OTtuer
00 yyacTum B padore
KounoxkBuyma CUT'PI A3, B4 u D1 «CeTn BbICOKOT0 HampsixKe-
HHSI IOCTOSIHHOTO U MepeMeHHOro Toka. TexHosiornu 0yaymero»
Kanana, r. Bunauner, 30 ceHTsiopsi - 6 okTsiopsi 2017

CocTaBuTeNb:

Cyciaosa Oabra BaagumupoBHa
Pyxosonutens [IK PHK CUIT'PO B4
E-mail: suslova@ntcees.ru

Cankr-Ilerepoypr, 2017



Ors1aB/ieHUE
BBEJIEHIIE .........couvuvuieieiereeureeereraeerseseeesesssesessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnes 4

1. MaTepI/IaJ'IbI, npeacTaBJ€HHbIE B paMKaX KOJIJIOKBI/IYMa 10 TeMAaTHY€CKOMY HaIllpaBJI€HUIO
B4 7

2. 3acepaHue Mccie10BaTENBCKOTO KOMUTETA B4 ....uvvvviviiiiiiiiiiiiiiiiiiiiiiiiiniiiriiivisensnsssssesasassnsnanes 23
2.1.  Jlokaaj 0 AeATEbHOCTH TEXHUYECKOTO KOMUTETA .. .uvveeeerreeeesirreeeeanreeeeasreeeeassseeessasseeeens 24
2.2. 3acepaHue TexHHYeCKOro KOMHUTETA B TOKHO 7 MaT 2015 Tueeeiiiviiieeiieee e 24

2.3. CemuHaphl uccieoBaTebCKUX KoMuTeToB CUI'PI B pamMmKkax ceccuil U KOJIJIOKBUYMOB 27

2.4. O pasBUTHU CAUTA MK B4 ....oooiiiiiiiiic ettt ettt st sbe e 27
2.5. O xone pa6boTsl HaJ CIGRE Green Book on FACTS......cocooiiiiiiiiieieeeeeeeee e 27
2.6. JleaTeJbHOCTb KOHCYJAbTATUBHBIX Pab0duX rpyni MK B4 ......coccoiiiiiiiiiiiiieeccece 28
2.7. JleaTenbHOCTb Pab0UUX TPYIIT MK B4 ....ovoiiiiiiiiiecc et 29
2.8.  Tlpeacrosuiye COOBITUS CUDTPI .....cooiiiiiiiiiiceesec e sane e 35
2.9. IlpeasioxeHUs O CO3AHUN HOBBIX PABOUMX TPYIIIT ..eevrerurerreenreenseesseesueeseeeseesseesseeseesieenas 35
2.10. B3auMo/1eICTBHE C APYTUMH OPTAHUBAIMAMHY ....eenveinneinieeeeeieenieesieesieeseessessseesseesseennes 36
2.10.1. O meATesbHOCTH TexHUYeckoro komuTeTa 115 M3K «Ilepesiauu MocTOSTHHOTO TOKa
HaNPSDKEHUEM BBIIIE 100 KB ....oiviiiiiiiiiiiiiiiicien ettt saae e sabee e 36
2.10.2. O pearenbHoctu [IK 22F M3K «CunoBas 3/1IeKTPOHHUKA AJ1s1 3JIEKTPUUYECKUX
nepefalolluX U PACIPEAETUTENBHBIX CUCTEMM...ccueeouerrirreererreeeenresseesearessessesseensesseessessesseessessesnes 38
2.11. [InanupyemMsle ¥ HaXOAAIIMECS B CTAJUU CTPOUTENBCTBA NIEKTPOIEpeiauy IIOCTOSIHHOTO
TOKa 42

3. HpI/IJ'IO)KCHI/Ie 1. OOBEKTHI HOCTOSIHHOTO TOKa, HAXOAAIMHUECA B CTaAUU pCaIn3allii Ha TCKyH.[I/If/’I
MOMCHT U HCJABHO BBCACHHBIC B OKCIITYATAIIMEO ..uvueneininiiiiiiiiiiiiiiiiiiiiititseiiiisetitstsasastsssesasasasanes 43



Crnucok cokpaieHui

IIIIT Ilepemaya moCTOSIHHOTO TOKa
BIIT BcraBka mocToOSHHOTO TOKa
I1T ITocTOsSIHHBIN TOK
LCC (Line Commutated Converter) ITpeobpa3zoBarens TOka
ITH [TpeoOpazoBarens HaPSHKEHUS
VSC (Voltage Source Converter) [TpeobpazoBarenpr HAMPSHKEHUSI
[IIITIIH IIIT ¢ npumenenuem npeodpazoBaTe-
JIEW HaNPSIKEHUS
VIIK Y CTpOKCTBO MPOIOJIBHON KOMIIEHCA-

LU

SVC (Static Var Compensator)

Y CTpONCTBO KOMIIEHCALIUH PEAKTUB-
HOM MOIIHOCTH (TUPUCTOPHO-
pEaKTOpPHOE)

UK HccnenoBaTeabCKuil KOMUTET
OK3 OTHOIIIEHHE KOPOTKOTO 3aMbIKAHUS
KJI Kabenbnas nuaus
BJI Bo3nymnas nuHus
KBJI KabenpbHO-BO31yIIHAS JIMHUS
BYY Berpoanekrpuueckas yCTaHOBKA
YIHIPT VYIpaBisieMbIil ITYHTUPYIOIIMHN peak-
TOP
CIIT CeTb NOCTOSHHOT'O TOKA
MMIIH MoynbHBIM MHOTOYPOBHEBBIN MTPE00-
pa3oBarTeib HANPSHKEHUS
CIITBH CucreMa NoCTOSHHOTO TOKAa BEICOKOTO

HaINpsUKEHUS




BBeaeHue

C 30 cents6pst mo 6 oktsiopss 2017 roma B r. Bunnunere (Kanama) mporen
Mexnynapoansiii Komtoksuym CUI'PO A3, B4 u D1 «Cetu BbICOKOro Hampsi-
KEHHSI IOCTOSIHHOTO U MIEPEMEHHOTr0 TOKa - TEXHOJOruM Oynymiero». Bemymue
OTpacJIeBbI€ SKCIEPTHI CO BCEr0 MHUpa MPEACTABWIN MOCIEAHUE Pa3pabOTKH 10O
TEMaTUYEeCKUM HampasieHusM MccnenoBaTenbckux komuteToB A3 «Bbicoko-
BOJIETHOE 000pyoBaHue», B4 «Dnekrponepenaun NoCTOSHHOIO TOKA BEICOKOTO
HaNpsDKEHUS U CUJIoBast anekTpoHuka» U D1 «Marepuainsl u pazpaboTka HOBBIX
METOJIOB MCTIBITAHUM U CPEJICTB AUATHOCTUKID.

B nanHOM OoTueTe MpUBEACHO KpaTKoe cojAepkaHue Hanboyiee MHTEPECHBIX J0-
KJIaJIOB, Mpe/CcTaBiIeHHbIX Ha KOIOKBUYME B paMKax JESITeIbHOCTH HCCIIENO0-
BaTelIbckoro komutera B4 «OnekTpomnepenadyd MOCTOSHHOTO TOKa BBICOKOTO
HaIpsHKEHUS U CHIIOBAs AJIEKTPOHUKAY, a TaKXKe OTUYET O 3acefanuu Mccnemnona-
teabckoro komurera CUI'PO B4.

30.09.17. PykoBoaurens I[lonkomurera PHK CHUI'PD B4 Cycnosa O.B. npuns-
Ja ydacTue€ B 3acelaHusiXx pabouei rpymbl, paboTatomeid Hax co3nanuem B4
Green Book. «3eneHass kHUTa» HMCCIENOBATEIHCKOTO KOMUTETA OYyJIET MOCBS-
1IeHa BOMpPOcCaM MPOECKTUPOBAHMSI, BHEAPEHUS U PYHKIIMOHUPOBAHUS YCTPOUCTB
FACTS B sneprocucremax. OpueHTUPOBOYHBIN CPOK BBIXOJIa KHUTH B MeYaTh —
koHen 2018 r.

02.10-03.10.17 cocrosincs Komnoksuym CUI'PD A3, B4 u D1 «Cetu BbICOKOTO
HaIpPSDKEHUS TTIOCTOSTHHOTO M TIEPEMEHHOI0 TOKa. TexHooruu Oyayiiero», Ha
KOTOpOM ObUTH TIpeacTaBiieHbl 6ojee 100 mokIamoB CHEIUATUCTOB U3 Pa3HBIX
CTpaH MO TeMaTHKaM COOTBETCTBYIOIMIMX M ccienoBaTebCKUX KOMUTETOB. Py-
koBoautenb Ilogkomutera PHK CUI'PD B4 CycnoBa Onbra npeacraBuia J10-
KJIAJIbI:

1. «Additional functions of the upgraded TCSR with split windings», mozro-
TOBJICHHBIH coBMecTHO co cnenuamuctaMu «HTL[ ®CK EDCy» Anekcanapom
Marungaaom, Makcumom [lemkoBeiM, Buktopom Kaprnossim, Hukutoit Anekce-
€BBIM,

2. «One-side spectral method for line fault location in HVDC line», moarotos-
JIeHHbI coBMecTHO co crneuuanmucraMu OAO «HUUIIT» HMBanoBoit Enenoit,
JlozunoBoii Hatanwen, Spox Hunon.



Puc.1l. Onwsra CycnoBa npeacrasiser npokiaan «Additional functions of the up-
graded TCSR with split windings»

05.10.2017. IlpencraBurenu Ilonkomutera B4 npuHsim ydactue B 3acedaHUU
HccnenoBarensckoro komurera B4 «HVDC and Power Electronicsy», rae Obuin
MPECTaBICHBl OTUETHI O pe3yJibTaTaxX JAEATEeIbHOCTH pabouux rpymi, peKOMeH-
JIOBaHBI TEMBI JIJISI HOBBIX pabOUYuX TPy, aHOHCUPOBaHO mpoBeacHue Komio-
kBuyMa B4 B r. Keiinrayne, FOAP B okts16pe 2019 r. TpaBun JleB Buktoposuuy,
cekperaps [IK MOK 22F, navansnuk otaena OI'YII «BOW» npencrasui mpe-
senranuto «IEC SC22F - Power electronics for electrical transmission and dis-
tribution systems — 2016-2017».

Puc.2. JleB Tpaeun npencrasiset goxian IEC SC22F - Power electronics for
electrical transmission and distribution systems — 2016-2017».



06.10.2017. YyacTHUKH KOJUIOKBHyMa TIOCETHJIM TIPEOOPa30BATEIbHYIO IO/I-
craauo Riel IIIIT BH +500 kB, momuuanbpHO#M MomHOcTRI0O 2000 MB.  [lnu-
Ha Bo3ayuHOM uHuM IIIIT cocrasnsier 1386 km. [lannas IIIIT naxoaurcs Ha
3aKJTIOYUTEIIFHOM dTare CTPOUTENLCTBA, CPOK cAauM B dKcIuryaTanuro — 2018 r.
[IIT coemunut npeoOpazoBaTenbHyto nojactannuio Keewatinohk B ceBepHoit
yacTu mTata Manutoba u mpeoOpa3oBaTenbHYIO MoacTaHIuio Riel, Haxoms-
urytocst okoso ropoga Bunnuner. IIIT npennaznadena s TpaHCnopTa dJIEK-
TPUUYECKON 3HEPTUH, BhIPAOATHIBAEMOM HA THUIPOAIEKTPOCTAHLUAX, PACIOJIO-
KEHHBIX Ha ceBepe 1mTara ManuToba K [eHTpaM Harpy3kH, pacloloKEeHHbIM Ha

fore nrrata Maauro0a u B 1. BUHHUIIET.

Puc. 3. Ha npeob6pazoBarenbroit moacrannuu Riel



1. MarepuaJisl, npeacTaB/ieHHbIe B paMKax Ko/ustokBuyma no rema-
TH4YeCKOMY HamnpasJieHu10 B4
IIIIT u BIIT ¢ npumeHeHueM npeodpazoBaresieil Toka

B4 — 030. 40 Years Operational Experience and Upgrades/Refurbishment
of Square Butte HVYDC System. P. Schommer, J. Hu, B. Bisewski.

CopoxkanerHuii onbIT IKcIIyaTanuu U pekoHcTpykuus IIIIT Ckeas byr.

[T Cxeas byt — ogna u3 nepseix [T ¢ npeobpazoBatensmu Ha 0a3e TUPH-
CTOpPHBIX BEHTHJIEH, BBeJieHA B 3KcIuryaTauuto B 1977 r. Oto IIIIT nanpsxeHu-
em £250 kB, mpomyckHoii ciocooHocThio 500 MBT, nmuana BJI 465 muns. B
cTaTbe onuchiBaeTcs onbIT dkcruryarauu IIIT.

B4 — 035. Condition Assessment of HVDC transformers. A way to extend
expected life applied to the Skagerrak transmission system. H. YOHAN-
NES ASSEFA S. FRENDRUP SORENSEN L. MELZER

Ouenka cocrosinust TpancopmatoposB. IlyTy noBbIIEHUSI CPOKA CIIYHKOBI
IIIIT Ckarepak.

[IpoBoUTCA OlLIEHKA COCTOSIHMSI BOCBMHU MPE0Opa3oBaTeNIbHbIX TpaHCHOpPMATO-
poB u ux BBOAOB IIIIT Ckarepak. [lokazaHo, 4TO NpU YCIOBUM 3aMEHBI BCEX
BBOJIOB TPaHC(POPMATOPOB, BO3ZMOXKHBIN CPOK JaidbHEHIIEeH 3KCIUTyaTaluu Ie-
penauu yBennuuBaercs a0 20 Jer.

B4 — 039. Investigation of the Thyristor Failures at Lamar HVDC Link and
the Impact of nearby Wind Farms. D.H.R. SURIYAARACHCHI, R.
KOLT, M. MOHADDES, E. POGGI, E. MAYER

HccaenoBanue apapuii Tupucropos BIIT Jlamap u Biausinust 0J1M3K0 pac-
I10JIOKEHHBIX BETPO3JIEKTPOCTAHIIMI.

O6nekt uccinenoanuit — BIIT Jlamap npomyckHo# criocobHocThio 210 MBT,
pacnosioxkeHHas B mrare Komopano, roa BBoga B skcruryaranuio — 2005. Ilpe-
oOpa3zoBaTeIbHbIE MOCTBI BBITIPSIMHUTENSI U WHBEPTOpPA MOCTPOEHBI IO IIECTH-
nynbcHOM cxeme. [Tocne BBoaa B skcrutyararuto BctaBku B 2005 roay mo6iamn3o-
CTH OT Hee OBbLIO BBEJIEHO MHOTO BETPOTr€HEePUPYIONTUX MoIHOCTel. HaunHas ¢
2012 roma ObUIM 3aperUCTPUPOBAHO MHOTO aBapuil ¢ Tupuctopamu. OOHapyxe-
HO, YTO Tepe] ATUMU aBapusIMU ObUIM KOJeOaHUs HANpPsDKEHUS € 4acTOTOM
0,67 ', a Taxke BIIT pabGoTtanma ¢ HU3KHM MEPETOKOM MOITHOCTH (BETUYHHA
MOCTOSTHHOTO TOKa okoJio 0,3 o.e.). TupucTopbl NOBpEXKAANNCH U3-3a PEKUMA
MPEPBIBUCTOTO ToKa. {151 ycTpaHeHUs MPEephIBUCTOTO PEKMMa OBLITU BBEICHBI
WU3MEHEHHUS B CUCTEMY PErYJIMPOBAHUS U 3aIIUTHI BCTABKH.



B4 — 048. Comparison of mitigation methods for commutation failure re-
duction on the Brazilian multi-infeed HVDC system. FRV de A Pedroso, S.
G. D. Santo, M. T. Bassini, J. A. Jardini, J. F. Graham, G. Liu, Y. Wang

CpaBHHMTE/IbHBIH aHAJIU3 METO0B YMEHbIIeHNsI HAPYIIeHUsT KOMMYTAaIUii
NHBEPTOPOB NMPUMEHHUTEIbHO K HeprocucteMbl bpasuiaumn.

B cratee mnpousBoguTcsi cpaBHEeHUE dPPEKTUBHOCTA MPUMEHEHUS CIEIYIOLIUX
CrOCO0OB YMEHBIIICHHS HAPYIICHUS] KOMMYTAIMil HHBEPTOPOB:

e VYBenuyeHue yria noracaHusi uHBepTopa ¢ 18 1o 24 rpan.

e lcnonb3oBanue npeodpazoBareneil ¢ KOMMYTAIMEN ¢ TOMOIIBbIO KOHCH-
caTopoB

e lcnonp30BaHWE CUHXPOHHBIX KOMIIEHCATOPOB

e lcnonb3zoBanne CTATKOM.

B4 - 051. Manitoba Hydro’s Bipole 11l Transmission Project - Design As-
pects and Major Technical Features C. Bartzsch, J. Hofses, N. Dhaliwal P.
Wang, I. Fernando, D. A. Jacobson V. Hussennether, Y. Long K. Kent, M.
A. Weekes, B. Archer.

Bumnoas |11 IIIIT Manuto6a 'mapo — ocHOBHbIE TeXHUYECKHE PellleHMs].

bunons III IIIIT Manuto6a I'mapo Oyzaet BBeneH B 3kcmutyaranuio B 2018 1. ¢
LENbI0 YIYYIICHHs TMOoKa3aTellel HaJeKHOCTH TPAH3UTa MOCTOSHHOTO TOKA Ce-
Bep — tor npoBuHIMK Manuto6a, Kanana. [{ymmaa BJI TIIT cocransier mpubau-
sutrenbHo 1400 kM, Hanpspkerue +500 kB. Iponycknas cnocodnocts TIIIT co-
craBiseT 2 I'BT, ¢ Bo3MOXHOCTBIO mieperpy3ku 1o 2,3 I'Br.  Ona coeauHUT
npeoOpa3zoBarenbHyto noactanimio Keewatinohk na ceepe ManuToOb! ¢ mpe-
oOpa3oBaTenbHOM nojcTanmuer Riel, Haxomsmieiicss Ha ore MaHUTOOBI OKOJIO
Bunnunera. Taxxe ounois |1l o0ecrieunt 1ONOIHUTEIBHBIE BO3MOKHOCTH JUTS
nepeayd MOIIHOCTU OT BETPOAJIEKTPUUECKUX CTAaHLUW, PACHOJIOKEHHBIX Ha
ceBepe ManuToObl. OCHOBHOM MPOOJIEMOI TIPU MPOSKTUPOBAHUHU 00OPYI0Ba-
Hus IIIIT crano oOecrneyeHre BO3MOXKHOCTH €ro pabOThl MpU TeMIIepaTypax
amke — 50 °C. [peobpa3oBaTeny peanu3oBaHsl Ha (OTOTHPHCTOPaX. B paboTe
MPUBEICHO ONMMCAHUE OCHOBHBIX TEXHUYECKHUX PEIICHUM U 000pYy/I0BaHUSA Ipe-
o0pa30oBaTeIbHBIX MOJICTAHIIHN.

B4 - 052 HVDC Control Replica Development for Nelson River Bipole 1&lI1.
Z. Wang, K. Kent, C. Mantay, C. Zhou, P. Wang, C. Fang, N. Dhaliwal, D.
Menzies.

Pa3paborka penniuku cucremsl ynpasieHus IIIIT Heabcon Pusep, Oumnosin
1&I1.

B craTtee onuceiBaercs perumka cuctemsl ynpasienus [T Henscon Pusep
&I, ee cBsi3b ¢ RTDS u mponiecc Bepudukanmm.



B4 — 054. Damping resistor design consideration. Elassad Yann Audouard
Bernard.

Bonpocel npoekTupoBaHus AeMn@upyoiero pe3ucropa ajas GpujiabTpoB
IIIT u BIIT.

Pabota mocssiiieHa Bompocam NpOeKTUPOBAHUS METATUTMUYECKUX PE3UCTOPOB C
BO3AYIIHBIM oXJIaxkaeHueM st puiasTpoB T u BIIT.

B4 - 066. AC and DC Harmonic Filters Design for Labrador Island Link
+350kV HVDC Transmission Scheme. A. Kumar, S. Jhampati, N.R.
Boyalla, G. OhEidhin, S. Munshi, J. A. Monteiro, R. Suri

IIpoexTupoBaHue PUILTPOB MOCTOAHHOIO U NepeMeHHOro Toka IIIT
+350kV Octpos Jladpagop

B pabote paccMoTpeH mporiecc TpoeKTUPOBaHUs GUIBTPOB MOCTOSHHOTO U TIe-
pemennoro Toka [T £350 kB Octpos Jlabpanop. Ilpu npoekrupoBanuu Obun
YUTEHBI TaKhe TPeOOBAHMS KaK ONTUMU3AIMS YCTAHOBICHHON MOIIHOCTH, MPO-
CTOTa CXEMbI, SKOHOMHUYHBIC pemeHus. [Ipy mpoekTupoBaHUM YYTEHBI BCE KOH-
dburyparuu u pesxxumbl padotsl TTIIT.

B4 - 068. Control System Upgrade of the Québec - New England
Mutiterminal HVDC link. Denis Galibois, Pierre-André Chiasson, Alpha
Oumar Barry, Fredrik Jansson, Hans Bjorklund

Monepau3anusi cucteMbl ynpapJjenusi mHororepmunaiabHoi IIIIT Kpedek
- HoBast AHr1us.

[IIIT KBebek - HoBast AHrnus Oblla COPOEKTHPOBAaHA KaK MATUTEPMUHAIbHAS,
HO B OKCIUTyaTalMio OblIa BBEICHA Kak TpexTepmuHanbHas. [locme 25 et
YCIICIIHOM SKCIUTyaTaluy ObUIO MPUHATO PEHICHUH O MOJICPHU3ALNU €€ CHCTe-
Mbl yrpasieHus. [Ipu MoaepHu3anmuu HoBoe 000pya0BaHNE HEOOXOAUMO OBLIO
YCTaHOBUTH B KpaT4aMIlMe CPOKH, YTOOBI OOECIEUUTh KaK MOXHO MEHbILEe
Bpems nipoctost [IIIT. B paGoTe onuckiBaeTcst mporecc MOJAEpHU3AIUN CUCTEMBI
YIPaBJICHHUS, €€ UCIIBITAHUE U BBOJI B SKCILTyaTallUIo.

B4 - 071. Madawaska HVDC Refurbishment. Upgrade of Control and Pro-
tection Functionalities Using Real-time Simulator. P-A. Chiasson, F. Guay,
S. Tremblay, N. Verville, A. Pagioro, E. Bengtsson, R. Tanabe

PexkoHcTpyKUMsT BCTABKM NOCTOSAHHOrO Toka ManaBacka. MoaepHusauus
CHCTEMbl YNPABJICHHS] C MCIOJb30BAHHEM MOJCJHPOBAHUS B PeaJbHOM
BpEeMEHHU.

BcraBka moctossHHOr0 Toka ManmaBacka (KBeOek) mpormycKHON CIOCOOHOCTHIO
350 MBrT 6b11a pexonctpyupoBana B 2016 r. mocne 30 net 3kcrryaranuu. bei-
JI 3aMEHEHBI TUPUCTOPHBIC BEHTHJIHM, CUCTEMAa OXJIAKJEHUS U CHCTEMa YIIpaB-
nenusi. O6opynoBaHre ObLUTO IEMOHTHPOBAHO W YCTAHOBIIEHO HOBOE B TEUCHUE
yeThIp€X MecsreB. [loneBbie ncnbITaHus ObUTH BHITIOJNHEHKI 3a 1Be Heaenu. [lo-
JIEBBIM HCTBITAHUSM TPEIICCTBOBAIM UCTBITaHUS ¢ Tomolibio RTDS, mpo-
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JOJDKABIIMECS MPUMEPHO 8 MecsueB. B padore onucaH nmpouecc UCHbITAHUM, a
TaK’K€ HOBBbIE (DYHKLIIMHM CHUCTEMBl YIIPaBJICHHUS, BKIIOYas aBTOMAaTHYECKOE
YIPABJIICHUE CPEACTBAMU KOMIICHCALMN PEAKTUBHON MOIIHOCTH B 3aBUCHMOCTH
OT YPOBHSI HAIIPSKCHHUS.

B4 - 072. Champa- Kurukshetra HYDC £800kV, 6000MW HVDC Parallel
Bipole Transmission System — Main Scheme Design and Operational Con-
siderations for Different Parallel Operation Modes. Amit Kumar, Subhasis
Jhampati, Lalit Ujjwal, David Ebockayuk, Radnya Mukhedkar, Gearoid
O’HEIDHIN

IIIT Yanma-Kypymkmerpa £800 kB, 6000 MBT ¢ napa/ie1bHbIMH OMIIO-
JISIMM — [JIABHASI CXeMa M PeKUMbI PYHKIMOHMPOBAHHUS.

B craThe onuckiBaroTCs mapameTphl, peKUMbl (PYHKIIMOHUPOBAHUS M KOH(UTY-
paruu [T Yanma-Kypymkmerpa +£800 kB, 6000 MBT. Oco6ennocts [T —
HaJu4yue JBYX MApPaJUIENbHO COEAVMHEHHBIX BBINIPAMUTEIEH U UHBEPTOPOB, a
TaKX€ METAIUIMYECKOTO BO3BPATHOTO MPoBoAa. OnrcaHbl OCHOBHBIE TPUHIUIIBI
pabotel cuctemsl peryiaupoBanus [I1T.

B4 - 093. Failures, Fixes and Findings: Year One of an HVDC Link. Mi-
chael Anderson. Michael Anderson, P.Eng, AltaLink Management Ltd.

