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Improving eco-efficiency
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N3N m'ﬁ’agmﬁmﬁumn Kyoto Protocol to
the United Nations Framework Convention
on Climate Change, United Nations, 1998

(*) Intergovernmental Panel on Climate
Change, Working Group 1, Climate Change
2007, Chapter 2.10.2
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with BLKZ22 spring drive)

SF, loases: use phase

Audiary Giroult: use phose

| Primary circuit losses: use phose [ Desion & manutacturing
and end-of-lfe phase

Doliver technical grade
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SE— | R
O, circuit breaker [LTB 7201/B
with MSD1 spring drive)

CQuality assurance
check to [EC 60376
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Test and remove
hazardous by-products

patanted technology
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wuwesnszuadulondaniues
(Fiber optic current sensors, FOCS)

1oy &

Tutaelaiitd  Fuwednseuauazuseiuduiiasi
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Namita ~ Asnani,  Fredi  Stucki,  “Improving
eco-efficiency — ABB’s high-voltage technologies
are rising to the challeng”, ABB Review Special

Report (High-voltage products), page 28-32
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runwlstihluiiudl i Jymussiuguiuvde
guin  videdgmusunsaiionsudesanan
mswasuuasmesiaeiing duaduiliia
Hgymilwiduitesnold

wuaRansuiludewn

nfeuvas Electric Power System Research
(EPRI) Taudesnannsgiuves [EC iflswiszuy
Iyiuuulassiglalihamnadninn - (Microgrid)
fosvuuliindianunsadelnuvudaseldlaelyl
Foudoulssfuszuulassrgliimievhaulng
guiuszuulaseglililiia Ussneudeszuy
sanwasulnih szuuinfundanuladih (Energy
Storage) WAL ITLUUAIUAN

szuuAnfiundnulnihdeniuausie Microgrd
farwannsadfiuanudefelduazifiugunin
vesszuuliinluifuil nanfesunsaanaditm
Infhdndes (SAIF) anszazainsialiheiu
(SAIDI) wazuAtusstulihanld Saneda
amnsalfifiedronsualifiunuluiiaia wih
Fuluvedesiuiinuiifdneuaunsa wie
Sendiieululnuauendsdaszniousnlan
(Islanding) 5ﬂﬁaﬁ&mmmgsmmsszwmﬂ
asldrumdsnunaunudstaonliuiuou (nter-
mittent Resource Integration) WUWENIUAIN
wasfindvidonnasliiatiosnm vl
annsadininamdsnumaunuldsnnnii
Suilifinmsfindilion  suunmsaituayunts
WisUSinamdsnunaununizuleuevesizua
aslsAmuluannzundszuuinifundanuliidih
annsavimihilnlvangadn (Peak shaving) tila
TAaauduAmaasygaanssonsamuls
Wumsinfiundsen  (Charge)  Tugedlviih
319N (Off-Peak) viiefnfiundanuainndenu
yaunudAuTRaald uariiendsuiy (Dis-
charge) Tutsanlnisimuns (Peak)

T - N
syuuinfiundsaulwihiivarnwanesiin  szuu
Y - A o o o
wdsidnidumadenauemniiniwensiiies
weAe Pumped Hydro Storage iiasanilu
waluladviamnsaiiunieaniinalaniuaiy
fiosns Delvanldidussoznaniiitmedmsu
salnangedn waedlforudulniiilan (Mature
Technology)  vlsllannns@neuazd1sanuIn
o.ulazEes v.wigosdou Inswensihfiiiswe
dmsudnvh  dumeluladszuuinifiundanu
Inivilnd uidud deuldaulussdunisivii
Jhlanfeuummess (Battery) losaniinismeu
awesidyr vhlvdmnuannsaluniseuauligm
Pnmstdnundsunawnudsiinnulaudueuls
Fadvaludrdinsldnudondeduduazey
sgmemsneaeunslinuegnanedssian  uaz
- - v & o -
Wesnnwaluladszuuiniiundsaulningdisim
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A5199 2 Wnanlun o.widzEes wiedredu 5 Hanesd el

szAuAMUEAgY ‘ Feeder #ag ‘ il ‘ Tuan (MW)
556U 1 (1ngm) Feeder 2 - lsswenunausiasSe 0.9
- rhmssuneuiawiies
- AR
- fluilushsnneunsdin
S 2 Feeder 3 - Tsusuuvdsvioniien 0.9
- $uewms
- d@onilsige
- wAvIa
- i o.usd
SERU 3 Feeder 1 - AUETIINTS 0. dULY 1
- p.wlavE-auLY
S 4 Feeder 4 -Ts95eu 1
- p.ulaziBes o.uleau
S¥AU 5 Feeder 5 - p.ulaziBe o.wiavoy 1.3
57 5.1
e

i
Fia

e’
C mitlihooumes (PEA)

-

* anithiihussgadng 2 (EGAT)

nn'ﬁlu‘niw?!-_n ilr':l
J\I‘
e U ITE LT
VU A Uee

“TEEI 500 N

i

4 il waaganoime(EGAT)

W ol dlhs
TEHENN 32 nU.
and
TEEENH 95 nu.

U 3 ssuvdlnifnands a.uiazEes d.usidesaou

nsidenfinauaysyeznaInsing
Tnandesiansanlidonndoafuainudenis
TnuuagRui nvin. Fesawmu

Aautage

anszuulniludagiu

anmdagtiuvesszuuliih e.ulazBe vuldeseu
uanasdlugu 3 Fesulilannaniliiihussgedyu
2 (EGAT) dauszuuaneds 115 kv undsanni
lviihaoumes (PEA) wavanillwigen (PEA)
uazanseiuussuduszuvanesmhe 22 kv
WedsielisuilowulazFoeiflsvorniaseinu
110 nal. shuszuulihanandlwiheonisasd o
(HOA09) ﬁagﬂﬁ 4 ndgymnszualnihdndes

Tuiuivhlinsliiienn  (via)  ouslaziSos
fouvssyuulihmeluiiviioendu 5 Aewmes
- - & 4 a o
w995 Iileanfiuiinsianszualiiihdades
Willoefigadinsnei 2 amsziupnudfyves
aauenanilgud 4 dilduanstaunandnluin
(Distributed ~ Generation; DG)  @uanalgsa
5190 3

Aldlaihlun e.ulaziBos Sumstionseualnih
nanillwiheen Inevhnsdauilawes 22 kv
29957 9 (HOA09) Faflswormausvanas 110 nu.
Tnefigunsaimunuusadufinees (AVR) 2 1A3es
fadedl nu38 (nle.desd) (HOAIROL) wawil
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MSR Power System

