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[1] W. Xu, T. Tayjasanant, G. Zhang, and R. Bahry,
“Mitigation of Interharmonics Using a Switched
Filter Scheme,” European Transactions on Electri-
cal Power, Vol. 20, Issue 1, Jan 2010, pp. 83-95.
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3¥UUA18819 (The Example System)
anndilvifln 12 kv 984 San Diego Gas & Electric
Sulrnaondlndh 69 kv fwdeudasluih 4
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anéndadilvandifinnuly  gnénfiasussdiveglng
anilliihun wazduliszuuldiu 2 Fameslay
assnaailuih Mmdednelilvaniiogende i
6 Hawes Jugnfrselug Jsursilaimesidu
P PR
szuumilon wazlian@wesuusd  daniiluiih
wiisiifignAn 12,000 518 usidl 7 Anmesidignen

fosnin 100 578

nsussdutiuiinsdavinuinislihidenmnn
nawliignAniegng
Haymlwihdunseudldfudug fedelilsenu
fderann  edilsimudwmiugpamnssumae
Uszan wssuliihandavmsaeiiauddyiving
fulwihdudinne  Tnsussulihandivnzues
anArdegruinanvearluflamesdiades
viomnszuuaeds gnAtluguil 16 iy
yuumskdadissnnussiulnihandaune
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(Characterizing System Performance)
anAdegsiulinszuulifuaesiiomes v
flowwasluaanilwinduwuumier uaziislnaa
wos Tnsussduluimndavasvesgnéidaedng
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Iwﬁwmn‘mmy 150 ms duAnnuleailufimes
drafivs ilemnavdisedimng Tuvwed
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aulivesgunsal

(Characteristics of Equipment Sensitivity)
msdewdudaussaus  (performance  indices)
Sfudoadlefinadnuasveanssunuiiaziin
Tvigunsnivesgndviieiianatn  uazdeaay
AnuMuUYesgUnsalienuiuuUsTes  RMS
Fowvdldifuaungude

1. gunsaifasoulmdeusafusgiuior wu g
ussusiiv, geuRLuUILNSHAR, YduneLes
uaztaFosdnsnadoluiffsng wugunsalluruiu
MswaRansAeiai

2. gunsnifegeulmsieussiunazsvesiian Ao
qﬂﬂinﬂﬂqn‘uiﬂmﬂ electronic power supplies

3. gUnsnigegeulmeaeladedug  lildusedu
wagszoyAT Wy ussduialiauga, point-on-
wave %38 transient

dmiugndgaanmnssudinlug vuiawssduluih
aedinnudAtyunniign gunsaldmoniazlasuna
nsznuwliszeziansiinduung Ao 4-5 luida

futlaussous (Performance Indices)

DPQ Project ‘uaa EPRI iﬂhhﬂﬂﬂlﬁﬂﬁliﬂ'ﬂhuﬂﬂ’ﬁ
JUNIU RMS Lwamuummuammu” luiwwuu
ﬁ]%‘ﬂ'WLLuﬂLﬁW'ﬂfﬂ'ﬂu‘WUEWUWHUIQWW‘NMLW'PJﬁVI
v o o . o . (i
drdnyiigaduussiulniandrvaezsdegunsalid

mmlﬁaﬁummﬁwamﬂumLﬁw’i’u Towazlddn 90%,
70%, 50%, war 10% uinszy wazsludos
nswmsinussuliinndvasduwuuta
aula viewilmieanula dmsu ASD aglisu
wanszvuudlilfiiouuuanaa  ansaduu
madaussiuliihandivarainmainss wie
nMsTvnnsal (aggregate events) Fadu
nﬁnmwvmmmmmUmmmmwmmﬂummm
Werfubundanmnsal wu ludasnm 1w
FafugerosswinanssuMIuLUY momentary uay
temporary a1y IEEE P1159 uazdanunseld
wonaaaniRvesussiulihandawareenuaia
#naq mamanaiegnssugunsellunsasUssiom

IEEE P1159 wsnnmssunmudu 3 Ussamide
instantaneous (oeni1 30 lwiAa), momentary
(30 lovia fia 3 3wnil), uaz temporary (3 3l
9 1 i) Tun1siasent I8uienil SARAEFIx
(System Average RMS Aggregate Event
Frequency Index) mﬂammuﬂswa&mmmm
Taomssaufussiuiindiniy x Geuiiiorus
e sssdunmandiiunnddluusiay
waluladvesszuulesiu

msiasandvdaussausiuaManumuLag
Qﬂninﬁ (Combining the Performance
Indices with Equipment Susceptibility)

IEEE lsidavinmnmsgiu Electric Power System
Compatibility with Electronic Process Equip-
ment (EEE P1346) witoUssfiunssdtulnihnnds
vauzananuRavsasluszuuliih wavnansynu
sogunsallugnavnssy  Idnanifsmudidyi
mslihdndudesaansiinauianses souds
anArdesdrlanuhivesgunsnisaussdulii
andhvaiy uar3snsusuleaussauzvesgUnsal

IEEE P1346 luansidmermnnunevesnisiia
wsadlyifandavasluguvesmunauassoznan
fio Voltage sag compatibility chart Fauama
AauauiRvesszuulugl contours wiemsauiiu
maihvesgunsal gUfl 18 wanaaegramsly

chart iilaussiiusuouafiasdrnauneil
yuaumsHdamgarsin Yufeain chart mal
voe ASD vhbinsulddn Tu 30 Tu eufa
wansel 021 ads we 252 aiied Tuvmeil
wgmInives PLC awgendt wilpwanansn
ride-through aeilsveznaniieTauun

ussdulrifnndrvmevesszuudegnsannis
ainanndliih wazgnén snndmied Tae
wisnmviinuasaive wagdnaumaiiAa 3
mmmﬂﬁnﬁmﬂwmanu wazaL IRy
wansldfemsnadt 13

ArmanTiaussougi oUssidumadondmiu
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1o dunaeilunsussnunuauifsseseild
Fodpshivmfedatoiilivnd  wumgfizuuse
LAZIZAUYIANRANTOIVUZATITIALUIAIAIN
mngeanidu 3 Ussian fe

1. avwifiansasluszuusmiedineliiAaliin
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2. auRansedluflamesdrafes  (Aausesdy
Thandhaziigndn)

3. anuAensedluaeds  (Rausaduluiimnds
wmxﬁ@n%ﬁ)

waluladdmiuuiuusnuandRvesusedulin
andrvazdaunanaaiuegsdanuluudvila
iwEJ.»nawmmmmimumwmw uAAN10l
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30 lwAa v30 momentary (30 luida fis 3 s)
waluladfifinsuniaudnvuziidenndosiu
wmsaifsnaniafeduiiddyesiuauad
da ased 14 wanmanmsnsatata East
way West saflamilaglidinnesimasugeans
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Jowvuwenta  usdesdinmsmuimnidmngsuy
levndmiliindmiulitinsgimansygaans

69 kV System April 22, 1992 at 21:43:21
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Phase C-A Voltage Trigger
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115
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Cumulative Sags and Interruptions
per Site per 30 Days -100% =21

B 90%-100%
B B0%90%
0 70%80%
B 60%-T0%
0 50%60%
B 40%50%
D 30%-40%
0 20%-30%
B 10%20%
| 0%-10%

ASD Ride Thru

Voltage
Magnitude (%)

TEnBRERESBRERIAER

2 2
@ @
8 B

120 sec

gﬂﬁ 18 Voltage Sag Performance Contour Plots with Equipment Susceptibility Superimposed

a1l 13 mafanszualihdadasannmsnsanda (1/20/94-6/1/96)

East Bus
1 minute aggregate voltage sag summary performance statistics
Transmission East Bus Distribution Events per month by duration of the worst
SARAEFI System Faults System Faults event within the aggregate event
Average Aggregale
Minimum Events/Month Fault on
Sag (Minimum Voltage | customer Two | Three Two | Three | Instantaneous | Momentary | Temporary
Voltage | below threshold using | feeder (or Phase | Phase Phase | Phase | (essthan | (30 cycles-3 | (greater than
(%) 1 minute aggregation) | inplant) | SLGF | Fault | Fault | SLGF | Fault | Fault 30 cycles) seconds) 3 seconds)
70-90 1.53 0.28 0.87 | 031 ] 0.00 | 0.07 | 0.00 149 0.03 0.00
50-70 0.21 0.07 | 007 | 0.03 | 0.00 | 0.03 | 0.00 0.21 0.00 0.00
10-50 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00
<10 0.07 0.03 0.00 | 0.00 | 0.03 | 0.00 | 0.00 | 0.00 0.03 0.00 0.03
West Bus
1 minute aggregate voltage sag summary performance statistics
Transmission West Bus Distribution | Events per month by duration of the worst
SARAEFI System Faults System Faults event within the aggregate event
Average Aggregate
Minimum Events/Month Fault on
ag (Minimum Voltage customer Two | Three Two | Three | Instantaneous | Momentary | Temporary
Voltage | below threshold using | feeder (or Phase | Phase Phase | Phase | (essthan | (30 cycles-3 | (greater than
(%) 1 minute aggregation) | inplant) | SLGF | Fault | Fautt | SLGF | Fault | Fault 30 cycles) seconds) 3 seconds)
70-90 1.67 028 | 0.87 | 031 | 0.14 | 003 | 0.03 1.63 0.03 0.00
50-70 0.38 007 | 0.07 | 003 | 0.00 | 0.14 | 0.07 0.38 0.00 0.00
10-50 017 0.00 | 0.00 | 0.00 | 0.00 | 007 | 0.10 017 0.00 0.00
<10 0.03 0.00 | 0.00 | 0.03 | 0.00 | 000 | 0.00 0.03 0.00 0.00

A5l 14 Aranavdedussauznsaiasuaeasiiindussuulninldduenny

Minimum voltage at Customer
Category of Distance Data <10% 10-50% 50-70% 70-90% Total
East Bus Data. 04 04
Interruptions West bus Data 0.0 0.0
(Customer Feeder or Substation) Assumed Data for Analysis 0.5 0.5
East Bus Data 00 00 04 08 1.3
Sags due to Faults on Parallel Feeders West bus Data 00 08 1.7 21 46
SLGF or Two Phase Fault Assumed Data for Analysis 0.0 0.5 1.0 2.0 3.5
East Bus Data 0.0 0.0 0.0 0.0 [4)
Sags due to Faults on Parallel Feeders West bus Data 00 13 08 04 25
Three Phase Fault Assumed Data for Analysis 0.0 0.5 0.5 1.0 2.0
Sags due to Transmission Faults East or West Bus Data 00 00 1.7 13.8 154
SLGF or Two Phase Fault Assumed Data for Analysis 0.0 0.0 2.0 14.0 16.0
Sags due to Transmission Faults East or West Bus Data 04 00 04 38 4.6
Three Phase Fault Assumed Data for Analysis 0.0 0.5 0.5 4.0 5.0
a519fi 15 malulaBnisudtlymn o ssuulwihiidiedlseny
Service Entrance Technologies
Annual Operating
Typical Cost Costs
Power Conditioning Technology ($/kVA) (% of Total Cost) Comments
UPS $700 26% Full protection
Synchronous M/G with flywheel $500 25% 2 second ride through without diesel option
Eneray Storage Technologies $800 15% shorter ride through than UPS
Secondary static switch $100 5% requires independent supply

