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Power Quality Series

Interharmonics Part |;
Basic Concepts and
Internarmonic Sources

aUl0asansualn aun 1: KaNNSWUZULasikaIRdodulaasasualn

wet.ns. 5Tvdy Indaedud - taytaycu@gmail.com

1. unin

UoqUudulaesarsuaiin (Interharmonics) tasuarwaulouinduitessind
Usurrulkaaluilwidaidu (Nonlinear loads) wivdulus:uulwining)
Tuadausurudulaasarsualindaiusuruitiesuinifaifisuiusuiuarsuatn
(Harmonics) udfutequuu3uicuduiaasarsuainisuiuindu nisie:danisiu
Unykrdulnasansuatinfadiudesdntofnruanumuzuakanniswugiuge)
3ulaesarsuatniluduaauusn nistAlolyridulaasarsuainazawisanila
agIKuIzauIazgndasluduasudaly dulaesarduatingniewsuluguus:nay
filAwaliiuduwswduinitgesndwiyagudnrwdikariawisausinglan
Adwiuuulidaides (Discrete frequencies) karwArwAKSauanasy
uoun31y (Wide-band spectrum) 3narwkuigkiaide douvs:naundwi
Taq flegskinarsualiniesnludiusznauduiaasarsuatniiuie)
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uwmmﬁ"ﬁwaﬁmuﬁwa"ﬂmsﬁujm'lumiﬁwmm
Ysunadumesonsueinuazunasnniaduimes
grsuedn  lunsiuasinadumesensuein
tufterssnfuiivedodddanunfamtivhedoya
(Window size) snniwilslndauasiosiany
auBuAvoInIud (Frequency  resolution) il
WNTANEISUNIINTIINIB URes 815 uealln
Fyanalussuuliihsdadudyaailineinnm
138MNn318A1U (Non-stationary signal) feifunns
Lﬂ?iUuwdaﬂmunawaﬁﬂﬂﬁué’zymwwnq 18
purlinemsdiensianasufiananld &
Wunidsludgmddyuesnisinsesidunes
grduelln  dnuvdsiiilndumeiendueiindu
anunsauddldidu 2 Ussiw loud uvdsiudae
Bumesensuelinui  (Genuine  interharmonic
sources) Wavuuasiilndumesensueiiniion
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(Fake interharmonic sources) TnanutaUszian
awrsagnidladndnduundsinidaduimes
orsueinudld  ffunsfinsanianvane
ma&gﬂﬂ?{ua”cyﬁymaemLﬁmmqﬁmwmm YUY
Tt luunanuiiiansiyag ity 60 Hz

2. fugnunsadinAanslunisinszidunes
g15uadin (Mathematical basis of interhar-
monics)
nann1siasiviensueiniiugiuuiainnis
AnTeiyliFes (Fourier analysis) Teuuafnin
v A o alv
nnsaseguad udyyruseauilidugy
pauld  (Non-sinusoidal periodic  signal)
nmsTngUaduleinane sUaiu
1 x(t) Wudyausieausuusietiles (Periodic
signal) Aflau T uazasanudoulvwes Dirichlet
Ay x© wannsauanuduounsuyiSes
(Fourier series) ldmaiamns (1)
X(t) = 2 X (kQ, )e e
K (1)

o a o
Wo  Q=2T/T  As anudyagw (Funda-
mental frequency)

X(kQo) e Ardudssandveides (Fourier
coefficient) fignsuaiinansiuii

aunsii (1) wandlidiui daraseauild
Wuguaduled annsausnidunasmondygia
sUlsivansad  Saudazaudieniudiu
Whuesanuiyagiu (e veuAnIg
nmuazmm?{maﬁzyzymluaunsmjL’%ﬂ%imﬁ]u
alfud)  nstinTllssiSeimenouiameilu
MIATH  vouwaenawarAEvesdyg
awdondudynmuulideddes (Discrete signal)
uazilveuadnia (Finite length) Twawidoni
miLLUmW‘,L%EJi(LLUU‘lﬂﬁaL‘lij (Discrete  Fourier
Transform, DFT)

ausilyi x(t) gndudeyadiodng N 9o de 1 luda
(Cycle) waz Ts=T/N azlsaunisves DFT
AWANNS (2)

W -iZnk
X(wk)=2><(n)e v k=01..,N-1 @

o o, = 27 =27y
TN T
X(@,) flo awnasuves x(n)
Tait x(n) gaslsidurvesdyauiidune
musiau 1 luda ve dyanaezaudisnseu
17i‘*/|‘ﬂ‘1 N 39 mazideavosn v (Frequency
resolution) mlfnATuYBsdyg Qs AuENS (3)
Aw=g

T (3)
gatfu § T gniflenidunilsnuaes x(n) waves
annsuiildaziianydndssnouiidudua
Wuwihwesmnufiyagu defife “ensuedin” uith
“ﬁdqmaa“ﬁagaﬁ%ﬁﬁh p lwida (p>1) v09p71

a51u avdwalimuazdenvesnnuinosnun

by
fianudsulude awauns (@)
w2
pT P (4)

aums @ uandliidiudn dlddwoudeyaves
dyaaannndt 1 ledalumsiesied DFT
azdamalianunsomundulsznevresrudi
Lifudnnuduvinvesmuiyagiu vie “Bumes
gsueiin” ld

Soulvdrfglumsasiamdumesansuedn Ao
Innudeyadognefililun1svih DFT desnseungu
wnnd 1 ledavesenudyagiu endieeiatu
fnnidenliteyasiuiu 5 ludavesaud 60
Hz mnuasdenvesnrmiinmsiasedt DFT
aullu Af =60/5= 12 Hz 9 nthusiazansnsa
a - i 1l o o & o < '
Tinianudlugisdaqluidudmaudui
' P A S8 '

vstAnuATldl duforudnue 12, 24, 36
Hz ... fadunruddumesensueiin

fvaneamgiviliinsannamusinadunes
asueiinld  Fwunastudaennduundsiuin
dumasensuetinui (Genuine interharmonic
sources)  viseuvasIdndumeiansueiniioy
(Fake interharmonic sources) Ald swaziBen
znamisluidesiely

awvgusn e dygraszneumidulszney
lsidudnnudusivesnuiyaguaiey &
wnlimedadeyalunisin  DFT  fwmnzan
Fwaledavestoyailigndes) snazannsom

v s o

anudfignAesls Jsfearmtdumesesueiinud

o ' = ) v a
fhogragy fdygraiivssnousie 2 anud

x(1) =sin(2601) +0.55in(277901) 1pefipnud 90
Hz Aemuddumeiansuadnui dvnnsildanu
nhavihenadeyad 2 luAavesanudiyagiu (60
Hz) w30 33.3 ms AuazBunTeInIDTleaY
Wu 6072 = 30 Hz Fsanunsamesduszneu
fnud 90 Hz laludaedi 3 vesrnuavidenves

oo o = 3y .

euddauandluguil 1 (L) Feasiiiu d1eaves
awnasudulunudygansse

o o ad A& a s__ s a a
Hailnsdlduiidiulsznoudumesensueiin i
nMsTilvavesanndy (Spectrum leakage)
%59 Picket-fence 91nM1591 DFT &awansznu
wanliazadrediudseneudumesensuainlnl
x . N P Y
Fuinluawneduanmsinsiesi DFT wifdndu
Uszneuduwmesensueiniuarlifiegadeiny

frothaty  dwnndanuisunesensuetinuil
100 Hz unu 90 Hz ludedreiuduazidenld
' y a - o
anuniemhensdeyai 2 loda Gsaudves
awnn3uain DFT fe 30, 60, 90 Hz,.. Wav®A
anaduuandduguil 1 @) aliiuanud
a < < a o ' a <
Bumesensueiinuiil 100 Hz ufvziinnsialva
o o o
Fasaunasuluianud 90 Hz uaz 120 Hz

(udiuininisdalvaluiiruisug venmilean
muiiilng 100 Hz fe) Usingmsaditlsianansa
Wiudmusznauiinnuiianzursanldidosnn
Auazideavesnud limuigauasiionda
Picket fence fafildnanundaiu

o - a 5 o 4 da

awvgiides fie n3lATwt DFT Auguaduiiden

oA .
iuﬂwmmnamniwmu (Non-stationary wave-
form)  iflosndanusndudiazdeddninuniig
mivindeyavarslufalunsmuinasunes

< a ) d a o
gnsueiinnsiiguaduiinisidsuudamniteaiu
wamMaRINTIATIEIIE DFT  fatiusinisi
sefrihSmnasunesensuedniildanmsld DFT
o1aliifia3uausly

3. unasiudadumasansueiin

(Interharmonics sources)