Diesel FEA T 1000 kVA

ax L6 MW

Ui 4 uwndawdalifuaznsdenssudluiily o.uiszEes .uisesdou

9199 3 undednemaslwilnluinud o.ulazEes

8NN3
1. szuului (nvln)

o.uiidziFee

-Tsadnslwihdiwa (kva) 2,000
- pnRnRa (2x1000kVA)
s wasadigluan (kW) 1,600
2. syuullih (ww)
~TsslvitwaniusiasEes (kva) 1,250
- wedads (2x625kVA)
s anuansagieivan (kW) 800
2. szuulwiih (lonwu.)
- Tsaliiwdauaseniing (KVA) 4,000
- wueRads (4000KVA)

131,89 (Uz) (HOAIR-06) fifiim 400 A waw
300 A puasty lunsdliiflownes 9 910 an.sen
lilannsadenszualwiile glilnisunsing
nszudlviihaniiawes 6 anaanilwiheeunes
(CEA0S)  Faflswegviedssanas 170 nu.
Toedudngliiuilawes 5 vos nia.e.ulaziBe
(MAs) Taewilnaus  nvieo.uwiazides g
YjuRns

agumstnszinisdnglnludagiu

« syuulwihudaziSesdnnsgaydendsligsds
19% Andutsvan 6.7 Swilatnddalusied

« spuulaiihe Sadlviidu snandt 20 adwied

Tnedawnmnangunsaitnga Msgesniizessuy
FINUOUAEHYFITUIIR MUAITU

« Tutslvangs Foumuedosinsiuaiiiote
LESUUTIAY

. ladnsndniutardos liesnsasievuuiu
Tsednsewaldluuaniunisal snnsgiglvann
n3ntndes

« Tgansvihsu  ldawnsednevuuiussuunsala
Tuusaeumsal iesainiiaussunn useiuiu
vioussiubiaunad

« Tyansvihsu Liansadgruuiussuundaain
amilaounes fianes 6 (nsawslunsiifing
elvanaailseniadade)

yndeagudnedu  wudszuulii  ewlavdes
fi4o3ih (Constraints) vaneuszns Assaluil

« Jamuannsalumsdsiidalih - (Transfer
. oA a a e s
capacity) egnsiluszansam  Iflamesinansi
n71 5 MW nandeilieluanilawes 9 vesaand
Ilihsengendn 5 MW fddlihaa ey
Failszansamnisanelue

« syuulihdosns Reactive Support tiiesnwn
Ll sANKI IR

« svuulwih eulawides fnszuadmesi (~
100 A - 200 A) §i MVAS/C s (~10 MVA)
Fadussuuil weak win vhldnsdeuutas
szfuusauiings lelnanuseundananldh
Wasuwasegwdundu  ddiAnnansznuste
Aunwlviin warenuvililianusnaniin
vowosvwwlng  (MWIG  wunsdl  hydro
pumped storage 1Ay

« syuumuAukardensdnsisnyaainsidu
dulvg)  Fwiewmsavaesunisvihnuvesgunsu
' - a wa o g v o v i
nouasiioufjuinmiaue vilvidlalwildy dedld
naund 20 wift Tunsdu-dangunsaineud
azglwanlssdnsiwale

atuniihaznanils Microgrid Controller way
fregaszuy Microgid  afimsUssyndldanu
Tushatsane Gaasiwssgndlifulasims
siaunszuulviuuulassinelniiasuiadnuin
(Microgrid) .wildzi58q 9.usldesdou folu
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IEEE C57.13-2008

|[EEE Standard Requirements for Instrument
Transformers (aeun 22)

audy yA3LNEa > somchai.char@egat.co.th

8.4.2.2 Voltage transformers
(vfipuUasusanu)

To determine the polarity of voltage
transformers using this method, do the
following:
msasnsevanniivemiouUasusiiulng 3
s, Iﬁﬂﬁﬁaﬁmaiﬂﬁ:

a) Connect the high-turn windings of the two
transformers in parallel, as shown in Figure 28,
by connecting Hy of the known transformer to
Hy of the unknown transformer and H, of the
known transformer to H, of the unknown
transformer.
devnmniidsuauseuinuemenlasisas
Favuuiy, muiuandluguil 28, Taomsde H;
%awﬁatmaaﬁiﬁ?ﬂu@"a Wiy Hy vowmsioudas
izt uawsio Hy vowmdoutasiiiiauds v
U Hy vomioulasiiddlsisia.

b) Connect the low-turn windings through a

12 Arunwiww 315

voltmeter, as shown in Figure 28, by connect-
ing X; of the known transformer to X; of the
unknown transformer and X, of the known
transformer to one voltmeter terminal and X,
of the unknown transformer to the other
voltmeter terminal.
dovnamiiisnauseutiosrubadiines Kl
wandluzudl 28 Tosnsvie X, wesmfouvasity
wdndniu Xy mmwﬁmmmﬁﬂ"ﬂﬂi uime X
ﬁjawﬂmmmﬁiuﬁaLfﬁwﬁu*ﬁ’wﬁa‘uaﬂaaﬁﬁmaﬁf
wazsto X, vewslouasiddlifittudndanis
voshadiines.

) Energize the circuit at terminals Hq-H,

from a controlled 60Hz voltage source.

Joureasnsaiunus Hi-Hy 91nunasdnensasiu
= aa

AND 60HZ NIIN1TAIUAL.

d) If the voltmeter reads zero, the polarity of
the unknown transformer is as marked. If the
voltmeter reads the sum of the voltages of

the low-turn windings, the polarity of the
unknown transformer is reversed.
dbadfneseuAndugud, wanvihanmdaves
o oo 1w & o o o v
nifeudasiidslifdunseuiivinaioamangly.
LAd AR IR0 T IUAINATINYBILTIN UVDS
YaniiTuIuIoUtey,  WAATIEN T8
nifoudasiigvliiftiundudinu.

8.4.3 Direct comparison of winding voltages
(MsSeufisunssnuunanlaenss)

To determine the polarity of instrument
transformers using this method, do the
following:
mTdeuanmivemiloulauniedietalng
48msil, WhugiRsdelui

a) Connect the high-turn  and low-turn
windings as shown in Figure 29. In most cases,
the high-turn winding of a current transformer
is X;—=X; and that of a voltage transformer is
Hy-Ho.

International Standard Series

sovmmImRiIuTIUIINUAz YAEIRT Y 60 Hz WARNING
seutfes  mufuandluguin 29, nsddnlve, SOURCE High voltages will be present on
YARINATTIUIUTOULINUBIMTBUUAINTTUADS the high-voltage terminals of both
Wuremn X;-X,, wazanaaiiiisnuiusevann KNOWN UNKNOWN transformers. Safety precautions
vowdloulawuswiuaziluvaain Hy-H,. H1 Hz2 H1 Hz2 should be taken
TANAANASTT !
= Anfou
b) Energize the circuit from a controlled . P A2
g . X1 X2 X1 X2 1*/11717LLNQW~U$1HQ‘UUUU:U’JWEJHTU
voltage source at the terminals AB of the N Tusegevemsioutasyisanssa
) - v y i
high-turn winding. 2 49A255839A1UANYABAABADS

Youreasnnunastnsussiuiiinisauaudily
it AB vewamInfifiduauseaumn.

azthunvaduld.

