U3
JUAUPYIOIIKX B 00JacTH 31eKTpo3HepreTuk. CTaTby, MPETEHIYIONINE Ha MyOIMKalUio B
3TOM JKypHaJie, OyayT pelieH3uPOBaThCS BEAYIIIMMUA MUPOBBIMH SKCIIEPTaMHU.

1.3. HNHPpopmanus o cumnosuymax CUI'PI, npoxoauBmiux B 2015 r.

Cumno3uym B r. JIrona, HIBenus

B cumniosuyme, cocrogBmmmes B JIronae B koHie Mast 2015 roga, NpuHSIIM y4acTue
npeacrasutenu komuteroB B4, Cl1, C2, C4 u C5, Bcero okono 300 yyacTtHukoB. bbuio
npeacraBieHo 80 JOKIAI0B.

Komuter B4 B paMkax cuMIio3nyma opraHM30BaJl MIECTh TEXHUYECKUX CECCUU U TPHU
ceMHHapa Ha TEMBI:

- mpeoOpa3oBaTeNld HAMPSHKCHUs: MOJYJIbHBIE MHOTOYPOBHEBBIE MPEeoOpa3oBaTey,
WX TIPEUMYIIECTBA U HEJOCTATKHU JUIsl pa3IMUHBIX 00JIacTel NCIIOIh30BaHMUS;

- mepeBoj BJI mepeMeHHOTO TOKa Ha MOCTOSHHBIN TOK; THOpuaHbie BJI mocTossHHOTO
Y EPEMEHHOI0 TOKA,;

- ()YHKIIMOHUPOBAHUE CETEH MOCTOSHHOTO TOKA (PEeryJupOBaHUE HA YPOBHE TEPMH-
HaJIOB, ICWCTBHE 3aITUT MPH K.3. HA CTOPOHE TIOCTOSTHHOTO TOKA).
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Puc. 4. [lyOnukanoHHast akTUBHOCTB MCCIIEI0BATEIbCKIX KOMUTETOB



Ha TexHudeckux ceccusix 00CyXIaluch CIeAYIOUIIE TEMBI:

- Peanu3anus HoBbIx 00bekTOB HVDC,;

- OnbIT 3KCIUTyaTallid 0OBbEKTOB MOCTOSTHHOTO TOKA Ha PeoOpazoBaTesiX HampsixKe-
HUS,

- [Iporpecc B pa3paboTke BhIKJIIOUATENEH TOKA K.3. HA CTOPOHE MOCTOSIHHOTO TOKA;

- YripaBiieHUE U 3alllUTa B CETAX MMOCTOSIHHOTO TOKa,

- JlopokHast KapTa ¥ IEPCIEKTUBBI CETEM MOCTOSTHHOTO TOKA,

- YcTpoiicTBa CHIIOBOM 3JIEKTPOHUKH U MPE0Opa3oBaTeIbHON TEXHUKH, Peodpa3oBa-
tenu DC-DC.

Ha mectu TexHMYeCKHX CecCHsIX OBbUTM MPEICTaBJICHBI JABAALATH MATh JOKIATOB, U3
HUX TOJIBKO TPU MO TeMaTuKe mpeoOpa3oBaTesiell TOKa, OCTalbHbIE ABAALATH JBa OBLIM MO-
CBAIICHBI TEMATHKE MpeoOpa3oBaTeNieil HANpsHKeHHs. JTa OTpakaeT yCUJICHHE aKTHBHOCTHU
Wccre0BaTeNel U MPOU3BOAUTENICH B 001acTH MpeoOpa3oBaTesiel HalpsHKEHUS.

Temaruka CyIIeCTBYIONIMX pa0OUYUX TPYIIT UCCIEIOBATENLCKOrO KoMHuTeTa B4 Takxke
otpaxaeT 3Ty TeHaeHuuo: WG B4.56 — «Meroandeckue yKazaHus I MOJATOTOBKH «QJICK-
TPOCETEBOr0 Kojekca» ans cereid mocrostHHOro toka (IIT) Beicokoro HampspkeHus», WG
B4.57 - «PykoBopsmue ykazanus s pa3padoTku Mozenei oobopynoanus B cetu [1T», WG
B4.58 «YcrpoiicTBa U METOOJIOTUY Ul YIPABIEHUS IEPETOKAMH MOLTHOCTH U HAIPSHKEHUS
B CIIOKHO3aMKHYTBIX ceTsx [1T», WG B4/B5.59- «PerynupoBanue u 3amuta B cetsax [1T»,
WG B4.60 — «IIpoekTupoBaHue ceTel MOCTOSHHOTO TOKa C LEIbI0 JOCTHKEHUS ONTUMATh-
HBIX HaJIeKHOCTHBIX ToKazarenei», JWGB4/C1.65 «Pexomenyemble HaPsHKEHUS IS CeTe
nocTossHHOTO ToKay, JWG A3/B4.34 — «Texuuuyeckue TpeOOBaHUS U XapaKTEPUCTHKU COBpE-
MEHHBIX BBIKJIIOYATEIeH MOCTOSHHOTO TOKaY.

Tema cereil MOCTOSIHHOTO TOKa HIMPOKO OOCYXXJayiach Ha cummosuyme. Heobxoanmo
MOHUMATh OTJINYUE CETEeH MOCTOSIHHOTO TOKA U MYJIbTUTEPMUHAIBHBIX TIepead MOCTOSHHOTO
ToKa. CeTH MOCTOSHHOTO TOKA TPEOYIOT HAIMYKS OBICTPOJCHCTBYIOIMINX YCTPONCTB 3aIlIUTHI,
B HEKOTOPBIX CIydasX — HAJIWYHS MOCIEA0BATEIbHOIO PEeakTopa B IEMH MOCTOSIHHOIO TOKa
JUTSL OTPAaHUYEHUSI CKOPOCTU HapacTaHus TOKa Ipu K.3. [[pyras oOcyxgaemasi Tema - UCIOJb-
3oBaHue npeodpazoBateneit DC-DC B ceTsX MOCTOSTHHOTO TOKa.

Huxe npuBeneHbl OCHOBHBIE HCTOPUUECKUE BEXU HUCIIOIb30BAHUS TEXHUKU MMOCTOSTHHO-
r'o TOKa B DHEPrOCUCTEMAX.

[IpeoGpazoBarenu Toka

Q 1954 r pryrabie BeHTHH (9 00BEKTOB)
U 1978 r. TupucTOopHBIC BEHTHIIH C BOASHBIM OXJIaKaAeHHEM (28 net)
O 2006 r. IIIT na npeobpasoBaTeisax Toka HanpsbkeHreM 800 KB 1 MOIITHOCTBIO
600 MBT
[IpeoOpazoBarenyu HaNPSKEHUS
O 1997 r. nepBeiii 00bEKT
O 2010 r. moxynasHast MHOTOYpOBHEBast cxema (13 jer)
O 2015 r. morepu meHee 1 % u mornocTh 2 I'BT (5 ner)

Kak BUIHO, TEXHOJIOTHUHM OCTOSTHHOTO TOKA Ha OCHOBE IIPpeoOpazoBaTesell HanpsKeHHs
JIOCTUTJI BBICOKMX 3HAYEHHUI B OTHOIICHUH KJIACCOB HAMPSHKEHUM M HOMUHAIBHOM MPOITYCK-
HOM CIIOCOOHOCTH 3a ITOCIIEIHUE 5 JIET.

Cumno3uym B Keiin-Tayne, IO:xnasa Adpuka. 21 — 26 oxkraops.
Oto coBmectHb cumnosuym CUI'PD u MOK. OcnoBubiMu Temamu Oyayt HVDC,
FACTS, Bo300HOBIIsIeMbI€ UCTOYHUKH YHEPTHUH.



2. O pa3ssutuu caira UK B4

Wudopmanuto o passutue caiira http://b4.cigre.org/ uccnenosarenbckoro komurera B4
npezncrasui Dayapao [Ipuero. OH man oburyto uHpoOpMaruio o mocemaeMoctu caira. Pac-
CKa3an 00 OCHOBHBIX M3MEHEHHSIX 3a TOCIEIHUN TOJ: BBUIOKEHBI JOKyMeHTH 45 Ceccun,
CIIUCOK TEeXHHYECKHUX Opomrop B4 ¢ aHHOTAaIMsSMU U NPSIMBIMHU CCHUIKAMH HAa CKauWBaHUE,
aKTyaJbHBIN CIIMCOK pabOUYUX TpyIin, OOHOBJIEHHBIN CIHCOK 4jieHOB B4, MTOKyMEHTHI, TTOCBSI-
ménHble KoHpepeHmsiM B bpazunuu, Jlronne, Arpe, unpopmanus o 46 ceccun CUI'PD 2016
roga. B mnmanax — cosmaHue crmucka MyONMKalMi B JKypHalle DJEKTpa ¢ aHHOTAIMSIMHU U
CCBhUIKAMH Ha CKaYMBaHUE.

3. [leATe/IbHOCTb KOHCY/IbTaTUBHBbIX padouux rpynn UK B4

B pamkax MK B4 co3nanbl Tpy KOHCYJIbTaTUBHbBIE pa0OYUE TPYIIIIHI.

I'pynna AGO01. OcHoBHas poiib pabodeil TpymIbl — pa3padaThiBaTh U KOPPEKTUPOBATH
CTpaTeruuecKuil (Ha JecsTh JeT Brepén) u pabounii rianel (Ha Tpu roxa Brepen). C akry-
AIbHBIM CTpaTeruuecKum IJIaHOM MO>KHO O3HAKOMUThCS 1o CCBLIKE:!
http://b4.cigre.org/Technical-activities/Strategic-Plan, ¢ paboyuMm IUIAHOM — TI0 CCBUIKE:
http://b4.cigre.org/Technical-activities/Action-Plan.

I'pynna AGO02. Co3nana a1 KOOpAUHALMKM HAYYHO-UCCIIEA0BATEIbCKOMN 1€ATEIbHOCTU
0 CETSAM MOCTOSTHHOTO TOKa.

I'pynna AGO03. I'pynna 3aHuMaeTcs co3iaHueM nosiHoro nepeynas npoekroB HVDC B
MUpe U ero oOHOBIeHHWEM. B Hacrosiiee BpeMsi Ha calTe pa3MeIleH CIUCOK OOBEKTOB
HVDC, Haxomammxcs B  3KCIUlyarauud, 1o  coctosHuio Ha 2009  rox:
http://b4.cigre.org/Publications/Other-Documents/Compendium-of-all-HVDC-projects. s Kaxxmo-
ro o0beKkTa MpUBEJEHA KpaTKas XapaKTepUCTHKA. AKTYaJbHBIM CIIMCOK IO COCTOSHHUIO Ha
2016 rox HaxoAUTCS B pa3pabOTKe.

I'pynna AGO04. Xapakrepuctuku cucteM HVDC. IlpencraBnennsiii oTyeT ObUT TOCBSI-
IICH CTaTUCTUYECKHUM JIaHHBIM 110 OTKa3aM MpeoOpa3oBaTenbHBIX TpaHchopmaTopoB 3a 2013-
2014 rr. Becero OputH momydeHsl JaHHBIC TI0 37 00BbeKTaM, U3 HUX 34 3a 3TOT MMEepUO BpeMme-
HU HE coo0many 06 aBapusix, B OCTAIBHBIX TPEX CUCTEMax MPOM30IUIO 7 aBapHil, Takxe co-
oOmraercs o Tpex MpeAoTBpallleHHbIX aBapusx. Ha puc. 5 npeacrasnena nuarpamMmma pacope-
NEJICHU aBapuil 1Mo dJIeMeHTaM mpeoOpa3oBaTeNbHBIX TpaHchopMaTopoB. CTaTUCTUKA Mpe-
CTaBJieHa 3a 0oJiee JUTMTENIbHBINA TPOMEKyTOK BpeMenu ¢ 2003 mo 2014 rr.
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Puc. 5 Jlmarpamma pacnpeneneHuii aBapuid 1O 3JIEMEHTaM IpeoOpa3oBaTebHBIX
Tpanchopmaropos 3a nepuox ¢ 2003 mo 2014 rr.
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http://b4.cigre.org/Technical-activities/Action-Plan
http://b4.cigre.org/Publications/Other-Documents/Compendium-of-all-HVDC-projects

[TonpoOHOE ommcanue aBapuii B mpeoOpa3oBaTeabHbIX TpaHchopmaTopax ¢ 2003 mo
2012 r npeacrasneno B Texuuueckoit bpomurope 617.