3.1 whasudndunesansuelinud (Genuine
interharmonics source)
gunsaldidnnseiindids  (Power electronic
. ! 1a '

devices)  dwlngiiiasywinszuulihnszua
adu 2 szuu Aidanudaneiuru DC link ezl
unasinindunesensueinled fegrvesgunsal
wihillsiun gaduindeudFumuisald (Adjustable
speed drive, ASD) HVDC way Aaunesinesiuy
afing (Static converter) 1Judiu Fmdnms
2 o a o
WesiuvasgUnsalivanilile  fldwwenansise
nszualvnsadulnadu (AC-DC rectifier) way
DC-AC Bunesimes (DC-AC inverter) Favisaos
dausteruruinmilenhviedufiuuszy Sedhan
o o o 4 o & - o ¢
Funidenimsoduivuszaiidnduedudau

ag 1 o " v
qmuﬂmnﬂﬂwmiﬂmwau (Ripples) aunseua
f59 (DC side) 9VIFLINTLUAILATINAIIND
g1suplinauannis (5)

fo=(pm=1)f )

o - o Vs o
e p; Ao Suuiaduenisasiiuenseua

f Ao Anudvesszuulyiifigs

m fe Snuauiu
wiluaudusssmsdunseuanseandamien
o & o & ey v ¢ o0 QY a
thsefafiudsygaeliand liiduedudiliiin
Asnseiieufiaunszuanseadananidolales
Foagdwalvideyaaiunszuaadu (AC side) gn
wegLan  (Modulate) 3INNNINTZARBNTRIAIU
nszuansssainlulinaumesensueingy

fogaTy 19a3158INTTUALUY 6 Wad (Six-pulse
rectifier) fia§epwdd 60, 300, 420 Hz ..
Frmnmsiunszuansaiinisnsuitondaeaud
f=177 Hz winssuwameiunszuaaduazgn
vaganuaziimwiidu 17760, 300 177,
420£177 Hz ... Sauudnsznoumaniidudn
Usznaudumesensueiin

Taely rwdivesnisnssiiioumeiu nszuanse

(f) Tufvdwiuiadvesduneines (p,) uay

AUMWIWW 3114 5



Power Quality Series

gﬂw 1 arnasuvasdeyyin

U7 2 Bumassnsuaiinanubisiignairetiulag
Tnandifinsiaeuwdasmaia

U7l 3 Bumesensusiinanuiigeiignadstulay

Deytln window e S0HE inbirharmaric:

MM‘I“IW

Tnanfifinswasuudasmiuan
%

Las sharges o 1TaH

Cumwmt )

A

Corrert
=

ES 2] = 1w 5
T-cyein wandow foe 100HE mtarhamons:

[N 0‘ a6 or 1

s ‘
M l |
o

01 02 O3 04 0% 06 O 08 08 |
Timads)

&n a0
Fraquerecy [Hz)

A0l.
o

] @
Farqueeyls)

U7 4 Insewiuiiinandumesensuaiin

U7 5 nazudlvavsvasnsiouUas

Interharmonics 186Hz

-1
"0 o1 02 03 o4 05 08 07 OB 08 |
Intarhammonic=174Hz
2
1
| |
0 | i | I
| | | ool ]
-1
“0 o1 02 03 04 05 06 07 08 08 | 01 82 03 04 05 06 07 08 05 1
Tirri(s) Tir{4)
< v, = F < a S E A a, En e B S
anuinsdiuriesnvionnuiivesweined (f)  w= 3w, ... Sumesensueiin wwunngluglves 3.2 Buweisniuainuazlinszwiu

AUEUNTT (6)

f,=p2nf0 (6)
g n o wvdwnudy
mmﬁmaﬁﬁwua@Lamﬁ‘ummﬁm%maﬁnﬁum
fsanszualy (5) wardyaIuMneunszlEnse
sxuszneuluiemmudinn (F) awaums (1)
Fazadeiunsdvesrnuiiduinesensueiiniign
assanlelramaunesines (Cycloconverter)

fi =(pm=1)f = p,nf, @
uwdsiifindunesonsuoinduquenani  Ifun
Twaﬂﬁﬁmim?{auwawm 318U (Varying
loads) L9u Lmnaawlaﬂ mwmmﬂaaulﬂwaﬂmaw
avmNamammnauLmaiaﬁmunwmaﬁwu

ARl Ausaiuvesszuudu Vib)=sino,t way

anflqodnvamdu R= 1-rsino,t e r<1

uar w, Ao audiasuluveduannseua

Twaamlamuauns (8)

10 - e - et ®
R(t) 1-rsinw,t

=sinat(L+rsine,t+r’sin’ w,t+r¥sin® w,t+--)

nauns (8) annsaiigauinelulid nszuaves
Tnanagiidmusznaumuii w = w, w 2w
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anasuvesnszuaionud fiudvuudasves
an w,) 8¥lasifa (Asynchronous) fuadud
Feaszuulnih w)

iﬂﬁ 2 LLamﬁaadeﬂguLﬁa w,, =8 Hz Wag r=0.5
wudgUnduvesnssuAzgNuBgEAdIBAINE 8
Hz Sseiidudsenevdumeseniveiindianasu
il 36, 44, 52, 60, 68, 76, 84 Hz laganan
608, 60+16, 60+24 Hz Auniemhesdeya
dlumsiengianasudaiiu 15 loda
(reziBeavosnudil 4 Hz) Sanseiuannud
ﬁjawﬂmuﬂimauauLmaimiuauﬂﬁﬁﬁwuﬂlu
mamqu mlv'ﬂ,uuwamnﬂﬁiﬂuawaqamnmu
Weduuenaniinsnsuiteniirnuisvesdoynyos
aguT 2 uumu‘lwmmeduawmmmmimm
IWﬂia«WiU (Flicker) Iumaaammamummmunﬁ
nsewsuild 8 Hz Feoglutsitlsodudan
YpayudNiign

>,

a o a o &
funnivaniinsiasunlasnuiiodesinEitu

FlasnogunmguT 3 e w, nmﬂﬁawf]u 172 Hz

ammmmmﬂivu,mummmuamLamw 8 Hz wu
ﬁﬂlusﬂvw 2) LLm”Lunimummmaumaimiuaunm
ag"lu‘mammanamw UaYENNS0ANARDNTS

Anlnszniulunasaliuisdszinnsie

(Interharmonics and flicker)

AwEuNs (8) uansliliiugn aiymmwanuaﬂmm
emariidusvnouvesdumeieiueinld faudu
SovihaulahlumeandufumniBumesesuetin
luar;yéywumﬂuumiuaﬂl,ammalvmsvwaumm
Fuvdels  Fslumudusiaudranansoiatols
Frnannud sumesensueiniialndiuaud
s1susiinvidommiiyagiuinng

Duiinsleeiilui erfuedinidnandyaoi
gslasia (Synchronous) Aumudyagnu dvn
Fyayaudlusdiulsznevensuein  wddygw
awilien RMS uaz Fngedn wiviunng ey dau
Sumederiveimiuianauiedlasia
(Asynchronous) funauiiyagiudsualiidnyya
soufldn RMS uavAsanliiasiiyng ey dmn
Fydidndssnovvesdumeseniueiniianud
w, udrmnudlumsnsaifionvesdyain
aansamlaninaunis (9)

o =, - o, | )
e - S g o da v =
dle w, Ao mrwdesueinifilndiunud
Suweieniuednd w, unfian

Power Quality Series

U7 6 sunasuvasnstlunauavsilldvuravasmiinsdoyadieiuy

U7 7 gUaRuuazanaiuvas ICC

- windgw=12 cycles . winrdiw=12 cyclis
EJD g‘ ns
£ ] E
[}
0| H I3
o
0| 1 ]
ol'l 10 20 30 40 S0 %'l M) 0 30 40 A0 M40
windowsED cycle windowsEl cychen.
= 145
Ea £
g 15] 1
1|
ag
5
oﬂ 0 X0 N0 40 50 'gn ¥ W0 40 L. ]
Fragquincy (Hz) Fraqeuncy (Hr)

00 120 140 160 180
Froguircy{Hz)

Wesmnnaweaiuveunudiarulironisnszniu

o =) ) o &
vowasiinuiUszina 8-10 Hz winfian fadu
dmnildumesesuednitviliiianisnszniu
freauddssnae 8 Hz 919thwundenis
sumusiansuauiule

Fr081991n3U7 4 dmnguaduduayiondy
sin(27760t) + asin(2f,t) il a=0.3f, fig 186 Hz
Uag 174 Hz mua1diu 9swudnges (Envelop) 183
JUndudayosinisnssiitondl 6 Hz Suduang
Tnanlwihuasaiadalninszniuldidesanms
Lﬂﬁﬂuuﬂmﬁﬂgagmﬁumﬁ'ﬁwm

3.3 unasndndumesansusiiniion

(Fake interharmonic sources)

- v o o a 0 @ v o
esndediinlunisiinsizd DFT defildnan
Tudn Dululid guaduuussiavannsagnf
AnuRalifdwlszneudunesansueln iy
duilagiansandu 2 nydl

nsdusn Ao dyneiibinsdinunaimnssaiy
(Non-stationary ~ signal) lesnluszuuliih
mmmmﬂaEJuLuJamﬂmaamnm Wy Msidey
wiasveslvian mawa‘lwyﬂmauum‘aLUaﬂuLLUm
paeAnaIIY  Msassiensuelinuazdumes
srfuedndae DFT egnelddornuniiingy
aduiililumsiinsiziasfeadugunduiinsinn
378A1U (Stationary waveform) Fatunsvin DFT
fuguaduildasiinnunariinnseaivagyiili
andaauuigidanalflinauitadnaiud
AaEAlFnnmsTh DFT ﬁaa‘ﬁw?ahjiﬂﬁ 5
wansiaegsnan1sTagUnd uuednsy Ltalwawa
(Inrush  current) mmuammmﬁiumwmmm
nea uatluguil 6 uanwanmi OFT
femunmthinedeyaiiniu 12 (Uw) uag 60
lofa (@19) mudiu Sedulsznounsvuanse
(DC  components) Ltazmmﬁgai’mgﬂastaaﬂ
mwmardunmusdngandidiugasan
afuvessniuelnil 6 uar 7 BuAnwaTesns
Ainmesiitanuninisnadoyaniiu 12 loda

