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JIabopaTopuu 60oapmux TokoB DNV KEMA
DNV KEMA High Power Labs

DNV KEMA, HngepnaHabl, r. ApHem (1936)

DNV KEMA Arnhem, Netherlands (1936)

8400 MBA (nnanpyroLmne MmpoBble Mo3nunm)

8400 MVA (largest in world)
BO3MOXHOCTb UCIbITbIBATb o6opy,1:|,OBaH|/|e

0o 1150 kB - 63 kA

testing up to 1100 kV-63 kA

DNV KEMA Powertest, r. YHandoHT, CLUA (1972);

DNV KEMA Powertest, Chalfont, USA (1972)
3250 MBA (kpynHenwas ncrnbltTaTenbHas

natopartopusa B CLUA)

3250 MVA (largest test lab in US)
BO3MOXHOCTb UCIbITbIBATb O60py,El,OBaHI/Ie

no 200 kB — 50 kA

testing up to 200 kV - 50 kA

DNV KEMA ZKU (ZKUSEBNICTVI, a.s.)
Yewckaa Pecnybnuka, lNpara (1953)

DNV KEMA ZKU, Prague, Czech Rep. (1953)

2 x 2250 MBA

2 x 2250 MVA

UpGrid Moscow
Oct. 30, 2013
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I/ICHBITBIB aeMBIe KOMHOHGHTBI Components to be tested

= BbikntovaTenu
Circuit breakers

* PacnpegenuTtenbHble YCTPOMUCTBA

Switchgear

= TpaHcdopmaTopbl

Transformers

= Kabenu
Cables

= YcTaHoBOYHas apmaTtypa
Accessory

= N3onaTtopbl
Isolators

= Ol'paHVI‘-II/ITeJ'II/I nepeHanmeeHMVl
Surge arresters

= [pegoxpaHnTenu

Fuses

= LInHO- n TOKO- NpoBoabl

Busbars

= [MpoBOgHUKHM
Conductors

UpGrid Moscow i& KEMA='<

Oct. 30, 2013



C OI[@p)KﬂHI/Ie Hp 63 eHTaHI/II/I Overview of the presentation

= Bosgencteytowmne aktopbl TokoB K3

Effects of faults in systems

- QnekTpogmHammnyeckme (cunosble)
Electrodynamically (forces)

- Tepmuyeckue (oyrosbie)

Thermally (arcs)

= Bospgencteua TokoB K3 Ha obopynoBaHue

Impact on equipment

- INHUM aneKkTponepenay, kabenn n kabenoHasi apmaTypa

overhead line, cables and accessories

- pacnpegenuTernbHble YCTPOUCTBA
switchgear

- pasbeguHuTEnu

disconnector

- TpaHcdopmaTopsbl

transformer

= BoikntovaTtenu, tectupyemole B8 DNV KEMA
Circuit breaker testing at DNV KEMA

= CneunarnbHble peweHnd no ncrnblTaHNAM

B cooTBeTCTBMU C TpeboBaHusamm FOCT
special test-strategies for GOST standard

* /iIHHoBauun B nabopatopusix DNV KEMA

Innovations in DNV KEMA laboratories

UpGrid Moscow
Oct. 30, 2013
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TCHI[CHHI/I}I B03paCTaHI/IH TOKOB K3 Increase of short-circuit current

» Tokn K3 BospacTaloT 40 YpOBHEN
NoKa eLle HeCyLLeCTBYIOLWNX B

HacTosLLee BpeMFl Ha prHKe Three-phase short-circuit current, 380 kV

- 100
orpaHuuuTenei Toka %
Fault current rises
adequate fault current limiters not yet available / / /

» KoHUeHTpauns TpaguumMOHHbIX / )) //
AJIEKTPOCTAHUNA Ha —2003
CpaBHUTENbHO HEBOMbLLON N // / // s
(nepndpepunHomn) TeppmTopumn (/r 4 —2020

Concentration of conventional power generators in designated 0
(peripheral) locations.
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= YBenmyeHne oonm MecTtHou
reHepauum. Poct TokoB K3 B cetn 380 kB B

- Mmopckne BAC HupepnaHpax B 2003 - 2020

Addition of local generators the Netherlands 2003 - 2020

- offshore windparks

UpGrid Moscow
Oct. 30, 2013
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ABapuu B cUCTEMAX

Faults in systems
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[locaemoBareIbHOCTH OTKIIFOYEHUS TOKOB K3

Fault current interruption sequence

1 1
2 1 CobcTBeHHOE 1 o
TOK BTOpPOro 1| COOCTBEHHOE BPEMS! OTKITHOUYEHUS opening time

BpeMs OYru arcing time

1 1
f B[)QMQ perie > >
1 ;aoci:l::aro relay time 1

current in second-
0 pole-to-clear

1
1 Bpemsa ayru |
I minimum arcing 1
ime 1

HUA break time

TOK nepBoro NOJIHOE BpeMsA OTKITHOM

A 4

v

1 racsiliero

nosnrca
0 current in first-pole-
to-clear

i-—-==to----

YA

asymmetrical current peak

MukoBoe 3HaYeHue : i

acuMmmeTpuyHOlO TOKa
TOK KpauHero !
1 racsijero

nosnkrca

pole-to-clear |

X curHan Ha g
-1 BO3HMKHOBEHME K3 OTKMo4YeHne ot perne Hauvano pacxoxaoeHus 0
fault starts trip signal JyroracuterbHbIX KOHTaKTOB
-2 from relay contact separation
-10 0 10 20 30 40