4. JlesaTtenabHoCTb pa6ouux rpynn UK B4

[TpucyrcTBytoIMe PyKOBOIUTENN PAOOYUX TPYHH WIA UX HPEACTABUTEIH JIOJOXKUIU
0 TEKYIIEM MOJIOKEHUH JIeN B Pa0OUMX TPYIIIaXx.

Pa6ouas rpynna JWG B4/B5.59- «PeryaupoBanue u 3ammrta B cersix IIT»

PykxoBomurens Kees Koreman.

Coznanue paboueit rpynmsl 0bi10 000peHo Texuuueckum komuterom CUIPD B mapre
2013 roma. Oxxumaemast nata okoHdaHus padotsl - MapT 2016 roma. B utorosoii Gpormirope pac-
CMOTPEHBI CIEAYIOIINE OCHOBHBIE BOIMPOCH! (IO COAEPKaHMIO): (DYHKIIMM CHUCTEMBI 3aILUT B
CeTSIX MOCTOSTHHOTO TOKA, SIBIICHWE KOPOTKOTO 3aMbIKaHus B ceTsix [1T, MeToabl orpaHuueHHs
KOPOTKOT'O 3aMBIKaHHsI B CETSAX MOCTOSHHOTO TOKA, OCHOBHBIE MPUHIIMITBEI TOCTPOSHHS 3aIlIUT,
OCHOBHBIC TIPUHIIAIIBI ¥ KOMIIOHEHTBI JIOKATLHON CHCTEMBI PETYITMPOBAHMS U 3aIIUTHI, OTIpeie-
JICHUE MECTa aBapHu.

PaGouas rpynna B6.61 "Meroauueckue ykazaHusi AJ1s NPOeKTHPOBAHHUS JJIEKTPO-
HOB"
PykoBonurens — J[>xoan Xy.

Texnuueckasi OpolIopa 3aBepiieHa v T0ToBa JUIsl BHYTPEHHHUX PELCH3HI.

Padouas rpynna B4.62 "TlpucoeauneHue BeTPOIIEKTPHUYECKHX YCTAHOBOK K cJja-
OBbIM ceTsIM NepeMeHHOr0 TOKa''

Pykosoaurens Nalin Pahalawaththa.

Cosznanue paboueit rpynmsl 0bi10 000peHo Texuuueckum komuterom CUIPD B mapre
2013 roma. Oxunaemas gara OKOH4YaHHUs paboThl — aekadbps 2015 roma. Llems paboThr — BBI-
SIBUTH MTPOOJIEMBI, CBSI3aHHBIE C 00OPYAOBaHUEM, TIPH MOAKIIoUeHIH BOY K crnabbIM ceTsaM Te-
PEMEHHOT0 TOKa, BO3MOXHbBIE MPUYHUHBI 3TUX MPOoOJIeM U MyTH uX pemieHus. B xone paboTsl
ucnonp3oBauch obume moaenu BOY, FACTS m mpeoOpaszoBareneii, HO OHM MOTYT OBITh
aIanITUPOBAHBI, €CIIM HEOOXOIUMO HCCIENOBATh APYrHe MPOOJIEMBI, MPEICTABISIONEC UHTE-
pec.

PabGouas rpynna B4.63 '""BBoa B 3kcmiiyaTanuio 00beKTOB NMOCTOSTHHOIO TOKA HAa
npeodpazoBarTe X HANPsKeHUs "

PykoBogutens Jlec bpaHT.

Cosnanue paboueit rpynmsl 06110 0100peHo Texundyeckum komurerom CUI'PD B (eBpa-
ne 2013 roma. OxxumaeMas 1ata okoHYaHusi paboThl — cepenuHa 2016 roma. OCHOBHBIC MPO-
OJ1eMbl, KOTOpBIE pelIaTiuch IpH pa3paboTKe JOKyMeHTa!

- Jlnst ucnibiTanuil mpeoOpa3oBaTeniell HanpsHKEHUST PA3IMYHBIX TOMIOJIOTHA HEOOXOIUMO
CO371aTh OOLIHIA TOKYMEHT;

- CchopmynupoBaTh 00LIME ONpeeNeHusl KacaTelbHO UCIIBITAHUM U BBOJA B AKCILTyaTa-
10170:0H

- YuecTh pazHo0Opa3Hy0 crenu(puKy oOBEKTOB MOCTOSHHOTO TOKa Ha Mpeodpa3oBare-
JSIX HAMpPSDKEHUS], BKITFOYAsl BETPORICKTPUUYECKIE YCTAaHOBKH, MHOTOTEPMUHAIILHBIC TIEPEIadH,
nepeavn st MATaHus OPIIepHBIX IaThOpM,;

- OnpeaenuTh JUIUTENLHOCTD PAa3TUYHBIX HCIIBITAHUHN U Jp.
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Pabouas rpynna B4.64 «BiusiHMe NPUMBIKAIOIMIMX CHCTEM IEPEeMEHHOr0 TOKa Ha
cBolicTBa 3KcIuTyatanuoHublie ceoiictea IIIIT u BITT»

PyxoBomurens Jef Beerten.

Coznanue padoueit rpynmsl 0610 07100peHo Texamueckum komutrerom CUT'PD B derpa-
ne 2013 rona. Pabota Han Oporrtopoit nmoka mpopoipkaercs. OxugaeMasi 1aTa OKOHUAHHS pa-
00TbI HE 0003HAYEHA.

Bomnpocsl, npopabarsiBaemble pabodelt TpyIIoii:

- Onpenenenye NOHATUH OTHOIIEHUE KOPOTKOTO 3aMbIKaHUs, YPQEKTUBHOE OTHOIIECHHE
KOPOTKOTO 3aMBIKaHHs, KpUTHUYECKOE F(PPEKTUBHOE OTHOIIEHHE KOPOTKOTO 3aMBIKAHMUS;

- XapakTepHucTHKa TUIIOB IIpeoOpa3oBaTesiel, MPOU3BOAUMBIX IPOMBIIUIEHHOCTBIO Ha Ce-
TOJIHAIITHUHN JICHb;

- XapaKTepHUCTUKN TeHEPALINH;

- XapaKkTepUCTUKU HArpy30K B CUCTEME IIEPEMEHHOTO TOKA;

- PerynupoBaHue peakTUBHOM MOIIIHOCTH € TIOMOIIBIO IPeoOpa3oBaTelis HapsKEeHUs,

- BnusiHue ycTpoWCTB mapayuiebHOM KOMIIEHCAlMM Ha (DYHKIMOHUPOBAHHUE Mepenad
(BCTaBOK) MOCTOSIHHBIM TOKOM BBICOKOI'O HAIIPSKEHNUS;

-OcobeHHocTH paboThl CeTH MEPEMEHHOT0 TOKA, BKIIFOUAIOIIEH HECKOIBKO Mpeodpa3oBa-
TeNeH;

-BriBogp!: omnpenenenue rpanul] oonactu npumenenus onenku no OK3, u npennoxenue
JIbTEPHATUBHBIX METOJIOB OLICHKH.

PaGouas rpynna JWGB4/C1.65 «PexoMeHnayemMble HANpPsKeHHUs JIsl ceTeil MoCcTo-
SIHHOTO TOKAa».

PykoBoautens Anekcanap [lapuzor.

Coznanue paboueit rpynmnsl 06110 0100peHo Texundyeckum komurerom CUI'PD B (heBpa-
ne 2013 roga. Oxxugaemast 1ata OKOH4YaHUs padboThl — Hadamo 2016 roga. OCHOBHBIE pe3yibTa-
TBI pabOTBHI:

- [IpenyokeH Crucok peKOMEH1YEMbIX 3HAUEHUI;

- [IpennokeHo omnpeneseHnue HanpsHKEHNUs OCTOSHHOTO TOKA B YCTaHOBMBILIEMCS PEKU-
Me;

- APryMeHTHI [UIsl CHCTEMHBIX MHXXEHEPOB B IOJIb3Y BHIOOpA MPEUIOKEHHBIX 3HAYCHUI
HanpsHKEHUH MOCTOSHHOTO TOKA.

Taxoke pacCMOTPEHBI BOIPOCHI:

- CranapTHbIe HANPSHKEHUS IEPEMEHHOT0 TOKA U UX UCTOPHSI;

- AHaim3 OOBEKTOB MOCTOSHHOTO TOKA, HAXOJSIIUXCS B JKCIUTyaTalldd M MX KJIAcCOB
HanpsHKeHUH B 3aBUCUMOCTHU OT UX THIIA;

[lepeBon nMHMHMI MEPEMEHHOIO TOKA Ha MOCTOSHHOE HAMpPSKEHHUE, aHaIN3 BO3MOXKHBIX
3HAYEeHUH HAIPSDKEHUS MOCTOSTHHOTO TOKA;

Br16op HampsikeHUH TOCTOSHHOTO TOKA C TOYKU 3PEHHS MEPCHEKTHBHOTO IUIAaHHPOBA-
HUS;

O030p TEXHHMUYECKUX OTPaHUYECHUH Uil YPOBHEH HampsHKEHUH B 3HEprocucreMax Iepe-
MEHHOT'O TOKa;

0030p npeodpaszoatencit DC/DC;

Hpyrue mpoOyiieMbl ceTeld TMOCTOSHHOTO TOKAa, IOMHMO PEKOMEHAYEMBIX 3HAYCHHMA
HaIPSKEHUN.

PaGouas rpynna WG B4.66 «OcobeHHOCTH (pUIABTPALMHM FAPMOHUK HA NMOACTAHIU-
sx IIIIT, pacnonoxeHHbIX B HENMOCPEACTBEHHOM OJIM30CTH APYT OT APYyra».

PykoBonurens @epnanno Karran.

Coznanue paboueit rpymmbl 0bu10 0100peHo TexauueckuM komutetoM CUI'PD B mrone
2014 roga. OxugaemMoe okoH4YaHue padboTsl B koHIe 2016 roxa. Bonpocsl, npopabaTbiBacMbIe
B JIOKYMEHTE:
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- O6cyKeHne TeXHUUECKUX acleKTOB B 00J1aCTH (DPMIIBTPAIIMK TAPMOHMK HA TO/ICTAHIH-
sx [1I1T, pacmonoxxeHHBIX B HEIOCPEICTBEHHOM OJIM30CTH APYT OT APYTa;

- O6op MeToq0B pacyera U MOJCTMPOBAHUS Ul U3yUCHUS B3aMMHOTO BIIMSHHS TapMo-
HUK B CUCTEMAaX, COJIEPKAIMX HECKOJIbKO MOJCTAHIIUI MOCTOSHHOTO TOKA BHICOKOTO HampshKe-
HUS;

- Pemenue TexHu4yeckux mpoOsieM, KOTOpPbIe MOTYT OBITh MPUYMHONW MPOEKTHUPOBAHUS
¢unbTpOB O3 ydyera OIM3KO pacroIoKEHHBIX APYTHX MPeoOpa3oBaTeIbHBIX MMOCTAHIINHI;

- O6cyxaeHre BO3MOKHBIX MOIX0JI0B K KOOPAUHAIIMH MTPOEKTUPOBAHUS (DUITBTPOB;

- @opMyIHpOBaHUE PEKOMEHIALNHN ISl OTIPE/IENICHHsI IPEIETIOB TAPMOHUYECKUX COCTaB-
JSIOMUX Npu GYHKIMOHUPOBAHUU MPeoOpa3oBaTeNbHBIX MOACTAHIIMM, HAXOIAIIUXCS B HEIO-
CPeICTBEHHOM OJIN30CTH;

CocraBieHre HHCTPYKIUN JJTs1 TApaUIeTbHBIX U3MEPEHHUI U BEpU(PUKAIINH;

[IpencraBieHne pekoOMeHAIMiA 7151 BHECEHUS B AJIEKTPOCETEBbIE CTaH/IaPTHI.

Pabouas rpynna WG B4.67 «I'apmMoHMKH npeo0pa3oBaTebHbIX NOACTAHIMI HA
npeodpasoBaTe/IsiX HANPSKEHUD).

PykoBoaurens Haiimxken Llo.

Coznanue paboueit rpymmbl 0bu10 0100peHo TexanueckuM komutetoM CUI'PD B mrone
2014 roga. Oxxumaemoe okoHuaHue padboThl — KoHen 2016 r. — cepenuna 2017 r. OcHOBHBIE
BOIIPOCHI:

- OneHKa COBpEMEHHBIX M MepcreKTHBHBIX TexHonoruil I1T ¢ mpumenenuem npeoOpaso-
Barenei Hanpspkenus (ITH) ¢ Touku 3peHust rapMOHUK.

