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Mpe3eHTauuna /Presentation

e BOJIEE 60 JIET HA PbIHKE

KomnaHus "International Capacitors S.A"
npegcraenseT coboi eauHyo KOMMNaHuto,
paboTalLLylo Ha WCMAHCKOM W  MeXOyHapoaHOM
PblHKAX, W Ha  MPOTSXKEHUA  MHOTMX  neT
crneumanuampyoLLycs, B OCHOBHOM, Ha
NPON3BOACTBE KOHAEHCATOPOB Ansl 3MeKTPUYecKmX
yctaHoBok. Kommepuyeckas  mapka  "LIFASA",
CyLLeCTBYIOLLAs Ha pbiHKe B TedeHne 60 neT, a Takke
HENpepbiBHOE TEXHUYECKOE W  TEXHOMNOrM4eckoe
pa3BuTME MO3BOMUMN KOMMAHUM WATU B HOTy CO
BPEMEHEM M COOTBETCTBOBATb W3MEHSANLLUMCS
YCINOBUAM N COBPEMEHHBIM TPEOGOBAHMAM PbIHKA.

KonpgeHcaTopbl LIFASA cyLecTByrOT Ha pbiHke ¢ 1949
roga. bonee 50 % 13 HMUX noctaensaoTca B 70 cTpaH
Ha MATU KOHTUHEeHTax. KoHgeHcaTopbl NPon3BOAsTCS
B COOTBETCTBUM C €BPOMENCKAMU W  OPYrUMU
MeXOyHapoAHbIMKW CTaHAapTaMmn. OTU KOHAEeHcaTopbl
uveloT  Bonblioe  KONMMYECTBO  cepTudumKaToB
COOTBETCTBUS.

e MORE THAN 60 YEARS OF HISTORY

International Capacitors S.A. is a consolidated company
in both Spanish and international markets thanks to
many years of experience and dedication to what it has
been its product par excellence along its history: the
capacitor for the electrical installation. With its
commercial brand name LIFASA, present in the market
for 60 years and a constant technical and technological
evolution, it has succeeded in getting adapted
continuously to the progress and market requirements
nowadays.

LIFASA capacitors are present in the market since 1949.
More than 50 % are exported to 70 countries in five
continents. Capacitors are manufactured according to
European and other International Standards. They have
obtained large number of certificates and approvals.
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e BbICOYAULLMNE CTAHOAPTbI KAYECTBA

C MomeHTa obpasoBaHus komnaHus "International
Capacitors S.A." aBnsetca HoBaTOpoM B obnactu
YNyyleHns KayecTBa WM3roTaBlIMBAEMON MPOOYKLMN.
C 1987 r. B kOMNaHMN OeNCTBYeT cucTeMa KOHTPONs
KayecTBa B COOTBETCTBUM cO cTaHgapTom NCO 9000,
KoTopas nepuoan4eckm npoeepsieTcs
MeXayHapOoAHbIMU OpraHamu.

K HacToslweMy BpemMeHu oOHa Obina nATUKPaTHO
cepTucmumpoBaHa Ha COOTBETCTBME CTaHgapTam
MCO 9001:2008, WMCO 14001:2004, OSHAS
18001:2007, M3K QC 080000- RoHS 1 REACH, uto
rapaHTMpyeT BbICOKOE KayeCcTBO  W3rOTOBMEHUS
npoayKumn, NpyM 3TOM ee NPOM3BOACTBO 3KOMOMMYHO U
oTBeyaeT TpeboBaHuAM  GesonacHoCcTM  TpyAa.
Mpoaykuusi Takke COOTBETCTBYeT TpeboBaHUsAM
ctangapta 1SO 50001:2011 B 4acTi paumoHansHOro
NCMONb30BaHMSA 3HEPTUN.

Intertek

Intertek

o KOMIMIEKCHBIE YCIYIrn

KomnaHus okasblBaeT YCnyry BbICOKOro KayecTsa,
MakcumarbHO  yooBReTBopsowmne NoTpebHoCTAM
3aKasyuka.
* KOHCYNbTMPOBaHME MO
TEXHUYECKUM BOMpocam,
* OKasaHWe MoAAepXXKU Npu MOHTaxe U BBoAe B
aKcnnyaTauyuio,
* OKasaHWe NoAdEepXKKW B TeYEeHMe BCEro cpoka
cnyx0bl n3genun,
+ 00y4yeHVe Ha TeppuTopuM 3akasumka U CBOEW
CcobCTBEHHOMN,
* npeaocTaBneHne MexayHapoaHON rapaHTuu.

9KOHOMUYECKUM n

Kaxablii COTpYAHMK KOMNaHun obnagaeT NogroToBKOM
N MOTMBaUMEN K aKTMBHOMY y4acTUO B OOCTUXEHUMU
NnocTaBneHHoW Lenu.

Intertek

e HIGHEST QUAUTY STANDARDS

International Capacitors S.A. has been from its
beginnings a pioneering company in the promotion of the
quality of its products. Since 1987, it maintains an
ISO9000 Quality System periodically audited by

international bodies.
REACTIVE POWER SOLUTIONS
At present, it has quintuple certification 1SO9001:2008,

ISO 14001:2004, OSHAS 18001:2007, IEC QC 080000-
RoHS and REACH, that guarantees the highest quality
standards in its products, while they are manufactured in
a way both environmentally friendly and safe and healthy
for its workers. It also has energy efficiency certification
ISO 50001:2011

Intertek —_—

e COMPREHENSIVE SERVICES

The company is committed to give the best service with
maximum flexibility to meet customer requirements.

» Economical and technical advices.

» Support in installation and commissioning.

* Permanent support during the whole life of our

products.
+ Training on site and in factory.
* International warranty.

Every person in the company is trained and motivated to
participate actively in achieving this objective.
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- HanpsbkeHuem 22 kB ¢ ogHobasHbIMM KOHAEHCaTopamu,
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- of 33wkV with single phase capacitor units
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1. KoMneHcauusa MOLHOCTU BbICOKOBONbLTHLIX cuctem / Compensation of

H. V. systems

1.1. O6bnactb NpUMEeHEeHUs1 KOMMEHCUPYIOLLNX
BbICOKOBOJIbTHbIX KOHAEHCAaTOPOB

MpuMeHsas cucTemy KOMNeHcauum peakTMBHON MOLLHOCTY B
SMEKTPUYECKUX ceTsix, npegHasHa4YeHHbIX ans
pacrnpeneneHnst aNeKTPOSHEPrUM UMK Ans SNEKTPONUTaHNUSA
BbICOKOBOMbTHbIX MallUWH, 3aKasuuk MoXeT obecrneynTb
OKyMNaeMoCTb CBOMX MHBECTULMIA B ropa3ao bonee KopoTkue
CPOKM. BbICOKOBOMNbTHBIE ~ CMMOBbIE  KOHAEHcATOpbI
npegHasHayeHbl Ans NPUMEHEHUS B SMEKTPUYECKUX CETSIX C
HanpsbkeHvem 6onee  1kB.  (HopmanbHoe  pabouee
HanpspkeHWe BbICOKOBOIbTHOMN CETH)

K Takum cnctemam OTHOCATCA:

1.2 KomneHcauusa MOLWHOCTU Ha CTOPOHEe
BbICOKOIO UJIM HA3KOIO HanpsiXXeHus

B cnyyae KOMMNMEKCOB WM YCTAHOBOK HMW3KOMO HamnpsikeHus,
nUTaloWmMXCss OT CETU BbLICOKOTO HanpsbkeHwsl, Bcerga
CYLLECTBYIOT COMHEHUSI OTHOCUTENBHO TOTO, C KAKOW CTOPOHBI
cnepyeT NpenycMOTPETb KOMMEHCAUM MOLIHOCTU - CO
CTOPOHbI BbICOKOrO WM HU3KOTO HanpshkeHua? Pacyer
TpebyeMoi peakTUBHOW MOLLHOCTY HEOOXOAUMO BbINOMHATH
Ha OCHOBE M3BECTHOWM BEMUYUHBI MOLLHOCTM, NOTPEONseMon
ycTtaHoBkOW. Ecnu no pesynbTatam pacyeToB BenuM4uMHa
TpebyemMoil peakTUBHOW MOLLHOCTM sIBnisieTcsi  60nbLUOoi,
KOMMEHCALMI0  peakTUBHOW  MOLUHOCTM  pekoMeHOyeTcs
NPUMEHSATL CO CTOPOHbI BLICOKOTO HaMNpPshKeHUsI.
KomneHcauusi coO  CTOPOHbl  BbICOKOTO  HanpshkeHusi
pekoMeHOyeTCs Takke, €Cnu BbluucrieHHas Tpebyemas
peakTuBHas MOLLHOCTb cocTaBnseT He meHee 1 MBAp.

OpHako, Kak npaBuno, B  MOOOGHbIX  yCTaHOBKax
YCTaHaBMMBAOT HU3KOBOMbTHLIE YCTPOMCTBA KOMMEHcaLum

1.1 Where to compensate
with H.V. Capacitors?

Compensation is recommended for the power systems used
for energy distribution or to feed H. V. machines, where
consumer could avail return on investment within a shorter
period. High voltage power capacitors are meant for power
systems where network voltage is more than 1 kV. (normal
service voltages of H.V. network)

Some of the examples are:

*  LeMeHTHble 3aBofbl,

+  [YyroBble 3MeKTPOneYHbIE YCTAHOBKM,

s XMMUWYECKME M HedTEXMMUYECKME 3aBOabI,

*  BOOOHACOCHbIE CTaHLMK,

s LEHTPbI yNpaBrieHNsi BbICOKOBOSIbTHLIMU ABUraTensamm,

*  BOOOOYMCTHLIE YCTAHOBKM, - ONPECHUTENbHbIE
YCTaHOBKM,

*  BETPOBbIE ANIEKTPOCTAHLINM,

«  asporopThl,

s 3MEKTPOCTaHLMM 1 MUHUSIIEKTPOCTAHLIMM,

*  LEeHTpbI/NOACTAHLMM Nepedaqm aneKkTposHepru,

s LEensonosHo-6ymaxHble 3aBofpl,

+  3HepropacrpefenuTenbHbIe KoMnaHum,

*  06LIEX03ANCTBEHHbIE KPYMHbLIE NMPEANpUATUS.

*  Cement factories

»  Electric arc furnace installations.

*  Chemical and petro-chemical plants.

«  Water pumping stations.

*  H.V. motor control centers.

«  Water purification plants. Desalination plants.
e Wind farms.

* Airports.
*  Power generating stations and mini power generating
stations.

»  Transmission centres / Sub-stations.

»  Paper manufacturing units.

»  Electric power distribution companies.
Large industries in general.

1.2. Compensation at H.V. side or LV. side

Industries and installations working on low voltage, but power
supply is taken from H.V. net work, there always exist a doubt
- whether to compensate on high voltage side or low voltage
side. In order to calculate the reactive power requirement, it is
necessary to know the reactive energy consumption of the
plant. If the reactive power requirement found to be high, it is
advisable to select compensation at high voltage.

In case we find that the reactive power requirement is not less
than 1 Mvar, high voltage compensation is recommended.

However, normally such installations are found compensated
at low voltage side. On the other side in large industries
consuming low voltage as well as high voltage, power
compensation at both levels are required. Low voltage
compensation could be provided at distribution boards of low
voltage power system and high voltage compensation at

www.lifasa.com
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TexHun4yeckana gokymeHTtauus / Technical Documentation

peaKkTUBHOW MOLYHOCTW. C [ApYro CTOPOHbI B KPYMHbIX
MPOMBILLUMEHHLIX  KOMMMEKcax, MoTPebnsioWmMX TOK Kak

HU3KOro, TakK W  BbICOKOro  Hanps>XXeHus, TpeﬁyeTc;i
OBYXCTOPOHHAA KOMMeHcauusi peakTVBHOM MOLLHOCTH.
HW3koBOMbTHYIO cucremy KOMneHcauuun peakTUBHON

MOLLHOCTU MOXXHO NPUMEHATb B pacrnpenenutenbHbIX WhnTtax
CeTU HUBKOro HanpsxeHusa, a BbICOKOBOJIbTHYKO - Ha
noACTaHUMAX UK B BbICOKOBOJIbTHbIX 3HEproysnax.

MpMeHeHWe  TOMbKO  OOHOrO  TWMA  KOMMEHcauuu
HexenartenbHo. [lpu  MCMONMb30BaHUM  BLICOKOBOMbTHOM
CUCTEMbl [0OCTATOMHO TPYAHO COCTaBWUTb [OCTOBEPHBbIN
rpadpvk Harpysku B Keap.

1.3 MNpenmyluecTBa KOHAEHCAaTOPHOM YCTaHOBKN

CHuxeHune I'IOTpe6J'IeHMF| peakTuBHON MOLLHOCTH
WHOYKTUBHbIX HArpy3ok obecneumt cnegywulee:
* CHWXeHune SHeprosarpar 3a cyer yBenuyeHusa

Ko3hpmLUMEHTaA MOLLHOCTU.

TexHuyeckne npevmyLLecTsa:

* yBENMYeHWe aKTUBHOW MOLLHOCTM Ha BbIXOAE CUIMOBbIX
TpaHcdopmMaTopos,

* CHWKEHWe NnoTepb 3Heprum B Kabensx M NpoBOAHMKAX 3a
CYET YMEHbLUIEHMS CUMbl TOKa,

* yBENnuYeHWe Cpoka  CryxObl  pacrnpedenuTenbHbIX
YCTPOWCTB M MOOKMIOYEHHLIX K HUM Kabenein 3a cyeT
YMEHbLLEHVSI CUIbl TOKA.

* YBENIMYEHWE HaMpsHKEHUs1 Ha MPUEMHOM KoHUE. B aTom

cryyae KoHOEHcaTopbl PeKoMeHOyeTCsl MoAknovath K
Harpy3o4HOMY KOHLLY WIM PSZOM C TOYKOM MmoTpebreHus
aHeprum.
KomneHcauysi peakTMBHON MOLLHOCTM 3a CYET YCTaHOBKM
BbICOKOBOSIbTHLIX KOHOEHCATOpPOB B MecTax reHepaLum
rapMOHUK MO3BOMST CHU3UTbL KOSIMYECTBO COCTABMSIOLLIMX
rapMOHUK B HU3KOBOSILTHOM cucTeme.

sub-station or high voltage load centres.

It is not advisable to have only one type of compensation. In
high voltage system, it is difficult to get a faithful pattern of de
kvar load variation. Where as in low voltage side a higher kvar
installation demands higher investment In both type it is
necessary to obtain an optimum value of power factor with a
most economical capacitor installation.

The capacitor installation could be fixed or automatic type.

1.3. Benefits of capacitor installation

The reduction in inductive reactive power consumption will
help:

» To reduce penalty for low power factor on electricity bill.

Technical advantages:

* Increased active power output from power transformer.

* Reduction in power loss in cables and conductors on
account of reduction in current.

* Reduced current increases the life of switchgear and cables
connected.

* Improved voltage at receiving end. In this case it is
recommended to connect capacitors at load end or near to
the point of power consumption.

* By compensating at sites of harmonic generation, by high
voltage capacitors reduce the harmonic contents in low
voltage system.
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2. KomneHcauma MOLWHOCTN CUNOBLIX TPpaHcopmaTopoB

2. Compensation of power transformers

OCHOBHbIMM ~ MOTPEOMTENSIMU ~ PEAKTUBHOW  MOLLHOCTM
ABNAIOTCS CUIOBbIE TpaHCdOpPMaTopbl, MO3ITOMY YCTaHOBKa
KOHAEHCATOpOB BMECTe C CUIOBbIMK TpaHcopmaTopamu
ONS NOAKMIOYEHMSA MONHOW Harpy3kn UMeeT psf TEXHNYECKMX
nNpenmyLLecTB.

Mpn onpegeneHun cymMapHbIX MOTepb  pPeakTUBHON
MOLLIHOCTM HEO6X0AUMO YUNTbIBATb, YTO TOK HAMarHM4MBaHus
ABMSAETCA MNPaKTUYECKM MOCTOSIHHbIM B AManas3oHe OT
HyneBOW [0 TMOMHOW Harpy3ku, 6narogaps 4emy B
TpaHcdopMaTope COXpaHAeTCA MpaKTUYECKU MOCTOSAHHAs
MOLLHOCTb  XOMOCTOro XoAda, He3aBUCUMO OT pexuma
Harpysku. BolweykasaHHasa BenmumHa onpegensieT BenmumHy
KOMMEHCaLuM peakTUBHOW MOLLHOCTU  XOJOCTOro  Xoza.
Kpome TOro TpaHccopmatopbl obecneuvBaloT nogadvy
peakTVBHOW MOLLHOCTU MOAKIMOYEHHbIX Harpysok, KoTopas
HECOMHEHHO W3MEHSETCA B 3aBUCUMOCTW OT  KonebaHun
Harpysku.

Power transformer is one of the major consumer of reactive
power and installing capacitors with power transformer for
total connected load has various technical advantages.

fhifit} o
Piiim

For determining the total reactive power losses we have to
consider the magnetising current, which is practically constant
from no load to full load condition, and on account of it no load
power of transformer is almost constant, irrespective of the
load conditions. The no load compensation power (kvar)
requirement, is depending on this value. Transformer supplies
also the reactive power of connected loads, which of course,
varies depending upon load variations.

TABJIMLA XAPAKTEPUCTUK HEPEIYJIMPYEMOW KOMMNEHCALIMM PEAKTUBHOW MOLLHOCTU
BbICOKOBOIJIbTHbIX CUNOBbLIX TPAHC®OPMATOPOB.
TABLE FOR FIXED COMPENSATION OF H.V.POWER TRANSFORMERS.