10 AUMWIW 115

walulagusudgsgunnlniiings

(Power Quality Improvement Technologies)
wmimwmﬁaﬂma‘] dmsuusulgenmnnluih
da L‘mmLmnwsmmmaﬂnmwiwawummh
auﬁqmﬂmaqﬂﬂmmsaawaawuluiuwmwmEJ
Power Conditioning Applied to End-Use
Equipment:  ufluilgunsaivuauntsudadmsy
anfuszneumisguniaindndidnnsetind (s
undsdnarind), ASD, wa PLC Tnanaifuayudug
IuA HVAC uaszuasadne wadiiunsdisa
ﬁ"uﬁLﬁ“mmaUnmﬁﬁ%nqm%animuﬁaﬂumuma
Wan LLawmﬂﬂwaﬂwaﬂmaLnsamﬂwﬁﬂmn‘wmu
Fswuinamunuues PLC uaz ASD 3ngafian
u,awmmhmamamulwﬁwmnfuwqum
madendmiuundaymlaun  Constant-voltage
Motor/
generator sets uay Uninterruptible power
supplies  (UPSs) ?iﬂfﬂaiwaﬁuag'%l,wﬂiuia@
Ml wazdfine kva vosgunseifiFesnistioatu

- druuvesgunsaifiFesnis : 45

- guIAvesgUnIalusiazsi: 500 VA

- Aldseidtednda : $50,000

transformers/magnetic  synthesizers,

dmsumadond uaumIrane gyl
n"wLL‘;M”ule’Jmnﬁfwmzﬁﬂﬁﬁqﬂﬁ’um”ﬂwy'q
vdogunsaidug v3U Ussnalldintiuunis
wAnmIsazvhaldmaAausadulrifinnd vy
70% ffesiuninniuay

madenduq  elesiuliniedu  fedradu
ASD,  gunsalidnnseiind, LLa“mauwumas
dwilsnud AsD fiarwdndyfian nistlestu
Yy fmuumsamsaLs NN
Frunzlaiia 50% syuulestiuannsald magnetic
R ey o o X
synthesizer %38 UPS Aldanedmsumadonil
& ™ v o
Tuegiu KVA veslvanfisiesnistesiu
1-25kVA

4 -8 kVA
1-10 kVA
6 - 1 kVA
14 - 2 kVA

AnlanedmTu Magnetic Synthesizer: $55,000
Algdedmsu UPS: $110,000

wmaluladnsuftiamn a szuulwinfisnedh
159971 (Technologies for Service-Entrance
Application)

wnzaufulssud fnaaduunifuuvy
critical viplssnuiianansanenivanvia critical
sonuitoulilinannld madendindnsuisi
o UPS (gn9197i 15) amnsaldléds 1,000 KvA
UPS uuuaady (wuudidaumyselifidiumyu)
Wilestulnanvwalvg  madondiduvans
ULy Fortorlddnelunsiuiunusni
wuudy, UiudsessAvnm, uazandqlisnelu
mstgedny esalduansiaegemadennion

Power Quality Series
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Distribution System Technologies

A1997 17 agudnsdasimiinldifessfiumaden

Aldenuudszanamadmnssumenuy

dwdulssnuiheg wgnsaiianduridun
Faumadeniifinnsanie  motor/generator
sy flywheel storage "SonTaAYAUNAIIIU
wuudu winld static switch azaintnisviauly
szuudisetednenndy  uidhszuudiseseglu
awdadoaiy madeniaglianusoutTam
I¥nsdlanufiansadluaedsudlviiduassyuy
Fiefisneliflssnu Susuusnielliinanu
Aawsosluszuulvi ualdanunsarinle wmsnns
Fransnsaduiiunisléde

1 v‘hmmmmmﬂﬁwammﬁau%‘aﬁqaﬂmnﬁ
Wuaweesmanulwusiivienviesiniatu
2. Waoihilalnvesaeds  danglndiadfiia
woavianiimi

3. snsulilunsasuuuimiion

4. Wasumenuumileilifuuuuldau

Unfwdn SDGEE  AnflunsynBudn  udam
fAansesangnineudlaldliiein ueiluiiui san
Diego  anunsnannmnialdnluaosdiiiiumn
warluavdfrusnldasuasliduwuuldfu
Swaunn - uesmsaananviliudlalgmls
1N LLﬂﬂiﬂwaﬁﬂﬁqaﬂmsﬁLﬁuLamﬁmﬁ{jﬁym
Lmaﬂﬂinﬁﬁﬁaimmmwu 7151971 16 uanmI
Benfannsaldld Frommnzauianizgnine
Tng M%anizﬁﬁﬁ@nﬁwmaﬁa

Feeder reactors ld1inanuiinnseduiinnes
drades wilifivselevituanuiansesluszuy
awd lusued static switch @ifa 480-volt
suludestiundadedises  Sedwnananeds
ooty deulifivsslovidhanuianseadaly
syuvanedsdmiumalulad electronic voltage
regulation (dynamic voltage restorer, series
voltage regulator) gtz UsEUUT MUY
iwm“ﬁyuagﬁuﬁﬁmtl,ﬂﬁuttazﬁﬁmiwaﬂ uagd
awnsalfinalulad  energy storage sy
Biinnsetindids fissiuaesminels undlid
Fewflvd (Yaqdu 2549 fuumuda) Araands
JpsausaUrIINNIsUTUUTsemaTuladangg
Ardafmindmivanudundsqaniwliin
ge  Insunfudiarlinsuyainnudens
YoegnANINNSTUNIUMULAeY]  uiseenaidu
prwdy widuiidauiliihduimmguusanh
ussulatimndaune UAZANNNTAMILAAIAIN

Annual Operating
Typical Cost Costs

Power Conditioning Technology ($/kVA) (% of Total Cost) Comments
Interruption 1.0

Feeder reactors 2% prevent sags due to parallel feeder faults

Primary static switch $60 5% requires independent supply Sag below 50% 0.8

Electronic voltage regulation technology $200 10% shorter ride through than UPS
Sag between 50% and 70% 0.4
Sag between 70% and 90% 0.1

A151971 18 agUsziuAAIands uazArdaainifeUsufiuniaasegaans

Base

Performance

Type of Condition Affecting Customer Weighting (events/year)
Interruption due to flt on customer ckt 1 0.50
Interruption due to other faults (e.g. substation) 1 0.00
Sag due to 1 or 2 phs fault on par. fdr ckt (<50%) 0.8 0.50
Sag due to 1 or 2 phs fault on par. fdr ckt (50-70%) 0.4 1.00
Sag due to 1 or 2 phs fault on par. fdr ckt (70-90%) 0.1 2.00
Sag due to three phase fit on par. fdr ckt (<50%) 0.8 0.50
Sag due to three phase fit on par. fdr ckt (50-70%) 0.4 0.50
Sag due to three phase flt on par. fdr ckt (70-90%) 0.1 1.00
Sag due to transmission 1 or 2 phs flt (<50%) 0.8 0.00
Sag due to transmission 1 or 2 phs flt (50-70%) 0.4 2.00
Sag due to transmission 1 or 2 phs flt (70-90%) 0.1 14.00
Sag due to transmission three phase flt (<50%) 0.8 0.50
Sag due to transmission three phase flt (50-70%) 0.4 0.50
Sag due to transmission three phase flt (70-90%) 0.1 4.00
TOTAL EVENTS AFFECTING PLANT 27.00
Total Events Weighted for Severity 5.40

a v ' O A o < a
downeglddend  dufeussiulrihendaumed
Anudemetiosnitnszgunsaiundiiiann

viauld Bmsiieunldlduufaveanisang
dwiln - Auanuduwusvesnannliihiiddly

wiazdssnmamisdanhudnlyadandens
91N momentary interruption L{‘Jujwwmué"w
G eudemeanussiuliihandauneuieain
aiuulsvesnun gy audy
dndruiuaudemesain momentary interrup-
tion dw¥ugnAdiedns £ sag 40% LAaAIN
\devng 809% Y89 momentary interruption win
weighting factors iln 0.8 w3od1 sag 75%
AnA e 10% 209 momentary interrup-
tion wdamnisthaimingldn 0.1 wdamniden
nsthahmiinAumgnssiud yaAAdee
9Anlu p.u. ves momentary interruption 10

T IadImEvEn  LazHaTI
WARNYNINAN1TO]

Fmstheimiindmuussuluiandrvazud
azyila wnIEnNUgNAUAazUTELANUANGAINTY
gouedesilefldUszdiu (spreadsheets) azdos
inldansaufudasudinisdrsiminldlog
e mavssdivasAnananldinelngysvaad
vianiFedlé funisasyu (benefit/cost ratio) An1s
daaﬁwﬁnﬁl‘ﬁﬁﬂiwwﬁmEiwlﬂﬂ'ﬂﬁauuﬁﬁwu
ﬁammaﬁuﬁwaﬂ szgznaMsAne9d s
Fiiodle 530 e wasmnseundaeiy dedhs
Fmsthaiminerlsiinnsantesveznanisia

anfudshinaaunsdldumanssnuiu sag 90%
uwiifin 2-3 loida daudesionsan sag 90% de
nnsdifnudngg inuewudt gunseifisiaa
hmumnwmulw sag  70-90% Iwmauﬂ
Fedusmun G mmﬁmau’muﬂnmuﬂa
0.1 Tnansiuauannlésumansenuiu sag snda
70%  fedusmundmssaiinnsd sag
50-70% fo 0.4 wewesddsiiaundosazlily
Fuanszny uigunsaididnmselindiduvasdne
maqwmwvluﬂiwwuimawnﬂivmmwluums
Hostuaglisunansznudle sag snd 50%
LLMLLm contactors YBINBLNDS MNUAAINITEI
thidnnseiife 0.8

n3UszIliuANMAENTIvRINTUTUUSS
aunmlniluwdazinalulad
afoslsmiiuauannsnlunisiudssemn
wAlulad ansnefl 18 aqUdnsthadmiinuesmn
nsdl FawudilunisUazioussiilrihandavas
27 p¥s finsenuselsanu Weuldiudnlningu
54 ad doRnmavesinisdasimin fyae
euEsneannlitindusenddie $100,000 fatu
Aliselunidvmnlaldgunsallaq fie $540,000
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TneATlddeiusendnlddesnderfnfuaran
Fuiiunaaeld static switch # primary-side
Feausaaindoinunasseuniludumdstng
drsesedrennsadninussiuluiinndrvae
wiseluidiy ansasesiuluandiu secondary-
side leiun (B 10 MVA) static switch ag¥iau
lmwialuwagnummaimim Filunslifiie
fanefludntanisvesandliindeatuiude
goulsliiuszloviianuiansoninlussuvaeds
Hosuiia 100% IdlawzmRanssdduiiames
drafsansoflanesideriuanssauslnesiuves
primary static switch wamslusnssit 19 Seamnso
anyaranudeneld 2.2 wih vedilihdu

a3l 20 WisuiBuuiagisnisudly v

Auuigu fe

- yaraaudemeanliiadue $100,000

« Wnsausfdamsaraimiinlussazaudy

wdsmapauninltihfigs

« uwidsdreBuansatioatuldids 10 MVA

- anufiunasnglunisuidymiluunsdiuves

Tsanuanunsagnelvanldfe 2 MVA

« amidmAuuie 5 U wasaenidoiu

o 10%
Uszanaanldanelunisdniuaudsydrdues

ufazifod Ay Usenaudiey losses wod

qunsal, Uh3einen (Wuwumeed  wleiAies

Fnsna), welulad, ovlud wagduq

nswssudisuldiieadionansisnis lulalduans
Afiuvivsanaslinngudnlnense

nnmnseiiuiitanui oVt Sidhsdn
waustlovisonsamugeiian uas static switch
ﬁuwaulaLWiwvamuvﬁ"W (Hildanesdrsen) lu
Vit M/G with flywheel draulansiy
wamsaiimaiifnasdun

asunsusaifiumaasegaans

(Summary of Economic Evaluation)
JuneunsUssliunuasugmansvinlianunsa
dsmfiumadenseg  iiiediuugenmuninliiin
fdaanmlnimdsaunsaldmealuladlen
A - . a4 Yo <
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duudsvesnunrnliifaimaslunsazgduuy
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dnnauselovisionsamu
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5190 19 msUssdiuaussanmnsalinasldau Primary Static Switch