ABapuu, X YCTPAHEHUS U OTKPBITUSA: NePBbIil roa dxkcmayarauuu IITT

B cratbe onuceiBaercst onbIT 3kciutyatanuu [T Becrepn Anbbepra Tpanc-
MHUCCHOH B T€UEHHUE IMEpPBOT0 roja co AHS BBOJA B JKCIUTyaTalMi0 B Jekadpe
2015 roma. 3a mepBbId roj dKCIUIyaTalMy MPOU30LLUI0 HECKOJIBKO aBapHIHBIX
CJIy4aeB ¢ OCHOBHBIM M BcrioMoraTtenbHbIM obopynoBanuem IIIIT, a taxxke cu-
CTEMOHM OXJIAKJIEHMS. B 4acTHOCTH, MPOU30LLIO HECKOJIBKO T€YEH NEUOHU3H-
poBaHHOW BOABI. [IpHIIIIOCH 3aMEHUTH NEIUTENH HANPSHKEHUS IM0CIEe MHOMXKE-
CTBEHHBIX OTKJIFOYEHUW JIMHUU T10 IPUYNHE BHYTPEHHUX IOBPEKICHUMN JEIUTe-
neil. Taxxe ObLIM 3aMeHeHbl Bece 240 HACHIIIAIOUIMXCSI PEAKTOPOB MOAYJIEH BEH-
TUJel B 00enx mpeoOpa3oBaTeIbHBIX MOACTAHIMKN MO MPUYMHE Ie(PEKTOB B UX
KOHCTPYKLMHU. bonplioe koinuecTtBo aBapuilHbix oTkiaroueHud IIIIT mpowuso-
JIO U3-3a aBapuil 000py10BaHUS BCIOMOTaTEIbHBIX CUCTEM.

B4 - 109. Gamma Control Evaluation to Enhance Commutation Failure
Performance. M.A. Weekes, R.E. Geisler, B.A. Archer

Mopudukanusa peryasropa yriaa moracanus IIIT ¢ meabo yMeHbIIeHUS
cJIy4yaeB HAPYLIEHUS KOMMYTAaIlMU.

Hapymienust koMMyTalud OpoUCXOAAT B MpeoOpa3oBaTesix TOKa B OCHOBHOM
U3-32 UCKAKEHUI HampsOKeHHUs Ha IIMHAX MpeoOpa3oBaTtesisi, BHI3BAHHBIX pa3-
AUYHBIMM TipuunHamMu. Hawmbomnee pacnpocTpaHeHHbIE CXEMbl PEryIUpOBaHUS
VHBEPTOPOB HAIPABJIEHBI HA MOAJEPKAHNE MUHHMMAJIBLHOIO 3HAYEHMS yIUia I10-
racanus. [Ipm 3TOM B KadecTBe CHrHaja OT JaT4yMKa YIJila BbIOMpaercs
HAaMMEHBIIMK yroia noracanus u3 Bcex uaMepeHusix. B IIIIT MannuTto6a ['uapo
bunosb 1 cucrema perylmpoBaHusl B KaU€CTBE M3MEPEHHOIO CUTHAJIA UCIOJb-
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3yeT CpeJHEE 3HAUYECHUE YIVIOB IMMOracaHusi BCEX BEHTWIICH, a TAKXKE aJrOPUTM
OaylaHCUPOBAHUS YIJIOB TOTAcaHUs C IEJIbI0 JOOUTHhCS HaMMEHBIIEro pazopoca
Mexay HUMU. OJTHAKO TIPU UCIOJb30BAHUU TAKOM CXEMbI KOJWYECTBO Hapyllle-
HUM KOMMYTaIllMM YBEIMYUIOCh MO CpaBHEHUIO ¢ Temu nosrocamu [T, roe B
CUCTEME PETYJHUPOBAHUS MCIOJIB30BAJICA TPAAULMOHHBIN airoputMm. IlosTomy
OBLJIO TIPOM3BEACHO M3MEPEHUE CHUCTEMbI PETYJIMPOBAHUS YIjla IOTacaHus H
BO3BpAT K MCMOJIb30BAaHUIO TPATUIIMOHHOTO AJITOPUTMA.

B4-57. One-side spectral method for line fault location in HVDC line. E.
Ivanova N.Lozinova N.Yarokh O Suslova.

OJHOCTOPOHHMI CHEKTPAJBbHBIA METOA AJIs ONpede/IeHHMsl MecTa IOBpe-
KACHUA B TMHUU IOCTOSTHHOI0 TOKA

[IpemyioxeH CHEeKTpadbHBIM METOH JJIsi PELICHUS 3aa4yd HAaXOXKIACHUS JJIMHBI
KOPOTKO3aMKHYTOTO y4acTka Jimauu [T, cocTosiel n3 kabeapbHOT0 U BO3YIII-
HOTO YYacTKOB C YYETOM YCTAaHOBJICHHBIX MO KOHILIAM JIMHUHM PEAKTOPOB H
¢GbuabTpOB BBICIIMX rapMoHHUK. [IpennokeHa cxema 3aMelleHUs OJHOPOIHOTO
HETOBPEKICHHOIO0 y4acTKa JUHUU - CXEMa MCKYCCTBEHHOM JIMHUM C COCPEIO-
TOYEHHBbIMU NapamerpaMu. l[lomydeHa ¢opmyna, MO3BOJISIONIAS PACCUUTATH
pPACCTOSTHHE 10 MECTa MOBPEXKACHUSI B 3aBUCUMOCTH OT YaCTOThI, MPEBATUPYIO-
1IEH B CIIEKTPE HAINPSIKEHUS Ha MOBPEKICHHOM TOJIIOCE JIMHUU, TIOTOHHBIX Ta-
pametpoB JmHuM 11T u mapameTpoB cxembl 3aMenieHus. OLeHeHa MOrpenrHOCTb
npepiaraemoro cnocodba OMII, BHOCHMMasi HEU3BECTHOM BEITMYMHOM TEPEXO/I-
Horo conpotuBieHus RII B mecte k.3.

IIIT u BIIT ¢ npumeHeHuem npeodpa3oBareJieii HANPSKEHUSI

B4 — 032. Comparative Analysis of DC Line Fault Recovery Technology in
VSC HVDC. Jiang Chongxue, Lu Yu, Wang Nannan, Wang Hui, Wang
Jiacheng, Zhao Xicai.

CpaBHHTeJILHbIﬁ aHaJIn3 CTpaTeFI/Iﬁ BOCCTAHOBJICHHA CHUCTEMbI IOCTOAH-
HOIo TOKa Ha npeoﬁpasonaTeme HaIIPMKCHUSA IMOCJIC KOPOTKOI0 3aMbIKa-
HHUA HA JIMHUAX ITIOCTOAHHOI'O TOKA.

B pabote npeacraBniensl 1Ba criocoda BoccraHoBiaeHus CIIT ¢ ucnosnb3oBaHuemM
[TH nocne kopotkoro 3ambikanus Ha auHuu [1T. IlepBoiii cnoco0 — moakirode-
HUE AeMIIDUPYIOMKUX MOAYJIEH, MOAKIIOYAEMbIX B KaXJ10€ IJIEY0 MOCTa Mpeoo-
pazoBarens. lemndupyromuii Mmoayns conepxut |IGBT, nemndupyronuii pesu-
CTOp U OTPAHUYUTEIH TEepPEHANpsHKeHUs (OMIMoHaNbHO). lemndupyromnmii pe-
3UCTOP MpPEeAHA3HAYEH JJIS TAlleHUs TOKa KOPOTKOro 3aMblkaHMs. B mosrocax
nuauM 1T pacnonokeHbl pe30HAHCHBIE BBIKJIFOYATENIN, KOTOPBIE TACAT TOK KO-
POTKOT'O 3aMBIKaHHUsI IIOCJIE TOTO KAaK €ro 3HaU€HUE YCTAHOBUTCS HUXKE 3aJaHHOU
BEJUYUHBI. DTOT CIOCOO MPUMEHEH B JIeHCTBYIoMEH natutepMuHansaoit TIITT
3aymad. Bropoii crnocob - HCIojb30BaHuEe BBIKIIOYATEIEH HA CTOPOHE MOCTO-
SHHOTO TOKAa. B 3TOM cilyyae KOpOTKOE€ 3aMbIKaHUE Ha JIMHUW MOCTOSIHHOTO TO-
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Ka OTKJIFOYAETCS C MOMOIIBIO BBIKJIIOYATENSI, TOK K.3. HA CTOPOHE MOCTOSIHHOTO
TOKa HE BO3JIEUCTBYET Ha MpeoOpa3zoBaTeIbHOE 000PYI0BaHUE.

B4 — 040. Validation of MMC station real-time models with field tests. S.
Dennetiere, H. Saad

IMoueBbie ucnbiTanusa MMIITH ¢ noMomb10 Moae/ 1M peajibHOr0 BPEeMEeHHM.

B pabore mokaszaHo, 4TO HEKOTOpble MeTOAUKH Mozenupoanuss MMIIH B pe-
aJIbHOM BpPEMEHHU He 00J1aJal0T T0CTATOYHOM TOYHOCTBIO U MOTYT IPUBOJIUTH K
HEIPaBUIbHBIM CpaOAaTHIBAHMAM CHCTEMBbI YIPABJIEHUS BO BpPEMs WCIBITAaHUI
anIapaTHbIX CPEICTB B KOHTYpPE yNpasieHus. boiee ToUHOE MOIEIMPOBAHUE B
pEXUME PEAbHOIO0 BPEMEHH TPYAHO OCYLIECTBMMO, T.K. Ha ONEpAlUU pacdyeTa
TpeOyercs Oosbliie BpeMeHU. B paboTe mpescTaBieH aabTepHATUBHBINA MOAXO
K MozaenupoBanrnto MMIIH, no3Bossitoniuii COXpaHUTh HEOOXOUMYIO TOYHOCTh
1 YIJIOKUTHCS B 3aJaHHBIE BPEMEHHBIEC PAMKH.

B4 — 042. Mitigating the interaction between VSC-HVDC links when one
link is subject to a DC line fault. C.C.Davidson, C.D. Barker, A G
Adamczyk.

Bausinue K.3. Ha JuHUU nocTosstHHOro Toka IIIIT Ha npeodpa3zoBaresnsix
HANpsKeHUusT HA (PYHKIUOHMPOBAHME JAPYIruX OJIM3KO PACHOJI0KEHHBIX
IIIT una ITH.

Hccnenyercs BIUSHUE aBapUHWHBIX MPOIECCOB HA CTOPOHE MOCTOSHHOTO TOKa
[IIITITH nHa ¢yukmuonupoBanue Apyrux O6mm3ko pacrnoioxkeHHbx [ITITIIH u
CHOCOOBI €r0 YMEHBIIICHHS.

B4 — 047. A Review on AC and DC Protection Equipment and Technolo-
gies: Towards Multivendor Solution. M.Wang, M. Abedrabbo, C.
Spallarossa, S. Oukaili, W. Leterme, D. Van Hertem, I. Grammatikos, K.
Kuroda.

O030p 000py0BaHMS AJIA 3ALIUT B CETAX MOCTOSTHHOIO U NMEPEMEHHOr0 TO-
Ka.

B pabote nmpoBoauTCs cpaBHEHHE O0OpYAOBAHUS JJIS 3aIIUT B CETAX IMOCTOSH-
HOTO U nepeMeHHoro Toka. Obopyaoanue mis 3amuT B CIIT momkHO MMETh
0oJiee BBICOKYIO IIOJIOCY MPOIYCKaHUs, CKOPOCTb cpalaTbiBaHus U  Oojiee
CJIOXKHBIC QJITOPUTMBI KOOPJIWHAIIMM PEJie W BBIKIIIOYATENICH MO CPaBHEHHUIO C
o0opy1oBaHUEM 3alTUT B ceTsAX noctosiHHoro Toka. Cranmaptel IEC 61869, IEC
60255, IEC 61850, IEC 60834 MoryT OBITh afaniTUPOBAHBI JJi CETEH MOCTOSH-
HOTO TOKa.

B4 — 063. Constrained POD Controller for MMC VSC. C D Barker, A G
Adamczyk, R S Whitehouse, N M Kirby.

Jemn¢upoBanue KoJe0aHUA MOIIHOCTH € MOMOIIbI0 MOAYJbLHOT0 MHOIO-
YPOBHEBOIO Npeodpa3oBaTeisi HANPSIKEHNSI.
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N3ydaercs BO3MOXKHOCTH AeMI(pupoBaHusi KOiaeOaHUI MOIIHOCTH C MOMOUIBIO
MOJ1yJIBHOT'O MHOTOYPOBHEBOI'O IIPE0Opa30BaTENsl HAIIPSHKEHHUSL.

B4 — 064. Overvoltages due to Pole to Ground Faults on mixed Overhead
Line — Cable Transmission System of HYDC Symmetric Monopole Config-
uration. M.M. Goswami, M.S. Rao and M. Vardikar S. Rao Atmuri.

ITepeHanpsiskeHusi, BO3HMKAKOIIME INPH KOPOTKHX 3aMbIKaHUA I0JIIOC-
3emJis B IIIIT nHa nmpeoOpa3oBaresisix HANPAKEHUS, UMEIOIIMX CUMMETPUY-
HYI0 MOHOIIOJIIPHYI0 KOH(UIYypauuio 1 BO3AyIIHO-Ka0eabHy0 JuHuio I1T.

B pabote paccmaTpuBarOTCs MEPEHANPSDKEHUS Ha CTOPOHE MOCTOSHHOTO TOKA,
BO3ZHHKAIOIME MTPU KOPOTKHUX 3amblkaHus nosroc-3emis B IIIIT Ha mpeoOpaszo-
BaTEJISIX HAIPSDKEHUS, UMEIOIUX CUMMETPHUHYI0 MOHOMOJIIPHYIO KOH(PUTYpa-
IUIO U BO3AyIIHO-KaOenbHyto jaunauio [IT. YcranoBieHo, 4To nepeHanpsKeHus
moryT nocturath 3,1 o.e. IlepeHamnpspkeHus MOTryT ObITH OTpaHUYEHBI ITyTEM
ycranoBku OITH Brosib mMHMM, HA BBOJAaX MpeoOpa3oBaTes.

B4 — 076. Design Considerations for the extension of COBRA cable point-
to-point HVDC transmission link into a Multi-terminal system. A. Alef-
ragkis, T.C. Bregnhgj, P. Weitzenfelder, S.M.l. Huq, T. Bernhard, Dr. R.
Teixeira Pinto.

IIpoexktnblie pemenusi 1isi moauukanuu IIIT KobOpa ¢ meano npeBpa-
IEeHUs] ee B MHOTONO/ICTAHIIMOHHYIO CHCTEMY.

Kabensnas ITIIIT KobOpa cBsixer sneprocuctembl Hupepnana u Jlanwuu. TITIT
OyZeT peanu3oBaHa Ha MpeoOpa3oBaTENAX HAMPSIKEHUS, U OyJIeT UMETh CIey-
folye nmapameTpsl: Hanpspkenue +320 kB, mponycknas ciocoorocts 700 MBT,
TrHa KabenpHou ymann 325 kM. B Oynymem aByxtepmunansHyro [T ma-
HUPYETCA PACIIMPUTH O TPEXTEPMHUHAIBHOU C IEIbI0 MPUCOSAMHEHUS BETPO-
anekTpuueckoit ctanmuu (BOC), Haxonsmelics B OTKpeITOM Mope. B pabote
OIMMCHIBAIOTCS TTapaMETPhl JOTIOJHUTEIHFHOTO O0OPYAOBAaHUS TPETHETO TEPMHU-
Haja, a Tak)ke HEOOXOUMbIC W3MEHEHUS B KOHIICTIIIMYM CHCTEMBI 3aIlIUT.

B4 - 078. Operating experience of HVDC links — Behaviour during faults
and switching events in the onshore grid. M. Koochack Zadeh, T. Rendel,
C. Rathke, A. Menze.

OmnpITHAs OKCILTyaTaous CUCTEM IMOCTOSHHOI'O TOKa AJIA IMPUCOCANHCHUA BETPO-
QJIICKTPUICCKHUX YCTAHOBOK, HAXOJIAINIUXCSA B OTKPBLITOM MOPC. HpOHGCCBI Impu
KOPOTKHUX 3aMbIKaHHUA WU OIICPAlUAX IICPCKIIOYCHUA.

Cratbs nocsitieHa onbiTy dkciutyataruu [T ¢ mpumenenuem npeobpazoBa-
Tenel HanpspKeHus Juis npucoeauHenust BOC, Haxoasmuxcst B OTKPBITOM MOPE.
HccnenoBanbl epeXoIHbIE MPOIECCH] MPHU Pa3beAMHEHNUN UH AIEKTPUUECKOM
CETH B OTKPBITOM MOpE, MpU OAHO(PA3HOM K.3. HA JIMHUH MIEPEMEHHOTO TOKa, OT-
XOJISAIIEH OT MIMH TIpeoOpa3zoBaTeIbLHOrO TpaHchopmaTopa mpeodpa3oBaTEILHOM
MOACTaHIIUU, HaXOsIIeHcs Ha Oepery.
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B4 -083. Behaviour of the HVDC links with MMC technology during DC
cable faults. M. Greve, M. Koochack Zadeh, T. Rendel, A. Menze

Ilepexoansnie mpoueccsl B IIIIT nHa mpeoOpa3oBaTeiix HANPSIKEHUsS] NPH
KOPOTKHX 3aMbIKAHUAX HA Ka0eIbHO JMHUM IOCTOAHHOI0 TOKA.

Cratbs MocBsIeHa MOJISTUPOBaHUIO TTepexoaHbIX npoiieccoB B [IIIT Ha npeos-
pazoBaTeNAX HAMPSHKEHUS MTPU KOPOTKUX 3aMbIKaHUAX HA KaOeIbHOW JTUHUM TI0-
CTOSIHHOT'O TOKa.

B4 — 088. Maritime Link — enabling high availability with a VSC HVDC
transmission. LUNDBERG, Peter, JOHANSSON, Frank,
VESTERGAARD, Ole, BRAKE, Joy

IIIIT Mapwuraiim JIuHk — o0ecrniedyeHre BHICOKON HAAEKHOCTH € MOMOIIbIO
IIIIT na npeodpa3oBaTe/IAX HANPSIKEHUS

[IIIT Mapuraitm Jlunk Hanpsbxenuem +200 kB, mpomyckHON CrOCOOHOCTBIO
500 MBrT, npenHazHaueHa ISl MEpeladyd dJIEKTPOIHEPTUU OT THAPOIIEKTPO-
cranuuii 1 BOC, pacnonoxxeHHbIX Ha TeppuTopun Herodaynaiena u Jlabpamo-
pa B sHeprocucremy nosayoctpoBa Hosas Lllotnanausa. Ilpu nmpoexkrupoBanuu
cucteMsbl ynpasiienus [T nHeoObxoaumo ObUIO ydecTh ClEeNyIOLUE OrpaHuye-
HUSL:

e OTKJIIOYCHME JIMHUNA TIEPEMEHHOTO TOKa B sHeprocucreme LleHTpanbHOro
Herodaynanenna MOXET CO3/1aTh PUCK KOJUIATICA HAIPSKEHUS, €CIIU He
cOpocuTh MOIHOCTH Tpan3uta Ha Hosyro [lloTnanauto.

e OTKIIOUCHHE JIMHUM MEPEMEHHOTO TOKa B 3Heprocucreme Hosou Iot-
JAHIUM MOXKET MPUBECTH K KACKAJIHBIM OTKIIIOYEHHSIM JIMHUW, €CIU
Harpy3ka CHCTEMBI OCTAaHETCSI HEU3MEHHOW. B HacTosiiee Bpems pHUCK
KaCKaJHbIX aBapui HUBEIUPYETCS IECUCTBUSIMHU CHCTEMBI NPOTHUBOABA-
PUMHON AaBTOMATHUKH, YIIPABIISIONIEE BO3JACUCTBHE KOTOPOM HAMPABICHO
Ha CHUKCHHUU T'E€HEPALIUU AJIEKTPOCTAHLIHM, PACIIOI0KEHHBIX B BOCTOYHOMN
yactu HoBou IloTnanauu.

VYnpasnasiomue Bo3AeiHCTBUS TPOTUBOABAPUNHON aBTOMATHUKU MOTYT OBITh pea-
JM30BaHbl 32 CUET M3MEHEHHUs mnepengaBaeMor aktuBHOM MomHoctu IIIIT. B
yacTHOcTU, MOoIIHOCTh [IIIT MapwuTtaiim JIuHK MoxkeT ObITH cOpolIeHa Ha MO-
7n0BUHY 3a 150 MC ¢ MOMEHTa MOCTYIUIEHHS] CUTHAa OT CUCTEMbI IPOTHBOABA-
PUIHON aBTOMATHUKH.

B4 - 119. Remote Community Supply Using DC Transmission. N M Kirby,
D A Jacobson, A G Adamczyk, C D Barker, R S Whitehouse.

JHeprocHadkeHue yaajJeHHbIX nocejeHuil ¢ ucnouab3opanrem IIIT nmocro-
SIHHOI'0 TOKA.

B cratbe paccMarpuBaeTcs BO3MOXKHOCTb SHEPTOCHAOKEHUS yIalEeHHBIX TOCe-
nenut ¢ ucnonszoBanueM III1T. Peus uner 06 ynanennsix nocenenusix B Kana-
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1ie, TOTPEOJICHNE KOTOPBIX COCTABIISIET OT HECKOJBKUX COTEH KBT 10 HECKOJIb-
KX AecsaTkoB MBT. 3Ty sHepropailoHbl H30JIUPOBAHBI OT LIEHTPAJILHBIX CETEH,
reHepalust AIEKTPOAIHEPTUU B HUX OCYLIECTBISETCS, KaK MPaBUIIO, AU3EIbHBIMU
ANEKTPOCTAHLIMSIMHU HEOOJbIION MoIIHOCTU. [IpucoeauHeHue 3TUX H30JIUPO-
BAaHHBIX YHEPropaioHOB K LEHTPAIbHBIM CETSM JMHHUSMHU IEPEMEHHOIO TOKa
SKOHOMHUYECKU HE BBITOJHO, B TOM YHUCJE M3-32 BBICOKHX MOTEPbh MOIIHOCTH U
3HAYUTEIBHON JITMHHBI JIMHUM, IO KOTOPBIM HYXKHO Tepe/iaBaTh JIEKTPOIHEP-

TUIO HEOOJIBIIION MOIIHOCTH.

[Ipennaraercs OCyIIECTBIATh SHEPrOCHAOKEHHE TPU MOMOIIM MHOTOINOCTAH-
nuonHoi [T na npeobpazoBatensx HampsikeHus. [IpuMep cxembl paccTaHOB-
KU TpeoOpazoBaTeneld U UX MPOIYCKHAas CIOCOOHOCTh M300paXkeHbl Ha puc.4.
DKOHOMUYECKH BBITOJHBIN YPOBEHb HanpsikeHus cocrasisieT =100 kB.
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Puc. 4. Cxema paccranoBku npeodpazoBateneii (modepexne Kanambr)

Onno u3 npeumytiects [IIIT Ha ocHOBe peoOpa3zoBaTeneil HaNPsHKEHUS — BO3-
MOHOCTh modTanHoro pacmuperus [T myrem npucoeauHeHus: mpeodpaszo-

Bateneit (puc. 5).
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B4 - 022. Study and Design for the Nanjing UPFC Project. Jiang Lu, Zhen-
xia Shao, Yonggang Liu, Lei Pan, Yunlong Dong, Jie Tian, Xinbao Wang,
Bing Wang NR Electric Co., Ltd. China

HccaenoBanue U npoeKTHPOBaHNE 00bEIMHEHHOT0 PeryJjsiropa mneperoka
momHocTd (OPIIM) HanuHr.

VYcerpoiicteo OPIIM nipenHazHayeHO JJIsi OJJHOBPEMEHHOTO PErYJIMPOBAHUS T1€-
pEeTOKa MOIIHOCTH B JTUHUM M HaIMpsDKCHUS Ha IIMHAX MOJCTaHUIuU. B gexabpe
2015 roma Obu1 BBeAeT B akcruryaranuio OPIIM Hanunr na nunum 220 xB
mexay [IC Tiebei m Xiaozhuang. B ycTpoiicTBe HCIIONB30BaHBI MOIYJIBHBIC
MHOTOYpOBHEBBIC TpeoOpazoBatenu Hanpspkerus (MMIIH). OpnonuneiHas

CXeMa YCTpOicTBa IpecTaBiIeHa Ha puc.6.
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Puc.6. Onnonmneiinas cxema OPIIM Hanunr.
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OPIIM HaHuHr npenHasHadeH M1 PETyJMPOBAaHUS IEPETOKA MOIIHOCTH B
neyxuennon nuauu 220 kB. Tlpu Tunosoit kondurypanuu OPIIM HEeoOx0oa1MO
B 3TOM cllyuyae HEOoOXOJMMO MMETh JiBa NpeoOpa3oBareis, MOAKIIYaEMbIX B
JUHUI (MPOJOJIBHBIX TTpeoOpa3oBatTesis) U JABa mpeoOpa3oBaTess , MOAKIIOYAe-
MBIX B y3el (Mapajiie/ibHBIX Mpeodpa3oBaresis). B JaHHOM MPOEKTE OTOILIA OT
TUTIOBOM CXEMBI B LIEJSAX MOBBIIMICHUS HAJEKHOCTU U SKOHOMUU. J[Ba MpOaOIIb-
HBIX TpeoOpa3oBaTeis U OAWH MapasulesibHbI MpeoOpa3oBaTesib (MOIIHOCTHIO
60 MBA kaxx1plil) COEIMHEHBI IpYT C APYIOM Ha CTOPOHE ITOCTOSIHHOTO TOKA C
MCITOJIb30BAaHUEM PE3EPBHON MMHBL. Ha CTOpOHE MEpEeMEHHOro TOKa YCTaHOB-
JIEHBI EPEKITIYAOLINE YCTPOMHCTBA, C TOMOILIBIO KOTOPBIX MOKHO MEHSTh KOH-
dburypaimo cxembl MpUcoeANHEHHUs peodpaszoBareneil. Takum obpazoM, mpe-
oOpa3oBaTesin MOTYT pe3epBUPOBaTh Apyr apyra. /st npucenanus npeodpaso-
Barenel k muHaM 35 kB ucnonb3oBaHbl ABa TpanchopmaTopa. B HopMamsHOM
pexxuMme paboThl JBa MpeoOpazoBaTessl PETYIUPYIOT IMEPETOK MOIIHOCTH B
neyxuenHod nuHuu 220 kB, Tperuii mpeoOpaszoBareib, MPUCOEAMHEHHBIA K
muHaMm 35 kB, ucnonb3yercs ans peryiaupoBanus Hanpsbkenus. [lpu HeoOxo-
JUMOCTH BCE€ TpH MpeoOpas3oBaTesis MOTYT ObITh MOJKIIIOUEHBI K IMHaM 35 kB u
UCIOJIB30BAThCA AJI PEryJIMpOBaHus HampsbkeHus. Ha cTopoHax BKIIFOUaeMbIX
B JIMHUIO TPaHC(OPMATOPOB YCTAHOBJIEHBI MEXaHUYECKUE U OBICTPOACHCTBYIO-
[I1ME€ TUPUCTOPHBIEC MEPEKIOYATENN. DBICTPONEUCTBYIOIINNA THUPUCTOPHBIN IIE-
pEKII0YaTesNb MO3BOJIAET 3alIyHTHUPOBATh MPOJOJBHBIN peoOpa3oBaTesb B Te-
YEHHEe 2 MC MOCJE€ KOPOTKOro 3amblkaHus Ha JuHUM 220 kB. B crtatbe Takxke
IPUBEACHO ONMCAHUE U AIITOPUTMBI CUCTEMBI peryauposanus OPIIM.