BmopuyHoe
HanpspkeHue, B

lMepsu4Hoe

HomuHanbHas
HanpspkeHue, B

MouwHocmb, MBA

Primary voltage secondary voltage

Power rating MVA kv KV
2500 20-30 3-16
3150 20- 30 3-16
4000 20-30 3-16
5000 20- 30 3-16
6300 10 - 36 3-20
8000 10 - 36 3-20
10000 10 - 36 3-20
12500 10 - 36 3-20
16000 45 - 66 3-20
20000 45 - 66 3-20
25000 45 - 66 3-20
31500 45 - 66 3-20
40000 45 - 66

MouwHocms MouwHocms MouwHocms
KOpOmKo2o KOHOeHcamopa 011 KOHOeHcamopa 011
3aMbIKaHUs KoMmneHcayuu KoMrneHcayuu peakmugHol
(Ucc %) peakmusHoU MoujHocmu MowHoCmu ¢ Haepy3kol
xonocmoeo xooa (KBAp) (kBAp)
Short circuit Capacitor power for no Capacitor power for on load
power Ucc % load compensation kvar compensation kvar
6,5 45 149
7 57 198
7 72 251
7,5 90 330
8,1 114 440
8,4 144 574
8,9 180 750
9 225 945
9,3 288 1240
9,4 360 1563
9,7 450 2002
11 567 2785
12 720 3792

Yka3aHHble 3Ha4yeHuUst ABNATCA OPMEHTUPOBOYHbIMY / These value are indicative




AHHOTauwus / Abstract
O=8-1+U

C nomMoLLblo yKkazaHHOW Bbille (POPMYIbl pacCYUTbIBAeTCA BenudnHa
peaKkTMBHOW MOLLHOCTH, NoTpebrnsemon TpaHchopMaTopoM, rae:

Qt: MonHasa peakTUBHasi MOLLHOCTb

Sn: HomnHanbHas MoLLHOCTb TpaHcopmaTopa

lo: Tok xonocTtoro xoga

Ucc: HanpsxeHne KopoTKOro 3amblKaHus

S: dakTnyeckasi Harpyska TpaHcgopmaropa.

[aHHas MoLHOCTL BKMOYaeT B cebs ABE COCTaBNAOLLMX:

MepBasi cocTaBnsowasn (Sn. lo) sBNsAeTcA NOCTOSHHOW BENUYUHON,
3aBuCsLLEl OT Toka HamarHwymeaHus, u pasHa 0,5 - 2,5% ot
HOMWHaNbLHOMW MOLWWHOCTM TpaHcdopmartopa. BenuunHa BTOpOMN
COCTaBMALLEN NponopunoHanbHa KBaapaTy akTUHECKON Harpysku
Ha TpaHcdOopMaTop, MWCMNbiTbiIBAEMOW B NGO MOMEHT BpPEMEHM.
MonHaa notpebnsiemasi peakTUBHaA MOLLHOCTb pacnpeaenuTernbHOro
TpaHcdopmaTopa cocTaensieT okono 10% oT NonHON Harpysku.
[NpousBognTenu TpaHcopmaTopoB PEKOMEHAYHT He MCnonb3oBaTb
ONA  MNOCTOSHHOW  HeperynvpyeMon KOMMeHcauuu KOHAEeHcaTopbl,
HOMMWHarbHaa peakTMBHAsi MOLUHOCTb KOTOpbIX cocTaBnsieT Gonee
15% OT HOMMWHanbHON peaKTUBHOW MOLLHOCTW MPW MOMHOW Harpyske
TpaHcdopmaTopa. ATO NO3BONUT N3bexaTe BO3MOXHbLIX NOBPEXAEH W
TpaHccopmaTopa, paboTaloLlero B Te4eHne ANUTENbHOrO BPeEMEHN B
pexume XornocToro xoaa.

S

cc

S

n

In HAC. machine, the reactive power is to the order of 30 - 40% of its
rated power. Therefore it is a major consumer of reactive power from
system. Normally, power factor correction of this type of installations is
done by connecting a capacitor bank of suitable rating directly to the
terminals of the motor.

The switchgear, controls and protective system of machine operate
both capacitor and machine simultaneously. This is the most common
and economical method used for reactive power compensation of
rotating machines. However for more feasibility in operation and
maintenance of capacitor, it could be connected to the terminals of
machine or to the busbars, through a separate switchgear. Depending
on the choice we will proceed accordingly.

When a number of motors are connected to a busbar in a motor
control centre, the best method is to install an automatic H.V. Power
Factor correction Panel, just as in case of low voltage systems. In this
case, a capacitor bank, with power rating (kvar) determined to suit the
power rating of various motors connected to the system and maximum
number of motors at any time remain energised is selected. The bank
is then divided in to a number of steps of equal or unequal kvar based
on load conditions. The capacitor steps get switched in or out
automatically. The difference between this type of installation and
others is that the initial investment is high. However, with the precise
and efficient compensation, in long run it would be more beneficial.

3. KomneHcauusa MOLWHOCTU 3neKTponBMraTene|?| N aCUNHXPOHHDbIX

reHepaTopoB

3. Compensation of motors/asynchronous generators

OpyrMu  KpynHbIMW  NOTPEOUTENAMU, KOTopble, Kak NpasBuno,
NnoaKnioyarTCa K CETW  BbICOKOTO  HanpshkeHusl,  SBNsTCS
3MEeKTpoABUraTEN U aCMHXPOHHbIE reHepaTopbl. [JaHHble arperaTsbi
ABNSAKOTCA OTBETCTBEHHLIMU MOTPEOUTENSIMU, MO3ITOMY X YCTAHOBKA,
akcnnyataumsa u TexHudeckoe obcnyxuBaHue TpebylT ocoboro
BHUMaHus. CyLLecTBYIOT TpU BO3MOXHbIX criocobGa KoMmneHcauuu
peakTUBHOW MOLLHOCTU 3TOr0 TUNa noTpebutenen, NoAKMOYaeMbIX K
CETM BbICOKOro HamnpsikeHus:

C MNOMOLUbK KOHAEHCAaTopoB C nMNpAMbiIM noacoeguHeHneM K
Knemmam MalluHbl;

- C NOMOLLbK KOHAEeHCAaTOopOoB C napannenbHbIM nogcoeANHEHNUEM K
MalluHe;

- aBToMaTu4eckaa rpynnosas KomneHcauma peaKTI/IBHOVI MOLLHOCTW.

Another type of major load, which are normally connected to high voltage
net work is motors/asynchronous generators. This is a very important
installation and requires a lot of attention in installing, operating and
maintaining. For the reactive power compensation of this type of load
connected to the high voltage net work, three methods are possible:

Capacitor for direct connection across machine terminals Capacitor for
parallel connection to machine
Group compensation - automatic

The initial investment on this type of machines, is high on account of
various associated control and protective systems to be incorporated
with the basic equipment. This calls for an appropriate reactor power
compensation scheme, which is functionally and economically most
viable.

Capacitor connected to a rotating machine is faced with a particular
phenomenon called auto-excitation. When a machine is disconnected
from power supply, it continues to rotate for some more time due to
inertia. The discharge current from capacitor provides exciting current
and this give rise to voltage generation. The over voltage created by this
phenomenon is harmful to capacitor as well as machine.

OkcnnyataumMss  MalWH ~ Takoro  Tuna  SBMSieTCH  M3HayarnbHO
[oporocTosilerd M3-3a  CBA3AHHLIX C  HUMMW  PasinyHbIX CUCTEM
ynpaBneHuns 1 3anThbl, NOAKINYaeMbIX K OCHOBHOMY obopyaoBaHuio. B
CBSI3V1 C 3TUM BO3HMKaeT HeOBXOAMMOCTb B MPUMEHEHUN Haanexallen,
a Takke Haubonee yHKUMOHANBLHO U 3KOHOMUYECKN IDDEKTUBHON
CXeMbl KOMMeHcaL M peakTUBHOW MOLLHOCTW.

KoHpaeHcaTop, NoacoeauHsaieMbli K BpallaroLLeincs MallvHe, NofgBepXKeH
BMMSIHWIO TOKa caMmoBO36YyxaeHus. MNocne oTKMYeHNs! MaLlWHbI OT CETU
NUTaHNsa B TEYEHME HEKOTOPOro BPEMEHU OHA NPOAOIKAEeT No MHepLUMK
Bpawatbcs. Mong peicTBMEM Toka paspsiga KoHAeHcaTopa B Uenu
BO3HMKAET TOK BO30YKAEHWS, YTO MPUBOAUT K TEHEePUPOBaHUIO
HanpsikeHusi. BosHukatollee B pesynbTaTe MepeHanpsikeHne onacHo
KaK Ansi KoHAeHcaTopa, Tak U Ans MallvHbI.



B MalmHax nepeMeHHoro Toka peakTuBHas MOLLHOCTb COCTaBnsieT
nopsigka 30 - 40% oT HOMUHanNbHOro 3HadeHus. CrieqoBaTenbHO, OHU
ABNSIOTCA  KPYNHbIMW  NOTPEOUTENAMU  peakTUBHOW  MOLLHOCTH,
noctynatoLen ot cuctembl. Kak npasuno, Koppekuusa koadduunenta
MOLLHOCTM TakMx YCTaHOBOK OCYLLECTBMSAETCA nyTeM MNpsMoro
nogcoeAnHeHUs KoHaeHcaTopHon 6aTapen NoaxoAsLero HommHana
K KnemMMam arnekTpoasuratens.

Mpn aToM pacnpenenuTenbHOe YCTPOWCTBO, OpraHbl yrnpaBreHus u
cuctemMa  3aliMTbl  MalMWHbl  OOHOBPEMEHHO obCcnyXuBawT WU
KOHOEHcaTop M camy MalluHy. JTo Hauboriee OOLLENPUHATLIA U
3KOHOMMWYHbIA  cnoco®  KOMMeHcauun  peakTUBHOW  MOLLHOCTU
Bpalwiamwmxca mMawuH. OpHako, ans  obecneyeHuss Gonbluew
peHTabenbHOCTM 3KCniyaTauum M TeXHUYeckoro obcnyxuBaHus
KOHAEHCcaTopa, ero MOXHO MOAKIIOYUTL K KNeMMaM MalUuHbl UIn K
LWIMHaM 4yepe3 OTAenbHOe pacnpefenuTenbHoe  YCTPOWCTBO.
[anbHenwne 4encTBUst 3aBUCAT OT cAenaHHoro Boibopa.

Ecnun B LeHTpe ynpaBneHua gsuratensa K ogHOW LUMHE NOAKMYEHbI
HECKOJNbKO ABuratenen, Havnydwum crnocobom 6GyaeT ycTaHOBUTL
BbICOKOBOSbTHBIN MOAYMb KOMMeHcaumm KoadduuymeHTa MOLWHOCTH,
paBHO Kak M B Cry4yae HU3KOBOMbTHbIX cuctem. [lpu 3aTom
ycTaHaBnuBaeTcs KoHOeHcaTopHasi  GaTtapes, HOMUWHanbHasa
peakTuBHas MOLLHOCTb KOTOPOW cornacyetca C HOMWHanbHOW
MOLLHOCTbIO pasfnuyHbiX ABUraTenen, NOAKMIYEHHbIX K CUCTEME, U C
MakcumarnbHbIM  KONMMYECTBOM  ABUratenen, Kotopble Bcerga
OCTalTCA BKMOYEHHbIMM B ceTb. batapes nenutca Ha HecKonbKo
CTyNeHen C paBHOM WNU HepaBHOW pPEaKTUBHOW MOLLHOCTbIO B
3aBUCUMOCTN OT pexmma Harpysku. BknioveHne w BblKNOYEHMe
CTyNeHen KoHaeHcaTopa NpoMcxoauT aBTomaTtuyecku. [daHHbln Tun
yCTaHOBKMU oTnuyaeTcsa oT apyrux 3HaYMTENbHbIMU
nepBoHavasnbHblMu  3aTpatamn. OpHako B [ONTOCPOYHOW
nepcrnekTnBe pAaHHbld cnocob MoxeT OblTb 6Gonee BbIFOAHBIM
6narogaps obecneynBaeMoll MM TOYHOCTUM U 3PPEeKTUBHOCTM
KOMMeHcaumm peakTUBHON MOLLHOCTMW.

In AC. machine, the reactive power is to the order of 30 - 40% of
its rated power. Therefore it is a major consumer of reactive
power from system. Normally, power factor correction of this type
of installations is done by connecting a capacitor bank of suitable
rating directly to the terminals of the motor.

The switchgear, controls and protective system of machine
operate both capacitor and machine simultaneousely. This is the
most common and economical method used for reactive power
compensation of rotating machines. However for more feasibility
in operation and maintenance of capacitor, it could be connected
to the terminals of machine or to the busbars, through a separate
switchgear. Depending on the choice we will proceed
accordingly.

When a number of motors are connected to a busbar in a motor
control centre, the best method is to install an automatic H.V.
Power Factor correction Panel, just as in case of low voltage
systems. In this case, a capacitor bank, with power rating (kvar)
determined to suit the power rating of various motors connected
to the system and maximum number of motors at any time
remain energised is selected. The bank is then divided in to a
number of steps of equal or unequal kvar based on load
conditions. The capacitor steps get switched in or out
automatically. The difference between this type of installation
and others is that the initial investment is high. However, with the
precise and efficient compensation, in long run it would be more

KOH.qucaTop C NpAMbIM NnogcoegnHeHUeM K KnemMmmMmam MallUHbI

Capacitor for direct connection across machine terminals

Ha pwucyHke cnpaBa nokasaH cnocob coeauHeHus. Cuctema
ynpaBneHns U 3awutbl sBnseTcs obwen Ans KOHAEHCAaTopoB U
MawvHbl. Mpu aTom TpebyeTca BBECTU orpaHnyeHne no Toky le < lo
(Tok xonocToro xopa anekTpoaBuratens), Tak YTobbl CHWU3WUTL A0
MUHUMYMa BO3MOXHOCTb CaMOBO30YKAeHNS.

MakcumanbHo fgonycTumasi peakTuBHas MOLLHOCTb KOHAeHcaTtopa
onpegensieTcs no crneaywLen opmyne:

Qm=0,9xloxUnxV3

Qm =2 x Pn x (1-cosgi)

(Kak npaBuno, Qm cootBetcTBYEeT 40%-30% OT

Pn B 3aBUCMMOCTM OT KO3adhpuLMeHTa CoSP, KOTOpbIA CocTaBnaeT
0,8- 0,85)

Mp 3TOoM MakcumarnbHbI  KOIPMULUEHT COSQ OTAEeNbHOro
anekTpoasuratens npubnuantensHo paseH 0,95.

QM - makcumarnbHas MOLHOCTb KoHaeHcaTopa, KBAp

10 - TOK xOonocToro xoaa anekrpoasuratens, A

Un - HoOMWHanbHoe HanpsxeHue, B

Pn: HOMWHanNbHas MOLLHOCTb anekTpoaBuratensi, kKBt

COSQi: HaYarnbHbIA KO3IMPAPULMEHT MOLLHOCTU

The figure shows the mode of connection. Control and protection is
common for the machine as well as capacitors. In this case we have to
limit le < lo (no load current of motor), so that there is minimum chance
of auto-excitation.

The maximum permitted power (kvar) of capacitor is determined with
the formula:

Qm=09xlox Unx3

Qm =2 x Pn x (1-cosoi)

(Qm is normally 40%-30% of

Pn depending on cosg which is 0,8- 0,85)

With this cos max. we get for individual motor is 0,95 approx.
QM = Capacitor power max. in kvar

10 = No load current of motor (A)

Un =Nominal voltage (V)

Pn: Rated power of motor (kW)

cosoi: Initial p.f.

beneficial.
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HomuHanbHas MowHoOCmb HayanbHbil Cos ¢ /Cos ¢ initial HavyanbHbil Cos ¢ /Cos @ initial
- 3neKmpoaeuegmenﬂ, kBm HayanbHbil Cos ¢ anekmpodeuzamens (0,8) Ha4anbHbil Cos ¢ anekmpodsuzamernsi (0,85)
Motor Rating (kW) Cos ¢ initial of motor (0,8) Cos ¢ initial of motor (0,85)
KoHe4Hnbiti Cos ¢ /Cos ¢ final KoHe4Hnbiti Cos ¢ /Cos ¢ final
0,95 0,96 0,98 0,95 0,96 0,98
150 63 69 82 44 49 63
175 74 80 96 51 57 73
200 84 92 109 58 66 83
250 105 115 137 73 82 104
300 126 138 164 87 98 125
350 147 160 191 102 115 146
400 169 183 219 116 131 167
450 190 206 246 131 148 188
500 211 229 273 146 164 208
600 253 275 328 175 197 250
700 295 321 383 204 230 292
750 316 344 410 218 246 313
1000 421 458 547 291 328 417
1200 506 550 656 349 394 500
1250 527 573 684 364 410 521
1400 590 642 766 407 459 583
1500 632 687 820 437 492 625
1750 737 802 957 509 574 729
2000 843 917 1094 582 656 833
2300 969 1054 1258 669 755 958
2500 1053 1146 1367 728 820 1042
3000 1264 1375 1641 873 984 1250
3500 1475 1604 1914 1019 1148 1458

BbideneHHble cuHUM usemom yughpbl 0603Hayarom 8enuyuHy peakmueHoU MOoWHocmuU KOHOeHcamopa, Komopebili criedyem nooKNYums K Knemmam
anekmpodsuaamerisi, Ymobbi MoyHUMb yKa3aHHbIU KOHEeYHbIU KO3ghehuyueHm MOUWHOCMU C MUHUMarbHOU 803MOXHOCMbI 803HUKHOBEHUSI
camog030yX0eHus.