diuineiiingeey 2 e Tienuid 360 waw 420 Hz
Fauandsiihui luswuudaduedndiudl 6 ues
7 mvnﬂqummmwwmmwaumw 60 laiAa
aziiuhilenud 360 uaz 420 Hz azfluatien
riewateg Wy 353-359, 361-371, 414-419
Ay 421-425 Hz Faagulddnanannanuuansng
‘ummmniwwﬁwﬁwﬂ’amvamﬂ'ﬂumﬁmiwv? uay
Wunamandayaailinainunamnsesnu
vosnsudlnan

nsifiaes fio Inanuszunm Integral cycle control
(1CO Fasililu wneu wie wnagumdn uie
gunsaifildmutoudug  ICC agvhanilasdn
wssiuuelidugud U 7 uansgunduves
aaUssamiliazanndy  Gwuseiugnuul
Wugud 1 lodauszluswiuaudniin 3 loda
vilsduyszneuiili@udnouwiurivesaud
gagﬂua’ﬂmumnLﬁm%uummﬂgﬂmﬁuﬁ ugid
Fududessedaseislunisszydudiudszney
Buwmesensuedinui

feghady awnasuuanmiinug 30 uay 90
Hz wraansaszyliindudumesensueinvdely
PMANTIVLWEITI Smnfesnsiseiaud

a

7 30 uez 90 Hz suduiiezdesddmuning

v . o ' a A qv
Mmmwagamummumwm 2 lwfa el

Anuazdunvesnudduidy 30 Hz Jadud
mITannvesAuIisaesil widdniteyaud
2 lwAausnanguadu 1CC Tuguil 7 uniasien
aynuhanasuiiudanud 60 Hz wint ladmsnw
o4 [ & a o
ANA7 30 waz 90 Hz usegrsla Featumau
a o o o ad
Wusdeiiann3uiiAnnudi 30 uag 90 Hz saw

4. a3u

My = v a -
Tuunaruilldnandennuiiugulunmsiasei
funesersusinuasunasiidavesduines
orsuetindeanansoaguldsed

1. lunismuamuiinadunesasuednves
aayndlag Tngldnisudas)Sesuuubideilios

uuﬂwmumaﬂﬁm'nm'mwmmwauamnmw 1
lda LwamvlmmmawLaammmmmmwmm &
dmiumsasamdumesensueln  Tunmangud
m‘ma%aam*uaamwamia%ﬁumwﬁsmmn
'ummmnaumaiﬁﬁmaunwmgﬁq uatlgymilu
mauﬁﬂaﬁﬁammﬁ'@umaafmi‘uaﬁnﬁﬁaziﬁﬂzj
ansansuanlanounsiag wasgu IEC
Iffmualimuasdoavesnnuieyd 5 Hz

o s

E)Ehﬂﬁﬁmumwnwwuﬂua&uﬁuaawrwmluwnim

2. ﬁrgmwﬁﬁ@iﬂﬂmﬁmunamniwmu Mt
wavesadnniuuay Picket fence dwwalinis
Anseidinadunesonsueiniiaullazifen
wntu

3. wnastuiindumesersuedinud leud gunsal
sidnnseindideidoudosenineszuuluin
nevuaady 2 szuu mstendamienimdesufiu
dszqladldfidnduetduiuaznisuegianvesnis
nsEiilaNINAIUN ST RN SR LI S N STUA
aduielfiindunesensuoiniu  Inaniidnig
Wasuuawng  seauiidudnundstuin
Bumesesuetinuilussuulimas

4. ynasiindumesensueinifiouaiusaia
&y a s o '
Fuldanmsiesezsddienisuian)iSesuuull
allles dygradldasinunamnseau Wy
nazudlvaviy uazlvaaUszian Integral cycle
control annsavildAaauduaulunsinszi

Ussinvveuvasiiindunesansueiinld

5. Sumesensuednidaudlndidssiuanud
yagunsenudersuednduaiwgiviliiie
Inszniuls

5. 1@NA1581984

C. Li, W. Xu and T. Tayjasanant, “Interharmonics:
Basic Concepts and Techniques for Their Detection
and Measurement”, System
Research Journal, Vol. 66, Issue 1, pp. 39-48, July
2003.
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AWSAMWIINTIAYIAUS:AUBUYBIWINMEIAUNWEIAY (aaun 3)

unAwAEuWTabIaueFy Y WA EIAUNWEIAYATTSI U9 Tulagiu
Toafdlhlauaén;nnuUUnsaunauﬁaﬁads:mnuams:mﬁuaul§nﬂc1 ua:
&yyrfisaduludiaudrsugnAtidaowdainisiaun Fyyrtwiamiie
AUNWWLAYYa) Detroit Edison (DECo) Us:inAaxsgawsna Tuund
a:launiauadtedgvardyy lWiMdrnunwdiAyga) EDF Emerald
ua:n1sus:gnd@ldmatannananuaynyriwihidaunwibiny
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chakphed@gmail.com, chakphed.med@pea.co.th

dyalwihidsaunmiiiawuas EDF Emerald
(EDF Emerald Contract)

dyayrves EDF Emerald  liuuadouuzii
dmsudnvhdennassswitegnuay EDF Ussian
National Service TngldEudavidnyaydouslod
1994 wazUsuusslul 1996 lae EDF lddmvi
domnas (commitments) yn91dlimesvesAMNImN
ssuuliiinfun  fugnd Tassivandeaves
Emerald Contract uansldfmsail 8

Usmavvasnunmlihiidmilag  uazdennas
¥4 EDF dmsuussiutiosndn 50 kv Usznausg

Power Quality Series

W#@u (Interruptions in the Supply)
Adlunsdifiusai line-to-line Teansuna e
found1 10% Anawund 1 3w wadu 2
¥ilnfe

« Short Interruptions: 1 3w1¥ifia 3 Wil

« Long Interruptions: 3 wiidusiuly
Tulnuavhaund dennasues EDF ﬁ‘u'uuasgﬁwﬁm
vosszunlaseiy ajsnusiusuglilaed

« Zone 1: flilwidopnin 10,000 576 WunuFUR
11 Yofmunfeo 6 uay 30 adwiolu dwu Long
Interruptions wag Short Interruptions AMUAGU
+ Zone 2: lflw 10,000-100,000 57®

« Zone 3: {ldlvidiosndn 10,000 e udlisauiia
ﬁqmuﬁﬁmmh 100,000 wazyuiiosunsa

< Zone 4: quwuiifiinnni1 100,000 wawiu
Wean3a

useaulvidnsziiauwuy slow
Foussdunsuiiion + 5% 1ndygn uathadosnm
AUNIATFIY EN 50160

usedulwihnsziiauuuu fast
Aoussiunsuiflenliiu + 10%  Fadnldvane
adiluilonit wazenarielfiiin flicker dennas
fla Plt=1

ussivludlaildaa
13 a o 'e3 & v '
donnasdesnaruililldnaiade deundt 29%

Aad

nstiifeudtania fennaserwide + 1%
50 Hz)

dwiunsdl Islanding 91n3zUVYRY European
puduUsUABUR +4% / -6% (110 50 Hz)

g13usiin
Jannasie THDv dounit 8 % warluudavdiu
Wuluauansnad 9

usasiulniAy

AusuAY phase-to-earth Liesmniivide
anddlussuu HTA deszuugldl fiflounn 2 e
3 wihudya (phase-to-neutral) fodliund
Fensdlgnénmasindissuulieatudeiies

Tiussdulniandavazliswegludarimun

v o w o a
wnsgusuganlniinfds 3 EDF aefinnsan
swfugldlmiermuadermuaanisngy ez
fnsfasaniestiolnluiiuiivesgndn  demna
o19Usznaumil

W#du (Interruptions of the Supply)

« 3888A1U09 short outages: mmmgm (1
Juni) eraidsudutiesndr 600 faddunil

< dtluguit 11 Tdmdusamar 1 3 Tos EDF
aniiutonnas (1 2 vie 37)

. m‘ﬂuaﬂﬁ 11 9zu8n short 89n97A long outages

et 8 quawlimudyaliiiniidsnanwiiryues EDF Tull 1997

1997 EDF Criteria for Medium-Voltage Customers

Power Quality Parameter
Scheduled Interruptions
(e.g., for Work on the System)
Long Interruptions

(>3 Minutes)

Short Interruptions
(1 Second < < 3 Minutes)

Voltage Variations
(RMS Variations)
Voltage Fluctuations and Flicker

Negative Sequence Imbalance

Frequency

Harmonics
(Informative Clause)

Customized Version
Short Interruptions
Voltage Sags

EDF Annual Commitment

Number < 2

Duration < 4 Hours

<10,000 Inhabitants: 6

10,000< <100,000: 3

>100,000, Except Cities: 3

Cities > 100,000 and Paris Suburbs: 2
<10,000 Inhabitants: 30

10,000< <100,000: 10

>100,000, Except Cities: 3

Cities > 100,000 and Paris Suburbs: 2
+ 5% Contractual Voltage

With Contractual Voltage = + 5% Nominal Voltage
Probability Long-Term < 1

(Measured per IEC 1000-4-15)

Ratio of the Negative Sequence Imbalance < 2%

50Hz +1%

50 Hz + 4/-6% (Island Systems)

10-Minute Harmonic Voltage Values:

Standards CENELEC En 50 160 and IEC 1000-2-2

Customized Thresholds
Duration May Start 600 ms
Sags >600 ms and >30% Depth

Customer Commitment
None Required

None Required

None Required

None Required

Step Voltage Changes < 5%
Contractual Voltage

Probability Short-Term < 1

(IEC 1000-2-2)

Ratio of the Negative Sequence
Imbalance < 1 % (If Apparent
Short-Circuit Power > 40 MVA)
None Required