B4-037. Interharmonic Emission of Modular Multilevel Converters. - As-
sessment of impacting Converter Imperfections. K. Hermanns, A. Kosenko,
G. Griepentrog

T'apMOHMKH MOIYJIbHOTO MHOTOYPOBHEBOTI'0 NIpeodpa3oBaTeis.

Hccnenyercs BAUsSHME HA TapMOHMYECKHMU cocTaB HampsbkeHnss MMIIH pas-
JUYHBIX (PAKTOPOB: BUIA MOIYJISIIMHU, AJITOPUTMA COPTUPOBKH MOIYJIEH, KOA(-
(¢uLreHTa MOIIHOCTH.

B4 - 049. Ascutney SVC Associated with Connecticut River Valley Project.
J. Hu, B. Bisewski, J. Carrara, B. Fernandes.

CTK AckyrtHel B npoekte KonnekTukyt Pusep Basuiei

B pabore mpencraBieHbl pe3yabTaThl MPOIECC MJIAHUPOBAHUS M IPEAIPOCKT-
Hbix uccienoBanuii CTK AckytHeit. PaGoThl BKIIIOUAOT OMpeiesieHrne Heo0Xo-
numoctu yctaHoBku CTK, onpenenenue xapakrtepuctuk CTK u ero cucremsl
peryIupoBaHMUSL.

B4 — 053. Operation experience with STATCOM in a weak 145 kV grid. S.
Bgdall, M. Meisingset, @. Kirkeluten, S. Kynev, K. Lipiec.

Omnbit 3kciiryatanun CTATKOM B caadoii cetu 145 kB.

17



B cratee onucsiBaetcst onbIT 3kcmtyatauu CTATKOM + 50 MBAp B sHepro-
cucteMe Hopseruu. [lanneiii CTATKOM BBenen B skcryatauuto B 2015 T,
peanr30oBaH MO MOAYJIbHOW MHOTOYpPOBHEBOW cxeme. [IpuBeAeHbI nepexoaHbie
npoueccol, noaydeHusie npu npuemke CTATKOM B skcrmyaTanuio, a Takxke
IIPU KOPOTKHMX 3aMBIKaHUSX B CETH B Mpolecce IKcIuryaTauud. CTaTUCTKa MOKa-
3aJ1a 3HAUUTENbHBIE YJIYUYIICHHUS KauyeCTBAa HANPSHKEHUS B CETH MOCIE BHENIpE-
Hust CTATKOM.

B4 — 056. Frequency Stability in Case of Interconnectors (AC and DC) and
the Impact of Frequency Stabilizer. E. Spahic, K. Frey, M. Zimmermann,
F. Freitag, V. Hild.

OOecneyenne CTAOMIM3ANMH YACTOTHI B CETH € MOMOIIBI0 CTATHYECKOIO
KOMIIeHcaTopa.

OaHO W3 BO3MOXKHBIX PEUICHUH 711 0OecnedeHus YIydlleHUs CTaOuIu3aluu
9acTOThl B OBICTPBIX MEPEXOAHBIX TpoIleccax — MPUMEHEHHE CTaTHYECKOTO
KOMIIEHCATOpa, PEaJTM30BAaHHOTO HAa OCHOBE MOJYJIHHOI'O MHOTOYPOBHEBOI'O
npeoOpa3oBatens HANpPsHKEHUS U AONOJHEHHOTO CYNEpKOHAEHCATOPOM, olec-
NIEYUBAIOIINM BbIauy aKTHBHOW MOIIHOCTH.

B4 — 027. Additional functions of the upgraded TCSR with split windings
A. Matinyan, M. Peshkov, V. Karpov, N. Alekseev, O. Suslova

Jomoanurenbubie GpyHkuuu YIIPT ¢ pacimenieHHbIMH BEHTHJIbHBIMU
00MOTKAaMM /1J151 BHINOJIHEHUSI UM (PYHKIUI JINHEHHOT0 peaKTopa.

[TpuBenensl cBenenus o texHuueckoMm npoekte YIIIPT 500 kB momHOCTEIO
180 MBap, pazpaborantom B 2012 rony AO «HTL ®CK ED2C» no 3axazy I1AO
«DCK EDCy. [lepeuncnens! Gpynkiuu mmuaHOTO U quHeriHoro YIIIPT. ITokasa-
HOo, yto YIIPT c pacmenieHHbIMA BEHTWJIBHBIMH OOMOTKAMH TO3BOJISET
YMEHBIINUTh TOK IMOJAIMUTKU U COKPATUTh CPEAHECTATUCTUYECKOE BPEMS TOPECHUS
nyru onHogazHoro 3ambikanus (aszsl JIDII Ha 3emuiIto, a OCHallleHHE JTUHUU
AJIEKTpOIEpeNauYd JAaHHbIM JUHEUHBIM YIIIPT u peneiiHoM 3allMTOM JIMHWU,
MO3BOJIAIONIEH JETEKTUPOBATh MoracaHue ayru 3ambikanus (aszer JIDII Ha 3em-
J0, TO3BOJUT COKpaTuTh BpeMsa unukina OAIIB, yBenuuuTe BEpPOSTHOCTH
ycnemHoro AIIB 1 moBBICUTE HAZEKHOCTh PA0OTHI YHEPTOCUCTEMBI. Y CTAHOB-
neHo, uto ObicTpoaeiicTtBua YIIPT gocrarouno ajis mpenoTBpaiieHus: Bo30yx-
JIEHUsl PE30HaHCa, MOTEHUMAIbHO BO3HHUKAIOLIEIO B HEMOMHO(A3ZHBIX pexUMax

paboter JIDII mpu cTenmeHW KOMIICHCAIMU 3apSIHOW MOIITHOCTH OJU3KON K
100%.

[ToMuMO cBeneHUN O MOAEPHU3UPOBAHHOM cucreme ynpasieHus YIIPT mpu-
BEJICHbI OCHOBHBIE PE3YJIbTAThl MCCIIENOBAHNS BIMSHUS JUHEMHOTO peakTopa Ha
paboTy cereBoro obopymaoBaHus. Bo-TepBbIX, MOKa3aHO, YTO OTKIFOYEHUE BbI-
kimouarenem YIIPT, pabGoraromiero Ha Xoi10cToM xoty, 6e3omacHo. Bo BTOpHIX,
yto npu noakiaoueHnn YIIPT k cetn He TpeOyeTcsi KOPPEKTUPOBKA YCTABOK
cpaOaTbIBaHUs PEJIEWHOM 3alMThl JIMHUWA. B TpeTbux, mokasaHo 4ro, (pazonm-
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IyJIbCHOE yHIpaBieHUe TUPUCTOpHbIMU BeHTMissMH YIIIPT mo3Bosmser ocymie-
ctBUTh BKIoueHue YIIIPT 6e3 anepuoandeckoi COCTaBISAIONICH B TOKaX peak-
topa u JIOII, a ucnonszoBanue YIIIPT na nunusx (Bmectro I1IP) mo3Bomsier
YCTPaHUTh NPUYHMHY MOBPEXKICHUS JIMHEWHOTO BBIKJIKOYATENS! B HOPMHUPOBAH-
HOM IUKJIE «BKJIFOUEHUE-OTKIIOUEHUE» 0€3 MPUMEHEHUS CIEeUUaIbHbIX TOMOJI-
HUTEJIbHBIX MEpP TaKHX, KaK yIpaBiiieMas KOMMYTALHs WU MPEABKIIOUCHHBIC
pE3UCTOPHI.

CunoBasi 3JIEKTPOHMKA

B4 — 141. Thyristors and Diodes for modern HVDC Applications. Jens
Przybilla,Uwe Kellner-Werdehausen, Sebastian Paul Sommer, Mario
Schenk.

B cratbe onuChIBatOTCS COBPEMEHHBIE TUPUCTOPBI U TPAHZUCTOPHI JAJISI MOIIHBIX
I[IIIT u BIIT. B coBpeMEHHBIX BBICOKOBOJITHBIX THUPUCTOPHBIX BEHTHIIAX
(BTB) mnsa momnusix [T yasTpa Beicokoro Hanpspkenus = 1100 kV npomyck-
HOM criocoOHOCThIO A0 12 'BT  Hcmonb3yroTcs TUPUCTOPHI ¢ BETUYMHAMU TI0-
BTOPSIIOLIETOCS UMITYJbCHOTO HAINPSKEHUS B 3aKPBITOM COCTOSIHUU 10 9,5 kB,
BEJIMYMHA TOKA B OTKPBITOM cocTosiHuM — 10 7 KA. Illupokoe npumeHeHue
HaAXOJAT (GOTOTUPHUCTOPHI (pHC.7)

Puc.7 ®ototupuctop Infineon nanpspxernem 9,5 kB, TOK B mpsiMOM Harpas-
JeHuu 7 KA, 1naMeTp KpEMHUEBOM IIIIACTUHBI 6 TF0IMOB

OTu POTOTHPUCTOPHI CHAOKEHBI BHYTPEHHEH 3aIIMTON OT MEepeHaIpsHKeHUN
(3amuTHOE BKJIIOYEHHE). B 0OBIYHBIX THpHUCTOpax (PYHKILHUS 3alUTHI OT Mepe-
HaIpSDKEHUI peanu3yeTcsl B s4YelKe yrpasieHus tupucropoM. CpenHee Bpe-
Ms HapaOOTKH TUPUCTOPOB JI0 OTKa3a coctanisieT 40 Jer.
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OnHOil M3 KIIOYEBBIX XapaKTEPUCTUK THUPUCTOPOB SIBISIOTCA MOTEPU
MOIIHOCTH B OTKPBITOM COCTOSIHUM TUPUCTOPA U JUHAMHYECKHUE MOTEPHU, KOTO-
pbIE 3aBUCST, B TOM YHUCJE U OT TOJIIMHBI KpeMHUEBOW IuiacTuHbl. [lokazaHo,
YTO MOYKHO YMEHBIIWTH TOJIIMHY KPEMHHMEBOW IUIACTHHBI Ha 6%, COKpaTUB
TE€M CaMbIM CTaTUYECKHE U TUHAMUYECKHE NTOTEPU TUPUCTOPA, IIPU ITOM 3HAUE-
HUE€ MOBTOPSIOLIETOCS UMITYJIBCHOTO HAIPSKEHHSI B 3aKPBITOM COCTOSIHUM TH-
pHUCTOpA HE YMEHBIIIAETCS.

PaspabareiBatorcst HoBble IGBT Ttpansuctopel koHcTpykumu «IIpecc-
MaK» C BHEIIHUM JIUOJOM OOpaTHOW Iienu. Takue yCTpOMCTBa CIOCOOHBI OT-
KJTF0YaTh TOK, UMEIOIINI BHICOKYIO CKOPOCTh HapacTanus Oosiee 5 KA/MKC, 4TO
ocobenno BaxHO B cxeMax [IIIT ¢ mpeobpazoBaTensiMu HaNpsHKEHUS C TIpUMe-
HEHHUEM I10JIyMOCTOBBIX MOAYJIEW IIPU K.3. HA CTOPOHE MOCTOSIHHOTO TOKA.

BoIK0OYaTEe M NOCTOSIHHOTO TOKA

A3/B4 - 015. A novel commutation-based hybrid HVDC circuit breaker. B.
YANG, D. CAO, W. SHI, W. LV, W. WANG, B. LIU NR Electric Co., Ltd.

I'mOpuAHBINA BHIKJIIOYATEb IOCTOAHHOIO TOKA.

Cnennanuctel u3 Kutas npencraBuiv ruOpuIHbIN OBICTPOJACHCTBYIONIUN BbI-
KJIFOUaTeN b TOCTOSIHHOTO TOKa Ha kiacc HanpsbkeHus: 500 kB. Cxema Bbikio4a-
Tens ¥ poTorpadus ero mpoTOTUIA Ha MPUBEICHA HA puC. 8,9.

I b !
I/I\I | | | ! oy
W 1 - T | T 2
I o !
| 1

S |

_r__Q2

Puc. 8. Cxema ruOpuIHOTO BBIKIIFOUATENISI TIOCTOSTHHOTO TOKA
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Puc. 9. HpOTOTI/IH I‘I/I6pI/I,Z[HOI‘O BBIKJIFOYATCIIA ITIOCTOAHHOI'O TOKA.

Brixmmrouarens pabotaer ciemyromuM oOpa3oM. B HopMmalbHOM pexnuMe
TOK MPOTEKAET Yepe3 BETBb, B KOTOPYIO BKIIIOUCH OBICTPOACHCTBYIONIUN pa3b-
eauHuTeIb S1 M BCrioMOraTeNbHbIM BhIKIIOUaTellb Q1, TOK B BETBU OCHOBHOI'O
BeikrouaTess [T Q2 ve mpoTekaer.

[Tamenue HampspKEHUS Ha BCIIOMOTATENbHOM BhIKIIOUarene Ql, Haxoms-
IIEMCSl B MPOBOJSIIEM COCTOSHUU, COCTABJISIET HECKOJIBKO BOJBT MPH Kjlacce
HaIPSHKCHUST YCTPOHCTBA HECKOJIBKO COTEH KHIJIOBOJIBT, YTO OOCCTICUMBACT MU-
HUMAaJIbHBIC IIOTEPH B HOPMAJILHOM PEIKHME.

IIpr BO3HMKHOBEHHH KOPOTKOT'O 3aMBIKaHHUS TPAH3HCTOPHI OCHOBHOTO
BBIKITFOUaTE s Q2 IepeXxoIaT B MPOBOIAIIEE COCTOSIHHE, TOK PACIPEIeIIIeTCs 110
asyMm nersm Q2, D1, D4 (wnu D2, D3) u Q1. BermomorarenbHbIH BBIKIIOYATEb
Q1 3akpsIBaeTCsI, COMPOTUBICHNUE OCHOBHOW BETBH CTAHOBHUTCS OOJBIIIMM, TOK
nepeHarnpanisiercs B 00xoanyo nens Q2, D1, D4 (wm D2, D3). beictpoaeii-
CTBYIOIIUN Pa3beIMHUTEND pa3MbIKaeTcss S1, H30JUpysl BCIIOMOTATEIIBHBIN BBI-
KJIFOYaTeIh OT BBICOKOT'O HAIpPsDKEHHMS HAa OOXOJHOW memu. TpaH3HCTOpHI OC-
HOBHOTO BBIKJTFOUATEIIS TIEPEXOISIT B HEMPOBOAIICE COCTOSTHHUE, TOK, KOMMYTH-
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pyembiii B pazpsaauk MOV 1, ymenbmaercs 10 HyIs. BeIkiouaTenb MOXKET OT-
KIIIOYUTH TOK J0 25 KA, BpeMsi cpabaTbIBaHUSI COCTABIISIET 3 MC.

A3/B4-041. Hybrid DC circuit breakers using gas-discharge tubes for high-
voltage. Switching. C.C.Davidson, C.D.Barker, J.M.De Bedout,
W.Grieshaber, J.W.Bray, T.J.Sommerer

I'nOpuaHbIi BBIKJIOYATE]b MOCTOAHHOTO TOKA € HCHOJb30BAHMEM Tra30-
pPa3pAIHBIX TPYOOK.

['uOpuaHbIe BBIKIIOYATENN MMOCTOSIHHOTO TOKa KOPOTKOTO 3aMbIKaHUS BIIEPBBIC
ObuTH mpeniokeHsl B 2011 roay, OHM OTJIMYAIOTCS MUHUMAJIBHBIMHU MOTEPSMHU
MOIITHOCTH B HOpMaJIbHOM pexkuMe. C TeX Mop MpOTOTHUITHI THOPUTHBIX BBIKIIO-
yaTenei ObLTM pa3padoTaHbl HECKOJBKUMHU KoMmaHUsIMU. OJTHAKO TPOMBIIIIICH-
HOE BHEJIPEHUE TUX BBIKJIIOYATEICH UIET MEJIEHHO, B OCHOBHOM M3-3a BBICO-
KOW CTOMMOCTH, CJIOKHOCTH M OOJIBIIION 3aHHMaeMoi 1uomiaan. B crarbe mipea-
JaraeTcsi HoBasi KOHIIETIUS IOCTPOCHUsI THOPUIHOTO BhIKItouarens. [Ipenara-
€TCS 3aMEHUTh OCHOBHOHM BBIKIIIOUATENh Ta30pa3psaHON TpyOKOH, KOoTopas
CrOCOOHA BBIMIOJIHATH T€ )K€ (PYHKLHMHU, YTO U OCHOBHOHM BBIKIIIOYATEIb, HO 00-
JajaeT ropasao 0oJjiee KOMIAKTHBIMUA Pa3MEpPaMHU.
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2. 3aceganue UccieaoBaTe/qibCKOro komurera B4

OuepenHoe 3acelaHue UCCIIEIOBATENIbCKOTO kKoMuteta B4 «Dnekrporne-
penavu MOCTOSTHHBIM TOKOM U CHJIOBAs DJICKTPOHUKA» COCTOSIIOCH 5 OKTSOpS B
r. Bunnurner. Ha 3acegannn npucyTCTBOBaIM PETYJIAPHBIE YIICHBI UCCIIEI0BA-
TEJIbCKOro KomutTera OT ABcTpanuu, bpasunuu, Anonuu, I'epmanuu, AB-
ctpuu, Kananel, Muauun, Kuras, Hunepmnanno, ®@panuuu, Mcnanuu, Benu-
koOputanuu, FOAP (Bcero 78 yenoBek). KpoMe uieHOB mccienoBaTeIbCKOro
KOMHUTETAa Ha 3aCEJaHWU IPUCYTCTBOBAJIM PYKOBOJIMTEIN HEKOTOPBIX JACH-
CTBy}OIJ_II/IX paboyux rpynm u psj :-)KcnepTOB B TOM 4ucie u3 Poccum.

Puc.10. I'pynnoBas ¢ororpadus MK B4

Ha 3acenanuu 06CyX1auch OCHOBHBIE CIIETYIOIINE BOPOCHT:
1. Hoxnan pykooautensa B4 Moxamena PaiBana o nesatebHOCTH
TEXHUYECKOTO KOMHUTETA.
Cosznanue on-line cnpaBounnka mo HVDC
JlesITeIbHOCTh KOHCYJIbTATUBHBIX pabounx rpymmn B4.
JIoKJTapl 0 TEKYIICH MesATEIIPHOCTH paO0YMX TPYIIIL.
[Ipencrosmue coobrTrst CUT'PD
[TpemnoxeHust 1uIsi CO3AaHUST HOBBIX pad0o4mX TpyIil. J[pyrue BUIbI
AKTUBHOCTH.
B3aumoneiicTBue ¢ ApyruMu OpraHn3anysMu.
8. Ilnanmpyemble U HAXOISALIUECS B CTAIUU CTPOUTEIHCTBA OOHEKTHI
[IOCTOSIHHOI'O TOKA
3acemanne Havasmoch B 8:30 MecTHOro BpeMeHH u 3akoHUMI0ch B 18.00.

ok ow

~
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2.1. Jloksaj o AesATeJIbHOCTH TEXHUYECKOro KOMUTeTa
2.2. 3aceaaHue TeXHHYeCKOro komurerta B Tokuo 7 masa 2015 .

3acenanue ncciaenoBaTeNIbckoro komuteta B4 Hauanock ¢ goknama py-
KOBOAUTENsA KoMuTeTa Moxamena PamBana 06 yqacTun B 3aceaHMd TeX-
Huueckoro komuteta CUI'PD B Apaxeme (Hunepnanasr) 28-30 mast 2017 ro-
na.

Ha 3acemanuu TeXHWYECKOTO KOMHUTETa Oblja MPEICTaBICHA CTATUCTUKA
Pa3TUYHBIX TTOKa3aTeNeld pabouux rpyIin UCCIeOBATEICKUX KOMUTETOB. Ha
nuarpamme (puc. 11) mpenacraBieHo pacrnpeseiicHHe pado4ux TPy MO0 HC-
CJIEIOBATEIILCKUM KOMHUTETAM.

30

aWG OJWG

25

20

15 &

10 H I B O

A1 A2 A3 B1 B2 B3 B4 B5 C1 C2 C3 C4 C5 C6 D1 D2

Puc. 11. Pactipefienienne akTHBHBIX PabOYMX TPYII B UCCIAEAOBATEIBCKUX KO-
MHUTETAX

Ha muarpamme (puc.12) npencrasieHo o01ee KoarmdecTBa pabounx rpyIn

o rojaMm, HauuHas ¢ 2006 roga. I3 quarpamMmbl BUHO, YTO YUCIIO (PYHKIIHO-
Hupyrommx B CUI'PD paGouux rpymnm cocTaBisieT B cpeaHeM 225.
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250 Active Working Bodies on January 1, 2017

EWG BTF BIWG B ITF

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Puc.12. KonmudecTBo pabouux rpymi mo rojgam

Jlpyrasi cratucTtuka - BO3pacT (YHKIUMOHUPYIOIIUX pabOYMX Tpymil.
CooTBeTcTBYIOIIAsA qUarpamma rnpejacrapieHa Ha puc. 13.

WG Age

B NbWGs
20 -
10 I I
{} 1 T T T T T T T . T - T - T -_|
1 2 3 4 5 B 7 2] 9 10 11

Puc. 13. Bo3pacT pabouux rpyrmim

N3 muarpammer Ha puc. 13 BuaHo, uto BOo3pact /0% pabGoumx rpyrmi
npesbimaet 2 roga. C y4eToM TOro, 4To padbodas rpyrma CO3JacTcs Ha CPOK
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He Oojee AByX JIeT, JaHHAs CTaTUCTUKA JEMOHCTPHUPYET CIOKHOCTU (yHK-
LIMOHUPOBAHUsI HEKOMMepUecKux opraHuzauuil. [lockonbky yuyactue B pabo-
YUX TpyINIax JJisi MHOTUX MX YJIEHOB SBIISIETCS JOOPOBOJIBHBIM, 3TO y4acTHE
HE MOXXET OBbITh AJI1 HUX HPUOPUTETOM IIE€pPE]l OCHOBHOW NEATENBHOCTHIO. B
pesyabpTare pabouyre TPyHIbl PeAKO 3aKaHYMBAIOT pabOTy B CPOK 0003HAUECH-
HBIM U3HAYAIBHO.

BayxHpIM MOMEHTOM, 00CYKJJa€MBbIM Ha 3aCE€AaHUU TEXHUYECKOIO KOMHU-
TeTa, ObUIO Bce Oosiee MOBBIIIAIONIEECS] 3HAYEHHE BOIMPOCOB pacrpeiesu-
TenbHbIX cered. Ha puc. 14 mpencraBneHa nuarpamMma, Ha KOTOpPOW IOKa-
3aHa J0Js paboyuMXx TPYII B UCCIENOBATEIbCKUX KOMUTETAX, Ubsl TEMAaTHUKa
CBSI3aHA C paclpeAeNuTeNbHbIMUA ceTsMU. W3 auarpamMmbl BUIHO, 4TO €S-
TENBHOCTh 58 % Bcex pabouux TpyIl Tak WIM MHAYe CBSI3aHA C PACIpeesn-
TEJIbHBIMU CETSAMU.

? Distribution issues (58% Yes in total)
2h S

P

15 - B No

N Yes
10 -

Al A2 A3 B1 B2 B3 B4 B5 C1 C2 C3 C4 C5 C6 D1 D2

Puc. 14. [IpoGnemaruka pacupeaeuTeIbHbIX CeTel B pab0ounX rpyImmnax
CUI'P>

JlpyruM acrekToM paboThbl, 00CYK/1aeMOM Ha TEXHUYECKOM KOMMUTETE,
OblTa CpaBHUTENbHAs IMyOJUKAIlMOHHAS AaKTUBHOCTh HCCIIEIOBATEIBCKUX
komuTeToB. Ha puc. 15 nokaszansl quarpamMmsl, JEMOHCTPUPYIOIIUE TyOIrKa-
I[N KOMHUTETOB.
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Puc.15. Ilyomukanuu UK B sxxypHane Dnexrpa 2007-2016

2.3. CemuHapsbl UccaeaoBaTe/IbCKUX KOMUTETOB CUI'PI B pamKax
CcecCUi M KOJVIOKBUYMOB

B pamkax ceccuii u komuiokBuymoB CHUI'P3I, kak npaBuiio, MpoBOJSITCA
CEMUHApPhI, KOTOPbIE MPOBOAAT BEAYIIUE SKCIEPTH B CBOMX o0nacTsax. B pam-
kax 46 ceccuu nsatb MK — B2, B4, B3,C6,C4 npoBenin ceMUHaphbI, OIBIT HPU-
3HaH MOJIOKUTEIBHBIM, U B paMkax 47 ceccuu CUI'PD Bce UK OyayTt nposo-
IUTh CEMUHAPBI.

