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v o dl ) dl 1 1
JanruangInUN1saunaszuulaseuneinii

CC1-P

CC1.1-P

ccz-p

cC2.1-P

CC3-P

CC3.1-P

UNUI

formuaistunindoudessuulassslifindunstuunminsgiutusidin
wadafifueouse/fiousennsofeanunsaujuald lunisfiazieusieidiu
svvulih sudeimuatunewieliiinnsujdanuieuledildmvunly Tne
formuaifeiunadeusoszutlassteliind 1udvedeuse/fideuste il

- Ananlnif151elne) (Independent Power Producer : IPP)

- Tsdlwihves . Afimsvhduandovelnin
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ngUszaen
Fguseaedvasindavastarmuaiisarunsitauressuulassinglni
(@) ileliimarmuaioulumadauarduneuiifueilonse/fiouroar o iR
TumsiBensioiirfuszuulnihliegnadaay
(b) viteliiulahferdousio/deusaivhmsidousordriuszuulaiii dkunna
nasinasguiifvualily defmuaiRniumsdeneszuulaseelniiugy

AMANYUSVBITZUY NV

i, azddumsifielannzvesszuu nvle. a 9aidoude Wulumuinausinig
Uit datelull @uegiudetmun cC3.2-p)

(@) audszuulitin Wiy 50 Hz wazazfnwAluaniizun@lieglurag 49.5
89505 Hz (onviunsdifisimmRaund Aanudetafinnuidoauusnnnniy
+0.5 Hz)

(b) AussAuszuUlnd wihdu 1.0 pu. uazazshwiszauwsaiulieglugig £5%
vesAsatuveasz Ul (eniiunsdfifmaiaund Aussfueiadinany
Jeauusnnnnin £10%)

(c) %6 Harmonic Distortion F3asgavasssuuldin nuln. aneldaniizun
viioanneiiflen planned e unplanned outage ANy (8nLiunsdlii
n3iin peak iugaeszesinandu)

A
=
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M 1.1 sERUMAHUYaILsIuEsuelindmiussuulnii 69 kv, 115 kV uaz 230 kV visegendn

gsuaiinsudun gsuaiinsudun e e e e
lalysuauwiives 3 Fidusuauiives 3 FrssBuneuAuR
Uy USIAUTNS Uy USIAUTNS U UIAUTNS
uaiin (%) uaiin (%) uaiin (%)
5 2.0 3 2.0 2 1.0
7 2.0 9 1.0 q 0.8
11 1.5 15 0.3 6 0.5
13 1.5 21 0.2 8 0.4
17 1.0 >21 0.2 10 0.4
19 1.0 12 0.2
23 0.7 >12 0.2
25 0.7
> 25 0.2+05
(25/h)
AlEuLsTuESeTing (THDY) = 3%

(d) neldanzunduag planned outage syuulnves nvlw. agsnwiAn
Voltage Unbalance 1imum15199 1.2 (eniunsaifiiinisiia peak 10utas
syagandue) axdmidlaliifiu 2%)

713197 1.2 A1 Voltage Unbalance AnuseAuLsInU

szauwsIaulnin aavsznauuseaulildng (%)
230 kV vi3egeni 0.8
69 wag 115 kv 1.4

(e) wsssunszioy Nl 9zhwrseaunisidsuidasvasuseiulni o qa
\WourasznInszuvdslinves nlu. Auuinaiiianudesnistuingesvinlg
AR sefunseLiionty agdoAinuguLsdliiundd

A1319% 1.3 Indnfindmiuarnnuguussvadlnnseniussezday (Pst) uagA1A18TuLIIYaY
Iuinzwiuszezend (PUt) Wasiuunasiiaussiunszinaunauaninadaszuulni o 90
Taq

sriuussiulniiigasiasau Pst Plt
115 kV w3osni 1.0 0.8
11N 115 kV 0.8 0.6
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Hu Significant Incident 1intu Tuaniwasaiineg wardazussmniseynituges
avlet. Tunssnwannzszuulidulumuieulalude cc3.1-p
(VaBLAS) :
® Incident wuey wmnisaiitlinieAndizAniu uasianisalidanal
ol alanunsaufURmunnsgiusieg i nae. 19lun1snnaunutaznis
fufunususzuuliin vielumsnsaiidsaliyaealdiuuiniy

® Significant Incident %1889 Incident 91 AR, RAITUILAIIT LEINTH
daalszuuliinueniounsdin ineannzlivnd livasasdy wislidl
l@desnm wisdaliyanaldsuuinduiienss
N e . a 1% Yo A M o i
nsdl Significant  Incident Ndsnalyaralasuuindu wililinansenuse System
aglafinnsandunsussmniseniuves nw. sudeulaulude CC3.2-P 9)