Figure 28 Polarity by comparison with voltage transformer of same ratio and known polarity

UM 28 nismsaedauanmdalasUSuiiisuiundoulasussiunionsdumiiouiu

c) Read the value of the voltages across AB
and BD.
B1uATBILSIUTIANATEN AB Way BD.

HIGI-TURN

WINDING ™

d) If the voltage across BD is less than the
voltage across AB, the polarity is as marked. If
the voltage across BD is greater than the g%t:;m;
voltage across AB, the polarity is reversed.

fusadiuasen BD Uosndnusifiunsen AB, wand
Fanmihemdeulawmsmwiiuatomanels, T Al
usidussdiupsen BD flAmnnniusidunsen AB,
uanshanmdavemiiouUamaudu,

NOTE : The suitability of thi

POLARITY
o+ ';7_ MARKS

UAZFANINYUR S ~ E=E

D_‘D WARNING

The source voltage should always be impressed

=T
— LOW-TURN

across the high-turn winding; otherwise, danger-
WINDING

ously high voltages might be encountered.
Anfiou
wswuresuvdsinemsaztoulituinameiiisiuausey
guane; fiasifu, s1esdowsdyiulniussgdluseiu
Adusunseld.

1+
is mett\od for h'\gh—rath transformers is limited by the sensitivity of the vottmeter used.

e | anuvneanreissiidmiunioulasiifidnindunisulasgs gndriadienrulbvedhadiinesild.

Figure 29 Polarity by comparison of winding voltages
U 29 menmadeuan T lasmMITeuiisunsaiusnineaaIncs

&cm

an: veliivaueBuneiiinfiuin 2sasvadauma Figure 28 ‘ummmiﬁ‘maﬁuﬁ
o1fevdnmMslnswiogals ? B

mou: milsde Instrument Transformers, B. Hague, 1936, p. 587-588 (8n98aunaaus
€57.13-1968 fsavuilag) esuiedh

For voltage transformers a differential connection with correct polarity, Fig. 286
(b), should result in V reading nearly zero; again to avoid accidental incorrect
connection V should have a range of 200 volts. .

- mavnasuieraiad miuviiauUAsIuRNFUT 286(b) vnanIwdavia
wspmmnelignaes hadlves v psswdldifioudugud (ussiuindraiuiouned)

ilitefunisestunsdivinaiomneanmdaliiowain mseelihadines v
fegludas 200 v (Wanunsnsesiunasiuvesussiuyiegiild)

Fio. 288. Drereresrian Metuons ror Trerive Porarrry Usmvo
TanpanD TRANsronuER

<

03: 2WITVAADUAY Figure 28 maquﬂmjgﬂuaﬁuf} warasasiiesuslufessn
Foiudn Wunssevamanisgiludnuariilduswiuindreiu esrnvsuidaede
wnanyRegiliusaiuaiuiueglivield 7

MaU: Wilade Manual of Instrument Transformers, Cat. GET-97D, General Electric,
1976, p.27 wuzihlih

Differential Method - In this method of making a polarity test, as illustrated by
Fig. 29, the primaries of both the "standard" and "test" transformers are excited
simultaneously, and a voltmeter is used to make a differential measurement in
the secondary circuits. The voltmeter should read Vs1 + Vs2 (arithmetical sum)
when the polarities are in accordance with this illusrration. )

mavadeuanwiInuguil 29 fmdnnsilumileutufeduevesdeiiuds
uiasunsrensaslilinesenunas Ly unufiazerunadegsiiesuigludoriud

fuuuzi1ves General Electric (GE) 4198y wansiwnndesnssiovnaianfioni
Tussduadufufanunsaviled

A
wesly

" Standard” —
potennal
tramformer

—Tent”
potennal
trgmiformer

Valimarer

Fig. 2%, Comsactin diogram of petwntial trossformers and the exsscired
squisment wind to datsrmie lhe polority of sne of the
Wrositfarmers by rhe differantial methad

e

anu: veliidensSeuiileuded/daiduvensasvaaouna Figure 28 vouATgIL
atuil fuismagouves GE Tudofiuds ? )

mou: Tofivesasvnaeunu Figure 28 veunmsgiuatutufe aunsald
Tadiimesiifanasig Id mniulaineSesmneanimiagnieud insgmsvaasy
Unazlirussiufoudugud wiiiifodeio mahadlmestudeilidulinszdn
Ve finfesmneaniminiiney nsdilifnaasusiafimunana (Udesliniu) wsisAnia
PEOMANEANINTIGNFDIE

dofvaaasmageunuiuugiies GE As anunsatesiuruiianainmn
Tadlwestude mszmavadeuuniaslimuswiuiidunasunsunfogivisaosyn
Gedhlweslivansenfidenayivdedlithunmmageu dwdodsfitie Suludedd
Tadfiwesfidianage ynass (Ussum 200 V)
&xo ! B

onu: velitisebuneiianfind wvsmageunx Figure 29 vounagiuatuill
o1fendnMsIAswiogals ? B

mou: wilsde Instrument Transformers, B. Hague, 1936, p. 588 (§198anaaua
€57.13-1968 fisavuilagu) aduedh

Differential methods without the use of standard transformers are also easily
devised, as shown in Fig. 287. For a current transformer, Fig. 287 (a), the current Ip
is observed when the switch is on contact a. Then if the polarity is correct, the
ammeter reading should be higher when the switch is turned to b. Similarly, for a
voltage transformer, Fig. 287 (b), about 100 volts is applied to the primary and is
measured by putting the switch on a. Then with correct polarity the reading will
fall if the switch is moved to b. )

managpuLuUHaRsTilifedliviiouvannasgu fansavildieg auguil 287
dwfunsiouyasnsvianiuguil 287() nszud Ip ssdunaldifleaindsianuminduda a
fmnanmdafvualignaes ueufinesarsweldgetudioaindidouluiivihduda b
Twhueafeafudmiunioudasussiumuguil 287() Wetleuussduuszanm 100 v
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8.5 Resistance measurements
(MFIAAUATUNL)Ee e

WARNING

These measurements are made on instru-

ment transformers for the following reasons:

AsTAALAIUNIUIMa T nseYRendaulas
& A w oA so_ 1 &

winsiletn tilegausvasAdsioluil

required for the direct current to stabilize.