50

1
roracaHue gyru

BO BCeX norntkcax
interruption

UpGrid Moscow
Oct. 30, 2013




HOCHGJ_—[CTBI/IH TOKOB K3 Consequences of short-circuit current

= Bo3HMKaOT 04eHb bonbLine ANNeKTpoanHamMmnyeckme Cusibl
BClieacresme nMKOBOro aCCMMETpPUYHOIo TokKa K3

Very high electrodynamical forces due to the asymmetrical peak current

- Hanbonee BaxHbIM napamMeTpoM SBMSIETCA yOapPHbIA TOK
(NMnMKoBOE 3Ha4YeHMne)

Peak value is most important

- ImeeT MecTo BO3eNcTBME Ha BCE KOMMOHEHTHI
o6opyaoBaHUA nepenadn u pacrnpeneneHus dneKTposaHeprum

Acts on all T&D components

= TepMnyeckme Bo3oencTBud

Thermal effects

- Kak cnegcTtBue HarpeBa NpOBOAHUKOB

Due to the heating of conductors

- Hanbonee BaXkHbIM hakTOpPOM SABAAETCHA ANUTENTbHOCTb

Duration is most important

- [lyra Bbl3biBaeT Ype3BblHaNHO CUNbHOE TEPMUYECKOE
BO34enNcTBue

Arcs cause strong thermal stresses

- BTopuyHbIN B3pbIB (MacrioHanosiHeHHOe obopyaoBaHMe)

Secondary explosion (oil filled devices)

UpGrid Moscow
Oct. 30, 2013
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HO CH ell CTB I/I}I TO KOB K3 Consequences of short-circuit current

Y Yy Y
* 3Ha4duTesibHbl€ MEXaHUYECKNE YCUITNA BClieacTBUe A
NPOTEKAHUA TOKOB K3 CTPEMATCA OTTOJIKHYTb U
——| —_—
KOHTAaKTbl APYr OT Apyra
higher force during short-circuit current passage tending to repel contacts V
* pa3sorpeB “BbICOKOOMHOIO KOHTaKTa” npuBoauT K I
npunBapmnBaHMO KOHTAKTOB U BbIXO4Y UX N3 CTPOA
heating of 'high-ohmic' y blow-off forces
contact bridges and contact damage o r

* N3MEHEHUA BPEMEHU TOPEHNA OYTU

changes in arcing time

°  N3MEHEHUS1 SHEePrmmn, AMCCUNMPyemMom
Npv ropeHnsa oyru B AyroBon Kamepe

changes in energy to be dissipated by the arc in the arcing chamber

UpGrid Moscow
Oct. 30, 2013

o

KEMAZ
[



Bo31encTBrs Ha KOMMYTAIMOHHBIE YCTPOUCTBA impact on switching devices

KEmak 1 20309-6007 0,175 s 400 fps

BbIKMoYaTenb Harpysku 12 kB 700A reHepaTopHbIN BbiKtoyaTens 210 kA
load break switch 12 kV 700 A generator circuit breaker 210 kA

BbicBoOOXOeHMe aKCcTpeMarbHOM TEMNMOBOM SHEPrnn rnpu gyroodbpasoBaHum B
npouecce KOMMyTaLmn

Release of extreme thermal energy by switching arc

CoBpeMeHHble BblkntoyaTenu nvetot napametpbl o 90-100 kA (245 kB)

Circuit breakers now up to 90-100 kA (@ 245 kV)

PaspabaTtbiBatoTcsl reHepaTopHble Bblkntovatenn go 250 kA (30 kB)
Generator circuit breakers going to 250 kA (@ 30 kV)

UpGrid Moscow
Oct. 30, 2013
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BOBﬂGﬁCTBHH HAa paB’be,Z[HHI/ITGHI/I Impact on disconnectors

\Q\ g"'”"" BOSHNKAIOLING NPW NPOXOXACHM — Menpag yacTk Buaeosanucu: 130 KA nukosoe
OJ1IbLLINX TOKOB, CTPEMATCA pa3beUHUTb o
3HaveHue nNpu OencTBytowem 3HadeHnn 82 KA

KOHTaKTbl, 4TO NpnBOAUT K

- AyroobpasoBaHuio U nocneayoLwemy first section of video: 130 kApk - 82 kKA RMS
N NOBPEXAEHUIO
High current passage forces contacts to open, BTopaga yactb: 155 KA nukoBoe 3HaveHune npu
followed by arcing and damage o
OENCTBYOLLEM 3HadYeHun 61 KA
second section: 155 kApk - 61 kKA RMS

pa3beaunHnTEIb I'IaHTOFpaCbHOFO THnnNa
pantograph disconnector

UpGrid Moscow
Oct. 30, 2013
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Bo3nencTBus Ha BO3AYIIHBIE JUHUU BJIEKTpOIEpeIay

Impact on overhead lines

NWHUKM anekTponepenady Ha 50 kA BO3eNCTBME Ha pacnopKku
overhead line 50 kA effect on spacer