2.4. O pasButuu cauta UK B4

HNudopmanuro o passutue caiita http://b4.cigre.org/ uccnenoBareabckoro
komuTeTa B4 mpencrasun Oayapnao Ilpuero. On nman oOuryto nHpopmMaiuo o
IocenaeMocT caira. Pacckasan 00 OCHOBHBIX M3MEHEHHUAX 3a IIOCIEIHUN TOJI;
BBUIOXKEHBI TOKyMeHThI 46 Ceccun, cricok TexHudyeckux Opomrop B4 ¢ anHo-
TalSAMH U TIPSIMBIMU CCHIJIKAMH Ha CKaUMBAaHHE, aKTyalbHBIN CIHCOK pabounx
rpyIi, oOHOBJIEHHBIM CMHUCOK 4jieHOB B4, MOKYMEHTHI, OCBSIIEHHBIC KOJIJIO-
kBuyMy B4 B Bunnunere, uapopmanus o 48 ceccun CUI'PD 2018 rona. Taxxke
CO3/IaH CITUCOK IMyOJIMKAIUi B JKypHaJie DJIEKTpa ¢ aHHOTALUAMH U CChUIKAMHU
Ha CKauyMBaHUE.

2.5. O xopae paoortsl Hag CIGRE Green Book on FACTS

Nudopmaruto o xomxe padorsl Hagy CIGRE Green Book on FACTS npencra-
27


http://b4.cigre.org/

Bui beapue Auaepcen. Kuura mianupyercs k uzganuto B 2018 roxy, 6yaert co-
CTOSITh U3 22 rjaB: BBEJIEHUE; TPEOOBAHMS CUCTEM MEPEMEHHOT0 TOKA; peryJsiu-
pPOBaHUE B CETSIX MEPEMEHHOI0 TOKa MPHU HCIOJIb30BAHUU TPAJAUIIMOHHBIX CIO-
co0OB; pEryJMpOBaHHE B CETAX IEPEMEHHOI0 TOKa TMpPHU HCIOJIb30BAHUU
FACTS; tunsl yctpoiictB FACTS; cxemsl yctpoiictB FACTS; ctatnuueckue Tu-
puctopubie komneHcatopbl; CTATKOM; ymnpaBisiemble yCTpOMCTBA MPOI0JIb-
Hoil komnieHcauuu (Y YIIK); yHuBepcanbHbIi pEryasiTop NepeToKOB MOILIHOCTH;
npyrue ycrpoiictBa FACTS; npumepsl npumenennss CTK; npumeps! npumene-
Huss CTATKOM; npumepst npumenenns Y YIIK; npumepsl npuMeHeHHUsT yHU-
BEPCAIbHBIX PETYJSTOPOB MEPETOKOB MOIIHOCTH; TEXHUKO-3KOHOMHYECKOE
obocunoBanue npumeHenuss FACTS; mmanupoBanue FACTS; Bausaue FACTS
Ha OKPYXAIOIIyI0 cpeny; Texuunueckue tpedoBanust k FACTS; mpoiiecc mpoek-
tupoBanusi FACTS; tectupoBanue FACTS; cnaua B skcmutyataruio FACTS;
dynkmonupoBanne FACTS; skcrutyaranms FACTS.

2.6. /[leATe/IbHOCTb KOHCYJIbTAaTUBHBIX padouyux rpynn UK B4

Otuer 0 pabore KOHCyJIbTaTUBHOU paboueit rpymmbl AG04 «Xapakrepu-
ctuku cucteM HVDC» npencraBun Hapunne HamuBan. B 3amaun paboueit
IPYIIbI BXOJUT:

e dopmuposanue noknaaa Ha ceccun CUI'PO «OkcmnyaTanimoHHbIE Xapak-
TEPUCTHUKU CHUCTEM MOCTOSHHOTO TOKA BBICOKOTO HANPSIKEHUS, B KOTOPOM
CHUCTEMATU3UPYIOTCA CTaTUCTHYECKUE AaHHbIe 1o oTkazam B CIITBH, na
OCHOBAaHUH KOTOPBIX PACCUUTHIBAIOTCS KOI(DPUIMEHTHI SHEPreTUYeCKOn
roroHocT CIITBH.

e @dopmMHUpOBaHUE OTYETA MO CTATUCTUYECKUM JaHHBIM 00 OTKa3zax Mpeoo-
pa3oBaTelIbHbIX TPaHC(HOPMATOPOB;

e @opMHpPOBAHHUE OTYETA MO CTATUCTUYECKUM JAaHHBIM 00 OTKa3ax CTaTU-
YECKUX TUPUCTOPHBIX KomireHcatopoB 1 CTATKOM;

e @DopMHpPOBAHHE OTYETA MO CTATUCTUYECKUM JIaHHBIM 00 OTKa3ax Ha JIU-
Husax I1T;

e ®dopmuposanue on-line cnpaBounnka no CITTBH.

B kauecTBe WIUIIOCTpalMy MNPHUBEAEM THCTparpaMMy paclpeliesieHHs] aBapHil-
HBIX OTKa30B MPeoOpa3oBaTeNIbHbIX TPAHC(HOPMATOPOB MO FOAAM.
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Puc. 16. Jlmarpamma pacnpeneneHuii aBapuid npeoOpa3oBaTEIbHBIX
TpaHCc(HOPMATOPOB IO TOJIaM.

[TonpoOHoe onucanue aBapuil B mpeoOpa3zoBaTEeIbHBIX TpaHChOpMaTOpax
¢ 2003 mo 2012 r npexncrasieno B Texuuueckou bpomrtope 617.

2.7. [learesbHOCTb pa6oyux rpynn UK B4

[TpucyrcTBYyIOIIME PYKOBOAUTENN PadOUYMX TPYHI WIM UX MPEACTABUTEIH
JOJIOKUIIA O TEKYILEM IOJIOKEHUU /1€ B pabOuMX TpymIiax.

PaGouas rpynnma JWG B4/B5.59- «PeryjupoBaHue W 3allUTa B CETAX
IIT»

PykoBoaurens Kees Koreman.

Coznanne paboueil rpymmbl ObUIO 0J00peHO TEeXHUYECKUM KOMHUTETOM
CUI'PD B mapte 2013 roma. Oxumaemas nata okoHUaHusi paboTsl - MapT 2016
roga. B utoroBoii Oportope paccMOTpeHbI CIEAYIOUIME OCHOBHBIE BOIPOCHI (110
COJIepXaHMI0): (YHKIIMHA CHCTEMBbI 3alUT B CETSAX MOCTOSIHHOTO TOKa, SIBJICHUE
KOPOTKOTO 3aMbIkaHus B ceTsix [1T, MeTo1bl orpaHyeHHst KOPOTKOTO 3aMbIKaHUS
B CETAX MTOCTOSIHHOI'O TOKAa, OCHOBHBIE IPUHLMUIIBI IOCTPOEHUS 3aILUT, OCHOBHbBIE
OPUHIUIB ¥ KOMIOHEHTHI JIOKAJIBHOM CHUCTEMbI PETyIUpPOBaHUS W 3aIIUTHI,
OMpezesieHne MecTa aBapuu. TexHuueckas Opollropa 3aBeplieHa U rOToBa s
BHYTPEHHUX PELIEH3H.

Padouas rpynna B 4.60 "'TIpoekTupoBanue ceTeii MOCTOSHHOTO TOKA
JJIS1 JOCTHKEHHSI ONTHUMAJILHBIX MOKa3aTe/ieil HAleXKHOCTH' .

PyxoBoauTens Norman MacLeod.

TexHuueckast OpoILropa 3aBeplIeHa U TOTOBA JIJIsl BHYTPEHHUX PELICH3HIA.
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Pabouyas rpynna B4.64 «BiusiHHe NPUMBIKAIOIIHMX CHCTEM MEePeMEeHHO-
0 TOKA HA CBOMCTBA 3KCcILIyaTanuoHHblie cBoiicTea IIIIT u BIIT»

PykoBoautens Jef Beerten.

Coznmanue paboueild rpymmbl ObUIO 0100peHO TEXHUYECKUM KOMHUTETOM
CUI'PD B despane 2013 roma. Pabora Haa Opoltopoit moka MpoaoKaeTcs.
OxunaemMas JaTa OKOHYaHUS paboThl HE 0003HAYECHA.

Bomnpocsl, mpopabateiBaeMble paboueit Tpymmnoi:

- OnpeneneHre MOHITUN OTHOIICHUE KOPOTKOTO 3aMbIKaHUsI, YPPEKTUBHOE
OTHOIIICHHE KOPOTKOTO 3aMbIKaHUs, KpUTHIeCKoe 3((HEeKTUBHOE OTHOIICHHUE KO-
POTKOTO 3aMbIKAHWS;

- XapakTepucTuka TUIOB MPeodpa3oBaTeseil, MPOU3BOJUMBIX MPOMBIILICH-
HOCTBIO Ha CETOHSIIHUIN JICHb;

- XapakTepuCTUKH TeHEepallny;

- XapaKTepUCTUKU Harpy30K B CHCTEME MEPEMEHHOTO TOKa,

- PerynmupoBaHue peakTHBHOW MOIIHOCTH C TOMOIIBIO MpeoOpa3oBaTelis
HaAIPSDKCHUS;

- BiusiHue ycTpolcTB napajuieIbHON KOMIIEHCAIIMN Ha (DyHKIIMOHUPOBAHHE
niepenad (BCTaBOK) MOCTOSTHHBIM TOKOM BBICOKOTO HAITPSHKCHHS,

-OcobeHHoCcTH pabOTHI CETH MEPEMEHHOTO TOKA, BKJIIOUAIOIIEH HECKOJIBKO
npeoOpazoBaresei;

-BriBogibl: ompenenenue rpanul; obnactu npuMmenenus oueHku no OK3, u
MPEIJIOKEHUE ATBTEPHATUBHBIX METO/IOB OLICHKH.

Padouas rpynna WG B4.66 «OcobenHocTH (pUIbTPallid TAPMOHMK HA
noacranuuax IIIIT, pacnoyo:keHHBIX B HEMOCPEACTBEHHOM 0JIM30CTH APYT
OT Jpyra».

PykoBonutens ®deprnango Karran.

Coznmanme paboueit Tpymmbl ObLIO 0100peHO TEeXHMYECKMM KOMHTETOM
CUTI'PD B uronre 2014 roga. OxumaemMoe okoHYaHHE padboThl B KoHIle 2016 rona.
Bormpocsl, npopabateiBaeMble B JOKYMEHTE!

- O6cyXIeHNe TEXHUYECKUX aCMeKTOB B 00J1aCTH (PUIIBTPALlMU TAPMOHHK Ha
noacraniusax IIIIT, pacnonoXeHHbIX B HEMOCPEACTBEHHOW OJIM30CTH IPYr OT
Apyra,

- O60p METO/IOB pacyeTa U MOJCIMPOBAHUS JJI1 U3yUYEHUSI B3aUMHOT'O BIIU-
SIHUAS TAPMOHMK B CUCTEMaX, COAEPKAIIUX HECKOJIbKO MOJACTAHIIUN MTOCTOSTHHOTO
TOKa BBICOKOTO HANPsHKEHUS;

- Pemienre TexHuueckux mpoosieM, KOTOpble MOTYT ObITh MPUYMHOMN MPOEK-
TUPOBaHUA (PUILTPOB 0€3 yuera OJIM3KO PACHOSIOKEHHBIX JPYIHX MpeoOpa3oBa-
TEJbHBIX MOACTAHIIUH;

- OOcyx/eHne BO3MOXKHBIX IMOJXOJO0B K KOOPAMHALIMK MPOCKTHPOBAHUSA
(GUIBTPOB;

- @OopMyIMpPOBaHNE PEKOMEHAALMN ISl ONPEEICHNs NPEAEIOB rapMOHU-
YECKMX COCTAaBJIOMIMX MpH (PYHKIMOHUPOBAHUHU NPEOOpPa30BaTENbHBIX MO-
CTaHLIMH, HAXOISIIMXCS B HETIOCPEACTBEHHOM OJIN30CTH;
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CocTaByieHre UHCTPYKIIUHN JJIs1 TApaJUIeTbHBIX U3MEPEHHU U BepUUKaIINN;

[IpencraBieHre pekoMEHIAIMM il BHECEHUSI B 3JIEKTPOCETEBbIE CTaHap-
ThI.

3aBepiieHue Opoiopsl ianupyetcs B 2018 roay.

PabGouas rpynna WG B4.67 «"apmonuku npeo0dpa3oBaTebHbIX MO-
CTAHIMI HA MPeodPa3oBaTeIAX HANPSKEHUD.

PykoBoaurens Hanmxen [lo.

Coznanmne paboueit Tpymmbl ObUIO 0100peHO0 TeXHMYECKMM KOMHTETOM
CHUI'PD B urone 2014 roma. OxugaeMoe OKOHUYaHHE padoThl — KoHel 2016 . —
cepeanna 2017 r. OCHOBHbBIE BOIIPOCHI:

- O11eHKa COBPEMEHHBIX M MEPCIEKTUBHBIX TexHouoruil I1T ¢ npumenennem
npeoOpazoBareneit Hanpsbkenust ([TH) ¢ Touku 3peHns rapMOHUK.

- Ouenka cBoiictB [TH kak ucTOYHMKA TAPMOHMK U CIOCOOOB MX MOJEITUPO-
BaHMS — KaK UICTOYHUKOB TOKa, HAMPSHKEHUS WU KaK - TO IIIe.

- Ouenka rapmonuveckoro umrenanca [TH u ero BiausiHue Ha CyIIECTBYIO-
[[MEe TAPMOHUKH B MPUMBIKAIOIIEH CETH.

- Kakum o6pazom rapmonuku ITH pernamentupoBansl nokymentamu MOK.

- Onpenenenrne HEOOXOIUMOCTH MPOBEACHUS (PyHIaMEHTATBHBIX HCCIIEIO-
BaHUH B paccMaTpuBaeMon 00JIacTH.

3apepiieHue Oporurtopsl wianupyercs B 2018 roxy.

Pabouas rpynna WG B4.68 «IlepecmoTp TexHuveckoir Opomropsl TB-
92 I'apmoHuUKHU U GWIHLTPALUSA MOCTOSIHHOTO TOKA ).

PyxoBoaurens Haiimken [lo.

Coznanue paboueit Tpymmbl ObUIO 0100peHO0 TeXHMYECKMM KOMHUTETOM
CUI'PD B utonie 2014 roma. Oxumaemas qaTa okoH9aHus paboTsl —koner 2016 T.

OcHOBHBIE BONPOCHI:

- Ilepecmotp Opourtopel TB92, omnpesneneHre HETOUYHOCTEHM U MeECT, TJIE
HEOOXOIMMO BHECTH MOSCHCHUS;

- IlepecmoTtp Opomttopsl TB92, Ha npeaMeT onpeaesieHusl, Kakue pasiesbl
MOTYT OBITh PACIIUPEHBI WK J00ABICHUE HOBBIX Pa3feiioB;

- HoBas undopmanus nomkHa ObITh 100aBiIeHa, KaKk MUHAMYM, IO CJIEIy-
IOILMM BOITPOCAM:

pacyeThbl B3auMOJICHCTBUS CO C1a003alUIIIEHHON KOMMYHUKAIIUEH,

Ka0eJu MOCTOSIHHOTO TOKaA,

U3MEPEHHUS U TECTUPOBAHUE,

BbIcOkoyacToTHbIe sBiieHUs1 B IIIIT Ha mpeoOpazoBaTensix HampsoKEHUS U
Ap-

3aBepienue Opornopsl wianupyetcs B 2018 romy.

Pabdouas rpynmna B4.69 «MuHuMH3anusi norepb neperaBaeMou MoOII-
Hoctu IIIIT ¢ ucnoaszoBanuem ITH npu aBapusix Ha JJMHUH MOCTOSAHHOIO
TOKa».
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PykoBomgutens Jlennc Byndopa.

Coznanue pabouedd rpynmbl ObulO0 0A00peHO TeXHWYECKUM KOMHUTETOM
CUI'PD B koniie 2014 rona. B paboueit rpymniie 3auaThl 6oJiee 40 3KCIEpTOB.

B nporecce nestenbHOCTH OyayT chopmupoBanbl deThipe mojaenu [T B
PSCAD niist uccneoBanusi CTpaTeruil Mpy MpOXOAsIMX K.3 Ha JUHUM MOCTO-
sHHOTO ToKa. [l MonenupoBaHus Oynet ucnoib3oBaHa [IIIT Ha MHOrOypoB-
HeBbIX [IH co cnemyrommmu nmapamerpamu: HanpspkeHue +320xB, HomuHab-
HBIA TOK — 2 KA, BO3IyIIHO-KaOeIbHasl TUHUS COCTOUT U3 y4acTKoB: 350 km —
BO3yIIHAas uHus, 50 kM- kabenbHast muaus, 100 kKM — BO3MyIIIHAS IUHUA.
3aBepiienue Opoirtopsl mwanupyercs B 2018 roxy.

PaGouas rpynma B4.70 «Metoamueckue yKazaHusli IO 3JIEKTPOMAr-
HHMTHBIM IEPEXOAHBIM IPOLECCaM B NPeodpa3oBaTe/IAX HANPSKEHUSD).

PykoBoautens CebactbsiH JleHHEThEpE.

Coznanue paboueil rpynmbl ObLIO 0A00peHO TEeXHUYECKUM KOMUTETOM
CUI'PD B koniie 2014 rona. B paboueit rpyniie 3ausaTsl 6oiiee 40 3KCIEpTOB.

3anaun paboyeil rpymnnsbl:

- OnucaHue TUIMOBBIX MEPEXOJHBIX MPOLECCOB, KOTOPHIE MOTYT MPOUCXO-
IuTh B uiu psjaoM ¢ [IIIT Ha MOayIbHBIX MHOTOYPOBHEBBIX MPE0Opa30BaTEIIAX
HaIpPsOKEHUS;

- OnpeneneHre TEXHUYECKUX PELICHU, MO3BOJISIOIMX U30eXaTh WIH I0-
JABUTH 3TU IIPOLIECCHI U POJIb B 3TOM CUCTEMBI 3aLUT;

- Pa3paborka MeroaMueckux YyKa3aHUH I HMCCIEAOBaHUN M aHaIu3a
JIEKTPOMArHUTHBIX EPEXOAHBIX IIPOLIECCOB;

- [IpencraBieHne BBIBOJA O TOM, YTO JIEKTPOMAarHUTHBIE IPOLECCHI B IIpe-
oOpa3oBaresie OKa3bIBAIOT BIUSIHUE HA TPEOOBAHUS K XapaKTEPUCTHUKAaM KaOeJs.

B 2018 rony nianupyeTcsi NpeACcTaBUTh MEPBbIA YEPHOBOM BapuaHT Opo-
LIIOPBI.

PadGouas rpynna B4.71. Koopannanusa u30/014 B Ipeodpa3oBaTesifix
HAMPSKEHMS.

PykoBoauresr Mojtaba Mohaddes.

Coznmanue paboueld rpynmbl ObUTO 0A00peHO TeXHWYECKMM KOMHUTETOM
CUI'PD B nauane 2015 roma. B paboueit rpynmne 3ausaThl 29 skcneproB. Kpart-
KO€ coJiepKaHue OpOIIIOPHI:

- Tononorun u konduryparuu [TH

- Buael nepenanpsikenuii B [TH

- Tpe6oBanus k moaensm [TH npu pacuere nepeHanpsikeHun

- PaccranoBka OITH B ITH pa3nuuabiX KOHPUTYpaLHsIX

- YpoBHU nIepeHANPSHKEHUSI 000y T0BAHMSI.

WG B4.72 «Pa3paGoTka MoJe/id ceTH MOCTOAHHOIO0 TOKA ISl MCCJIe-
AOBAHUH JIEKTPOMEXAHMYECKHUX M JIEKTPOMATHUTHBIX NEPeXOAHbIX MPo-
LeCCOB»
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PykoBonurens [p. Tunr An (Kutaii).

Coznanmne paboueit Tpymnmbl ObLIO 0100peHO0 TeXHMYECKMM KOMHUTETOM
CHUI'PD B xon1ie 2015 roxa. B paboueii rpymme 3aHa1bl 40 SKCIIEPTOB.

Jlig obecnieuenust oOuieit miatdopmbl AJis LeIei ucciaeaoBaHus pa3InuHbIX
ceTel TMOCTOSIHHOTO TOKa, KuTahckum MHCTUTYTOM SGRI Obimu paspaboraHbl
ceMb mozeneit cerel [T pasnbix pazmepoB. C uX TOMOIIBIO MOKHO MCCIIEI0BAaTh
cetu IIT pa3znuuHoro Ha3HaueHUs, B TOM YHCIIE HA MPeoOpa3oBaTessiX TOKa, TU-
opuansie (LCC u VSC), o6beauHeHre CUCTEM MEPEMEHHOTO TOKA MOCPEICTBOM
CeTe MOCTOSIHHOTO TOKa, O(MIIEpHBbIE ISl OOBEIUHEHHS] BETPOIICKTPUUECKUX
YCTaHOBOK, JIPYTMX BO300HOBIISIEMBIX WMCTOYHUKOB SHepruu. bombimas momens
comepxut 22 mpeoOpaszoBatens, 5 mnpeodpazosatencii DC/DC, 5 yposheit
HaIpSOKEHUsI U MpeIHa3HAuYCHA ISl U3YUYEHHS SJIEKTPOMEXAHUUYECKUX IMEePeXO/I-
HBIX MponeccoB. Moenu Manoro pa3Mepa MOKHO UCIOJIb30BaTh AJI UCCIIEI0Ba-
HUS 3JIEKTPOMATrHUTHBIX MPOLIECCOB, MOJEIN CPETHETO pa3Mepa MOXKHO MCIOJIb-
30BaTh KaK JUIsl UCCIIEAOBAHUS JIEKTPOMArHUTHBIX, TaK U DJIEKTPOMEXAHUUECKUX
NEePEXOHbIX TpoueccoB. Pa3paboTaHHbIE MOJAETU HCIOIb30BAIMCH MPOEKTAX
SGRI, onn 66U OMIPOOOBAHBI B COBMECTHBIX C IPYTMMHU OPTaHU3AIUAMH MTPOECK-
Tax.

Monenu, onucaHHbI€ BbIIIE, UMEIOT ONpeAeTaeHHY0 cnenupuky Kuraiickoi
HHEPTrOCUCTEMBI, U 3TO SBJISICTCSI OTPAaHUYEHUEM JIJIsI MCIIOJIb30BAHUSI UX HA MEXK-
JYHAPOJHOM YPOBHE JJIsi SHEPTOCUCTEM APYTUX CTPaH.

[enp npemiaraemoii pabodeil rpynibl — UCTIOIB3Ys 32 OCHOBY OIHMCAHHYIO
BoIlie Mozesib SGRI, pa3paborars HOBBIM HAOOp MOjENel, OXBAaTHIBAIOIINI BCE
pazHooOpazue cereit IIT, mpurogHpld A UCMONB30BAHUS HCCIEIOBATEIISIMU
Pa3IMYHBIX DHEPrOCUCTEM U ISl Pa3IMYHBIX TUIIOB HccienoBaHuii. B pabote
HEO0OXO0IUMMO yUYeCTh pe3yibTarhl padbounx rpynn B4-52, B4-57, B4-58 u B4-59.
B Mozensx AomKHBI IPUCYTCTBOBATH Bee THIBI Tipeodpazosareneii: LCC u VSC
(IIT u ITH).

3amaun paboyei rpymbL:

1. O0630p ceteii [1T, Bo3MoOkHBIE KOHPUTYpAIH U IPUMEHEHHE.

2. Onmucanue OOIMMX MOJENEN CETel MOCTOSHHOTO TOKa, HCHOJIb3yEeMbIX
P PA3JIMYHBIX BUIAX UCCIICIOBAHUM.

3. PazpaboTka u BepuduKamms HOBBIX MOJIEIEH, OXBATHIBAIOIINX BCE pas-
HooOpasue cereit 1T, mpuroaHbIX [JIs pa3IMYHBIX TUIIOB UCCIICOBAHUMH,
Oasupyromuxcs Ha pesynbTatax m. 1 u 2, mogemsix SGRI, pesynpraTax
pabouux rpynn B4-52, B4-57, B4-58 u B4-59.

PaGouas rpynna Hagana paboty B ssuBape 2016, mpeAnoaoxXuTeabHOe OKOH-

yaHue paboTsl — Mapt 2018.

JWG B4/B1/C4.73 «AmnyabcHble W AJWTENbHbIC HCHBITAHUS Ha
3JIeKTPUYECKYI0 IPOYHOCTH Ka0eIbHbIX CHCTEM MOCTOSIHHOTO TOKA»
PyxoBoguresar Mapkyc 3aniep (ABB).

B nocnennee Bpems yBennuuinoch yucio mpoekros [T, conepxamux:
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- BO3/IyIIIHO-KaO€JIbHbIC JTUHUY;

- MOIyJIbHbIE MHOTOYPOBHEBBIE IIPEOOPA30BATENN HAIPSHKCHMUS,

- TpH U OoJiee TepMUHAIA.

DT HOBbIE OCOOCHHOCTH M OOBEKTHl HE YUUTHIBAIUCH MPU HANKUCAHUU
opornrtop TB86 u TB496, B wactHOCTH:

- Jlns BO3AyIIHO-KaOENbHBIX JIMHUMA HEOOXOJIMMO MEePEeCMOTPETh MOPSAIOK
UCIIBITAHUN Ha YPOBEHb UMITYJBLCHOTO IPO30BOr0 HampsikeHus. TpeOoBaHMs 110
sromy napamerpy st BKJI moryT 3aBuceTs 0T MHOTHX (DaKTOPOB: JUIMHBI Kabe-
J151, KOHCTPYKIIMU ONIOPBI, YCIIOBUM 3a3€MJICHHUS], YaCTOTA MOJIHUW U JIP.

- Ucnonb3oBanre MOAYIHHBIX MHOTOYPOBHEBBIX MPEOOpa3oBaTeieii MOKET
MIOBJIUATH HAa TPEOyeMbIe XapaKTEPUCTUKH KAOEIIsi U METO/bI UX UCTIbITaHuM. J[7st
ATOTO Ciydass HEOOXOJUMO TEPECMOTPETh HCHBITAHUS Ha TIEPEHAIPSDKCHUS, B
YaCTHOCTH (POPMY U IITUTEIILHOCTh UMITYJIHCOB.