10-Minute Harmonic Current Values:
Limits Defined as a Function of
Harmonic Order by Contract Terms
None Required

A15197 9 Feanasannutiieugnsusiinvaudazardu

Odd Harmonics

Even Harmonics

5 6 3 5 2 2
7 5 9 15 4 1
11 35 15 and 21 0.5 6 to 24 0.5
13 3
17 2

19, 23 and 15

Tne EDF onawldsudennasfufiu 1 Junil vismwn

wsedulihandrvas (Voltage Dips)
Aoussiudsuiiufiasnit 1-90% ndyan lu
P91 10 Fadiwnd fs 3 widl dennasamiz
gy (customized commitments) zivuadu
thresholds  (Aaelvlindiu) - AmuaniuaEn
uagszezan (30%, 600 ms) MUANTWITUU
Tifhweausiaziiudl - Seaesafmsldusnisens
Jonnawnanailn  (technical commitments)
Usznaume

« aifivandoyaegaioslardesasminiaios
fioin

. amdaﬁuqnﬁ'uﬁmﬁuﬁamnm‘lu Syanegraios
Vavaesns

- enupunmiiihiduszdd

msliuinsussmilzdumsussfiuney - 3
anfdiesdneAlddenuuai wazimuawitiy

Tnusna uagtuagiivuinisfiaueuaziaiosile
TanAndslvignen Taeazseyliludnuiiuvesdyan
TOANAUVUANIZIZ

dannasuiia Network Plus

(“Network Plus” Commitments)
fgnAlinelafudennasamzngy wazsdosns
quuamiianiiil EOF Sanlile iosaaandun
e EDF ezdudunsAnuanudululd &
W ANLAZADAAT DI UIVYTTUUYBIGNAT
fagdmidennasmuidy wiesnmmignéen
wuomadenieadleli EDF dudumsuiulse

nsuszandldimaiiansadnnudyaiiniiiigs
AMAMALAY (Application of Statistical
Techniques in Premium Power Contracts)
aad v oo v v v o .
adffiszldiiioliidlatoyanuamlninmas
Ty wazlefsenudssionsiauauins
Irtihidsunmiiiauiie Weibull Analysis wae

AuMWIWWY 3114 9



Power Quality Series

Eﬂﬁ 11 Survival Probability of Power Quality Data for Sites A, B, C, 31]17; 12 Survival Probability of Power Quality Data for Sites A, B, C,
and D for 70 Percent Nominal Voltage

and D for 80 Percent Nominal Voltage

Power Quality Series

1.0

=
@
1

Survival Probability
£ 8
- —
——
I_,_l_'_
m

Survival Probability

031 [
\ |
0.2 '\ f
01 |
0
00 v i —
rrrrirrrr1r 1T 17 17T 17 1T 1T T 171 0 T T T T T T
0 7 14 21 28 35 42 49 56 B3 TO 77 84 91 98105 119 BT 14 ;M ;W W 4z 4 B B T T s 8 6
Time (Day) Tiene (Day)
A151991 9 Weibull Parameters for Power Quality Data A"157991 10 Weibull Parameters for Power Quality Data
Site Alpha Beta L95 Alpha  U95 Alpha L95 Bata US5 Beta  Site Alpha Bela 185Apha  U95 Apha L85Beta Uss Beta
A 12.7078 0613777 7.43007 212408 0.476772 0.768207 A 147569  0.572798 77710 272254  0.429966  0.737655
B 19.7180 0496343 797216 488729 0.343812 0.680120 B 401040 0.678930 17.6370 888759  0.433883  0.977160
c 21415 0421656 132908 3.4008 0.359176 0.489964 c 49977 0524494 3.03%0 80864  0.425603  0.834530
D 24816 0516673 1.84393 33164 0.458719 0.578437 D 37169 0.537486 256424 5.1793  0.466118  0.814450

Statistical Control Charts

1. msaaseh layad (Weibull Analysis)
MslAs1zsilayad (weibull analysis) 103
addfilddnunisifnuarssernatmeavinnisel
wnnsalazdmannisudsuuamesssuy
Wy amssumu - msieseihyadduisi
Usgloyiegrauinaomanisainiedinunag
Snegnenans Wy mssvuinveadelse, aunsel
fuwan, wiudiulm, wazmenisalpuniwliin
e

2. mauanuadlayad (Weibull Distribution)
drusdrudumaimunisuanuasliyadudn
Tomaiidilag awduman o w1 ¢ il
mlaan

F(t) = 1 - expl-t/a)]
ilo a @e scale parameter, b fla shape para-
meter uaz F Ao cumulative distribution
function  Faidu
gmsud o war b Feuevenunsame F
(lemamaseuduvad) laduustndgiu Ft)
fio R(t) %30 “reliability function” Tne

F(O) + RO = 1 \dlo RE) = expl-(t/a)

“unreliability  function”

msuszgndldnsieneilyadiudoyanmuniw
Tinrinas
§ifeya 12 euan 4 fuilde A B, C, uwaz D
mmmhRJzLfJummmmagﬁammmﬁqgﬂﬁ 11
dmsu B - fanuhesdy 50% aufietuil 12
fiszuuarlifinnssunu,

- fiananandu 70% aelu 7 5u
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syuvaghifinissunusinndn 80% vesuseiuuni
dmSUA - Slmnnhasfuiios 36% udeiud
12 fisvuuaglifinssuniu

‘ anes a
AN 13nNsIN il A dianamuny
sawpnsalgunmliihidaiosnd: B

mn:mﬁ 11 uand Weibull statistics liwsnnsnadt
9 Gedwiumsuanuashiyad w t () wike fe

F(b) = 1 - expl(t/a)t]
dlo a fio scale parameter,

b #® shape parameter,

F #e cumulative distribution function

t fio Ju
VNI 9 dmsu A avld

F(t) = 1 - expl-(t/12.71)°61%)
fhogratunduiufie 7 Ju F7) = 05 use
50% WneAuIEmsy A fllena 50% nelu
7 Yu feglifnwmmnisalussdiudiin 80% 910
ussAuUng

a o o o W o @
wsfimesiissauanud@etu 95% dmsuveu
wavUkarans uandunsei 9

fimualigunsalihdulnganunsaey seald
Aussdilaihandrvae 70% agndenguiilmls
figuil 12 Fawsfmeshyaduanddfennsed
10 Fedmiu A 2elst

F(t) = 1 - exp[t/14.75)0°72)

fhograty Mawauiude 7 u F(7) = 0.47 ude
47% wneAuIndmiu A illenia 47% nelu

7 Yu fvgldiRamanisaluseiudid 70% a1n
useduUnG

aad

FBnsmeedinouq  faunsaldnsuanuethiyad
@Wu Mean time to failure (MTTF) @sfie 1
= ' o ' 1l
wigsgiavmnsainun g wu &
MTTF fio 30 Tu wnganuilaoinde udiay
- Lo X gy M
fwmgnsaliietunilanssluyng 30 Ju

anansamA MTTF Idann MTTF=/3° Rt

ndegiindaiussulniiandavae  70%
YBIUSIUUNR R(t) = expl-(t/14.75)9572] vims
Fvanman ) fa e Awldl MTTF Ao 23.01 Tu
wazdussiuluiandives 80% vzl MTTF fe
17.9 Fu

fnnudug  Aolomadiorlaiiammmsaily 100
Fuduwils wldainunu =100 9l R(100) =
expl(100/14.75)572] = 0.05 w38 5%

fonuBuie MFR wihiuiils 81 MFR Aedau
nduves MTTF tufte MFR dmsuussulihan
dhvaur 70% Fio 1/23.01 = 0043 wgnnsaliiotu
s MFR Aosnunfilasiadovesnmsifomnnisal
oty

wedaunAnlilumsiiuiioy MTTF Aefuin
mnanedsfigUnsaidumer  dufeomsaai
qunsaidunad Faesuunsiigunsaiduman
waslfdudsavunnsgiu uiduioya Tae

Sad

auyAINIUANUAIATigade n1suwanuasund

371 13 Whsuiisuntandenanuiasnduvesanuduvanveamgnisal Uil 14 Whsuisunisniananaazsluvesanuegseavasmgnisnl

AnnWniideszdng 70% uaz 80% nuseiuund

A minRIiAssEndng 70% uaz 80% anusadiuln

Faikure Probabiity Plot

s
0.8

or
im
05
!0.4 -
03
02
ot L—

Survival Probability Plot

Surwival Probability

&
@ 30 40 80 &0 100 120 140 180 10 200 230 MO 260 280 300

o
1 3 8 7 8 # ® 85 17 W H B B T W H
Tima
Tima (Daya) ol
asedl 11 Average Time to Failure for 70 )
Percent of Nominal Voltage M1519% 12 Weibull Parameters for Power Quality Data
Level Number Mean St Dev SagType Alpha Beta L95 Alpha U95 Alpha L95 Beta U95 Beta
A 36 21.6694 33.5139 A 43118 0619180 2.7231 79.764 0445784 0.82503
B 17 46.4819 63.7314 B 136.257 0921223 66.5104 274618 0.536806 1.41023
c 67 8.0295 12.3930
D 133 6.0966 9.8893
guﬁ 15 Lﬂ“SEJULﬁﬂ'un1sw5aﬂﬂ'nmimmﬂu‘na&ﬂmué'umm‘ummvgminﬁ

A niniiasszning 70% uaz 80% anuseiuun

Failure Probability Plot

0 W 40 B0 B0 W00 O WD WE B0 200 20 MO0 M0 280 300

Time{Days)