Figures in blue is kvar value of capacitor to be connected to motor terminals to get final p.f indicated with minimum chance of auto-excitation.

KoHpgeHcaTop ¢ napannenbHbIM noacoeAMHeHUeM K MallumHe

Capacitor for parallel connection to machine

Mpy TakoM cnocobe coeanHEHNS! UCKMIYAETCst BO3MOXHOCTb

BO3HWKHOBEHMWS CaMOBO30YyXaeHUS, a NOBbILLEHNE

Ko3ahULMEHTa MOLLHOCTU J0 3HaYeHus1, BNIN3KOro K eauHule,

HaobopOT CTaHOBMTCA BO3MOXHbIM. B aTOM crnyyae

anekTpogBuraTenb 1 koHgeHcaTopHas 6aTtapes

o6CcnyXnBatoTCA pasHbIMK YCTPOUCTBaAMM yripaBeHns u

3awwmTbl. Mpu Takon KoOHMUrypaumm anekTpoasuraTens 1

KOHOeHcaTop (PyHKUMOHANbHO HE3aBUCUMbI, @ KOHOEHCATOpPHas — =N
6aTapesi BKIMOYaETCs U BbIKMIOYAETCsi N0 Mepe HE06X0AMMOCTH.
MoBTOpHOE NOAKIIOYEHNE KOHAEHCATOPHON GaTapeun
NpOUCXOAMT MO NCTEYEHUN JOCTAaTOYHOrO BPEMEHN As
paspsiga. [Mpy aTOM BbIBEAEHWE SneKTpoaBUraTens ns
aKcnnyaTauum Ans npoBedeHns TEXHUYECKOro 06CnyXnBaHms
KOHOEeHcaTopHbIX 6aTapei He TpebyeTcsi. HommHanbHas
peakT1BHas MOLLHOCTb KOHOEHcaTopHOW 6aTtapen
onpegensieTcsa no crneaytowlen gopmyne:

Hhan =3
[©
Hhan S
H haxn =
©

Qm = Pn x (tgpHay-tg@KoH)

In this type of connection, we eliminate the chances of
autoexcitation, and a power factor near to unity is possible.
The operation and protection devices are separate for
motor and capacitor bank. With this arrangement, motor
and capacitor function is independent and whenever
require capacitor bank is switched in or switched out.
Capacitor bank is reconnected after allowing sufficient
time to discharge. There is no need to keep the motor out
of service at the time of maintenance of capacitor banks.
Power rating (kvar value) of capacitor bank is determined
using the formula:

Qm = Pn x (tggincial-tgefinal)
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ABTOMaTMyUeckas rpynnoBasi KOMneHcauus Group compensation-automatic
peakTUBHOW MOLLHOCTM

CoBpeMeHHbIN cnocob koMneHcaLm peakTUBHOWN Modern method of compensation is automatic power factor
MOLLIHOCTW NpegycMaTpuBaeT Koppekuuio KoadduumneHTa correction, for a group of motors, in a motor control centre. In this
MOLLHOCTW rpynnbl dneKTpoaBuraTeneil B LeHTpe method, system power factor is improved to an optimum value
ynpaBneHust asuratensamun. MNpu Takom cnocobe with a capacitor bank having optimum dimensions and power
KO3hPULMEHT MOLLHOCTU YBENMYNBAETCH 4O rating, operated by a power factor controller. The power factor is
ONTUMAsbHOIO 3HAYEHUSA NP ONTUMAarbHbIX pa3Mepax maintained at a pre-set value by adding/deducting capacitor steps
KOHAeHcaTopHoW 6aTapen 1 ee HOMUHaNbHON MOLLHOCTH, with the variations in the connected load.

KOHTPOMMPYEMOW C MOMOLLbIO KOHTposnepa
KoadhpmumeHTa MowHOCTU. KoathhULMEHT MOLLIHOCTU
noaaepXXuBaeTcsl paBHbIM 3a4aHHOMY 3HAYEHUIO NyTEM
nobaBneHusi / CHATUS KOHOEHCATOPOB U U3MEHEHMS
KOHpUrypaumm noacoeanHsaeMon Harpysku.

5
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B MPUBEAEHHOW HWUXE TABMULIE YKA3AHbI 3HAYEHWUS! MOLLIHOCTU KOHOEHCATOPA B KBAP B
ACWHXPOHHOM 3MEKTPOOBWUIATENE C YYETOM 3HAYEHUIM EFO HOMUHAINBLHOWM MOLLHOCTMU (BT) U
YACTOTbI BPALLEHUS (KONIMYECTBA OEOPOTOB)

TABLE BELOW INDICATES kvar VALUES OF CAPACITOR FOR ASYN MOTORS AGAINST ITS KW RATING AND
SPEED (R.P.M)

H haw A=

zgmngz::Haﬂ YactoTa BpaLleHNs MalWWHbI, 06./MUH.

Pt Nt Speed of the machine in r.p.m.

kW cv 3000 1500 1000 750
KBT MeTp.J.C.

130 177 33 39 46 52
150 204 38 45 53 60
170 231 43 51 60 68
280 381 70 84 98 112
330 449 83 99 116 132
400 544 100 120 140 160
500 680 125 150 175 200
1000 1360 250 300 350 400
1400 1903 350 420 490 560
1700 2311 425 510 595 680
2000 2719 500 600 700 800
2250 3059 563 675 788 900
3000 4079 750 900 1050 1200
4500 6118 1125 1350 1575 1800
5000 6798 1250 1500 1750 2000
6500 8838 1625 1950 2275 2600

11
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4.BbICOKOBOSIbTHbIE CUMOBLIE KOHAeHcaTopbl mapku "LIFASA™

4.LIFASA high voltage power capacitors

O6Lwue gaHHbIe

BbICOKOBOMbTHLIE KOHAEHCATOPLI, MpedHasHayYeHHble AOnst
KOpPEKLMN KO3PMDULIMEHTA MOLLHOCTH, U (PUNLTPLI FAPMOHUK
yCTaHaBNMBAlOTCA B KOpryca W3 HepXaBellen cranm,
OCHalLeHHble (apdOPOBLIMM NMPOXOAHLIMM N3ONATOPAMM.

B ocHOBHOM, NpUMeHsIOTCS ABa Tvna KOHAEHCaTOpPOB:

+ opHoghasHble KOHOEHcaTopbl (C  OAHUM WM OBYMS
M30M1ATOPaMM) € BHYTPEHHUMM  MpenoXpaHuTensmu,
NpUroaHble Ans NOAKMIOYEHNs K CETU NUTaHUS HanpshKeHnem
11 KB ¥ BbILE WM K BLICOKOBOSbTHLIM MOLLHBIM MaLLUHAM.

* TpexdasHble KOHAEeHcaTopbl (C Tpemsi M3onsTopamu) C
BHYTPEHHUMU npeanoxpaHUTensMu, npurogHble  ans
NOAKIIOYEHMS K LUMHAM CETU MUTaHWsi U K 06opyaoBaHnIo C
HOMMHarnbHOM MOLLHOCTLIO MeHee 11 kB.

OnucaHue ycTponcTea

BHyTpeHHee yCTpOICTBO KOHAEHcaTopa COCTOMT U3 rpynnbi
0[HOa3HbIX EMKOCTHbIX 31IEMEHTOB C COOTBETCTBYIOLLIEN
€MKOCTbI0. HEeCKOMbKO TakMx 3MEeMEHTOB  MOAKIIOYeHb!
nocrnenoBaTenbHo-NapasnnesnbHo AN NonyYeHns pacHeTHoM
MOLLIHOCTU 1 HOMUHAIBLHOTO HaMPsXKEHWS!.

HoMWHanbHOE HanpsbkeHue 3aBUMCUT OT KonudecTsa rpynn

3J1IEMEHTOB, noacoemHeHHbIX nocnenoeartesibHoO, a
HOMUHalNbHaa MOLWHOCTb KOHAEeHCaTopa B KBap - OT
KoJim4ecTBa rpynn 3N1IeMEHTOB, noacoemHeHHbIX
napannesnbHo.

KoHeHcaTopbl M3roTaBnMBaoTCS MO MIIEHOYHON TEXHOMOMK.
EMKOCTHbIE 3MEeMEHTI obmartbliBaloTCs
[BYOCHOOPWEHTUPOBAHHOM HenpospayHoi
MONMUMPOMNNIEHOBOMN MAEHKON C HU3KMMI MOTEPAMM, a Takke

anoMMHMeBOn conbron. [aHHasa TEXHonoruns,
npuMeHsilolasics  B3aMeH  npegblaywenn  TeXHOoruu
M3roTOBMNEHMUS GyMaXKHO-NNEHOYHbIX KOHAEHCcaTopoB

(KOMOMHMPOBAHHbBIX OU3NEKTPUKOB), 3HAYUTENBHO CHWKaET
OV3neKTpuyeckne notepm. MoTepun KoHaeHcaTopa
cocTaBnsitoT He 6onee 0,15 BT/kBap, U kKpome Toro, B cryyae
BHYTPEHHETO KOPOTKOr0 3aMblKaHWsi WCKIIOYAETCs  PUCK
NoBpeXAeHNs U paspylleHust koprnyca KoHaeHcatopa. B
0ObIYHbIX OyMaXHbIX  KOHAEHcaTopax  Mpoucxoauro
BblAerneHne rasa Bbllle HOpManbHOro YPOBHS, B pesyrbTarte
Yero BHYTPEHHee [aBrfieHve MOoBbIlWAanocb [0 OnacHbIX
3HaYeHUN.

General

High voltage capacitor units for power factor correction and
harmonic filters are enclosed in stainless steel containers
fitted with porcelain capacitor bushings.

Basically, there are two types:

» Single phase (one or two bushings) capacitor units with
internal element fuses suitable for connection to power system
net work of 11 kV and above or with high voltage high power
machines.

» Three phase (three bushings) capacitor units with internal
element fuses for connection to power system busbars or
equipments with voltage rating preferably less than 11 kV.

Construction

The internal construction of a capacitor unit constitutes a
group of single phase capacitor elements of suitable capacity.
A number of such elements are connected in series-parallel to
obtain designed power and voltage rating.

The number of groups of elements connected in series
determines the voltage rating and number of parallel elements
in a series group determines the power (kvar) rating of
capacitor unit.

The capacitor units are manufactured with "All Film"
technology. Capacitor elements are wound with biaxially
oriented hazy polypropylene film of low losses and extended
aluminium foils. This technology has replaced the previous
"paper-film", (mixed dielectric) capacitors to reduce dielectric
loss considerably. The capacitor losses are as low as 0,15
W/kvar and in addition, in case of an internal short circuit the
risk of case rupture and explosion is avoided. In conventional
capacitors, paper produced gases of abnormal level raising
the internal pressure to a dangerous level.
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The surface of polypropylene film is rough (hazy) to make oil
penetration to internal film and foil layers faster and more
effective at the time of impregnation and this has reduced the
manufacturing time considerably.

The aluminium foil edge inside the element is laser-cut to
make it smooth and free from sharp points (which normally
exist in case of blade cut foil edges). Thus the electric field at
edge is reduced to increase the corona inception voltage
level. Capacitor units have better withstand capability
against over voltages and transients.

Ons obecneyeHuss 6Gonee ObICTPOro U 3dHEKTUBHOIO
NPOHVKHOBEHWS Macra BO BHYTPEHHIOH NIeHKY U dhonbry Ha
aTane norpyXeHuss MOBEPXHOCTb  NOMUMPONUIEHOBOW
NIeHKM BbINOMHeHa wepliaBon. Kpome Toro, Takom nogxon
no3BoNWn  3HaAYUTENbHO MWHUMUW3NPOBATb Bpems
npov3soacTBea.

BHYTpeHHAS KkpoMKa anmioMuHWEBOW ponbrn nonydeHa
nyTem nasepHow pesku, Gnarogaps 4Yemy Kpomka umeeT
rmagKkylo  MOBEPXHOCTb 6e3  OCTpbIX  BbICTyMalLLMX
anemeHToB (koTopble o6pasylTca B Mpouecce pesku
nessuem). Takum  oOpasomMm, CHWXKaAeTCs  YpOBEHb
9MEKTPUYECKOro MOoNsi Ha KPOMKE W yBenMuMBaeTcs
HayanbHOE HanpshkeHue KOpPOHHOro paspsga. bnoku
KOHAEHCATOPOB OTNMYAIOTCA  YMYyYLWEHHOW 3awuTon oT
nepeHanpsKeHW 1 CKavyKoB NUTaHMS.

OCHOBHbIle TeXHUYECKME XapaKTePUCTUKN

B cooTBeTCTBUM C pekOMeHAauusMu, U3NOXEeHHbLIMU B CTaHdapTe
MO3K: 60871-1:1997, komnaHus "LIFASA" rapaHTupyeT:

- CcnocobHOCTb KOHOEeHcaTopoB BblAEep>XuBaTb 10%
nepeHanpsixerue (1,10xUn) B TeyeHne 12 yacoB kaxaple 24 yaca.
- cnocobHocTb AnuTenebHo Boiaepxuatb 30% neperpysky no Toky
(1,3xIn).

YKasaHHbl€e BbiLLe CNOCOGHOCTM BblAepXuUBaTb Neperpysky 3aBUCAT
oT konebaHui HanpsXeHna n rapMoHuK, CyLLeCTBYKOLWNX B CETU
NMUTaHUA.

[na nponuTKNn KOHOEHCATOPOB WCMOMb3YTCA KOHAEHCATOPHbIe
macna SAS-40E n M/DBT, 6uopasnaraemble, HEXITOPMPOBaHHbIE
(He NonMXNopnpoBaHHbIE) XNMAKOCTU, YCTONYMBBIE K BO3AENCTBUIO
YaCTWUYHbIX Pa3psAoB.

KoHaeHcaropbl OCHaLLeHbl BHYTPEHHUMMU paspsaHbIMmK
pesncTopamu, npegHasHaYeHHbIMM ANS YMEHbLUIEHNS OCTaTO4YHOro
Hanps>XeHnss C MakCMMaribHOro 3Ha4yeHusi V2 -Un 0o 75 B B TeyeHne
10 MUHYT B COOTBETCTBUM CO cTaHaapTamu M3AK nocne oTknioyeHus
OT CeT! NUTaHus.

BHyTpeHHUI npenoxpaHuTenb, NPeayCMOTPEHHbIN AN KaX[oro
ofHoasHOro anemeHTa BHyTpU 6rioka, OTKM4YaeT 3NEeMEHT OT
LenM B MarnoBeposTHOM Cry4yae BO3HMKHOBEHUSI KOPOTKOrO
3aMblkaHUsi WM neperpysku Mo TOKy, MpW 3TOM KOHAEHcaTop
npogomkaetr paboratb 6e3 aToro oanemeHta. B cnyyae
HEWCnpaBHOCTU OJHOrO 3fieMeHTa B rpynne nocregoBaTenbHO
NOACOEANHEHHbIX 3feMEHTOB Mpu  HyreBOM TOKe (BbICOKOM
HanpshkeHWK),  MpefoxpaHuTeNnb  HEUCMpPaBHOrO  3reMeHTa
neperoput nop AeWCTBMEM paspsga  SHepruv  OoT - Opyrux
napannenbHO MNOACOEAMHEHHBIX 3NEMEHTOB 3ToOW rpynnbl. B
6onblnHCTBE cny4vaes cpabartbiBaHue npenoxpaHnTens
NPOUCXOANUT UMEHHO TaknuM obpasom. OgHAKO ecnun HencnpaBHOCTb
3aneMeHTa BO3HMKaeT npu OGomnbLUMX 3HAYEHUsIX Toka (HyrneBoMm
HanpsiXeHWK), BECb TOK KOHAEHCcaTopa U3 CUCTEMbI MPOXOAMUT Yepes
HEWUCnpaBHbIA  3MIEMEHT, 4YTO MNPUBOAWUT K MEeperopaHuto
npenoxpaHuTens, KOTopbI He CNOCOBEH BblaepXXMBaTb NOLOOHY0
neperpyaky no ToKy.

B cnyyae BbIXxoga U3 CTPOsi OQHOMO afieMeHTa BbIXO4HAaA MOLHOCTb
YCTPOWCTBA HECKOMNbKO CHMXaAeTCs, NpuMepHo Ha 2-4% oT
HOpMarbHOW BbLIXOAHOW MOLLHOCTU. YCTPOMCTBO nNpoaosrmkaeT
paboTaTb B HOpManbHOM pexunme, B pesyrnbTaTe Yero cpok cryxobl
KoHaeHcaTopa npoanesaetca. [lpu cnegyowen nposepke
TEXHUYECKOTO COCTOSHUA HEUCNPaBHOCTb MOXHO BbISBUTbL W, Npw
HeobXxoanMOoCTH, YyCTPaHUTb.
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1-b1U cnoli
anomuHueeol ¢honbau
Aluminium foil 1

1+pp2

e
T\ PP3+pp4

2-olU cnol anroMuHuesou
¢onbeu
Aluminium foil 2

Main Technical Characteristics

Based on the recommendations given in IEC: 60871-1:1997,
LIFASA guarantees.

10% over voltage (1,10xUn) withstand capability for 12 hours in
every 24 hours.

30% over current (1,3xiIn) carrying capacity continuously.

The overload capabilities stated above are to take care of
voltage variations and harmonics which exist in the power
system net work.

The liquid used for impregnation is SAS-40E and M/DBT,
capacitor oils which are biodegradable non-chlorinated (non-
PCB), and have strong withstand capability against partial
discharges.