- B muoronoacranuuonssix cucremax IIT, cersax IIT MoryT mosiBUTeCs HO-
BbI€ BUJIbI U (POPMBI MIEpEHANIPSKEHUM.

[IpenmetHast o01acTh mpeagaraeMoil paboyeil rpymnmsl:

O0630p UMITYJIBCHBIX U JIUTENIBHBIX TIEPEHANPSHKEHUN B KaOENSIX MOCTOSH-
HOT'O TOKA C LIEJIbIO BbIJIA4YM PEKOMEHAAIMH T1O:

1. Merogam TecTUpOBaHUs Ha OINPEACIICHUE YPOBHS HMMITYJILCHOTO T'PO30-
BOI'O HampspKEHUS! JJIsi BO3IYIIHO-KAOEIbHBIX JIMHUM, OCHOBAaHHBIX Ha
cnenuduuecknx ocodeHHocTax oobekra I1T;

2. Ilepecmotp opmbl u nmuHbl uMiynbeoB aist [T Ha MHOTOYpOBHEBBIX
IIH;

3. Ilepecmotp GopMBbI U JUTUHBI UMITYJIBCOB JUIsl MHOTOTEPMHUHAIBHBIX [TI1T
u ceren I1T.

Pabouas rpynmna Hayana paboty B staBape 2016.

B4 WG.74 « Metoauveckne ykazanus no moaeanposanuro CIITBH B
cHUCTeMaXx peajbHOr0 BpeMeHID)

PykoBoautens paboueit rpymmsl: - Qi Guo. Pabouas rpymma Hayana pado-
Ty B sitHBape 2017.

Kpyr BompocoB, paccMaTpuBaeMblil B OpOIIIOpE:

- MonenupoBanue B peaibHOM BpeMeHHu obopyaosanus s CIITBH;

- MoaenupoBanue B pealbHOM BPEMEHU CHUCTEM YIPAaBJICHUS W 3AILUTHI
s CITTBH;

- MopenupoBaHue B pealbHOM BPEMEHM DJIEMEHTOB CUCTEM IIEPEMEHHOIO
TOKA;

- Meronomnorus i OLUEHKH aJeKBATHOCTU MOJEIIEN B CUCTEMAX PEAJIBHO-
IO BPEMEHU;

- Metonnueckue ykazanus i uccanenosanust CIITBH B cucremax peans-
HOT'O BPEMEHU.

WG B4.75. Onenka MmeTo10B H3MeEpPEeHHUs IOTEPb B BEHTWIAX Npeodpa-
30BaTeJiell HanpsKeHH .
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PykoBoautens pabGoueit rpymmbl: - Christian Rathke. PabGowast rpymma
Hauaja padoty B siHBape 2017.

Kpyr BorpocoB, paccmMaTprBaeMblil B OpoILIope:

- O011ee onucaHue MOTEPh B MPeoOpa30BaATEIAX;

-O030p CyIIECTBYIOIHUX METOI0B U3MEPEHUS TIOTEPH;

- PekoMeHlaliuy Mo y4eTy ycJIoBUM (PYHKIIMOHMpPOBaHUS IpeoOpa3zoBaTe-
JIEW TIPU U3MEPEHUU TTOTEPD;

- CpaBHEHHE TOYHOCTU METOJIOB YU€Ta MOTEPb.

B4 WG.74. IIpeoopa3zoBatenu DC-DC B ceTsiX MOCTOSIHHOTO TOKA U UX
npucoeaunenue k CIITBH

PykxoBoaurtens Dragan Jovcic (UK). Pabodas rpymnma Hayana paboTy B ail-
pene 2017.

Kpyr BorpocoB, paccMaTprBaeMblil B OpoIItope:

- IIpeo6pazoBarenn DC-DC, obuias cTpykTypa, onpeaeacHus KOMIIOHEH-
TOB;

- Monenu mpeobpazosareneit DC-DC u ux 351eMEeHTOB;

- @ynkiuu npeodpazosareneil DC-DC B CIIT B ycTaHOBUBIIMXCS PEXU-
Max;

- Oynkiuu npeodpazopateneit DC-DC B CIIT B mepexoaHbIx U aBapuii-
HBIX PeXHUMaX;

- Ynpasnenue npeodpazosarensimu DC-DC B CIIT;

- Tononoruu npeodbpaszoBatenei;

- Pe3ynpTatel MoAEIMpOBAHUS.

2.8. IIpeacrosmue cooniTuss CUTPI

Moxamen PamBan kpaTko ocTaHOBWICS Ha moarotoBke McciemoBatenb-
ckoro komureta k 47 Ceccun CUI'P3O B aBrycre 2018 r. OH oTMeTHII, YTO aK-
TUBHOCTb 10 HampasiieHuio B4 ouenb Bbicokas. KoMurerom ObLIO MONYYEeHO K
paccmoTpenuto 6omee 60 padboT.

CIGRE - IEC 2019 Conference on EHV and UHV (AC & DC) npoiiner B
Anonun 23-26 Anpens 2019 r.

B 2019 rony KoIoKBUYM HCCIeI0BaTENbCKOTO KomuTeTa B4 mpoiiger ¢ B
KOHIIE CEHTAOps — Hauase okTa0ps B FOxuoi Adpuke n Hamubuwu.

2.9. IlpepynoxeHMA 0 CO3JAHUM HOBBIX Pa60OYMX IpyIIn

briin BHECEHEI MMPCIIIOKCHHA 110 CO3JJaHHUIO0 HOBBIX pa60q1/1x rpyuir:
e Virtual Synchronous Machine (VSM) control for VSC HVDC Con-
verters (Meto BUPTYaJlbHOM CHHXPOHHOW MAIMHBI IS YIIpaBJie-
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HUS nipeoOpas3oBarenem Hampspkenus) (John Gleadow, BemukoOpu-
TaHUs);

e Cyber Security of HVDC projects (KubepOe3omacHOCTb st
CIITBH) (Kerry Walker);

L HCCHC,Z[OB&HI/IC YHUBCPCAJIIBHOT'O PCTyJIATOPA IICPCTOKA MOIITHOCTH.

2.10. BsauMogeucTBHE C APYrUMM OpraHUu3auusAMHU

2.10.1. O geATeJIBHOCTH TeXHHYecKOoro komurerta 115 MK «Ile-
peZiayy IOCTOSAHHOIO TOKa Hanps»keHueM Boime 100 kB»

OTt4eT 0 AEATENbHOCTH TexHuueckoro xkomurera 115 MOK u B3aumonei-
ctBuu ¢ UK B4 6bu1 ipeacrasien SAunu @y (Kema, Hunepnansr).

O6mactp nesrensHocTH TK-115 — cranmaptuzanms B o0jacTu nepeaad Io-
CTOSIHHOTO TOoKa HampsbkeHueM Bbliie 100 kB: 0coO€HHOCTH TPOEKTHPOBAHUS,
TEXHUYECKHE TPEOOBaHUS, CTPOUTEILCTBO M BBOJI B AKCILTyaTaIlHIO, HA/IS)KHOCTD,
AKCILUTyaTalysl 1 PEMOHT.

Ota npeaMeTHas 00JlacTh CBA3aHA CO MHOTUMHU OOJIACTSMU JEATEIBHOCTH
HK B4.

JlokymenTtsl, Bbimyiiennbsie TK 115 B Teuenne 2012 — 2017 rr.:

1. IEC TS 61973:2012 Edition 1.0 (2012-04-05). CoBmectHast paborta ¢ UK
F22.
AxycTrueckuil myM npeoOpa3oBaTeNbHOM MOACTAaHIIMK TIepeaay U BCTaBOK
IIOCTOSIHHOTO TOKA.
2. IEC TS 62344:2013 Edition 1.0 (2013-01-24)
[IpoekTrpoBaHue 3JIEKTPOJOB MPeoOpa3z0oBaTeIbHbIX MOICTAHIMNI epeaay u
BCTaBOK IOCTOSIHHOTO TOKA.

3. IEC TS 62672-1:2013 Edition 1.0 (2013-11-04)
Hanexxnocte cuctemM moctossHHOro Toka. Yacte 1. CHUCTEMEI ITOCTOSHHOTO
TOKa ¢ Ipeo0pa3zoBaTeIsIMU TOKA.

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

3JI€KTpOMaFHI/ITHI>Ie IIPpOLCCChI B BOSI[ymHOﬁ JIMHUH IIOCTOSIHHOI'O TOKA.

5. IEC TR 63065 Ed. 1.0 Edition 1.0 (2017-09). Meromudeckue yKa3aHHs
10 DKCIDTyaTalliyd ¥ OOCITY)KUBAHUIO TPEOOPa30BaATEILHBIX MOACTAHIUIA
c mpeoOpa3zoBaTENIIMU TOKA.

JIOKyMEeHTBI, HaJl KOTOPBIMU BeIeTCs padoTa:
1. IEC TR 62978 Ed. 1.0. PekoMenaanuy 1o yrnpaBIeHHUIO I TMOBBIIICHUS

pentadenbHoctu [I1T.
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2. IEC TS 63014 Ed. 1.0. TpeboBanus Kk 000pyA0BaHUIO PACIIPEIYCTPONCTB
noctostHHOro Toka: Yacts 1.I1peoOpa3oBarenu Toka.

w

IEC TR 62672 Ed. 1.0 Ouenka sanexxunoctu CITTBH

4. IEC TR 63127-1 Ed. 1.0 Pexomenmanuu mo mpoektupoBanuio CITTBH—
yacTh 1:
CxeMbI ¢ IMHEWHO KOMMYTHPYEMBIMH ITpeoOpa3oBaTeIIIMU

B Hacrosiiiee Bpemsi B KOMUTETE ACMCTBYIOT CIIEIYIONINE pabovre TpyIIbl:

HVDC substation audible noise (Akycruueckuii nrym 8 CIITBH)

JMT 1
Maintenance work for IEC/TS 62344 (ITommepxka cranmapra IEC/TS
MT 8 62344)
WG 2 Reliability and availability evaluation of HVDC system (Orenka HaiexHO-
cru CIITBH)
Electromagnetic Environment Criterion for High-voltage Direct Current
WG 3 (HVDC) Overhead Transmission Lines ( Kputepuu Bo3aeiicteus BJIIIT Ha okpy-
DKAFOIIYIO CPENTy)
Guidelines on Asset Management of HVDC Installations
WG 4
(Pexomenmariu o ynpasJieHHIO [uis oBbIIeHus pentadensHocTH TI1T)
System design of HVDC project
WG 5
(Cucremuoe npoektrpoBanue 00bextoB I1T)
Guideline for HYDC system operation procedures
WG 6
(Pexomennaruu mo mporeaypam skcruryaranuu 00bektoB [17T)
DC side harmonics & filtering in LCC HVDC transmission systems
WG7
(PunbTpanus rapmonuk Ha cropone I1T B IIIT Ha npeobGpazoBarensix Toka)
System requirements for DC yard equipment
WG9 .
(CucremHble TpeboBaHus 10 00opyaoBaHHio pactpeaycrpoicTs I1T)
WG 10 Planning of HVDC systems (ITnauuposanwe cuctem I1T)
IWG 22 Atmospheric and altitude correction Managed by TC 42

(ATMoc(epHas 1 BBICOTHAs KOppeKIHs, pazpadoTanHas TK 42)

KoHcynbranmonssie paboune rpymibl

Road map on standardization of HVDC technology

AG1 9

(JoposkHast kapTa 1o cragaptuzanuu trexnosoruit [17T)

Roadmap on Performance of voltage source converter based high-voltage di-
AHG 4 rect current transmission (loposkuast kapta mo xapakrepuctukam [II1T Ha mpeod-

[pa30BaTeIISIX HAIPSKCHUSI)

Komurer TK 115 paGoTtaeT B COTpyTHUYECTBE CO CICIYIONIUMU OpPTraHHU3a-

LIUSAMH:

1C8

Systems aspects for electrical energy supply
CucremMHbIe aCEeKThl YHEPTrOCHA0KEHHS
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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
- CunoBas 37€KTpOHMKA [Vl NEPEAAIOIINX U pacpPEACIUTEIbHbBIX CETEN
TC 36 Insulators
— N3onstopsl
TC 38 Instrument transformers
— Tpanchopmaropsl
High-voltage and high-current test techniques
TC 42 Meroanka TeCTUPOBaHUS BEICOKOBOJIBTHOTO U BBICOKOTOYHOTO
000pyI0BaHUs
System engineering and erection of electrical power installations in
systems with nominal voltages above 1 kV a.c. and 1,5kV d.c.,
TC99 particularly concerning safety aspects
[IpaBmiia GezomacHOM SKCIUTyaTanid ycTaHoBOK cBbimie 1 kB AC u
1,5xB DC
CIGRE/SC B4 HVDC and Power Electronics
HVDC u cunoBas 31eKTpoHHKa

2.10.2. O geareabHoctH IIK 22F MIK «CuioBast 3/ieKTPOHUKA AJIS
3JIEKTPUYECKHUX NepesaliX U pacnpeeuTe/IbHbIX CUCTEM»

Otuet o0 nearensHOCcTH 11K 22F MOK wu B3aumonericteuu ¢ UK B4 Obn
npeacrasieH JIbBom TpaBunbim (Poccust, ®I'VII BON).

[IpenmetHas o0nacTh MOJKOMHUTETA - CTaHAAPTU3ALUS MPEOOpa3OBaTEIb-
HOTO /WU TMOJIyIPOBOAHUKOBOTO KOMMYTAI[MOHHOTO OOOPYJIOBAaHUS U CHUCTEM
CWJIOBOM 3JIEKTPOHUKH, BKJIFOYAsl CPEJICTBA UX KOHTPOJIS, PErYJIMPOBAHUS, 3aILU-
Thl, OXJIAXKICHUS U JIPYTHUE BCIIOMOTATENIbHBIE CUCTEMBI, U UX INPUMEHEHHE B
AIIEKTPUYECKUX MEPENAIOLINX U PACIIPEACIIUTEIBHBIX CUCTEMAX.

[TPUMEYAHUWE Tunuusble pUMEPSL:

000pyZI0BaHHUE CUJIOBOM JJIEKTPOHMKH JJisi THOKHUX 3JIEKTporepeaad nepe-
MEHHOTr0 TOKa (yIpaBliieMble KOHAEHCATOPHI MOCIEA0BATEILHON KOMIIEHCAIIWH,
YHU(PUIUPOBAHHBIE PETYJIATOPHI IOTOKOB MOILIIHOCTH U T.11.);

npeoOpa3oBaTed U CBA3AaHHOE C HUMU OOOpPYIOBaHHUE ISl MOIIHBIX 3J€K-
TpOIEpenay U CUCTEM ITOCTOSHHOTO TOKA BBICOKOTO HANPSKEHUS HE3aBUCUMO OT
YPOBHS IOCTOSIHHOTO HAIIPSKEHMS,;

CpelcTBa KoMIeHcanuu peakTuBHOM MomHocTH (ctatuueckue (CTK) u
cuaxponnbie (CTATKOM) koMmrieHcaTOphl PEaKTUBHOM MOIIHOCTH U T.J.), 000-
PYJOBaHKE CUJIOBOM 3JIEKTPOHUKH JUI MHTEJUIEKTYyalIbHBIX ceTeil (smart grids);

HOJKJIIOYEHNE OOHOBIISIEMBIX M PACIPEEIICHHBIX HCTOYHUKOB 3HEPTUU K
AIIEKTPUYECKUM TMEPENAIOIINM U PACTIPENETUTENbHBIM IEKTPUYECKUM CUCTEMaM
(conHeuHbIe 3EKTPOCTAHIIUH, BETPAHBIE (PEPMBI U T.J1.) C YYETOM CHUCTEMHBIX ac-
IIEKTOB ISl YpOBHEN NOCTOAHHOTO HanpspkeHus 100 kB u Huxke;

a TaKXKe JIpyrue ciydad NPUMEHEHUS CHIIOBOM AIIEKTPOHHMKH, HAIpHUMeEp,
(azocABUTaTENN U AKTUBHBIE (PUIIBTPHI.
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Yucno pa3paborannbix myonukanuit MOK: 59
(2016 — 9 nyOaukarmii, 2017 — 5 myOmukaruii)
e Yucno Padouux I'pynm (PT') u I'pynn noanepsxku (I'TT): 22
UYucno skenepron: 121/178
HUuco HOBBIX ITPOEKTOB 3a MPOLIEAIIHE 5 eT: 7
Yucno TeKyIMX akTUBHBIX TPOEKTOB: 13
Uucno 3acenanmii [1K 22F 3a npoieauue 5 net: S

Pesymnwrarer corpyaanaectsa CUI'PE B4/MOK T1K 22F
B 2015-2016

Thb 097 1995 UK 14 PT" 14.12 MDBK 61975, U3n.1.0: YcraHOBKH ITOCTOSHHOTO
CucreMHBbIC WCIBITAaHUS JUISI  YCTaHOBOKTOKa Bbicokoro Hampspkenus (IITBH) — Cucrem-
IITBH HbBIC UCTIBITAHUS

Th 139 1999 TIK 14 PI" 14.30 PykoBogctBo MOK/T/] 62001-1/4, M3x.1.0: Cructembl MOCTOSH-
o crenuuKauy U OlleHKe PUIbTpoB Ha HOro Toka Bhicokoro Hampspkenus (IITBH) - Py-
CTOpPOHE TEPEMEHHOTO TOKa JIIEKTPOIEpe-KOBOACTBO IO CHEeUU(UKAIMU U OleHKE (Hih-
nau [ITBH TPOB Ha CTOPOHE IEPEMEHHOIO TOKAa HJIEKTPO-
Tb 553 2013 B4-47 Cnenmanshbie Bonpockinepenad [ITBH (Yactu 1-4)

MPOEKTUPOBaHUA (UIBTPOB HAa CTOPOHE

nepeMmeHHoro Toka cucreM [ITBH

Tb 447 2011 B4-48 Ucnpitanus komrnoneH- M DK 62501, M3a.1.0: Bentnnu npeoOGpaszoBare-
TOB CHCTEM C MpeoOpa3oBaTelsiM U Hamps-jed HampspkeHus i anekrpornepenad [ITBH —
xeHus Juist anektponepenad [ITBH Onexrpuueckue ucnbiranus (O6HoBIeHHE 1)

Tb 223 2003 UK B4 PI" B4.28 AxtuBasie M OK/T]] 62544, U3n.1.0: Cucremsr [ITBH —

¢uneTpel B anekTpornepenadax [ITBH [Tpumenenne akTUBHBIX (uIbTpoB (OOHOBIEHHE
1)
TBb 136 1999 UK 14 T® 14.01.04 MOK/TH 62757, U3n.1.0: Mepsl noxxapHo# 6e3-

[Toxapobe30nacHOCTh [UIi  THPHCTOPHBIX ONTACHOCTH Ul BEHTWIEH M BEHTHJIBHBIX 3aJIOB
BEHTWJICH W BEHTHJIBHBIX 3aJIOB 3JIEKTpoIe-mpeodpasoBareneit misa snexrponepenad [ITBH,
penau IITBH CTK u I'OII nepemMeHHOro TOKa

Mexaynapoanbie Cranaaprbl MK Ha BBICOKOBOJILTHBIE MOJIYIPO-
BOJIHMKOBbIE€ BEHTUJICH ISl JJIEKTPUUYECKHUX crcTeM, co3aanHHble B ITK 22F:

MOBK 60700-1, uza. 2 (2015) TupuctopHbie BEHTHIH IJIs dJEKTpoIiepeiad
MOCTOSIHHOTO TOKa BBICOKOTO HamnpspKeHus - Yacth 1: DIeKTpuuecKue UCIbITa-
HUS;

M3BK 60700-2, u3n. 1 (2016) TupucTopHblE BEHTUIU [JIs1 SJEKTpONEepeay
MOCTOSIHHOTO TOKa BBICOKOTO HampspkeHus - Yacts 2: TepMuHOIOTHS;

M3BK 60700-3, uza. 1 TupuctopHble BEHTHIH ISl SJIEKTpONEpead MoCTo-
STHHOTO TOKa BBICOKOTO HampspkeHus - Yacts 3: [IpenenbpHble 3HaUCHUS MapameT-
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POB U XapaKTepUCTHUKH (pa3paboTKa MpeABapUTENLHOrO MpoekTa Hayata B 2017
r.);

MD3K 61954, uzn. 2 (2011) — CraTtudeckue TUPUCTOPHBIE KOMIIEHCATOPHI
peaktuBHOM MoiHOCTH (CTK) — McnpITaHust THPUCTOPHBIX BEHTHIICH;

MDBK 62501, uza. 1.0 (2009) Bentunu npeoOpazoBatesicii HapsHKEHUS JIs
aJIeKTpornepeaad MOCTOSIHHOIO TOKAa BBICOKOTO HAMpshKEHUS — DJIEKTPUYECKHUE
UCTIBITAHUS;

MDO3K 62823, uzn. 1.0 (2015) TupucTopHble BEHTUIIH [Tl YIpaBisieMbIX Oa-
Tapel KOHJIEHCATOPOB IOCJEN0BATENbHON KOMIIEHCAUUHU - JJIEKTPUUECKHUE HC-
neitanuss; MOK 62927, uzn. 1.0 (2017) — Bentunu npeoOpazoBaTeneit s cTa-
TUYECKHX CUHXPOHHBIX KOMIEHCAaTOopoB peakTuBHON MomHocTH (CTATKOM) —
DJEKTPUUYECKHUE UCTIBITaHN.

Onyo6aukoBanbl B 2017 roay:

IEC 62927, Ed.1.0: Bentunu npeoOpaszoBateneit Hanpspokenus (ITH) s
CTaTMYECKOr0 CHHXPOHHOTO KoMIleHcaTopa peakTuBHOM MomHoctu (CTAT-
KOM) — DnexkTpudecKkue UCTIbITaHUs

Oonosnennsie [Tyonunkanuun MOK

IEC/TR 60919-1, Ed.3.2: Pexxumbl paboThl dIeKTporepeaad MOCTOSHHOTO
TOKa BBICOKOT'O HAIPSHKEHMSI C IPeoOpa3oBaTeIsIMH, BEIOMBIMU CeThIO - YacTp 1:
Y cTaHOBUBIIKECS PEKUMBI

IEC 61954, Ed.2.2: Cratuueckue tupuctopubie komreHncatopsl (CTK) —
HcnbiTanust THPUCTOPHBIX BEHTUIIEH

IEC 62501, Ed.1.2: Bentunu mnpeoOpaszoBareneii Hanpstxenust (ITH) nms
anektponepenauu IITBH - Dnexkrpudeckre ucbITaHUS

IEC/TR 62543, Ed.1.2: Onextponepenayun [ITBH ¢ npumenennem mpeodpa-
3oBarenei Hanpsbkenus (ITH).

MDOK I1K22 Tekymue npoektsl B 2017 — 2018 r.r. (3aceganue IIK 22F, r.
Cuanb, Kurait, 23-26.10.2017)

OonoBasiemblie [Tyoimkanun MIK:

[EC 60633 Ed.3.0: TepmuHOAOTHS U1 3JIEKTPOIIEpEaun TOCTOSHHOTO TOKa
Bbicokoro HanpsikeHust (IITBH) (mpoekt 11t ronocoBaHust)

[EC 62747, Ed.1.1: Tepmunonorus s mnpeodpa3zoBareieil HampsoKEHHs
(ITH) »nekTporniepenayn MOCTOSIHHOTO TOKa Bbicokoro HampstkeHusi (ITTBH)
(pOEKT 1S TOJIOCOBAHMS )

IEC 62751-1, Ed.1.1: Ilotepu MOITHOCTH B BEHTWISIX MpeoOpa3oBaTeie
nanpspkenus: (ITH) ans snekrponepenaud MOCTOSSHHOTO TOKA BBICOKOTO HAIpsi-
xkenus (IITBH) — Yacts 1: O6mue TpedboBanus (omybdaukoanue B 2018 rosy)

IEC 62751-2, Ed.1.1: Ilotepu MOITHOCTH B BEHTWISIX MpeoOpa3oBaTeiei
Hanpspokenus: (ITH) gy snekrponepenaud MOCTOSSHHOTO TOKA BBICOKOTO HAIpsi-
xenust (IITBH) — Yacte 2: MomynbHBIE MHOTOYPOBHEBBIC MPEOOpa3oBaTEIN
(IpOEKT 11l TOJIOCOBAHUSA )

IIK 22F MJK /[lpyrue pa6orsl B 2018 rony (3acenanue IIK 22F, r. Cu-
anb, Kuraii, 23-26.10.2017)

CosmectHas padora [1IK 22F u TK 115:
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IEC 60919-1, Ed.4: Pexumbl paboThl dyieKTporiepesad MOCTOSHHOTO TOKa
BBICOKOT'O HAIpsOKEHHsI ¢ MpeoOpa3oBaTesisiMHU, BEIOMBbIMU ceThio - Yacth 1:
VY cTaHoBUBIIMECS PEKUMBI (PETYIUPOBAHUE U 3aLUTA)

[IpenBapuTenbHbIE MPOEKTHI:

PWI 22F-12 Ed.1: Pexxumpl paGOThl MOIIHBIX 3JIEKTPOHHBIX ITYHTOBBIX
KOMIIEHCATOPOB PEAKTUBHOM MOIIHOCTU B BHICOKOBOJIBTHBIX CHUCTEMaX MEPEMEH-
HOT'O TOKA;

PWI 22F-13 Ed.1: Pabora yHH(UIHPOBAHHBIX PETYISTOPOB MOTOKOB
MOIIIHOCTH B JIEKTPUYECKUX CHUCTEMAX;

*PWI 22F-14 Ed.1: IEC 60700-3 Ed1.0: TuprcTopHble BEHTHIH I MOIII-
HBIX 3JIEKTpomepenad MOCTOSSHHOIO Toka Bblcokoro Hampsbkenus (IITBH) —
Yacts 3: [IpenenbHble 3HAUCHUS TAPAMETPOB U XaPAKTEPUCTUKH.