Cunbl CTpeMATCS CONU3NTL pacLlensieHHble dasbl

Causes contraction of lines

YpapHble BO3OeNCTBUA DOMbLLIOW BEMNYUHBI
High impact forces

L[lyroobpazoBaHne npu CONPUKOCHOBEHUSIX

Commutation arcing at moment of touch

QKCTpeManbHbIe BO34EUCTBUST Ha Pacnopku
UpGrid Moscow Extreme forces compressing line spacers
Ozt. 30, 2013
pnv)



Bo3nelcTBus Ha peakTopbl U TpaHC(HOPMATOPEI

Impact on reactors and transformers
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BY-3arpagutens iine trap 1 .
B o6bMOTKax BO3HMKAIOT 3HAYUTESIbHbIE MEXaHUYECKNE CUTTbI [ehopmauus

Causes forces in winding

TpaHcdhopmaTop A0MKEH BbITb O4YEHb KPENKNUM
Transformers must be very strong

AKkcmanbHble 1 pagunarbHble CUSbI

Axial and radial forces

UpGrid Moscow
Oct. 30, 2013




B OSH@ﬁCTBHH Ha Tp aHC(l)OpMaTOpBI Impact on transformers

250 MVA - 230 kV

YKecTkme mexaHuyeckme Bo3gencTema npm Tokax K3

severe mechanical shock at short circuit

UpGrid Moscow
Oct. 30, 2013
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B O3I[€I>1CTBHH Ha Tp aHC(bOpMaTOpI)I Impact on transformers

Beibpoc macna npu
BO3HUKHOBEHN TOKOB K3

Oil spraying at short-circuit application

UpGrid Moscow
Oct. 30, 2013
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B 03ﬂeﬁCTB I/Iﬂ Ha Tp aHC (b OpMaTOp I)I Impact on transformers

Buabl aBapum 1 NnoBPEXOAEHUMN raiure modes

= BHelWHNe Exemal
* BHYTpPEeHHMUE intemal

= Bbl6poc Macna oil spraying
= Nechopmaumm oo6MOTOK

(BCny4nBaHME) ucking of winding = CpabaTtbiBaHMe pene ByxronbLa suchhol relay
operating

* Nedbopmauus onop n cucrtem
KpPpenineHWUA support deformation

. Pa3py|.ueHV|e BBOOOB Broken bushings

* CKpy4YMBaHME spiraling
= Cxatme Compression

* [loBpexaeHUe perynsaTopos
Hanpﬂ)KeHVIFI Damage to tap

" BHYTpeHHAA Ayra intemal arc

UpGrid Moscow
Oct. 30, 2013




CraTtucTHKa OTKA30B TpaHC(HOPMATOPOB IPU IPOBEACHUN UCIBITAHUN

HA TOKHA K3 Failure rate of transformers in short-circuit test

70
60
50
40
30
20
10

v

.-BO UCNbITaHNN

Kon

Binitially not OK

Binitially OK

25-50

50-100 100-200
HOMUHanbHasa mowHocTb (MBA)

>200

NcnbiTaTtenbHasa ctatuctuka ¢ 1996 — 2012

Test statistics from 1996 — 2012

6bIno ncnbiTaHo 228 TpaHcdopmaTopoB = 25MBA

228 transformer tests = 25 MVA

23% He CMOrnn NPONTUN UCNbITaHUA

23% did not pass short-circuit test

UpGrid Moscow
Oct. 30, 2013
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B O3I[€I>iCTBH€ I[YFI/I Impact of fault arc

UpGrid Moscow
Oct. 30, 2013

kemak 110120-6005 -0.074 s 1000 fps

K3 B kabernbHoit MydTe 15 KA fault in cable joint 15 kA rMpnsiHAa n3onsTopos, Ayra 50 KA

YKecTkoe TepMmyeckoe BO3OencTBme OT gyry  nsulatorstring 50 kA power arc
Severe thermal effect of fault arcs

BospacTaHne gaBneHus npusogsiiee Kk paspbiBy 060n04Ku

Pressure rise, bursting of enclosure
TennoBoe n3rtydyeHme HanpaBieHHOE K N30J1ATOpaMm

Thermal radiation to insulators

[BWXeHne OTKPbITOM Oyrv MO HanpaBreHuo OT eé

MCTOYHUKA
Arcs tends to wander away from its origin
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M cnplTaHus Ha BHYTPEHHIO AyTy (JIOKAIU3aIlMOHHBIC
I/ICHI)ITaHI/IH) Internal arc test

Xnon4yatobymaxkHble MHOMKATOPbl UMUTUPYOLLME pabodyto ogexay

Cotton indicators mimic worker’s clothing

Cucrtema otTBoga rasos

exhaust

MopgenunpoBaHue
NOMELLEHMNSA

room simulation

PpoHTasnbHbIe

MHON KaTOp bl
front indicators

BokoBble

MHOWNKaTOpPbI
lateral indicators

UpGrid Moscow
Oct. 30, 2013
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[IppMepsI TOKaIU3aMOHHBIX UCIIBITAHUN (HA BHYTPEHHIOO AYTY)