- Ouenka coiicTB [IH kak MCTOYHMKA TAPMOHMK U CHOCOOOB MX MOJEIUPOBAHUS — KaK
MCTOYHUKOB TOKA, HAIIPSDKEHUS MJIH KaK - TO €IIE.

- Ouenka rapmMonnueckoro umnenanca I[1H u ero BausHMe Ha CylIecTBYOIUE FAPMOHU-
KU B IPUMBIKAIOILIEH CETH.

- Kakum o6pazom rapmonuku [TH pernamentupoBansl fokymentamu MOK.

- Onpenenenue HEOOXOAUMOCTH MPOBEIEHUS (PYHIAMEHTAIbHBIX HCCIIEIOBAHUI B pac-
CMaTpUBaEMO 001aCTH.

PaGouas rpynna WG B4.68 «IlepecMoTp TexHuueckoii opounropst TB-92 I'apmonu-
KM M QUIbTPALMSA MOCTOSTHHOTO TOKA ».

PykoBoaurens Haiimxken Llo.

Coznanue paboueit rpymmbl 0bu10 0100peHo TexauueckuM komutetoM CUI'PD B mrone
2014 roma. Oxunaemasi 1aTa OKOHYaHUs paOboThl —KoHel] 2016 T.

OCHOBHBIE BOITPOCHI:

- [lepecmotp Gpormrropsl TB92, onpenenenne HETOUHOCTEN U MECT, T1Ie HEOOXOIUMO BHE-
CTH MOSICHEHMUS,

- Ilepecmotp Opoumopsl TB92, Ha nmpeaMeT onpeaeneHus, Kakue pasaeiabl MOTYT ObITh
paciupeHsl Wik A00aBeHNe HOBBIX Pa3/IeioB;

- HoBas undopmarms gomkHa ObITh J0OaBIeHa, KAK MUHUMYM, IO CIIEIYIOIIIM BOIIPO-
cam:

pacueTsl B3aUMOJICHCTBUS CO CIa003alIUIIIEHHON KOMMYHUKAIIEH,

KaOeJIM MOCTOSSHHOI'O TOKa,

U3MEPEHUs U TECTUPOBAHUE,

BbICOKo4acToTHBIC siBNieHUs B [II1T Ha mpeoOpazoBarensix HapsHKCHUS U JP.

OobennHennass paoouasi rpynna WG A3/B4.34 «Texundyeckue TpeOOBaAHHUS H
crnenu KA COBPEMEHHOT0 BBIKJIIYAIOIIETr0 000PY/A0BAHUS MOCTOSTHHOTO TOKAY.

PykoBoautens C.M. ®p3HK.

Coznanue paboueli rpymibl 0bi10 0100peHo Texuudeckum komutetom CUI'PD B ntone
2014 roga OxumaeMas qaTa OKOH4YaHUs paboThl — KoHerr 2016 .
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3amgaun paboveit rpymIbL:

- O030p TEXHUUYECKUX TPEOOBAHHI BBIKJIFOYATEIICH TTOCTOSIHHOTO TOKA MPUMHUPHUTEIHHO K
pasubM oobekTam IIT, Takum kak MHOrorepmuHaibHble cetd I1T, cucremsl aist npucoenuHe-
Hus oepHbix BOY;

- MccnenoBanne TEXHUYECKUX BO3MOXHOCTEW M INPENENBHBIX TApaMETPOB CYIIECTBYIO-
IIUX U MEPCHEKTUBHBIX BBIKIIOYATENEH, IPOTHO3 MO BO3MOKHBIM OTKJIIOYAIOIIUM CHOCOOHO-
CTSIM U TEXHUUYECKUM XapaKTEpPUCTUKAM;

- O6nerynTh pa3pabOTKy HOBBIX BBIKJIIOUATENEH MOCTOSHHOTO TOKA.

PykoBoauTenb OTMETHIT BOSHUKILIHUE MPOOJIEMBI IPH paboTe HAJ JOKYMEHTOM: HEXBaT-
Ka MH(OpMALMK O CUCTEMAaX 3allUThl U O TPEOOBAHUAX K BBIKJIIOYATENSIM B CIOKHO3aMKHY-
TBIX CETSX MOCTOSIHHOT'O TOKA.

O0benunennass padouass rpynna JWG C4/B4.38 «MopenupoBaHue 3Heprocu-
cTeM /IJISl McCJIe[0BAHUSI TADMOHMK.

PykoBoaurens npodeccop 3ua IMuH.

B pabGoueii rpymme 3aHATHI 47 SKCIIEPTOB.

3anauu paboyeit TPy

- C6op u aHanu3 uHGOpPMALMK IO MOJECIUPOBAHUIO NEKTPOYCTAHOBOK JJIs 1ieiell aHa-
JU3a TAPMOHUYECKUX UCKAXKEHUN;

- OnpeneneHre HEIOCTAaTKOB CYHIECTBYIOLIMX MOJIENIC U BO3MOKHBIX ITyTEU UX pa3BU-
TUS;

- ®opMupoBaHUE PEKOMEHAIMN 10 MOJICITHUPOBAHUIO HEJIMHEHHBIX HArpy30K (Ipeod-
pa30BaTENbHBIX MOACTAHINI, YCTPONUCTB BETPOr€HEPALIMH U JIp.) B MPEAEIax CUCTEMHBIX BO-
MIPOCOB.

- Pa3paboTka pekomeHIanuii mo odmemMy Mnojaxoy K 3TUM HCCIEIOBaHUAM U BHIOOpY
MHCTpYMEHTa uccienoBanuii. OnpeneneHrue HEJOCTaTKOB CYIIECTBYIOIIUX METOAOB aHaIM3a
Y BblJIa4a PEKOMEHIALUMI 110 UX YIIYYILIEHHUIO.

Pabouyas rpynna B4.69 «Munumusanus norepsb nepeaasaemoi mommuoctu IIIIT ¢
ucnoJib3osanuem ITH npu aBapusix HA THHUH MOCTOSIHHOTO TOKA».

PyxoBoaurens Jlenuc Byndopa.

Coznmanne paboueit rpynmsl 0610 0700peH0 Texandyeckum komutrerom CUI'PD B koH-
e 2014 rona. B paboueii rpymme 3aHsThl 60nee 40 3KCIepToB.

B mponiecce aestenpHOCTH OynyT chopmupoBansl yetsipe mojaenu [IIIT B PSCAD ans
UCCIICIOBaHMS CTPATETUi MpU MPOXOAAIIMX K.3 HA JIMHUM MOCTOSHHOTO TOoKa. J{is Mozxemnu-
poBanus Oyzaet ucnosib3zoBana [IIIT ma mHOTOYpOBHEBBIX [TH co crmemxyronmumu mapamerpa-
MU: HampspkeHne +£320kB, HOMMHANBHBIN TOK — 2 KA, BO3AYIIHO-KaOeNbHask JIMHUS COCTOUT
u3 ydacTkoB: 350 kM — Bo3aymHas jguHUA, 50 kM- kabenpHas nuHus, 100 kM — BO3myIIHAS
JTUHUSL.

Pabouas rpynma B4.70 «Metoanyeckune yKazaHus 10 JIEKTPOMarHUTHBIM Iepe-
XO/IHBIM IIpoLeccaM B Npeodpa3oBaTesiX HalpsizKeHHs».

PyxoBoaurens Cebactbsan JleHHEThEpE.

Coznmanue paboueit rpynmsl 0610 0700peH0 Texaudyeckum komuterom CUI'PD B koH-
e 2014 rona. B paboueii rpymme 3aHsThl 6onee 40 3KCIepToB.

3amaun pabodeit TpymIbL:

- OnMcaHne TUNOBBIX MEPEXOJHBIX IPOLECCOB, KOTOPHIE MOT'YT IPOUCXOJUTH B WM psi-
noMm c [T Ha MOTyIBHBIX MHOTOYPOBHEBBIX ITPEOOPa30BATENAX HAMPSIKCHHUS;

- OnpezneneHre TEXHUYECKUX PELICHHM, MO3BOJIAIONNX H30€XaTh WIM MOJABUTh ITH
IPOLIECCH] U POJIb B 3TOM CHUCTEMBI 3aLLUT;

Pa3zpaboTka MeTOIUYECKUX YKa3aHUH IS MCCIICAOBAHMM M aHaIM3a 3JIEKTPOMArHHUT-
HBIX N1EPEXOIHBIX MTPOLECCOB;
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[IpencraBnenre BEIBO/IA O TOM, YTO IJIEKTPOMATHUTHBIE MPOIIECCHl B MpeoOpa3oBaresne
OKa3bIBAIOT BJIMSHUE HAa TPeOOBaHUS K XapaKTepUCTHKaM KabeJs.

5. IIpeacrosiimue co6siTHa CUTPI

Moxamen PamiBan KpaTKO OCTaHOBUJICS Ha MOATrOTOBKE MccienoBaTenbCKkoro KOMUTETa
K 46 Ceccun CUI'PD B aBrycte 2016 r. OH OTMETHII, UTO aKTMBHOCTh IO HampasiieHuto B4
O4YeHb BhICOKas. KomuTeToM OBLTO MOTydeHO K paccMoTpeHuto 6osee 60 paboT.

B 2017 rogy coBMecTHBIN KOJUIOKBUYM HCCleN0BaTeNbckuX koMuteToB B4, D1 n A3
npozet ¢ 30 centsaops no 6 okTs0ps B Kanane, r. Buanunere.

6. IlpeasioxeHus 0 CO3AaHUM HOBBIX Pa604YHX rpynn

6.1. WG B4.72 «Pa3pa60TKa Mo/Je/IM CeTH NOCTOSAHHOI'0 TOKA AJIs
HUCC/IeA0BAaHUM 3/IEKTPOMeXaHUYeCKHUX U 3/IeKTPOMarHUuTHHIX
IepexoAHbIX MPOLEeCCOB»

Hp. Tunr An (Kurtaii) npencraBuia npeagokKeHue Mo CO3aHnI0 HOBOW pabodeil Tpymibl
«Pa3paboTka MoeJIU CeTH MOCTOSIHHOI0 TOKA VIS MCCJIeOBAHUI JIEKTPOMEXaHNYECKHUX
U JIEKTPOMATHUTHBIX MEPEX0IHBIX MPOLECCOBY.

CeTh MOCTOSHHOTO TOKAa COCTOUT M3 HECKOJIBKHX MpeoOpa3oBaTeNbHBIX IOJICTaHIINH,
00BbeTMHEHHBIX TUHUSIMU TTOCTOSTHHOTO ToKa. [IpenmMytiecTBa cetn — obecrieueHne pe3epBupo-
BaHUs, TIOBBIIIICHUE HAJAC)KHOCTH dHEProcHaOxeHus. CeTn MOCTOSHHOTO TOKa — HamboJee ¢-
dbexTUBHOE pelieHne I npucoeanHeHus odmepusix BOY k sHeprocucremam, sHEprocHad-
KEeHHU 00BEKTOB, HAXOMAALIUXCS JaJeKO B OTKPHITOM MOpE, a TakKe Al OObEeTUHEHUs ceTel
MEPEMEHHOTO TOKa B TNI00ATBHOM Maciitade. Pa3Butue cereit mOCTOSHHOTO TOKa CTAaHOBUTCS
Ba)KHBIM HaITPaBJIEHUEM JUTS pa3BUTH ceTeit «Smart gridsy. Pabouast rpymma B4-57 paspabora-
na TectoByto Moaens cetu IIT B 2014 rony, pe3yinbraTsl omyoaukoBansl B TB 604. TectoBast
MOJIENIb COJIEP’KUT TPU CUCTEMBI MMOCTOSTHHOTO TOKA: IBYXTEpMHUHAIBHYIO Mepenauy, 4-X Tep-
MUHAJIBHYIO PaJUAIBHYIO CETh, 5-U TEPMUHAIBHYIO CI0XHO3aMKHYTYy0 ceThb IIT. Ona conep-
xwut 11 TTH, 2 npeo6pazosarenss DC/DC, 2 yposus Hanpspkenus (x400kB u +200kB.) OcHoB-
Has 1eJIb MOZETH — o0ecTieunTh o0IIyto 6a3y ass pabounx rpymnmn B4, HeoOXoauMYTO TS BbI-
noJiHeHus1 paboT 1o temaruke cerer [1T. Dra Mmoaens OpuTa pa3paboTaHa B OCHOBHOM ISl HC-
CIIEZIOBaHUSX COBMECTHOH pPa0OThI O(DIIEPHBIX BETPOIIEKTPUUYECKHX YCTAHOBOK, CBS3aHHBIX
CHCTEMO MOCTOSTHHOTO TOKA, U €€ TPYIHO UCIOIb30BaTh I IPYTUX OOBEKTOB, TAKMX KaK Ce-
T I1T Ha npeoOpa3oBaTensx Toka, TMOPUAHBIE CETH, OObEANHEHNE CHCTEM TTIEPEMEHHOTO TOKa
MIOCPEJICTBOM CETel MOCTOSTHHOTO TOKa U Jip. B HacTosIee Bpems uccie10BaTeNl UCTIONb3YIOT
CBOU MOJICIH, U PE3yJbTAaThl UCCICHAOBAHHM, NaXe IS OJWHAKOBBIX OOBEKTOB, MOTYT OTJIH-
4aTbCsl.