The capacitor units are fitted with internal discharge resistors to
reduce the residual voltage from peak value of N2 -Un to 75 V
within 10 minutes according to the recommendation in IEC after
disconnection from power supply.

The internal fuse provided with each single phase element
inside the unit, disconnects the element from the circuit, in an
unlikely event of it developing a defect like short circuit or over
current, and the capacitor unit continues to function, less one
element. If an element in a series group develops a defect when
current is zero (Voltage is high) the fuse of defective element
blows as a result of energy discharge from other paralle!
connected elements of that group. In most of the cases the fuse
operation takes place in this mode. However if the defect in the
element occurs when current is high (voltage is zero) the entire
capacitor current from system pass through the defective
element, and fuse operates as it cannot withstand such over
current.

The loss of one element reduces the power output of unit
marginally, say to the order of 2-4% of its normal output. The
unit continues to function normal way and thus the life of
capacitor is extended. The defect could be traced and take
corrective actions, as required, in the next maintenance check.



Bce 3Tu paspaboTku, sBnAloWMecs pesysibTaToM MpUMEHEeHUs
COBPEMEHHbIX TEXHOMOrMiA B 0611acTU KOHAEHCATOPOB U NPOBeAeHNs
NepuoaMYEcKMX Hay4YHbIX UCCrefoBaHui, obecnevmnny ycToMYnBoCTb
M3roTaBnNMBaeMon NPoAYKUNM K BO3LENCTBUIO KECTKUX YCIOBUIA Mpu
nabopaTopHbIX UCTIbITAHUSIX.

[ononHUTENbHO K YyBENMMYEHHOMY AMana3oHy CTaH4aPTHbLIX 3HAYEHUN
MOLLHOCTM B KBap M HOMWHAsrIbHOrO HanpsiXeHUst YCTPOWCTB, Hawa
KOMMaHWs MOXET U3roTaBnNunBaTth M NOCTaBMATb OAHO- U TpexdasHble
yCTpOWCTBa C MtoGOM BbIXOAHOW MOLLHOCTbIO B AuanasoHe 25-600
KBAp 1 c nobbiM HOMWHAsbHLIM HaMNpPsKEHMEM C BHYTPEHHVUMU
npenoxXpaHUTENsiM1 B COOTBETCTBUM C pasnnyHbIMU NoTpebHocTaMM

All these developments are, result of utilisation of advanced
technologies in capacitor field and regular R&D, and have
made the product rigid and stable to withstand rigorous tests in
the laboratories.

In addition to our extended range of standard kvar and voltage
ratings of units, we are able to manufacture and supply units
with any output and voltage rating according to the varying
needs of customers, say 25 -600 kvar ,both single phase and
three phase units with internal element fuses.

The tolerance in output kvar is -5%/+10% according to IEC:

3aKa34unKoB.

60871-1.

[onycTmoe oTkrnoHeHve mMolHocTu B KBAp cocTaenseT -5%/+10% B
cooTBeTCcTBUK co cTaHaapTom M3OK: 60871-1.

TexHuyeckue xapakmepucmuku / Technical Data

HomuHanbHoe HanpsikeHue (Un):

BbixoaHas MowHoCTb, KBAp

YacrtoTa:

CnpaBquble CcTaHAapTbl:

MakcumanbHoe nepeHanpsxeHue:

Meperpy3ka no Toky
(cornacHo ctaHpapTy)

[lonycTuMoe OTKNoHeHue:

UcnbiTaTtenbHoe HanpsxxeHne
(Mexay knemmamm):
UcnbiTaTenbHoe HanpsxxeHne
(Mexay knemmamm)

(v kopnycom):
MNMpenenbHbIM NYCKOBOW TOK:
[AnanekTpuyeckue notepu:

MoTepu KoHAeHcaTopa
(opneHTpOBOYHbIE):
OCHOBHOM YypoBeHb NPOYHOCTH
n3onaumm:

Cpok cnyx6bl:

Knacc 3awuTbi:

KaTteropusi no TemnepatypHomy
pexumy:

Tun oxnaxaeHus
BnaxHocTb

BbicoTa ycTaHOBKM:
MoHTax:

CpepcTBa KpenneHus:

BHyTpeHHMe 3aliUTHbIE
yCTpoucTBa:

Hapymuble 3awuUTHbIEe ycrpoﬁcha:

Kopnyc
OnanekTpuk:
MponuTka:

Pe3b60BOW BbIBOA:

YcToM4unBOCTb K BO3AENCTBUIO
paspsapa:

PekomeHAyeMbIi MOMEHT 3aTsXKU
M12:
PekomeHAyeMbIi MOMEHT 3aTsXKN
M10:

Rated voltage (Un):

Power output (kvar)

Frequency:
Reference standards:

Over voltage Max.:

Over current
(according to standard):
Tolerance:

Test Voltage, (between
terminals):

Test Voltage, (between
terminals

(and container):
Limit of inrush current:
Dielectric loss:

Capacitor losses (approx.):

Basic insulation level:

Life expectation

Nivel IP de Proteccion:

Temperature Category:

Type of cooling
Humidity
Altitude of site:
Mounting:

Mounting arrangement:

Device for internal protection:

Device for external protection:

Container
Dielectric:
Impregnant:
Terminal bushing:

Discharge Resistance:

Recommended tighten M12:

Recommended tighten M10:

- TpexdpasHoe - 1-12 kB
- ogHodpasHoe - 1 -24 kB

25 - 500 kBAp ansa TpexdasHbix ycTponcTs
25 - 600 kBAp Ana ogHodhasHbIX YCTPOWCTB
50/60 Iy

M3K 60871-1:1997 EN 60871-1:1997

M3K 60871-4:1997 EN 60871-4:1997

Un +10 % (B TeueHue 12 u. kaxaple 24 4.)
Un +15 % (B TeyeHne 30 MUHYT)

Un +20% (B TeueHune 5 MUHYT)

Un 30% (B Te4yeHne 1 MUHYTbI)
1,3*In

-51+10%

4,3* Un noct. Toka 10 c., unu 2,15* Un nepem.
Toka 10 c.

cornacHo ctaHgapty MK

B TeyeHve 10 ¢
He 6onee 100x1n
0,07 BT/ kBAp

0,15 BT/ kBAp (c peanctopamu un
BHYTPEHHUMM NPefoXpaHUTENsamMm)

20/60 kB; 28/75 kB; 38/95 kB;

50/125 kB; 70/170 kB

>100 000 4.

IP 00, npn BHYTPEHHEN W HapYXXHOW
ycTaHoBke

"C" -40° / makc. 50°

EcTecTBeHHOe, BO3AYLLIHOE

He 6onee 95 %

1000 M Haf cpeaHUM YPOBHEM MOpS
rOPU30HTanbHbIA/BEPTUKANBHbIN
KPOHLUTENHbI

BHyTpeHHWIn NnpegoxpaHnTens

[aTtunk naBneHusi, HopManbHO-3aMKHYTbIN U
HOPMarnbHO-PAa30MKHYTbIN KOHTaKTbI
(BononHuTensbHas onuusi)

HepxaseloLas cTanb
MOSIMNPONUIIEHOBAs MIIeHKa
HernonuxnopuposaHHas, Gropasnaraemas
¢apcpop

npeaycMoTpeHa - OCTATO4HOE HaMpsiKeHne

75 B uepe3 10 MuH.

10 Hwm

7 Hw (3a3emnenwe)

Three phase 1-12 KV
single phase 1-24 KV

25 - 500 kvar for three phase units
25 - 600 kvar for single phase units

50/60 Hz

IEC 60871-1:1997 EN 60871-1:1997
IEC 60871-4:1997 EN 6087 1-4:1997
Un +10 % (12 hours in 24 hours daily)

Un +15 % (30 minutes)
Un +20% (5 minutes)
Un + 30% (1 minutes)

1,3%In
-51+10%

4,3*UnDC 10, 0r2,15*Un AC 10 s

As per the table in IEC

standard for 10 s
max. 100x1n
0,07 W/ kvar

0,15 W/ kvar (with resistors & internal

fuses)

20/60 KV; 28/75 kV; 38/95 kV;
50/125 kV; 70/170 kV

>100 000 hours

IP 00, indoor and outdoor

"C"-40° / maximum of 50°

Air Natural

maximum 95 %

1000 m above mean sea level
Horizontal/Vertical

Mounting brackets

Internal element fuse

Pressure sensor, NO+NC contact
(optional)

Stainless steel

Polypropylene film

Non-PCS, biodegradable
Porcelain

Provided - Residual voltage

75 Vin 10 min

10 Nm
7 Nm (earth)
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CnpaBoYHble cTaHAApPThbI
Reference Standards
KongeHcatopsbl Lifasa cooTBeTCTBYIOT CTaHOapTaMm:

MO3K 60871-1 1 2.
MO3K 593

Tabnuua. OCHOBHOM YpPOBEHb MPOYHOCTU U3ONALUN
Basic Isulation Level (BIL) Table

Lifasa Capacitors conforms to:

IEC 60871-1 & 2.
IEC 593

MakcumanbHoe ceTeBoe HanpsiKeHue,
nofaBaemMoe Ha KOHAEHCATOPbl B COOTBETCTBUM CO
cneymdunkaymen

Maximum system voltage for capacitors conforming
to the specification

OCHOBHOW YpOBEHb NPOYHOCTU M3onaLun, kB
Basic Insulation Level (kV)

WcnbiTaHns
Tests 7.2
20
MpomblLUneHHast YacToTa, UCMbITaTeNbHOE HanpsiXXeHue,
kB 50 'y 1 MuH.
Power frequency, test voltage kV. 50 Hz 1 min.
60

YpoBeHb nmnynbca, 1,2 kB/ 50 mkc

Impulse Level, 1,2kV/ 50 us

OnuHa nyTn yTeyku, Mm 140
Creepage distance (mm)

Tun koHAeHcaTopa

Type of Capacitor

OpHogasHbI X
Single phase
TpexdasHbin X
Three phase

BHelwHune paboyne ycnosus cornacHo ctaHgapty MOK: 60871
Ambient air condition for operation according to IEC: 6087

12 17,5 24 36
28 38 50 70
75 95 125 170
190 300 435 600
X X X X

X

TEMNEPATYPA OKPYXAIOLLIEITO BO3YXA, °C
AMBIENT AIR TEMPERATURE (°C)

cpedHul makcumym 3a obol nepuod 8

Cumeon Temnepamypa

Symbol Temperature
A 40 30
B 45 35
] 50 40
D 55 45

Makc. cpedHul Makcumym 3a f1tobol nepuod 8 meyeHue 24 y.

maximum Highest mean over any period of 24 hours

meyeHue 1 eoda
Highest mean over any period of 1 year

20
25
30
35

ﬂepmo,qmqecme ncnblTaHUA oTAenbHbIX yCTpOI7ICTBZ

McnbiTaHns BCeX U3roTOBMIEHHbIX U3Oenuii NPOBOAATCA Ha
3aBOJle-M3rotoBuTENe B COOTBETCTBUW CO CTaH4apTOM
M3K:60871-1

Routine tests on individual units:

Tests are carried out on each unit manufactured, at our works,
according to IEC:60871-1

Capacitors:

KongeHcaTtopsbl:

16

MpoBepka repMeTU4HOCTH.

M3mepeHne eMKOCTHOro CONpOTUBIIEHMS.

MamepeHne BenuuUMHbI NOTEepb (TAHreHC fgenbTa)
KOHAEHCaTOpOB.

McnbiTaHne BbICOKUM HaMpshkeHnem mexay Knemmamu.
McnbiTaHne BHyTPEHHEro paspsaHoro yCTpomcTaa.
McnbiTaHne Ha paspsa BHYTPEHHUX NpegoxpaHuTenen.
McnbiTaHna BLICOKMM  HanpsbkeHWeM  MPOMbILLNEHHON
YaCTOTbl MEXAY KemMmamu 1 KOPrnycom.

Sealing test.

Measurement of capacitance.

Measurement of tan delta (losses) of capacitor.

High Voltage Test between terminals.

Test on internal discharge device.

Discharge test on internal fuses.

Power frequency High Voltage test between terminals and
container.



Bbi6op KOHAEHCATOPOB B 3aBMCMMOCTU OT 061acTv NpMMeHeHuUs

Selection of Capacitors according to application
Ta6nuua. Kpatkuin 0630p o6Wmnx xapakTepmucTmk
General Characteristics/ Table (in brief)

TpexgpasHnbit /Three phase OOdHogpasHkIl/Single phase
Tun / Type AT... AM... / AS...

RSN LIRS 25 - 500 KBAp /25 - 500 kvar 25 - 600 KBAp/25 - 600 kvar

Power output
R 1,0-11,0 B/ 1,0-11,0 KV 1,0-24,0 kB (*)/1,0-24,0 kV (*)
Voltage rating
MakcumanbsHoe HanpsixeHue cemu/ 7,2-12 kB 7,2-12-17,5.-24-36 kB
Highest system Voltage 7,2-12 kV 7,2-12-17,5.-24-36 kV
(MOK: 871) (MOK: 871)
8pemeHuU
; . 75 V/10 minutes 75 V/10 minutes
Residual voltage and time (IEC: 871) (IEC: 871)
lMponumka /Impregnant SAS-40E / M/DBT SAS-40E/M/DBT
(JARYLEC C101) (JARYLEC C101)
BHympeHHee coeduHeHue 38e30a OOdHogpasHbIl
Internal connection Star Single phase

(*) Cm. BaHHbIe mabnuuybl Ha cmp. 17%,

(*) See the table in page 17

TpexdasHbin/ Three phase

Tabnuya 1. TpexghasHbie KOHOeHcamopb! HanpsixxeHueM 3,3 kB yacmomoli 50 'y ¢
8HYmMpeHHUM coeduHeHueM muna "3ee30a" ¢ OCHOBHbIM YPOBHEM MPOYHOCMU U30NAUUU
28/75 kB

Tab. 1 Three phase capacitors 3,3 kV 50 Hz - Internal connection -Y BIL: 28/75 kV

CrnipagoyHsbIl SRS
doKkymeHm Mo’LDuHocmb conpomusneHuu Bb/qoma (Mm) Magca l_’uc.
[, A ower (J'(UHuu) _ Height (mm) Weight Figure
Capacitance (line)

[KBApP] [MKD] h H [kr] Ne

[kvar] [uF] h H [kal No.
ATEFA3033025 25 3x3,65 250 428 25 1
ATEFA3033033 33,3 3x4,85 250 428 25 1
ATEFA3033050 50 3x7,3 290 468 27 1
ATEFA3033067 66,7 3x9,75 290 468 27 1
ATEFA3033075 75 3x10,95 350 528 32 1
ATEFA3033100 100 3x14,6 350 528 32 1
ATEFA3033125 125 3x19,45 470 648 42 1
ATEFA3033150 150 3x21,9 510 688 45 1
ATEFA3033200 200 3x29,25 580 758 50 1
ATEFA3033250 250 3 x 36,55 670 848 56 1
ATEFA3033300 300 3 x43,85 740 938 62 1
ATEFA3033400 400 3 x58,45 995 1173 80 1

Tabnuya 2. TpexgasHble KOHOeHcamophbl HanpsixxeHuem 6,3 kB yacmomol 50 'y ¢
8HYmMpeHHUM coeduHeHueM muna "3ee30a"” ¢ OCHOBHbIM YPOBHEM MPOYHOCMU U30NAUUU
28/75 kB

Tab. 2 Three phase capacitors 6,3 kV 50 Hz -Internal connection -Y BIL:28/75 kV

CrnipagoyHsbIl SRS
doKkymeHm MowHocmb  conpomueneHuu Bb/qoma (Mm) Magca l_’uc.

Power (nuHuu) Height (mm) Weight Figure
Reference . ;

Capacitance (line)

[KBApP] [MKP] h H [kr] Ne

[kvar] [uF] h H [kal No.
ATEFA3063025 25 3x1 290 468 27 1
ATEFA3063033 33,3 3x1,335 290 468 27 1
ATEFA3063050 50 3x2 290 468 27 1
ATEFA3063067 66,7 3x2,675 350 528 32 1
ATEFA3063075 75 3x3 350 528 32 1
ATEFA3063100 100 3x4 410 588 37 1
ATEFA3063125 125 3x5,35 470 648 42 1
ATEFA3063150 150 3x6 580 758 50 1
ATEFA3063200 200 3x8 580 758 50 1
ATEFA3063250 250 3x10 670 848 56 1
ATEFA3063300 300 3x12 830 1008 70 1
ATEFA3063400 400 3x16 995 1173 80 1

Mi2 |

& o | L
| [
|

B
7 LN | m—

O ©):

Pa3mepsi /Dimensions

Figure 1/PucyHok 1
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Tab. 3 Three phase capacitors 6,6 kV50 Hz -Internal connection -YBIL: 28/75 kV

Tabnuya 3. TpexgasHble KOHOeHcamopbl HanpsixxeHuem 6,6 kB yacmomol 50 'y ¢ n e
8HYMPeHHUM coeduHeHUeM murna "3ee30a" ¢ OCHOGHbLIM ypO8HEM MPOYHOCMU U30NAyuU F&- _‘%, _%_, J%,
28/75 kB e == ==y =y =
CripagoyHblli Emocmnoe & e ™ l
doKkymeHm MowHocmb  conpomueneHuu Bblgoma (mm) Magca I_’uc. [‘g1
Power (nuHuu) Height (mm) Weight Figure T
Reference 5 ] _
Capacitance (line) S =
[kBAp] [MKP] h H [kr] Ne I
[kvar] [MF] h H [kal No.
ATEFA3066025 25 3x0,9 290 468 27 1 _ N
ATEFA3066033 257 3x1,2 300 478 28 1 / \ '
ATEFA3066050 50 3x1,85 300 478 28 1
ATEFA3066067 66,7 3x2,45 350 530 28 1
ATEFA3066075 75 3x2,75 350 530 28 1 rf?;‘q* @) (@)
ATEFA3066100 100 3x3,65 410 588 37 1 RN A AN
ATEFA3066125 125 3x4,85 470 648 42 1 . |
ATEFA3066150 150 3x5,50 470 648 50 1
ATEFA3066200 200 3x7,30 580 758 50 1
ATEFA3066250 250 3x9,15 670 848 56 1 Dimensions/Pa3mepel
ATEFA3066300 300 3x11,0 740 918 60 1 Figure 1/PucyHok 1
ATEFA3066400 400 3x14,6 870 1048 73 1

ﬂJ‘Iﬂ nonyyeHua CBe,D,eHI/IPI Nno ApYrum XapaktepucTtukam, 06paTI/ITer B TEXHUYECKUI oTAen Hawero npeanpuaTus.