ASAUINUARITUA1S97 11

nasedl 11 aglegnanddlédn dmiu A M
MTTF fio 21.6 Hu wasdudsuuunasgiufe
335 fu Fumnearuiasfommmsaitutou
Sutfuner  ddigndes  Fedenldnanedeves
wamsal ngudl 11 Temade 70% Ll
50/50%  ldnAnedsdaidliimnsuaniny
wnefiahiloma 50% fasiawmnisally 21
$u wnuitendu 70%

Application of Failure Analysis to Premium
Power Contracts
nsUszgndidnsiinsziaanudumaniu
duanlniidsnanmiivae
alimsiengiauegseaviensianegiau
Fuvanilelidanudladedyn  Iwiadas
aan iy ldeesls? nsuanuadhyadesly
Anmeinnudumedldind’igiu uasdsazyiili
nwisnnudsmensusyiudaginiindd
Ay Wy dansliilwsuinilenia
80% fiaziiawmmssimely 30 Yuftezifausaiu

Twdhendvar  70%  dewvilanunsayszidiu

audsdlana

o ' | 1 . Y a o a
fregrau  SinstiihvsuigndBuidieiy
$100 soieudmiunsussiu wazAlddneves
e & a il & A
wignselsiendsfie $200 winanunasduiaz
Aanssuniufie 70%  mstwihansaduu
T 70% wes $200 #e $140 estiulunile
Wounadesdy  $140 nswleiiies  $100
aghslsfimudimsiimsuiinsamuiiousu
Waswsiadifioandnsianuaumadliinde  40%
o PN ~ .
fio $1,000 AgeuuinszozaPULLAYERT)
AignAnsipsdeseiienlvalls

UselwiBuvasnislénisuanuasloyad Ao
Wiguisussnineisnisussmdymiasids
fregnagudnisiiiniifeyadn MTTF  dwsu
wssulihandavniz 70% Ae 23.01 fu uazdn
fndsgunsaiussmilgmnaldandu 300 Fu
FamunsofmnudouiiomsnnAunuidiontu
vingndnneiieuld  vilimsulddininluusiay
Hufuaneeiu Wy WasugUnsal, Uiunagns

o v v = v
Faduldlinty,  waznsenusiedunndentioyas
Ui 14 uamnslinslieseiilivad e

adnunmn i

Vgl
3
Gy
nguit 18 msdiweidwmiubiyaduandly
mIndl 11 wavnswanuashiyaddmiuusedi
Infmndavae Type A fio
F(t) = 1 - expl-(t/43.118)0618]

idle ¢ Aesuauududh ¢ fle 30 Fu Fufu FGO)
= 055 %9 55% wearwdillenia 55%
azdaussulndinndivay 80% nnelu 30 u

Ul 15 wanvindllona 80% faziiinusedulyiih
andavmz 80% melu 100 Su uazillona 50%
TagAaussiulnihandaeas 70% n1elu 100 Tu
Felomauansineiu 30% wiussiushatuiies 10%

v a4 o a P a
dusdesiulumsimsizdlagldnisuanuasuni
wazALadBLUUUNRIZNUI

dm3u Voltage Type A MTTF @o 56 u
uazdhudevuinasgiufie 68 Tu

dm3u Voltage Type B MTTF Ao 139 u
wazdudeauunIgIufe 126 Tu

moudeluazidunininauededisnisuszynd
Tnuiudeyasises PEA
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|IEEE Standard Requirements for Instrument
Transformers (asun 18)
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8.1.6.5 Comparative-null methods

@Ensthsestriguiidatioudiou)

These methods determine the ratio and
phase angle of a transformer by comparing its
performance with that of a standard or
reference transformer whose parameters are
known. The primary windings of the two
transformers are connected in parallel to a
common source and the measurements are
made at the secondary voltage level. The
common terminals of all four windings are
maintained at ground potential. The circuitry
of most of the methods heretofore consid-
ered could be adapted to this form of
measurement. Excluding the uncertainties in
the ratio and phase angle of the standard, the
uncertainty can be essentially the same.
However, if these approaches are to be used,
either a difference method (counterpart of

the one for current transformers) or one in
which the components of the measuring circuit
are extremely stable and easily measured to
the required uncertainty is recommended. A
typical comparative-null circuit is shown in
Figure 17 (see Sze [B20]).

3%’miLwa'wﬁvﬁmwwﬁ"mwdmuawuLWasuaa
nifoudas  laenswFeuifisunmudnuugnis
vheuveaiuiunlowvasnnsguniondeudas
Sredadedimniimesnounds.  vnmnugugi
yomloutasiiaeiievinuiuunastnouseiudl
Wi wasnsianseyhisefuussdiudu
whogll.  datemeilldsuiuvesuamaiiseli
asdndluilifugud.  aeaslatihdiulngjveds
msiiesasidreumiig annsnvAnuUasng
sUwuumstauuuidld.  lalitharulinueu
VoL pavemauUaunsgIud
i, analdulueuduiindesrannsadelsd
dniflduving fu. egslsfin, mndenldisnns

International Standard Series

- i & aa o ' o o
wiandl, lidesduisnisliunadne @uundunia
Yamsoulanszud) wsewuuiiaulsenauves
snvinegmelusnifiafiosnmgeann  wasde
gonmsialildanuliuiveunuiidosns 293
Ao e o e a
FergudBaisudisunidunuvedidlinanslily
U7 17 (g Sze [B20]).£°€

Measurement uncertainty, exclusive of errors
in the standard transformer, is within 2 ppm
for ratio and 10 prad for phase angle at 60 Hz
and 400 Hz. Ratios ranging to several times
that of the standard transformer can be
measured.

anallaiutiuenlumste, Alismmueainndou
vosdloulanasgiu daeglunnel 2 ppm
dwiudnsdinar 10 prad dwmdusaa
AR 60 Hz uag 400 Hz. Samanlutediniis
WunanewivemdowUasnsgiuideanansa
Foler.

A high-impedance inductive voltage divider
with a six-dial resolution is connected across
the secondary winding of the transformer
under test. The in-phase voltage balance is
obtained by adjusting the output of the
divider, and the quadrature balance is
realized by adjusting either R or C. If the
secondary voltage of the test transformer
leads that of the reference transformer,
resistor R has the position shown. For lagging
angles, the positions of R and the detector are
interchanged. The equations

of balance for the circuit shown are as
follows:
Fauvausstunuumienifisufunudgmion
Yudunndufionsuendn - donsenlifurnain
waagﬁ‘wwﬂaLLﬂaaﬁrﬁﬂmaaU. auﬂaLLiaﬁuﬁ
asaamlalaenisuSudyanamioenvesdiiuu
U9, LmzamaiuLmuﬁ?ﬂmﬂv‘\’ﬂﬁgﬁuﬁﬂﬂumi
diud R w3 C ALY, dussdunfogivemde

Figure 17 Voltage transformer accuracy test - Comparatator-null method

U 17 nsvadeuaausiugvasmdiouUauseiy - BBn1slirastadudidaiouiiou

ot

STANDARD
VOLTAGE
TRANSFORMER

.

@Vp

=] TEST
VOLTAGE
TRANSFORMER

* BURDEN

wlasidnaaeuiiymiathmiussduniegiives

nifoutasdreds, Mdunu R fasdiumimy

Auandld. lunsaifipunannamds duniwes R

uazfngIvInTLAdUTIAL. - aun1ENRATDIINRT
& va o &

muiiuanstidudiail:

and N, = N,

uway y, = +wCR [in radians]

where Nx and Ns are the ratios of the
unknown and standard transformers, respec-
tively, and Nd is the ratio of the inductive
voltage divider.

Toefl Nx wow Ns ushndemifoutasiics
lifAuasndioudasnasg, sy, du Nd
Wudhsduvesiutussunuumiea,

8.1.7 Accuracy calculations for current
transformers

(MsAuaMAURiug1ve wdawUaInszue)
Accurate values of ratio and phase angle are
not obtainable by calculation from the open-
circuit characteristics of a current transformer.

However, for certain types of current
transformers, adequate methods are available
for the determination of errors for nonmeter-
ing applications, if suitable constants for their
equivalent circuits can be estimated or
determined.

Adneq  fiianussiugivesnsidruuazapg
ldanunsamldmenisiamanaudnuugns
yhaupeulansasvemileulamszua. agalsh
gy, dwdunsioutamnszuaunsssian AR
wiugmeaumslunmsdumaunaiaiad eud
Lllghluliruietosn, Wﬂﬁwmﬁﬁ'mmzaumm
YovaTaNyaremiaulasaInsaUTEINUTTe
yoenule.

