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Arevalo, “Potential improvement,” ABB Review 4/15, pp. 29-33.
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Simplified diagram of wind
turbine with a FSIG
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Pitch drive

Wind turbine control

Rotor
bearing
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Requirements for
switching/protection
devices with FSIG
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Tyl
- anunsaszyanuiansedlulaslignies wdeniin

o

AMURANS 9N bldAn Waiuaunsaulun1suan

o

nszualuiin

- Siiandsuaulanses (Wasnsvege5iaad
nsvuann) iedesfuiugudisounsifinanudeme
1 33UU‘1JU°7JIG (Brushing system)

- wenfudunudemesenatgisUaen it

o

- wendiunvasasdveen Tuvaeingesnw Welin1sdne

NEI9Y

o w LY

anwugNd1AydmTudIulTznauIINITAIVANLAY

o o [

Joaiu azdlansuanudrAysall

o

&

AU eTialuN T IMdTege

- AU
- nevinsSaLazvtnanas

- Algane

Jorvupvied  dnagdniulalanudedus wagnisden
szuulesiuwaraimdtereddiBnmsiivanzau Fanagns

Mmngaufianlumadent  anunsawvanaluladiaiy
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< o &
aupantdu 3 BUUNAN® AU

Load current (A)
Voltage (V)
Frequency (Hz)

Prospective short-circuit current (ka)
Type of load classification according to [2]

Presence of inrush current

Life time (years)

Number of mechanical operations with electrical isclation
from the voltage sources (maintenance or out of service)

Power Quality Series

- wsesnuilalniuuvesdalasiadeunelnensany
n3a: wIsnndalnilwdennianusiaei (FSIG)
w3 wialniuuvesddasianilswesvuyuding

FuUsaud Wousalnensaiunia: wsasrudalii
willgauuuninm (DFIG)
wsaanuilaliidalasdanuudadasia UMSeazda

TAsila) wuUkimENasIENsaRUNSARULATD WA

AuLUUfLgULUY (FSFO)

wissndialniwmieathanugnsd
Tunisivunan FSIG  sawnsesiuialiiuuuesds
Tsdanvulufiuusseuildeuselnenssiunia  axdl
wnzaud sauuii siafinnnangaddasia
whiy  anuBvesnsainddsasinlminidsaueniiv
(Reactive power) figndseensnainatidmes (U 1)
Funeunsuduvenaiesindalwiieznsdanisiag
softstarter  TiRRRIABULNALABSLULTLY WATATNYN
dlofisdnuzUnd (Steady state) ams-inadn (Star-
Delta) avifeusevnanvanadastuialni Tnevialy
WA msunstnsfivanzauvessyuvaiiuanaety
wonani  desiudalnifheviivaneds  ievenedaa
My U7l 1, 2) msfmuaduuuiiliineuay
UszAnSnngs us
- framsuananadhivngdmduiiuiiauysiu
- Fomuseanizloneslnandunaiuusaiudiu
Usznoaunasuanisdesdiaunnlg)
- MIMUANABLLYAWETULATU W T T ARNE
nsgmuvesiy lunaneq nsdwuiinalnnns
vausmiuiu softstarter eralulgwils

- szuvldanunsaufiRnudenwnisindalaglides

Main power circuit Main auxiliary circuit

Number of generator-to-network or reconfiguration connect/

disconnect mechanical operations (or electrical operations

at low current)
Number of electrical operations

Protection against overload and short circuit

Optimum solution

31117[ 2

= 1,800 < 320

< 690 < 690

50-60 50-60

<35@690V

Resistive Induction motor or
transformer

No Yes

20 20

100-1,000 < 1,000

10,000-100,000 Not applicable

< 100 (trips or
emergency stop)

< 100 (trips or
emergency stop)

Yes Yes

Circuit breaker plus

Circuit breaker
contactor

03]2017
Connection
A-A
] te——
| [
Asynchronous {J'_'
generator
with slip rings
Gearbox q"l
B H1— Stat-up —
Brake — cireut ———
= Frequency
converter