For other ratings, consult technical department of our works.

OpHodhasHble yCTpoMCcTBa C BHYTPEHHUMU npeaoxpaHuTenamu/Single phase units with internal fuses:

Kak oTme4anocb paHee, BHyTpeHHI/II7I npegoxpaHutenb npenorepallaeT MOMHbIA OTKa3 KOHAEeHCaTopa, noBpexaeHne U paspylieHue Kopnyca.
|-|03TOMy KOHOEeHCaTopbl pekoMeHayeTCA BI:I6I/IpaTb C BHYTPEHHUMU npeaoxpaHuTendamu. B anBe,quHon HWXe Ta6nmue YKasaHbl
XapaKTepUCTukn KOHgeHCaTopoB C BHYTPEHHUMU NpeaoxpaHUTenamMmu:

As we have discussed earlier, internal fuse provides protection against total failure of capacitor unit, case rupture and explosion. Therefore it is
advisable to select capacitor units having internal fuse protection. Table below indicates the rating of capacitor units which are normally having
internal fuses:

HomuHanbHoe HanpsikeHue, kB
Rated Voltage [kV]

OpHoasHble CUNoBbIe KOHAEHCATOPbI C BHYTPEHHUMY NPeAoXpaHUTENsMu:

Single Phase Capacitor Power units with internal Fuse

50 kBAp 75 KBAp 100 150 200 250 300 350 400 450 500 550 600

50 kvar 75 kvar KBAp KBAp KBAp KBAp KBAp KBAp KBAp KBAp KBAp KBAp KBAp
100 kvar 150 kvar 200 kvar 250 kvar 300 kvar 350 kvar 400 kvar 450 kvar 500 kvar 550 kvar 600 kvar

24
33
42 . .
5,2 = -
6,3 = =
6,6 . .
7,35 - - -
8,9 = = =
10.3 = = = =
11 = = - -
12,5 = = = =
15,1 = = = = 2

OpHodpasHbIN/ Single phase

Tabnuua 4. OgHoda3Hble KOHAeHcaTopbl HanpsxxeHneM 8,0 kKB ¢ ogHoda3HbIM BHYTPEHHUM -
coeMHEHWEM C OCHOBHbIM YPOBHEM NMpoYHOCTU usonsuum 38/95 kB
Tab. 4 Single phase Capacitor units, 8,0 kV-internal connection 1ph. BIL: 38/95 kV

CrnpagoyHsbIl ELECoIIeE
doKkymeHm Mo’lDuHocmb cornpomusneHuu Bblqoma (mm) Magca I_’uc.
o A—. ower (nyHuu ) Height (mm) Weight Figure
Capacitance P-P

[kBAp] [MKP] h H [kr] Ne

[kvar] [MF] h H [kal No.
AMEFA4080050 50 2,48 170 435 17 2 e
AMEFA4080075 75 3,73 200 475 20 2
AMEFA4080100 100 4,97 250 515 22 2
AMEFA4080125 125 6,21 300 565 25 2 L=221 wm
AMEFA4080150 150 7,46 330 595 28 2
AMEFA4080200 200 9,94 420 685 34 2
AMEFA4080250 250 12,43 520 785 40 2
AMEFA4080300 300 14,92 600 865 46 2
AMEFA4080350 350 17,4 570 835 51 2 Dimensions/Pazmepbi
AMEFA4080400 400 19,89 640 905 57 2 Figure 2/PucyHok 2
AMEFA4080450 450 22,38 710 975 63 2
AMEFA4080500 500 24,86 780 1045 68 2
AMEFA4080600 600 29,84 920 1185 79 2
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Tab. 5 Single phase Capacitor units, 12,124 kV- internal connection 1ph. BIL: 50/125 kV
Tabnuya 5. OOHogha3HbIe KOHOeHcamopb! HanpsixeHueM 12,124 kB ¢ 0OHOa3HbIM 8 HYMPEHHUM

coeduHeHUEeM C OCHOBHbIM yPOBHEM MPoYHocmu u3sonsyuu 50/125 kB

Reference
CrnipagoyHsbIl
QoKymMeHm

AMEFA5121050
AMEFA5121075
AMEFA5121100
AMEFA5121125
AMEFA5121150
AMEFA5121200
AMEFA5121250
AMEFA5121300
AMEFA5121350
AMEFA5121400
AMEFA5121450
AMEFA5121500
AMEFA5121600

Tabnuya 6. OOHogha3HbIe KOHOeHcamophbl HanpsixeHuem 15,150 kB yacmomoli 50 'y, ¢ oCHO8HbIM

Power
MowHocmb
[kvar]
[kBAp]
50
75
100
125
150
200
250
300
350
400
450
500
600

Capacitance P-P
Emkocmb P-P

[WF]
[MKP]
1,08
1,62
2,16
2,7
3,24
4,33
5,41
6,49
7,57
8,66
9,74
10,82
13

ypoeHeM npo4yHocmu u3onsiyuu 70/170 kB

Tab. 6 Condensadores Monofasicos, 15,150 kV / 50 Hz, nivel de aislamiento 70/170 kV

Reference
CrnipagoyHsbIl
QoKymMeHm

AMEFA6151050
AMEFA6151075
AMEFA6151100
AMEFA6151125
AMEFA6151150
AMEFA6151200
AMEFA6151250
AMEFA6151300
AMEFA6151350
AMEFA6151400
AMEFA6151450
AMEFA6151500
AMEFA6151600

Power
MowHocmb

[kvar]
[KBApP]
50
75
100
125
150
200
250
300
350
400
450
500
600

Capacitance P-P
Emkocmb P-P

[WF]
[MKP]
0,69
1,04
1,38
1,73
2,08
2,77
3,46
4,13
4,85
5,54
6,24
6,93
8,32

Height (mm)
Bbicoma (Mm)
h H
h H
170 467
200 507
250 547
300 587
330 627
420 77
520 817
600 897
570 867
640 937
710 1007
780 1077
920 1217

Height (mm)
Bbicoma (Mm)
h H
h H
170 488
200 528
250 568
300 608
330 648
420 738
520 838
600 918
570 888
640 958
710 1028
780 1098
920 1238

Weight

Macca

[ka]
[xr]
17
20
22
25
28
34
40
46
51

57
63
68
79

Weight

Macca

[ka]
[xr]
17
22
22
28
28
34
40
46
51

57
63
68
79

Figure

Puc.

No.
Ne

w
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Figure

Puc.

No.
Ne

IN

A ADMDBADMBAEDMDDEDMDADDDN

Tab. 7 Single phase Capacitor units, 18,190 kV- internal connection 1 ph., BIL: 70/170 kV

Tabnuya 7. OOHogha3HbIe KOHOeHcamopbl HanpsixeHueM 18,190 kB ¢ 0OHOa3HbIM 8 HYMPEHHUM

coeduHeHUEeM C OCHOBHbIM yPOBHEM MPoYyHocmu u3sonsyuu 70/170 kB

Reference
CrnipagoyHsbIl
QoKymMeHm

AMEFA6182150
AMEFA6182200
AMEFA6182250
AMEFA6182300
AMEFA6182350
AMEFA6182400
AMEFA6182450
AMEFA6182500
AMEFA6182600

Power
MowHocmb

[kvar]
[kBAP]
150
200
250
300
350
400
450
500
600

Capacitance P-P
Emkocmb P-P

[WF]
[MKP]
1,44
1,92
2,4
2,88
3,36
3,84
4,33
4,81
5,77

Height (mm)
Bbicoma (Mm)
h H
h H
330 648
420 738
520 838
600 918
570 888
640 958
710 1028
780 1098
920 1238

Weight

Macca

[ka]
[kr]
28
34
40
46
51

57
63
68
79

Figure

Puc.

No.
Ne

IN

A A BADDMDAEAD

Dimensions/Pa3mepbl
Figure 3/PucyHok 3

r | —_—

L=299 mm

L=299 mm
Dimensions/Pa3mepsbi

Figure 4/PucyHok 4

4

Ansa nony4yeHus ceederuli no OpyauM xapakmepucmukam, npocbba obpawamscsi 8 mexHu4eckul omoesn Haueao npednpusimus.

For other ratings, consult technical department of our works.
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5. HeperynupyeMble n aBTomMmatTn4veckume 6aTapeV| BbICOKOBOJIbTHbIX

KoHaeHcaTopoB Lifasa

5. Lifasa high voltage capacitor banks-fixed & automatic

K BbICOKOBOMNbTHbIM KOHAEHcaTopam (Tak Xe Kak M K
HU3KOBOJSIbTHLIM  KOHZEHcaTopaM)  npegycmaTtpuBaeTcs
NOAKMIOYEHNE CEepUM  NPUCTIOCOBNEHUA U KOMMOHEHTOB,
00pasylolumx  KOMMMEKCHY0 cucTemy, apdhekTMBHO
paboTatoLLyo Npu MOOKIMOYEHUN K CETU MUTaHWUSA C LEeNbio
Koppekuun  kosdpduumeHTa  MOLLHOCTM  (KOMNeHcaumm
peakTUBHOW MOLLHOCTW). OTOT COOPHLIN y3en HasbiBaeTcs
KoHOeHcaTopHon 6Gatapeeir. KoHaeHcaTopHble 6GaTapen
ObIBAlOT  HEperynvpyemMbiMM U aBTOMaTU4ECKUMU, U
KOMMMEKTYIOTCS YCTPOWCTBaMM 3aLLMTbl OT BbIXOAa U3 CTPOS
npu  MOOKIMOYEHMM K ceTu  nutaHusa.  dakTtopom,
onpeaensitoLwmm BbIGOP TMna n KOHMrypauum
KOoHOeHcaTopHon 6aTapeun, sBnseTca TOMbkO  chakTop
CTOMMOCTUW. B HacTosiLeM JOKyMeHTe NpuBELEeHbl CBeAeHUs
0 pasHbIX TMNax KoHdUrypaumm 6atapen 1 yctaHaBnmMBaeMbIxX
B HUX 9reMeHTax, Ha KOoTopble cregyeT OpVMEHTMPOBATLCA
npu Bbibope Havbonee nopxoasiero Tuna obopynoBaHus,
oTBeYvaroLero TpeboBaHUAM KOHKPETHOW 3reKkTpuy4eckomn
cetu.

Capacitor
KoHpeHcaTop

o bBatapeu TpexdasHbIx KOHAEHCATOPOB

OTOoT TMN GaTapel cocTomT N3 TpexdasHbIX KOHAEHCAaTOPOB B
Kkonuyectese  1-4  WT., COEOWHEHHbIX  MNapannensHo.
BHyTpeHHee coefuHeHne 3Tux TpexdasHbIX KOHAEHCaTopoB
BbINOSIHEHO No Tuny "3Be3aa", noatomy B Lenom GaTapes
MMeeT KoHurypauuio Tuna "3sesga”.

B coctaB OGartapeun BxoOAT criedylolumMe KOMMOHEHTbl (B
COOTBETCTBUU C CETEBLIMN TpEGOBaHUSIMU):

*  MeTannm4ecKknin Kopnyc,

* npepoxpaHuTenu c 6onbLuon OTKovatoLLen
crnocobHocTbo Anst obecneyeHus sawmnTel 6aTapen,

* KOHTAaKTOp ynpaeneHus (4ONOonHUTeNnsHas onums),

* KaTyLUKM NYCKOBOIO TOKa,
KoHaeHcaTop(bl).

There is a series of accessories and components (just as
incase of low voltage capacitor banks) which are assembled
with high voltage capacitor units to form a composite
equipment, which functions efficiently, when connected to
power system net work for power factor correction (reactive
power compensation). This assembly is designated as
Capacitor bank. Capacitor banks are either FIXED type or
AUTOMATIC and are complete with equipments for protection
against malfunctioning when connected to power system net
work. The selection of the type of capacitor bank and its
configuration, totally depends on cost factor. This document
discuss the various types of banking configurations and
components fitted, to serve as a guideline for easy selection of
best type of equipment, which would meet the requirement of
a particular power system.

Mo cnocoby coeguHeHuss pasnuyaioT ABa
Tuna 6artapei. K nepsomy Tuny oTHocATCS
TpexdasHble 6aTapen C coeauHeHVeM
TMna  "3Bespa", KoTopble  ABNSAKTCA
Hanbonee NOAXOAALLMMY ANt NPUMEHEHNS
B CUCTEME C MNPEUMYLLECTBEHHO HU3KUM
HanpskeHvem, npuvmepHo 6,6 kB. Ko
BTOPOMY TUMY OTHOCATCA TpexdasHble
GaTapen c coeavHeHvem Tuna "[OBoWHas
3Be3ga”, cocTosilue Wu3 He MeHee 6
OfHOMa3HbIX KOHOEHCaTopOB, KOTOpble
ABMATCS Haubornee nogxoaAwMMK AOns
NPUMEHEHNS B cUCTEMax C Bonee BbICOKUM
HanpsbkeHvem, npumepHo 11 kB v Bbiwwe.

There are two types of banks, depending
upon the mode of connection. First is 3
phase single star connected, which is
suitable, where voltage is preferably low,
say up to 6,6 kV. Other is 3 phase double
star connected bank assembled with
minimum 6 Nos of single phase units,
preferably for systems where voltage is
higher, say 11 kV and above.

e Banks with 3 phase units

This type of bank is assembled with 3 phase units 1 to 4 Nos.
connected in parallel. Units are 3 phase internally star
connected and thus the bank in totality is in single star
configuration.

The bank is having following components (to suit the system
requirements):

» Sheet metal enclosure.

* High Rupture Capability Fuses for protection of bank
» Contactor for operation (optional).

* Inrush Current inductors.

» Capacitor unit/ units.
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dakTnyecku Bblbop HEOOXOAMMbBIX KOMMOHEHTOB onpeaenseTcs
TpeboBaHNAMYM 3aKka3unka u TMNom cetn nutanHusa. Kak npasuno,
aTOT TMn Gartapen nogkn4aeTca K CeTM nuTaHusa C
MakcumanbHbIM HanpsbkeHuem 12 kB, n ecnu Tpebyemas
peakTMBHas MowHoCTb coctaenser 50 - 1600 kBAp npu
ceTeBOM HanpsixeHun 6,6 kB, n go 2400 kBAp - npu cereBom
HanpshkeHnn 11 kB. Tlpu ©Gonbliem Hanps>keHUn MOXHO
nonyyntb OOMbLUYD MOLLHOCTb, MOCKOMbKY MakCcuManbHbI
HOMUHanbHbIA TOK NpeAoXpaHuTenen, NpUMeHseMblX Hallen
KoMnaHuen, paseH 315 A.

e TpexdasHoe coeanHeHne ABOMHOWN 3Be300M

B atom cnyyae ogHodasHble KOHAEHCaTopbl MOHTUPYHOTCS
napanneneHo, obpa3ysa 6atapewn (rpynnbl) C COEAUHEHNEM TUNa
"NBONHaa 3Be3ga", a ABe HenTpanu obbeanHATCS B OAHY
061Uy U30NUPOBaHHYIO HEWTParnb Yepe3 TpaHcopMaTop Toka
HyneBOW nocnegoBaTenbHOCTU. B cnyvyae BO3HUMKHOBEHUSI
HeucnpaBHoCcTM B mnOGOM M3 ykasaHHbIX rpynn B
TpaHcdopMaTope Toka BO3HUKAET TOk HebanaHca B HeWTpanu,
4YTO nNpUBOAUT K cpabaTbiBaHWO CUrHamU3auum unn K
OTKIIOYEHWNIO  YCTPOMCTBa Ans npefoTBpalleHnss 6Gonee
Cepbe3HON HEMCNPaBHOCTU.

MpuynHom HebanaHca  MoOXeT  ObiTb HencnpaBHOCTb
KoHaeHcaTopa, 0bycrnoBrneHHasi ero M3HOCOM 1 BO3AEeNCTBUEM
rapMOHWMK, WMW HEeWCcnpaBHOCTb B APYrMX MNOAKMIOYEHHbIX
KOMIMOHEHTAaXx.

CoyeTaHne TexHOnoruii MpUMEHEHUs KOHAEHCaTOpoB C
BHYTPEHHUMMU MPefoXpaHUTENsSMU U TpaHCGOPMaTOpPOB TOKa,
3alUMLLaLWMX OT BO3AENCTBUA CMELLEHUS HeUTpanu, SBnsieTcs

Hannyywmm cnocobom obecneyeHus 3aWuTbl 7]
(YHKUMOHMPOBAHNA  CXeMbl  KOppekuun  koadduumeHTa
MOLLHOCTW. KonuyectBo  KoHOeHcaTopoB B  bGaTapee

onpegensieTcs BENMYMHON HOMUHaNbLHOW MoLLHOCTM (B KBAD)
6atapen 1 HanpshxeHnem cetn. YMcno KoHAEeHCaTopoB KpaTHO
3, Npu 3TOM KX obLLee KONMYECTBO AOMKHO BbITb HEe MeHbLUe 6.