[TnanoBoe o6HOBNEHME AeicTBYomuUX [lyOmukanuit MOK:

IEC/TR 60919-2, Ed.2.1: Pexxumbl paboThl dIEKTporepead MOCTOSHHOTO
TOKa BBICOKOT'O HAIPSHKEHMSI C IPeoOpa3oBaTEeIIMH, BEIOMBIMU CEThIO - YacTp 2:
ABapuy 1 KOMMYTallUH

IEC 61803, Ed.1.2: Onpenenenue norepb MOIIHOCTUA Ha MpeoOpa3oBaTeib-
HBIX MOJCTAHIMSX 3JIEKTPOINepeaay NOCTOSIHHOIO TOKa BBICOKOTO HAIPSHKEHUS C
npeoOpa3zoBaTesiMU, BEJOMBIMU CEThIO

IEC/TR 62544, Ed.1.1: CuctemMbl NOCTOSHHOTO TOKA BBICOKOTO HANPSKEHUS
(ITTBH) — Ilpumenenue akTUBHBIX (GUIBTPOB

IEC/TR 62757, Ed.1.0: Mepsbl nokapHOil 0€30MacHOCTH Ui BEHTHIEH U
BEHTWIBHBIX 3aJI0B MpeoOpa3zoBaTesieil sl AleKTponepeaad MOCTOSTHHOTO TOKa,
CTaTUYECKUX TUPUCTOPHBIX KOMIIEHCATOPOB PEAKTHUBHOM MOIIHOCTH M THOKHX
JIEKTponepeaad IEPEMEHHOT0 TOKa

IEC 62823, Ed.1.0: TupuctopHble BEHTHJIU JUIsl YIpaBisieMbIXx OaTapei
KOHEHCATOPOB MOCIEA0BATEIBHON KOMIIEHCAIIUH - DJIEKTPUUECKUE UCTIBITAHUS.

IIK 22F M3JK Co31aHbI HOBbIE IPYIIIbI

[IpenBapurenbubie Paboune ['pynms

[IPT" 1: Pexumbl pabOThl JEKTPOHHBIX LIYHTOBBIX KOMIIEHCATOPOB pEaK-
TUBHON MOILHOCTU B BBICOKOBOJIBTHBIX CUCTEMAX MEPEMEHHOIO TOKA

[TPI" 2: PabGoTta yHuBEpCaIbHOTO peryniaropa notokos MomHoctu (YPIIM) B
AIIEKTPUYECKUX CUCTEMAX

ITPT" 3: M3K 60700-3, N3a.1.0: TupucTtopHble BEHTUIN 1JI1 BHICOKOBOJIBT-
HBIX DJIEKTpOIEepeIay MOCTOSIHHOTO Toka — Yacth 3: OcHOBHBIE Mpe/IebHbIE a-
paMeTpbl ¥ XapaKTEPUCTUKHU

ComectHas Pabouas ['pynma 1K 22F/TK 115

CPI" 3: MOK/T/] 60919-1, Uzn. 3.2: Pexxumbl paboThI AyieKTpoIiepeaay mo-
CTOSIHHOTO TOKa BBICOKOT'O HAIPSKEHHsI ¢ MPeoOpa3oBaTessiMU, BEIOMBIMU Ce-
TeIO - HacTh 1: YcTaHOBUBIIMECS PEXHUMBI (CHCTEMBI YIIPABJICHUS, PETYIUPOBA-
HUS, 3aIIUTHl 1 aBTOMATHKH )
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2.11. H.]IaHI/IpyeMLIe H HAaX0aAImuecd B CTaIMA CTPOUTEC/IBCTBA IJICKTPO-

nmepeaayvm nmoCToAAHHOI0 TOKa

[MpencraBurenu komnanuii ABB, GE, Siemens, I'OK Kuras pacckazanu 00
00BEKTaX MOCTOSHHOTO TOKA, HAXOJAIIMXCSA B CTaUN pPealI3allid Ha TEKYIIH
MOMEHT W HEIaBHO BBEICHHBIX B AKCIUTyaTaruio. [Ipe3eHTanuu mpuBeneHBI B

NPWIOKEHUH 1.

North Sea Wind Power Hub

Sweden/ABB report

Siemens/Germany Report

GE

Norway

Denmark HVDC Projects

China-CSG (multi-terminal hybrid UHVDC project)
Brazilian HVDC/FACTS

China SGCC HVDC

France HVDC/FACTS

CSG - Operational experience of Luxi BtB and Nao"ao MTDC projects

NordAM/NETSO-E

Kees Koreman

Abhay Kumar
Carsten Bartzsch
Carl Barker
SIGMUND BODAL

Peter Weinreich-
Jensen

Shukai Xu
Ricardo Tenorio
Ting An

Olivier Despouys

Shukai Xu

Nordic Asset Management group) - HVYDC O&M best practices task force European Transmis-

sion System Operators) - HVDC reliability working group

North Connection connecting renewables

Tuomas Rauhala

John Gleadow
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3. Ilpuioxkenue 1. O0beKTHI NOCTOAHHOIO TOKA, HAXOAALIMECH B CTAAUMN
peau3aluu HA TeKYIIMA MOMEHT U HeIAaBHO BBe/JIeHHbIE B IKCILIyaTa-
1197000}
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North Sea Wind Power Hub

4 October 2017
Winnipeg
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Energy Transition

Paris agreement:
» Limit global temperature rise:
» below < 2°C, pursue < 1.5°C.

EU Goals:

» 2030 (ref 1990): 40% CO,
» 2050: 80-95% CO,

> Power sector decarbonized.

North Sea Declaration

Regional cooperation is
essential

Challenges: Support schemes | renewables goals | national focus



Achieve COP21 .

Y

North Sea ~180GW offshore wind by 2045 to meet COP21
Interconnection ~ 50 to 80 GW (adequacy) _ _
Offshore installation:
Total EU installed wind in 2016 : 153.7 GW > From now to 2045: 6 GW/yr.
o Onshore: 141.1 GW » Current average ~2 GW/yr.

o Offshore 12.6 GW (9.1 GW North Sea) > Ramp up rate ~ 1 GW/yr additional
2023 to 2030. Then 8 GW/yr

Near shore & onshore: limited space, public opposition

Solution: far offshore

Installation Rate and Capactiy: Confirmed plans versus Coordinated Roll Out

Coordinated rate GW/yr Confirmed Rate GW/yr = ==Coordinated Cum GW = =-=Confirmed Cum GW

180

160

- 140

+ 120

+ 100

+ 80

- 60

Total Installed Capacity, GW

Installed Capacity GW/year

40

r 20

2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031_
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044

Source: Internal study Translate COP21
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Offshore Phased Approach S

TenneT NL Three phase (parallel) development :

Short Term (to 2023) Medium Term (to 2035) Long Term (to 2050)
3.5 GW /7 —-10 GW 70 to 100 GW

Borssele Borssele
1&2 384

HKZ HKZ HKN
Q3 2017 2018 2019
» Under development » Use full potential near shore  » North Sea Wind Power Hub

> Near shore locations.

» International cooperation
» Prepare for large scale and necessary.

international cooperation.
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Long term vision e

Far Shore Wind:
» Large scale, coordinated, international
» 2035 and beyond

» Central, shallow, wind quality and
quantity (up to 100 GW)

» Modular approach

Island: 30 GW
> Far shore becomes near shore

» Distribution point for different countries

> ACDC converters, interconnection, P2G

» Occupies < 0.02% of Dogger Bank
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NSWPH Vision — Elements

Wind Power Hub
North Sea Wind Power Hub
‘ International, large scale and\ ( Far offshore wind poweh C Centrally located hub(&

coordinated fills the gap for infrastructure

> Jointly secured pipeline of » System cost optimization. > More efficient use of
projects with lower risks of=| Considers all participants of=| infrastructure via

» Supporting market and Icnhg:ﬁ wind power value Interconnection
regulatory framework > Near shore environment

: » Wind quality & shallow far offshore
> Harmonized standards ) j \
depth

Cumuhative srestrafdveitbcseareffshreng/wind

60 _
— Business as usual

— TenneT infra vision : NSWPH infrastructure vision is expected to
save society approximately EUR 650 m/year
initially, resulting in cost savings as large
as EUR 15 b/year in the year 2050.

I
o

Note: 2016 Analysis total cost saving numbers
undergoing validation from a detailed cost
analysis.

Billion €/year

N
o

2000 Years 2050
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Biz as Usual vs NSWPH: LCOE BenefitSwss.

Small scale Large scale

Far shore LCOE: 146% Dogger Bank:
classic DC e-infra 1469, |nternational cooperation - island concept

- 22ppt: economies of scale e-infra:
* island

* new 2GW infrastructure

* no steel structures/jackets

+ 1 GW DC infra
+ Distance to shore

- 11ppt: supply chain effectiveness I

J_ 106% | - /Ppt: shallow water I

¥ 98% |- 8ppt: wind climate Dogger Bank I

AC solution close to ! 939 | - © ppt: interconnection (20% allocation) I
shore: 100%

Dogger Bank



Current Activities

> Challenging and updating assumptions with - -
technical studies P =
s, - e ol = e
> TYNDP2018 s R e

o Submission : ;‘, " - ,' _—re - T
o Project promoters
» Stakeholder engagermpent

o International NGO consultation sessJon
o Market consultation.session
o Mini

\. —

try, regulatqrs / |
! i

» Consortium building
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ABHAY KUMAR, POWER GRIDS — HVDC, SC-B4 MEETING, 2017-10-05

CIGRE 2017 Study Committee B4

Winnipeg Meeting

Projects in Sweden




HVDC Links under construction in Sweden

NordBalt
SydVastlanken . VSC HVDC
= VSC HVDC « 70O MW
2 Parallel Links = £300kV
-« 720 MW + Sweden- Lithuania
= 300 KV |
«  Within 400 kV grid r




Project South-West Link (SydVastlanken)
430 km  North Section
* Hallsberg—Ostansjé—Barkeryd, 400 kV AC OHL, 180 km
South Section
* Barkeryd—Hurva, HVDC VSC, 250 km
In operation

*  Svenska kraftnat's assessment of the date for commercial operation of the
full SouthWest Link is estimated to the 31 of March 2018

2 parallel independent HVDC links

Each link a symmetrical monopole rated for 600 MW at £300 kV
Interconnecting Barkeryd and Hurva in South of Sweden
Converter Technology: ALSTOM MaxSine Technology (VSC)

— 4% 190 km XLPE DC cable, ABB e

Luftledning

Teckenforklaring

60 km overhead line, common tower for both links St.atichurva

»

Prepared for future expansion into multi-terminal scheme.

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

©ABB 5.8
=R ]

G HATLDELEL BRI



NordBalt

Lithuania - Sweden Gikarshan
Nybro
Karlshamn Nord
= 700 MW, +300 kVDC, Symmetrical Monopole S

HvVDC

2 x (10 + 399 + 40 km) (land + sea + land cables)
= HVDC Light, Generation 4

= Prepared for future expansion into multi-terminal scheme.

AL
,

i
\ LIETUV0S ENERGIA

. i i = L]
Stre.ngthe.n security of supply in = SVENsi e NORDBALT
Baltic region and southern Sweden

——

INTERCONNECTION CROSS SECTION R

= Integrate electricity markets of the et L
. . . approx. 40 km approx. 400 km 13km
Baltic and Nordic countries

NORDIC grid BALTIC grid

= In-Service June 2016

] SANDVIK KLAIPEDA N
landing poirt landing point

converter 330 kV
station  substation

400KV converter
substation  station

NYBRO KLAIPEDA

HVDC submarine and land cable .
(SWEDEN) A e bar eahle (LITHUANIA)
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Projects from Sweden




HVDC Light®

Ongoing projects




IFA2

UK — France

Main data

Customer

Customer needs

ABB'’s response

Customer benefits

Year

National Grid and RTE

* Security of supply
* Trade

* Two 1,000 MW, £320 kV HVDC
Light® converter stations

* Security of supply

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

e 2020




Kriegers Flak Combined Grid Solution (KF CGS) HVDC

Germany
Main data
Customer 50Hertz Transmission GmbH
and Energinet.dk SOV
Customer needs * Security of supply
* Meet EU’s target for CO2 reduction
* Trade
* Connection of offshore wind energy
ABB’s response * Turnkey 410 MW HVDC Light® back-
to-back station
Customer benefits * Security of supply o i k.C bindd Grid
. A L of th " riegers Flak Combined Gri
d.vanced‘contro of the Combined Solutions (FK CGS) HVDC
Grid Solution
Year e 2019




North Sea Network (NSN)

Norway — UK

Main data

Customer

Customer needs

ABB'’s response

Customer benefits

Year

Statnett SF in Norway National Grid

NSL Link Ltd

* Security of supply
* Meet EU’s target for CO2 reduction
* Trade

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

* Security of supply

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

e 2021

Blyth

Kvilldal



Johan Sverdrup

Norway

Main data

Customer

Customer needs

ABB'’s response

Customer benefits

Year

Enable power supply from mainland
to platform complex to minimize
emission of large amounts of CO2

Two 100 MW +80 kV HVDC Light
converter stations

Reliable power supply

Better and safer work environment
on platform

Lower operation and maintenance
costs

2019

Johan Sverdrup .—. Haugsneset




NordLink

Norway — Germany

Main data

Customer

Customer needs

ABB’s response

Customer benefits

Year

NordLink Norge AS, owned by Statnett in
Norway

and DC Nordseekabel GmbH & Co. owned
by TenneT and KfW in Germany

* Meet EU’s target for CO2 reduction
e Security of supply

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

* 525 kV DC subsea and land Ml cables for
over 200 km of the route

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

* Higher availability

e 2020

Tonstad




Maritime Link

Canada

Main data

Customer

Customer needs

ABB'’s response

Customer benefits

Year

NSP Maritime Link (Emera)

* Integrate renewable generation into
the the North American grid

* Bipole HVDC Light solution

* Two 500 MW HVDC Light stations,
+200 kV

* Two AC substations at 230 kV

* One AC substation at 345 kV

* Improved grid stability
* Power sharing enabled

e 2017

Newfoundland

Bottom Brook

[

l

Woodbine

Nova Scotia



Caithness Moray HVDC link

Scotland
Main data
Customer Scottish Hydro Electric
Transmission Ltd (SHETL)

Customer needs * Strengthening power network
ABB'’s response * Two HVDC Light converter stations,
+320 kV

1,200 MW and 800 MW
* Submarine and underground cable
transmission of nearly 160
kilometers
Customer benefits * Enable integration of renewable
energy

Year e 2018




HVDC LCC

Ongoing projects




Raigarah - Pugalur (RP800)

India
Main data
Customer Power Grid Corporation of India
Limited (POWERGRID) Raigarh
Customer needs * Bulk power transmission from
power source in North India to loads
in South
* 1830 kMs
ABB'’s response * Turnkey 6,000 MW £800 kV HVDC
link
Customer benefits * Bulk power transmission with
reverse power flow capability
* Grid stability, Energy savings Pugalur
Year * 2020




Changji-Guquan
China

Changji
Main data
Customer State Grid Corporation of China
(SGCC)

Customer needs * Bulk power transmission from

power source in Northwest to loads

in east China Guguan
ABB'’s response * Wall Bushing, DC Breaker and

system package for 12,000 MW
+1,100 kV UHVDC link

Customer benefits Connecting remote generation

Year e 2017-2018




North East — Agra

India

Main data

Powergrid Corporation in India Ltd

e Transmission of 6,000 MW

Customer needs

ABB'’s response

Customer benefits

Year

hydropower from the north-eastern
parts of India to the region of Agra —
over 1,725 km

Turnkey 6,000 MW +800 kV UHVDC
system

Multiterminal — three converter
stations

Low losses — 6 %

8,000 MW converter capacity,
providing redundancy for loss of one
converter with retained transfer
capacity

Effective use of right-of-way

2015-2017

Agra

Alipurduar

Biswanath
Chariali



HVDC Upgrades

Ongoing projects




Konti-Skan

Sweden - Denmark

Main data

Energinet.dk and Svenska Kraftnat

Customer needs

ABB’s response

Customer benefits

Year

Prolong life of the link
Increased reliability and availability

Upgrade of C&P with MACH 3 C&P
system

Secure reliability of power supply
Optimized use of existing
infrastructure

2019

Vester Hassing

Lindome



Baltic Cable

Sweden — Germany

Main data

Baltic Cable AB, subsidiary of Statkraft

Customer needs

ABB’s response

Customer benefits

Year

Prolong life of the link (1994)
Increased reliability and availability

Upgrade of C&P with MACH 3 C&P
system

Secure reliability of power supply
Optimized use of existing
infrastructure

2019

Herrenwyk

Kruseberg



Pacific Intertie, Sylmar Upgrade

USA

Main data

Customer Los Angeles Department of Water and
Power (LADWP)

Customer needs

ABB’s response

Customer benefits

Year

Prolong life of the 40-year old
station

Boost transmission capacity to 3,800
MW

Turnkey upgrade of the Sylmar
station including, MACH 3 C&P
system, AC and DC filters etc.

Secure reliability of power supply to
California

Optimized use of existing
infrastructure

Lower losses

2019

Oregon

Califernia

Celilo

Sylmar



CU project Upgrade llll

USA

Main data

Customer

Customer needs

ABB'’s response

Customer benefits

Year

Great River Energy

* Refurbishment of a 40-year-old
HVDC link

* Replacement of MACH control
system, thyristor valves and cooling
system

» Station life extension

* Enhanced grid reliability

* Increased functionality of the
Control System

* Reduced losses

e 2019

Coal Creek

North Dakota

Minnesota

Dickinson



Gotland

Sweden

Main data

.

Customer needs J
ABB'’s response .
Customer benefits .

Year .

Extending system lifetime
Upgrade control system of the
60-year-old HVDC link

Replacement of the control and
protection system, MACH

Increased availability and reliability
Reduced maintenance
New control features

2018

Vastervik

Ygne
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HVDC Projects under Execution
Status September 2017, LCC

Project Country In-Service, Status
Welsh BtB 600 MW, =162 kV USA Refurbishment & upgrade finished
Western HVDC Link 2250 MW, £600 kV UK 2017, commissioning ongoing
Bipole 11l HYDC Project 2000 MW, £500 kV Canada 2018, installation ongoing
Manitoba Hydro
BeloMonte 1, BMTE 4000 MW, =800 kV Brazil 2018, commissioning ongoing
Ethiopia — Kenya, Eastern 2000 MW, £500 kV Ethiopia — 2019, under construction,
Electricity Highway Project Kenya manufacturing of main components
Bangladesh BtB, Block Il 500 MW, £158 kV Bangladesh 2018, installation ongoing

(to India)

Page 2 October 2017

SIEMENS

C. Bartzsch/EM TS LTS LE



HVDC Projects under Execution
Status September 2017, VSC

Project Country In-Service, Status
BorWin 3 900 MW, =320 kV Germany, 2019, under construction &
Offshore installation of main components
NEMO 1000 MW, =400 kV UK — 2019, construction & main comp.
Belgium manufacturing / delivery ongoing
COBRA Cable 700 MW, £320 kV Denmark — 2019, construction & main
Netherlands component manufacturing ongoing
Ultranet 2000 MW, £380 kV Germany 2022, detailed engineering ongoing,
main comp. manufacturing started
PK2000 2 x 1000 MW, India 2020, detailed engineering ongoing
Pugalur-Trichur +320 kV
Allegro 1000 MW, £320 kV Belgium - 2020, detailed engineering ongoing,
Germany main comp. manufacturing started
ElecLink 1000 MW, £=320 kV France — 2019, construction & main
UK component manufacturing ongoing
DolWin 6 900 MW, £320 kV Germany, 2023, detailed engineering ongoing
Offshore

Page 3 October 2017

SIEMENS

C. Bartzsch/EM TS LTS LE



ElecLink, France - UK, 2020 SIEMENS
HVDC PLUS Project for an integrated European Energy Market

Customer ElecLink

Project Name ElecLink

Location Peuplingues, France — Folkestone, UK

Power Rating 1000 MW, + 320 kV DC , Symmetrical Monopole

Type of Plant HVDC PLUS in half-bridge topology,
Land cable length of 51 km inside the Channel Tunnel

AC Systems 14.5 km to tie up w National Grid’s Sellindge 400 kV S/S
3.5 km to tie up with RTE’s Les Mandarins 400kV S/S

Semiconductors IGBT

/ o
"k,
Folkestone
South West S
Peuplingues
ElecLink’s route mirrors closely that of
the existing IFA interconnector rance
P S—

Page 4 October 2017 C. Bartzsch/EM TS LTS LE



ALEGrO, Belgium-Germany, 2020 SIEMENS
Enhancement of the European Grid

Customer ELIA / Amprion

Project Name ALEGrO

Location Lixhe, Belgium — Aachen, Germany

Power Rating 1000 MW, Symmetrical Monopole

Type of Plant HVDC PLUS in half-bridge topology,
appr. 75 km

Voltage Levels + 320 kv DC
400 kV, 50 Hz

Semiconductors IGBT

GERMANY

BELGIUM
Lattich

e | uxembourg

Page 5 October 2017 C. Bartzsch/EM TS LTS LE



HVDC Projects under Execution SIEMENS
Status August 2016, ULTRANET Project

Customer

Amprion / TransnetBW

Project Name

ULTRANET

Location

Osterath — Kaarst / Philippsburg, Germany

Power Rating

2000 MW + overload, bipolar with parallel converters

Type of Plant

HVDC PLUS in full-bridge topology,
340 km

Voltage Levels

+ 380 kV DC, 380 kV AC line conversigad
380 kV AC, 50 Hz

Semiconductors

IGBT

Page 6 October 20

Brandenburg

Anhait

17

Actual Design / Planning Status of the
Converter Station Osterath-Kaarst incl.

- two parallel bipoles

- DC switchyard for multi-terminal expansion




PK2000, Pugalur-Trichur, 2020 SIEMENS
First VSC HVDC in India

Customer Power Grid Corporation of India

Project Name PK2000

Location Pugalur - Trichur, India

Power Rating 2 x 1000 MW

Type of Plant HVDC PLUS in half-bridge topology
142 km OHL, 32 km land cable

Voltage Levels + 320 kV DC
400 kV AC, 50 Hz

Semiconductors IGBT

C. Bartzsch/EM TS LTS LE

Page 7 October 2017



DolWin6, Germany, 2023
4.7 GW of Siemens HVDC PLUS / Offshore Technology SIEMENS
- The 6th Offshore HVDC Order confirms the Market Leadership

HelWin2 Customer TenneT
. -BorW|n3 = Project Name DolWin6
BorWin2 HelWin1 IR : :
5 Location Emden-Ost, Germany / Seastation next to Dolwin 2

Power Rating 900 MW

Type of Plant HVDC PLUS in half-bridge topology,
On-/offshore cable, 90 km

Helgoland

Voltage Levels + 320 kV DC
400 kV /150 kV AC, 50 Hz

Semiconductors IGBT

Norderney

Borkum

Niedersachsen

[

Emden/Ost =)

Page 8 October 2017 C. Bartzsch/EM TS LTS LE



SIEMENS
Contact page lingeiuity for Uife

Carsten Bartzsch
Siemens AG, EM TS LTS LE

Freyeslebenstr. 1
91058 Erlangen, Germany

Phone: +49 9131 732962
E-mail; carsten.bartzsch@siemens.com

siemens.com

Page 9 October 2017 C. Bartzsch/EM TS LTS LE
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HVDC Experience




Installed and Ongoing HVDC Projects — Aug. 2017

Nelson River OHL | Madawaska De-icer+SVC | Eel River |[REIYE oMM UK-France DolWin3 France-Italy Konti-Skan 1 §?1l'let|hn-1‘a’1§?t Link Durnrohr * §§8I\9IIW 3-Term
BP11GW 1973/93  350MW 250 MW 320 MW ERRVITE:TE S 2000MW Cab [EN VISR IVALTO N 380MW 3% 720 MW (vSC) IR ALE S i S
BP2"' 2GW 1978/85 BtB 1985 2008 BtB 1972 [Ketl.EXol:[Mrlokk: 3 1986 - 2012 Offshore 2018 | Cable 2018 Cab+OHL 2006 1983/97

Cable+OHL 2017 1967/85/93
McNeill
}gggM/VgostB Nindong-Shandong

4000 MW / 660 kV
OHL 1335 km 2011

Vancouver Isl

370 MW Cab
+OHL 1981 ... China-Russia
G e © ° ©~ 750 MW BtB
Miles CIt% ° e @ 2009
200 MW BtB E ® ’ %) ° (6]
1985 ® ® 6] & ]
o o o - ; () . Jeju-Haenam
Square Butte Pe ' g 300 MW / 180 kv
igg;\dw OHL " Q ‘ 100km Cable 1999
e e o
David Hamil ® (0} Jeju-Jindo
100 MW BtB i, ] 400 MW / 250 kV
1977 . ; . 122 km Cable 2013
e 3
Buk-Dangjin - Godeok
1983 [ ) t b 4 1500 MW/ 500 kV
¥ Cable 34 km 2018
Oklaunion
200 MW BtB
1984 Q Lingbao Il
©%) 750MW BtB
2009
3G-Shanghai ll
Plains & Eastern - 3000 MW / 500 kv
4000 MW M/T OHL970kV -2010
OHL - 2020
uebec-NE Rivera Melo Rio Madeira Inga-Kolwezi | Cahora Bassa* GCCIA Chandrapur Viza Sasaram ghagf‘?,’(’)%'.'f,.‘\','{,“,"éggt{s 1
HL + Cable 70 MW 500 MW 3150 MW 600 kV 560MW 500kV 1920 MW 3x600 MW 2x500 M 500 MW 500 MW OfIL 122 k
690 MW 1986 BtB - 2000 BtB-2015 'OHL 2375km 2017  OHL - 1982 OHL - 1978 BtB - 2009 BtB - 1997 BtB-1999 |BtB -2001 Bipole 1- 201'3,1/ Bipole 2- 2018

Indicates completed contracts
Indicates ongoing contracts

Indicates projects in development © 2017 General Electric Company - All rights reserved

* ALSTOM Grid partnering with the German HVDC Group



800 kV : Champa-Kurukshetra I/l

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 & Bipole 2 awarded as separate

i a | nderprise)

—_ E—= POWER GRID CORPORATION OF INDIA I_!MITE[‘
o (A Coow mmend of okl




Buk-Dangjin - Godeok HVDC Link

South Korea

7KM
ACROSS5 ASANMAN BAY

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

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

\\ Seoul

South
Korea

l}\! 300 MW @ +/-180kV : 1999
26 KM
KYEONGKI-DO O T
y Scope Cheju-Jindo HVDC Link
. +/- kv:
— 2 HVDC Converter Stations C [t

» Contract awarded to KAPES VY

— JV between GE Grid and KEPCO
* CIF+Installation

- HVDC Cable
e 34 km Cable A KAPES
° LS Ca ble ‘ A KEPCO-ALSTOM PES, Inc.