Evaluation of improved performance from primary static switch

Base Expected Improved

Type of Condition Affecting plant i

Interruption due to fit on customer ckt 1 0.50 100% 0.00
Interruption due to other faults (e.g. substation) 1 0.00 100% 0.00
Sag due to 1 or 2 phs fault on par. fdr ckt (<50%) 0.8 0.50 100% 0.00
Sag due to 1 or 2 phs fault on par. fdr ckt (50-70%) 0.4 1.00 100% 0.00
Sag due to 1 or 2 phs fault on par. fdr ckt (70-90%) 0.1 2.00 100% 0.00
Sag due to three phase fit on par. fdr okt (<50%) 0.8 0.50 100% 0.00
Sag due to three phase flt on par. fdr ckt (50-70%) 0.4 0.50 100% 0.00
Sag due to three phase fit on par. fdr ckt (70-90%) 0.1 1.00 100% 0.00
Sag duetransmission 1 or 2 phs flt (<50%) 0.8 0.00 0% 0.00
Sag duetransmission 1 or 2 phs flt (50-70%) 0.4 2.00 0% 2.00
Sag duetransmission 1 or 2 phs fit (70-90%) 0.1 14.00 0% 14.00
Sag duetransmission three phase fit (<50%) 0.8 0.50 0% 0.50
Sag duetransmission three phase fit (50-70%) 0.4 0.50 0% 0.50
Sag duetransmission three phase fit (70-90%) 0.1 4.00 0% 4.00
TOTAL EVENTS AFFECTING PLANT 27.00 21.00
Total Events Weighted for Severity 5.40 3.20

Cost Saving = 2.2

Service Entrance Technologies

7131971 20 MmafFeuiisurausslvivesudaziinsuitymwiauninlni

times the momentary interruption cost for the plant (Ci)

“Annual
Operating

Expected | Expected [ Costfor |  Size | Total Solution [ Costs Total Benefit/

Power Conditioning Technology [ Saving (xCi) | Saving ($) | Solution | Required Cost(§) [(%of Total | Annual Cost
KA | kvA) Cost) Cost Ratio

Feeder reactors 1.70 | $170,000 $1,000000 | 2% 283,797 0.60
Primary static switch 220 | $220000 [ 860 10000 $600,000 5% $188,278 117
Electronic voltage regulator 410 [ $410000 | $200 10000 | $2,000000 | 10% $727,595 056
UPS 540 [ $540000 | $800 2000 | $1,600,000 [ 25% $822,076 0.66
Synchronous M/G with flywheel 5.15 $515,000 $400 2000 $800,000 25% $411,038 1.256
Energy Storage Technologies 515 [ $515000 | $800 2000 | $1,600,000 [ 15% $662,076 0.78
Secondary Static switch 220 [$220000 | $100 2000 $200,000 5% $62,759 351
Protect controls with CVTs 326 [ $326,000 50,000 5% $15,690 20.78
Protect controls and selected drives |  3.90 | $390,000 $150,000 8% 51,670 7.56
Assumed Cost per Interruption (G | $100,000
Total Load for Facilties to be Protected (kVA) 10000
Assumed Portion of Plant Load that reqireds protection (%) 20% (Production Line is 2000 KVA)

Number of Years to Amortize Investment &
Assumed Interest Rate for Capital 10%

Tuean1sdanisaanuidesdmsudaanlnin
fdennnwiNlAY (Managed-Risk Model for
Premium Power Services)
Mﬂwmuﬁﬁwﬁ'ﬁyﬂua&mﬂﬁﬁmﬂwﬂﬁﬁmmmw
uawdszneuie mstiiwieglinuinis (ESP),
ghivinsgannliihiida(PQs), drdngunial
Aunlvinhds (PQEM), uaxgndn lae ESP
anuduuidnaedmie (DISCO), uidnAnddn
(ESCO) womsyaufiusgning DISCO way ESCO
didnhnsudtymamawliialusydy
Tasethy (network) Tuvaigdl PQS eraufumie
awdasiidwnysugndviestulasinenu
awlsiihidsedunguiifernaly  ESCO
39 DISCO vy Taeundgndnazaulatininy
dofleld, aullaifityn  wasndsnusunush
wagarlyfaulansmuivgunsaitilonmanlniia
wnglilligshavesgnd warliifinnudiung ud
dgnAndlanansadssndaduldluszezen
Tnglnihidanunmdiiay (aalwiduuasTan

uaznanfaailidene)  gnAtazeeusuAlilih
LUURAMANTILAY
. .

Tnguszasdnanves PQEM  Tuedindedana

gunsalfidedolduariinanm lawamu R&D
puiignAfents  deaunsasiunisdusely
MenInsIvIn, AN, wusdiisuidym waz

Tiusmsmdsnisue

unumves PQEM fianudrdngndu Taslanie
o '
nsdivinsunansenuvesnunwlnilaiuin
POEM  Fslanuudassuazfiunumilunisuen
ugzdgm,  mmaudlamddmnssufiviangiga,
Tusnsudsandwazasiaingunsalnmnin
i, Uhssinw uaznsvihauvesgunsal

nagnsiiuuziia
(Suggested Strategy for Implementatlon)
'Jﬁﬂ'ﬁhkf’ﬂfu‘llﬂLUUWUE}&J?Uﬂ')iM’W’mW& ESP, PQEM,
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Ui 21 madendwiulduinmsivihideguamitiae

v PQSP Aaduasdnsdasy fmusuasiduinsy
iluganudaiessaudandugudnandlsigndn
PSC, PQEM, Wag PQSP Lﬁaﬁﬂﬁmwm?amavm
whesnuiitesiign wazfislenialumsufdam
Igndnsnnitgaluvasivisenusngg  Segld
ausaudedsnarndunudlatgmlignen
WUU ideal cost-effective

Tuinaiiaue (Proposed Model)
Bouusiislignén, PSC, POEM, uaz PQSP
w’mus’mnmwal,l,nﬁzymmu

- mswitmavaansaudtymvdnuesgnanld
- PQSP %Lmzﬁﬂﬁ@nﬁwﬁnmmmﬁ'ua:mm
WemasonuamliiuaziaueniawdYgym
Fedududosinuauiumandn, ssuuseg, uay
ssuuliwesgnduay PSC el
Hymitwousuld  wazUsznamsalitedie
uupsnunmilni - TaegnAndesdneandnria
w91l PQSP

- douwmauiluuileensu POSP uazgni
aznumuarlidnevosnisudluiifivssansam
wamimammswua‘uawnma aldgunsaliid
dmduia PSC wazgnin Tneiitonnadosns
wlennAidsredauuasiu gnAnsiosiuinTey
nldtreludunoud

ilodetumoud gnAnil 2 madende

- gnfenaienvivnu POEM wamsELnsande,
Fads uasasaeTadaues wieviaiy PQEM
- visegnAueunngl PQSP Iamgunsainn
agiisuduan PQEM, findauaz commission
Tneguuuuvasdyglumeljifmsuseneuie:
gndzdiealidedmiunshausazasaia
gunsaiuFuupaun ity PQSP  maen
P08 (Unfife 1 Wounusaunisdnelv)

Frgunsaiuulsnunmiliiilivihnunudou
lodonnas  gnAnvgsziunisdenadu  uasaz
Freitudemniivapaiisousuldiiiensuiuus
AUTINUY

PQsP Lifiavimilogndwnnmisifinesvesun
mswanvosyuuliivdsgunsaidumandeson
nsaztaouiaquasludiuvesgndn  Snsfadn
aua i I1eguenmisveuwaande
ANARTLWIN PSC waggni

dedyanduan  anuiuiaveustensiulee
asaningunsaitiuussmanminihazaniuves
gnén dhidinsdedygyludennasesivanse

unagy

“Premium  power” mnefiasziunnnInuIng
wmuwanmwuaUnimwummhamamﬁumu
93 msiumuaﬂuﬂimuma@ﬂmmﬂw
dafil SAIFI wag SAIDI Aidlsswestenisienu
Aaunmaalniila Luanauanmﬂivmw VSD
LLav‘iJiuLﬂV\WﬂlUﬂMW}UﬂSJW’JLﬁEﬁ fanniueths
dordes quamlnihidssdestonluguiives
Tifhiuiavae  wasuswiuliimnduneds
d’wi"‘uqnﬁ'mduﬁﬂmmwlﬂﬁwﬁwa”wsﬁmm
dffagring fuanudedeld uavarliidunat

fugndmiuausliuinmstimdeunmiiy

maawelivinslwihmdaunmiiem  fonis
Sauflosswinamstiiuasd Il lunnsinds
wdesfleusuugdludumisiivangay faguil 21
TnensasidenFimsulvossostimsdanai
AUAWALATYEAERS (cost/benefit)

asrnsmiuguaiiomandmunesvesusasului
andhvazifutuussuulaes (wileunnudeie

18 snnhileumuaiusioinisvesgndnlunsiay
& Sy oa ‘1 v

nautug Fehifnusglevidentsuiuussnmnin

Inlihnds  wagviliAaaailidiladeaudes

msgaunmilnihihadluidvesvng, szoviauay

anudvesaiin  wawailiandivanevesuss

dulwiandrvazduwuuszuulaesude

L ussdulwiandvaglinsenudegndngu
Tngjvasnislviia

2.1 3uldlalafinnslaliezdossuilinvounsediu
Iwihandhanz nANRawsesueniiuvinislyiih
(rrufanseadnmeluiiuiivesgniiiogndlng)

3adululdlednnstviindesasmulnelditudle
nngnAmng 318 tietesiuanuiianieanini
o€ P A ' v
o, &, wavdue Ainsluildanansamuaula

4. @nansald SAIFI way MAIFI mnegauiiavihune
ussiulnihnndrvne edanilawmesuiey dou
denatisiianasaulussuuiieniu

5. andmnevesusuliiiandaony wuu
seuulaesadlaq Allldsumavestadodug wu
syuulnih (milowmselddy, svuunesaiivie
loop, NSzHAANAANSDY), BRTINTTAATRNA,
ausumuiy illidsuasoaussousinias

cda

Yedilane iR
ﬁil'aﬁwumfummﬁniﬁwﬁumalm dmsuant
mneveswsilrihandavy wuuszuulngsn
psfinsulsnduisuuedissauney il
Ussifiumamadauagiasugemans  gnéndilésy
wansznumnussulvihandine  uasdoans
ﬂmmwlwﬂﬁﬂ”ﬂa"ﬂﬁq&%uﬁawiwﬁaixﬁuqmmw
Tlhinddluanizunafidisanmsiiih s
Favindugruiiegnénlivsailiy - uazdiun
cost/benefit dwFumsasmuiiioUsulzigmnm
Tddadufslunamadaudanisussiiiu
aanminihidwesgndiligniesaziansia
Sodlyndoriodusrosnann  @nndmied)
anfniifosessniudosiuinveudlineiia
araiuariensd  wiunediliaunsosena
msanedauug 16 Sduusedddeyauuy
sudloesn Wedmindugiuuds gndanansa
Fendsnsieantasinsszuinsnaninlai
fdsinnisluiiuazanudesnisvesgunsal
animaﬁwwunvamawmmaﬂmmmdu‘[iwu
gnénLes mammmmmmwmﬂw% (medium
voltage) %30 low voltage asfinsfifuguasios
ayaalinishiidainlassaisluiuiiewaue
Wismslwidsnaun iy Taogniriisese
fassuiinveualdine
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IEEE Standard Requirements for Instrument
Transformers (asun 20)

dudly W3gyeinwa - somehai.char@egat.co.th

3) Set the fluxmeter pointer at about the
center of the scale and smoothly increase the
direct current until the drop in the fluxmeter
pointer speed indicates that the region of
saturation has been reached.
GTuqL%mﬁ“;maqwﬁniﬁLmaﬂiﬂivmmﬁqnmwﬁﬂﬂ
uazADY" dunspuans aunsgiasaauglums
amawmt‘uwmaqwﬁn‘ﬁﬁmai davenildidng
muwmmmiaumum

4) Observe the level of dc at this point and
the corresponding fluxmeter indication, F1.