Y o ¢ v o 1 v A 1
UafimungUnsnlvadiveLYBNsa/KIYaNME
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wazifugunsalidndudeddlunszuiunisudn auau nietarndsaulniig
Isalwihdrednssuy
gUnsnivesvaiieusde/fileuse wwdondulunmudetmuaniu cca-p dil
Foruuanaly
gunsalvesfvaidousio/didouse nnsenisasdesdinsoonuuy wan Aass T
sufsfinisihssnuniiaenadesnu Prudent Practice wagdosanunsavinauléiiy
UnfAneldannzReulvvessyuy mudidmuelilu €C3.1-P
uenmiloanfiszylilu CCa.2.1-P gunsnlvesdveideusie/filense yn518013
szspadulumudermunuay/miomasgunaiszyliluy cCc7-p
wiazvihenanliil azsiaq
(@) ausafudyeIo 420 mA  $3d991nTEUU AGC 283 Nk, Tunisusuen
setpoint M3dneAuFeslnlivesveilense/fideude ilousglovilunis
muauAudszuUli saufsdfununssdalilinlunimsiuvesszuulien
i
(b) Anda Fast Acting Proportional Turbine Governor Lﬁ@iﬁiumaﬁﬁﬂﬁua
Fouse/iideuse desinnsingliugnesnanszuundnlagdansn (isolate)
fuoiense/fileuse axdinsamsndrgluldnuausosnisvesldlain
wazAuAuAATE ULl AT 52 Hz vde e
(@ aﬂéf\iqﬂﬂ'ﬁajiwu Automatic Voltage Regulation LﬁamU@m terminal
voltage vosfuaiiionsie/fiTouse Wiliafiosnmaasatiamsifiuieios
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(d) Ands Power System Stabilizer
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Y

(e) Annsszuutesiulalliiinisirelvidlugeduadoude/fidoude stuinmyn
Lﬂ%ﬂ‘ﬁ%@ on turning gear
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VBIUARLINTHA
nsdoaseneLdesaunun (voice communication) s¥winsivelieusie/Hideusie
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n31 10 Jing
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(d) udstoyafisnduilels nvle. w3va Site Responsibility Schedule
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(b) dan3en ey wazdngds Site Responsibility Schedule Tiuguaidousia/
Hiloude JsazuansteyanusonssuaiamionimunveuwndIud avis.
Jurdrwesuazfuiinveulunismugunisingmu uazdruvesiveldousie/
fidousto o gadousio tu

(i) mwawiflsjmiqﬂﬂiaﬁ;ﬁjwm

(i) SeMsnuEN A, dzdnduns

(i) a319guUnsaifildluszuuInsauuiay 3esiledn szuulnsuing uagly
TLUUAIUAL

(0 TeTefUftRIL nw. FefuRnveunsUszanuanuteyamusenisiseylil
Forvuaigafunisufiinsszuulasstnglii wde nsussarunudiu
Ufuinseununsnaaliin Midedes fAmuanisgontnge (Maintenance
Scheduling) N13319LNUNIINER (Operation  Planning), N13319AUNIIAT
Funses (Generation  Scheduling), #aT8 N1SAAAINATIVEDOU LAY NS
naaey (Monitoring  and  Testing), 348 N15UTEAUULIITDYAAY
U UAN15 (Operational  Liaison), #a48 wnuUfdfn1ssessuniegniay
(Contingency  Planning) I@Sizq%a funiesy nifisulingeunazaniud
UjuRaudsean

(d) TeaziBeavedisufiRuamasnief . §03i (Local Safety) n¥ou
edeffUszaunuiunsasasonuioulvfiszyly defmunifsafiuns
UfuRnisszuulasestngliin vade nsuszauuiuaulasnsie (Safety

Liaison)
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CC5.2-P
CC5.2.1-P

CC5.2.2-P

CC5.2.3-P

CC5.3-P

CCeé-P

CCr7-P

CC7.1-P
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N13ATI9EEUYATaNsD

. wazgveldonsio/fionsovrmuniunsiaaeugaiensiosiuiu nevdsand
fuoieusie/fidoudelddidunisnude CC5.1.1.1-P udd waz avn. aglaivinis
HReaUN1INTIVERUMN LT RNa T UALADS

. wazgueloude/fiTonreaziuiunsivasuadouse uargunsaliitisades
(yfenmaaeuiidudy) weliiulaliinssuiielnidgaidende aghineliAn
Auds v esunTerenUaBndtLAL ALTUABSTUY Y.

dlo e Aansanudaingadendensoudmivinnisdnglidnssuy nu. 9z
Afiun1seanniladiouses (Certificate of Readiness) LaglAITIIMUHANITATIA
aoudumednualdnes Tiiudueldeuse/fideusie

Tunsdlfinanisnsaaeuliiiu nw. azdesszyanumindufigadoudeniogunsal
Ale NTBUAILLFNANITAANTUN