B coctaB OaTapeli BbICOKOBOMbTHbLIX KOHAEHCATOPOB B cbope
BXOAAT cregylolye KOMMOHEHTbl B 3aBUCUMOCTM  OT
TpeboBaHU 3aKka3uvMka UNU XapakKTepuUCTUK 3/1eKmpuyeckol
cemu:

*  MeTannmMyeckuin Kopnyc,

* BaKyyMHbI KOHTAKTOp MMM aBTOMaTUYeCKUi BblKMoYaTenb
SF6 (mononHuTenbHas onuus),

* OrpaHM4YuTEnM NyCcKoBOro TOKa,

* TpaHcdopMaTop TOKa HyneBoW NocrnenoBaTenbHOCTH,

* KOHOEeHcaTopbl,

* pene 3awuTbl OT HecbanaHCMPOBAHHOrO TOKa HyreBoun
nocriefoBaTenbHOCTH (QOMONMHUTENBHAsA ONuUUS).

Kak npaBuno, 6atapeu c TpexdasHbiMu napannensHo

COeOUHEHHbIMW KOHAEHcaTopaMn MPUMEHSIIOTCA B cUcTeMax

HanpshkeHnem He 6Gonee 12 kB ¢ Hu3kum notpebneHvem

peakTUBHON MOLLHOCTW.
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Practically the components required is depending upon
customer requirements and type of power system. Normally this
type of bank is connected to power system net work where
highest voltage is 12 kV, and kvar requirement is 50 to 1600
kvar for 6,6 kV system and up to 2400 kvar incase the system
voltage is 11 kV. We can offer more power at higher voltage,
because maximum current rating for fuses that we use is 315 A.

e Three phase double star connection

In this case, single phase capacitor units are assembled to form,
two-star connected banks (star groups) side by side, and two
neutrals are then joined together through a neutral C.T. to have
a common ungrounded neutral. Defect, if any occurs, in any of
the star group, the unbalance current in the neutral is detected
by the C.T. to initiate an alarm or a trip, before greater damage
could occur.

The possible causes of unbalance are, a defect in the capacitor
unit due its ageing, harmonics, or a defect developed in other
connected components.

The combination of internally fused capacitor units and neutral
unbalance C.T. forms the best mode of protection and
performance of power factor correction scheme. The number of
capacitor unit in the bank, depends on the power rating (kvar) of
bank and system voltage. The number of units are in multiples
of 3, however, there is minimum 6Nos in any case.

Assembly of High Voltage capacitor banks comprises the
following equipments, depending on the customer requirement
or nature of power system

» Sheet metal enclosure.

» Vacuum contactor or SF6 circuit breaker (optional).
* Inrush current reactors.

* Neutral Current Transformer.

» Capacitor units.

* Neutral unbalance current relay (optional).

Normally, banks with three phase units connected in parallel are
used for systems up to 12 kV where kvar requirement is not
high.




Ons HanpsbkeHusi 6onee 12 kB TpexdasHble KoHAeHcaTopbl
He npegycMmoTpeHbl. [loatomy npu 6Gonee  BbICOKOM
HOMMWHANbHOM  HampspkeHnn u  GonbweMm noTpebneHun
peakTUBHOW MOLLIHOCTM NCNonb3ylTCs 6aTapen
KOHOEHCATOpOB C CcoeauHeHnem aABoWHoW 3Besgon. C
NMOMOLLbIO 9TON KOHPUrypaLIMmM MOXHO NOMYy4nTb HanpsixeHne
NtoBGoro ypoBHs 1 Nobyo peakTUBHYH MOLLHOCTb Ha BbIXoae,
B pesynbTaTe Yero KOHCTPYKUMSI KOHAEHcaTopHoWn Gatapen
CTaHOBUTCSA TEXHUYECKN N IKOHOMUYECKN ID(PEKTUBHOWN.

e Heperynupyemble koHAeHcaTopHble GaTapeu ¢
NOCTOSIHHLIM COeaMHEeHUEM

MpegycmoTpeH uensin psa Moaudmkauui Heperynmpyembix
KOHOEeHcaTopHbIX GaTapen, NocTaBnsieMblX B KOMMIEKTE C
pasnuMYHbIMA  KOPyCaMW/MOHT&XHbIMW  CTOMKaMn U
yCcTaHaBnMBaeMbIM B HUX 060pyA0BaHUEM.

[nana3oH xapaKTepucTUK NPOAYKLMM

« or 50 pgo 4800 kBAp, (Opyrve xapakTepucTukm - no
TpeboBaHMIO 3aKkasyunka).

+ [Ounana3oH 3Ha4YeHU HOMUHATBLHOrO HaNPSYKEHNS CETU - OT
7,2 xB no 36 kB.

* Bo3MOXHbIEe KOHGUrypaLuu.

+ bBatapen ¢ napannenbHO coeaMHEHHbIMU TpexdasHbIMK
KOHOeHcaTopamu (C BHYTPEHHUM COEAMHEHVMEM Tuna
"3Be3ga" U ¢ BHYTPEHHUMY NpeaoXpaHuTensmMm).

Batapen ¢ ogHoasHbIMM KOHOEHCATOpaMm1, COeAMHEHHbIMU

no cxeme "OBonHas 3sesna”.

Three phase units are not available above 12 kV. Therefore,
for higher voltage rating and power (kvar) requirements,
double star connected capacitor banks with single phase
units, is used. With this combination, we are able to achieve
any voltage level and kvar output, which would give a
technically and economically viable capacitor bank design.

o Fixed Capacitor Banks
(For permanent connection)

There is a variety of fixed banks with different types of
enclosure/mounting rack, and equipments included.

Product range

* 50 kvar to 4800 kvar, (other ratings, on demand from
customer).

» Power system rated voltages 7,2 kV to 36 kV.

* Possible configurations.

» Banks with parallel connected 3 phase units (internally star
connected with internal element fuses).

* Banks with single phase units connected in double star.
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e ABTOMaTMYeECKUEe 6aTapeM BbICOKOBOJIbTHbIX
CUNOBbIX KOHAEeHCaTopoB

ABTOMaTU4eckme 6aTapen BbICOKOBOSIbTHBLIX KOHAEHCATOPOB
npeaHasHa4YeHbl Ans Koppekuun koaddmumeHTa MoLHOCTH
B KOMMJEKcax U yCTaHOBKaX C HECTabWUIbHbIMU Harpyskamu
Ha anekTpuyeckyto cetb. batapeu atoro Twuna gensTcs Ha
HECKOMbKO CTYNeHen paBHOW UMM HEpPaBHOW pPEeaKTUBHOWM
MOLLIHOCTV B 3aBMCMMOCTM OT pexxMma Harpysku. BknoveHne
1 BbIKIIOYEHME CTYNeHel KoHaeHcaTopa OCYLLECTBSIETCS C
NMOMOLLBID  KOHTaKTOpa, YMNpPaBfsieMoro  KOHTPOSIIEPOM
koadppmumerHta mowHoctTn Tmna MCX. lMpu nogknioyeHum
paspsgHoOM  kaTywku  (TpaHcopmaTopa  HanpshkeHust)
napannenbHO CO CTYMeHsIMM  KOHOEHCATOPOB, BPEMS
paspsiaa KoHaeHcaTopoB cokpaiiaetcst Ao 10 cekyHa (c 10
MuHYT). Brnarogapsi aTomy obecneunBaeTcs BO3MOXHOCTb
GbICTPOro MOBTOPHOIO NOAKIMIOYEHUS CTYNEHEN.

Bartapeu ocHalleHbl crneaylowmMm KOMNOHEHTaMU:

* MeTannyecKkun kopnyc,
* npepoxpaHutenn HRC cTyneHen KOHAEHCATOpPOB C
VHAMKaTOPOM MeperopaHns npegoxpaHutenen,

*  BaKyyMHbIA KOHTaKTop unm aBTOMaTUYecKui
BbIknoYvaTtens SF6,
e peakTopbl (KaTyLKW WHOYKTUBHOCTM)  OrpaHW4eHus

MyCKOBOIO TOKa,

*  BbICOKOBO/bTHbIE OAHO- UMK TpexdasHble KOHAEHCATOPbI
"LIFASA" c BHyTpeHHMMW NPefoXpaHUTENSMN,

* wKad ynpaeneHWss C KOHTPOMfepom KoadpduumneHTa
MOLLHOCTV U MHAMKATOPaMMU.

[nana3oH xapakTepucTUK NpoAyKLUK

* oT 50 kBAp oo ntoboro 3Ha4yeHuss B 3aBMCUMMOCTM OT
TpeboBaHUs 3akas4duka.
*  HomuHanbHoe HanpsikeHue - o 36 kB.

Tunbl ICNONHEHUA N TEXHUYECKNE XapaKTePUCTUKN

O6nagasi OBLWIMPHLIMK 3HAHWUSIMW W OMbLITOM, KOMMaHWS
"LIFASA" cnocobHa paspabaTtbiBaTb TEXHWYECKM U
9KOHOMMYECKM  3h(EKTUBHbIE  CMOCODLI  KOppeKumu
KoathprumeHTa MOLLHOCTYM Af1s YCTaHOBOK MoGoro Tuna.
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e H.V. Automatic Power Capacitor Banks

High voltage automatic power factor correction banks are
suitable for plants and installations, where load on the power
system is fluctuating. In this type of bank, the total kvar is
divided in to a number of steps -equal or unequal- depending on
load conditions. The capacitor steps are switched in or out
through a contactor, controlled by a power factor controller of
type MCX. If a discharge coil (Voltage Transformer) is
connected along with the steps, the discharge time of
capacitors get reduced to 10 seconds (otherwise it is 10
minutes). This would enable rapid reconnection of steps.

The banks are equipped with:

« Sheet metal enclosure.

* H.R.C. Fuses for capacitor steps with fuse failure indication.

» Vacuum Contactor or SF6 Circuit Breaker.

 Inrush current limiting reactor (inductor).

* H.V.Capacitor units of single phase or three phase LIFASA
with internal element fuses.

» Control box with power factor controller and indications.

Product range

» 50 kvar to any rating as per the requirement of customer.
» Voltage rating up to 36kV.

Designs and specifications

With vast knowledge and experience available in LIFASA, we
are capable of working out a technically and economically
viable power factor solution for each type of installation.

www.lifasa.com




6. PeakTopbl (KaTyWKN MHAYKTUBHOCTU) OrpaHNYe€HUA NMYCKOBOIro TOKa
6. Inrush current limiting reactor (inductor)

Cpean npouux 3reMEHTOB, MNOAKMOYaAEMbIX K KOHAEHCATOPHOM
6aTapee n obecneumBaroLmx ee becnepeboiHyo paboTy, Hanbonee
BaXkHYI0 POfib WUrpaeT peakTop NOCMefoBaTENbHOrO BKMOYEHUS.
Peaktop npegHasHayeH [Ans  OrpaHWYeHus Toka  BKMOYEHUs
(nyckoBoOro Toka) Npu BKIIOYEHUN KOHAEHCATOPHOWN GaTapew, a Takxe
ToKa paspsifa npu oTknoveHun Gatapeun, NO3TOMYy 3TO YCTPOWCTBO
Takxke Ha3blBaeTCs APOCCENEM.

Mpu BKNOYEHUN KOHAEHCaTOPHOW 6aTapen, 0cCOGEHHO NPU NUKOBOM
HanpsHkeHUW, B KOHAeHcaTopHble GaTapeyn nocTynaeT ToK GOnbLUIOK
BEMWYMHBI, HA3blBaeMbIl MYCKOBbIM TOKOM. BenuuuHa atoro Toka
BKMIOYEHWS] [OCTATOMHO BbICOKA WM OfacHa Ans KOHAEHCaTOpOoB M
CBSI3aHHOrO C HUM 06OpYAOBaHUs, a Takxe ANs OPYruX YCTPOIACTB,
NOAKIMIOYEHHBIX K CETMU.

[Ns CHWXEeHNs A0 MUHUMYMa BENMUYUHBI MYCKOBOrO TOKa Heobxoaumo
NOAKIHOYUTL KaTyLiky WHOYKTUBHOCTMH, COOTBETCTBYHOLLYIHO
cnegyrwum Kputepuam:

*+ B coortBetctBUM co cTaHgaptom MO3K: 60871 koHaeHcaTop
paccunTaH Ha Harpysky no nyckosomy Toky B 100 pa3 npeBbILLaoLLYHO
BENIMYMHY HOMMHanbHOro Toka. [na orpaHuyeHus BenUYWHBbI
NMyckoBOro Toka B 9TUX npefenax Heobxoguma — KaTyllka
WHAOYKTUBHOCTW.

+ lpun aTOM nNyckoBOW TOK He [OOMKEH BMAUSTb  Ha
NPOAOIKMTENBHOCTE  CNYXObl UM TEXHWYECKMe XapaKTepuUCTUKK
pacnpefenuTenbHOro yCTPOMCTBa, YNpaBnsioLLero KOHAeHCaTopHOW
bGatapeeni. B aTtom cnydyae pAns  3awWmTbl  KOHAEHCATOPHbIX
6aTapewi/cTyneHen npumMmensitoTcs npegoxpaHutenm HRC. Mpu atom
NMYCKOBOW TOK AOMKEH OblTb HMXe TOKa MraBneHust NraBKuX CTaBoK
Ana  Toro, u4ToObl M3bexaTb HexenaTenbHOro neperopaHus
npegoxpaHuTenen.

Among various equipments connected with capacitor bank for
its smooth operation, series reactor has an at most important
function. The reactor limits the switching (inrush) current at the
time of switching ON the bank, and discharge current when
bank is switched OFF and thus it is known as choke.

At the time of switching ON a capacitor bank, especially when
voltage wave is in its peak, capacitor banks draws heavy
current, known as inrush current. The magnitude of this
switching current is high and is harmful to capacitors and its
associated equipments and also to other equipments
connected to the system.

In order to minimize the magnitude of inrush current, it is
necessary to connect an inductor, which satisfies the following
criteria:

* According to IEC: 60871, a capacitor is designed to
withstand inrush currents up to 100 times the rated current.
The inductor need to limit the magnitude of inrush current
within this limit.

* Inrush current should not be harmful to the life and
performance of switch gear which is operating the capacitor
bank. In case capacitor banks/steps are protected by H.R.C.
Fuses, the inrush current should be below the fusing current of
fuse links, in order to avoid nuisance fuse blow.

If more than one capacitor bank is connected to a busbar, the
inrush current arising out of parallel switching (energizing a
capacitor bank to a busbar where other capacitor bank/banks
are already existing in energized condition) is very high. The
parameters of inductor need to be worked out and decided
accordingly. For this purpose the following data need to be
considered:

» Short Circuit power of system to which capacitor bank is to
be connected.
» Details of existing capacitor banks.

For calculating, inrush/switching current, the following
expression is useful.

6.1. When only one capacitor bank is
connected.

The inrush current is a function of short circuit level of power
system (MVA), to which capacitor bank is to be connected,
and the power rating of bank (Mvar).
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B cnyyae noacoeguHeHUs K LUMHE HECKOMbKUX KOHAEHCaTOPHbIX
GaTtapei, NpyM MX OQHOBPEMEHHOM BKIOYEHUM (MPU MOAKIOYEHMM
OfHOW KOHAEeHcaTopHOW 6aTapeum K LWWHEe, K KOTOpOi Yxe
NoAKMoYeHbl HECKOMbKO ApYrux 6aTapei) BO3HMKAET MyCKOBOW TOK
GOmbLION BEMUYUHBI. DTO [OMKHO YYUTHIBATHCA NMPU ONpeaeneHum
napameTpoB KaTyLIK/ UHOYKTUBHOCTM. PacyeT napameTpoB cnegyet
BbIMOJHATE C YY4ETOM CleAyLmMX AaHHbIX:

*  MOLLHOCTb KOPOTKOrO 3aMblKaHWSi B CETU, K KOTOPOW MogKmnioyeHa
KoHaeHcaTopHas 6aTtapes,

*  XapaKTepUCTMKM MMEIOLLMXCS KOHAEHCaTOpHbIX GaTapeii.

Hwxe npvBegeHa dopmMyna Ansa pacyeTa NyckoBOro Toka (Toka
BKITOYEHUS).

6.1. NMopcoenuHeHne oaHOM KOHOAEHCATOPHOMN
GaTapewn.

BenuunHa nyckoBOro TOKa 3aBUCUT OT YPOBHA TOKOB KOPOTKOrO

3amblkaHusi B anekTpuyeckon cetu (B MBA), k KOTopoi nogkntoyaeTcs

KOHOeHCcaTopHasA 6aTape;|, 1 OT HOMUHanbLHOWN MOLLHOCTHN 6aTape|/| (B
MBAD).
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Kak npaBuno, Ans Takoro Tuna yCTaHOBOK He TpebyeTcss MOHTax
peakTopa nocrnegoBaTenbHOro BKITIOYEHUS (kaTyLwkm
WHOYKTUBHOCTM), TaK Kak BEMWYMHA MOMHOr0 COMPOTUBIIEHUS CETU
SIBMAETCA AOCTATOYHOW ANt OrpaHMYeHust nyckoBoro Toka. OgHako
3TO MOAMEXWUT NPOBEPKE M OKOHYATENbHOMY MOATBEPXKAEHMIO [0
NPUHATUSE peLleHnst 0 HeobXoaMMOCTM YCTaHOBKM peakTopa. Ecniv
pacyeTHblA  MYCKOBOW  TOK  MpEBbILAET  HOMWHAambHbIA — TOK
KoHaeHcaTopHou 6Gatapen 6Gonee yem B 100 pas, ycTaHoOBka
peakTopa nocrnegoBaTenbHOro BKMHYEHUs (KaTyLwKM MHOYKTUBHOCTN)
obszaTenbHa.