&

dunnszAunseuanss o Muaall waznsten
Yaarldndiineinaenndoaty, F1.

5) Reverse the dc, maintaining the same
level, and obtain another fluxmeter indica-
tion, F2.

nduTIveInIELanss, Snwalildseiuiy, was
. 4 o oea e ¥
91UN5TANVBINANYINBSDNATY, F2.

6) Now apply a trial value of dc in the
opposite direction to demagnetize the core.
ﬂinﬁamﬂaumﬂizLnamﬂuﬁﬂmaﬁuﬂ’m Lﬁa
aanoanuuusimanluunuman.

7) Open the dc circuit and observe the
fluxmeter indication.
UA993NTTUERT LAZBUAvBIWANGTines.

8) Repeat this operation until by successive
trials the fluxmeter finally indicates the
anthmet\c mean of F1 and F2
wmniumumsuwni“wamawmaaammmanu
wangq ﬂiQLLﬁ’J qumWaﬂmumaﬁmanmnaaa
MaauAtines F1 iy F2.

8.3 Impedance and excitation
measurements (M3InBuAiuAUIUAZAS
nszRuLNURAN)

8.3.1 Impedance measurements
(n33aduiiunud)

Impedance measurements discussed in 8.3.1.1
uses terminology typically used for power and

e

& as S = s
Llovmuagansvaaeuvesisnsd 3 lufleglu C57.13-1968 & 1978 usiduldlu

€57.13-1993 uaraduagaidddinioudia
e

anu: weariivilsdomaniwilng fesunetuneumsaassiunausindnandetng

vk ?

oo fd R Pt S -
Aov: wilsdon winewinfinueuan W'LmuaatwaaLaummwaﬁma‘uumaumiamu

grunwimanandaliaziBenuinne fe wilde wiasianaznisianlnii, 91nsal

iiawa (1) waw Towy G3lue (mifie), aunaudaddunmdumainggwitg
Usene, 1A, 2519 FaeSuretuneu msasannusdvan Wluni 120 fwelul

14 Aumwiuwd 115

pl ars owsnsnsteduli Bs oidomdio

—r

e i e ciesmoniuminin

iU 275 LLﬁﬂQﬂQﬂ?imﬂ’]dﬂitwﬂw?lﬁlﬂﬂd B-H ﬂauvm ﬁwwn'ﬁ'ms'maaamamw
LLlIW‘ﬁﬂ?J?JJ‘UUVIﬂﬁEJULﬁUﬂBU ammﬂmwmumﬂuuaummeanmnmuuam’mm
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CURRENT TRANSFORMER

RESISTOR

SWITCH A

DC SOURCE

FLUXMETER
(OR OPERATIONAL
INTEGRATOR)

Uit 22 3Bmstl 3: aeaslumsaanesunauimanvewiouuasnsyug €<= - €0

distribution transformers. Impedance measure-
ments discussed in 8.3.1.2 and 8.3.1.3 use
terminology typically used for instrument
transformers.

v oa o . A _a v vo ¢
msindufiwaudmuiiosunglude 8.3.1.1 4w

o o v o v o w

lanzaufidnazldfumioudasvirddsiay
wdfoudasdmie.  dunisiaduiiuaudaiud
a5u1e Tude 8.3.1.2 wazde 8.3.1.3 Mdwiany
fignazlddmsunioudanniodiotn

8.3.1.1 Impedance voltage
(usediuduiiunud)

The voltage required to circulate the rated
current of the transformer under short-circuit
conditions is the impedance voltage of the
transformer as viewed from the terminals of
the excited winding.
wsaduiidedlunsvyudsunssuanuiitun
vpmifoulanelianneiidning Ao useiu
sufinmudvomsiendasiy donssanvarsany
VDIUAAIANTAL.

The impedance voltage is comprised of an
equivalent resistance component and a
reactive component. It is not practical to
measure these components separately, but
after the loss and the impedance voltage are
measured, the components may be separated

by calculation.
uﬁaﬁuﬁuﬁLmusﬁﬂivnauﬁwmﬁﬂisnaummﬁm
muazauwienthauya  nsinesduszneu
14aaaaLmﬂmnnuuwﬂmlﬁlumaﬂgum UANES
nitinmdsluiingaydefuussiusufiunududs,
oazaIaMIfuIM susnossUszney
aesoanamniuld.

It is sufficient to measure and adjust the
current in the excited winding only, because
the current in the short-circuited winding will
be the correct value (except for a negligible
excitation current) when the current in the
excited winding is correct. The introduction of
current-measuring equipment in series with
the short-circuited winding may introduce
large errors in the impedance measurements.
matauagdiuanszualurnainnseduiiisau
Fenitotfisawedmiumsll, inmeinssualu
‘Uﬂaumﬁa”muaiﬂzﬁﬂ'wgnﬁaﬂﬁma (anviune
nszuanseduunumEnddidasnaudaiily
1 dlenssualuvamansedugniestiouuds.
msunsngunsaimsianssuaeynsuivunaInd
Fmws  orhliAeaunanndeueunlvg
lunsinduiinand.

For two-winding transformers, one of the
windings (either the high-turn or the low-turn)

is short-circuited, and voltage at rated
frequency is applied to the other winding and
adjusted to circulate rated current in the
winding.

dmsuntoulasiifaenunan, Tidasasunan
yalayani (axL{‘Ju‘qﬂﬁi's’wmusaummﬁaiw’m
soutionrils), wdallouusesiu a audiidvun
Tﬁﬁwmmmé’nﬁqwﬁa wagrmsUsuaiiolt
nsvuaiismualusrhuluaainyaiy,

For transformers having more than two
windings, the impedance voltage is a function
of the test connections used. When making
tests on multiple-winding transformers, the
windings should be connected in such a
manner as to provide the correct impedance
data for the purpose intended.
dduneulasilinnnideswnain,  usu
suiuaudanduilaiduvasnisrorsamaaeud
Gonld.  ilevimsvnaeuiunsioulasiitivans
YA, apanmatumssiefuluan e
vinlideyaduiiuaudinnugndesmsaniuing
Usrasrnaaly.

Resistive and reactive components of the
impedance voltage are determined by the
use of the following equations:
asUsEnaUAMNFUIUIAE AT BN ve N
suudufuand wildlnsendvaunisiselud:
V, =P/I
_ (sz —V,z)“z
where
Tneit
V, is the voltage, in-phase component
o useuvDIBIAUSTNBUAIFUNIY
V. is the voltage, quadrature component
fio ussiuvasesRUsynoUAIwEE
V., is the impedance voltage
fio useuBuiiuaud
P, is the power in watts
fio Mdslillumieing
I is the current in amperes in excited winding

- ' < v
o nszualumieueuudiilnaluvaainnsgdu,
&dlo - &&an

sumuasfinm ﬂwa'muwanlzmumamviaamﬂmdaamuiwwmaawu Fnsitoesiili
wanmlumanmnmaumuﬂuumﬁymn AsEanInulwEn (demagnetization)

1) Yoaind K3 waw Kb

&&e

Ltumanmnmﬂulmumaﬂuu ﬂfﬂﬂﬂﬁﬂﬁ'WﬂﬂUﬂ'WﬂﬁU'IEJ‘lU'W'HQﬁﬂ lﬂiﬂi']WlLﬁwﬂWijﬂwqﬂ
i, e1nsal iena (1) & Tewny TFluy (Inifien) fiedursludediud

- 2) wdnaind K1 Tumsiudhoudiuiudives R auﬂwﬁaﬂivuaﬁﬁﬂ%%uﬁmﬁﬂ
Feluarinuynann N1 Sdnsnnninssuaiildin suiinssludvilaing k1 oazgnudnuly
magunile w’lumuauummﬁwanmfﬂnmwwmnanmLvm

3) wdnaind K1 Tumagun

4) iiwen R1 Sudniieeiieannssuaitiliduuivan

5) dnafind K1 Tumedudnedn

6) WA R1 Fuseluifennnszuaiivilfdunsivdnassn . )

wdnaing K1 ndulundunuazaniiunsnudsdisun sunseiinszuaiviilidu
LLHLWﬁﬂﬁﬂaQLUUﬂUH ﬂ?iw?lﬂuu?%wﬂﬁla\ﬂﬂi B-H ﬁml’mwﬁmw H=0 uay B=0
mmmmwuaﬂﬂuw 276
&&o . oL

wAnvesisnsh 3 lumsaduiirvesnssuansednlugnun eflasAosq ans1una

fitalovannisvenadesilofugruiiiasnamusivgn L‘uu ffaruefiwosuila
vandafin, Windiiued, seadlawatned uasuoguawesuaivan annsoAnyiiuiy
Farnmivde inserinkazmsiamalaih Ainamddluuga Feoglunih 116-118
&

aunng ‘ﬁﬂﬂULﬁUﬂU'ﬂLUuaNﬂ'ﬁwﬁ'\naiﬁ uﬂ"lmaUV\l‘JUﬂ'lU'JulWNN'\nNWU l‘UU
(3,4, 5) wax (5, 12, 13) W wiiilowedmdadusnnudiudus 3 Suly
sgliififnouiiiu Sowduas tdufie “vauiuvgavevesuisin

ANURIBVDI *Aqwﬁqumwijamw{m 410 Britannica Concise Encyclopedia
(manwlne), wa. 2551 deail

Fermat’s last theorem wqquammwamwﬁm Usenaridiliid i x, y
ua 2 lnq MAlF xn + yn = zn 1o n Wusnnuduiiidmnnnd 2 ludes Dued
190 usn (Fermat) Weulilusuatiundsdeidas Diophantus’s Arithmatica wasirilu
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The I12R losses of the two windings are
calculated from the ohmic resistance
measurements (corrected to the temperature
at which the impedance test is made) and the
currents that are used in the impedance
measurement. These 2R losses subtracted
from the impedance loss give the stray losses
of the transformer.

dslnihgads PR vewamndesyn Aol
Pnmyinenuiumulumieleiu wausuely
ﬁqquﬁfﬁﬂ*ﬁ"vﬁmwmaauﬁmﬁuﬂu‘ﬁ) UAYNIZUE
Milumsaduiiuaud.  doauiddluihgade
IR sonvnidihiihgeyfeduiunududn 2:ld

dsliihgadeudngosvosmilounuasiaiu.

The temperature of the windings shall be
taken immediately before and after the
impedance measurements in a manner
similar to that described in 8.5. The average
shall be taken as the true temperature.

The measured short-circuit impedance of a
current transformer is the sum of the primary
and secondary impedance. Since the second-
ary impedance cannot be determined from
this information alone, the data obtained is of
little value in the calculation of ratio and
phase angle characteristics. However, it is of
value in determining the burden imposed on
main transformers by auxiliary transformers.
Sufuauidnsasveantonvasnssuad ald
Wunaruvesduituaudduigugiifufuniiond.
LﬁaﬂmnﬁuﬁLmuﬁﬁﬁmﬁqaaqmzjmmiwﬂﬁmn
Foyaillngdits,  Foyailieslquentiosluns
L R A DEDRER LR P ECE LN
aghalsfinny, °uauaiﬁﬁﬂmm‘lumimmai’mu
‘anﬁauﬂad“ﬁwwaﬂNamamuawawﬁn.