© 2017 General Electric Company - All rights reserved



Lower Churchill HVDC Link, Canada
Muskrat Falls to Soldiers Pond

Alternating
Current [AC]

Direct Direct Alternating
Currant [DC] Current [DC] Cu rr mIDI:I Current Incl
‘ . .

=3 A5KM-—— — 700 KM —
S150 8, 00 MW HVOE tink STRAIT OF BELLE ISLE NEWFOUNDLAND

* Client GE Scope

— Nalcor Energy « 2 Converter Stations

* Location * Muskrat Falls (Labrador)
- Newfoundland & Labrador, Canada

» Rating & Technology
- LCC Converters
— 900 MW Bipole
— +350 kVdc / 1300 Adc

* Soldiers Pond (Newfoundland)

e 2 Sea Electrodes
L'Anse au Diable (Labrador)
Dowden’s Point (Newfoundland)

* 2 OHL/Cable Transition Stations
Forteau Point
Shoal Cove

© 2017 General Electric Company - All rights reserved




CLEAN LINE
Plains & Eastern Clean Line e

Project Purpose:

* Mid-west Wind to Eastern Markets
Location:

« QOklahoma, Arkansas, Tennessee
Rating:

* 600KV

e 4000MW/500MW/3500MW

© 2017 General Electric Company - All rights reserved



VSC Projects

o=

Capacitor +ve
Test Connection

\

Main Terminal 1

/
l_ Capacitor -ve
Main T

HALF

© 2017 General Electric Company - All rights reserved



South West Link, Sweden

VSC Transmission Link

e Dual Symmetrical Monopole
/ g e Turnkey supply of 4 Converters
olm * 250 km

« Cable / OHL DC Circuit * Design, Con.structlon.(mcl. CW),
Manufacturing, Erection,

Installation, Testing and
VSC Rating Commissioning

* 1440 MW (2 x 720 MW)
* Voltage : £300 kV

© 2017 General Electric Company - All rights reserved



DolWin 3 Offshore HVDC - Germany

AC Offshore
PURPOSE \ Substation DC Converter Alternating Current (AC)

e Offshore wind farm connection

LOCATION [

MNorth Sea i
* German North Sea, 83 km North of Germany it e e

I:Lll.r.-. IIIE I.nful'-ll I'_|I.I=.|L-||‘: Infcl-lll 't I:mrEr.-r-I-l:-:I!'_:l G E rm a ny
CUSTOMER

* TenneT Offshore GmbH (Germany)

SCOPE PARTNERS

* Platform: Nordic Yards (semi, self-floating design)

* Cables: Prysmian Powerlink (83km, 320 kV DC sub-
sea cables, 79 km DC land cables)

SAIL OUT

e 2017 Platform sailout & in final location
COMMERCIAL VALUE

* >1.3Billion USD

*  Turnkey Delivery
s +320kV, 900 MW HVDC Link

e Offshore HVDC VSC MaxSine™ converter
platform

e Onshore HVDC VSC converter

* Connecting cable systems

* 5-year maintenance contract

© 2017 General Electric Company - All rights reserved



Platform - Topside, May 2017

yards

arved



1 Grande-lle Converter
Ratl ng Station (France)
e 2x 600 MW ' =3
e +320 kVdc

Two Independent LV
Symmetrical Monopoles

Over €320M Contract Y G A S
Clients -, o

- = ‘ Piossasco Converter
 RTE : France e Station

* Terna: Italy (italy)

The longest HVDC land cable connection (190km)

October 6, 2017 v

© 2017 General Electric Company - All rights reserved



GE Scope

Turnkey delivery of 2 VSC HVDC
Converter Stations

FRANCE @  ITALY
* 2 X 600MW 320kV DC m‘\ . HVDC
* Engineering - o ac
400kVv AC I S/s
* Procurement /s
* Manufacturing
* Factory tests .
HVDC
Limk

 Civil Works & Construction

* Installation & Commissionin

h 4

Grande
Ciomverter Converier
Sration Sation

© 2017 General Electric Company - All rights reserved



1onN

lle Converter stati

Grande

ed

| Electric Company - All rights reserv
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3 x STATCOMs
National Grid - UK

Bolney, Ninfield, and Richborough STATCOMS

Customer: National Grid, UK
Location: Bolney, Ninfield, Richborough, Stations

Solution

3 x STATCOMs

* Full turnkey basis

* Bolney: -100/+225 Mvar STATCOM, MSCDN 225 Mvar, 2 x 400kV
AIS extension

* Ninfield: -100/+225 Mvar STATCOM, MSCDN 225 Mvar, 2 x 400kV
AIS extension

* Richborough: -100/+225 Mvar STATCOM

* Commissioning: 2018

Benefits
* The STATCOMs will be used for post fault conditions
management of the network.
* To support the network once the HVDC connection between the
UK and Belgium (Nemo Link) enters service.

GE Grid Solutions Presentation - PG&E Mesa SVC | Sept. 13,
2017

© 2017 General Electric Company - All rights reserved
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Static Var Compensator (SVC)
VELCO - USA

Ascutney SVC

Customer: VELCO (Vermont Electric Company)
Location: Weathersfield, Vermont, USA

Solution

Static Var Compensator (SVC):
* Full turnkey project - including long-term maintenance.
* Rating: -25/+50 Mvar @ 115kV
* Future upgrade possibility to -25/+100 Mvar
* Project Completion: 2018

Benefits
* Reinforce VELCO'’s transmission grid
* Maintain reliability during N-1 and N-1-1 contingency conditions

SVC Attributes / Features:
* Designed to operate in Degraded modes.
* Ability to control Mechanically Switched devices
* Full Redundancy and High Reliability
* Model Based Design Controls
* ‘Low noise’ design for SVC equipment
* NERC-CIP compliant

© 2017 General Electric Company - All rights reserved



Static Var Compensator (SVC) b= éﬁ: :
MSG - Brazil %%5 ﬂﬁ

1] L1 Bl
i i} fra

15
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Itatiba and Santa Barbara SVCs B

Customer: Mata de Santa Genebra (MSG)
Location: Brazil

Solution =)

Static Var Compensator (SVC):
* Full turnkey project
* Rating: -300 / +300 Mvar @ 440 kV Santa Barbara
* Rating: -300 / +300 Mvar @ 500 kV Itatiba
* Project completion: 2017

Benefits
* Maximize power transmission capability
* Designed to operate in degraded mode
* Voltage and stability control on transmission system

© 2017 General Electric Company - All rights reserved



STATCOM
VELCO - USA

Essex STATCOM
Customer: VELCO
Location : Vermont, USA

Solution

STATCOM
* Full turn-key project
* Refurbish power converters, cooling, controls,
* Rating: +/-75 Mvar x 2
* Project completion: 2017

Benefits
* Reinforce VELCO's transmission grid

GE Grid Solutions Presentation - AEP Falfurrias SVC | July 25,2017

© 2017 General Electric Company - All rights reserved
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Static Var Compensator (SVC)
FirstEnergy — USA

West Wharton SVC

Customer: FirstEnergy
Location: New Jersey, USA

Solution

Static Var Compensator (SVC):
* Full turnkey project - including long-term maintenance.
* Rating: -260/+40 Mvar @ 230 kV
* Project completion: 2017

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
* NERC-CIP compliant

© 2017 General Electric Company - All rights reserved



Static Var Compensator (SVC)
SaskPower - Canada

Pasqua SVCs

Customer: Saskatchewan Power Corporation
Location: Saskatchewan, Canada

Solution

2 Static Var Compensators
* Full turnkey project
* Rating: -40/+150 Mvar in 2 x (-20/+75) Mvar, 138 kV
* Project completion: 2017

Benefits
* Air cooled SVC system.
* Typical utility application for voltage support
* Fully redundant SVC system for better reliability

© 2017 General Electric Company - All rights reserved






SC B4 — Norway ' Y

HVDC and FACTS projects in the Norwegian Grid
Winnipeg, 5/10-17




FACTS Projects

SVC +250 at Sogndal

Commissioned 2015 Sortland

STATCOM +50 at Sortland
Commissioned 2015

SVC +£200 at Ormen Lange
Statoil and Shell
Commission 2016

Refurbishment of four SVCs: @ Veidal
Kristiansand +200 MVAr, Sylling +160 MVAr, Rad, S
+250 MVAr and Verdal £+160 MVA

New SVC/STATCOM +250 at Skillemoen @ Ormen Lange

Tender 2017 @ Sogndal

Rod @Sylling
Q.

Kristiansand

Fremtiden er elektrisk

_Skillemoen/




NordLink

 Partners
Statnett, Tennet, Kf\W

* 1400 MW +/- 515 kV

« VSCCTL

* Bipole

» Tonstad in Norway — Wilster in Germany
* 570 km cable + 53 km OH-line

» Commissioning 2019

Fremtiden er elektrisk




NordLink

e m — -
o eer _1,‘37«-':' 'Td;:!::%_.x,-r o

Fremtiden er elektrisk



North Sea Link (NSL)

» Partners
Statnett and National Grid
« 1400 MW +/- 515 kV
« VSC CTL
« Bipole
« Kuvilldal in Norway — Newcastle area in England
e 722 km
« Commissioning 2021

J
Fremtiden er elektrisk ;




Johan Sverdrup Phase 1

100 MW +/- 80 kV

« VSC two-level

« 200 km

« Commissioning 2019

Johan Sverdrup Phase 2 =~

« 170 MW VSC
« ITT 2016
« Commissioning 2022

Fremtiden er elektrisk



HVDC PROJECTS IN DENMARK

Cigré SC B4 meeting 2017-10-06
Winnipeg Canada

SC B4 member for Denmark
Peter Weinreich-Jensen



HVDC PROJECTS IN DENMARK

Project Countries Technology [Rating Cable length [Status Operation [Remarks
Germany - Upgrade of control
KONTEK Denmark LCC 600 MW 171 km |In operation 2016 system
Kriegers Flak  [Germany -
BtB Denmark VSC 400 MW 0 Under construction 2018
Netherland -
COBRAcable  [Denmark VSC 700 MW 325 km |Under construction 2019
Sweden - Upgrade of control
Konti-Skan Denmark LCC 760 MW 176 km  |Under construction 2019 system
Great Britain -
VikingLink Denmark VSC 1400 MW 760 km  [Tender phase 2022




KRIEGERS FLAK CGS

* Owner/TSO:

* 50Hz Transmission

* Energinet
 Denmark — offshore wind farms:

e 220kVAC
e 600 MW
* Germany — offshore wind farms:
e 150 kV AC
e 400 MW

e 220/150 kV transformer on offshore platform:
e 400 MW
* BtB VSC converter in Germany:
e 400 MW
e Denmark East and Germany are not synchronous

Ishgj Kriegers Flak — Combined Grid Solution

CGS project (interconnector)
® Converter station (AC/DC)
® 400 kV substation (AC)

Bjeeverskov

® 220 kV substation (AC)
® 150 kV substation (AC)

— 220 kV cable
— 150 kV cable

Kriege DK) #

'
Denmark

Baltic 2 (DE)

" Baltic 1 (DE)

T
IGermamy

Bentwisch



COBRAcable

e Owner/TSO:
e TenneT
* Energinet
e 700 MW VSC HVDC
e +/-320kV DC
e 325km HVDC cable
e 380 kV ACin Eemshaven, Netherland
e 400 kV ACin Endrup, Denmark
* Eemshaven and Endrup are connected to the  Eemshaven (The Netheriands)
same synchronous area =

Endrup (Denmark]i

DK






VIKING LINK

Owner/TSO:

* NationalGrid

* Energinet
1400 MW VSC HVDC
+/- 525 kV DC
760 km HVDC cable
400 kV AC in Bicker Fenn, United Kingdom
400 kV AC in Revsing, Denmark
Viking Link is a Rigid Bipole with the
opportunity of connecting a return cable or a
ground electrode.

KEY \
3
" 5\
() Propused Giid Conneclion % .
o . T
= Submaring Calle Cormidor Yt
)
Onshore Route Carrldor \\'

=== Median |ine !

=== 12nm Tarritorial Sea Limit

L L E
sk Caornaanrs b ek mkarmmbon bevracd widen pen Savenmnl Legieg vad, i Moy L, 2017,
Hlie Al righta rensryss,
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Research and Development of
Multi-terminal Hybrid UHVDC in

China Southern Power Grid
Hong RAO, Shukai XU
SC B4, China Southern Power Grid (CSG)
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The Selection of Hybrid HVDC

o [ g 75 B2

CHINA SOUTHERN POWER GRID

O The Expanding Grid Structure of Bulk AC/DC Paralleled System

XiLuoDu
HVDC @

Yunnan

YunGuang
UHVDC ) ®

v

NuoZhaDu
UHVDC ©
&

From Yunnan
HVDC 16.4GW ( 78% )
HVAC 4.6GW

Until now

— HVAC: 8
—HVDC : 8

(Y) SanGuang
HVDC

To Guangdong
200 km x 200 km

HVDC 27.2GW (72% )
HVAC 8.3GW

The 9th HVDC project

 Dianxibei

« LCC-HVDC

- +800kV/5GW

- Commissioning year
2018

The 10t HVDC project

« Wudongde

« *+800kV multi-
terminal

- 8GW/5GW/3GW

« Commissioning year
2019




The Selection of Hybrid HVDC

o 6 g 75 B8

CHINA SOUTHERN POWER GRID

O Hybrid Structure for HVDC Benefits Grid Operation
- Maintains power transmission and supply reactive power to faulted AC system
« Reduces AC fault area that induces multi-commutation failure
- Improves the voltage restore characteristic after AC fault clearance

LCC-HVDC [ Multi infeed

HVDC power

system

[ | 7 | v | v | o

LCC-HVDC

Multi infeed

il

HVDC power
system

VSC-HVDC

RSk

Lt

Il

VRILIIR ARk M!:ﬁ‘c

K

[EES

i
BT .
€ g, Bl
e
B)

ML finesy LU

Ik

5 HVDCs Multi-Commutation Failure Risk Area



Birth of the MTH-UHVDC Project o E 5 J5 BB

CHINA SOUTHERN POWER GRID

8000MW

1

'fwfkf
\

927km

g -"d_".__dlﬁ\f'_ -
\ [/
Aoaath

\‘\/‘-_ _}\‘J_“—)f'\-«..?“__/ A ) /‘_/t 5oooM H u
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Project Overall Scheme o [ g 75 B2

CHINA SOUTHERN POWER GRID

Scheme

Sch:me ‘SIZ —GD‘{ i Q —GD‘{




System Response to AC Faults

o [ g 75 B2

CHINA SOUTHERN POWER GRID

700
600
500
400
300
200
100

0
-100

(=85 ENES

6.0
5.0
4.0
3.0
20
1.0
0.0

TESHT HELAT

BUYNP

Scheme 1

= U_GX_P

"UGDP

900 7

.

20— S —
0774

=1 GDP

300

No power interruption
during AC faults.

A
Min 7.
Max 7
Diff 3i

X5.0
051
AQ.0
Min 4
Max 5
Diff 0

i X

Al

Scheme 2
= &X
=1 GX
10.0
5.0+
001 L‘%mi/%‘
w
0 e—— 3| Power
el ~400ms | recovery
-15.0-

190 200 210 220 230 240 250 260 270 280 29 300

Need 1.2~2Gvar STATCOMs
to meet the system stable
requirement

[=5 A ENERS

Scheme 3
LY = GK P | GDP
mLYN P ] GX P "GP
150 ——
10.0-
5.0' e
-10:0 <€ >l Power
15.0 \/ =400ms recovery
200
0.00 ( J ) 040 Eo 080 1.00
Ed 0|

LCC commutation failure
impacts the VSC’ s output



Converter Configuration o B R 75 ER

Single Converter Double series Converters
Transformer Same capacity, higher insulation, more cost Same capacity, lower insulation, less cost
Converter Same SM number, higher insulation Same SM number, higher insulation
Footprint and cost Smaller area, less cost Larger area, more cost
Operation mode Less flexible, lower energy availability More flexible, higher energy availability
+800kV
+800kV — A
o J ns% 'lg SM 4
:%} -”3;} SM - g sM [
—I 800kV — | 400kV
— D« .
1 i
%} e?} sm [~ ' wm F
] QD i
~800kV -800KV

Single Converter Double Series Converters




Converter Typology

o 6 g 75 B8

CHINA SOUTHERN POWER GRID

O For Achieving Higher Reliability

« Clear the DC fault and restore quickly [ i ’ o
- More flexible operation 5e B BE T I R i
S — > ? — \ N
Pr g . - \ T, b,
TIJ D1 be D3 I_T3 SM1 SM1 SM1 SM1 E@ \\ © T @
+==C Tﬂ \‘} D5 C+== SM2 SM2 SM2 i i i \\
BIg D7 o L D-MMC Hybrid-MMC
CDSM-MMC FBSM-MMC
Full-bridge SMs per arm of Hybrid-MMC
ltems D-MMC ',____.‘
0 30% 50% i 80% |1 100%
|
DC fault clearance and quick restart ) X X Vv : Voo v
Power reversal x Vv Vv v : Vv : Vv
Operation with reduced DC voltage X Vv v Vv LY : Vv
|
Converter switch in and out X X X X l Vv } Vv




Arrangement for arm reactors ch (= 55 J5 B2 )

CHINA SOUTHERN POWER GRID

AC Side in Arm r—=1

-]
It
—
I
I
-4
D g
o =
H
Pl
N
]
It

DC Side in Arm

_,
I
|
bl
(x¢)A
5
|
|
-4
(x¥)A

2 g B2
. Z =
IbN o r—==n -
S.- I | I |
B | |
1 p 1 . I
MMC PWM_GXA1H,MMC PWM GXB1H,MMC PWM GXCIH : Graphs MMC_PWM_GXA1H,MMC PWM GXB1H,MMC PWM GXCLH : Graphs
20 = Jup a - Idown_a‘- Tup_b = Idown_b|™ Jup_c = Idown_c — 4.0 =Jup a ‘- Idown_al- Iup_b l' Idown_b ™ Jup_c = Idown_c =
‘ | X 1.975 : I X -0.736
20 }‘ 0 4.489 2.0 ; 0 -1.680
5.0 ‘ “\ £2.515 % h D
4.0 Min 1.975 0.0 f e Sl Min -1.681
3.0 \ /f ~ / \ Max 4.489 2.0 -‘x Max -0.736
2.0 HYAYER Diff 2.515 ! \ Diff 0.944
. I o -4,0 T
oS Different Transigent |
I ~O. I}
0.0 ~ It \
IS Valve Current |
T 1| I
-2.0 : = -10.0 - =
seC  0.030 0.040 B}.o'so 0.060 0.070 0.080 0.000 X0.046 seC 0.0400 0.0450 0.0500 0.0F Ll 0.0600 0.0650 0.0700 0.0750 X0.0559
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A0.000 A0.0001




Protection at Transformer Secondary Side EE o 9 75 B2 )

For Grounding Fault
\9_

+ 800kV

By bypass thyr.

—— By arrestors
HRTV1p2E

o0 o [[Lon o-sre-oo o
500 |loo o—ote—oo o

5> oo loo o—slooo

¢

o0kVv




HVDC System Configuration Summary = E Ry 75 E1

CHINA SOUTHERN POWER GRID

O 400kV+400kV double 12-pulse LCC O 400kV+400kV series connected VSC

O With BPS for LCC switch in and out O With BPS for VSC switch in and out

O No MRTB and GRTS O With HSS for station switch in and out
O No MRTB and GRTS

HSS
{/* Symmetrical Bipole

Bl
4%:[:[ 400kV+400kV per pole [ |

DC fault clearance ability

'l —{rre}— MR ——l

« 400kV+400kV per pole T-J
% = « 6-inche Thyristors }}
- IT = 6000A J:
AN
ha Ll

S S

J S |
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Simulations Results

o [ g 75 B2

CHINA SOUTHERN POWER GRID

O LCC-VSC-HVDC ride through the AC faults

10,000

5,000

DC
Power 0O

P Drop to 0

DC
Voltage 0

-500

— Commutation failure

-1,000
0

1.66655

3.33311

Multi-terminal LCC-HVDC

4.99

8,500
8,000

7,500}

7,000
6,500

6,000
1,000

P Mm..6412MW

500 ~ Little fluctuations
0
-500
-1,000 d t
0 1.66655 3.33311 4.99¢

Multi-terminal LCC-VSC-HVDC



Simulations Results

o [ g 75 B8 Y

CHINA SOUTHERN POWER GRID

1.2

06

0.4
0

Voltage RMS of Inverter Side

Multi-terminal LCC-VSC-HVDC

Multi-terminal LCC-HVDC

1.66655 3.33311 4.99966 6.66621 8.33277

O Three phase to ground fault with

breaker failure

« For multi-terminal LCC-VSC-HVDC,
voltage recovers within 3.6s

« For multi-terminal LCC-HVDC,
voltage losses stability

9.99932

Frequency of Rectifier Side

&——— Multi-terminal LCC-HVDC
Max. 50.7Hz

Multi-terminal LCC-VSC-HVDC
Max. 50.31Hz

0 1.66655 33331 4.99966 6.66621 8.33277 9.99932

O Single phase to ground fault with
breaker failure

« Multi-terminal LCC-VSC-HVDC is
better concerning frequency stability
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HIL Tests

o [ g 75 B8 Y

CHINA SOUTHERN POWER GRID

FHE2L

300km

FHE3M

MMC_S3 P1

MMC_S3_P2

750MW#*2

HIL for Control and Protection System
Multi-terminal, 1xLCC+2xVSC, Double Series Converters

per Pole

MMC_S3_P1

MMC_S3_P2

1250MW*2

Experiment items | results
Block/Deblock v
Step up/down \

Converter switch

: v
in and out

Converter bypass \

AC faults \
DC faults and J
restart

Station switch out \

Station switch in v
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ON € Owrireicnt | HVDC & FACTS in Brazil

Current Status and Planning of Brazilian
Interconnected Power System (BIPS)

‘ Ricardo Tendrio
e Chairman of Brazilian Cigre Study Committee B4
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Brazilian Interconnected Power System - BIPS

WEMEZLIEL A LA MA
SURIMAME
LIIAMA FRAMIESA,
LE, 1
\ =y OFS
Ll Y .
I'III : & II
. ]
| |
J |
1

Brazilian power system encompasses:
e ~142,000 MW - installed capacity

e 135,000 km —lines (= 230 kV)
(9,316 km of HVDC lines - 2019)

e 71.5% hydro power plants

COLOMELS

e Main load centers are on the coa:

e New hydro power plants are far 1 Ve
load centers located in Northern

Region W7 Atlantic
e Continental size (8,516,000 km?2) T (e Ocean
e Operating at 60 Hz, while several

neighbor countries at 50 Hz *

e Suitable for HVDC projects & FACTS



BIPS — Installed Capacity in 2016 = 142 GW

Nuclear r:ower Others
PV

Biomass
5.38%

Source: ONS
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Madeira
+ 600kV — 2375km
2 @ 3150 MW

BtB CCC - 2@400 MW

ECOLIVIA

Garabi
BtB CCC
2@ 1100 MW

Itaipu
+ 600kV — 800km

ARGEMTIMNA 2 @ 3150 MW

.
’0 N Q@ Oerador Necions!
## do Sistema Elétrico



Belo Monte BP1 Belo Monte power plant
+ 800kV — 2092km

4000 M

Construction in progress
Installed cap. 11,233 MW
4,571 MW on average

Col OMBTA,

Belo Monte BP1

HVDC 4000 MW / £ 800kV / LCC

F ANz Concession for 35 years

E 18 Francis x 611.11 MW +
6 Bulbo x 38.8 MW

3rd largest in the world
(capacity)

Auctioned in 2010, to be
completed by 2019.

Investment around USD$ 14
- HVDC stations supplied by billion (R$ 25.8 billion) (ref
Siemens Apr 2010)

- Planned to be in operation by o & 600KV — 800K ‘
i 2 @ 3150 MW
March 2018 LIRLIGLI °
. > 4 500 MW

I

- Auctioned in February 2014

- SPC formed by State Grid Corp
of China + Furnas + Eletronorte
- Permitted annual revenue =
190 million USD (38% lower than
max value established by the
regulatory authority — ANNEL - =
305 million USD)

»

ONC Operador Nacions
"J do Sistema Elgtri




Belo Monte BP2
+ 800kV — 2439km
4000 MW

Y COLOMEBLA,

|
=

Ei™al 18 Cu™R

Belo Monte BP2

HVDC 4000 MW / £ 800kV / LCC /
2439 km

- Auctioned in July 2015

- Won by State Grid Corp of China

- Investment estimated around USD$
2.2 billion (7 billion BRL)

- Offered the lowest bid to operate the ;
transmission system for USD$ 309
million (988 million BRL) a year —

19% lower the cap established by the
regulator in the tender

+ 600kV — 800km
2@ 3150 MW

- Planned to be in operation by 2020.
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+ 600kV — 2375km

Bipole A
+ 800kV

4000 MW (>10-year

horizon)

Madeira

2 @ 3150 MW

L

ECOLIVIA

Garabi
BtB
2@ 1100 MW

Tapajos + 800KV — 2092km [RINZ - Tapajos River power plants.
+ 800kV 4000 MW '
2 @A - 12,600 MW
(> 10-year : ’
horizon) . . ’
ESUADC, - Environmental issues are under analysis

- Probably 2 bipoles to SE (2@+800kV).
- Planned for beyond 10-year horizon.