Examples of internal arc tests

MEMA%|120322-4005 -0.083 5 1000 fps

UpGrid Moscow
Oct. 30, 2013



BOBHCﬁCTBHC BHYTpCHHGfI ﬂyrI/I Impact of internal arcs

-
=

061222-4004

AyroBble J1OKarim3aunmOHHbIE UCNbITAHUA
Ha 63 KA internal arc test 63 kA

BHYyTpeHHAA ayra B TT Ha 50 kA

current transformer internal fault 50 kA
JlokannsaunoHHbIE UCMbITaHNS Ha BHYTPEHHIOKO OYyry B NnNaHendax pacnpeaesinTerbHbIX
YCTPOMNCTB

Internal arc tests in switchgear panels

[lormkeH ObITb obecneveH 6e3onacHbIn OTBOA OTXOAALMX ra3oB
Exhaust gases must be released in a safe way

Punck BO3HUKHOBEHUS BTOPNYHOIo B3pbiBa MaCJ1IOHANOJIHEHHOIO O60pyﬂ,OBaHVI9|
Risk of secondary explosion of oil-filled devices

MCK BbIXoda 3arpsi3HEHHOro arierasa Hapy»Ky 4 yLUEHHY NOYKy

UPRISK B elease of contaminated SF6 (burnthrough)
Oct. 30, 2013
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B O3ﬂeﬁCTB I/IH Ha OHH Impact on surge arresters

447 kA npn 3 kl'u + 31.5 kKA npn 60 Ny,
447 kA @ 3 kHz + 31.5 kA @ 60 Hz

AyroobpasoaHune npm 80 KA 80 kA initial fault arc

O6pasoBaBLUadacs gyra He OOSMKHa NPMBOAMTDL K B3pbIBY 060S5104KM NI Kopnyca
Fault arc inside arrester block column

[lyra gormkHa nepeMecTUTbCa HapyXXy 000o4Kn
Arc must be expelled expelled to outside

He ponyckaeTcsi LUMPOKUI pasneT OCKOMNKOB

No wide-spread fragmentation allowed
Bo3MOXHbiI AKCTpeMalibHble TOKU B nocriegoBaTtesibHO COeUHEHHbIX KOMMEeHCaTOPHbIX

KOHOEHCAaTOPHbIX 6aTape;|x

UpGrid Moscow i& 3
Oct. 30, 2013 KEMA“
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BBIKHIO‘I&TCJ'H/I Circuit breakers

BoikntoyaTenun gOomMKHbI NpepbiBaTh TOKU K3 circuit breakers must interrupt the current during a short circuit

itk E%.
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UpGrid Moscow
Oct. 30, 2013



Hp OH cCC Hp ep BIBAHUSA TOKQA current interruption process

TOK
current

Bpems oyru

arcing time

BoccTraHaenuBatoLleecs

HanpspkeHne (BH)
Recovery Voltage (RV)

e,
*»

HanpsbkeHne
NPOMbILLIEHHOWN

YaCTOThbl
power frequency voltage

MomMme
MPOXOX{1eHNA TOKa
yepes HOJb

current zero

Havarno pacxoxaeHunsa
ayroracuteribHbIX

KOHTaKTOB
contact separation

lMNepexogHoe
BoccranaenmBatoweecs
HanpsikeHnne (MNBH)

Transient Recovery
Voltage (TRV)

UpGrid Moscow
Oct. 30, 2013
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[Iporiecc npepbIBaHUs B 3JIETA30BOM BBIKIIFOUATETIE

Interruption process in an SF6 circuit breaker

Ilto6esHo npepoctasneHo komnaHven SIEMENS
Courtesy of Siemens

UpGrid Moscow
Oct. 30, 2013
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Bo3nencTBrue BOSHUKAIONIUX HAIIPSAKEHUM B BHIKIIFOUATEIE

Voltages stresses in the breaker

HenocpencreeHHO nocrne
NpepbIiBaHNA, MEXOY KOHTaKTamMm
BbIKINOYaTens, B KOTOPbIX HAX04ATCA
ropsiume rasbl, CTPEMUTENBLHO
BO3pacTaeT HanpsiKeHue:

TEpMUYECKOE BO3OENCTBME
Immediately after interruption, hot gases remain in the
gap and feel fast rising voltage: thermal stresses

B nocneagytowmnn nepmog BpeMeHn mexay
KOHTaKTaMn HanpshkeHne OCTUraeT OYeHb

OonNbLUNX BENNYUNH: BO3ENCTBME Ha ONINEKTPUK

A little later, a very high voltage
is reached across the open gap: dielectric stresses

UpGrid Moscow
Oct. 30, 2013
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[Iponecc npepbiBaHrs B BAKYYMHOM BBIKJTFOYATEIIE

Interruption process in a vacuum circuit breaker

ITobes3Ho npenocTaBneHo koMmnaHnen « TaBpuga INeKTpuK»
Courtesy of Tavrida Electric

UpGrid Moscow i & e
Oct. 30, 2013 KEMAX
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[ IpsIMBIE UCTIBITAHUS Direct testing

Tok n Hanpsa>xXeHmne nogarTcAd oT 04HOIro MCTOYHUKa

Current and voltage from single source

* HenocpeaCTBEHHO OT CUITOBON CETU

Directly on the power grid

- npenmyulectea: BOSMOXHOCTb UCIMOJIb30OBaHNA OOMbLLUNX MOLLIHOCTEN

pro: high power available
- HeAOCTaTKWN:. CJIIO>)KHOCTb no,1:|,60pa pexnmon UCnblTaHUA TEeCTUpyemoro O6'beKTa, CJITOXXHOCTH