6.2. lNapannenbHoe coeduHeHue 6amapel

Kak  ykasbiBanocb  Bbille, NpW  BKMOYEHUM  KakoW-nn6o
KOHOEHCATOpHOWM GaTapen Ha LMHY, K KOTOPOW YXe MOAKMHOYEHbI
Heckomnbko Apyrnx G6aTapei, NyckoBOW TOK OT BKIHOYEHHbIX BaTapei
rnocTyrnaeT Ha BHOBb MoAknioyaemyilo Gartapeto. 3TO NpoucxoauT B
aBTOMaTMyeckux  Gatapesix  C  HECKOMbKUMMW  CTyneHaMu
KOHZeHCcaTopoB.

Normally, this type of installations does not require series reactor
(inductor) as the system impedance is sufficient to restrict inrush
current. However this need to be verified and ascertained before
deciding, whether reactor is required or not. if the calculated inrush
current is more than 100 times the rated current of capacitor bank, it
would call for incorporation of series reactor (inductor)

6.2. Parallel connected banks

As discussed earlier, inrush current when a capacitor bank is switched
ON to a busbar, where one or more energized bank/banks are
existing, the energized banks discharges in to the newly connected
bank. This situation exists in automatic banks having more than one
step.

RED

Network

"KpacHasn"

M3-3a CBEpPXBLICOKOrO MYCKOBOrO TOKa B [AHHOW CeTw,
NOAKMIOYEeHNe peakTopa MocrnefoBaTenbHOrO  BKIMIOYEHUS
(kaTyLIKM MHOYKTUBHOCTM) 06s13aTeNbHO.

Mpumevanue: [Ona nonydeHuss uHdOpMaumMmM O peakTope
NnocnegoBaTenbHOro BKIOHMEHUs!, Mpocbba obpalaTbes B
TEXHUKO-KOMMEPYECKUIA OTAEN HaLlel KOMMNaHUK
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Inrush current is very high, and connection of series reactor
(inductor) is unavoidable.

Note: For details of series consult our

techno-commercial department

reactor,



6.3. PeakTop orpaHu4eHus NyCKOBOro Toka

KOHAEeHCaTOpPHbIX GaTapen

Peaktopbl 3TOro Tvna npegHasHavyeHbl Ans orpaHuyeHust
BO3HUKAIOLLIEro

nepexoaHoro
KOHEHCaTOpPOB.

TOKa,

TexHu4YecKue xapakmepucmuku:
Technical characteristics:

B

coenHeHnn

- peakmop C B8030YWHbLIM CEPOEYHUKOM 8 pe3uHo8ol

oboroyke

Air core reactor, encapsulated in resin
- BHYMPEHHASA U Hapy)XHas ycmaHosKa

Indoor and outdoor
- Imakc =1.43 x In

6.3. Inrush current reactor for capacitor banks

Inrush current reactors are required to limit the transient
current produced in the connection of capacitors.

INSERTS

@

- el &
\\ 4_/,/\'\ % Y / w
Yl /
XX /

Imax =1.43x In

HomuHanbHbIl KpamkogpeMeHHO 00nyCcmumMbil MOoK:
43xIn/1c

Rated short duration current: 43 x In / 1seg.
(X kA/seg. on request)

Paboyuti mok: 1,5 It

Dynamic current: 1.5 It

YposeHb rnpoyHocmu uzonayuu: 12 kB (28/75)
Insulation level: 12kV (28/75)

Kameeopusi no memnepamypHomy pexumy: B
Temperature: cat. B

Cmardapm: MOK 60289

Standard: IEC 60289

Type ICR-260:/Tun ICR-260:

Weight
Macca
Reference
. I[A] L [uH] [kg]
CripagoyHbIl
e Il(ijeHm I[A] L [uH] [kr]
ATB08036 50 350 13
ATB08037 60 250 14
ATB08038 100 100 16
ATB08039 125 50 14
ATB08040 175 30 14

c
A B
(%] (%] C D E F

Type | [mm] [ [mm] | [mm] | [mm] | [mm] | [mm] Inserts
Tun | [Mm] | [mMM] [Mm] | [MMm] [MMm] [MMm] Kpenex
260 | 260 130 390 160 290 150 M12
330 | 330 150 470 190 355 210 | M12/M16
Type ICR-330:/Tun ICR-330:

Weight

Macca
Reference

. I[A] L [uH] [kg]

CripagoyHnbili
dOKyMeHm I[A] L [uH] [kr]
ATB08041 60 450 20
ATB08042 75 350 21
ATB08043 90 250 26
ATB08044 125 100 22
ATB08045 200 50 22
ATB08046 250 30 23
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7. YnpaBneHue v 3awmTa 6aTtapen BbICOKOBOJNbTHbIX KOHAEHCAaTOpPOB
7. Control and protection of H. V. capacitor banks

OBLIYHO B 3MEKTPUYECKMX CETAX MOAKIIOYEHNE U OTKITIOHYEHNEe
o6opyaoBaHMs OCYLLECTBIISIETCA 4epe3 pacrnpegenurenisHoe
ycTpoiicTBo. Kak npaBufio, KOMMyTauUMOHHas annaparypa
OTKMoYaeT/NoaKMoYaeT HOMUHAMbHBLIA TOK Harpyaku. OgHako
MHOTrAa KOMMYTauMsi OCYLIECTBASIETCS MPU  BO3HWKHOBEHWUM
HeucrnpaBHOCTM B MOAKMIOYEHHOM oBopyaoBaHUM. B aTom
cryyae cuMTaeTcs, YTo npepbiBaTerl CMOXET BblAepXaTb TOK
KOPOTKOrO 3aMbIKaHWUs B TEYEHNe KOPOTKOro BpemeHn. OgHako
[Nsi NPefoTBPaLLEHNs Kakoro-nmbo CepbesHoro noBpeXaeHus
HEeoBX0AMMO YCTPaHWUTb MPUYMHY HEUCTIPABHOCTM C MOMOLLBHO
Mo6Oro NOAXOAALLEro YCTPONCTBA Lienu.

CyliecTByeT ABa Tuna pacnpenenuTenbHbIX YCTPOUCTB: OaNH
ncrnonb3yeTcs Anst NOAKMYEHUs noTpebuTens Kk cetn (Yepes
npepbiBaTeNy Harpysku), a BTOPOW - TONbKO ANS BbIKMHOYEHUS
obopynoBaHUsi B YCNOBUSX HYNEBOW HarpyskM C Lenblo
NpoBedeHNs1  TEXHUYECKOro  obcnyxuBaHus  wnu  Ans
OTKJIIOMEHUS €ero OT Lenu. YCTPOWCTBa MNOCMELHEro Tuna
Ha3blBalOTCA pasbeauHuTensmmn 6e3 Harpysku. B pasgenax,
NPUBEAEHHBIX HUXE, pacCMaTpMBalOTCS YCTPOMCTBA 3aLMThbl U
KOMMYTaLMOHHbIE YCTPOWCTBA, KOTOPbIE 0OLIYHO UCMONB3YTCS
B LLeNsIX CUIOBbIX KOHAEHCATOPOB:

¢ BbICOKOBONbTHLIE NPefoXpaHUTenu ¢ BbICOKOW
OTKIMIoYamLen cnocoOHOCTLIO

MpepoxpaHutenu HRC otnmyatoTca cnocobHOCTLIO NpepbiBaTh
TOKM yTEeYKM 6onbLuon BenunuuHbl.  OpgHako  nocne
cpabaTbiBaHNs nNpedoxpaHvuTens, Ans Bo3Bpata uenu B
NCX0OHOEe CocTosiHMe TpebyeTcs 3ameHa MNaBkUX BCTABOK Ha
HoBble. PekomeHayeTca 3ameHnTb BCe TpU NpegoxpaHuTens B
Lenn KOHAEeHCcaTopoB, AaXe B Crlydae neperopaHus TOMbKO
OQHOM MMaBKOW BCTaBKM W OTCYTCTBMS KakMX-MbOO BHELIHWMX
Np13HaKoB MOBPEeXAeHWs y AByX Apyrnx. B coorBetcTBun co
craHgaptom UNE-EN 60282-1 nnaBkun npegoxpaHuTenb
onpegenseTrca Kak: "yCTPOWCTBO, MpepbiBaloliee TOK uenu, B
cnyvyae MpeBbIlEHNs WM 3af4aHHOro YpoBHA B Mpegenax
3a4aHHOro BpeMeHu NyTeM nnaBneHnst OQHOro UM HECKOMbKMUX
aneMeHToB".

BbicokoBonbTHbIE NUHENHble npegoxpanHutenn HRC obbl4HO
yCTaHaBnuBarTCs B KOHAeHCaTOopHble batapen c
Tpexdra3HbIMy KOHAEHCATOpaMM, KOTopble NpegHasHayeHbl 4
3NEKTPUYECKUX CceTel HanpsbkeHnem po 12 kB. Onwu

yCTaHaBnMBaroTCA AOMNONMHNUTENBHO K BHYTPEHHUM
npeaoxpaHntTenam  aonga obecrneyeHnss 3aWuTbl  KaXaoro
OCHOBHOIo €MKOCTHOro 3N1eMeHTa. B KOMMNIEKT

npenoxpaHUTens BXOAWT MOHTaXHas nnuMTa M WUHAUKATOP
neperopaHus npegoxpaHutens. MNpeaoxpaHuTeny sawuiaT
KoHAeHcaTopHylo 6artapetld M CeTb OT HeWcrnpaBHOCTEM,
BO3HUKAIOLLMX BHYTPU KOHAEHcaTopa noa AeNCTBUEM rapMOHMK
WU M3HOCA, KOPOTKOrO 3aMblKaHUsi BHE 30Hbl AEACTBUA pene
3alMThl UM HEUCNPABHOCTM MOGOro ApYroro NogKt4YeHHOro
KOMIMOHEHTA.

K coxaneHuto, nNpocTbiX W YETKUX WHCTPYKUMA  Ans
onpeaeneHns TEXHUYECKUX XapaKTepUCTMK NpeaoXpaHuTens
noka He cywectByeT. [lpu Bbibope TuUNa M HOMMHana
NpefoXpaHNTenss  yYuTbiBAeTCs HOMWUHarnbHasi MOLLHOCTb
KoHOeHcaTopHon  Gartapen, YypoBeHb TOKOB  KOPOTKOro
3aMblKaHUS B CETU, HaNpsKeHne, TEXHUYECKME XapaKTeEPUCTUKN
pacnpenenuTenbHOrO YCTPOWCTBA, XapaKTepUCTUKU  ApYrux
napannernbHo NOAKMIOYEHHbIX OaTapewn, BenmynHa
WHOYKTUBHOCTU (peakTopa NocrenoBaTerlbHOro BKIOYEHUS),
MMetoLmecs: pasMmepbl U HOMUHaN npegoxpaHnuTenein n T.4.

Kak npaBuno, HoMyHan npegoxpaHuTenst onpeaensieTcs no
cnepytoLlen opmyne:

I(npepoxp.)= 1,5 + 1,8 x IKoHA.
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It is common for any electrical network that equipments are
connected/disconnected through suitable switchgear. Normally
the switching equipment has to interrupt/make rated load
current, however sometimes the switching is taking place when
there is a fault with the equipment being connected. In such
cases the interrupter is expected to withstand the fault current
for a short while. But before any damage happens the fault need
to be cleared by any suitable device provided in the circuit.

There are two types of switching devices: one being used when
the load is energized to the system (on load interrupters) and
other is used only to isolate the equipment on no load condition
for maintenance purposes or to keep it off the circuit. The latter
is designated as off load isolators. We will discussed about the
protection and switching devices normally used in power
capacitor circuits:

e High voltage HRC
(High Rupturing Capability) Fuses

HRC fuses are capable of interrupting large fault currents,
however once the fuse operation is over for resetting the circuit
fuse links need to be replaced with new ones. It is
recommended that all the three fuses provided in the capacitor
circuit to be replaced even if only one fuse link is blown and
other two are not showing any external damages. Definition for
fuse according to UNE-EN 60282-1 is: "Fuse is the device
which interrupts the current in the circuit when it exceeds a
predetermined level within a specified time limit through the
melting of one or more of its elements."

High Voltage HRC line fuses are normally provided with
capacitor banks assembled with three phase capacitor units,
meant for power systems up to 12 kV. This is in addition to the
internal fuse protection of each basic capacitor element. The
fuse assembly is complete with its mounting base and fuse
failure indication device. Fuses protect the capacitor bank and
system from any defect developed inside the capacitor unit on
account of harmonics or ageing, external short circuit or fault
with any of the other connected components.

There is no easy fixed guideline for determining the fuse
specifications or characteristics. Capacitor bank power rating,
system short circuit level, voltage, characteristics of switchgear,
nature of other parallel connected banks, value of inductor
(series reactor), available sizes and rating of fuses efc. are
taken in to account while selecting the type and rating of fuses.

As a thumb rule the fuse rating is determined using the following
expression:

I(fuse)= 1,5+ 1,8 x Icap.



o Pene n tpaHccopmaTopbl 3alWMThbI OT
Hec6anchprBaHHoro TOKa HyneBoﬁ
nocrnegoBaTesibHOCTU

B koHpeHcaTopHoii Gatapee ¢ coeguHeHWEM ABOMHON 3BE3H0N C

HOMWHarbHbLIM HanpsbkeHnem 12 kB u Bbille U CO CpaBHUTENBHO

BbICOKOW BbIXOAHOW MOLLHOCTbIO, 3awmta batapen obecneumBaeTcs

C nomoLLbio TpaHcopmaTopa Toka HyrneBow nocrnenoBaTenbHOCTH 1

CBSI3aHHOTO C HUM pene 3awuTbl OT HecbHanaHCMPOBaHHOrO TOKa

HyrneBoW nocnepoBaTtenbHocTU. Kak oTmevanocb Bbilwe, cbopka

GaTapeit aTOro TMNa BbLINOMHAETCS NO CxeMe "ABoMHas 3Be3ga" C

obbeauHeHnemM OByX HenTpaned B ogHy oWyl  4Yepes

TpaHccopmaTop Toka. JTa obwas Heltpanb Hapsgy cC

TpaHcdopMmaTopom TOoKa cnocobeTByeT BbISIBNEHWIO

HecbOanaHCMPOBaHHOrO TOKa, B Crydyae €ero BO3HUKHOBEHWS Mpwu

paboTe KoHaeHcaTopHoW 6aTapen.

B cnyyae BO3HVMKHOBEHWUSI HEUCMPABHOCTW B OAHOM WU HECKOMbKUX
EMKOCTHbIX 3IEMEHTOB B Kakon-nmbo case B kakon-nubo rpynne,
CoefiMHeHHOW Mo cxeme "ABoWHasA 3Be3fa”, u cpabaTtbiBaHWA
npenoxpaHuTens, BenuinHa emMKoCcTU NOBPEXAEHHON (ha3sbl B 3TOM
rpynne ymeHbliaetcs. [lockonbKy HelTpanb He 3asemneHa,
YMEHbLUEHNE EMKOCTU MNPUBELAET K MOBbILEHWIO HanpsiKeHuss B
noBpexaeHHoW ase U K CHWXKEHWIO B ABYX APYrMX WCNpaBHbIX
¢aszax. B pesynbTaTe 3TOro NPOM3OWAET CMeELleHne HenTpanm
KoHOeHcaTopHou  Gatapeu. B cnegctBne  3aToM  pasHocTM
CONPOTUBIEHUA Mexay OBYX "3Be3a", Mexay ABYMSA HenTpansMmu
BO3HWKHET TOK, NpOTEeKatoLwuii Yepes TpaHcdopmaTop Toka.

O6uias BENnuYMHa HecGanaHcUpoBaHHOTO  Toka 6ynert
rponopuuoHanbHa  KONMu4ecTBy — cpaboTaBLUMX — BHYTPEHHUX
npenoxpaHuTtenei. PocT HanpshxeHus B napanneribHo CoeANHEeHHbIX
MCTIPaBHbIX 3MIEMEHTaxX HeucrnpaBHON rpynnbl crieayeT orpaHuyunTb ¢
Lenblo NpeaoTBpalLeHNsi BO3MOXHOrO MOBPEXAEHUS WUCMPaBHbIX
anemeHToB. C y4eTOM 3TOro onpeensercs BenuuuHa 4onycTUMoro
TOKa HYNeBoW NocrenoBaTenbHOCTU 1 BbINOMHAETCA HAacTPoKa perne

3awuTbl oT HeCGaJ‘IaHCI/IpOBaHHOFO TOKa HyJ'IeBOI;I
nocnenoBatenbHOCTUM  Ha nopjadvy aBapI/II7IHOFO CuUrHana wunu
cpa6aTb|BaH|/|e aBToMaTu4eckoro BblKno4arena. Cnocob

coeinHeHnA npeacTtaBiieH HMXe Ha cxeme.