For C types of current transformers with
negligible leakage fluxes, the equivalent
circuit shown in Figure 18 and the vector
diagram shown in Figure 19 are suitable for
calculations.  The bushing type current
transformer with the secondary winding
appropriately distributed around the core,

&o&

€57.13-1993 $hada Figure 15 ludewrhil Safunsiianifia uaz C57.13-2008

Ihudlalignieadu Figure 17 uéh

&od
Tand: asfigaiindiouiuasesnuguil 17 suaugaudinsinuanuwiugsemiieuvas
ussiuldanaunis
‘= %; s T T 6, +wCR
Laay: ﬂ’Wjﬁ’aj‘ilu'ﬂuﬂ’1555\31?{"&”LLa%!{MLWﬂWJQ!’JWEWmEWJﬁ 17 lunnvauna ddunou
Faslaluil
Hlgsasaugand 2asiulgugiiiug
(DET) ufle

V,
v, = —2-(1+j6.
s NS(+JS)

v Ve Lein 1
e = -
N N, 1+ jwRC

thaunis (1) wa (2) wlSsuisunudouly  aglddn

_ N, 1+jy, . 1 N,

* TN, 1+j6, 1+joRC ~ N,

7y = 0, +wCR

uiuniegiiaylideudetuiiudinsandudaa

&od

WAngevthilues C57.13-1993 watmilouuasnssuasedudu C uas K wililosan

€57.13-2008 snidnszdiutu K TUud Ssynfausszdudu C witu

&oel

onu: devthildnsdieguil 19 Meein vector diagram ustgudi 19 tesiliied1 phasor

diagram fiaSeudnansBenineylsiuuy ?
mou: nilsde Protective Relaying Theory and Application, Walter A. Elmore, 1994,

p. 9 85U

A phasor is a complex number used to represent electrical quantities. Originally

called vectors, the quantities were renamed to avoid confusion with space

vectors. A phasor rotates with the passage of time and represents a sinusoidal

quantity. A vector is stationary in space. )
wlagesiusnudadeuiildinuusinamelilih dlerewesSenditnees udren

(1) Iewaeutelmiiieninifesnnuduauivanimesiueinia wawesmyulununaiuay
S & 3 & . 1o e
wnudsinaiidlaywesd vazinnnesvgnegiuilueinie
(2) In relaying, phasors and phasor diagrams are used both to aid in applying and

connecting relays and for the analysis of relay operation after faults. Phasor
diagrams must be accompanied by a circuit diagram. If not, then such a circuit

(3) diagram must be obvious or assumed in order to interpret the phasor diagram.
The phasor diagram shows only the magnitude and relative phase angle of the
(@) currents and voltages, whereas the circuit diagram illustrates only the location,
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Figure 18 Simplified equivalent circuit of current transformer on N secondary turns base

Figure 19 Phasor diagram of Figure 18
U7 19

ununWIlEIgaTUagUT 18

UM 18 svsauyaegedsvasnipulainszuaifivaaianiisgidau N sau
—— 7] Is
Ip - NIﬂ - — —
|
Iq 8
N v, Rp
SECONDARY el
TURNS Zy
Zg
(:I Xb

and with a “through” primary conductor
symmetrically located in the opening, can
thus be represented by Figure 18 and Figure
19 for the purposes of accuracy calculations,
provided the stray fluxes entering the core
from the return conductor or other external
sources remain negligible.
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meuendue Senstesunnquiiniislyly, €oncon

Since T-type current transformers have appre-
ciable leakage or stray fluxes entering the
core, they cannot be represented adequately

by an equivalent circuit. This type of current
transformer does not lend itself to simple,
accurate calculations. Instead, typical design
test data are used for this purpose.
esonsloutasnszuassiuty T dndndSausy
Waﬂ‘szLaULmammnqLmumaﬂluﬂimmﬂaumq
wn,  Jeldaunsaunumeisesauyaliiang
windileme.  wleulasnszuadszamiinesh
ﬁuLama”ﬂ liloafwnldograuwiugieisnms
. mﬂuummmmﬁﬂ‘uamamﬂmwmaawaﬂﬁ
sonuuuitonsiiunu.

NOTE—The methods discussed in 8.1.8
through 8.1.10 are not accurate enough for
calculating current transformer errors  for
revenue-metering applications.
mnewmg—3snsfiesuelilude 8.1.8 ufde
8.1.10 ldwiuguiivswe dmsunmsiuinny
Aaniad puvassauUainszuadiazlulddy
iSeeTniliAniucos - con

8.1.8 Calculation of current transformer

performance for relaying application from

excitation data and equivalent circuits
(MmsfuauauautAnsinuveswmliouuas
nszuadmiusiadarndeyanisnszduunuinan
Uaz299TaNYa)

Several methods are available for calculating
current transformer performance from excita-
tion  characteristics, secondary  winding
constants, and burden data with sufficient
accuracy for relaying service, if the construc-
tion of the transformer is such that leakage
fluxes can be neglected. These methods
include algebraic, current phasor, graphical,
and admittance phasor. All are based on the
addition of the secondary burden currents
and the transformer excitation currents.
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direction, and polarity of the currents and voltages. These distinctions are

important. Confusion generally results when the circuit diagram is omitted or the

two diagrams are combined.
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The algebraic addition of these currents is
adequate for most relay applications because
for the lower power factor burdens (e.g., 0.5
lag), the burden and excitation currents are
approximately in phase over a considerable
range of burdens and currents. When the
burden and excitation currents are not in
phase, the calculated ratio error is greater
than that which would have been obtained
by the phasor addition of currents. The
determination of phase angle is unnecessary
for most relay applications.
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8.1.9 Application of calculating methods to
type C relaying accuracy current transformers
(nﬁﬂs:gnﬁ’bﬁ%‘mimuumnuwumma&niwua
dauusiugsziutu C dmfunudiad)tos
As was discussed in 8.1.7, calculating methods
are not practical for type T current transform-
ers. Therefore, the following discussion is
primarily applicable to types C, i.e., bushing-
type current transformers for relaying service.
Since these transformers are generally
multiratio, the most useful form in which the
open circuit transformer excitation character-
istics may be given is a family of curves similar
to Figure 4 showing the excitation voltage and
currents on the secondary winding turns base
for each ratio. These curves are usually
determined from test data taken on a typical

unit of a given design by the method covered
in8.3.2.
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8.1.10 Calculation of current transformer
ratio by the algebraic method
(MsAuIudnsduvemdanlainssud
Tnwandevianivadin)

The current transformer standards covering
relaying accuracy and application data for
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relaying service have been written on the
basis of utilizing the advantages and simplicity
of excitation data and calculating methods
where applicable. The following method may
be used for calculating the relaying perfor-
mance and accuracy ratings of type C relaying
accuracy rated current transformers. As stated
in 8.1.8, this method is based on the assump-
tion that the burden and excitation currents
are in phase. It also assumes a single-turn
primary winding such as in bushing, window,
or bar-type transformers, so constructed that
the effect of leakage fluxes on its perfor-
mance is negligible. The equivalent circuit and
phasor diagram for such transformers are
shown in Figure 18 and Figure 19, respectively.
The ratio correction factor values obtained by
test will not exceed the values calculated by
this method within the stated limitations.
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The following definitions and equations apply

N is the secondary turns on transformer for
ratio on which transformer error is to be
calculated from data sheet or excitation curve
sheet (see Figure 4 and typical curves)
ﬂammusawmwmmmamuauﬂaammu
Fnaduiivgeuaunuaaiang euremiie
wlag mﬂLLquagammmumﬂmminimu
(35Ut 4 uasiduldeiidunuuagne

Rs is the resistance of transformer secondary
from data sheet or excitation curve sheet (see
Figure 4)
Aeanuduniudunfegiivesmsiouuasain
o - AR S v A
urudeyaviausudulAsmsnsedu (3ui 4)

Ry is the resistance of secondary burden
including secondary leads
Aonnudiunuveauasiaudiundegids
Fwaeinhiuyegiidg

»
»

Xp s the reactance of secondary burden
Aanuimienihveaueiinuiuy i

Zy is the square root of [(Rs + Rp)2 + (Xp)2],
which equals the magnitude of secondary
circuit impedance
Aesnitowwes [Ry + Ry2 + (Xp2] Tailen

(
whifurunduiiuaudvensasmiegd

0, is the tan-1 (Xo/(Rs + Ry), which equals
the power factor angle of secondary circuit
fio tan-1 (X/(Rs + Ry), Baflewminiuyuin
Usgnaumasvensasyiegil oo

Ig is the assumed value of secondary current
at which transformer ratio is to be calculated
forauuAvesnszuayegifiazldduindan
dnvemiionlas

Vse is the IZy, which equals the excitation

Zo is the Vse/le, which equals the excitation
impedance of transformer on secondary N
turns base for any specific value of |, obtained
from excitation curve. The value of Z is not
required in the calculation, but is shown in
the equivalent circuit (see Figure 18)

f9 Veo/le, BafidunAuduiiuausnisnseduue
nifoudasmaiuniogll ddnou N seudmiu
Anitszulag vesnszua o Faldanduldans
nswu. Ao Z bidududeddlumsduam,
wifiuandliluasasasya (93U 18)

le is the excitation current required to obtain
a specific value of Ve, obtained from excita-
tion curve

& v & o o,
fanszuansydudisioants ieldluniswusediu
Ve fiszyld, nazuaiimldandulfanmsnsgdu

lst is the I + lg, which equals the primary
current on secondary N turns base
flo Is + le, BaflAwindunszuaugugimein

maquﬁuﬁmw N 58U

=

Ip is the Nigt, which equals the primary
current requwed to obtain Is in the secondary
o Nigq, ‘ZNLIFI']WHﬂUﬂiuLLﬂUﬁNﬂNV\ﬁmﬂﬁ Wio
yiliAanIzud |, neiunfend

True ratio = 1p/ls, vyhich equals the Nist/Ig
16/, BaslAvindy Nigy/Ig

If marked ratio and secondary N turns are
equal:
idmsrdrunuthedeuazunaaie
souiAiu:

niiduu N

RCF = I/l
Percent ratio = (Is¢/ls) x 100
Percent ratio error < (le/ls) x 100

to Figure 18 and Figure 19: voltage required to obtain I snRnauseatunti
a ' & v a - & A I o v oaw <
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U7 19: dlARansyua 1£o0
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e = 225100 = ~1.07! B a5
ANUARALARDUVDIDATIAIU &, 101085 x100 075% H!JLWﬂ‘UBQIMﬁﬂ & = tan 0.09+0.02 45