Rotor
bearing

31]177' 3
Simplified diagram of wind
turbine with a DFIG

Pitch B AC/HDC/R |
drive pCc AC

$ Converter control

Low-voltage/
medium-voltage
transformer

Wind protection

— |

I

Wind turbine control

AANITTRURD AIUIDSASIWINEE S UASTUALILIA
Anferunanaanfinfsunasatieniiausn nsiiunig
HAANSIU (<5 Wasidus)

nagnsnaAamMsaiulsnaudHSuRINsU
KaNUaIWININUUINUAD-WENENLAN
WINFUSAINNIWINRA

wisardaluiumieaing

wiosiuialiiuuumieni slipring Fnsasiswesd
nMstundeudiduusarud (Uil 3, 4) erwidilsieed
aeiinswdsunlaanndienSeudioutuds FsiG iles
nldFumseawe U 1) Feilianuiinssduves
Tswed Pelvausawdouiinnnanuiddaialsd ne
frluansnsnssduannsadendanuldiiaesiians
(uAsnsluglsy) dwwadaud 20 9 30 WediFus
yonasndnnsulasylinismuguenuiiiveuaios
mulalniuaziuszneuias Faazriliaeniny
Brauiinietu dusunsuanliiii saueruaninsa
Tunmsteidssueaiinidignia Tuuansdlans-inasm
(Star-Delta) 9zifousavnamnvaaaiostuialni lag

o

Mlulddanissevvaniiuansraiuiuansewalsines

=

Mmganluwdvesnenisldon  defidlewSeuiiiey

AufariiauLUUALS IR
- nMswasuslaanusiae v liiun1swaanu (kilo-

watt-hour)

o o aa =

- Mmslduselevisudasrunndnaglamdsitvunanils
Tuawvesidsund

- UsrAvBamuessruuTavnaglusedugs

Tumsnduiudaideuegaiideddsunsinnsen

- nsWendefussinndauaziesestlinliih axdea
ABEAUAUNIUTEITEUUIAT Y 8lUE mecha-ninter
action ical drive chain Ll eanAua15aTLN"S
Fouravessyuy

- Slip-ring Tswesidugasaulunistizeinw

ssuulavnuuasnuay AIsaMIRIUH N
nsdsud Urhaws:uudana - seAadu
Us=utusaga: 80 yavdununuku

Y a I3

AIUAIAUALUULANFULUY

v <
MENNTERNKULYEY FSFC AnuSilun1snyuenaunn
srepaniUludining  Wesananudaiunsavawele
lngiasiasiiiegseniraasesiudalniuaziaiedie

(3U7 1) wnAnnsuUasuvanysal dudasazuend

U

o a

fidanazszuuduindeunisnasenainnin (U 5, 6)
fdsluliianuaiignasied uaglvaniudauuadlugs
n3n wsesnasarliusidaverdeasniialiiuaznng
AUANAINEY Tanuuwinandne Tunisudaswuuiiv
sULUURD AuEgean Uwunmumxsﬁ"mm Wuniaz
Tiuiesuaziaiastuialnifiuansedy dofvenis
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31Jﬁ 4

Requirements for switching
and protection devices with
DFIG

Load current (A)
Voltage (V)
Frequency (Hz)

Prospective short-circuit current (kA)
Type of load classification according to [2]

Presence of inrush current

Life time (years)

power quality

20NKUVYBY FSFC Wiaguiutsiuanusinadine
- ldifinsWeudelnenseserinueaseanidaliiafunse
I VILAALTINNNAVDINUTUANLLBINHNAVDIAINY

NANAINVBINIA

NNYRANE I RLNANEA AT

- muauidauenaiil (active power) fldauldidugy
wuuiunsednsuendivldifuguuuy

- M3vanuanuendniun1svinuunanianisuge

e

wWiadoeiu: Tuanuianainfiifelfudunesinesuse
duneg seninuaiesnudalniilazdunesines
(wWu dudenseaaiada) wianesiluiissgunsal
WAITENN50nTI93UNSARI9aT R eg1eUaan S uLay

o o ' ] £ v o a
n13fn Nsleunevnuvanglil dedldyadesiun

2ONWUULILRNIEEINSUNITNUYBIFALUTAIUDT
ausavihanulaluanizmnindeuirvun
- RS NALUTNLNBS ALHANTLY DUF BVBILAS BIN WA

Il

gunsitiavbuLnansiosauasiuntiovon
JaAavaviuAtazn W dulunsan
ANuREsaBunauulnseasy

Breaking News
N19LE anvesdIUUSLNBUT MUY ENYRIAINT T uay
Asteesiunwunzauiun1sesnLuuiaiuaulaganiy

Main power circuit
< 4,000

< 1,000

50-60
<30@1,000V

Resistive

No
20

Number of mechanical operations (or electrical operations at low

current) with electrical isolation from the voltage sources

100-1,000

(maintenance or out of service)

Number of generator-to-network or reconfiguration connect/

disconnect mechanical operations (or electrical operations at low

10,000-100,000

current) with electrical isolation from the voltage sources

Number of electrical operations

< 100 (trips or amargency stop)