a) To calculate relaying accuracy of type C
current transformers
ynsewnanuuiugiuudesiuremle
wlasnszuaddudu ¢

o o
ALADU

b) To establish the winding resistance at a
i a i e a

known temperature for use in temperature Lwamﬁqwﬂumw."m

rise tests

YNSAAUARUFIUNIUYEIIAIN M gaunNgil

PV | ad a &
NI Lwa"(,‘iﬂumwmaauqquumwuw

Windings other than the one whose
resistance is being measured should be
short-circuited. This is important both as a

of high voltages and to reduce the time

waIndu  uenwmienyaiiddeinadu
v ' o v oda a v &

FunuegasIzanisli. Tfededdnyvislu
wivesnsmsmulasaiedesiuniswmiien
Wlihussgs  wazannafinszuansnodly

A resistance can be measured either as a

gade wavmudumuvesaeliih awnanedu
dquwﬁaﬁummwﬁmwuﬁﬁwﬁﬁmai‘jﬁaa, way
%Jamwmiaumuawlmm AUAIUNTURUY
am‘undivumml,uuaulﬁlm

safety measure to prevent the induction

If, however, a resistance network is made
four-terminal, its resistance can be defined
precisely and measured by four-terminal
techniques. One pair of terminals (current
terminals) is located outside a second pair
(potential terminals) as shown in Figure 30.

amﬂ.ﬁﬂmu mnvilvsasauiumuduuuud
m, ANUEUINUYRITUR mmimuulmamqmm
mﬂanﬁmﬂ'ﬂiﬁﬁwmmiﬂuwam mmaawaﬂwud
(‘umamani“uﬁ) ﬂ”amw&hmuuawadmmama
fiteas (Fhsieaneuseiy) Faiuanslilugudl 30.

two-terminal network or as a four-terminal o1 c2

network. In a two-terminal measurement, the

c) To calculate winding temperatures and  resistance network

is connected to the

temperature rises at the completion of  measuring circuit through one pair of leads.

temperature rise tests
mmsmmmamwﬂu‘uawmmma amwnw

s
&

Thus, both contact resistance at the points of
connection and lead resistance become part

P P2
Current Terminals C1-C2
Patential Terminals P1-P2

L‘WM’U‘H LMSLH?HH‘HH’IEW@HBUHNWI}MW L‘WM’U‘H

d) To permit calculation of ratios under load
conditions (for voltage transformers)
yhlasnsamuinsnsidunsuUasnmelianieg
o ' v o o o o
Tifllvansiiee I (@msundfouvausaiu)

of the resistance being measured, and to the
extent they are unknown, the two-terminal
resistance is indefinite.

ﬂ'mmmmummm’miﬂmhwmdﬁaaw’msa
W95, mnmwmmiamm 2995ANY
mumuamaLmﬂmwﬂumﬁmhamumalwﬁw
ﬂ’vm& mwu i unuiindduaraonsa

Figure 30 Four-terminal network for resistance
) measurement
U 30 aseswuuivadwiumsinanudunu

The resistance is defined as the open-circuit
voltage across the potential terminals divided
by the current entering and leaving the current

IMﬂU“Uﬁﬁ'JWﬂﬁllﬂEJ LLﬁ"’Jﬂﬂ’\LMBﬂ?W‘UWBﬂUWH’WﬂNNﬁ a ﬂ’lM’mﬁﬂ'lW‘U’lﬂ’WWHﬂi]ﬂﬂﬂﬂi

finoioy E]'Wﬂﬂﬂﬁﬂﬁﬂ mammmﬂayﬂﬂwwawa b

bridge, (1) Ducter ohmmeter

(I Ms¥annadumunats (Measurement of Medium resistance) Usgnaumae (n)

International Standard Series

terminals. Thus, for example, if the resistance
of a winding between two points a and b is
needed, the potential leads are connected to
terminals P1 and P2, and the current leads are
connected to terminals C1 and C2.
AnuAUUiIUAlAdA A uLs T daaeas
asouUasaBusItumItenszuailvaduay
panNUaIBEIENTIUE. Methaay, f1RoIns
MANUIUNIUTDIVAAIATENINGERITARD a Uz
b aedaussiufsediniuia P1 uas P2, uavaly
Hounszuafdadriuda C1 uaz C2.

There is no precise rule that governs the
selection of a four-terminal measurement
over a two-terminal one. The choice depends
primarily on the magnitude of the resistance
and on the accuracy to which it is to be
measured. However, either contact resistance
or uncertainties in lead resistance may be as
much as 0.01 Q. If these are an appreciable
part of the resistance to be measured, a
four-terminal measurement is dictated.
Lifingunasifionedineiaguonlddinaidents
msfauuvitanioniimsiauvvaesth. msiden
ﬁuﬁﬁua@ﬁuwmmmﬁwummmx%’;uag'ﬁumm
wiudiidosmsiaoanin. egdlsfinnm, lidee
Wuarudumureswihdudaveaaliuiuey
ypspuiunuluanedndfinig - e1aavilaild
athannUszana 0.01 Q. fafumneudumy
sysuiifudrunilsiidsmaunnedediaudy
muitineeninld, mafauuudtafifudsiuiu,

Both two-terminal and four-terminal resistance
measurements may be made using voltme-
ter- ammeter methods or bridge methods.
Hmsiammiumuuuaestiuadts e1ees
ldlasdre3snsilihaddmes-ueuiined
vioTEnsilinssuiag.

8.5.1 Voltmeter-ammeter methods
(Bnsiliadines-uoufinas)

The potentiometric method to be employed

is described in 5.3.2 of IEEE Std C57.12.90.

FBnslilmnudlefiweslivinuiiussenslute

2.?5.2 Y09U1M5IU IEEE Std C57.12.90. ¢ dwo
(-

8.5.2 Bridge methods (33msiildasasuiag)
When two-terminal measurement is adequate,
the Wheatstone bridge is recommended.
When four-terminal measurements are neces-
sary, the double-ratio arm (Kelvin) bridge is
required. Both types are commercially
available and require minimum external
equipment.
domsinuuuaestauiudsiitome, vouusil
Whnsusaduuindlau,  denisTauuuddadu
Fosiisudusosnssh,  Tilireasuiaduuuiu
dnandiug (Raduuind). JasUEadideuuY
ansodamildlu@annied  uasiowgunsed
meuantesiian.