B Hacrosiiee Bpemst Takue opranusaiuu kak European Commission, Engineering and
Physical Sciences Research Council (EPSRC), UK Energy Research Centre, Natural Environ-
ment Research Council, Chinese Government, State Grid Corporation of China (SGCC), State
Grid Research Institute (SGRI) 3annMaroTcst MaTepraibHON TOIIEPKKON KPYITHBIX HCCIIEI0Ba-
TEJIbCKUX MPOEKTOB, B TOM YKCIIC M HA MEKTOCYITAPCTBEHHOM YPOBHE.

Odenp BaXHO pazpadborath Mojenb cetu 1T, koropas Obl obecrieurBaia €UHYIO TIJIaT-
dbopMy s UCCIIEOBaHUM CeTe MOCTOSIHHOTO TOKA, MPEIHA3HAYCHHBIX ISl Pa3HBIX IENeH.
Mogens MOXeT ObITh HCIOJIb30BaHA MCCIENOBATEISIMU W3 pa3HbIX CTPaH W OpraHU3aIUil.
Hamuune takoit Mojenu caKOHOMIITO ObI MX BpeMsl Ha CO37jaHre COOCTBEHHBIX MOJIeNel, o0ec-
neynsio ObI KOPPEKTHOE CPaBHEHHUE PE3YNIBTATOB MCCIIECIOBAHUM, a TaKKe MOMOTIIO ObI cdop-
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MHPOBaTh CTAHIAPTHI VISl CETEH MOCTOSHHOTO TOKA.

st obecniedyenus obOmiel miaThopMbl IS MeJiel WCCIeIOBaHUS PA3IMUHbIX CEeTeH Io-
CTOSIHHOTO TOKa, kKuTaiickuM uHcTuTyToM SGRI Ob1TH paspaboransl cemb mozeneit cereid 11T
pa3HbIX pazMepoB. C UX MOMOIIBIO MOKHO HcciienoBaTh cetu [IT paznuyHOoro HazHauyeHus, B
TOM YHcJIe Ha mpeoOpa3zoBareisix Toka, ruopuanbie (LCC u VSC), o0bequHeHne cucteM nepe-
MEHHOT'O TOKa MOCPEJICTBOM CETell MOCTOSIHHOTO TOKa, o(uIepHbIe I O0bEIUHEHUS BETPO-
HIIEKTPUUECKUX YCTAaHOBOK, JPYTUX BO30OHOBISIEMbIX MCTOYHUKOB SHEPruu. bonblnas Mozaensb
coaepskut 22 mpeobpazoBarens, 5 npeoodpaszosareseit DC/DC, 5 ypoBHeii HapsHKEHUS U ITPE-
Ha3Ha4YeHa JJIS M3YYECHHUS DJICKTPOMEXAaHMYECKUX TEPEXOIHBIX MPOLEeCCOB. Mojenu Majioro
pasMepa MOXHO HCIIONIB30BaTh JJISi MCCIEJOBAHUS SJEKTPOMArHUTHBIX IPOLIECCOB, MOJEIH
CpelHero pasMepa MOXHO HCIOJIb30BaTh KakK JUIS MCCIEJOBAaHUS AJICKTPOMArHUTHBIX, TaK H
ANEKTPOMEXaHNYECKUX TEepPEeXOIHBbIX mporeccoB. Pa3paboTaHHble MOJENHM HCHOIb30BATIHUCH
npoekrax SGRI, onn 66UTM OIIPOOOBAHBI B COBMECTHBIX C APYTMMH OPraHU3AIMAME ITPOCKTAX.

Monenu, onrcaHHbIe BBINIE, UMEIOT ompeselieHHyro crnennduky Kuraiickoi sHeprocu-
CTEMBI, U ATO SBJSIETCS OTPAHUYECHHEM JIJIsl HCTIOJIBb30BaHUS MX Ha MEKIYHAPOJAHOM YPOBHE IS
SHEProCUCTEM JIPYTHX CTPaH.

Lenp npemnaraemoit pabodeii rpymiibl — UCHOb3YS 32 OCHOBY OIMCAHHYIO BBIIIIE MOJIENb
SGRI, pa3paborath HOBBI HaOOp MoOJIENEH, OXBaThIBAIOIIMKA Bce pazHooOpasue cereit I1T,
NPUTOIHBIN JJIS1 UCIIOJIB30BAHMSI MCCIICAOBATEISAMU PA3IMYHBIX SHEPTOCUCTEM U IS pa3iny-
HBIX THIIOB MCCIIeZIOBaHMA. B paboTe HEOOXOAMMO y4eCTh pe3ysbTaThl padounx rpymnmn B4-52,
B4-57, B4-58 u B4-59. B mozemnsx IOKHBI MPUCYTCTBOBATH BCE THUIBI MpeoOpazoBaTeneii:
LCC u VSC (IIT u ITH).

3amgaun paboveit rpymIibL:

1. O63op cereii I1T, Bo3MOX)HBIE KOH(GUTYpAITUH U TPUMCHEHHE.

2. Omnwmcanue oOUIMX MOJENEH CeTeil MOCTOSHHOTO TOKa, MCHOJIb3YEMbIX MPH Pa3iny-
HBIX BHJIaX UCCIIETOBAHUM.

3. Pazpabotka u BepuduKaims HOBBIX MOJIENICH, 0XBAaTHIBAIOIIMX BCE pa3HOOOpas3ue ce-
teit IIT, mpurogHpIX ISl Pa3IMYHBIX THUIIOB MCCICNOBAaHUHN, 0a3WpYIOMIMXCS Ha pe-
synprarax 1. 1 u 2, mozgensax SGRI, pesynbratax padounx rpynn B4-52, B4-57, B4-
58 u B4-59.

Pabouas rpynmna HaunHaeT paboty B siHBape 2016, mpeanoaoxkuTeIbHOe OKOHYaHUE pa-

60Th1 — MapT 2018.

6.2. JWGB4/B1/C4.54 «<MMnyJ/ibCHbIE U JAJINTE/IbHbIE UCIIBITAHUSA HA
3JIEKTPUYECKYI0 IPOYHOCTh KaGeJIbHbIX CUCTEM IOCTOSHHOTO
TOKa»

Mapkyc 3anuep (ABB) BHec npemioskenne o co3aanuu padodeit rpynmnsl « AMIyabcHbIe
U VINTeJbHbIe UCTIBITAHUA HA 3JIeKTPUYECKYI0 MPOYHOCTH Ka0eIbHbIX CHCTEM MOCTOSIH-
HOT'0 TOKa».

B 1991 r B CUI'PD 0b11a oprannzoBana pabodvas rpyIa, 001acTbio IeITeIbHOCTH KOTO-
poli OBLIO UCCIENOBAaHKE MEPEHANPSHKEHMI B KaOelle TOCTOSIHHOTO TOKa M BO3MOXKHOCTEH MX
orpannueHuii. B pesynbrare 1994 . 6p11a BoInymeHa opomropa TB 86.

Ha TOT MOMEHT BpeMeHH M3yJainuch Kabenu ¢ OyMakKHOW M30isLuei (C BA3KOM MpOIUT-
KOH, ¢ MPOMUTKOW MaciioM) M TpeoOpazoBareny THUMNa MpeoOpazoBareneil Toka. M3ydamuck
BHYTPEHHUE W BHEIIHUE TIEPCHATPSKESHUSL.

B nocnennue ronpr B anekrpornepenaydax [T momyunam pacripocTpaHeHue Kabemu ¢ u30-
JSIHUEN U3 CHIMTOTO MOJMUATUIICHA, 4To oTMedaercs: B Opormrope CUIPD TB496. Ot xabenu
YK€ BBIMTYCKArOTCs Ha HanpspkeHus 10 500 kB v mpuMeHsIoTCes B Iepenayax Ha mpeoOpa3oBa-
TEJISAX TOKA U HATIPSIKCHUS.
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Opnnaxo, B 6pournope TB496 B ocHOBHOM uccieqyeTcs BIMSHUE aBAPHHBIX PEXKUMOB B
npeoOpa3oBarene Ha KaOeIbHYIO CUCTEMY, ONpEIeNseTcs Mpoleaypa UCTIBITAHUN Ha cTaTude-
CKO€ UMITYJILCHOE BbIIEPKHUBAEMOE HaNpsbkeHue. VcnbiTaHus Ha BBIIEPKUBAEMOE UMITYJILCHOE
IPO30BOE HAIpsHKEHHE onpenessiroTess B TB496 kak onmuoHaIbHBIE, OHUM MOTYT OBITh BBITIOJ-
HEHBI 110 TPEOOBAHUIO 3aKa3UHKa.
B nocneanee Bpems yBenuumiiochk unciio npoektos [T, cogepxammux:
- BO3/IYIIIHO-Ka0OeIbHbIC JTHHUU;
- MOJlyJIbHbIE MHOTOYPOBHEBbIE ITPeoOpa3oBaTeny HapsKEHUS;
- Tpu 1 OoJiee TepMHUHAIIA.
DTH HOBBIE OCOOEHHOCTH M OOBEKTHI HE YUUTHIBAIHCH ITPpH Hamucanuu oporrop TB86 u
TB496, B yacTHOCTH:
- JIng Bo3mynrHO-KabeIbHBIX JIMHUI HEOOXOIUMO MEPECMOTPETh MOPSAIOK HCIIBITAHUIN Ha
YPOBEHb MMITYJILCHOTO T'PO30BOr0 HampspkeHus. TpeboBaHus mo stomy napamerpy aiast BKJI
MOTYT 3aBUCETh OT MHOTUX (PaKTOPOB: JJIMHBI KaOelsi, KOHCTPYKIMH ONOpPbI, YCIOBUI 3a3emiie-
HUs1, 4aCTOTA MOJIHUH U JIp.
- Vcnionb30BaHre MOAYIbHBIX MHOTOYPOBHEBBIX ITpeoOpa3oBaTesieil MOKET MOBIUATh Ha
TpeOyeMble XapaKTepPUCTHKH KaOeJsl U METO/Ibl X UCTIBITaHuM. {71t 3TOrO Citydas HeoOX0 MO
MEPEeCMOTPETh UCTIBITAHUS Ha NIEpEHANPSKEHUs, B YaCTHOCTH (GOPMY U AITUTEILHOCTh UMITYJIb-
COB.
- B muorononacranunonsbix cuctemax IIT, cersax [IT mMoryr mosiBUTbCS HOBBIE BUIBI U
(opMBI IEpeHATIPSKEHUH .
[TpenmeTHast 061acTh mpeaIaraeMoi padodei rpyIsI
O030p UMITYIBCHBIX W ATUTETHHBIX MEpEeHANPsSHKEHUN B KaOesX MOCTOSHHOTO TOKa C
LEJIBIO BbIJIaYX PEKOMEH 1Al 110:
1. MerogaMm TecTHpPOBaHUS Ha ONPENEIECHUE YPOBHS MMITYJIBCHOTO I'PO30BOIO HAIps-
KEHUS Ul BO3AYIIHO-KaOeNbHBIX JIMHUH, OCHOBAaHHBIX Ha CHEUU(UIECKUX OCOOEH-
HOCTsX 00bekTa I1T;

2. Tlepecmotp dhopmbl u qymrHBI UMITYIbcoB Jytst [T na mEOrOYpOBHEBBIX ITH;

3. TlepecmoTp GopMBI U AIMHBI UMITYJICOB it MHOrorepMuHabHbIX [T u cereit
I1T.

Pabouas rpynmna HaunHaet paboty B siHBape 2016, mpeanoaokUTeIbHOE OKOHYaHUE pa-
60Th1 — Mapt 2017.