(o) nszuavasindlmeidinaiu 5 A duluuswiunnasenindiimes

= 5x(0.09+ j0.08) = 0.6025 £41.65°

Whanetou B Wuaeililddonssua fuluussiunnaseumioutas B foudu 0.6025

mﬂniwlgﬂﬁ 8329¢ld 1, = 1775, 1, = 1675 — |, =
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- 2% 00244 A
100
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Foarld 1, = 1, = 21

iliAnuouuUs-souwiiu
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< _ . _2 . _o

mmﬂmmmaau‘uaagmvm B . 1005
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VL7152 416755 = 244 A 4o
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a ¥4 & v _ o v & = v o &
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Routine Tests
Live Tank Circuit Breaker
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Special Power Series

The world of
high-voltage power
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dieflliannsoadlududedvguazunasivan
Hdulaognesinds aeds UHVAC Tdgnanausy
W dunszgndundsdmsuduasunisiaun
Wasuulaseasnsveddasaiissyuuliin
fhognaugulasanisansn  UHVAC 1,100V Ty
Vs fideaneden 650 Alawasan
Jindongnan NN Nanyang U Jingmen
fEANUEILTATUATTEIINATY 5,000 MVA

litlddhslueuneneusfuiugudanely
Jszwedulunmsesnuuuuazingds GIS wuuleuia
(@ndifosuvumaluladuam) fuseiu 1,100kV
Fausndmsuamilliinges  Jingmen  Fsldidu
yhauegrsdisaluiousuneu 2008 (@gd‘ﬁ 8)

gﬂﬁ 8 1,100kV UHVAC GIS Lmulﬂu%ﬂﬁagﬂaammuim

weifdwiuaanillnirges Jingmen Tudszmedu

yaseulilal 2012

whgiinmsanidesiulumsdalviuuu UHY Tag
wngludewosdnanmiBendyd SGCC (State
Grid Corporation of China) ladinduladaasy
wAlulad HVDC lussduuseiu UHV fewuiu
Bufuann +/-500kV fe 800KV DC mshindaiia
widsdafausnldifatulugnisdusulinulud
2010

i fidelauanildszauanudisaluns
nadeugUnal UHVDC fiszduusedu 1,100kv
uaznieudmsuszuulniiusgalueuiandia
wih (g3uil 9)

o o o
TugrusidufiluSosgunsallaifiusegs 1009
Teivhmafau  Uiuusswasdndunalulagluin
ussganaraanulunislasinisfindanaaessingeg
o o v o 1a a. a
iafizlaundanealuladlmifiduasuvesnsii
Tavasliiialanegededu

BFouiEeann

Fredi Stucki,

“The world of high-voltage power —
A concise history”,

ABB Review Special Report

(High -voltage products),

page 6-10
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Vacuum cast col
type transformer

anagni naeu indpe sakulthida.klomkleang@th.abb.com

Kawa) Wugunsaiflddmsudrwuwaruiwi awisaasuguiausidulwimiasuravains:ualwiala drdusgiu
n1saanuuULazidau lﬁauqaqugquk‘ﬁuusama‘iauiwﬁl‘\ns:uaaéu v=iibusIndaullikisaniniiaduaiungua)
wrslad surazeausiindaulwiikdenindduagiiviuiuseuzervaalauinuikan 1azA2IWKUILLLYEIEUNSIUGKEN
fidnaswasunlaranfwiins:uaadu Wens:ualwiriawuzaasasilididunsowikdntuzaasa duusauwiwand
wWasuwaawyuiazaisuaaulwinilasuiduissuiikaniiouikuazagsasuunuidn iadniswasunlalzaiduus)
wiikdnwiuzaada v=nilRbusindoulwikdeaninfadufivaalandenid donn Andeinisldwariu Wire=lu
ua@adny 1avaadaldsuusiindoulwiins:uaaay vilivaasabnisagunlanduusiuikanamwauradersuadulwi
ns:ugadu rilkdusaindeutwikdsaninnadufivaasad danbaudasiia Oil type ua: Dry type #:5ui ABB

vauniausklauva) Dry type firaniskaa coil Tusuugryryanaa RiBonda Vacuum cast coil dry type transformer
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Application

ABB Vacuum cast coil Dry type transformer
1#wdnmu  International quality standard
1SO9001 wag 1ISO 14001 Vacuum cast coil dry
type transformer aansatosfumuty mang
dwduiendluanminndoud il uanusnuin
wavammndouiiiiastudiinsgend 059 vise
LLﬁﬂizﬁaqmwQﬁmmﬁau -25°C fidlanansarham
15 uardnunfieudnagrmilives  Vacuum
cast coil fivin1sudasie Resin Aannssuseanis
noaovgamgiigignivulsuasauny Tag UL with
Thermal index 180 °C (Class H) @oandos
AUNINIZIU ANSI C57.12.60-IEEE  Trial-Use
standard test ﬁ'&ﬁu Vacuum cast coil dry type
transformer  Sudumadoniivangdmsu
wleulasiidosnising sindiuaniui ilde
drvaneldsrelumsiona  iilesandndslng
inldrsenvesmoadaduacd weanfids
msgadensliiniiinenaiuedvesans
wdaldee

Vacuum cast coil dry type transformer @130
WluRaddaldfaniaeny Utility, Industry
uaz Building 5wlUfs Railway d@lngjaziion
Wluusnaiiiuisiiauasoglndiussesu
ieamniinaaensiogs

‘H"-l Comieriator _
| [ |
-

Manufacturing Processes

- Common Technology

8B ldlimaTuladviuariviigalufuniuasise
(R&D) Tpe ABB Global luniswamnsiaudas
Vacuum cast coil dry type transformer Fafite
Bun1 Common Technology Tedl concept 11
Common Design System (CDS)

Common Technical Standards
- Materials

- Productions

- Processes

- Procedures & Instructions

Common Key Machineries
- HV Winding

- Vacuum Casting

- Core Cutting

Fohbigldnuiulalddn wdadusiain ABB Asia
o a .
139 ABB Europe UANINUAZIINTIIUALINUY
w51 ABB ldwalula8l Common Technology
Tumseonuuunioutas Vacuum cast coil dry

type transformer wuiieniiu

- HV winding finszuiunisiumskanmeiases
automatically Tngagyniswuvaaaiduwuy
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Process Tunnswanwsianuas Vacuum cast coil dry type transformer

HV WINDING

LV WINDING LABORATORY

2nd
Generation

o)

ASSEMBLY

|| ENCLOSURE ABE
AVAILABLE

continuous drop down disc wazidu double
layer insulation STuIusBURULAZYWIATES
ananlanniseanuuuvedlusinsy Common
Technology aniufiazilulanudusen ud
wao Resin luszuvgmminialussesiaii
wnzay Seiaveswaminaunsadonlasering
Aluminum %38 Copper ‘ﬁuagjﬁ"ﬁmmcﬁaami
vouldanu

-V winding fnszuiumslumsndndeinies
automatically Wulieniu HV winding dnway
msiuvaauduuuy Aluminum foil uavauiu
Huuuv foil preimpregnated with resin nd
LV winding flazgmirluaunazanusiaia coil 1
wFoudmsunisthluusznau

- Core  finszuumslumsinSoandnduuuy
Steplap  shlanidsssunuiiinainnisdures
wifouvas (noise level) warliel¥iAnnsivilen
Wuslndnaufnnisdui  (Saturation) UShan
sowsie annszid No load §avinl No-load loss
anawiY

Testing (IEC & ANSI/IEEE & ABNT NBR)
Routine

.

- Winding resistance

- Voltage ratio

- Vector relationship

- Impedance and load loss
- No-load loss and current
- Separate-source voltage

- Induced over-voltage

- Partial Discharge

« Type
- Lightning Impulse
- Temperature Rise

« Special
- Sound Level
- Short Circuit (3rd party)

The product basic range: Vacuum Cast Coil
From 50 kVA up to 30 MVA.

High Voltage: up to 52 kV.

Low Voltage: up to 36 kV.

Classes: E2, C2, F1.

Partial Discharges: <10 pC.

Ambient design: from -25 °C up to 60 °C.
Insulation: 155 °C (F), 180 °C (class H).
Cooling: AN, ANAF (up to +40%), AFWF.
Enclosure protection degree: from IPO0
up to IP54.

Vacuum Cast Coil strong points

Stronger resistance against short-circuit
stress.

Superior behaviour on load changes
(thermal)
Linear distribution of BIL (Basic Impulse

Level)

No silicone during coil manufacturing.

Superior performance under dynamic
loads (mechanic)

Excellent performance under severe
ambiental conditions (exceeding E2)

More suitability for extreme
environmental conditions.