Protection against overload and short circuit Yes

Optimum solution

Circuit breaker if < 1 operation/
day or circuit breaker plus
contactor if mora*

Power Quality Series

Judsddgivildnsmauiisnuiusazannanseny
PnmRenaafaninty  svuullesturesiuuay
waztedosriudalwihuuundsnunaunudug  gnide
wazitmutegnminlae ABB lutneliAtfisnuan ABB
Wasilegiuiiviedestulsslnih  Tusudsannud Ty
AANEIUAL WAL WELARULAE NI LTSN
Frogaiilaniau 1dud Tmax VF uag Emax VF wesia

WwsnnasNanunsaiauldlugiasiaud 1 89 200 Hz

Uselomifiddnyuosusninesedalvl - dmdunsidiau
pAuANER Ao annsalieusiuiuedestiia
Iyinuszaamusluanmzanudige  esainusedy
Ilihgegaveageiiniusnines99s (gegn 1,000 Tiad);
wasgrunseeniuulaghiddeiwan sy
Usz AV A e afondaeLA e e n1sAT @e Uy
EC/UL mirdsviEunszqalmi nieuseduimesnsyua
flgnsusulimngan  avtelianuiulaléinging
Uoatuiusiugngslurrsmmiiversoenly Tuvaiznis

USuusanunsueakagniineumalzsulseiuaig

o

aunsatunismInnaadulunngieainud

U q
a

wasAnwusnineasizdvununnsgiuinll

VUNNVB

msaugUnIailesiunazaindninddiiiuegaeng
soiiles dmfusiedns wu muaunslinuvesdumes
iinuazszuunand lelianunsamummdsnuldan
serlnaldvniiynnan

Main excitation circuit Start-up circuit
< 630 <B

< 690 < 690

50-60 50-60
<50@690V <50@690V

Induction motor

Induction motor

No Yes

20 20

< 1,000 Not applicable
1.000-10,000 Not applicable

< 100 (trips or emergency stop)

Yes

< 10,000 (excitation circuit insertion)

Yes

Circuit breaker coordinated with

contactor in parallel with the

Circuit breaker plus contactor

start-up circuit

* The speed of wind turbine generators is more often in the lower range than in the rated range, resulting in frequent switching on and off at typically 2,000-5,000 cycles per year
(depending on wind turbine generator type), which makes contactors the best technical solution

032017

31Jﬁ 5
Simplified diagram of wind
turbine with FSFC

guﬁ 6
Requirements for
switching/protection
devices with FSFC
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Wind protection

Variable frequency

Converter

—
="

—

A

ae

Load current (4)

Voltage (V)

Frequency (Hz)

Prospective short-circuit current (kA)

Type of load classification
according to (2]

Presence of inrush current

Life time (years)

Number of mechanical operations (or
electrical operations at low current) with
electrical isolation from the voltage
sources (maintenance or out of service)

Number of generator-to-network or
reconfiguration connect/disconnect
mechanical operations (or electrical
operations at low current) with electrical
isolation from the voltage sources

Number of electrical operations

Protection against overload or short
circuit

Optimum solution

Constant frequency

Low-voltage/
medium-voltage
transformer

15

Wind turbine control

Main power circuit
on the variable-
frequency side

= 50000rnx
700-1,600

< 1,000

1-16, 30-80, 40-140

<15 @ 1,000 v

Resistive

No

20

100-1,000

Mot available (in
general, the generator
remains connected to
the drive)

< 100 (trips or
emergency stop)

Yes

Circult breaker if
protection is required
for connection cables
or inverter switch.
Switch disconnector
and external
protection system Is
present.

Main power circuit
on the grid side

< 5,000 0rnx
700-1,600

< 690

50-80

<50 @690V

Resistive

No

< 1,000

1,000 - 100,000
{according to the
control strategies)

< 100 (trips or
emergency stop)

Yes

Circuit breaker if < 1
operation/day or
circuit breaker plus
contactor if more

Main auxiliary circuit

< 250

< 690

50-80

Induction motor

Yes

20

< 1,000

Mot applicable

< 100 (trips or

emergency stop)

Yes

Circuit breaker

* Depending on the power and the configuration of the plant

4
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16 power quality

International Standard Series

International Standard Series

American National Standard
Requirements for Power-Line
Carrier Coupling Capacitors and
Coupling Capacitor Voltage

Transformers (CCVT)
JaMHUQNQINCUNAULASSIUBISAU dIHSUGIAU
Us:aiBaudadyanudaaswiuanaaviWiiuas
Uaudavusvaunuudifiuds:a@auda (3830)

3.24 ferroresonance (Waslsislywuud)

Wuvaawnuundn. waslsslsnuudiinTuilaninuavas

Usingmsalfiundsluunian Ssanmnsafetuldluias  medudmeaunumin uasiliiAnnsifieuvessunau

MUsznoumisaugiiiiueranumienhuuvldds  egnanmievhliAaussuiu viensaedogi.