7. B3aumojeiicTBHE C APYyruMM OpraHu3anusIMu

7.1. O pedATe/IbHOCTU TeXHUYeCKOro komuTeTa 115 MIK «Ilepeaauu
INOCTOSAHHOTI'O0 TOKA HanpspKeHueM Bbinie 100 kB»

OtueT 0 nedarenprHOoCTH TexHudeckoro komurera 115 MOK u B3anmonerictsun ¢ UK B4
obu1 ipencrasnex Sluau Oy (Kema, Hunepnanmsr).

Ob6unacte nestenpbHOCTH TK-115 — cranmapTuzanus B 00JacTH mepenad moCTOSHHOTO TO-
ka HampspkeHueM Bbime 100 kB: 0coOeHHOCTH NPOEKTUPOBAHUS, TEXHUUECKHE TpeOOBaHUS,
CTPOUTENBCTBO U BBOJI B 3KCILTyaTallUIO, HA/IEXKHOCTb, IKCILTyaTalllsl U PEMOHT.

Ora npenMeTHast 001acTh CBsI3aHa CO MHOTUMHE obnacTsiMu aestenbHoctd MK B4.

HoxymenTsl, BoimtynieHHbie TK 115 B Teuenne 2012 — 2014 rr.:

1. IEC TS 61973:2012 Edition 1.0 (2012-04-05). CoBmectHas pabota ¢ MK F22.

AKyCTHYECKHUI IITyM TTpeo0pa3oBaTeIbHON MOACTAHIIUY TIepeiad M BCTAaBOK MOCTOSTHHOTO
TOKa.

2. IEC TS 62344:2013 Edition 1.0 (2013-01-24)

[IpoexTupoBaHme AMEKTPOIOB MPEOOPA30BATEIBHBIX MMOICTAHIINN TIepeaad U BCTABOK T0-
CTOSIHHOTO TOKA.
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3. IEC TS 62672-1:2013 Edition 1.0 (2013-11-04)
HanexHocth cucreM noctossHHOro Toka. Yacte 1. CucTeMbl MOCTOSHHOTO TOKA C TIPE0d-

Pa3oBaTCIIMU TOKA.

4. |IEC TR 62681:2014 Edition 1.0 (2014-08-12)

3J’I€KTpOMaI‘HI/ITHBI€ IMpOLCCCHI B BO3,Z[yIHHOI>'I JIMHUH ITOCTOAHHOI'O TOKaA.

JIOKyMeHTBbI, HaJl KOTOPBIMH BeZIeTCs paboTa:
1. IEC TR 62978 Ed. 1.0. PexoMeHgammu o yrpasieHUIO s MTOBBIIICHHS PEeHTa0CTHLHO-

ctu IIIT.

IEC TS 63014 Ed. 1.0

TpeboBanwmst

K 00OpYIOBaHMUIO paCHpPEAyCTPOWCTB TIOCTOSTHHOrO Toka: YacTth

1.IlpeoOpa3oBaTenu TOKa.

B Hacrosimiee BpeMsi B KOMHUTETE JCHCTBYIOT CIEIyIOIINe pabodne rpyIbl:

Guidelines on Asset Management of HVDC Installations

WG4 (Pexomenmaruu 1o ympasJieHHUI0 11 NOBbImeHus peaTradensHocTH [111T)
System design of HVDC project

WG5
(CucremHoe npoektrpoBanue 0o0bextoB [1T)
Guideline for HVDC system operation procedures

WG 6
(Pexomenmariu o npoueaypam sKcrryaTanui 00bextoB [17T)
DC side harmonics & filtering in LCC HVDC transmission systems

WG 7
(Ounbrpanus rapmoruk Ha cropone [IT B [T Ha mpeoOpazoBaTensax Toka)
System requirements for DC yard equipment

WG9 .
(Cuctemnble TpebOBaHMsI 110 000pYyIOBaHUIO pactpeaycTpoicTs 11T)

WG 10 Planning of HVDC systems (ITnanupoBanwe cuctem I1T)

IWG 22 Atmospheric and altitude correction Managed by TC 42

(ATMocdepHas ¥ BBICOTHAS KOppeKIus, paspadoranHas TK 42)

Koncynpranuonusie paboune rpymnms

Road map on standardization of HVDC technology

AG1 .

(JoposkHast kapTa 1o crangaptuzanuu trexnosuorui [1T)

To draft a proposal on “Control and protection in HVDC systems”
AHG 3 [IpoekT no npeanoxeHuo «YpaBJIeHUE U PErYIHMPOBAHUE

B CUCTEMAX IIOCTOSAHHOI'O TOKa)

Komuter TK 115 paGotaer B COTpyTHUYECTBE CO CIEAYIONUMHU OPTaHU3AIMSIMHU:

Systems aspects for electrical energy supply

TC8

- CHcTeMHBIE aCITEKTHI 3HCpFOCH36}KeHI/I$I

SC 8A Grid Integration of Large-capacity Renewable Energy (RE) Generation

- I/IHTGI‘paI_II/I}I C CEThIO B0306HOB.H5I€MBIX HNCTOYHHUKOB SHCPIUn

SC 22F Power electronics for electrical transmission and distribution systems

- Cunosast QJICKTPOHHUKA IJIA NIEPCAArOINX U pACTIPCACIIUTCIIBHBIX cerel
Insulators

TC 36

E— N3onsaTopsl
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Instrument transformers

Tc 38 Tpanchopmaropsl

High-voltage and high-current test techniques
TC42 Mertoauka TecTUpOBaHUs BBICOKOBOJIBTHOI'O U BBICOKOTOYHOT'O
000pynOBaHUS

System engineering and erection of electrical power installations in
systems with nominal voltages above 1 kV a.c. and 1,5 kV d.c.,
TC99 particularly concerning safety aspects

[IpaBuiia Ge3omacHOM 3KcIuTyaTtanuu yctaHoBoK cBeiie 1 kB AC u
1,5xB DC

HVDC and Power Electronics

CIGRE/SC B4 HVDC u cunoast 37eKTpOHHKA

7.2. 0O co3aaHMM JIAGOPATOPHUH AJIA UCHIBITAHUNA 000PYLO0BAHUS VJIb-
TPaBbICOKOT0 HanpsikeHuA B Bpa3uibCKOM 3HepreTu4eCcKoM
HUCC/IeA0BaTe/IbCKOM LieHTpe

PyxoBogurens Harronansnoro komurera CUPI™D bpasunuu Bo Beii IIunr npencrasun
Npe3eHTaIMI0 0 bpasuibckoM sHepreTnyeckoM ucciaemonarenbckoM mentpe (Cepel — Electric
Energy Research Center), rue co3maeTcst HOBasi BHELIHsISL J1a00paTOpHst ISt HCCIe0BaHusT 000-
py/loBaHMs yIbTpaBbicOKoro Hampsbkenusi. Ha ceromns Cepel mmeer B cBoeM cocTaBe Kpyii-
HelII1e BHICOKOBOJIbTHBIE JJaboparopuu B JIaTnHCKON AMepuke.

Buemnsas naGopaTopusi 17l UCTIBITAaHUN 00OPYJOBAaHUS YIbTPABBICOKOTO HAIPSKEHUS
Oyzer BBeneHa B dkcruryaTamuio B 2016 r. B Hel OynyT mpoBOAUTHCS UCCIIEOBAHUS IEKTPO-
obopynoBanus nocrosiHHoro HampsbkeHuss 10 +1000 kB u mepeMeHHOro HampspKeHUs 110
1200 B.

Omna Oyzaet cHaGkeHa 000pyI0BaHUEM JJIsI TECTUPOBAHUS M UCCIICIOBAHUS.

- KOPOHBI, PaJINO MTOMEX, BBIICPKUBAEMOE HANPSHKEHUE U AP. IS THPJISTHI H30JISTOPOB;

- IMHENHOE BBIICPKUBAEMOE HAIIPSIKEHUE;

- KOMMYTaIMOHHOE U rpo3oBoe Hanpspkenue (AC u DC)

- CBOKMCTB 10BO10B (KOpPOHA U JIp).

[Ipesenranus, MOCBAIEHHAS CO3AAHUIO 3TOM JIAOOPATOPUH, HAXOIUTCS B MPHIIOKEHHH |
K HACTOSIILIEMY OTYETY.

8. TapMoHM3aLUs TEPMHUHOJIOTUM OTHOCUTEJ/IbHO NIpeo6Gpa3oBaTe.iei
HanpsHKeHUs

Janee ObUTO 3acimyliaHo BBICTyIUICHHE Mankonbma Mu4rHa 0 HEOOXOAUMOCTH TapMo-
HU3AIUU TEPMUHOJIOTUU OTHOCHTEIIFHO TIPeo0pa3oBaTelisi HAlPsHKSHUS, HCIIOIb3YEMOM B OTUe-
Tax padoYmX TPYII.

9, l'[ﬂa}mpyeMble N Haxogdamuecda B CTaAUuU CTPOUTE/IbCTBA 3JIEKTPO-
nepegadyv noCToOAHHOIO TOKaA

[pencraBurenu kommanuii ABB, Alstom, Siemens pacckasanu 06 00beKTax MOCTOSHHO-
T'O TOKa, HaXOOAIUXCAd B CTaAUKU pPCAIM3allui Ha TeKyH_[I/Iﬁ MOMCHT U HEAaBHO BBCACHHLIX B
skcrTyararuio (tabm. 1). [Ipe3eHTanmu npuBeACHBI B IPUIOKEHUH 2.
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10. Bonpocsl 3kciiyatanuu 06beKToB HVDC. Pa3z6op aBapuu Ha
IIIIT Aranny

PyxoBomaurens Hanmonansnoro komutera CUPI™D Bpasunuu Bo Beii [Tunr pacckasan 06
aBapuu, cinyuusiieiics B anpene 2014 roga na IIIIT HUraitny, B pe3ynpTrare KOTOPOU Cropenu
HECKOJIKO BEHTWJIEH MpeoOpazoBaTesibHOro MocTa. IIpHunHOil aBapuu cTano KOPOTKOE 3aMbl-
KaHUE B KOHJIEHCATOPE, PacoiI0KEHHOM B BEHTWIIE 3, U MOCIENYIOIIas yTeuKa ropsyero mac-
na. BoccranoBiienne npeodpasoBaress Mocie aBapuu JIHI0Cch 1enbli roa. [IpesenTanus npu-
BEJICHA B MPUJIOKEHUH 3.
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OO6wbexThl [T, Haxosmmecst Ha CTaAuK MPOSKTUPOBAHKS M CTPOUTENIHCTBA U HETABHO BBEJICHHBIC B DKCILTYaTAIHIO

Tabmuna 1

HaunmenoBanue I'on BBONa Crpana Tun Hanpsixenue MoIHoCcTh Jmuna BJI CTONMOCTE
(KJI), km KOHTpPAKTa
AJbCTOM
Rio Madeira Bpazumnus [T na LCC +600 kB 3150 MBt 2375 BJI 300 MEuro
Champa- 2014-2015 Nuaus [T na LCC +800 xB 2 x 3,000 MBT 1300 BJI 370 M€
Kurukshetra I/11,
Tres Amigas Su- 2018 CIIIA BIIT na LCCun 750 MBT VSC
per-Station VSC 2 X 750 MBT
VSC
3 X920 MBTt
LCC
South West Link 2015 [IBerus II1T na VSC +300 kB 2 x 720 MW 250 (BJI+KJI) 240 M€
DolWin 3 2017 I'epmanus [T na VSC +300 kB 900 MBTt 83 +79 KJI 1 billion Euro
France — Italy ®pannus, Uta- +300 xB 2 x 600 MW 190 KJI 320MEuro
JINA
Buk-Dangjin - 2018 Oxnas Kopest [T na LCC 500 kB 1500 MBT 34 KJI
Godeok
Lower Churchill 2017 Kanana [T na LCC +350 kB 900 MBT KJI+BJI
Melo 2015 Ypyrsaii BIIT na LCC 500 MBt
McNeill 2015 Kanana BIIT na LCC 150 MBT
Wardah I and 2015 Wnnns VIIK AC 400 kB +1162 Maap
Wardah Il
La Merlatiere 2013 dpanmus SVC AC 225 kB +250 MBap
Jacques Cartier 2012 Kanana VIIK AC 735 kB 660 MBap,
Kangasala 2009 Ounnaaaus SVvC AC 400 kB 200/+240 Mzap,
West Wharton 2015 CIIIA SVvC AC 230 kB 260/+40 Maap
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HaumenoBanue I'on BBONa Crpana Tun Hanpsixenue MoIHocTh Jmuna BJI CTONMOCTE
(KJI), km KOHTpPAKTa
ABB
NordBalt 2016 JlurBa-IIserust | TIIIT ma VSC +300 kB 700 MBT 2x (10 + 399 +
40) KJI
Gotland 2018 [IBerus IIIT ma VSC +300 kB 500 MBt
North Sea Net- 2021 Hopgerus - An- | IIIIT ma VSC +525 xB 2x1,400 MBT 730 KJI
work LIIHAS
Johan Sverdrup 2019 Hopserus ITIIT ua VSC +80 kB 2x100 MBt 200 KJI
NordLink 2020 Hopgerus- IIIIT na VSC +525 xB 2x1,400 MBT 624 KJI
I'epmanus
Maritime Link 2017 Kanana IIIIT na VSC 500 MBt
Caithness Moray 2018 [HoTnanaus III1T na VSC 1200 MBT 160 KJI
AL-link 2015 OuHISHIMA- [T va VSC +80 kB 100 MBT 158 KJ1
IBenmusa
Troll A 3&4 2015 Hopserus ITIIT ua VSC +66 kB 2x50 MBT
DolWin2 2015 I'epmanus IIIT na VSC +320 xB 900 MBT 135 KJI
Skagerrak 4 2014 Hopgserus - [la- | IIIIT va LCC u 500 kB 700 MBT 140+104 KJI
HUSA VSC (rubpun-
Has)
LitPol Link 2015 IMonebma-JInTea BIIT na LCC +70 xB 500 MBt
North-East Agra 2015-2016 Wupus IIIT na LCC +800 kB 6000 MBT 1750 BJI
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[Ipunoxenue 1.