Medium Voltage Series

Certifications

1SO 9001:2000 KS A 9001:2001 1SO 14001:2004 KS A 14001:2004 Certifications from Lloyd’s Register

B e

Safe and environmental friendly
- anmstuideuludandon
-lifiradedumsivivavesveanan
- \Hundnsdasiiiduinsrodunnden
- Lol wazanansosulwldmedaies

- High resistance to short circuit
- High capacity to support over load
- nusemMsduaziiioulan

KEMA Type Test Certificate
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9.4.5. $riundfeutasuaznisimiiluauau
shilunsfeuvasezsimih i Guauauliiuas
dremanufeuaint udiuieuvemteutas
TUgsszuvssuneanadon edhdlsia duuesd
aaautnisiuawiulviiiegliusy@nsaw
sedesnrnarutuielunararon

msfvinamaduluiifueylussdvligaiu
TuazTanauindu @anzveads) fusinuanu
& ' . = ¥ IR

Fuoguanei  Uinaenuduluhifudunngn

Mewmandiegfianauiu (nsea1y)

o o

mwduluianauaudusassddy vl
serdeanin SruSinmnuduiiauiuiue
fmuaasiidnedlicauiull  Tnsawy
atsd sslautasinonszuanazndonuasmads
T msthenBinamnsisluauadiiiu
Bosdniulusumadauasiasugia Visniigunsal
dnfumdanuduiiauaumieuvasiilssny
samilltihdneauseunnaduanuis  uds
neaAEiin Uuaenutuaglii 1% sewi
dnpsiumlouansdodsiien sozam
dnpduiily 12 §Uanst ﬁﬁua%ﬁummwﬁa
was Vinasmunuiaz3inannsduluniiouas
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Unfindennifanbhiunfiusn/adelilundountas
W 12 ity msnsdeuRmmuaniE i
Wunffoulasmdydenszuavnnlngaisnia
aoulszdmnl USEniiaGaneg dmsuneaeuuas
Sineishesnaidiy Tuesgiueiia sue msld
NukarsEiuANudAYAuAuUaoaielunis
Penszualiihvemsleutas

Y 2. o o,
nsnadeuisiugunsalusudsuussauli
(tap changers) Bmsawsesmuinangunsalsey

wiloudaswinUnaiin  (hermetically - sealed
transformers) Unfi lLidnufemnaeuiioga
ity freshesteuitniey wileuasiita
ain dhiusslifimsdudatuussena Sliign
ity

lumanafiauaziasugin  wleudasidauazing
nszualiiounlng nsifurlauameditu/ah
thiunduiusnlisnduesiimsftiuazaunsn
URTRldneliBnses Adaufa mdnansiiviili
diudendssavsam saukuduasusuauam
Asdudsaunsosidunsldvasiiniouas
vanlnelaaintvgaiaudansmafios 2-3 .
ilesiouaznengunsaitngedny  dnmnmaes
dhiuged Wowsiidadeuu WiBnsesfifivame

hly FBnaguainw fe fdamuiduiiauuiay
thgsinwiqanmasiiulneyindadanani
f{nﬁmuaﬁ%muﬁ@wﬁmuuxﬁﬂ (fouAMN YD
ihifusarauudoninnauiuly) - sstielaeny
mslnuvemoudasnuselulasnnansd

9.4.6.unIuTDUWA AT DDA

o & 1
AsyhAnuazeInauIunTEiiasfiLmuseLnal
(bushings)  sgnindindfonuasinuionganis
o & o & A o v & o, '
honududssdwdewhfianunsavhld ie/sumis
' = a &5
i Teorafanisandsnvidegnanudu azdies
Jfjiimeruiy Tnelfumasaneseduiethenvh
ANNATDINDUC Tszivedny

msnradaanmlansinhneuenuazdedeura
Taviwdati (bus bar joints) fiwnuseananiivge
wandusvovainaue nnarofusududialy
Tavegsihitedoanas gumgiifiuvuseanan oz
gunn Mt orvbivsfuilegindudigm 35
audn/geamgiiiigane desie wuseanan
231 Ingldndesdnegumgil

Fugeinwwmuseunardnisygussiuliih
g1 (HV condensen TWuftRnueuugziives
AHAAUILTOUNAT

9.4.7.9UnsaivsuAsuussiuliiiaiia
Off-circuit
Wugunsaldmsuusudasidiunisudasiuiin
(transformation  ratio) Iaemifeutaslaivha
wanmuguvesgunsaiszdusenueniiaseunie
wifshefe anemaniidny gunsafuensums
wargunsalfien  wdnmudiugunsalazdies
Soavionsvhenndulunuiiily

UnA gunsaiuFuAsuussdulnit off-circuit sl
Sndudesdimsthgeinuussdn  wisswineiivdie
wlamga/iinyhaumsiimsusuasuiumis
e ashﬁy'qlﬁag;tﬁmﬁﬂwﬁmﬁm Tagianz
agBagunsaiTuAsuiiinsusudsuiiumis
v ady FBusudeusums Taeldstonsil
wandeviseldueinasyu

agldnuvesgUnsaitusgiusiuuadinisiinu
Ywnanszuaund  van  mansaada/dngednwm
Fostuiiumslaetsdmneiny Teazdeng
Lonans/gionugihuesiuan

niouwasiin dry-type gunsaiusulUAsULTIY
v offcircuit  avfuvilaiiadnindendmsu
naadsy

9.4.8.9UnsaivFuABuLssiuliiihadia
On-load

sme o (o dhyian o .
Whgsinwgunsaledadliufifmuruugi
VOIENEN

o & ' a4 @ v s
msdudunisdneg  feaiugunsalliufifn

41M3gIU IEC 60214 (Tap-changers) uaz IEC
60542  (Application guide for on-load
tap-changers) lagiawzatnsds  Fuugii3sld
suariginygUnsaivestian Yl dreugon
wihflazdowiunisiineusyisasiadataring

nwigunanl (g IEC 61378-3 Convertor

v

transformers — Part 3: Application guide)

msl¥gunsaiusuitdsuuseiulii On-load Fas
finsthysnwedemiiaue svovnatissinm
wasoglfruduegiuduatiniahou Viuw
nszuaUnd o Tsiivdfouyasivdionsesiiu

9.4.9.gngUnsaituinFeunaina’

maihmsiipdnvivssd  ssesnaniigeinm
u,axmq'lﬁmu‘ﬁuasg;ﬁ"uﬁﬂmuﬂ%amsﬁmu s
trge¥nuasdesdiiunislassiadsvasiiu
msfingusuwihiiy mwazdun aAloveuan

9.4.10. wiionsasingdu
fussuinduiindinanas 4 v1s easasu
NIgnTYNIeN MEauiden gallovosdnan

9.4.11. deszueanuiou
Myhenuazoadiszuiennuieu ol den
wsadluusaneluio  gaiu/Asanusning
gryannia “a dedndu ussiuanasiogamg
vosthiiu th o1 deuuasudadndiszusany
Souwnndsiutiosrmduly  gungindoutasas
finund Usinalvavenhszuneanudeush man
ugnahmshenuazetn  swasden  gaile/
Fuuzivesudn

9.4.12. fuhiuvliafiusiutuens

Uni fefuusazuduiuensnelulideaiing
tigdnudy Wewmsadaasedanuea (silica
gel breather) fiflsswe dhansganwaluvasn
Uszan 2/3 Wasudendiududues @anuea
wuui) vewdsusndvaduden @nea
wuulv) uansidoaden

9.4.13. Uzihu

Unfi Usiuithaseunihudauuasiisswiedosto
waniushaseuszfuldinesniaduruezi auauds
/e slilasdviearsdalau

fufnns$Hiu 7Ly Fuangliuiurzannsoudlald
So & v o & - a o
nsildnluneadfsudzinu msmseuien

dzifiuangumuseanan  iauazunuazlfuu
g/ veune Jeienne anunsadunaviudou
finuuenuasdaiu

msfusiiu msselinseTedusauiuly ang
andgaviousiuziulAse (drliegluses) B
msduutundeamssednsyTadudiey

9.4.14. wsiawlas Dry-type

v a & P = o
nifoulasinilsyuisarudoudisenna 3
Yy unadiluduinizasanvilivssdngam
msthlviihuasszuiearudouanas  JuusIn-
desTusgivaninuinden msinistgeinuvi
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rwazemidulssiudaziedes vhawazen
Vnadeguuueuliliieiosgeiu viessuisam
Fouvaanltauvieufalulnsiaunsaiugadn
(wsestulaiiAiu 3 ung)

dmdfoutasinmamelug msihanuazeingie
FBwilewvheuazenngaindluifi nsiisidung
Fuazauiidesssunsemaiiguansidananiing
adaganuazernmeluliuds

UBNIINANNAZDIN
soluilie

- angluseanglilivingg  duuenvemsiouda
fviann Fulviuiiu

o g wmiluangg dvaanduliiu

- gunsalfiyaaniousineg asaaansiaud
Juun

9.4.15. amwﬁuﬁ'wmﬂ]

9.4.15.1 Aufannd

fndaen / 130 ﬁauw'l‘wu' AIsAdnadn duns
wazasuluiy mviuduuudednneuenainy
wm‘vuatwnuﬁuamumuamauas fhseetna

'mesama ﬂ'JiM'\S@QIﬂIEj'J‘U‘ImﬂTuﬁ

L oo v o
9.4.15.2 WuRndeulanedenzd

M ieFeulanydnydslaneauifannsoden

unsostrgmeslinagnunuasiedl fiulieiing
fdradndes ol flsesTatau a1 Unili
$ududesonodnilaidu asveurailoseudign
uelandt 50 A, F5gen viazeinsestin
Tihdudmavsinudunalanedangdidudu
(65-69% Tnethmiinvdeusinasdrunasvediany
Fonvalwilod >920% Towthwin iiloust) aam
wwindy mavimuavensestize linsdn
maaamumumuwmaaluamwmaamta A5
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Relion® 630/615 series Optimized solutions
for utility distribution and industrial applications

The Relion ® product family offers the widest range of products for the protection, control,
measurement and supervision of power system. To ensure future-proof solutions, Relion products
have been designed to implement the core values of the IEC 61850 standard. These products
interoperate with other IEC 61850 complaint intelligent electronic devices (IEDs), tools and systems.
Their performance is sufficient to undertake comprehensive communication tasks, for example
GOOSE messaging for horizontal communication. www.abb.com/substationautomation