oe-alo

o
flsumas1i ferroresonance MNIATEIU ANSI sl finiloufunniia
€93.2-1976, €93.1-1990 & €93.1-1999 d1m5U NEMA No. SG 11-1955
lallgifmuaiiemwes ferroresonance 1011

o . o

273 98INNIIUITUNANAT Tiadla Ferroresonance Mifinduaseq Tuszuulvi
Mdwselal ? ‘ o

ABU: MUAIUTUAIUGT UNANTINARY Ferroresonance Tintuaseq luszuulvlit
mdsldAung fe unauves IEEE fidedn

“Examples of Ferroresonance in a High Voltage Power System” &3 David A. N.
Jacobson iﬁLaua‘IumiﬂJiwu IEEE Power Engineering Society General Meeting
Fuil 13-17 nsngen A 2003 (WA, 2546) Auena 7 uti uaziundagosal
Abstract: Catastrophic equipment failures continue to occur today due to
ferroresonance even though this phenomenon has been extensively studied
over the past ninety years. This paper is concerned with describing practical
examples of ferroresonance in a high voltage transmission system. Methods of
mitigating ferroresonance are discussed. B . o

undnde: anutatesvesgunsaladishausaindudeioduyniuiidesan
woslsislouund wiinysingmisaidezldsumsinu a1 vanaealinauliiiiu
wfinw. uneuaduliisatumsnssuuiiedatueuneslasleuuudlussuuds
Tnfhusege. Brsvandsasteslalauuudilafunsiiansanisie. mnundate
dhadu gormanduldiumaniiivhedsiinturidussuuddiihimssiumsio
nanves n¥lw. uarIsnsuanideaesisslowuudiieg Jafuinduunanuiniiauls
28191

oo

o agnonrilasdudufndrdnyidszuanag egnafiin Ferroresonance
Aldiueganinawndunniud 7

MOU: UNAIYU Examples of Ferroresonance in a High Voltage Power System

findmialuuda lﬁLéwﬁaﬁywaaﬁwﬁwﬁﬁiw

P. Boucherot tJuauusnitadeinin Ferroresonance auunay “Existence de
Deux Régimes en Ferrore’lsonance”, Rev. Gen. de L’Elec., vol. 8, no. 24, December
11, 1920, pp. 827-828. Lla¥ A.f. 1920 (w.A. 2463) ' .
WousssreusIngmsaifiiiadumisadiosnieutuassihumislunmsyhauiinnug
yagnu JuArduivassiifidadunueynsy, fmdenibidadu, uesiufvlseqey
sy Sunawdrunanuffiuiaduusniinandelsngniselll As unaanu J.
Bethenod, “Sur le Transformateur & Résonance”, L’Eclairage Electrique, vol. 53,
Nov. 30, 1907, pp. 289-96. LﬁgﬁJ A.fl. 1907 (w.e1. 2450) RosuslaildidugAndrin
Ferroresonance Wi1tiu y)nfuildd1 Ferroresonance ldtiyfegeiuninaneifu
Adwiveimnslifiiiids uagliiisausiussersnsiinanitsiisings usgen
AuiyaguLiniy widawnnuuuslugnisundswuueniueiinges (subharmonic),
wuuiailous1eAV (quasi-periodic), wazusinszviauuugamdauinszideu (chaotio)
Tuaeasaneg Addumienilddaduusse

e . .

271: 887N Ferroresonance Minduassq lussuuliiiiiga
wisoonliduidnvasuaveylsdne ?

ABU: UNAI1 Examples of Ferroresonance in a High Voltage Power System
Ainamdsluudy venliaueiiemues IEEE du

Ferroresonance 1n15dsaunaAuluda U@ Frmiuannda 120 unau
udInimsusnuezdnuuznsiin Ferroresonance

ooy 7 ngu auialuil

1. wieudastrgliiwrladevioseaadamadadey (39 unaw)

2. wifoutasuliirnudaiuszqiitiiadoussiureavesfnusninesiilimeasuds
wilsyavideannndtiu (25 unad)

3. wifowdastairiuanedalriiidinsyaweduiiuauduuuounsy (15 unaw)

a. wifeuvasussiudeiriussuulnihiitmialdlddeasiu (14 unaaw)

5. nifouUasussunuuiaiuUsyawseddii (11 unaw)

3.25 ground terminal (¥2saasnu)
seaneidnaasiu.™

3.26 high-voltage capacitance, C1
(Auglniusege)

%
o

(X

/3

AN

=
(X

N
72

a

X/

——
——

i
P
S

<

Fspanefldroniuatudsmndalnin. ™

3.28 insulation level (S2AUNT5AUIY)

AUAINUVDIRUIUT LAAS I UNIUVDILSIA U 1115

nule. ™

ANl sEnInetadeansusIguar IR oA BuT IR

Yunae.”e €

3.27 high-voltage terminal (line terminal)

(Prraa8useg (Vadaaeds))

3.29 intermediate voltage (453AuUIUNATN)
usauguiuRunstifeaeusauUILNas i AU
UsruUasiy etransfuvemuuusiull se

asRulnensvdoroturnansUedyaMdoans.”