The Wheatstone bridge consists of a pair of
ratio arms, an adjustable resistance arm for
achieving balance, and an arm containing the

resistance to be measured. In the commercial
versions, the ratio arms are equipped so that
any one of several ratios can be readily
selected. Thus, resistances can be measured
over a wide range with maximum resolution
available from the adjustable arm.
Ni]i’uiﬂi]LLUUINﬁIﬂuﬂiuﬂE)UWJHLL‘UUE}GNﬁﬁ’Juﬂ
Mﬁ\‘i, LL‘UUF}'J']&JW]’IUW‘IUVIUSUF]’IVLWWLWEJM'\GI'ILWNQ
auna, Lhazme‘wusiqmmmuwmmzmmnﬂ.
juﬁww%alﬂu@awqﬁwéﬁu wudnTIEuaIeAn
wUsznaulliune Lwamummimaan%amsw
muaulmauwuamﬂmmamuulm muummmu
mAannsaildlueursiinhmdeniannsa
UsummazBengagaldinnuuiiusudils ce

The double-ratio arm bridge is more complex
in both its design and its operation. Textbooks
in electrical measurements contain excellent
discussions of the bridge and should be
consulted. Generally speaking, the bridge
measures a four-terminal resistance in such a
way that its points of attachment to the
measuring circuit and its lead resistances do
not enter into the measurement.
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Mernons Fon anﬂun PotamTy
WITROUT BranTann TRANGFoRME:
The test of Fig. 287 (b) gives rise to the term “subtractive polarity,” often used in
American publications, for transformers with their terminals marked according to
our definitions. If, when two adjacent, similarly marked terminals of the primary
and secondary windings, e.g. P1 and S1, are joined together and a voltage is
applied to one of the windings, the voltage across the remaining pair of adjacent
terminals (P2, S2) is smaller than that applied, then the polarity is termed
“subtractive.” ) . ) .
MvagouRAIUT 287(b) vliiAnd “anmdvindaiu” ddlivesludsiuives

auisriu manmmmummmmw fiflsemnensitseaenuiuvennasg 6
vmﬂ‘u1maa1Evammiaawmsﬂnwmauﬂu‘uawﬂmmﬂﬁuﬂuﬂummﬂwmmu fogau
P1 iy S1 dewideriu uay ﬂauusaﬂumﬂwwmm@wua usyiufinpasentasady
gimdae (P2, 52) aediantoeniussiuiidondlu duluanmduuuifgniend
“Winanafiv”
Emel

B wilsdo Amnssluih o, dui Andnl, 919, beo, Wi ae-clo TiAnwg
Weafumsudsardiumu TMaprmusiail
(1) At s (Low resistance) fin 1 Tevia wawsiind aznulu armature
winding uay series field winding vpaeiasriuialiih (Generator) uazueinos
(Motor), lutuviveaaiesinnszua (ammeter shunt), AueniveaaLda
(cable Length) uaggnduia (contact) “a1
(2) Anusumunans (Medium resistance) fia 1 Tesiu fis 100,000 Tesiu luadosile
malihdnilvgieegssuined
(3) mwmumuaﬂ (Hugh resistance) fiedoust 100,000 Tovuiuly wnuluawiusieg
() MsInmuiunIum (Measurement of Low resistance) Usznausie (n)
Potentiometer method, (1) Voltmeter and ammeter method, () Kelvin double

14 Arumwiww 3[15

Voltmeter and ammeter method, (¥) Substitution method, () Ducter ohmmeter,
(3) Potentiometer method, (3) Kelvin double bridge, (2) Wheatstone bridge

(] mﬁmmmﬁwumuaa (Measurement of High resistance) Usznausie (n) Megger

method, (v) Insutat\on meter
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The resistance data obtained shall be compared with the design values to
ensure proper construction.
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International Standard Series

The lowest measurement  uncertainty
available from either type of bridge can be
obtained if a substitution technique is
employed. The technique, however, requires
a known standard whose nominal value is the
same as the resistance being measured. The
bridge is first balanced with the standard in
the unknown arm and is then rebalanced with
the standard replaced by the unknown
resistor. In this way, only the small difference
between the two is measured, and since the
other arms of the bridge remain unchanged,
their values need not be known.

anuliuiuouveamsinegnaiigafiazldan
2nsudnduuulauuunis ansnsomesnunlétae
wedamauwnud.  edndlsfinn, adaiifedd
wwsguiiiands fafimundmiieuduanudu

nuiihdmsaia. wsuiadasihliaunalne
Wenwdumuinasgi Tusummesiuitlsll
Aneududusiuusn ua~mmfuﬁaaviﬂﬁauﬂa
anmﬂ,mmmwmmmumummmumamm
Frumuiigelidan, §ae38nsi, aamunnss
menanuaas m’nammumumaaw gnin
gann wasiilesnnuuuiug vensasuinitiag
Laiwdsuuas, ﬁals,isinfluéfmiﬁwﬁtmuawm
wangiu,

8.5.3 Reference temperature measurements
(M3Tngaungiisnsde)

The reference temperature of the winding
may be determined accurately when measur-
ing the winding resistance for use in tempera-
ture rise tests. The temperature of the
winding shall not be assumed to be the same

as the surrounding air.
gamngiidnsdavesuaainenamailieg1usiug
dlevihnstanuiumuresinann deldlums
wmaaua‘mmﬁﬁlﬁm‘fu. QNI VeI
dasliauufienesindanviioutugungives
DINAINADL.

For dry-type transformers, the winding
resistance measurements shall be made at a
time when the transformer and surrounding
air are at constant and substantially equal
temperatures, and only after the transformer
has been unexcited and had no current in its
windings for a period of from 3 h to 8 h,
depending on the size of the transformer.
They shall not be made when the transformer
is located in drafts or in an area in which the

International Standard Series

temperature is fluctuating rapidly.
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For dry-type, self-cooled transformers, the
temperature of the windings shall be recorded
as the average of the readings of several
thermocouples or thermometers placed in
contact with the external surface of the

transformer as close as possible to the windings.
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Integrated

§Uﬁ 1 Integrated gas-insulated switchgear

gas-insulated switchgear

Fswa Inewden - weerapon.thaikhieo@th.abb.com

Uoquu Usuraumsidlwindawdeinisuinduides suiliesurainnisyenedizes
guBuasLazn1sygr8doluningaaknssy 1Ruldi1aguunisasulsalwini
vIndunaisrnauausInsiiuusuIunsiiWialunnniagau sauiania
gaaknssuRinswauIns:uIuniswaauIngidu lasdikdniluusigalovakan
Unganufiskatefide mswaans:ualwidedwuireuniniagoud1n raw1snae
TWihiasamlawaceuunurilsilasuidsduiiatiu tatudiuvaslsirtugaaiknssy
nsfiwanduAizrggaaraldisrdu AelawannlsiSrduiduiu Uadekanitwudo
auainwdainisikarlide AwawIsalunisiBuswUENRAvanTlWEnldas )
saaiauasiafiosnaw tuinludaldwssuyargusznaunisuasiinanutiug
niEankiAawisnaauauaindwdainsialuidainrwsiaisiuazadub
lafigsnwyaraniiwinide Integrated gas-insulated switchgear
aruaaslusui 1