C corfiacoBaHueM rpaduka UCrnbiTaHUM, PUCK MOBPEXOEHNN
con: difficult to match with test object, poor availability, risk of damage

* [locpencTBoM MCNOSb30BaHUA yOapHOro reHepaTtopa
With generator-fed power supply

- NpenmyLLIecTBa: BbiCOKasi TMOKOCTb, NPOCTOTA HACTPOMKN Ha PEXMUMbI UCMNbITaHWUA, BonbLuas
6e3onacHOCTb AN TECTUPYEMOro o6bekTa, OTCYTCTBME HEraTUBHbLIX BO3AENCTBUN Ha
CUNOBYHO CETb

pro: high flexibility, easy to adjust, safe for test object, no grid interaction

- HepgocTaTKN: HEODXOAMMOCTb DOMNbLUMX MHBECTULUI
con: high investment

UpGrid Moscow
Oct. 30, 2013
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CXGMBI HpHMBIX I/ICHBITaHI/Iﬁ Direct testing set-ups

SwW T MB MS L
e —/_@D—/o—o/m
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_— b) . _
UpGrid Moscow
Oct. 30, 2013
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TGM He MeHee. . « However...

TexHn4yeckad BO3MOXXHOCTb KOMMYTaUNOHHbIX ncnblTaHUn

pasnn4YHbIX TUMNOB BblkNtoYaTenen B BA
Interruption capability per break [GVA]

550 kV, 63 kA

20
OnerasoBble BbIKlOYaATENN

SF; circuit-breaker

15

BoamoxxHoCTb
OCYLLIECTBINEHWS
NPAMbIX TPEXJA3HbIX
10 - ucnbitaHnn B DNV

KEMAnpu50Ty , — =/ — — — — — — — —.

DNV KEMA direct three/phase
power

in test-bay at 50 Hz

-~

BosgyLuHble BhiktoyaTenm
L. .. Air blast circuit-breakers

1950 1950 1950 1950 1950 2000 2010

UpGrid Moscow
Oct. 30, 2013
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[IpuMmep: 3-X (pha3HBIC UCIIBITAHUS BBIKJIIOYATENST HA TOKH K3

Example: short-circuit testing a circuit breaker (three phase)

= HanpsxeHnune: 420 kB
Voltage: 420 kV

= Tokn K3: 63 KA

Fault current: 63 kA

= YacTtoTa: 50 Ny
Frequency: 50 Hz

= Heobxoammasi MmowHocTb = 420 kB x 63 kA x V3 = 45830 MBA

Power required = 420 kV x 63 kA x V3 = 45830 MVA

- T.0., MOWHOCTb, KOTOPYO HEOBXoaANMO obecneunTb Ana NPoBeAEHUS MPAMbIX UCMbITAHU B
OaHHOM crny4ae, rnpeBsbIaeT BO3MOXHOCTU Kakon-nnbo nabopaTtopumn B mupe (Hanpumep, B
DNV KEMA: 8400 MVA)

Exceeds direct power available at any test lab (e.g. DNV KEMA: 8400 MVA)

u BO3MO)KHbIe peIJJeHI/IFI
Possible solutions

- OgHoasHble ucnbiTaHma: Heobxoanmasi mowHocTb = 45830 MBA / 3 = 15277 MBA
Single phase testing: power required = 45830 MVA / 3 = 15277 MVA

- NcnbiTanme no 2 nonwca = 15277 MVA /2 = 7638 MVA

Half-pole testing: power required = 15277 MVA / 2 = 7638 MVA

= Bce elle npeBbILLAET CUIOBbLIE XapPaKTEPUCTUKK BONbLUMHCTBA HANbOee MOLLHbIX
nabopaTtopun

Still exceeds power-voltage characteristics of the most powerful labs

Hy>XHbI pasnnyHble MeTobl UCMbITAHWUW A different method is required

UpGrid Moscow
Oct. 30, 2013
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TpeOoBaHMs K MCHIBITAHUSIM BBIKJIIOYATEIICH

Requirements for testing a circuit breaker

nepen nNpepbiBaHNEM: HeobxoanMa JOCTaTOYHaA MOLLHOCTb A5 NoAAepXXaHus
MOSIHOrO (OYyroBOro) Toka npu yMmepeHHbIX HanpshkeHnax (< 60 kV)

before interruption: need enough power to maintain the full (arc) current at moderate voltage (< 60 kV)

- OT reHeparTopa

from generators

npepbiBaHue
interruptipn

e/
Pacxoxxgenne
KOHTaKTOB !
contact separzition

/

OBTOpHOE
3axuraHue
reignition

Bpems ayru
arcing time

Tok K3

short-circuit current

NMnBH
transient recovery voltage

nocrne npepbiBaHUs: HEOHBXOANMO
NMETb TOJTIbKO MCTOYHUK JOCTAaTO4YHO

BbICOKOIro HanpaxXeHmn4d

after interruption: only need a sufficiently high voltage

- OT npeaBapuTesibHO 3apA>XeHHOro
KOHAOEeHCaTopa

from pre-charged capacitor

Heobxoguma cneuunanbHas Lenb st NOBTOPHOrO noaykura ayru

special circuit needed to reignite the arc

UpGrid Moscow

Oct. 30, 2013
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CI/IHTGTI/IquKI/Ie I/ICHBITaHI/IH Synthetic testing