6. wﬁaLLﬂaaﬁaLﬁwﬁuawéaﬁUaﬂaanLLa"a LLon'in”nwuwufTumstiaﬁ?iﬁw‘wU’Lwﬂwagjwﬁ'a
Wusennadtiu (6 unAm) ‘

7. wilsuUasinglwilwuanedsfisnuinnioameinda wasdmdalnindnasaseig

(14 unaw)

oo . ) )

a: M9LAa Ferroresonance 713 7 ngunnudeiine fanwazezlsiimilouq
ﬁ'u?]ﬂgﬂﬁﬂ’i’ll,ﬁm Ferroresonance M41un ?

ABU: UNATY Examples of Ferroresonance in a High Voltage Power System )
finanafialuuds vendnuaisfinilouiuvesmsiiin Ferroresonance s 7 naunuded
wi dedeldil nauadiAnimiloun fuszuinnsaslifihfiviiliiin Feroresonance
wtazngudnedu ﬁamiﬁLLtsiax'miﬁmﬂ'Uimjnamﬂ'alﬂﬁ

« funilenhiiansduduuuld@adu (Tufe wilsulag)

* ffiudsyq

* uvaadgusauliida

« mgapdelatieging

Ferroresonance sinfef@undannmunnisalfindesnsuisedns Wui1 msdanivan,
nsfdarlead, nsdeulwilvifundeudas, msdnderasuuumnaies uienisads
nsreatRuvesszuUlni

elen .
TemwesA1in ground terminal MusIAsgIW ANSI fnunlimilouiunis C93.1-1981,
€93.1-1990 & €93.1-1999 @3u NEMA No.5G 11-1955 lilarvunaiienuwes ground
terminal 10113

Fes .
TeuwesAnin high-voltage capacitance munnsgIu ANSI dmualimiloudusis
(93.1-1981, €93.1-1990 & €93.1-1999 @1u NEMA No. SG 11-1955, Section SG
11-1.27 fmunilenves main capacitance 141 “Main capacitance is the
capacitance between the network connection and the line.” &finumuneg

IndiResiuves €93.1-1999 atiuil

o )

01: NM399%8 CC & CCVT 9049 NN, An15AMUAAT high-voltage capacitance (C1)
Tivdelai 2 waeimunliaghals 7

MU: M33A%8 CC & CCVT va Avle. dinnsfimunen high-voltage capacitance (C1)
131y Ratings and Features (RF) iwxﬁaﬁmmdwmﬁ v, venld sreilnudsldnuiian
Fhludaudenauvintueirld 7 uinudidyadineaaduiininaeidna1all
Foyaanduiinesdnrwg, yad qnudseiiy, nih 67 yafis high-voltage capacitance
(C1) 13eiatl @au High-Voltage Capacitance (C1) Tdiansiasialuil 230 kv = 3000 pF, 115
kV > 6000 pF, LAz 69 kV > 10000 pF 57U%ﬁwLauamqmiﬂﬁﬁainﬂumaﬁﬁia cavT
ftlounin Accuracy azlaif dwsu 500 kv CCVT Faliinarafislududing 21nn1sns19
aou RF fildogasaq nuirdmualy > 4000 pF

)

e high-voltage terminal (line terminal) AN331ASEIW ANSI fsualiviounu
MRS C93.1-1981, €93.1-1990 & €93.1-1999 dmfu NEMA No. SG 11-1955
lall@rvuniienuwes high-voltage terminal (line terminal) 113

oo )

fenuwesd1dn insulation level muunsgiu ANSI Amualiviloudunis €93.1-1981,
€93.1-1990 & €93.1-1999 &w3U NEMA No. SG 11-1955 Tulldfmundeues
insulation level 173

o ;

i mve3d1d intermediate voltage AuuIAIEIL ANSI fmualiviloutumuniis
€93.2-1976, C93.1-1990 & C93.1-1999 auz?i NEMA No. SG 11-1955, Section
SG11-1.23 1%fls1mw09A131 operating tab voltage 11 “Operating tap voltage is the
rms voltage to ground at the point at which the pential device is connected to
the coupling capacitor, i.e., the voltage on the capacitance tap.”
FaflndiAsstuienuvos €93.1-1999 aduil
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power quality

3.30 intermediate-voltage capacitance, C,
(Anugluiussauyunans)
AnuglifseninetadeansusatulIunaI ezt e

ABusIevs et aaRn.”