— = — -
Iul

Bipole B
+ 800kV
4000 MW

Itaipu
+ 600kV — 800km
2 @ 3150 MW




Tapajos HVDC Bipoles @ +800 kV,
E 2300 - 2500 km Iong Miritituba Collector S/S

500 kv

. . 500 kVac
Beyond 10-year horizon planning ~ p---PFE e '
——————————— ’
--— v
V4 - Tapajos S
| Hydro _ ~
Power Plant I — P 800 kvde ¥
12,600 MW /
~So ="
e 800 kvdc >
J" Beyond 10-year horizon

.:Ilm-!s {1]

SE Nowa Olinda & Mort -\g %
'B-l:l'l:l ff -r__,_f =
J % o SE Misitituba ]
i . v B
i N bl LIRS Do A P 1
r 1
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J vonaain
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Multiple infeed in
MW Brazil

Belo Monte BP2
+ 800kV — 2439km
4000 MW

—

IEcal A Dk,

2021 - 20 GW
2023 - 24 GW
>2026 = 36 GW

L -.'
) Bipole A
' i + 800kV

4000 MW

L

L PERL

Madeira Bipole B
+ 600KV — 2375km ity
2 @ 3150 MW 4000 MW

ECOLIVIA

L

Garabi
BtB
2@ 1100 MW

Itaipu
+ 600kV — 800km
2 @ 3150 MW

[
. ne

I"' :
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FACTS Controllers in Brazil

Existing SVCs in Brazil

» 30 SVCs in operation

« 1 STATCOM in Rio Branco S/S, which will be
relocated to Abuna S/S.

« 13 SVCs will be put in operation
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HVDC SCHEMES UNDER
CONSTRUCTION AND PLANNED
IN CHINA-SGCC

Ting An (China)

CIGRE 2017 - WINNIPEG

Oct. 5th, 2017




INTRODUCTION

Two State Grid Companies in China:

» SGCC:

v' Ranked 2th in Fortune Global 500
in 2016

v' 1.56 million employees

v’ serving over 1 billion customers
v 88%

» CSG: 12%

CIGRE 2017 - WINNIPEG
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HVDC PROJECTS IN CHINA (SGCC)

HVDC
projects
constructed

HVDC
projects
under
construction

HVDC
projects
planned

LCC Trans. +400-4800
LCC BtB 5 120-166.7

VSC (MT)  3(1,5-T)  +30-+320

600-10,000

360-1,500

18-1,000

LCC 1 (BtB), 4(T) +100-+1100 600-12,000

VSC DC grid 1 +500
VSC BtB 1(4T) +420
VSC Trans.
_|_
(Shetland) ! =
2 + 800
LCC Trans.
1 +1100

1,500-3,000
4x1250
60
10,000

12,000

2010-2017

2005-2012

2011-2015

2018-2019

2019

2018

2021

Goge

/
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CONSTRUCTED LCC HVDC PROJECTS

+400kV: 1

+660kV: 1
+800kV: 14
Total: 26

A &l
] |00kVEH
— + 800 KVELFE
— 4+ 660 KV ELE
s+ 500 KVELHE
s+ 400 KV EL
BEa HAHEW
OE] Lcciifith

o VSCIRiRDE O ﬁ ﬁ, /
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UNDER CONSTRUCTION & PLANNED Gorre

LCC HVDC PROJECTS

+800kV: 3
+1100kV: 2

B i i
BN 3

=== 11 100KVELE L T 7.
==== £ B00KVESR AW ’ g . o
===+ BEOKVER : w . X
———= +E0DKVER v ol
=== +400KVELR °/ i Y "l‘f? ¥

[ = | Hif Sﬁ?'ﬁsﬁp . ': .l

B #ifh Erp=te i k:

o & ww’ | e
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Coge

JICHANG — GUJING UHVDC TRANS. PROJECT

Key parameters
» Pdc =12,000MW

> Vdc = 1+1100kV

> |ldc =3284km

» Vac = 750kV @lJichang;
>

Vacl = 1000kV to low DC
conv. @ Gujing;

Vac2 = 500kV to high DC
conv.

@ Gujing

Key features
» highest DC power rating

» Highest DC Voltage

» Longest transmission
distance

» The first to connect
+1100kV DC to 750kV AC
system

» The first to connect
+1100kV DC system into two
different voltage levels
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JICHANG - GUJING UHVDC TRANS. PROJECT

750kV 500kv
AC Bus AC Bus
+1100kV bus /| [ +1100kV bus
\ } +1100kV overhead line E \ Ac
Ac Polel |  Polel Filter
Filter —4( ) ‘\'_ /l\‘\— ,,,lL,,, | A ,-‘/ H'/’. \’/ “‘5 N banks |
L) Y Tpe e | N/ T\ \) )
banks N [ 1A Nl ] ! X
. Filter i Filter -
banks | banks. | .
] _/C E [ \/ L/ ( \ I - Ac
Ac \\/ /| //f \ | | BB, Filter Ac
Filter — i : : - banks | |— Filter
banks banks
UHVDC converter station _1“' i UHVDC converter station 1000kv
| | AC Bus
Ac N l | i ,
Filter [ \\‘) (i | | NANGARE iR,
L\ I VAR \ | \l/ \\/ / Filter
banks NS L - SR e Y
- DC | ' DC 1 o banks Ac
—* Filter Riter | Filter
//».\ \ 7\— :banksi ikbiainlgg J \\\ ;/" / ;‘f .._\I '\“. banks
banks | |
N -1100kV overhead line I ‘
—(I L L { | W—
-1100kVbus | -1100kV bus
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| JICHANG - GUJING UHVDC TRANSMISSION
PROJECT

SUCHEAE— AN (FA)

Elah@itRaaaes

+ 1100kV S RIBARIGRIT BURE

CIGRE 2017 - WINNIPEG
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SHANBEI - WUHAN UHVDC TRANSMISSION
PROJECT

Key parameters
» Pdc =10,000MW

> Vdc = ==800kV
> |dc =1100km

> To be commissioned in 2019

CIGRE 2017 - WINNIPEG




BELO MONTE UHVDC TRANSMISSION agre

PROJECT IN BRAZIL

Key parameters
Pdc = 4,000MW

Vdc = =800kV

ldc = 2084km

Vac = 500kV @ Yan Gu;

Vac = 500kV @ Rio;

To be commissioned in 2017
The first SGCC’s EPC project
The first 12-p =800kV conv.

Completely designed using
Chinese technology

CIGRE 2017 - WINNIPEG
Y V VYV V V V V V VY

Y

Equipment supplied by
Chinese manufacturers.
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MATIARI - LAHORE HVDC TRANSMISSION - e

PROJECT IN PAKISTAN

[UL]
O
| § Key parameters Key features
E » Pdc =4,000MW » highest DC power rating
: > Vdc = +660kV > Highest DC Voltage
NS » Idc = Approx. 900km AC > Longest transmission
S > Vac =500kV @ Yan Gu; distance
N > Vac = 500kV @ Rio: > The first HVDC scheme
E > Under construction by SGCC » BOOT (Build — Occupy —
O » To be commissioned in 2019 Operation —Transter) mode
©
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VAN BtB HVDC PROJECT IN TURKEY

EilRA

dirne

le

HZEIR
|Zmir
o

i g
Bodrum

Daw

» Pdc = 2x600MW, Vdc = 3=100kV
» EPC contract

» To interconnection between Turkey & Iran

» Planned in operation in 2018 (first phase)

{RHTIE AT
islagbul EERE
Sakgrya
R
Bursa

o IRETELEAIN
Esklgehlr

FER

Alyunkg rahisar

Denizli
]
ZIERIT
LAmREE A”‘g"’a
Marmaris
=

ZFh
Ankara
®

HEE
Kogya

Side Ba?emy'esn

AT

Eien bam‘;aao
Samsun =
SR EE
5 Gﬁ'!ﬁ: Trabzon Rize
iresun ) o 5
Kars
o
FIiS
ST s
S\\éas o
ﬁﬁﬁ‘!ﬂi = = o= ! M;.)
o
thksaray  FBA Malatya "
o Kayseri o E%EEEEER -
|yarﬂbaklr BB
v oRT Batrman
fism | MARRERGANE e
Adgna azngn ep o
o
BRE Falght
Mersin l>

@
BEERA
V\,\vmgnuysgbnx&_\

Genca
o

SN

[DE-$23

(L

B
Baki
@

[EEiTER
shl
o

K N
Tomit
P
R it
° Fa =
R sl
=
%18
Al
]
E3c]
ulols
o
BEET
wl o‘ I

B




Cope
ZHUNDONG-SICHUAN(CHENGDU) UHVDC |
TRANSMISSION PROJECT

Key parameters
Pdc =11,000MW

Vdc = =1100kV

ldc = 2470km

Vac = 750kV @Jichang;

Vac = 1000kV @ Zhundong;

YV V. V V V VY

Planned project

CIGRE 2017 - WINNIPEG
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YAZHONG — JIANGXI UHVDC TRANSMISSION
PROJECT

conv. @ Jiangxi;

Vac2 = 500kV to high DC conv.

@ Jiangxi

d ©)
L]
B
t Z' Key parameters
= » Pdc =10,000MW
} % > Vdc = +800kV
e > ldc = 1698km
=
= » Vac = 500kV @Yazhong;
% » Vacl = 1000kV to low DC
L]
oz
@
@)

» Planned project




Copre
QINGHAI - HENAN UHVDC TRANSMISSION
PROJECT

conv. @ Jiangxi;
Vac2 = 500kV to high DC conv.
@ Jiangxi

10
[LL]
% Key parameters
2 » Pdc = 10,000MW
2 % » Vdc = =800kV
Eu » |ldc~ 1600km
N » Vac = 500kV @Yazhong;
g) » Vacl = 1000kV to low DC
QN
[UL]
oz
9
©)

» Planned project
(commissioning in 2020)




Yu-E BtB VSC-HVDC PROJECT

> Pdc = 4*1250MW
> Vdc = +420kV -y L 4

» Under construction by o kSN
.‘V S G C C %f_--‘c. i 4 ) A i L
)
» Asynchronous 4
L~

interconnection of the \ |
Southwestern Power Grid
with the Central China

Power Grid

> To be commissioned in
2018

CIGRE 2017 - WINNIPEG




ZHANGBEI VSC-HVDC GRID PROJECT 7

» Pdc max =3000MW , Vdc = ==500kV
» using OHL, DC CBs to be installed

» To be commissioned in 2019 for the 1%t phase & 2021 for
the 2" phase

CIGRE 2017 - WINNIPEG

(Y0 Wind & Solar 500kV (oK)
(m JDK)

= b —
i ; T Fengning Yudaokou
Mengxi [JER-------- : 1500MW i

Kangbao i '
1s00Mw | T e
—

184.4km
Zhangbei 78.3km 101km
3000MW
131.1km

i

500kV  1000kV

Zhan be‘l Beijing Beijing or i
g 3000MW 1 Tangshan E
-mm- DCCB 500kV 500kV




Corre
Shetland VSC-HVDC PROJECT

G Dounreay HVOC Convertor Scalloway HVOC Convertar 33,
m 12k 33KV, 7.64km
132k, 375m A~y == ~“—— (J = —t—
m Deunreay Substation —p— — -4—@— ~ 480K, GO - Gremista Substation
— — 250km A
z e e e —— "‘—‘—@—b————d—
=
gl == » Symmetric monopole
; _____________________ | » Vdc = =88kV
'l ‘ d Y2 % Pde= 60MW
+ I & & ] » Scotland Vac = 132kV
a B’;&é Dounreay | » Shetland Vac = 33kV
) u > |_dc =250km
| ( ¢ 7 0 be commissioned in 2021
| (_D gv o " » To supply power to Shetland
@) : o ~4 Island

A\

EPC to NARI_GEIRI for design,
studies and technical support
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HVDC AND FACTS SCHEMES
UNDER CONSTRUCTION OR PLANNED
FRENCH REPORT
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France Aldernay

FAB
Britain Eleclink -
1400 MW - 2022 IFA 2 1000 MW —2018 mmmmmm Decided

1000 MW - 2020

EEEEENI Studied

® sSVC

@i Decided Offshore
Wind farm

Piémont Savoie
2*600MW 2019
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Operational Experience of Luxi BtB
and Nao'ao MTDC Projects in China

Hong RAO, Shukai XU
SC B4, China Southern Power Grid (CSG)
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- . Nao ao VSC-MTDC projects




Routine Operation of Nan'ao Project o E iy 75 ER

CHINA SOUTHERN POWER GRID

Cormissioned in Déc, 2013 m O Accumulative transmitted renewable energy:
f > 0.8 billion kWh
g sanonse B e PR =] O EA(Energy Availability) in Q1-Q2, 2017:
: e g : ¥ o
v OB R > 05.0%
> - -' N 0O Bypassed module number of 3 stations:
B 50MwW . .
i Underground Cable ged 1) < 1.0% respectively in 2016
:Submarine.CabIe . .
Overhead fine in future 2) < 0.25% respectively in Q1-Q2, 2017
Map of Nan'ao Project
140 m Vavle Control
120 . .
i Operation Surveillance
B DC Protection
o m SSC
i) L
o 111 ekl e m PCP
-20 - ,
w A j m Valve Cooling System
f:; 18% Joint
-Ef!uz_na 6/02/16 11/02/18 16/02/18 21/02/16 26/02/16 9% Submodule

Typical Power Flow integrating Wind Farm (Monthly) System Block Cause Statistics



Technical Updates of Nao'ao Project o | /i 75 B

CHINA SOUTHERN POWER GRID

O DC circuit Breaker (DCCB) Installation
1) Two 160kV/9kA DCCBs for QA station side will be installed in Q4 , 2017
2) Real-time simulation tests for control and protection system is now running by
CSG and will be finished in early Oct
3) DC line fault clearing strategies for the MTDC system can be realized. QA station
can exercise flexible on-line switch-in and switch-out using the DCCB

Station SC Station JN
AR J@ @s SB-CDLH]
I DC Breakerl————— == I
- | {\—» N I
- A Ay
SwionoA
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Routine Operation of Luxi BtB Project ch E 5 75 B

CHINA SOUTHERN POWER GRID
ee LCC —@—

—>
—(Q HccTFrec KO > —
—€ () HvscTqvsc 0 >—

O Rated DC voltage: +350kV
O Rated Active Power: 1000MW
O Rated Reactive Power: 300Mvar

O Symmetric monopole
O Paralled with 2*1000MW LCC

Commissioned in Aug, 2016

e W - o




Routine Operation of Luxi BtB Project b ] B 7 B )

CHINA SOUTHERN POWER GRID

2016/08/27 2016/08/27 2016/08/27 2018/08/27 2016/08/2T
15:39:31. 100005 15:39:31. 140010 15:39:31. 180010 15:39:31. 220010 15:39:31. 260011
—40. Oms 0. Oms 40, Oms G0, Oms 120, Oms

Tl B3RO0 S s/ TR BCASERIN EOE W /N BCRERIN ME v |
. . - PCC voltage dropped to 0.2 p.u. |

00zZ+

003+

~FHREIE EREETIEE Active power remained constant (300MW)

___________
--------------
- N

1154

“EAREIE ANENDEE 0 TSmeee T |

O VSC rides through the AC fault smoothly and supplies reactive power to
AC system at the same time



Routine Operation of Luxi BtB Project o B 5 75 EL )

O Operational Experience Summary:
1) A few defects in C&P system found and resolved, the project has operated

steadily in 2017 with no system tripping occurred
2) Enrichment and strengthening the focus on FAT of the C&P system under the

abnormal circumstances of the measurement system is lessons learnt
3) Accumulative transmission energy over 3.2 billion kWh.




Technical Updates of Luxi Project ey 75 F

O Detection of High Frequency Resonance of VSC-HVDC with the Main Grid
500kV AC Grid VSC-HVDC Station 500kV AC Grid

R, (@)
[ A L(e)
O Y | [ [ ' i ' ; — = ZC ZS;ng @

G, (@)

O High-frequency resonance may
happen when grid impedance and (©) (©)

impedance of VSC-HVDC matches VSCHVDE %
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CHINA SOUTHERN POWER GRID

O AC-side model established for system analysis

| ' >—
Vgrid | I
I + - t out
il Gp| >é—> Gd — KPWM *é—> 1/sL > Z
- nv
Alref
Simplified Equivalent Control Strategy AC-side Equivalent Model
4000 A f ! T !
. G 300 [ | SR
= 2000""””””? 44444444 mpﬁdsanc.e S ~ ANAY]
B Gy, G, Ugrid 2 000g A pnatyticat AC
- ref ‘
sL+G,,G, sL+G,, G,
1_ Gd o
—sT 8
sSL+G,, G, sL+G,e"" -
inv o —sT
1 - Gd 1 - e > d 1 1 ] ] ]
500 1000 1500 2000 2500
Frequency/Hz

AC Impedance Verification
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CHINA SOUTHERN POWER GRID

Magnitude/ Q

Phase/°

O Typical Grid Impedance Characteristics Analysis

4000

3000

[\]
(=3
S
S

1000

200

100

-100

o0 ; ; ; ;
0 500 1000 1500 2000 2500
Frequency/Hz

AC Impedance of a typical
500kV Grid in CSG

O Characteristic of 500kV Grid Impedance:
1) Vary from inductive to capacitive at different
frequencies.
2) Cannot be substituted by an resistor connected
in series with an inductor when considering high-
frequency performance
3) More than one resonance point in the grid
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CHINA SOUTHERN POWER GRID

O Impedance-based Stability Criterion

vV Vgrid T Z AZgrid Iref on
| PCC
passive rid rid
9 n Z 9
Zpasswe II’]V n
7 . grld grld
passive —
Gstability T Z
passwe |nv n
O Criterion: No right-half plane poles exist in V,,

A, Z,;q Or fs, NO resonance

Stability Analysis Model O By applying Nyquist Stability Criterion to G.pijity
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CHINA SOUTHERN POWER GRID

O Typical Grid Impedance Characteristics Analysis

100 Bode Diagram [ T - B T |
sop =B [ o '
400 P i . o M My U
o i TAVATAVAVAVAVAYAVAVAVAYAVAVAVAYATAVAVAVAY)
T 80 soo e
© eSS P L L YL o IR
] ARSI AN AN AN N AN AN AT IN WA AW AN A WAL il [ Dl
£ 60 e LRV RYRVAYRYRTRYRYRVRYRYRIRYATRVEYRTATA [ (28] 0021149
g B A L LT Bl
S el ., O . O . A 1 I T ow g
= IAYAVAFAVAVANAVAVAVAVAVAVAVAVATAWAVAVATAY,
40 -‘;ggmm o W L e L' L
= Gl | o

180

135

0.200 - 4 "1‘23l56759wli121]1115161718197521227124‘753627752931]132]1115]6]7113

0.150 WWWWWWW‘WWW | [26] 0.0191412

0.100 :4 ] I TaFFT -
- »

©
o

TkaTTTTTTTTTTTTT

g s | ‘ 1
= oo L A LA A A VA A L A o =
b pynl 1R TRVETRYRTATRTA TRTATRATATA 'ATRTRTRTATAY
£ 0 BRI SEGEETEETEENEDNEN
90 -0.200 3 M‘i‘zllsé759wliEﬂll151617lﬂl§7ﬂ21227124‘7536?752931]132311516]7:&):_

X 1.860 1.880 1.900 1.920 1.940 1.960 1.980 2.000 ‘
4 ]

[26] 0.00208497

Frequency (Hz)

Simulation Result with complete C&P strategy in EMTDC

O A RLC branch is used to simulate the grid
O The phase cross -180° from upper to lower when magnitude of Gty
is above 0dB > There will be high-frequency resonance
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CHINA SOUTHERN POWER GRID

O Solution for High-frequency Resonance

200 T
sof i .................. 4 Vgr|d
1o F- W B RSP "N [\
< : | :
‘QE) 50" .................................. ................ -
£ : : z
z o % - ................................. ................. u I f _ I t
2 : : re ou
£ sob---R R SO U Lo X e X i
8 | ! | 1/sL
ook o R T RS G W A R O i _
soko W b | cuit i apasitor Resisior] Current Loop
: : Branch :
-200
2.76 2.78 2.8 2.82 2.84
t/:

The resonance eliminated AC Impedance Reshaping

O The resonance can be eliminated by:

1) Limit the operation mode of the AC system to avoid extreme AC grid

condition.

2) Put an Impedance adapter in parallel with VSC-HVDC, such as a capacitor

3) Optimize the characteristics of VSC-HVDC by using its high controllability
O A must item to be considered in the project design phase of VSC-HVDC
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NORDAM

HVDC O&M TASK FORCE
BACKGROUND AND TARGETS

Tuomas Rauhala
Task force convener
Fingrid Oyj

Nordic Asset Management Forum (NordAM) was established by the five Nordic Transmission
System Operators, Statnett, Landsnet, Fingrid, Svenska Kraftnat and Energinet for improving
cooperation in relation to grid construction, operation and maintenance on the primary high voltage
transmission network

FINGRID LANDSNET Statnett = iRarmaT ENERGINET



BACKGROUND Gorre

Three key reasons:

Several issues with reliability and availability of the HVDC capacity

In average 7% unavailability during period 2012-15, large number limitations

"Nordic challenges" report released in summer 2016:

Transmission capacity plays a key role in addressing the system challenges

Initiative from the CEO level as part of "Nordic strategy":

Improve availability of interconnectors
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TARGETS OF THE WORK Goure

Analyze the present issues™ with

* incl. forced outages, capacity limitations, capacity reductions

availability and
Assess the effect of present O&M reliability of
practices on Nordic HVDC

connections

Propose measures to improve

At the moment Nordic TSOs own and operate about 8.5 GW HVDC capacity
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Around 2025 the HVDC capacity will be around 18 GW
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PROCESS AND ITS OUTPUT "

The task force has one year mandate and the work will be finished Dec 2016

Identify the present practices and select
the preferred practices to improve

Identify the factors affecting the value of
reliability and availability and monetary reference

Assess the present level of reliability and

availability and the possible extent of
improvements

Ranking of the actions
(qualitative
assessment)

Proposal for actions

Business case based on
average value of HVDC
reliability and availability

Reduced scope due
to quality of data

Public report under preparation — B4 synopsis proposed for Session 2018
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ENTSO-E

HVDC RELIABILITY TASK FORCE
BACKGROUND AND TARGETS

Tuomas Rauhala on behalf of Patrik Lindblad
Task force convener
Fingrid Oyj

ENTSO-E, the European Network of Transmission System Operators, represents 43 electricity
transmission system operators (TSOs) from 36 countries across Europe.

ENTSO-E members share the objective of setting up the internal energy market and ensuring its
optimal functioning, and of supporting the ambitious European energy and climate agenda.

Reliable Sustainable Connected
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ENTSO-E PRIORITIES OF ASSET

MANAGEMENT ROADMAP 2016-2018

/ Task Force HVDC
| Reliability 2017-18

Work-
streams
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ENTSO-E HVDC RELIABILITY TASK FORCE %m

Concerns from some European TSOs was brought up in Entso-E in 2014

that the experienced actual reliability & availability levels of too many HVDC
systems aren't quite acceptable

ENTSO-E internal HVDC Reliability Workshop (WS) in 2015

A drafting team was set up to write a Position paper regarding measures to
improve HVDC reliability, based on the workshop results

Position paper prepared in 2016, but release postponed

Task Force (TF) founded in Feb '17
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TF 1st results Dec. 2017, TF work to be finished Dec. 2018
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TARGETS OF ENTSO-E TASK FORCE
HVDC RELIABILITY

Target 1: Definition of ENTSO-E role in the HVDC field

Target 2: Improvements for the TSOs

Gorgre

a) Provide aspects to best practices for improving reliability &
availability
» technical specifications & quality assurance in projects
» HVDC operation and maintenance
» system issues
b) Sharing experiences & knowledge within Entso-E
c) ENTSO-E guidelines and position paper

Target 3: Influencing industry

» Manufacturers' users groups
» ENTSO-E internal & open workshops
» conferences

» JICable2017, Cigre?, IET?
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Co-financed by the European Union
Connecting Europe Facility

W\ NORTHCONNECT

CONNECTING RENEWABLES

Cigre B4 Meeting

5 October 2017




Cable Route
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Scotland i CONNECTING RENEWABLES




Basic Rating V\UNORTHCONNECT

CONNECTING RENEWABLES

1400 MW power at grid connection of receiving end (AC-PCC)
+525 kV HVDC cable rated voltage
Rectifier power 1470 MW (sending end ac grid connection)

2 HVDC cables and neither metallic return cable nor electrodes for
DC ground current

Co-financed by the European Union
Connecting Europe Facility



Symmetrical Monopole
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Figure 6: Symmetrical Monopole

Co-financed by the European Union
Connecting Europe Facility




	Введение
	1. Материалы, представленные в рамках Коллоквиума по тематическому направлению В4
	2. Заседание Исследовательского комитета В4
	2.1. Доклад о деятельности технического комитета
	2.2. Заседание технического комитета в Токио 7 мая 2015 г.
	2.3. Семинары исследовательских комитетов СИГРЭ в рамках сессий и коллоквиумов
	2.4. О развитии сайта ИК В4
	2.5. О ходе работы над CIGRE Green Book on FACTS
	2.6. Деятельность консультативных рабочих групп ИК В4
	2.7. Деятельность рабочих групп ИК В4
	2.8. Предстоящие события СИГРЭ
	2.9. Предложения о создании новых рабочих групп
	2.10. Взаимодействие с другими организациями
	2.10.1.  О деятельности технического комитета 115 МЭК «Передачи постоянного тока напряжением выше 100 кВ»
	2.10.2.  О деятельности ПК 22F МЭК  «Силовая электроника для электрических передающих и распределительных систем»
	2.11. Планируемые и находящиеся в стадии строительства электропередачи постоянного тока
	3. Приложение 1.  Объекты постоянного тока, находящиеся в стадии реализации на текущий момент и недавно введенные в эксплуатацию