18 AruMWIWWw 315

Integrated gas-insulated switchgear Wumsth
als  figneenuuuiiteldluaniflviihundadsly
housing  dleaslnufannsandeudoludnd
Tuusazaniiluitldnuanudenis gunsel GIS
yiluga Tavmadessousiaz bay msden
doanslviuazansaeulnsasing  wagnsieuste
iU Local Control Cabinet azgnasnuuuuay
fnfspsauysaiuuunnlsaudidn Fuandu
gﬂﬁ 2

wonaINd MFENWUU housing Heanunsausu

wisldmuanudesnisusseenuuulinuiza

fuangiionnevewsiazanilliild sy

59IMI5TULOINA NMSANATIUSUSINA 150
1 o v o o

mslinudug I duandugud 3

High Voltage Series

ALAUYDY Integrated gas-insulated
switchgear

1. Anusasnazdrlunisasisanidlnia
diosann Integrated gas-insulated switchgear
Wugunsalypanysaiunminlssnu  silsdunou
'[umiﬁméu'qma‘] antfesas uazdredensini
Fswavanszoziarlunisiad sl uednann
wiadewiouisusvanilifimuy  conven-
tional AIS  @nunsnansvevhmAnsalate 50
wosiwust fuwandusui 4

2. savinuslunsadaaiinihanas Wewn
Integrated gas-insulated switchgear L“TJua“iJﬂiﬂi
ﬁtﬁuﬂiﬂawstﬁ dwalvienldtnedeg anas wu
Adnda Auasesdiegunsainneg Adlisieluides
structure uagsTinU

3. fwflumsiadsanilluihanas  wangdunis
Annsluguviies Isdlwihvdelssugnamnssy
aa 4 & do o
nfidgmizesiuiisria

4. wdeuieldazmnuazsingy  wangiums
eniduandlwihdans duandlugui 5

5. 33 udueliivinldagiedudeld
Wisufvanilaiindawnsasudelaiilédn
AwsulssliiinisSuduineluinlfisadanunsa
siilsannrsuglililifugndnsidudae
wazdmiulssnugaamnssudndnaudnldou
Baldlsrou ililduseumanisn

6. MOUAUDIANABINITIUNNTNNTOBNKUUANNT
Iiinldegnevarnuane Tadneziliuwuu bushing
incoming, underground cable incoming %3®
direct coupling with transformer ﬁmawﬂugﬂﬁ 6

7. deuarsamianenisuisednwani il
Fauandlugun 7

oglsfinnu Integrated gas-insulated switchgear
Wumelulafilldfuegrunsnanglusinadseme
ANTONBUAUBINUAINADINIIM U NYUZIIY
she Fuegifuildnu Tuewansulnd we19as
et Integrated  gas-insulated  switchgear
Winnniulusundlnefiduls

gﬂﬁ 5 Quickly for transportation

31]'71 4 Short and Easy for installation and
commissioning

Theos-phase powss rastommer
direct cannection

gﬂﬁ 6 Optional
Integrated
gas-insulated
switchgear
substation

gﬂﬁ 7 Easy for operated, service and
maintenance
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The power of collaboration

Walyain1ssauanu
Ba3uN1SUSN1SMaa082918NMSIZIULaIUNS

79.257 ugfin > worawut.sae-kok@th.abb.com
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lagnisunaunsaiksainalulagnaralsaanfianav:iluisnisndnga  niswaliaass:e:lnalazinalinisnis
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aunsnikdadauus:naufinandfiufus:auwutsalulanyaiwasialusninasluiusigo

uni
msufulgelmdidunisdsufuduiinivie
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gunsaluarsyuull vesadailuannillviihdesiu
gunsalindin 1wy lassaeiuuazdaunsdegly
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o o a4 ¥ 4 v o 03
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- ) @ ' A v
wdeuiiinn - nsuiuusslmiasdasdnergmsld
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[ o a o

wazaiazdeslduinilelSsuiisuiunis
Whswimue  nsusudgdvdanansaudadu
svawiiiefianszaeiunuiidedduavantsian
AMTNYATIU

wesiausnnesilmivesasfienaaldiiu
gunsaiifediin Tunsdidsnan widazdamyn
a . . . i 4
n1suUasiuey (Special conversion kits) Liefiay
ve &

Dlidansldsnga Tnslifinsdauadasadng
Tanifu

maviulsilniveswesinusninesuaznalnns
o s 0 Vg v . v <
vhanveneTd wwdeliglidulahagldsugunsal
o A v P .
Aflanudeieldluszezenadiomaluladin
' ) o a8 g v
angauaziitisnanduliinidu - vismuadisunu
nangay

fnag9raInsuTul sl
(Retrofit examples)

SaM voo ' £ o
i Tldhaueuagdiedlinareselunmsivasy
woshnusninesdmivaindiiosaurufinounu
) < < o sa san v
fandulsgiulugiuuudu  wesfinwsninesild

o & I a
wWaswasndugulminiuesiissoram  (Flange
distance) warMIARIOUY AheiFDAARDILAY
umeiuld dedratu Tuuszmausasuaud

@anillwihges Rijswik) wazlulsemeainees
uaus (@nillviihges Katz) wesinwusninesves
GIS §u ECKS (fuusn) Isignunuiifnesu ELK sP
2-1 uaznalnnsvie AHMA  ussdndiuldiin
mawdsudednuarilio  nafnguassady
dinwrenuiifeatumsdenihsuagauendiun
Fanndaulunmsmdamtudeding  luaand
Iwiheos La Foretaille lulssimeainwoiuaus
mmJ5Emwm‘EﬁmL‘Uinmaﬂﬁqnﬁmmﬂuﬁwmz
it (Qunsdi wsninediu ELK SN Iignunudt
freju ELK SP2-1) Feflusswdnduanannsiunu
Tumsenia3es (Overhaul) g (g3uil 1)