Except for current, the quantities measured in
making impedance measurements on current
transformers are extremely small and great
care shall be exercised in order to obtain

current transformers can be divided into the
following three types, according to their
physical details:
wiognUszandlunsinufiuaud, wiowamssua
mmmamm'asjaaaannﬁumuﬂwmwﬁaﬁﬂﬂi
Tnguenmusigazidennieaneninyasnanii;

a) Type 1: Bushing-type, window-type, or
bar-type, with turns well distributed about the
core. In current transformers of this type, the
leakage reactance is extremely small and the
impedance may be considered to be the
resistance of the whole winding or that part to
be used if it is well distributed. The manufac-
turer should be consulted if the winding
distribution is not known.

Ussandl 1. wouildituyeds, wuuseativing,
viouuuwisiah,  fiimaiurnainnazatedii
9V Lmuman lumﬁauﬂadnimmﬂizmwﬁ
mmmummiaummmnq Uare19fiansan

International Standard Series

type should be excited from the high-current
winding with the low-current winding short
circuited, because a short circuit on the
high-current winding will introduce appre-
ciable error in the measurement due to the
added impedance of the short-circuiting
connections.

Ussandl 2. wuuildmaiy  Ssuaeaneiii
nsziagy (Ugugl) vesmdaudasalilusdumia

ey, mfoulasssaninsezdounsuua
nsgRuTINIMIANSILAG  VusTvRAIANTELA
sy, INF1EIINMTENNITA VAR IN
NILUAG awhliAnauaanmedeudeudnann
lumstn  Sudleunanduiuauduesnisioda
Qeasifiadily.

It is recommended that the three-voltmeter
method, as described in 8.3.1.3, be used for

impedance measurement on this type of
transformer.
vouuzAE s ilihadimesaush, fai
usseelilude 83.1.3, dmiunsinduiiunud
vawmifoulasszani

TUsaRnnusieatunti

&&o

‘MJE)LhﬂﬁﬂﬂiuLLﬁLLUUﬁﬂﬂduﬂﬂa’lﬁﬂﬁW nyle. ﬁ]m'ﬁﬂlﬂﬂUVNMuﬂ

in L‘UW/(N@ uUasnssuauuy LWNC‘TW'W

annuwuawmnivuawmmnuumwawﬁawaﬂwﬂﬁﬂﬁa (power transformer)

yildunu wuAulnldliiiu Lifledndugadouiidioennin

Luaw7nsmwa&uwuﬂulwﬂuﬂiwmﬂi‘wa ﬂﬂu‘U'Nﬂ']aleLﬁ’l

LmeﬂuJuu?mmuﬂuwmmmumulmmmu?uLm wazdonldgunsalaneg fiflya

gudthagaidundn

Wawnneswesfnusnneuuidelising (dead tank power circuit-breaker) [

Fadunifouvanszuauuuiliiuyrdsmuionds 3.4 bushing-type current

transformer 983 C57.13-1993

v e o ' v v P & .
mifouvasnszuanuuuvisiniazdmulaseaield 2 uuu fe wwuiunumineg
#1ua"3 (Haire-pin/Tank-type/Bottom-core) fukuuiiunuimanagduuy (nverted-

type/Top-core) mugulsznauseluil

n131: Specification No. 301 e nwli. [alvifudniauevsioudasnseualdva

Bottom-core uag Top-core el ?

meu: Specification No. 301 w1 nviw. Lififevuiindnaviauenioulanssuauuy
Bottom-core usiiiferimdmiumiiouasnszuauuu Top-core %30 Inverted-type Ao

mnbunsoutadlaliiu 33 kv viulaus Top-core wag dumifawlas 69 kv Fuly vl
wauliauouuu Top-core 16 meldde fuunursegreaseluil

The expansion system for changing of oil volume to variation in oil
transformer, if compensate by expansion bellow, the bellow shall be made of

qquﬁmawﬂmmazﬁmvﬁmﬁﬂluﬁu%ﬁmau
uazndansIndufiuaud Twhusaieaiuit
vsseelilude 8.5, Anadeildadoniluldiy
qaumgiifiuviass.

accurate results.

UBNIINANYBINTTUALAT,
nioudun1sinduiiuaudvemdaulainssua

ImﬂauwLmummumwmuwumuﬂ Y99UAAIN
mmmsawmuﬂm’m yNMSHUNTEEEIR
4 waumwvﬂuamﬂsnmmngmam NINng
Tunaanulioruenlduid cec - e

=) Ao 1
DU ININITIN

fafdvumdnun  uagazdeslimuszdasste

8.3.1.2 Current transformer short-circuit
impedance measurements
(M3 induiiuauddnisvowmsioudasnszus)

' s v @ osaa oo
YN \ielldnadnsitianuusiug,

For the purpose of impedance measurements,

b) Type 2: Wound-type in which the high-
current (primary) terminals are at opposite
ends of the transformer. Transformers of this

e e}

a.A. 1637 1 “Sdldnuunitgaiiiniiegnauinss uiied vesmiinszay) ddn
undnagussuld” Llﬂdﬂwqwﬁmnawnﬂ.ﬂiumswawmam'mmwsﬂ,wmammww“
89N mwﬂwmﬂmwnannamammﬂwwmmmmamnmu uinuenvesliym
fvilinadarmansdelulidriuniiniliidoRguiiigndes lu aa. 1995
uﬂﬂmmmamsmaaﬂnqwa uaungd had (fin 1953) fugnAudiiwesnde 3v19n
wiaes (fin 1962) 1ﬁﬁﬁmwuwwmuwauum uJumiwaauﬂmmﬁﬁ%axﬁqumm&
adinmansiymuiddluiian

&@&m

Us¢IRgeves Tnd 21 Britannica Concise Encyclopedia (mAn1w1lng), n.a. 2551
hiath]

Watt, James ¥, 1aud (19 w.a. 1736 natlon isungidies aneanaust — 25 aa.
1819 8viladeond Indlueilisusy 2030 Ssnqu) ImnsuaztinUssdviynanen Jad
Anvideieatudning eodudutassiviedglienuronydaios deunld
shudimnsneaiuanemeivueudlaad nantudiAyfe nisiuusueiesing
lovveaeda ylaw (Thomas Newcomen) lasmslireuiauiseiuonsiamn (1769)
Gathwannagapdenusouds (atent heat) waztiiuusyansnmuanaiesingld
pgnann wisufiofuuuniia Tuadu (Matthew Boulton) afuaiessudlvsivesiaies
Tu . 1775 sowilu a.a. 1781 wilimamyudusnauunumsaaieuiivuuivadu
\ASRsEURAL LLa"TmmawﬁumimiawnsaaamwaananmwmwwmLLa“waﬂmu
f.A. 1782 miaamnsumﬁmﬁms'[mu'[,umivmmauanau‘lmmwuﬂumuau Fadugym
Audlelddialu ae. 1784 mUmiommmuquwm'uf]ugi]gu'lwmaawﬂwmmmﬂ
mshifesiesuvunigudnanuntiruauanuiveneiesudlassaluilf (1788)
uarmMsUsEAv§InTInALA (pressure gauge) Tu A.A. 1790 vaeindvinliiaioseud
YounANYIAILUULAEIIBYVENABE M mMadan UG Rgmamns (Industrial
Revolution) Tadgadugileweriussi (horsepower) uasTadiilumieafds
InhAGenaudevesan
&ee

wiladie Electric Power Engineering Handbook, James H. Harlow, 2nd Edition,
2007, undl 7 wih 24 e5unglin

The window-type CT is the simplest form of instrument transformer. It is
considered to be an incomplete transformer assembly, since it consists only of a
secondary winding wound on its core. The most common type is that wound on a
toroidal core. The secondary winding is fully distributed around the periphery of
the core. In special cases when taps are employed, they are distributed such that
any connection made would utilize the entire core periphery. Windings in this
manner ensure optimum flux linkage and distribution. Coupling is almost

16 AUMWIW 115

impervious to primary-conductor position, provided that the return path is
sufficiently distanced from the outer periphery of the secondary winding. The
effects of stray flux are negligible, thus making this type of winding a
low-reactance design. The primary winding in most cases is a single conductor
centrally located in the window. A common application is to position the CT over
a high-voltage bushing, hence the name BCT. Nearly all window-type CTs
manufactured today are rated 600-V class. In practice, they are intended to be
used over insulated conductors when the conductor voltage exceeds 600 V. It is
common practice to utilize a 600-V-class window type in conjunction with air
space between the window and the conductor on higher-voltage systems. Such
use may be seen in isolated-phase bus compartments. There are some window
types that can be rated for higher voltages as stand-alone units, for use with an
integral high-voltage stress shield, or for use with an insulating sleeve or tube
made of porcelain or some polymeric material. Window-type CTs generally have a
round window opening but are also available with rectangular openings. This is
sometimes provided to fit a specific bus arrangement found in the rear of
switchgear panels or on drawout- type circuit breakers. This type of CT is used for
general-purpose monitoring, revenue metering and billing, and protective relaying.
[t

yilsdo ‘Etectr'\c Power Engineering Handbook, James H. Harlow, 2nd Edition,
2007, unil 7 wih 25 a5unglin

The bar-type CT is, for all practical purposes, a window-type CT with a primary
bar inserted straight through the window. This bar assembly can be permanently
attached or held in place with brackets. Either way, the primary conductor is a
single turn through the window, fully insulated from the secondary winding. The
bar must be sized to handle the continuous current to be passed through it, and
it must be mechanically secured to handle high-level short-circuit currents
without incurring damage. Uses are the same as the window-type.

g wdfowdasnszuanuuuisinthfunioudasnssuauuutomidsing
Snwnuznils fuamaugugiifissiades GaGeniudmidn ‘015 aendudeamiing
waBnagiuil Usniudidyfide sunvesuniasdasiunsuadoiiiosiivaruduld
uazdsiosmunanszunsnaiifinnnnsiadasrulngldiy

'uamwummmnunﬁ”uamammua nsvuadmasvosisiaiil laldsmualilule
‘UBQVIJN']ﬂiﬁ’WU IEEE wag IEC umﬂuaamﬂiwmaamuma‘lumiaammu %QlelﬂaﬁUTU
Maﬂmswmimmﬁ“mumawummwwaq TermmaL Pad V\NNEWI?N!J’I’L'M nvle.