3.31 intermediate-voltage terminal
(Vsvd8usInuUILNag)
YImeEeNlvRoiiUeesRTLswuUILNaNe  pEgnawu
1 ] @ £ [ Y I3
whewiwiniihvemiiaudaussiuiuuiiiulseq

Wousa.“°

3.32 leakage distance (528259M1UAQUIL)
AUETIIVDIAIAUIUATUUDNAIUATINDAIYUTIFIIU

fatsipasin.~®

3.33 low-voltage terminal (Tasaaausas)

TnreanefivareiuawesyndaLiudsyy.©

3.34 marked ratio (das1dun1uineda)
dnsndw, euiszyuuiiede, seninausiug1ddly
mMenuLazuswunRegd.

3.35 maximum rated voltage (ussfiuifinungagn)
ArensiSuioageanueusstunduleisenined woans
FadslalamAuuszannsanuldoddaides. Gowi

annsaUszyndliiuyadLiudsea i sunssfusening

International Standard Series

LaLUINDAIAU.
MW - USIRunimuageaaiiaaenadeaiuLsIiy

JPUUGEnIIeY 3. %

3.36 maximum system voltage (WSSAUTTUUEEA)
wseduesIdueagansEninuai avegnaonneld
anmnsienuund  wasliAwidunnaauussuy,

| '
o =

smdINsUA sulUasls s udIns1aLl 89a1nn9LAe

Y

WoadvionsUanlvanvuinlugsiudiviule “

3.37 nominal system voltage (W53AUsZUVUNR)
ASIAUBNS B NeaUNATENI 1 an uaunngliiu
1TesEUL  LileTngUszasAiumuazaintunig

FPYITAUTUTR I WL

3.38 partial discharge (n3UaagUssau1sdIn)
n1suaeeUszaneliili@adat uauInuIsEIuTEnINg

Siannsansans =

3.39 percent ratio (8ns1duluiesas)
Fns1arunnyiasedananadudevazuednsrdiuniy
thede. 5

3.40 percent ratio correction
(nMsufidnsrdrutusouas)

NARNNSEUINFIUTENBUNTWADRSIAIULAZ YT, LARd

03]2017

vanew) - Msuisasduduosasiidnduuan e
Usgneumsuisnsdnuddannnimils. nsuisng
dudufesazianiuuin, ussiunioniiiinldazos
niussiuiteuliifudademoussgamadesnsdiu
autede.

3.41 performance reference voltage
(W59AUD1999TuN157IN9)
ussudeniduglunisimunanuusiuguasdnvae
ASABUAUBIRBNIIUTUUA, LLaSUSBQﬂMﬂL%JﬁU‘Uz’NiE)a”IEJ
W39g. Lmé’ué’waﬂumsv‘hmuﬁuﬂéﬂm&Jmiqmmﬁu
nAgndl (115 Thad) fednmdmniedefildan
ngn.5°

3.42 phase angle of a CCVT (sjslavasd@ai)
ﬂmﬁyaasuaaagaJLWa, Tumheduan  (Selumiielads

We),  SENINUTIRuUNYIsieagusIgLasYIsieany

&

NRAEYINILATOMLNBUARIYT.
UBLe) - JuaveRTiunulamednusnsndwnuail

£
a0

(Y.  yuiidanduuindlewssiuniegindandinies
wnglufatilifiinissmmnetmiiisunauioiy

Taroaeusege.

3.43 polarity (6010W22)
NsssyRamsduims o vauglavaenilavaansaiuuu

Tveaneussguisuivtiiemeniegl Tudinaniey

American National Standard 19

U8R -

a 1

TwieaeusigaztIiemeneinanlai dannda

wilauiudle, s vuglavaenilainuualilugiaan
Wounaunvesusiaasdlaiia, USIRUULTIHEAELIIE

I a ada A Y aa A v o
LLEW”U']Waﬁ']EJV!G]?JQ@JV]@JLﬂiaﬁﬂﬂq'&l”ﬂ?wﬂﬂ'ﬂ’]ﬂL‘ViiJauﬂu.