ToKk un HanpsaxXeHme noaBoaAaTCA OT PA3HbIX NCTOYHWMKOB Current and voltage from multiple sources

[‘eHepaTopHasa uenb

generator circuit

Lv aux
e
G g
Ug TO /

Urey
TO

EmMKOCTHas uenb

capacitor circuit

Ls G

UhO Ch

Ui

UpGrid Moscow
Oct. 30, 2013
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CHHTGTH‘IGCKI/IG HUCIIBITAHUA Synthetic testing

Tok n HanpsaxXeHme noasoaAaTcA OT pa3HbIX NCTOYHNKOB

Current and voltage from multiple sources

CuHTeTn4eckas uenb (C napannesibHOW NHXEeKUMEN ToKa)

Synthetic circuit (with parallel current injection)

Lv aux Ls G
e
G g 2 l
Ug UTRV‘OJ Uho ‘i‘ Ch
TOY C
U = ) lg+li
UTRV: —

Oct. 30, 2013
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NMuanoanuu B madoparopusx DNV KEMA B 2008 - 2015

Innovations at DNV KEMA laboratories 2008 - 2015

= [NogroTtoBka kK BB ncneitanHnam annapartos Ha 1200 kB
Prepared for UHV up to 1200 kV

* [lonHble 3-x oasHble CUHTETUYECKUE UCTIbITaHNA
Full three-phase synthetic testing

= [Mporpamma no yBennyeHmnio MoHocTn TokoB K3 Ha 50%

Program for increased short-circuit power by 50%

* McnblTaHua reHepaTopHbIX BbikntovaTenen go 300 kKA
Generator circuit breaker testing up to 300 kA

* VicnbiTaHua TpaHcdopmaTopoB Ha HanpsixkeHna go 800 kB
Transformer short-circuit testing going up to 800 kV

= [lepexoq Ha umpoBoe nonyvyeHne n obpaboTky curHanoB

Lingpposeble Digital signal acquisition and processing

= Passutue ncnbitatenbHom 6asbl Ans UCNbITAHUA BbICOKOBOJIbTHbIX

BaKyyMHbIX BblKntoyaTenemn
Development for high-voltage vacuum circuit-breaker testing

= JlabopaTopua ans ucnoiTaHnn kKabenem NoCTossHHOro Toka
DC test lab for DC cable testing

= [1lpoBegeHne HUP c nponssogutenamm n yHmeepcutetTamm

R&D work with manufacturers and universities

= Hoeasi BB nabopatopus
New high-voltage laboratory

= [MpnobpeTeHne HoBbIX Nabopatopumn
Acquisitions of new laboratories

UpGrid Moscow
Oct. 30, 2013
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MunoBanus 1: IToaroroBka k BB ucnsitanusam anmaparos Ha 1200 kB
Innovation 1: Prepared for UHV up to 1200 kV

= lcnbiTaHna Bbiknto4daTena 1150 kB ans

YBH ceten Kutaa n Uhgmm
Test of 1100 kV circuit-breaker for the Chinese/Indian UHV grid

= [1BH go 2000 kB 1 TokoB K3 o 63 kKA

Transient recovery voltages up to 2000 kV at 63 kA short-circuit current

= OTKpbITUE HOBOW UCMbITaTENbHON
ycTaHOBKM B dHBapsa 2013

New test installation opened January 2013

= CCCP 6bIn nepBon cTpaHon mupe,

pa3paboTtaBwen YBH cetn B 1980-x
USSR first in the world to develop UHV grids in 1980s

UpGrid Moscow
Oct. 30, 2013



MunoBanus 2: ITonHbie 3-X (pa3HbIE CHHTETUYECKHE UCTIBITAHMS

Innovation 2: Full three-phase synthetic testing

K3
Cs Hambonbwee 3HavyeHue NBH

highest TRV
l Ad
/—\/\ y

\

Hanbonbliee 3Ha4yeHue BpeEMEHU OYyTrin

Iongest arc duration
/\‘\‘\ ) 3rd
ﬁ

— —
"~

\ ) (

——
\/Vl I ——

UpGrid Moscow
Oct. 30, 2013
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MunoBanus 3: [Iporpamma no ypenunueHnto MoHoCcTH TOKOB K3 Ha 50%

Innovation 3: Increase short-circuit power by 50%

.~ 4 existing
- 8enerators
o ._..___‘ ’

= 70 munnnoHos EURO
NHBECTULIUN,
FOTOBHOCTb K KOHLY

2015

70 Million EURO investment, ready for
end 2015

UpGrid Moscow
Oct. 30, 2013



NunoBanus 3: UcnbITaAaHUSA CHJIOBBIX TPAHCHOPMATOPOB 00JIbIIEH MOIIHOCTH
Ha CTOMKOCTH K K3

Innovation 3: Larger power transformer short-circuit testing

= CTpemMuTeribHoe Bo3pacTaHue o0
3arfnpocoB Ha npoeegeHmne a0l elphase &1L
NCMbITAHUN Ha CTOMKOCTb K K3 B 1.5 phase
rapid rise in demand for short-circuit testing 700 +—

" HOBas UCNbITaTeNbLHad
NHdPaCTPYKTypa ans OYeHb
B6onbLMX TpaHcopmaTopoB

_____________

HanpsikeHne, kB
i Y

new test-infra-structure for very large power transformers Vppepe 8w ——

300 after extension —
* PacwumpeHmne BO3MOXHOCTU 200
nabopaTtopun No NPoBeaAEHNIO
o 100 tested 2008-2012

NcnbiTaHNMn TpaHcopMaTopoB

krnaccos 800 kB n 1000 MBA 0 ‘oo . : .