Co3/1aHre UCIIBITATEIIBHOM JTA00PATOPUH YIIbTPABBICOKOTO HAMPSDKEHHSI Ha Oa3e SHEpreTnyeckoro uccienosareabckoro neHrpa (Cepel — Electric
Energy Research Center), bpazwust
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Brazilian Electric Energy Research Center - CEPEL ‘ Eletrobras

Cepel

CEPEL's new
laboratory facilities
for UHV

Wo- Wer Ping

Chairman of Brazilian Cigre
National Committee B4




Cepel — Electric Energy Research Center < Eletll'obras
Cepe

= Non-profit organization

= Founded in 1974

= At that time based on IREQ (Canada) facilities
= Largest Brazilian Electric Energy R&D Center

= Largest High Voltage and High Power Labs in Latin
America

Fundao Island Site, RJ Adrianopolis Site, RJ

Agra SC B4 Meeting | 2



Cepel — Indoor HV Laboratory (AT1) o Eletrobras

Cepel
Present HV Indoor Laboratory (Adriandpolis Site)
Objective: — Test area:
 Experimental research in indoor e 30 m x40 m x 27 m (height)
conditions for developing
configurations of transmission = A& S@lliEEs
lines and equipments, up to . ; Zascaded transformers 600 kVrms,
550kV AC (800 kV AC with some  _ pc Source:
restraints), and 600 kV DC e 1 rectifier £1000 kV

— Impulse Generator:
e 4 MV, 200 kJ
— Others:

e Standard capacitor, resistive and
mixed voltaae divider (AC. DC. IMP.)

Upgrade needed to cope with the

new equipment in power system.
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Cepel — New Outdoor UHV Laboratory « Eletll'obras
Cepe

Cepel — Outdoor UHV Laboratory
(Under Construction: —2016)

Objective:

 Experimental research in outdoor conditions for developing configurations of
transmission lines and equipments, up to 1200 kV AC, and £1000 kV DC.
Those levels are adequate to apply the UHV technology in Brazil.

Capacity expected:

* Insulator strings: corona; radio interference; withstand voltage, with one-
and three-phase AC compositions, or mono or bipolar DC compositions.

 Phase-to-phase withstand voltage tests.

* Lightning or switching impulse tests, or a combination between both (Imp.,
AC, DC).

 Conductors performance: corona; RIV.
Agra SC B4 Meeting | 4



Cepel — New Outdoor UHV Laboratory @ Eletrobras

Cepel
— Test area: — AC Source:
e 360 x 70 m2 e 3 transformers x 750 kV, 1 A
— Assembling the test area: e Allows: 1x 1500 kV or 2250 kV
e 3 structures with 70 m (height) — DC Source:
and 70 m (width) e 2 rectifiers x +£1000 kV, 0,5 A
= 2 traction bars - Allows: 1 x 1600 kV
— Storage area: — Impulse Generator:
= /0mX20m x 15 m e 6.4 MV, 640 kJ
— Components: - 2.0 MV, 100 kJ
. Con_trol room, baies foiriéeesgs _ Disruptive Tests:
round mesh 60 Ho. ‘ground = AC: 2250 kv
plane corona cage = DC: 1600 kv
— X o * UHV AC or DC
- In the same test

A=l

N

area, by moving
the sources and
equipments

' :
, £
3
A

Agra SC B4 Meeting | 5



Cepel — New Outdoor UHV Laboratory < ElEtll'ObraS
epe

ULV Lab

Top View Area

.,““

Agra SC B4 Meeting | 6



Cepel — New Outdoor UHV Laboratory < Eletll'obras
Cepe

-
o

Agra SC B4 Meeting | 7



Cepel — Future Indoor HV Laboratory < Eletll'obras
Cepe

There are some experimental evaluations that need to be
conducted in indoor laboratory, with controlled ambient
conditions, and free of electromagnetic interference (RIV, partial

discharges, corona, artificial pollution, under artificial rain, etc).

« The present Cepel’s Indoor HV laboratory (AT1) was designed to

experimental research up to 550 kV AC.

 Therefore, the Cepel’s laboratory capability need to be upgraded

to the new UHV transmission challenges.

 Presently Cepel is evaluating all these aspects so as to implement

the New Indoor HV Laboratory, allowing UHV testing.

Agra SC B4 Meeting | 8



Cepel — Future Indoor UHV Laboratory P Eletrobras
Cepel

Under Design and Evaluation: studies are
being carried on to determine the
requirements and demands for this new
facility, aiming equipment to be tested
at AC 1200 kV and DC 800 kV levels.

1)What is the maximum dimension of switchgear
equipment likely to be tested ?

2)What Is the adequate size of the indoor UHV
laboratory building ?

Agra SC B4 Meeting | 9



Cepel

f,A , Brazilian Cigre
peagre-Brasil  national Committee
| CE B4 B4

Thank you
for your attention !

Wo-W. Plng - wwping@cepel.br

Agra SC B4 Meeting | 10



[Ipunoxenue 2

Ortuetsl npeacTaButeneil kommnanuii Alstom u ABB o Tekyieii nesTenbHOCTH B 001acTH pa3paboTOK 00BEKTOB MOCTOSIHHOTO TOKa

23



HVDC Projects Summary

Malcolm Minchin

Cigre Agra
September 239, 2015
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€9 ANEEL

Rio Madeira HVDC Project 2 Eletrobras

Furnas

Location: BRAZIL
Purpose:
—Interconnect Rio Madeira Hydro-plants (Santo
Antonio and Jirau) in NW Brazil to major load
_centres in South / Southeast Brazil
Project:
— 3150 MW / 600 kV Bipole HVDC
— 2375 km World’s Longest HVDC Link
Contract Value
— 300 MEuro ( $ 480 MUSD )
Date:
— Contract Signed September 2009
End Customer:
— ANEEL - Agencia Nacional de Energia Eletrica
Consortium

— Consorcio Madeira Transmissao
* Furnas (ALSTOM)

« CHESF
e CTEEP

. e

© ALSTOM 2014. All rights rest ative
that it is complete or cor or wi on the
liability and is subject to g d

to third p:



UHVDC 800 kV : Champa-Kurukshetra I/Il, India

POWER GRID CORPORATION OF INDIA l.[M]TED‘

(& Gosernment of Inidla Enlerprise)

LCC point-to-point = 1,300 km
2 x 3,000 MW / 800 kV Bipoles

—Both bipoles utilizing common conductors
Transformers manufactured in UK and India
Bipole 1 :

— Award: July 2012 * Bipole 2

— Completion: August 2015 — Award: July 2014
— Contract: 370 M€ — Completion: August 2017

Curren (AC) CONVERTER Current (DC) CONVERTER Currént (AC)

+800 KV, 3000 MW HVDC link - 1365KM

© ALSTOM 2014. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without 3
liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited

ALSTOM



Tres Amigas Super-Station

* Project in Development
—In Service Date expected 2018

« Multi-directional facility for renewable energy
exchange between regions

e Stage 1

—Interconnection between WECC and
Eastern Interconnected System
—750 MW VSC BTB

e Future Stages

—Future link with ERCOT to be added
—Additional capacity for all directions
-2 x 750 MW VSC BTB

—3x920 MW LCC BTB

« Exposed DC Busbar for future creation of
multi-terminal with superconductor bus

« Battery Storage included

» Auxiliary power from renewable generation

© ALSTOM 2014. All rights reserved. Infori
complete or correct or will apply to
ithout noti

mati ntained in this document is indicative only. No representation or warranty is given or should be relied on
that it is col e ct. Thi i u
liability and is subject to change wi

tis provided without
trictly prohibited 4

TRESAMIGASS

Western
Interconnection

Eastern .
Interconnection

@
TRESAMIGAS
Clovis, NM

Texas
Interconnection

74
—

A 3 TEXAS

ALSTOM



http://tresamigasllc.com/index.php
http://tresamigasllc.com/images/location-map-lrg.gif

South West Link, Sweden

* VSC Transmission Link
—Dual Symmetrical Monopole
—250 km
—Cable / OHL DC Circuit

« VSC Rating
—1400 MW (2 x 720 MW)
—Voltage : 300 kV

» Key Dates:

—Award: 2011
—Completion: 2015
« Contract Value: 240 M€
Phase 1 e Europe’s 1st Multi-Terminal VSC

ALSTOM

i warranty is given or should be relied on
u

tis provided without
trictly prohibited 5



- “AaTenner
DolWin 3 Offshore HVDC - Germany =¥ 7oing power urther

LOCATION
*German North Sea, 83 km North of Germany

CUSTOMER
*TenneT Offshore GmbH (Germany)

SCOPE
*Offshore HVDC VSC MaxSine™ converter platform, =320
kV, 900 MW

*Onshore HVDC VSC converter (=320 kV, 900 MW) PARTNERS
«Connecting cable systems * Platform: Nordic Yards (semi self-floating
*Design, supply, construction, erection, energizing and testing design)
of complete equipment for offshore wind farm connection « Cables: Prysmian Powerlink (83km, 320 kV
«5-year maintenance contract DC sub-sea cables, 79 km DC land cables)
TIMELINE
AC Offshore e Announcement of contract: February 26"
\ Substation DC Converter Alternating Current (AC)
Vi __ 2013
'| Sokm__ aammm S « Projected delivery: 2017

North Sea + COMMERCIAL VALUE
- : - Over 1 billion E
Tri:!»;:a((mg) UUUUU N s G e rm a ny ver Hnion uros

ALSTOM

th
liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited



RTE

France — Italy Link —
# [erna

TERMNA G R OUP

Underground HVDC Cable
Link Through The Alps

e Rating - p—
~2 X 600 MW _ S
— %320 kvdc A R =

* Two Independent Symmetrical
Monopoles

e 190 km Cable Length
— Through Frejus Road Tunnel . -
» Over 320MEuro Contract

« Converter Stations ‘" ."
— Grand-lle, France o I
— Piossasco, Italy fgé _

e Clients \!‘?'@3
— RTE — France 'i§ ?
— Terna — Italy =

« Contract Award AT T T
— 2015 i

. 4-}'- .
alw -




South Korea : Buk-Dangjin - Godeok

HVDC Link

~Alternating

Currept Inc) CDHVERTEI!