3.44 potential grounding switch

' o

(a%mﬁmaLLsmuU'mnmamﬁu)

3.45 production tests (N1sNAGBUNARSUN)
nMsnegeunnseyilaednandegunIallsazen1s e

ATIvERUAMANYAILNTYNIUA9e. S <€

3.46 rated capacitance (ﬂ’)ﬂuq‘lﬂﬁﬂﬁﬁﬂwuﬂ)
Aol & ussufitmuagsgauaziiaad
whiszuy dWessyliiuifuussytu, Sewidldls:
a) dmsumheinfusyy, Hiuaugliihsewine
soane, vesnselastiu

b) dwiuyadaufvlszq, Mifumnugliihsewinedase
MousgaLardarameiswh, vietademousigaua
%ﬁ@iaaaﬁuﬂuawmﬁ"’u

o) dwSudivussguuansaiy, Wiuaruglniisa: +
1212CC/ACC)™™™

VIRDANYUTIFIALVIDANLUTI,  ViSOTIRDABUTIEN WuSesay: [(RCF-1) x 100]%.

ol

10903111 intermediate-voltage capacitance Mu3ATEIL ANSI fvualy
witlounuye €93.1-1981, €93.1-1990 & C93.1-1999 ‘vmzﬁ NEMA No. SG 11-1955,
Section SG 11-1.28 fuuniienuwes auxiliary or shunt capacitance 1331 “Auxiliary
or shunt capacitance is the capacitance between the capacitance tap and
ground.” aflmnumnglndiiestiuves 93.1-1999 atuil

o) .
flgmwes intermediate-voltage terminal mux1nsg I ANSI fmua Ludiouiumia
(93.1-1981, €93.1-1990 & €93.1-1999 @2u NEMA No. SG 11-1955, Section SG
11-1.22 Mvunilenuves capacitance tap (potential tap) 1 “Capacitance tap is
the point at which the potential device is connected to the coupling capacitor.”
FaflaumnglndiAssiures €93.1-1999 atfuil

(<o) .
Temve3f1 leakage distance muanIgIu ANS Sviunliindoutununavia C93.1-1981,
€93.1-1990 & €93.1-1999 dm5u NEMA No. SG 11-1955 Liildifuuniienuves
leakage distance 13 (warmunA1 minimum creepage distance 1ilu Table 1)

5] .

He1uves low-voltage terminal MuunsgIW ANSI mualimiloutuiis C93.1-1981,
€93.1-1990 & €93.1-1999 @ NEMA No.SG 11-1955 lallafmuniiensves
low-voltage terminal t81l¥

@en .
TemwesAin marked ratio munsgIu ANSI Amualiiniloutunuamunits
(€93.2-1976, C93.1-1990 & C93.1-1999 mmzﬁ NEMA No. SG 11-1955, Section
SG11-1.24 TAflenawesAnin voltage ratio 31 “The voltage ratio of a coupling
capacitor potential device is the overall ratio between the rms primary
line-to-ground voltage and the rms secondary voltage. (It is not the turn ratio of

the tLansformer used in the network.” Faflaumneiiefuilouwes C93.1-1999
avuil

e )
T813989A191 maximum rated voltage MuKATgIU ANSI ivualbimsiouiuiis
€93.1-1981, C93.1-1990 & €93.1-1999 @31 NEMA No. SG 11-1955 lail@rnun
flgnuwos maximum rated voltage 10117

4 )
TemweeA1d1 maximum system voltage AuKnsgIu ANSI fvualiimiloufusis
€93.1-1981, €93.1-1990 & €93.1-1999 @ NEMA No. SG 11-1955 lailarnun
flguv99 maximum system voltage wld

&5 )
Te1u9e3A131 nominal system voltage MXLIATFIU ANSI fnunlimieuiuiia
(93.1-1981, €93.1-1990 & €93.1-1999 @1u NEMA No. SG 11-1955, Section SG
11-1.04 fwuailenuwes nominal voltage rating 1337 “The nominal voltage rating
is the nominal value assigned to a circuit or system of a given voltage class for
the purpose of convenient designation.” FafiaumnelndiAusiures €93.1-1999
avuil

el )

Qeuves partial discharge aunIasgu ANSI fnualiwillouiuia €93.1-1981,
€93.1-1990 & €93.1-1999 @u NEMA No. SG 11-1955 Liilaruuailenuves partial
discharge 1017

= )
femwesA1in percent ratio mMuNIASEIL ANSI fviualindleuiununiis C93.2-1976,
€93.1-1990 & €93.1-1999 d15U NEMA No. SG 11-1955 luildrmundienuves
percent ratio wld

AanunvadLAazasIluia.