. : : ' ! e
wsnnesjunueuevaylifiusninessulvili
Wouwnuiuld fady 1ei83ddudausninesdu
fuawdnsumsuuussinl ielianansaunuiusn

mas’s"um'wﬁaﬁalﬂﬁﬁa U SL211, SL2-2, SN212,

SL3-2 uaz SN312 Bsldvimsvageuniseeniuy
PunIgIUEEaLargnranneldan1zwInden
fignarvaunglulssnuvenedd

anillwiihdos Filisur (EGL 380kV) luussiwe
aaweuaudduwiusniifinsindausnines
dwdumsuiuvgddmi (Uit 2 wsnugdldl
Farsanlumsonedomalnnisviey HKAS usld
Fadulafiazfndsnalnnisieuyulmifesu
HMBS  Lofdldunauamsidsuiusninedsu
SL3-2 wagnalnmsieumsiusninesdmnsuns
Usudgdlndgu SP3-1 wsninedsulmiiidves
3N (Single arcing chamber) Fadu
welulad GIS Al feduFatesnsnalanis
o HMBA (dnndn) {lilddnaulatudoaue
Hodmnda FemaNaluNITE18T9018MS
Wenmesamillwihdes mumdealunsifudiu

a a o ' . a a . .
$UR 1 dndiiissaurufireiisaniilvinges La Foretaille Tuussmadinwasiuaud wasinisninosiuiin
wiia SN gnunuiidaewila ELK SP2-1 denalnn1svineu AHMA
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axlvdegnsdaiomaznsidununistieinm
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Herb Rogers, Sudhakar Kuchibhotla, Monica
Lambe, “The power of collaboration - Service
solutions across the product life cycle”, ABB
Review Special Report (High-voltage products),
page 24-27
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Medium Voltage Series

UniSec Air-insulated

1591 Naesn@we > sakulthida.klomkleang@th.abb.com

UniSec Rir-insulated medium voltage switchgear for secondary distribution up to 24 KV, 1250 A, 25 kA

ABB 1dsuungunsai Medium voltage switchgear aanillu 2 ddu Asdsunidend Primary switchgear
uazdoufiidensn Secondary switchgear dudazdoudigsawrsouenus:inneaniiu 2 Uszinnddsiu Ae Air-insulated
switchgear wa: Gas-insulated switchgear
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Unisec  1¥ugunsalitegludruves  secondary
switchgear Usstnn  Air-insulated ?.ﬁ ABB
IFimsAnudunfuasiannetwaiios iold
g unsnifinsatuaiudosnisvesnainuay
awnsanaulandnisauiainssuluszezenn
dmsunsihluldaluszuy  distribution wen
wileanil ABB garilsiannudasndoderldnu
mmndetie uazanuavmnlumsinga

msldau

Unisec  Tdaulusyuulnilh medium  voltage
secondary power distribution Tngianizatnads
winguaadeants  reliability  valwiligs,
mmlaendt,  Ussndaaidnelumsindauaz
nsthgssne @snsalfoulfonun Samny
dwsuthlulduiunioudaslwiiluaandlail,
auwdu, lsmeruia, Weasswaud sawldis
Tsseugaamnssusineg Wusiu

N1322NLUY

Unisec ngliinseanuuulieenndasiufion
83 the loss of service continuity wazuInNIFIU
IEC 62271-200 lngoouuu LSC2A-PM dwsu
panels with switch-disconnector, LSC2B-PM
@ iU panels with withdrawable circuit-
breaker up to 17.5 kV wag LSC2B-PI at 24kV.

LSC2A

AUMWIWW 3|15 25



Medium Voltage Series

-auaudfnaluin
Rated voltage kv 12 17.5 24
Test voltage (50-60 Hz x 1 min) kv 28 38 50
Impulse withstand voltage kv 75 95 125
Rated frequency Hz 50-60 50-60 50-60
Rated main busbar current A 630/800/1250 630/800/1250 630/1250
Rated current of apparatus:
- VD4/R-Sec - HD4/R-Sec removable circuit-breaker A 630/800 630/800 630
- GSec gas switch-disconnector A 630/800 630/800 630
- Vmax/Sec withdrawable circuit-breaker A 630/1250 630/1250 -
- VD4/Sec withdrawable circuit-breaker A - - 630/1250
- VSC/P withdrawable vacuum contactor A 400 400 -
Rated short time withstand current KA (3s) 16/20 (4)/25 (1) (2) 16/20 (4)/25 (2) 16/20 (4)
Peak current KA 40/52.5/63 40/52.5/63 40/52.5
Internal arc withstand current (IAC AFLR) (3) KA (1s) 12.5/16/21/25 (2) 12.5/16/21/25 (2) 12.5/16/21

(1) 25 kA 2s for units “no withdrawable circuit-breaker”
(2) For withdrawable circuit-breaker
(3) On request “No internal arc” (4) Contact ABB for 21 kA

-quuantAnialy
- Air insulation of all live parts

- SFg switch-disconnector

- Removable and withdrawable vacuum and
circuit-breakers

- Withdrawable vacuum contactor
- LSC2A service continuity classification

- Withdrawable circuit-breaker and contactor
class LSC2B service continuity classification

- Complete range of functional units and
accessories

- Large selection of state-of-the-art protection
relays, integrated on removable circuit-
breakers or separately mounted for protection,
control and measurement functions

UINTFIUNTHER

Switchgear uazgunsaifivszneumely switch-
gear ldnAnuaziunsvageunuuAsgILTIse
il
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IEC 62271-1 for the general application
IEC/EN 62271-200 for the switchgear

- Continuity of service classification: LSC2A
and LSC2B

- Classification of the segregations: PM
(metallic partition)and PI (insulation partition)
for withdrawable circuitbreakersat 24 kV only
IEC 62271-102 for the earthing switch

IEC 62271-100 for the circuit-breakers

IEC 60071-2 for insulation co-ordination

IEC 60470 for the contactors

IEC 60265-1 for the switch disconnectors

IEC 60529 for the protection classes

IEEE 693 Seismic qualification testing of the
switchgear

Vmax/Sec

VD4/Sec VsC/P
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Power Transformers Series

Power Transformers e 2

Uuiing Uszasdlng > pantip.prasongthai@th.abb.com
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SzEznAINAnzaY
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Lmﬂulwﬁwaamuwnmuuuuumwu‘mmmmu
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awvroasiulignies nsvgaiuiifavieusing
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ssaintuiisamunmeuentoaviolngd  n1sdu
ndnszualuiionayilifaussiulwiiiuidn
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anuannsanudauswiulnihgufuiiinvas
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Unfindeutasazoanuuuliiunisnagausa
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nsneaevealiinsguanansosyiulseiva
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nssewlalawtavisasiuligniasenaviliusediu
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il omsussilriihguivifafatunnvie
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Gsfimsnsude dhlugunsaitlostuliihnszen
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naniaduesularausIusvesgUnsal
onaliamnsaldle

amsussdulilingaAuiiaiiinduiaseg
lesmnnisioasduligndes  ammaznen
FdnuMTAoasAuiianaIn (earth-fault factor)
&1 International Electrotechnical Vocabulary
(EV) %09 IEC Terstai]