Current [DC]

7KM ——
ACROSS ASANMAN BAY

 Monopole as First Stage
—LCC Thyristor Valves
—1500 MW, 500 kVdc
—Future Upgrade to Bipole

e Contract Award 2014
e« Commissioning 2018

s oM Allri gh
h om or ectorW\ a|
li hI y nd is subject to change without noti

26 KM
KYEONGKI-DO

Buk-Dangjin - Godeok HVDC Link
1500 MW @ 500 kV

\

Seoul

South
Korea

s

Cheju-Haenam HVDC
Link
300 MW @ +/-180 kV :
1999

o
I\

Cheju-Jindo HVDC Link
400 MW @ +/-250 kV :

2013
Ve

=

Cheju Island

e Scope
— 2 HVDC Converter Stations
e Contract awarded to KAPES

— JV between Alstom Grid and KEPCO
* ClF+Installation

—HVDC Cable
» 34 km Cable ";A 55ﬂLgn§ss
e LS Cable -

ALSTOM



Lower Churchill HYDC Link, Canada
Muskrat Falls to Soldiers Pond

WATER DAM  CONVERTER COMPOUND COMPOUND CONVERTER
Alternating Direct Direct Direct Alternating
Current (AC] Current (DC) Current [DC) Current (DC) Current (AC)

L -5/ ; s:g | sg vy

e
400 KM ——35KM——

+350 kV, 900 MW HVDC link LABRADOR STRAIT OF BELLE ISLE NEWFOUNDLAND

e Client o Alstom Scope
— Nalcor Energy —2 Converter Stations
e Location » Muskrat Falls (Labrador)

« Soldiers Pond (Newfoundland)

— Newfoundland & Labrador, _ 2 Sea Electrodes
Canada « L’Anse au Diable (Labrador)

— Contract Award 2014 « Dowden’s Point (Newfoundland)

— In Service Date 2017 — 2 OHL/Cable Transition Stations
* Rating & Technology » Forteau Point

— LCC Converters * Shoal Cove

— 900 MW Bipole

- £350 kVdc / 1300 Ade
A o o <y 02, e Y o h e S C e Koo Q



Melo HVDC Converter Station
Uruguay — Second Project For UTE

500 MW HVDC Back to Back Converter Station

Location : Melo, Uruguay
AC Connections
— Uruguay 500 kV / 50 Hz
— Brazil 500 kV / 60 Hz
Commissioning
— Dec 2015
Scope Detall
— Melo Converter Station

e Full Turnkey 500 MW BTB Station
* 500kV Switchyard & sub station
= (Only on Uruguay side)
— San Carlos substation

» Design & Supply of equipment for
extension to 500 kV yard

— (Civil Works & Installation by UTE)

» Design, Supply & Install of the new &

replacement substation Control &
Protection System (SCADA)

© ALSTOM 2014 All i ght ved. Informatiol tamedi this
that it is complete or corre H pplyt y ar pre j lThswde p d h

\y N p s 1 tiol anty is giv
ple p t cal al i
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authority, is stricl tlyp ohibited

- failiT, =
I"mw Camerizs i Brazil [ oo
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McNeill Back to Back ATcof_{ffﬂ'ic

e Rating

—150 MW

—42 kV, 3.6 KA
 Original Contract

— Ordered Nov 1987

— Commissioned Dec 1989
e Refurbishment Drivers

— System Performance was good

— Main concern was control system obsolescence

¢ some specific components no longer available

e Contract Award in 2011
* In Service in 2015
e Scope
— Control System + HMI

T 1 d £ # -
Fo £ %g : -
ALSTOM 2014 AII ghl rved. Information contained in this nly. No r epresemation or warramy is glven should be relied on A L S I 6’ M

lhtt pl IrwwH pplyl ypl ular pj tThst\dp d lhl chnical and commercial circumstances. It p ddwnh ut
liability ant d bj 11 h nge otice. Reproduction. d parti swnh ut e; p sswrn authority, is l Ilyp ohibited 11



Success story — Fixed series compensation (FSC)
Wardah, India Rﬁ

Wardah | and Wardah i

Customer: Powergrid
Country: Wardah, India

Solution

» Fixed series compensation: turnkey project
including studies, design, foundations equipment
delivery, installation and commissioning

» Rating: £1162 MVAr, 400 kV
* Project completion: 2015

Benefits

» Maximize power transmission capability

» High availability with low maintenance costs

 High reliability with full redundancy

» Designed to withstand extreme environmental
conditions: 50° C in India

ALSTOM 2014. All ri q ved. Info 1conlamedi lI N presenalon or warranty is given ol &
ic and ¢ t

omplete or ct |e H pplyl yp ticular
\h\ly d subject to & q vv|| lce.Reproducwon
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Success story — Static VAr Compensator (SVC)
La Merlatiere and Domloup, France

The largest SVCs in France, with
Alstom’s patented blocking reactor

Customer: RTE
Country: La Merlatiere and Domloup in France

Aim: to maintain network stability in the Brittany and
Vendee regions

Solution
» Patented SVC configuration with blocking reactor

* Rating: 250 MVAr at 225 kV
» Delivered: 2013

Benefits

» Improved harmonic performance

» Loss optimization

» Compact design

» Optimization of thyristor quantity and rated current
at TCR reactors level

@ALSTOM2014 All ri ghl ved. Informatiol I ned in this doct only. No representation or warranty is giv should be relied o ALS I G’M
d

that itis complete or ¢ H pplyl yp l ar pre j lThSW\Hd p d lh l chnical and commerci a\cwrcum tances. \I p vide dwnh ut
liability and is subjec 11 h g withou e. Reproductiol eto 1h ird parti swnh ut express written authority, is strict Ilyp ohibited 13



Success story — Fixed Series Compensation (FSC)
Jacques Cartier, Canada

HYdrO Customer: Hydro-Quebec
OUébec Country: Canada

Hydro-Quebec aimed to increase its
transmission system capacity

Solution

» Fixed series compensators
» Rating: 660 MVAr, 735 kV

» Delivered: 2012

Benefits

« Delay investments in new transmission lines
(series compensation 10% the cost of new
transmission lines)

* Able to withstand extreme environmental
conditions: -50° C in Canada

* Increased power capacity across
transmission lines

© ALSTOM 2014. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without 14
liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited
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Success story — Static VAr Compensator (SVC)
Kangasala, Finland

Customer: Fingrid Oyj Solution

Country: Finland First SVC in Finnish transmission network
Finland, Norway, Sweden and Denmark are all part = Rating: -200/+240 MVAr, 400kV

of inter-Nordic transmission system. The challenge = Delivered: 2009

was to maintain high reliability and inter-area

transmission capacity. 3 year performance: Dec 2009 — Dec 2012

Year 1 Avalilability 99.854%

One forced outage on 6 March 2010. Complete
outage duration 12h 45min.

Outage root cause: Protection relay setting, no
damaged components.

Year 2 Availability 100%

Year 3 Availability 100%

© ALSTOM 2014 All ri ghl ved. Info rm atiol

that itis complete or ¢ H ly to
liability and is subjec 11 h g with %py y ro
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Success story — Static VAr Compensator (SVC)
First Energy - USA

West Wharton SVC

Customer: First Energy
Country: West Wharton, New Jersey, USA

Solution

» Static Var Compensator:
Full turnkey project - including system studies,
SVC equipment/substation design and
manufacture, construct, install, test, commission,
and long-term maintenance.

* Rating: -260/+40 Mvar, 230 kV
* Project completion: Nov 2015

Benefits

» Replaces dynamic reactive reserves due to
generator deactivations

« Mitigate high voltage conditions in the area

 Ability to control external capacitor banks

» High availability with low maintenance costs

 High reliability with full redundancy

© ALSTOM 2014, All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on
that itis complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without 1 6
liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited
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HVDC Links under construction in Sweden

Syd\fastlanken
VSC HVDC

= 2 Parallel Links

= 720 MW

= +300 kV

«  Within 400 kV grid

Hﬂrd Balt

VsC HVDC

= 700 MW
= 300KV

« Sweden- Lithuania

— SVENSIA
— KRAFTNAT




Project South-West Link (SydVastlanken)
430 km
= North Section

- Hallsberg—Ostansjo—Barkeryd, 400 kV
AC OHL, 180 km

------

= South Section
« Barkeryd—Hurva, HVDC VSC, 250 km

- In operation 2015 T RO

2 parallel independent HVDC links
Each link a symmetrical monopole rated for 720 MW at £300 kV
Interconnecting Barkeryd and Hurva in South of Sweden

Converter Technology: ALSTOM MaxSine Technology (VSC)

4 x 190 km XLPE DC cable, ABB Tﬁ?.'f?';fi;',ﬂ;"““ -
60 km overhead line, common tower for both links & et
————————— Sjskabel
Prepared for future expansion into multi-terminal scheme. ® soas

S SR

Losses will be verified by measurements in back-to-back configuration.

= SVENSKA

— [KRAFTNAT Y
= SWEDISH NATIONAL GRID "...'



NordBalt
Lithuania - Sweden

Karlshamn

Nord
- 700 MW, £300 kVDC, Symmetrical Monopole Balt Kiaipeda

2 X (10 + 399 + 40 km) (land + sea + land cables) g
- HVDC Light, Generation 4

= Prepared for future expansion into multi-terminal scheme.

: : = .
: Stre_ngthe_n security of supply in = N mem 0T N (

Baltic region and southern Sweden ‘“L'ETUVESENERGUA

INTERCONNECTION CROSS SECTION 7_,.--:'5:73?
- Integrate electricity markets of the  —
. . . approx. 40 km approx. 400 km 13 km
Baltic and Nordic countries
NORDIC grid BALTIC grid

= In-Service 2016
y C me o [N
l ‘ agoon
- mnvw/\! converter 330KV
substation  station station  substation
NYBRO KLAIPEDA

HVDC submarine and land cable
i and optofiber cable

(LITHUANIA)

—_— SVENSKA

*"';_ - Iir‘ﬁig"h‘!'! ..I.
— SWEDISH NATIONAL GRID ’ ..I'



The Gotland connection

>  Swedish mainland to the island Gotland
>  Planning phase
> HVDCVSC
> 300 kV

> 1*500 MW ( A second connection can be
built depending on wind power
development)

> In operation 2018

In 1954, the connection to the island Gotland wa’is

| DANMAR|

the first commercial HVDC link in the world!,f

= SVENSKA .

= KRAFTNAT

e SWEDISH NATIONAL GRID


Выступающий
Заметки для презентации
Tasks
Svenska Kraftnät's main task is to transport electricity to the national grid; this can be likened to electricity motorways. The electricity is transported from large power plants to the regional electricity grid and on to consumers.

Svenska Kraftnät's mission can be summarized by these four points: 
	- Provide safe, efficient and environmentally friendly electric power 	transmission on the grid�	- Exercise system operator for electricity and gas in a cost effective way�	- Promote an open Swedish, Nordic and European market for electricity and gas�	- Work for a robust power supply

National grid development - finance and facilities:

History: 
1992-2002: 	SEK 3.5 billion in investments over 10 years, 10 new/ upgraded stations and 330 km of new lines (400 kV)
2013: 	Today we are talking about investments in the order of SEK 4.5 billion - per year. Approximately 20 plants were in operation in 2011 and there are about 130 ongoing projects.