Lab extension for 800 kV 1000 MVA class transformers 0 200 400 800 800 1000 1200
i moLuHocTb (MBA)
® initiall t OK

® initially no

* Dinitially OK i
30 -
25 -
20 .— -

Kon.-Bo ucnbiTaHumn

R il




HNunoBanusa 4: UcnibITaHuga I'CHECPATOPHBLIX BBIKJIIOUATEJ e HA 0YeHb 00JIbIIIHE TOKHU
Innovation 4: Generator circuit breakers at very large current

280 ‘ ‘ ‘
current interruption detail
220 -
160 [~
10‘k/¥d/, 10‘k\ld/; aémyw !
100 -
40 - recovery voltage
;'\ T
_20 | ‘CS | | |
160 180 200 220 240 260 280
i
'me M) GonbLuve
3Ha4yeHusd —— |
NOCTOSIHHOM -
["eHepaToOpHbIN BblkNtovaTenb Ha 210 KA
BPEMEHU generator circuit breaker 210 kA
3aTyxaHusa
anepmo,u,mquKoﬂ -_. ‘ TOKOI'IpOBOD,
cocTaBnsaoLLEeN

delayed current zero

v

_ - Ha 400 kKA
400 kArms busbar
; ) ——— system

paboune
TOokKn 25kA

25.000 A continuous
current

current injecting transformers




NunoBanus 5: [lepexoa Ha nudposoe mojaydyeHue u 00padoTKy CUTHAJIOB

Innovation 5: Digital signal acquisition and processing

" MPOMyCcKHasi CNOCOOHOCTb Nepeaaym
AaHHbIX 120 M6/c

120 MB/s data through-put

" yacTtoTa auckpetmnsaumm go 100 Mly,

sampling frequencies up to 100 MHz

= paspeluenme o 14 out
resolution up to 14 bit

" N3rOTOBJIEHHbIE HA 3aKa3 LNMdpoBbLIE
MHCTPYMEHTbI NO3BONAOT
onepaTtueHO pa3pabaTtbiBaTb
ncnblTaTenbHbIE LENU U NPOBOANTb

adHalMnM3 aHHbIX
custom-made digital tools for test-circuit design and analysis

IR K 1R |
ENEEEE|
{i 11

UpGrid Moscow
Oct. 30, 2013



NunoBauus 6: [Iposegenne HUP ¢ npousBoauTe/ I siMU U YHUBEPCUTETAMU

Innovation 6: R&D work with manufacturers, universities

. |/|3MepI/lTeJ'IbeIe CUCTEMDbI ONnA

O4eHb MaJllblX TOKOB
Measurement systems for very small currents

* IamepeHmna Cc BbICOKOM
paspeLlatoLen crnocobHOCTbIO B
KpUTUyeckom obnacTu

npepbiBaHUA TOKa
High-resolution measurements in critical region of

A 7
7

TOK
aBTOJNTIEKTPOHHON
SMUNCCUN
field emission current
100
MA g0 KaTyLuKa
i Porosckoro Ha
2ol | 500 kA — 100 MA
ol JU T ¥ VYR UV VYV U VY YYD e - Rogowski coil for
o ‘ : ‘ : : 500 kA — 100 mA
. . 200
) " 250 |
NuTeHcudukanms 200
SIIEKTPUYECKOTO TIOJISI |
Electrical field intensification 50|
ol L
-50

UpGrid Moscow : 260 360 460 1
time [ms] g i&
Oct. 30, 2013 ;
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EKTpHUUYECKas BU3yAJIN3alns pepoiBanns Toka K3
Electrical visualisation of short-circuit current interruption @ 800 kV
™ S Y \ B B
BB BB BB I
. npepbiBaHue
0 NPONCXOAMUT K
KoHTakTh! o MOMEHTY
BbIKMovaTens e —— npoxqo'x,quMﬂ TOKa
pacxoasTcs HOCA‘:AF:ITBOM s Yyepes Hynesoe
epes BO3HMKaeT Ayra P t ti y //3Haquv|e
Tble circuit Qreaker S S L s int(;rruption intended at
Tbl  contacts open and as an arc current zero
Tens draw an arc .
current i
) ._/"! Iy | o ! | r |__ osed . l
f the .
breaker !
Jlyra B BhIKJIIOUATEJIEe |
arc in circuit breaker | nBH
s transient
recovery
voltage
14MV---------
K3 na BB JIDII
short-circuit in HV
power line . ]
0.07A
10 micro-second
\
Ecan Tok nmocJie npekpameHust Ecuin Tok nocj1e npexpamntenunst
ayru < 70 MA, npepoisanne OK! AyrH > 70 M, IpephIBaHHe He