C'ﬁ’lila\{llﬂ auderiuail 6.9 Terminals (‘mmaam)

&
vilsdlo ABB Outdoor Instrument Transformers Application Guide, Knut Sjévall,
Edition 2.1, 2005, pp. 74-75 a5unelit
wioudasnszuauuuwisiaiuuuiunuminegduans (Haire-pin/Tank-
type/Bottom-core)
dof - fgaqudinsagsi
- shumuusuAulnaled
- @enldunumanuunslvgle Tmeﬂ,una'lmmmmmmwanmﬂamu
Uimﬂaaumiaanwmhmm-uaaLmumafﬂ.mm dielfmnzauiutedmmn
duanenafy ;
- Windaludumilyvesgrusasiudmiin )
- fimslvadeurenhifuluvievesinigugd vhligamgiiadiaue
liingaiifoudn
oidy - limhugugiivien wliAsmsgadsemiiousn
~ fadilumsmunsuadmans

vmaLtﬂaqniwummmmmmquwmumanaamwu (Inverted-type/Top-core)
foil - Winnhgugiitdu wﬂwumiamtaummiauuaa
- fifnnszuaroiliosaynsuadnnsiige 1o
doude - fyaquddsegae
- dumuusuiubmldhiimnliunumanuuelng
- mndentdunuminunalvg sxdeliifnnrnduignieauiu
- fdndrinlumsidenvunnuaundn !
- gagndensszuisarudouresiimisndivieriufensenuauiu
&ea B ! ! )
vindoeil/daidsvemoulansvuaisaouunaiinaruludsessodonud: e
FnsantamsdndeniiouUasnszuasyfuussdu 115, 230 & 500 kV 403 nvik. fifnay
fusiidansuasioiiewuaznszuadmeasvesgunsallineudnags iesanilugunsel
Mfuiussuudsiunma W‘lwmwawuawaaniuLLﬁwuLmumanaamummaww
oiFeulunisudedu msumaamwuaa‘lumiLawuu‘uﬂmnmwmuwatawmwuawm
LL'UUU ﬂﬂﬁ‘ﬁNV\7‘[“;]‘1Nﬂaﬂ‘ﬂu»ﬂ'ﬁﬂ7uiiﬁu7ﬂuﬂ
awswmawawuamJaqﬂiwLLaLLuummumaﬂaamuw fuendigaaudsegge

metal. For inverted ( top core ) type current transformer of 69 kV and above, the
metallic bellow shall be used only, other oil expansion systems are not
acceptable.

For 33 kV current transformer and below, the inverted (top core) type current
transformer is not acceptable.
@oo
Wﬁaﬁa Electric Power Engineering Handbook, James H. Harlow, 2nd Edition, 2007,
unil 7 wih 26 eSuelih

Kuhlman Electric Corp.

(b) ©

(a) 15-kV wound-type CT cast in epoxy resin.

(b) High-voltage wound-type CT in combination steel tank, oil, and porcelain construction.
(c) 600-V, indoor-class auxiliary CT frame shell-type laminated “EI" core.

The wound-type CT has a primary winding that is fully insulated from the
secondary winding. Both windings are permanently assembled on the core. The
insulation medium used — whether polymeric, oil, or even air — in conjunction
with its rated voltage class dictates the core and coil construction. There are
several core types used, from a low-reactance toroid to highreactance cut-cores
and laminations. The distribution of the cut(s) and gap(s) helps control the
magnetizing losses. The manner in which the windings are arranged on the core
affects the reactance, since it is a geometric function. Generally, the windings do
not utilize the magnetic path efficiently. The proper combination of core type
and coil arrangement can greatly reduce the total reactance, thus reducing errors.

The auxiliary CT is a wound-type used in secondary circuits for totalizing,
summation, phase shifting, isolation, or to change ratio. They are typically 600-V
clas, since they are used in the low-voltage circuit. When applying auxiliary CTs,
the user must be aware of its reflected impedance on the main-line CT.
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High Voltage Series

Station Service Voltage
Transformer (SSVT

S:UUUaINUWUIUEKSUKDaWaIISIAU SSVT

il fisfafu - manita.keerativasin@th.abb.com

wauaiusiau SSVT Wugunscinla
$9USIWANEUTGYaIKTaINAIISIAU
uasklauariwihfandrdrgfiu
unadwadude:nd1ady s:uulasfiu
Wugudmsurauadussdu SSVT
dmsunstdauluanntiuwui

Tahlunsioudausesiu sSVT Aldluanniluii
aflfudnine aelad  wazsyvuumsAeasiu
&4 e & o ' ad A
Falunugwwesszuudosiuileh - lunsdliilill
aofan dmsudeatuiimg Sududesindsiudn
e Wilndfiundiouwvasussdu SSVT wnndign
Fauandlugui 1

aAm o .
Buiiuaudvawmdionlas

(Transformer Impedance)

aa ey o -
Bufiunudvemiioutasuseiy SSVT avegsening
5-10 % Tuagfun1seeNUUY UAYAINBING
vowgnin Jeagiliinseualianses (Fault) v
Lot Y o o
funReglvosionuauseiu SSVT - ddnan
10 - 20 Wihwesnszuaiiia (Rated Current) §49g
Fuagiurunvasduiiuaud

Taeily svuu 100 KV, 120/240 VAC wileudas
o daa o a
s SSVT ilduilunud 5% azviliiinnszua
Aansosneiuniegiivemiioulausadiu SSVT
e 834 kA dstugunsnifiasianselfamd
IO . PR
yiegivemidouvatusdy  SSVT  qzdowdiiin
nITUAIAI995T 10 KA TulU Feazamnsaldanuls

s35uvRvesivan (Nature of the Load)
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ponwuuszuuleaiu  wu  Inaawuududndin
awelvg Fesnsmsunm Lesnnsvua
wadr (nrush Currents) wagmsvnideanns
eulvan uazflodioutasusaiu SSVT vhau
Tnafufidn azhilvmuiouremiioudausesiu
SSVT ﬁmqﬁu wazyiliszuuiinisiniems duwa
Tymsfouasusedu SSVT ngaaelwllel

fegagy nzualnanvesvsioulasuseiu SSVT
fifm 100 kVA Wuseiulwiin 120/240 VAC
azfinszualvan Wiy 417 A (RMS)

gnuit National Electrical Code (NEC) shdation
450-3 nifouasifivunndnndt 600 V azdesd

n1sUeafunssuaiu (Over Current Protection)
a ' & o
71 125% vaanszudlvan ognalsinuaissziases
nszuanad (nrush Currents) vaswawnasluii
Aigpansmsviiana  dsiudeldauniioudas
usedu SSVT saufulwasiunewmesinimsay
vafuunl vieinuiunedudnigddoe

WINTFIUNIIMUATBIGNAT

(Customer Specific Standard)
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gunsal (sgwin wesimusanes fu Tad) Au
Snwamianwy  wavwinssitandnusiddoans
wieddlsinudeimuasiieg gnimualilu NEC
wifoutasusedu SSVT deanisnistesiunseua
Wunmadunpegll Tnevhluudieelifnd e
Heafun13dnae9s (Short Circuit) vaduy e
Seagfindslndiu Terminal Box vessfoutas
wsadu SSVT Whnndlge titetlestunisdmans
uagn1siiinlvaniiu (Overload) dmsuniiouvas

S a ¥ oo oo . 9
U 1 udasnsinas Audnitii Tlndiu
adfauuaussdy SSVT
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wsaiu SSVT iinsidensteriusiugugd il
WAusITugINg 138 kv aansavhmsdeldlay
0359 ldsndudedivndg

wnaTvsBulas iy SSVT Waunuesunan
noawaedulgugluwadn  wmsigdndlu
amnsafozszmedsuanmnaaduleld o
inAauianseasiu WuiReiuunalevemie
uladusesiy  Inductive VT dewmnradandm
anfazlivelviiuinditesynsuiu VT il
ansanavsitulgugivemiloudasuseiu
Inductive VT useiuvasssuurinlil VT gndfneas
Ihegesanga

Jlivieseasfindeiindfaneuiun  (Fused
Disconnects) 1isaslihduns  iedeiu

High Voltage Series

SSVT FAULT PROTECTION

120

Eyebolt connectors attached
to steel support frame for
copper ground eonduttor

GFCT, 600:5, C100, 5" window

annsneguenivauinsvemiaulas sy
ssVT 1¢ Ssnzanunsansinaeunsivavesnssua
asiuuaziiwomiouwausaiy SSVT fiszuu
msAeasiu (Ground Grid) Tuannilwihdesls

dunfdviioutasuseiu SSVT Qnﬁm(ﬁu'uluﬂaun?m
Adenegfumdnidy  wilildiefussuusioasiu
ognanysalfvanillwihees  fiemenisiva
YeanszuaRglnanndifs  ruasiusuaedu
oway)  Tidlumsideudeasiu  Fudfeuvas
UsI SSVT  92813150RSIN0UTZUUNIIHOAT
#iu (Grounding) vesamiilnfirdes fy SCT-983
Fuanduguil 8 wnenudesiildnaniisms
aanwuuwu‘uﬂamuwawumawuauﬂaummu
SSVT

SCT-983 with conduit bax,
malnted an faundation or an
steparate support supplied by
others. Application — detect
primary line to ground faults.
Check ratio needed and verify

mainaudansesnsludmifouvausaiy ; i
SSVT Taevily Fdaneuun o218 138 kv
sy Fauandluguil 2-5 fnmastaimifouatusaiu SSVT i@§auda fauans ‘mﬂivLLﬁuMMamn'mmmﬂﬁunulﬂmmu Tne
Tugui 6 uay 7 Huyede  HO Luawmimwa‘uaaﬂrLnawmn

Uszana 10 Wi v09iinnszia ‘ZNR]&LIW’]WI"IHU

MM5NUVDELATINTITUAMUAURUUTIUT 29vsUasiunsiinnsosasiuvas CT 10 x 0.251 agleimnsvuawiniu 251 A e s . :::::':";::““m" s less
siula (Sudden Pressure Relay) (Protective Circuits Using Ground Asamsioudaaussiu SSVT  fiflarduiiuaud Stand

Imwnmu,mwmamummmmwnmUmmmw
AnunfffusilaffvemiiouUatuseiu SSVT &9
38071 Sudden Pressure Relay (SPR) tilowans

Fault CT’s)
nsasrdeuLardesiuauiansosasfiudiu
Aol annsavirldlagld CT deuuu Window

WU 10 %  nszuaRansasasRuiivuIngnng
5 A fistiu CT 9u1a 100 : 5, Class C50 (ABB type
SCT-983E) nnmm‘l‘ﬂmammmnunaamamasaa

GFCT, 100:5, €50, 3" window type

&dlauni - femslamuduiidinduneluings  dlelanssuaannunmnusugiivisieruyeds d e LLa~waumanmwmauwumwmumuuaa SCT-983E with condult box, mounted
Yandloulausaiiu SSVT ﬁq%Laéﬁﬂ“ﬁauﬁaﬁu wanslugui 8 Inglidfinansenulaq denisvieny a1 05 Teviu Wietleenind Fsnsnsredu on side of steel stand or on separate
1IN (cate value) muadseanas 2 i1 tas  vewdfeuvamwsafy  SSVT  Suwsiimsionsvua  anufamdosuvuimlaasiy  (Line to Ground support supplied by others.

mmmﬂumLmum‘lﬂanm}ﬂﬂmU‘uawmmmtsaﬂu
guniign Feazidusumisiinsinianduaudy
lefiuszansniniian

mssesadi  Mdmsunmsaneseuanmza
wioulunslinuvemdonausaiu SSVT s
quda Sudden Pressure Relay (SPR) Laztn92187
wgnNueNeanIINAItvemonUa wseiy SSVT
uay avmmmmﬂmwamuwmmw‘lﬁmu NAITIN

22 AcuMwiwd 1115

asfu Tnensiiuaneniuy GFCT azidondnsidiu
yoanszuaues CT 7 100 : 5 A w3ogend1 uae
Class C50 to3nwarausiugTii 4-5 % flvunn
nIzLAYiU 5 % veanszuanuUgugl

MNMSRNTUNTTUATDIVSTOLUALSIFY  SSVT
flyurn SSVT-900, 100 kVA ieldauiiszuy

230 kv Tifanszuayindy 100,000 VA/ 1.732 x
230,000 WAU 0.251 A (VI power factor = 1)

da o

Fault) §u H1 GFCT ifidsnaau 600 : 5 fianu
wslugindu €200 auudivuesiou winiu 2 Tevia
shgaumsiuing  dulugagldisnmsdung
mufandesasduiiffuazaiwesdmiioutas
st SSVT Tawnnsms GECT Wity Tunns
asaeuinUgugiivasfiogll  nsruaveIAI
Aansouaasiudaiivuindnun Liwmmmmv
WuazAndnirmnmionamswiu  SSVT 3