HanpsixxeHne mexay HelTparnbHbIM 1 3a3eMIA0LLMM MPOBOAOM
ABNSETCA HU3KUM. HOMUHAIbHbI TOK NEPBUYHON OGMOTKM
TpaHcopmaTtopa Toka HysleBoi nocrnenoBaTenlbHOCT 00bIYHO
paBseH 1/5, 2/5, 5/5.

o Neutral unbalance Current Transformer and relay

In double star connected capacitor bank, where the rated
voltage is 12 kV and above and kvar output rating is
compatratively large protection of bank is achieved through
Neutral Current Transformer and associated neutral
unbalance current relay. As discussed earlier, this type of
bank is formed by two star connected banks (star groups) and
the neutrals are joined through a C.T. to have a common
neutral. The common neutral with C.T. helps detecting
unbalance, if any occur, in the capacitor bank at any time while
in service.

In case one or more capacitor elements in a phase of a star
group, develops a fault and internal fuse operates, the
capacitance value of faulty phase in that star group
decreases. As the neutral is ungrounded, reduction in
capacitance will result in voltage increase in the faulty phase
and decrease in the other two healthy phases. This
phenomenon makes the neutral of the capacitor bank to shift.
This unbalance of impedances between stars drive a current
between the two neutrals through the neutral C.T.

The amount of neutral unbalance current is proportional to the
number of internal fuses operated. The voltage increase
across the healthy parallel connected elements in the
defective group need to be limited, otherwise it could lead to
the failure of good elements. The permitted neutral current is
determined on this basis and neutral unbalance current relay
is set to initiate an alarm or trip of circuit breaker accordingly.
The mode of connection is represented in the diagram below.

The voltage developed between neutral and ground is low
voltage. The rated primary current of neutral C.T. is normally
1/5, 2/5, 5/5.

Huxe npueodumcs npumep HecbasiaHCUpPO8aHHO20 MOKa € KoHOeHcamopHoli 6amapee HanpsixeHuem 20 KB u ¢ peakmueHoU MOWHOCMBIO

2000 kBAp:

The next example show the umbalace current for a capacitor bank 2000 kvar / 20 kV:

Design total output: / Pac4emHasi nonHas ebixo0Hasi MOWHOCMb!
Design voltage:/ PacuemHoe HanpsixeHue:

Rated Network Voltage: / HomuHanbHoe HanpsixeHue cemu:
Rated output / HomuHanbHas 8bixo0Hasi MOUHOCMb!

Rated current: / HomuHanbHbIG Mok:

Design output of each unit: / PacdemHas 8bix00Hasi MOWHOCMb Kaxd020 brioka:

Design voltage of units: / PacuemHoe HanpsixeHue 6/10K08:

2200 kvar/ kBAp
21 kV/«xB
20 kV/«xB
2000 kvar / kBAp
57,73 A/A
367 kvar/ kBAp
12,124 kV/«kB

Number of units in series: / Konnusecmeo nocrnedogamersibHO MOOK/IOYEHHbIX 6110K08: 1

Number of elements in paralell per series group: / Konuyecmeo napasnnesibHo nooKIYEHHbIX 371IEMEHMO8 Ha KaxoyHo

2pynny nocnedogamesibHO MOOKIOYEHHbIX 3/1eMeHMOos:

BHympeHHsisi KOH¢hu2ypayus kaxdozo 6s10ka: / Internal Configuration of each unit:
Number of series groups in units: / Konuyecmeo epynn nocrnedosameribHO MoOKIOYEHHbIX 3/1eMeHmMo8 8 briokax:
Number of elements in paralell per series group: / Konuyecmeo naparsnnesibHo nooKIOYEHHbIX 37IEMEeHMOo8 Ha Kaxoyto

epynny nocnedosamesibHO MOOKMOYEHHbIX ATeMEHMO8:

Konuyecmeo nepezopeswux npedoxpaHumesnel 8 o0Hom 6s10ke / Number of blown fuses / unit / 1 2 3 4 5

Capacitance of fault unit (uF) / EmMkocmb HeucrnipagHoz2o brioka, MK®
Loss of uF in fault unit % / Nomepu emkocmu 8 HeucrnipagHom brioke, %
Fault phase capacitance (uF) / EmMkocmb rnospexdeHHol ¢hasbl, MKD
Volfage fault phase (V) / HanpsixeHue nospexdeHHoU ¢pa3sbi, B
Hecb6anaHcupoeaHHbIli mok Hyneeol nocnedoeamenbHocmu, A/
Umbalance Neutral Current (A)

Recommended adjustment for relay: / PekomeHdyeMmble HacmpoUKu perne:

Alarm current level: 0.6 A a 1 s. Trip current level: 1Aa0.1s

7,79 7,591 7,341 7,017 6,581
2,041 4,545 7,692 11,765 17,241
15,743 15,54 15,294 14,97 14,534
12,166 12,217 12,282 12,367 12,483

0,31 0,69 1,18 1,82 2,69

AsapuliHbIli yposeHb moka (cpabambieaHue cueHanusayuu): 0,6 A/ 1 c. YposeHb moka pacuenneHus (cpabambieaHue agmomamu4ecko20 8bIKItoYameris):

1A/01c
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e BakyyMHble KOHTaKTOpbl, aBTOMaTU4eCKue
BbikntovyaTtenu tuna SF6 u pasbeguHuTenu

BbiGop KOMMYTMpYIOLLEro YCTpOWCTBa [Ans  KOHAEHCaTOPHOM
GaTapeu crieflyeT BbINOMNHATL C YYETOM CINEAYIOLMX KpUTEPUEB:

* YCTpOWCTBO [OMKHO ObiTb NpeaHasHayeHo cneumanbHo Ans
KOHOEHCATOPOB W He [onyckaTb MOBTOPHbIX — 3aXWraHui.
MoBTOpHbIE 3aXWUraHUs BO3HWKAOT NPU BKIOYEHUMW/BbIKMIOYEHUN
GaTapen nop [eWicTBMEM MYCKOBOTO Toka M Toka paspsga. B
OTNM4Me OT [Apyroro 0GOpYAOBaHWs  BKIHOYEHWE/BBIKITIOYEHNE
KOHZEeHcaTopHbIX 6aTapeit Bcerga NpoucXoauT B pexuMe NosHOM
HarpyskM, npu 3ToM GaTapeum noaBepralTca BO3AEUCTBUIO
nepeHanpsikeHUs U CBepXToKa.

* [nsa BblkNoyeHuss GaTapeit B pexume 6e3 Harpysku ¢ Lenbio
OTKMIOYEHUs] UX OT LEenu MO OKOHYaHMM paBoT unu C Lenblo
NpoBefeHUs KX TEeXHUYeckoro obcnyxuBaHus, npeaycMOTPeH
pacuenuTens/pasbeamHutens 6e3 Harpyskn. C y4yeToMm Bbllle
yKasaHHbIX  (hakTOpOB HOMMWHAsbHLI  TOK  KOMMYTUPYHOLLErO
ycTpomncTea BblGVpaeTcs copasmMepHbIM HenpepbIBHOMY
Bo3aevcTemio 10% nepeHanpsikeHuin n 30 % cBepxToka:

I(Hom.) = 1,3 x 1,1 x IkoHA. = 1,43 X IkoHA.

o BakkyMHbIN Tpexda3HbIN KOHTAKTOP cpeaHero
HanpsXXeHus

BakyyMHble  KOHTaKTOpbl B OCHOBHOM  WCMOMb3ylTCA  ANs
KOMMYyTaLmMu anekTpoasuraTenen, TpaHchopmMaTopos,
KOHZLEHCATOPOB B JIMHUSIX CETU MNepeMeHHoro Toka. OHU MoryT
MOHTMPOBATLCS B MHOTOCEKLMOHHBIX LMTax. B cocTae BakyyMHOro
KOHTaKTOpa BXOAAT HECKONMbKO CGOPOYHLIX Y3MOB, TakUX Kak
nepeknioyaloLLMin  MexaH1am, BKMoYaloWwmini B cebs BakyyMHble
npepbiBaTeny, 3NeKTPOMAarHUTHbIA  NPUBOL,  BbICOKOMNPOYHYHO
nepeaHiolo NaHesb U BCNoMoraTenbHblie YCTPoUCTBa.

YcTonumBbii n 3dpeKkTUBHbIN pexum paboTbl obecrneumBaeTcst
NMOMOLLbI0 BaKyyMHbIX MpepbiBaTenen, BbINOMHEHHbIX B ¢hopme
TPYOKM M3  BbICOKOrNIMHO3EMHUCTOW KEpPaMWUKK, W3roTOBMEHHOMN
METOL4OM BaKyyMMpOBaHUS B YCIOBUSIX BbICOKMX Temneparyp, u
obnagatollen BbICOKON MeXaHWYecKoW MpPOYHOCTbI. MexaHuam
MOXeT cpabatbiBaTb B pPeXUMe KPaTKOBPEMEHHOro  wunu
HenpepbiBHOro BO36yxaeHus. Kpome Toro npegycMarpuBaroTcs
ycTpoiicTBa, obecneuynBalolne 3awuTy Mpu  BKIOYEHUA WU
OTKIHOYEHUM.

TEXHUYECKUE XAPAKTEPUCTUKN:
TECHNICAL CHARACTERISTICS:
* Rated operation voltage.................... 6,6 kV

* Rated voltage..................ccu..... 7,2 kV Ur

* Rated operational current ......... ...400 A le

* Rated Frequency...................... ... 50/60Hz

* Rated Short-time current................. 2.4kA-30s/ 4kA-10s/

6kA-2s/6.3kA-1s/

8kA-0,5s/ 10kA-0,1s
* Rated short time peak current........... 60 kA peak - 0,5 cycle

o Lifetime ...cccciiiiiieeiieiiiieieeee e 10.000 operations

* HomuHarnbHoe paboyee HanpsixkeHue - 6,6 kB

* HomuHarnbHoe HanpspkeHue - ........... 7,2 B
* HomuHarbHbIl paboyuli mok - .........400 A
* HomuHarnbHasi yacmoma - ............... 50/60 'y
*  HomuHarbHbIl MOK KOPOMKO20
BAMBIKAHUST =..veeeeeeeeaieieiiaaanns 2,4 kA-30c/ 4 kA -10c/

6KA-2 ¢/6,3kA-1c/

8kA-0,5 ¢/ 10kA-0,1 ¢

*  HomuHarbHbIl KpamkospeMeHHbIU

e Vacuum Contactors, SF6 Circuit Breakes &
Isolators

For selecting a switching device for capacitor bank following
criteria are considered:

» The device should be capacitor duty type, means restrike
free. Restrike occurs, when a bank is switched ON / OFF on
account of inrush and discharge currents. Capacitor banks are
always switched ON/OFF under full load condition unlike other
equipments, and is subjected to over voltage and over current.

» For off load disconnection of banks for the purpose of
keeping it, OFF the circuit when not required or for
maintenance, OFF load disconnector/isolator is provided.
Considering the above factors the current rating of switching
devices is selected to suit continuous 10% over voltages and 30
% over current:

I(rated) = 1,3 x 1,1 x Icap. = 1,43 x Icap.

e Vacuum MV Three phase contactor

Vacuum contactors are mainly used for the switching of motors,
transformers, capacitors in AC power lines. They can be
installed in multi-stack cubicles. A vacuum contactor comprises
several assemblies such as switching mechanism including
vacuum interrupters, magnetic actuator, high strength molded
front cover and auxiliary devices.

Stable and high operating cycle is executed by the vacuum in-
terrupters made of high alumina ceramic tube which makes it
possible to degas in a high temperature with excellent
mechanical strength. Actuating is available either at
instantaneous or continuous excitation. Functions for safety in
connecting and disconnecting are also provided.

MaKCUMAaITbHBIU MOK = ... 60 kA makc. ¢ umknom 0,5
¢ PECYPC v 10000 onepauun

Reference Rated operation voltage Auxiliary voltage
e CripagoyHnbili HomuHarnbHoe paboyee Rl currgnt BcriomoezamerbHoe
Tun HomuHarnbHbIl Mok

OOKyMeHm HarpskeHue HarpskeHue
LVC-6Z44ED ATB17006 6,6 kV c.a./ kB 3 x400 A 110 Vdc/ B
LVC-6Z44ED ATB17007 6,6 kV c.a./ kB 3 x400 A 220 Vac/B
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8. BbiOboOp KOHAEHCATOPHbIX 6GaTapen: CTaHAAPTHbIE XapaKTepPUCTUKN
8.Selection of capacitor banks: standard ratings.

* Heperynupyembie 6atapen BbICOKOBOSIbTHbIX * High Voltage Fixed Capacitor banks.
KOHOEHCaTOPOB. * High Voltage Automatic Capacitor banks.
ABTOMaTU4eECKME GaTapem BbICOKOBOJIbTHbIX
KOHOEHCaTopoB.

Heperynupyembie koHAeHcaTOpHbIe 6aTapeun HanpsixeHuem 5/6,6kB ¢ TpexdasHbIMU KOHAeHCaTopamMu
Fixed capacitor banks of 5/6,6 kV with 3 phase capacitor units

Reference kvar Units

Cripaeousit KBAD Koo yCond Figure Dimensions (mm)
GOKyMeHM i~ cnosusi  Puc. Pasmepbi, Mm
L W H
O w B

ABATExxx0100 100 1 100 1 1320*920*1550
ABATExxx0125 125 1 125 1 1320%920*1550
ABATExxx0150 150 1 150 1 1320*920*1550
ABATExxx0200 200 1 200 1 1320%920*1550
ABATExxx0250 250 1 250 1 1320*920*1550
ABATExxx0300 300 1 300 1 1320%920*1550
ABATExxx0350 350 1 350 1 1320*920*1550
ABATExxx0400 400 1 400 1 1320%920*1550
ABATExxx0500 500 2 250 1 1320*920*1550
ABATExxx0600 600 2 300 1 1320%920*1550
ABATExxx0700 700 2 350 1 1320*920*1550
ABATExxx0900 900 3 300 1 1320%920*1550
ABATExxx1050 1050 3 350 1 1320*920*1550
ABATExxx1200 1200 3 400 1 1320%920*1550
ABATExxx1300 1300 4 325 1 1950*920*1550
ABATExxx1400 1400 4 350 1 1950%920*1550
ABATExxx1500 1500 4 375 1 1950*920*1550
ABATExxx1600 1600 4 400 1 1950%920*1550

xxx: for 5 kV = 050 for 6,5 kV = 066
xxx: 0na 5 kB = 050, ons 6,5 kB = 066
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Heperynupyembie koHAeHcaTOpHbIe 6aTapen HanpshkeHuem 22 KB ¢ ogHodasHbIMU KOHAEGHcCaTopamMu

Fixed capacitor banks of 22 kV with single phase capacitor units
Dimensions (mm)

kvar Paamepsbi, Mm
Reference KBAp Units Cond Figure L W H
CripagoyHbIl OoKymMeHm Kon-go 6riokos Ycnosus Puc. O w B
ABATExxx0300 300 6 50 2 1330%1820%1620
ABATExxx0600 600 6 100 2 1330%1820%1620
ABATExxx0900 900 6 150 2 1330%1820%1620
ABATEXxxx1200 1200 6 200 2 1330%1820%1620
ABATExxx1500 1500 6 250 2 1330%1820%1620
ABATEXxxx1800 1800 6 300 2 1330%1820%1620
ABATExxx2100 2100 6 350 2 1330%1820%1620
ABATExxx2400 2400 6 400 2 1330%1820%1620
ABATExxx2700 2700 9 300 2 2170*1820%1880
ABATExxx3150 3150 9 350 2 2170*1820*1880
ABATExxx3600 3600 9 400 2 2170*1820%1880
ABATExxx4200 4200 12 350 2 2170*1820*1880
ABATExxx4800 4800 12 400 2 2170*1820%1880

xxx: for 20 kV = 200 for 22 kV = 220/ xxx: 0na 20 kB = 200, ons 22 kB = 220

I |
Fig. 2
B . o

Puc. 2 L w J L

Heperynupyembie koHAeHcaTOpHbIe 6aTapen HanpsbkeHuem 33 KB ¢ ogHoa3HbIMM KOHAEHCaTOpamu

Fixed capacitor banks for 33 kV with single phase capacitor units
Dimensions (mm)

kvar Paamepsbi, Mm

Reference KBAp Units Cond Figure L W H

CripagoyHbIli OoKymMeHm Kon-go 6riokos Ycnosus Puc. O w B

ABATExxx0600 600 6 100 3 1820*2170*1880
ABATExxx0900 900 6 150 3 1820*2170%1880
ABATExxx1200 1200 6 200 3 1820*2170*1880
ABATEXxxx1500 1500 6 250 3 1820*2170%1880
ABATExxx1800 1800 6 300 3 1820*2170%1880
ABATExxx2100 2100 6 350 3 1820*2170%1880
ABATExxx2400 2400 6 400 3 1820*2170*1880
ABATExxx2700 2700 9 300 3 2490*2170*1880
ABATExxx3150 3150 9 350 3 2490*2170*1880
ABATExxx3600 3600 9 400 3 2490*2170*1880
ABATExxx4200 4200 12 350 3 2490*2170%1880
ABATExxx4800 4800 12 400 3 2490*2170*1880

xxx: for 30 kV = 300 for 33 kV = 330
xxx: 05151 30 kB = 300, ons1 33 kB = 330

I 1 I U1

) L I’
Puc. 3:
lMpumeyaHue: lNo Bonpocam pa3paboTku Note: Contact our technical department for your requirement of
COOTBETCTBYHLLEr0 TEXHUKO-KOMMEPYECKOTO NPEANoXeHWs automatic capacitor banks, to study and make a suitable
C y4eTOM BaLLMX TpeboBaHWI B OTHOLLEHUN techno-commercial offer.

aBTOMaTn4eCKnX KOHAEeHCaTOPHbIX 6aTapel71, 06paTVITer B
TEXHUYECKUA OTAEN Hallen KOMNaHU.
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