TsaRnauseatunt

e

lgmvesAdn percent ratio correction MMUNIATZIW ANSI fuslinileusumuasis
€93.2-1976, C93.1-1990 & C93.1-1999 d1%3uU NEMA No. SG 11-1955 laflgifvun
Hlgu8s percent ratio correction o ld

xo

lg11999A171 performance reference voltage MuNASE U ANSI Amualiiviloudu
13 C93.2-1976, C93.1-1990 & €93.1-1999 @115y NEMA No. SG 11-1955 laildifwun
flenmves performance reference voltage 10117

X<} .
Tu1mv99A197 phase angle of a CCVT muunsgIu ANSI Avualbimdeudununiie
(€93.2-1976, C93.1-1990 & C93.1-1999

dm¥u NEMA No. SG 11-1955 laileinmunfleuwes phase angle of a CCVT 1ol
<o .

femwesddn polarity nuaIRsgIL ANSI fvualiindeutununiis C93.2-1976,
€93.1-1990 & €93.1-1999 d15U NEMA No. SG 11-1955 lilldfmundenuves
polarity 10117

e .
UemwesAnIn potential grounding switch ANINASEIL ANSI fuunlimiiouiuma
€93.2-1976, C93.1-1990 & €93.1-1999 vauzfi NEMA No. SG 11-1955, Section
SG11-1.30 19flenuvesAnan transformer grounding switch and gap 31 “A
transformer grounding switch and gap is a grounding switch and protective gap
connected across the potential device transformer unit between the tap lead
and ground. The switch is used to remove the voltage from the potential device
to permit its adjustment and maintenance without interrupting the operation of

the high-voltage line or, when used, of the carrier current equipment. The gap is
used to limit the voltage impressed on the transformer and, when used, theu
auxiliary or shunt capacitor.” dsiauvsneniianifensves €93.1-1999 atuil
ilosnuenwiiiinisvienlidhe

& )
HgnuveeAnn production tests ANUUATFIU ANSI vl miloudusie C93.1-1981,
€93.1-1990 & €93.1-1999 wauz?l NEMA No.SG 11-1955, Section SG 11-1.01
Tflenuve9A191 routine tests 11 “Routine teats are tests made by the manufac-
turer at thefactory on each item of equipment or upon a sufficient number of
items to secure adequate quality control.” @afiaununeanainues C93.1-1999
assithenvezsenlsimaaeuiissdnnunidld lisndusemeasuasunni

x&

11953714 IEC 60044-5: Capacitor voltage transformers SUnUAATI Routine Tests
wirdu (Ll Production Tests Lay)

2>} .

fy1mves rated capacitance MULINSEIU ANSI Mvualimiioudumns €93.1-1981,
€93.1-1990 & €93.1-1999 @ NEMA No. SG 11-1955 lalldfmuniieuwves rated
capacitance ol

el

Foyaan Suiinesdmnudy, yad qnédseiis, wih 7 yadla total (rated) capacitance
13vedl

d19su CCVT @1 Total (Rated) Capacitance 789 Nominal System Voltage 230 kV
1461 0.003 LF d1misu 115 kV uasdug

1% 0.006 pF
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High Voltages Series

Boundaries of knowledge
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Derivation of boundary
conditions for a
macroscopic equation from
the underlying

microscopic physics
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Solution of the macroscopic (bulk) equation
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An electric arc burning

between two electrodes.

The arc root forms an
interesting and complex

boundary.
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A number of physical
phenomena occur in an arc
root - only the microscopic
view shows

the interdependency

between them.
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Power Transformer Series

Testing of power
transformers

and shunt reactors (i 4)
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Energy Storage Inverters

Enhancing power quality
and energy efficiency

Energy Storage Inverters (ESI) LﬂuaﬂnimuﬂaanivLtﬁlﬂﬁmuuamwﬂm& Toganunsn

wlasnszualviihasu (AC) Sulwihnseuanse (DC) iaifundssulunumned (chargmg)

wislindsuanuunes’ (discharging) Tneudasliiinssuanss (DC) anuummadiiu

Tfhnszuaadu (AC) Wednelgunsallwih vieszuuli

AENURALAY

2 L‘T]uaﬂn'ﬁtﬁuﬂmn‘s“ua"lﬂﬂmuuaaaﬁmma (Bidirectional Inverter)

= Lﬁuaﬂnﬁmu,ﬂaqni“u,a"l.vlﬁwa’mWﬁmwuﬂmmwlwﬁwlﬂ Tmaawmﬁnm%mmﬁuaun
ﬁ’mﬂumaqlwﬁ’umau% (P&Q), mmmﬂausuaﬂwﬂmmaﬁmauﬂnwﬂ (Inductive)
wazaUngiiv (Capacntwe) wazuntgvnivanliaunalussuulni
'lmmlusuwmumswamamnusmu‘[mww"lﬂﬂw (Grid) wagszuulviuenlan (Islanding)
'l*tmununuaﬂnmmmmi vuvdeanssesu Modbus RTU/Modbus TCP-IP uaz
annsadoasiu BMS (Battery Management System) #1u CAN bus
- Wauiuuummedldvansuia Wy Li-lon, Na-S, Lead Acid wagduq

- flnnmnasguitannsodesuiuldvared mindesmaifinvuaiidsinih abb.co.th