A . a 1A vy &
ansanaznusenisiiauruAulmladie CT 4

Application — detect secondary faults
o ground. Check ratio needed and
werify the relay burden connection is
less than 0.5 ohms

ilJVI 8 WAAINISINNTIHARANIBIAIAY LAz n'ﬁmm‘lﬁwwaawuauﬂmLmﬂu SSVT

494 ABB type SCT-983E
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nsitdaidsudniwiazasiuindlredifuls:Qua:ainsa)

75.2594 Ugfin -~ worawut.sae-kok@th.abb.com
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aunwlwihilidldnaieiuduikquainnuiianibuduvesgisuagsmuirelui
wavaraun Wi AliGldsIuais:ansnwiacarluniswaa nisdiuaznisistuin
sauianssnadibudulus-uy Arwudadaldlus-uusanauazdunulunis

K2uezdu

nIsdalkaIWAIUKYUBEUIIGSuUzlunIsiuAWNBUINEIZulunis
Janisarudainisyaslkaauaziaisniwyadusidu  eidilugsizulunisiniaus
wasnlwalafauysnizaigunsaidinauauarivlykiaumwiuifikainkaielu

nns:auusiau

Special Power Series

ussuvesszuutngliih  AC wuugauafivndu
Uleiififiruoundgauasanuiined  nssuaves
TanuuugamadfidugUlsiinnuiidetunay
agnsumatuusiy  srvudainanasiiiatiosnin
wazvhudsanugydeiidosiiaadmiude
Aunilinuazannsondnldiiigunmlih
Fmnzan udlumeufiauds fesdussnounans
agaitvilmAnnsidsauunnaniuzeauaiuay
annunwliliinas  dafuargmislinuannis
fnfauazUssavsnmlumsviinuazanas §1ns
haugnugalaglildamanisel Wy anAmuamn
Tinitlif axvhliiduyumsgadeiige Uselowd
vosgmulindvarsegnefauanduguil 1

auuamliihillsiagamnnndstwiold

« MdFudniindeiliiamsgydelumouas
nnsduudsaussiunazadensliifussuu
Tnglaigniu

A o o8 va S &
< sannzesludndwiliifnamsaiuniulu
szuu dneamihwlugmsinuiiiaunfives
gunsaivazyilimsihanuivsyansnmanas

- muldaugavesivan (eniiu lumsussend
THuvulad salusalunseluoiarsdnineu)
nanitldaunaiiazyiliinnnuliaugaluwseiu
a & o g ¥ a o 4 a0

Wsdy  vhliAeamsaludslwandunselussuy
Wentuwazyliiinnmsiisiuvesnssuaimsoa
wazussiuivseaisuiuiuiifedulusyuu
wuuday

saa

mslinugunsainded ity anlnlih

ananugadeluszuuuasnisddos CO, | anmugapdelusyuuuagnisudes CO,

LUAINENNTATDITEUY aanndosiudarimunvesszuy

LR ESAINNIaUT I Windanuanuseveslsiny

JsgAvSnmiiintu (@nliduanas andurunisia)

4 < = da
Uil 1 Usslevdvasmsiigunmliag

o 2 < < | = o < <
W’JLHUUE%}G'}W?UF\WLL&”{JWTAL’JﬂiLL‘WﬂWlai mmUUizqmmumsmﬂmwnmamv«nmai

T o = rir v = = — = rY;
wlsddufivdszaiviinsalnduuusmlud® - | dufiuuszauuuiivay 9y duduuszauuuidsa)

(contactor/thyristor)

o o wa & a 1o 2 o & a a e a v
frvaerassuanfinuuulafidy (Stepless) memmuﬂsmwmmimmmmxLmumw(‘luﬂaamu)

5

o a 2 _a 2 o & o o P a
fansesensludnuuuudniin LA UYSERYINM e IngnasuuAsH (open-rack)

o < < % = =
W'JFW’JUF]&JW”I’JL’JE]ELLWT]LGIB? fnsesensluiinuuumadn

Static var compensator (SVC) / NM3TAY8LUUaYNIY
STATCOM / SVC Light
sruufafundanuLunned

fhusuussuLuuudniiv

53UV UPS 133gnanunssy

szuufufiundsnununine’
Guiimsmuuidsudnitiuayensluin | (auisnmsmvaumdEusniivuayeriluin)

Uit 2 wadniwalavesaunsainmunlniinves ABB

oo

- naffuudsveussiy (Wu uswiumnvdeussiy  duimsduguamli
) Feannsabmilugemfaundlumsiay  ediiaueweivialefiauysavesgunsaiifien
vodlvanuaziofiaiudg aunsovilifatan  Funmmmlitihuasanuslussduliiussh (V)
Wannes  msduudsvesssiuannsafalaann  Iwihussiuuiunans (M) wagliusags (HY)
nszualvaniuudsvielnsesdusznountsuen  dremsyaiuluowesssdndninuazaiiy
wu msniiAetulumedodomesell (tu 1 Duilesdeduandeslunisdauaynislindeany
9n7len) youndmdsnuiiietuszuuduandugui - 2
widldTuind suniswaunlud ssvesnmain
diefagsnuaunmlwihddlussuy wieeu Taifiansnnndn 70 9
nsbildvimsamulugunsaifliisatesty
auamliih waz/ve Ndasehmndnie  nsvaweidssudniiv
unaslnviimnzaufiofiszSrianafionsssin  Sufiunuduuududniiviidooynsuvesanenin
Mgl Q‘l%’wu%ﬁm‘]u’aa‘ﬂnigﬁwwqmmw amadsnalitinnslimaasudniing sazian
Iniluilefiasliaonadostutoiimun  wazmde  wnfumunssueniidaaes  GeilmAausedy
WilduszavEamyinaessyuuivzay anuardinaviliaruamsalunisdsiiumgs

0

Py v o = o & v v, aa
wideglunnmiaueluseunaluladvesiuivssguuuuis - wdmnmsiEulunsuszgnalilu
o PR I~ P - v o PR v a o
AC sgduussiusindevatstneu  eTTlMlufinlumalulagfiniuussquuuusislunisadadaiu
Uszgdmiumsuszendlilu HVDC
v v Saa 2 & a U = Y oo
dfivlszquuuuisveaetifvwadnniviivuszasdanallinn - Famnzauduaniunisaia
' o A | . . o '
fipesnsaumuiundsuige (Wulunisuszendld HVDC Light uag SVC Light) Muvasunas
fudausedy  (Voltage source converter, VSQ) udsddfyuesnisUszendmanifidesaiiv
UszqawyimihiuuvdmdsounSoussiu Bafifidwes VSC i Anuansalunisiiundanu
1 ' ' =
fiunTumy Tnssadaigaves VSC AResmsanunuuiuesnszuaiige

3 = . o w. A ' o & £ Ao w
wenunuuandnuasiiamunuiuvesidsliihfigend dufuuszquuuuimeaetidmiuns
Usegnelilu DC Seiliuszlondug wu $nwidaes (Selfhealing) UszdvEnwnasnengldaudigs

vl v

uazdiAndudnuaude villimnzaneganndmsunisussgndlinfinnusissnsfiay

Uit 3 dafiuuszquuuuisuas ABB dwsu HVDC Light uag SVC Light
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Tfhanas \Wefiranmaiiistusing gunsal
‘wmHaﬂmﬂﬁ?ﬁﬁﬁLmnmemqnmmmhLaua
wu wlsddufvdsyy uwldduiuuszgaetotu
nalunsdsunlasveauseiulaenisnaszdu
Lmmu‘lmmtwmwa‘lmﬂmﬂmmuuﬂma~mmu1
manalwuaqivw wenanifumsyaedandny

awwammmqmmduswu

Lﬁmmﬁuqﬁ”u azdlauanansalunsdaiiuy
it m‘s‘ummmammuﬂiﬂuw
ma‘umww‘lwﬂﬂiaamumaﬂw%awu Faazthe
antlamiZesmsdumaonsaty  utsddauiu
Uim‘maqmﬁﬁlﬁgnﬁwuﬂlﬂuﬁaizuudal,l,axizuu
Mg

L1 o w o o woa & _a v
wenandafiudszadmiuFesidtudniinug
iddeglusamilunsiauimalulagiuiu

o &
Usgguuuuisdmiunsuszgndldlu DC (Uit 3)

st aUszAnS nwvasszuulndnludszine
Janaune

Power Grid Company of Bangladesh (PGCB)
Indenudedaufiuuszquuu open-rack voaedl
WioflazUuUssssansnmuesszuudaiiseiu
useey 132KV %aﬁawﬁﬂ«ﬁﬂsuauﬂmmmm
guidsanusadunnuasnaninlii i lad
aUnim‘lumﬂﬂmammmanw‘vsllﬂmmmm‘lu
amﬁiwﬁwawaa PGCB 8 wiis figafiananu
gudsnnuasmisashumdiliieglufiings

WHIINMIAAGT  AMNIBSUHNWDSITNTUAIN
0.88 1Wu 0.98 Fadunnudi§aedrsiiduddiny
szuussuindulutae 3-5 kv Wisuiieuiv
ANUMIAIEUAY  MSANSEAULSUYDITEUY
Frwannugadsuarysudeusunaidliin
o I o i

Tazgnasiulugadld

mMsusulgsinuansaluissmnnesunnines
wazussiulvinalunisdshumdslnianndy 34
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Uit 4 nsfindsdanseuuumadi 110 kv Tuluaud

Special Power Series

ST IEET R

: L :

Fundamental only

saon (D)

=

=)
d
/

Active filter

Ul 5 uwunminsdadansesuvuuniiiinuiiiulaenaly

Supply current

Load current

Filter current

U7l 6 winmsasnisnsaslamuadnad

U7 ECG wnnuuwnluuuunamau
7a) rouAndaiansosuuuuniiviuns ABB

' 1o o a '
MW ehuszuu Tnglddndufissdosiiumienis
wanlvih - pawaunsalunsdsraslaindiiy
Fuillvimalumsiinselaves PGCB

Tunmsw Tﬂiqmsummmﬂwulmma'lu 18
Wou  dunudsnanundimvdiuniwoliu
aW\‘LHJQ’aﬂlﬂulumiaﬂﬂidlw*ﬂﬂﬂlEJL“UE]LWT:N
Woadauaznmsaiasdadiuiy  uenaniu
svuvrasiediduaslumsiiuAuauaansoly
msdandsliiunuiiandunsadsiingusn
i Sdlallifusunulumsvhausasliiliudes
frodeunszanidiuiu

uenNgULUL open-rack Wi telgninaue
gunsallugduuuwusddniuuszqlundesiu
(Metal-enclosed capacitor bank, MECB) d13u
Bﬂ‘ﬁﬁﬁﬁaﬁwuumﬁm'ﬁuﬁw?aﬁﬁmmsmwmn
ﬂuLLUUﬂuumtwamaﬂmnu‘luimum uted
mawmmiannmmamalumamwanﬂim
LLaan’L‘z‘i‘lumiﬂiuqmmdqmﬁmmmma’lu
mhgnumslilih Wy dmsunmsvawelussuu
WsBIUNISUNATIUAL

nsusudgesRmnmlnia
msinTufiunniuvesnaawuuldi@adulunis
Uszgnalegramnssunasidandvddawali

mmﬂsvLLﬁaWﬂuun’lusvw‘lusvmwumﬂamww
AeliAnmdemeld

Tngunfiuds  fnsesuuumadvingnlddmsu
nsaananenensluindeuandduiiedisdy
E\Jﬁ 4 Tumshndaiissiu Lv ﬁuhq%"uﬁqnmuﬁn
TiAausdlend wu idesmnarudedunsiia
Tnaniiudleguuuuveduanduuulauniin

fansedniiviuvulugansvensdd  (Power
quality filter, POF ) winidssilymueaianses
wuuradvlaenstddudsznoumedidnnsetind
Faghonunszuassluiinedisreidedlusnuaey