Future:
The authority's investments 2014 - 2016 are estimated at SEK 14 billion during the three year period, of which just over SEK 5 billion in 2014. Investments for nearly SEK 60 billion are planned in more than 300 projects. About 100 new / upgraded stations and 3000 km of new lines (possibly just as much many renewals).
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Ongoing Green Field HVDC Projects from Sweden

AL 1D ED
Il ]l



North Sea Network, Norway — UK
Europe’s longest HVDC link — 730 km

Customers:
Statnett SF in Norway

National Grid NSN
Link Ltd

Year of
commissioning: 2021

© ABB Group
December 25, 2015 | Slide 8

Blyth

Kvilldal

Customers’ need

= Security of supply

- Meet EU’s target for CO,, reduction
- Trade

ABB’s response

- Two 1,400 MW, £525 kV HVDC
Light® converter stations

Customer’s benefits
= Security of supply

- Daily and seasonal fluctuations in
power demand can be met by using
the other country’s renewable
surplus power

AL ID D
Tl



Johan Sverdrup oM oORE
FR
Norway 5 OWER

Customer: Statoil

Customer’s need

Year of
commissioning: 2019

- Enable power supply from mainland
to platform complex to minimize
emission of large amounts of CO,

s g
A aell

ABB’s response

- Two 100 MW £80 kV HVDC Light®
converter stations

= 200 kM extruded cable
Customer’s benefits
" = Reliable power supply

A @4 . Better and safer work environment
on platform

Photo eredit: Statoil ASA

= Lower operation and maintenance
SRR sovs s costs Ab



NordLink, Norway — Germany
Europe’s longest HVDC link — 624 km

Customers:

NordLink Norge AS,
owned by Statnett in
Norway

Customers’ need
- Meet EU’s target for CO, reduction

"1

DC Nordseekabel
GmbH & Co. owned
by TenneT and KfwW

in Germany

= Security of supply
Year of ABB’s response

commissioning: 2020 "
. - Two 1,400 MW, +525 kV HVDC
Light® converter stations

= 525 kV DC subsea and land MI
cables for over 200 km of the route

Customer’s benefits

- Daily and seasonal fluctuations in
power demand can be met by using
the other country’s renewable
surplus power

- Higher availability Ab

© ABB Group
December 25, 2015 | Slide 10



®)
Maritime Link

Canada

Customer:
NSP Maritime
(Emera)

Commissioning
2017 Newfoundland

Bottom Brook

[

F
Woodbine

Nova Scotia

© ABB Grot
eeeeeeeeeeeeeeeeeeeeee

Customer’s need

= Integrate renewable generation into
the the North American grid

ABB’s response

- Bipole HVDC Light® solution

- Two 500 MW HVDC Light® stations
- Two AC substations at 230 kV

- One AC substation at 345 kV
Customer’s benefits

- Improved grid stability

- Power sharing enabled


Выступающий
Заметки для презентации
Bipole HVDC Light solution gives increased reliability



Caithness Moray HVDC link

Scotland

Customer:
Scottish Hydro Electric
Transmission Ltd (SHETL)

Commissioning yeatr:
2018

© ABB Grot
eeeeeeeeeeeeeeeeeeeeee

Customer’s need
= Strengthening power network
ABB’s response

- Two HVDC Light® converter stations,
1,200 MW and 800 MW

- Submarine and underground cable
transmission of nearly 160 kilometers

Customer’s benefits

- Enable integration of renewable
energy



AL-link
Finland - Sweden

Customer:
Kraftnat Aland AB

Commissioning year:
2015

Customer’s need

= Improve security of supply and grid
reliability

ABB’s response

= Turnkey 100 MW +80 kV HVDC Light®
power link

- Two HVDC converter stations
- Two 158 km long sea cables
Customer’s benefits

- Facilitates introduction of wind power

gé?:lgﬁ‘lk‘lserro;g, 2015 | Slide 13 "“====



Troll A 3&4
Norway

Customer: Statoil

Customer’s need
Year of
commissioning: 2015

- Enable power supply from mainland to
platform to minimize emission of large
amounts of CO, and unnecessarily high fuel
consumption

ABB’s response

« Turnkey 2x50 MW 66 kV HVDC Light®
offshore transmission system

- DC sea cables

- VHF (Very high frequency) motors
Customer’s benefits

= Lower CO, emissions

= Better and safer work environment on
platform

gétgﬁ‘ll‘)serrogg, 2015 | Slide 14 "“====



®)
DolWin2

Germany

Customer: TenneT

Year of commissioning:
2015

© ABB Group
December 25, 2015 | Slide 15

SylWin

BorWin

HelWin

Customer’s need

- 135 km long subsea and underground
power connection to transport wind power
to “shore”

= Robust grid connection

ABB’s response
= Turnkey 900 MW HVDC Light® system

= = 320 kV extruded cable delivery

Customer’s benefits
- Environmentally sound power transport

= Low losses and high reliability

B - Reduce CO,-emissions by 3 million tons

per year by replacing fossil-fuel generation
= Grid connection 90 km inland

AL ID D
Tl


Выступающий
Заметки для презентации
This is a Light Generation 4 delivery. Losses are around 1 % per station. High reliability due to high redundancy, i.e. parallel transformers, triple sea water pumps for cooling on platform etc


Skagerrak 4 5 VST
Norway - Denmark

Customer:
Energinet.dk & Statnett

Customer’s need
« Boost transmission capacity with 700 MW
« Use electricity more efficiently

- Enable networks to add more renewable
energy

Year of commissioning:
2014

s

“ ABB'’s response
2 A - Two 700 MW HVDC Light® stations

« 500 kV — new voltage record for the HVDC
Light® technology

= Network stability
= Low losses and high reliability

= Quick grid restoration with black-start
capability

gétzﬁ‘ll‘)serro;g, 2015 | Slide 16 "“====



NordBalt
Lithuania - Sweden

Customers:
Svenska Kraftnat and
LITGRID turtas

Customer’s need

= Strengthen security of supply in Baltic
region and southern Sweden

= Integrate electricity markets of the Baltic
and Nordic countries

Year of commissioning:
2015

ABB’s response
- Turnkey 700 MW HVDC Light® system

- Designed for integration into a future pan-
European DC grid

Customer’s benefits
- Low losses and high reliability

- Network stability through active AC voltage

support
= Quick grid restoration with black-start
capability
A\ D ED

December Zg, 2015 | Slide 17 "l..'



LitPol Link
Lithuania — Poland

Customer’s need

Customer:
Litgrid AB

Commissioning year
2015

- Integrate Baltic grids with
continental European power grid

ABB’s response

= Turnkey 500 MW £70 kV HVDC
back-to-back station

Customer’s benefits

- Improved security of supply in the
region

- Contributes to an integrated
European electricity market

© ABB Group ) “ I. =.
December 25, 2015 | Slide 18
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North-East Agra Multi-terminal
India

Customer:
POWERGRID

Commissioning year
2015-16

. 6000 MW Rated {8000 MW with 33% contunﬂ‘%QE?Sv.__hggd}
« £800 kV UHVDC system, over 1750 km

= Multi-terminal — 4 terminals at three converter stations

- Indoor 800 kV DC Halls at Agra

. ~432 km U ~1296 km
3000 MW 3000 MW +800 kV 3000 MW 3000 MW
| |
400 kv 400 kv 400 kv
T T 1 1 1 1
‘ Pole 1 ‘ Pole 3 ‘ Pole 1 ‘ ‘ Pole 3 ‘
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Project references
HVDC Light® (VSC) technology is no more new!

Troll, 2004 Troll, 2015 Johan Sverdrup NordLink Skagerrak 4 Valhall,
2X40 MW 2X50 MW 2018, 100 MW 2020, 1,400 MW 2014, 700 MW 2009, 75 MW

-
e

Tjareborg : 7
2000, 7 MW : : Aland, 2015

Maritime Link, 100 MW

2017, 500 MW

Cross Sound Estlink,
2002, 330 MW 7 : 2006, 350 MW

Mackinac , Hellsjon

© ABB Group
December 25, 2015| Slide 20

2014, 200 MW

Eagle Pass
2000, 36 MW

BorWinl
2009, 400 MW

DolWinl
2014, 800 MW

DolWin2
2015, 900 MW

Caithness Moray

2018, 800/1200MW

East West

Interconnector,
2012, 500 MW

Caprivi Link
2009, 300 MW

2021, 1400 MW

1997, 3 MW

NordBalt
2015, 700 MW

Gotland
1999, 50 MW

Directlink
2000, 3X60 MW

Murraylink
2002, 220 MW

AL 1D ED
Il ]l



« Skagerrak (1&2) |

= New Zealand

» CU project |

» CU project Il

» CU project Il

= Square Butte

» Pacific Intertie, Sylmar
« Skagerrak (1&2) I

» Cahora Bassa - Apollo

= Blackwater |

= Blackwater Il

= Chateauguay

Upgrading of HVYDC plants
ABB HVDC Upgrades

1991
1992
2001
2002
2004
2004
2004
2007
2008
2008
2009
2009

« Intermountain

« Fenno-Skan |

» Highgate

» Inga-Kolwezi

» Cahora Bassa - Songo
» Skaggrek 3

« Eel River

« Oklaunion (Green filed)
» DirectLink System 1

- HQ-NE Multiterminal

- Kontek

- Madawaska

- Pacific Intertie, Celilo

2010
2012
2012
2013
2014
2014
2014
2014
2015
2016
2016
2016
2016

AL 1D ED
Il ]l



Pacific Intertie, Celilo Upgrade

USA
Power Administration Customer’s need
Year of commissioing: - Prolong life of the 40-year old
station
- Boost transmission capacity to
3.800 MW
1-p 3-wdg, 770 MVA ABB’s response
Total mass is 535 000 kg

Transport mass 385 000 kg u Turnkey upgrade Of the Ce|l|0
y  station including valves, MACH C&P
system, transformers, filters etc.
Customer’s benefits

= Secure reliability of power supply to
California

- Optimized use of existing
infrastructure

= Lower losses
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-9 Furnas

Converter 1 — Foz do Iguassu
Fire in the Thyristor Valve

Prepared by:
Saulo Jose Lemes

Sergio do Espirito Santo
Valdemar Jorge dos Santos



' P Furnas

Date: April 2nd, 2014
9:40pm

Basic data:

Type - LQVA 300-600/2610
Nominal Voltage — 300kV
Nominal Current — 2610A
In-service since 1982
Water Cooling System

On April 2nd, 2014 at 9:40pm the Converter 1 was blocked by the protection due
to a short-circuit in the valve.

It was verified the presence of smoke and fire in the valve hall of converter 1 at
the Foz do Iguassu station (rectifier), with the occurrence of water leakage of the
primary cooling system.



& Furnas Converter 1 - Fire in the Thyristor Valve

FURNAS HVDC Transmission System

Main Characteristics:

Ital p u 50 HZ Nominal Power: 6300 MW _— =1 araT —
Nominal Voltage: +/- 600 kVdc
+— — I
Nominal Current: 2.61 kAdc oo
2 +— —
Foz Ibiuna Es
o ﬁ_ + 600kV ;] I o _DJ'E ]
) oo ‘ Pole 4 . FHD o=
T = = | | 2D = >
| i Bipole 2 1 | >
4-—-_2":"& ‘QB-E _@ ”
< OOt %ep am Pole 3 .
O GD_) - - 600kV -
1 Cl 1 [ElD-GD_)
<D . ! + 600KV <«
T i | >
< o «>=5 ‘ Pole 2 i EI=50 L ©
-y Bipole 1 1 |
I
—mm T (B3 l i 2D >
— e (:«3-5 S Pole 1 . EI=2 >
< O hnd -600kV L7 hand — T
*—-—E_LD_LE'—-—*
& Synchronous Compensator ——— |
mmm AC Filter — —
Conv. 1

EE Shunt Capacitor




Converter 1 - Fire in the Thyristor Valve

< Furnas

Constructive Aspects
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Converter 1 - Fire in the Thyristor Valve

Constructive Aspects

Valve 1 —h{

12-thyristor module

Anti-corona -<

Valve 4 — P

Insulators

Optical fiber and cooling system




The Damage




Converter 1
Quadruple Valve — Valve 1 Phase B

<P Furnas




9 Furnas Most affected area — Anti-Corona Ring
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Most affected area — Top Shield
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The Guilty Component

LR

Capacitor 10uF
Y nivel V23 106

\.-'Q 2 =
) S
". -'. . g

Capacitor at Valve 3 Module 1 Level 6 — The “Bad Guy”



& Furnas Events

a) Short circuit in the capacitor located at Valve 3 Module 1Level 6 (V23 106) and
hot oil leakage;

b) Fire in the optical fibers in the vicinity of the damaged capacitor;

c) Fire propagation to other modules through the bundle of optical fibers;
d) Fire in the valve 2 module 7;

e) Fire in the optical fibers of valve 2;

f) Short-circuit in valve 2;

g) Protection detected the short-circuit;

h) Fire in the valve 1,

1) Hot temperature caused by the fire damaged the modules in the top.



Valve 2 Module 5 Level 6




9 Furnas Capacitor /Optical Fiber

Valve 2 Module 7 Level 6




9 Furnas Capacitor /Optical Fiber

Valve 2 Module 7 Level 6 and 7
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Rebuiding the Converter
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Washing

with demineralized water

Converter 1
Repairing the Valve

RTTIRE
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Converter 1
Repairing the Valve

N

=
=
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Washing with demineralized water




‘ Furnas N Converter 1
Repairing the Valve

v

UNMOUNTING OPTICAL FIBERS

BREEN, T
CLEANING THE THYRISTOR

MODULE




‘ Furnas N Converter 1
Repairing the Valve




Converter 1
Repairing the Valve




‘ Furnas N Converter 1
Repairing the Valve

FRAME - AFTER

FRAME - BEFORE




P Furnas . Converter 1
Repairing the Valve

U TESTING THE MODULES

MOUNTING THE THYRISTOR ' |
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Converter 1
he Valve

Repairing t

P Furnas




‘ Furnas N Converter 1
Repairing the Valve

FRAME AND MODULES



$ Furnas | . N Converter 1
| A Repairing the Valve

On March 29th,
2015 the converter
1 was energized.

(Out of service since

April 2nd 2014.)

T——




Due to this disturbance, we
have decided to replace all
capacitors ASAP.

Thank you.
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