AhauNRoasAuianaInfe  dadIuIERINg
Aussulai rms. 490 ﬁmwﬁ'ﬂsuuﬂwﬁw
maatﬂawmaamuuuq dlewlaund Sademssle
ashuRamanaRnudmansznusemady 1 wie 2
LWﬁmm‘lmwuﬂn‘umﬂmuh\lﬁw rm.s. vouE
oasiutiug  vauriinisdeasauiawarnlifietu
(IEV 604-03-06)

dlensreasiuianarniiad uil alawlands
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nsvieasiufinnainazliraunavesyaiinisie
asfufiananviaiadym AsFuumnAInY
fMunmusIn (complex impedance) Uo95¥UU
Tngldaunis

Z1=R1+jX1= AMUAIUNIULAY Reactance
VDY positive sequence system

nsmArAIgaINsHaasiuRawaIn v.s. A1 X0/X1 WIA RO/X1 199

45

a

a

&

.. In
= // \ —RUX1=D
€ s —RUX1=0,5
g /l ——ROX1=1
g 4/ —ROX1=5
z \m\ —R0/X1=50
g - !
= 1\
=]
o=t
s
=
=
{c=
15 -10 5 o 5 10 . 15
M X,y
U 151
72 = R2 +j X 2 = evWAIuMUlay Reactance  paunssoasiulanainay = v3 Ingdszanm
J Y

UD4 negative sequence system
Z0=R0O+jXO0= AUATUNILLAE Reactance
UD4 zero sequence system

fRauyAgIudel

71 ~ Z2 ¢t R1<< X1
ApuEUUANLRaNaIAIAATU R = 0

MndeyaaunInainansmuaniAfInmN1THe
asAuRanandsuudadlunuen Xo/X1 dmsu
RO/X1 o1

’mnﬂstfqmw%aU%nmﬁm‘sﬁaaaﬁuﬁmwmmﬁm
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WazoNFULININgATIARTY

A X audlu + & reactance Wu inductive
reactance uaztiu - & reactance \u capaci-
tive reactance f1f1 X1/X0 > -2 nsvua earth
fault aewienh uddien X1/X0 < 2 Ay
capacitive wazdiAn X0/X1 = -2 fiszuvaziin
resonance
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Tnedhiinssdufuseasiu
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AanatmagLiial uazeAn RO LIy 6161 RO g9 A

v
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fanannvz = v3 lngUssanaumiiouiua RO e

1 Xo/x1 lu - uaze Andagaunseas
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Uestugunsaidloatunseuanssvinagsh il
szaunsesiusswinauiundeudasiugunsal
ﬂauﬁuﬂizLmﬂixmnmmmé’aﬁmdmﬂﬂ 1§ @
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15.1.2 usssulwihguduiiiaainssuulisu
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sruuiiiinisvensreifnuiunaiserafinuseiy
Inlihguduiidassrinama - deasiuniossning
W - wlald Tasen amplitude 1 1.2 pu.
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msfoudasdnunszua (distribution transformers)
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15.1.3 uswiulwihgaduiidaiesain

ferroresonance
Ferroresonance  anafintuldinieasiiflgunsal
wileahuszian  non-linear magnetizing

characteristics (aUnsel reactor wilaunuman
= @ ¥ 3 <
vienleuuadlunmglinisy / nswdh) uavgunsal
Avwnsvua @gliiuasuduysey)

anufvesusadulniiguiuinasswimielng
Westuanudvesssuuliinaunioduanud
e LLiamu'lWﬁwmmuwﬁﬂLﬂmmn ferroreso-
nance mﬁ]mmfuulmnimmalﬂu
. mwwawumaqaﬂnmmmaaimﬂna 017 Tslein
2995 iflenn / edameznm @
. fahilalamlaniiosed 2 wladisa Luaamn
msdeasiuionatn  innsdninsieiosnn
USILATEANING
fhdvnitoalamamiiaent 2 wia
usstulingeinunfulesananms  feroreso-
nance uensiidnlidesiintu usnasseials
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Y9IITUUWINAUAT  magnetizing current 84
wifouuas fisfoutasmsiiszuudaluihsnluia /
s densuuaiialaaviingets 2 wia
dndesnzdrinssernanisfaussiulniigaia
Unfinarnizelaiesvesszuutisanvounuas
Tomaiidan / qunseiiivioutasfinnsdngn
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Aadavme

pmasadumuussauliihguiuinaves
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Wanndhifterueiiios / anudesfuves
mavhey  AFSdaussdulnigeidaldliia
Sunselag

- ldgunsaiffesunszualuihnszannuuu non-
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connection guenvzefeasAulaerIuA induc-
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azU fhoghady wifaudas 2000 kVA 10 KV 7
Yn-Uavewazdosdlszuutesiuunnnimiioudas
100 kVA 20 kV ausieiiioslila-Uavey

pvndineiinesywitmiaulasiunsadastae
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T
Fatheusunseua / wssulwihdeudvinlilena
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F58nedafe 1dgunsalinisassaudugunsal
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15.3.1 ussiulwihgaiunifinnielundouuas
1ina1n High frequency oscillations
msla/ln  vdewdsusumisininnedas
oscillation mmﬁ'z‘gﬂuﬂmﬁialﬁiwﬁ / winzdsnd
Retumamdeniuennismheivied S1e1ms
yhsduavawivdnues  oscilation Aty
padl resonance eladmilsvomiloutas use
w3sannussiuliigsszninesevunainniely
T Ty NS A AT
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Anwszuulaihildmdiouvasieustnsseunoy

15.4 midwvlaﬂLLsaoi"ulv\Iﬁwguﬁuﬁﬁﬂﬁ
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é’ﬂmmmﬂw%m (Aladsnd) Adnsdiuuseiy
Il (voltage ratio) AuAdnsEILTOUTARIN
(tum ratio) ®MUANASTUIN wazlemadintg
mwaﬂtmmﬂwﬁwaamﬂmwmlﬂaﬂmwm
mvmmuum mwﬂ,wmmmmumumimwaﬂ
Wusunste  duseuliindudy  dosenn
resonance effects

nsteveauswiulihnelunisulaserauiuy
« deneamaauuuimanliii

- themeamadsyylnlihatin

« Oscillary transfer Tng oscillation 555uvR
Yor9suguil / visgivewmiioulas Tneaaes
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mseheneaussiulwihaufuidreradudunse
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a o & A, N &
aamqumlmqmwua Y133 Delta connection %
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European Directives WAnfusiiidnydnual CE ag
IFsuenudieionnamn uansirhunrmedey
FUTDIIINDIANTYUARIUANAAINANLNIATFIY
SEAUNR msﬁﬁwﬁmaﬁmﬁnmﬂ CE mem
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ununnila aﬂﬂim’lﬂﬁﬂﬂuummmmmdi (eu 'qu\
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16.3 szAuAMUUABANY IP - Classification
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@ ReFes

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