7b) WAINTAAAS

real time waginansiienisianseuaiifivianse
v o v A v “ s
druiu wlowvasiidelwidunasiiuguadudu
wuulwinavemdugadunssuadnefivunzen
faguii 5
dwuuszansnmmnnsyanuiiAigaruuuud
Favivoewinnsosuugs Snunzn1smuAUinaDs
wuudmsusinsesuuudniiveaediife

- msldnsaivgusuunlaegrawiasui el
Wiuszavsamuesiinsesiianzau

« 1938 Tamunrud lddanszuaunisuaznis
muaunszuadidudgmivinldansadanis
agamnzaule

uanNMINgesesluiinuuundniiviud fnses
wuuwdniivesiedifanunsa

« gawoidsudniiviuuulifduvesduanisuuy
Busniivuazauuadiivl  (Duuszlovivazidud
sonsluemsasluiiidgunsnineniiumed

&

uduann)

« myivanliauga  vihlildAalnasluszuu
Tnsoauazinliussiutimsea  WeuiuAuiian
Tuszdudn  vhlhAeaavaeafenasiiun
hdedeldlumsinds

fansasuuundniinvenelidvawansziu
n155UNU ECG
TnanlulssmenuianeliiinensTuiind siliin
Assunumsuaiudnliliwaginliiinaau
demgliunisinmuuazdufinnig electrocar-
diograph  (ECG) luununaniduvedlssnetuna
Royal Melbourne Tulsziroeainsde ﬁﬁfu
Falianunseldaugunsal ECG 16 n1smsavaeu
feauswilovoseddvilinuiuvdsinia
mssumuiunssuaensluinilvaluluaoada

win  mssumuldgndnnisdealuladifnses
< o ac .

uvuudniivveaefiuazqunial ECG annsogn

WAduunddeuandugua 7

i 0ud3 5 ulumaluladqunnluiiuas
w Suflduandviufeszaunsannnoas
wanvate  uavihiaueweivinalevesqunanl
feldnudediuaruimedinduludes
auunlihiiuszaunumelunnseduusediu

BFouiFeann
Kurt Schipman, “Power quality matters”, ABB
Review Special Report (High -voltage products),
page 33-36

AruMwiwdi 1115 27



High Voltage Series

High Voltage Series

Substation (GIS)

UniGear Z52
36 kV, 2500A, 31.5 KA Medium voltage,
arc-proof, air insulated switchgear

8303 weLdus > angkoon.choeilam@th.abb.com

gﬂﬁ 1 nmAnvevassindifiesiu UniGear ZS2 §u Single level
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adadifivsdmsuaunsailuiusagaszauusiaudiunaly Adadaldrulus:uuwaauadrsreluiilsirugaairnssy
fidantfwiugeslsinu s:avusrautwinnldauezidud 1 kV ouds 33 kV gunsaifwiusigatosimini
datwiedar@aundus:innnisaadssiiadunuestwih soudinisasivaauusiaulwinidreluagineglus:-auundnsali
Usquudaradifivskarguvugnaadslduluszuulwih Tdud Air Insulated Switchgear (AIS) ua: Gas Insulated

Saa

wilgadudinlunamgunsellviluszuundn
wazdsdrelwihlsanugnamnssuiifaandluiii
Wuredssnu WinmsAnunfuaiidouasiann
andiesiuineg  lelimnyautudnumgms

Y aa a e

1w Fonilslutiuffe alndifiessu UniGear 252

andiiesiu UniGear z52 Wudindiiesuila Air
Insulated Switchgear (AIS) dwisufadamelu
oy Wamduussdulwih 33 kv Swhums
VIAABUANINIATEIY [EC62271-200 UAZHIUNNT
Mnaey Arc proof @3ndifiesiu UniGear ZS2 i
awmrsaviinisasadanazgeutngeninmig
Frundasgaindifiosiliannsaiad sin
wiald  iedunsuszudaiuiiuavannn
Fndamosimusainoseln Vacuum viewesin
wianeswin SFg uielimneaufunagasaiy
dnwarnslfouaindiiesiu UniGear 752 &9
i"uﬁﬂu double busbar system ndnuite
sesduszuuiidesmsiafiosnmaneluiinoutnags
wazdssndniuilunsinds Tasasvhaousauiy
gunsaisiaddesiunazaiugn  (Control and
protection relay)

syAuussiun 33 kv duagldunsnanslussuu

detngluirlunaldvesuszimalnanazszuu
I lulsssdnlvitmdsnuaundudulng
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Medium Voltage Series

wiildihmmegeuaindiiessu UniGear 252
uazgunsaivszneumelumusasgiuves  IEC
groif

< IEC 622711 dwiunisluialy (General
purposes)

« [EC 62271-200 dmsuaindiies (Switchgear)

« IEC 62271-102 @195V Earthing switch

« [EC 60071-2  dmiusguvauiu (Insulation
coordination)

« IEC 62271-100 dwiumesiaiusanes (circuit-
breakers)

« IEC 60529 d115U degree of protection

andiiesgu  UniGear 752 awvieniladiniu
Snwazantmwndouddl
. QmwQﬁﬁWqﬂ (Minimum  ambient tempera-
ture) - 5 °C
. qmmqim”wqm (Maximum ambient tempera-
ture) + 40 °C
. mw?jwaaamwmmﬁau (Ambient humidity)
Tunsiindts

- wdudiivsiods 24 daluageaelshiu
95% RH

- audfuussemagagn 24 Faludlsiiiu 2.2
kPa

- mm*ﬁué’uﬁwém?aGimﬁaugaqmimﬁu 90% RH

- ANduuTIIINAgeERseifouliiiu 1.8 kPa
- eugeesanuiTiatLsafinds
siiazeggalsiii 1,000 was wiesydutmeta
wingenindardeaiinnsanneutsyansawues
andiies

switchgear

aindiiesu UniGear 252 Tafin1sniu IEC type
tests puvadernagéail

« Short-time and peak withstand current

« Temperature rise

« Internal arc capability

« Dielectric test

« Making and breaking capacity of circuit-
breaker

« Earthing switch making capacity

« Mechanical operations of circuit-breaker and
earthing switch
movFsndunsunnaindifesiu Unicear 52
Lﬁ%%myifﬁ%ﬁ’lmwﬂﬁau IEC routine factory
tests

» Visual inspection and check

« Mechanical sequence operations

« Cabling check

« Electrical sequence operations

« Power frequency

« Measurement of the resistance of the main
circuits

« Secondary insulation test

30 AcuMWIWW 1115

Unit compartments

1 Circuit breaker compartment
2 Busbar compartment

3 Cable compartment

4 Low voltage compartment

5 Optional Arc channel

6 Current transformers

7 Voltage transformers

8 Earthing switch

Uil 3 a@ladiledsu UniGear 752 aansafinnuwasinusanaiaila Vacuum (¥71) wiawila SFg (d1e)

dnwauzn1glwia (Electrical characteristics)

Rated frequency o
Rated short time withstand current
Peak current
Internal arc withstand current
Main busbars rated current

Branch connection rated cnrmnl with forced ventilation

Medium Voltage Series

JUT 5 nryuaiifnnnInlseeuy

andiiessu UniGear zS2 daflsyuu Safety
dmsuglinunanezuuuy oid

~Interlock Hawuulwih (Electrical interlock)
wama3eena (Mechanical interlock) Lttty
liliAnmuRanaralumsindessuu

- ey (keys) MAndanNtsse dmsudeoiu
a ¢ s ' A 9

msuaraindifiesunrheliinluszuudiedeosiu

yonafilifiaudnnglunisliouaindifes

Uil 6 a@dadilesiu UniGear 752

- Padlock @ msullosiunisuanaindiiosvay
glnilussuuuiu defives padiock fe 1Y
awawnsomunauafinuissainunliden
wleruasndelumsldau

- Locking magnets dwiunsdengaindiiosain
meluiesmunuszeglng
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Power Transformers Series

Power Transformers wo s

Unuiing Uszasdle > pantip.prasongthai@th.abb.com

11.8. Anugaydendsauainnsy

(Load Losses)
nseudlutiinfiegluvnanavilyiAnnsgaydonds
suilesmnanudunuvesuaan = RI2

R = arudumumslvavesnseua

| = Gunmnseuaiilvadivnan

uenannszidlnadnulaenss Galinisgapdends
nuiilasnnnszudlnaiu (eddy current losses)
angninginivesuannegluauuuivin
= = - o
Fawdsuulamuszeznaniesinnszuaiioglu
o o da o
fthies waiiinannszudluadu fe vhilvinas
nszawveInsEuaslutuInafnvallnai
uaEMIgadINENIUENTY

vonnil mmmuuueaduswaimdndaiins
wasuwaduwnmadarnaniiounssuavaadn
nifoudasszuudie 2 wan uwawnunseiu ATy
wnuduusuiindnazgeiignilavedanii
aglndfuviessineiesuaminuniign  Usw
fanan nsgaydendsnuuazeagiasgeiia

DA}

Flesiulilinsgapdondsnuannszualuanu

7
ndugedte  Wiszesmmnduiduusulindnues
Tggauhdianein anaaiiguinamens T MIgade
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wdrnuilasnnszudluaauszsiiniunaniisy
S TuneftR Shvazvemifoudass
sonuuulneUsvanyszaunmauiidesny 6
oy AanufuuEneas fufiinde a0

esmnaunuaivaniilva Juemsgapdend
uiivsnasudn luduiliu luiewaain w89

ﬁmmnﬁgzytﬁuwﬁmu RIZ  qudiududle
s v o 1Y A &
guvgiigedy  assdnuiuntsgadendsnuduid
wanal Lﬁaa‘mmﬁqvfu Agamgiifinms
audendanuosiignazioglusnasgiuiieg

11.9. AUAIUNIUENDS

v & av o A o
Hlindlouvasunnsionaiifermunanizieiu
ANUATUNIUERI995 Weean
+ nliowdasvihauruuivmieuasiltauey
Yagiu

v o o A )
« dadriatiosarnussiulnlilan

« Fodiaiiosnnnszuadngems

winnseenuuuitenmaifvemmdiauadldnu
Jorfmun 017

. wuwiiinhdrveununmn  duwnadiud
wiANEI AAEuTREIN Suau A

FunuRLge
« douUasgusngs  AAudumuREe 6
U AANATINILAEE

uananmumeda  esudasusaziazesdaint
Tusuasugiia et dlaviesi nsgaydondanu
A1 187

nifoudasdronszuaunadn  esenunsgiu
nsHAnABUdINASIASA  UnsEinsanwuUlA
Idauiideinis/AmuadaduBesamnsarils
aun

Anuiunees Z deuld Uz udydnuel
e P Ly

At p.u. w38 % Asaunistsld

u,=I-Z/U, (pu) (24)

z
u,=100-1,-Z/U, ) (29

auns (24) way (25) Twduannsaldlanu
ysfoutdas 1 wlalnenszuauazusaiulvih Iy uag
Uz dugeaniidhuladuniwemdiowdas i
nifoutdas 3 Wlavvdownudiog /3

ASAIAAIANRIUNIUEND9aS Zy waelesiu

Power Transformers Series

Ayl Inlunrsnageudnisasly
aumstndld

ut -y Uy U2 ‘
7= %UL: foo %awu) (26)

dmSundioudas 1 wa uaz
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LV Capacitor CLMD. Reliability for power factor
correction.
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