If post-arc current < 70 mA interruption OK

ost-arc current > threshold interruption fails
UpGrid Moscow p 2

. &
Oct. 30, 2013 YBeanuenne B 1 MUIJIMOH pa3 KpUTHYECKOIi 00J1acTH i& KEMAX

BB BbIK/II0YATEIb HA MOJACTAHIIHH 44 .. TIPOXOIKACHMI TOKA MPE3 HOMIb . B
HV circuit breaker in an electrical substation 1 million times magnification of critical current zero region



MuanoBamuu 7: HoBwie mabopaTtopun

Innovation 7: New laboratories

Hawa HoBaga BB nabopatopus B r. ApHEM
(Hnoepnangbl)

Our NEW high voltage laboratory at Arnhem

*/cnbiTaHna o6bekToB Ao 525 kB
Test objects up to 525 kV

'KOMMeP‘-IeCKaFl pa60Ta C KliIneéHTamMmu no Bcemy Mmpy
Commercially operating with clients worldwide

sTynoBble UcnbliTaHnsa n ncnoiTaHna no HAP
Type testing and R&D testing

*["'og ocHoBaHusa BB nabopatopum — 1937
The original HVL was founded in 1937

UpGrid Moscow
Oct. 30, 2013
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[IpuMep ucnbITanuil B COOTBETCTBUU ¢ TpeOoBanusiMu ['OCT

Test example with GOST standard

= TpeboBaHns M3K 62271-100

IEC 62271-100 standard:

0-0.3s-CO-180s-CO
= TpeboBaHusa [OCT 52565-2006

GOST 52565-2006 standard:

0-03s-C0O-20s-CO

= Heobxoguma cneumanbHas UcnbiTaTenbHas cTpaTterns
- 0YeHb bonbLlUas MOLLHOCTb
- KOPOTKU MHTEPBaN MeXay onepauusiMmn B LuKIe

needs special test strategy
- very large power
- short interval between voltage application

= Boikntovatens 110 kB 40 kA, npounsseneH B Poccuu
Russian 110 kV 40 kA circuit-breaker

* /icnbiTaHnA npongeHbl yenewHo
Passed tests successfully

UpGrid Moscow
Oct. 30, 2013
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Pabouas 1ienb npu UCHBITAHUIX Ha

cootBeTcTBUE [ OCT
Test circuit for GOST-related tests

R 1 HS 1 r
2 o 1 I
Zno P 1
|| l N
L7 I e e l
R4 o I L] l\-l D G

REIG 1

1
— [
p— o e | Ro: w R |
i i

L\ d Crn
' N HB __I
__I Lo (j Cran __I
I
I
ol

Ic) Loas
ST 'T .

1 —]

UpGrid Mosco
Oct. 30, 2013
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Crparerus ucnbITaHUM Ha COOTBETCTBUE cTaHAaapTam [ OCT

Test strategy for GOST-related tests

“ ” npsiMmble ucnbiTaHus “BknoyeHne” “ »
npsiMble ncnbitaHus “OTkNoYeHne « » npsiMble UCnblTaHus “BkrtoyeHne
cuHTeTMYeckne “OTKnoYeHe

direct Open - direct CI nthetic Open . cnHTeTnyeckne “OTknodeHme”
1 ect Llose, synihetic Lpe direct Close, synthetic Open

m

current

A
o
w
Y
D ——
L D ——

20 kA/dIV

50 ms/div 1T /
ToK 1 [1BH npepbIBaHUN
current\and at interruption

\Y TOK l/
. curent

||

TRV
NnBH
50 kV/div
50 kA/div
1 ms/div

UpGrid Mosco!
Oct. 30, 2013 [{



OO0cyxk1aeMble IEPCICKTUBHBIE HHHOBAIUU

Long-term innovations considered

BbICOKOBOSbTHbIE NUCMNbLITAHUA O60py,EI,OBaHVIFI

NMOCTOAHHOIO TOKa
HV DC testing.

- Bbixogut Ha apeHy TexHonormm npeobpasoBaTtenen

HanpskeHus (VSC)
VSC technology now breaking through

- KomnoHeHTbI ceTen Mmopckoro 6asnpoBaHus

off-shore grid components

= Cynepcetb AC/DC

Supergrid AC/DC

= [cnbiTaHna komnoHeHToB Smart Grid

Smart grid component testing

- ObopynoBaHme CUIOBON ANEKTPOHNKN

Power electronics devices

- Hakonutenu aHeprin 60nbLLIOM EMKOCTHU

large energy storage modules

= 3amelleHune anerasoBoro obopyaoBaHus : - _
SF6 replacement * * . “cryostat with
- BB BakyymMHble BbIkntoYaTenm @ superconductor coil

High-voltage vacuum switchgear

= 3ameHa TeCTUpoBaHNA MoaennpoBaHnNeM o
Replacement of testing by simulation 5
- nenTon unu Tonneoc? - v =

- laptop or toplab? i : ; i — |

= TexHOMOrMmM CMosb3yHoLLMe CBEPXMNPOBOAMMOCTb Puluiiufal 3

Superconductivity technology = - — A
- OrPaHNYUTENM TOKa 30 0 BHluw . &°
- fault current limitation m A

= HeanekTpuyeckas nepegayva AaHHbIX 0 ®u % wfu®

non-electrical data communication

UpGrid Moscow
Oct. 30, 2013
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o vcnbiTaHnmn
before test

Mocne ucnbiTaHUN
after test

Document number