Tunsdlfl nve. 1eunan1snsRaouIadouselinfoudmiunmselndhszuy
i Wigverdouse/fidonsevinnnsuiuligunsaiuay/vie gaideuse wd3uds
Ak, Wit Tunsiaaeulmidnads

nsideusarasnglidrszuulni

mssgliiidnszuuiugadoude aznszvinldniendenndl niw. lfeonvide
$us09 (Certificate of Readiness) Iffumsfverdosio/fideusio ud Tay Avie. uas
Hueideusie/fiTeuse szfmuniuEudelnisuiy

REGISTERED OPERATING CHARACTERISTICS

Foyansnaunusnuuiianig SaduduniivesseazBendeyanisauw fifue
\Fouse/fideudelddadsliiy nn. audouly PP aggmianfiansanvumaulnl
aruaus iy Aendsanniilsslilgisusnelvidissuuuagyin commissioning
1ag ﬁ’lﬁﬁﬂﬂﬂiﬂ%’UﬂgﬂiWJ%ﬁﬁJﬂ’i’l Registered Operating Characteristics #3492
ATOUAAILANNNTITVBNATOI dONAGEINNY Prudent Practice

= 1 14

NALLVBUADYINUISUUVDY NWE.

[

JamruaLazaINIgIUYRIRUNTal

(a) circuit breaker, switch disconnectors, disconnectors, earthing devices,
power transformers, voltage transformers, reactors, current transformers,
surge arrestors, bushings, neutral equipment, capacitors, line traps,
coupling devices, external heavy polluted condition insulation Lag
insulation coordination AeABAARBININLIATIIU ANSI/IEEE w50 NEC/
NEMA snciuunsgunsaideiinisssylidaaulildunsgndu

(b) E}ﬂﬂ'ﬁﬂj&hﬂ"‘] éfaﬂgﬂaamm‘u NAR LaTNAAeU INTITHIUNITTUTRINY
Fouuanissuussuamninves 1509000 (uvazid) niederivun
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CC7.2-P
CCr7.2.1-P

CCr7.2.2-P
CC7.2.2.1-P

CC7.2.2.2-P
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Wieuwind nww, seusy

Formunvasgaiiausioszning v, Au fualdouda/fideuse
lumsieusiessinsueiieuse/fifeuse fuszuudewes nul. atld circuit breaker
RPN TN IPAS NI TAINIVUANTZUARAINRTENEN o AALToNsD Ty due
Fousie/fileuseanunsavels nuin. dadeinsruadnieas wazAfida  dircuit
breakers w09 nvln. Tsfndedl gaidonse  lutligtusaudsiinnunulueuian
Anseuadnaasguaniianioude axdesliiAundn

(a) 63 kA %30 50 kA dmiusvuulnliiidsefunssdu 500 kV uag 230 kv

(b) 40 kA dwsuszuuliliiidisefunssdu 115 kV uag 69 kv
Generating Unit and Power Station Protection Arrangements
ssuutlestuvesivoiioude/fidonse  uazmsilenderirfuszuudeves nwlu.
wdeadulumudotmunduifissylily cc7.2.2p 1 ieannansenusoszuuds
o1 nlw. Tideefigalofnmaiiauninnszuvesvelionsio/fionsie
Fault Clearing Time

(a) A1 Fault Clearing Time dwfunisiinmaiisunifigunsalvesveidousie/d
FeuseTeiensainfussuudses nvli. vde wnfinunAfigunsalssuudives
. esensadriugunsalvesiveieudie/idouse Inerraandinanas
BuifudsudismAnugiaund aulls drcuit breaker aunsnduensnldaiin @
FoafltnananlalAunindertmuadid
() 80 ms 500 kv
(i) 100 ms # 230 kV
(i) 140 ms 71 115 KV uag 69 kV

(b) Fuordeude/filoude wag nww. desdaliiszuulosiudises (backup) ile
nsdiiszuutesiundn (primary) euRanann deszuuesiudises saos
yadagirudszarufieldaiuisaiinisanisanfugfuduld
(discrimination) Tagszuutiesiudiseswesveiensie/filoureazdesmuse
nsvuadna9as (14 trip eenainszuuneon) Tusewinefiszuu backup protection
299 NWK. %39 breaker failure protection fA18311n15 clear fault Aintuly
eANIGE
uanant ietlesuauidsdliliAnnisuanlsslninoonainszuulagly
AU 33075710z MuR time  delay  wesszuudestudisesastsslniinlid
1.5 3l Ssagshilrmaiemuszanuiuszuutleatudises ves nwe.

(0) circuit breaker fivhnihiidnnszuadmeasisfnssogludiuvonsazieuse
vosffveriouse/fideudaitniuszuuds niw. fignideusiela tu azdesdinng
fada circuit breaker failure protection iy IuﬂiﬁLﬁﬂﬂﬁizﬁﬁ circuit
breaker  vhauRanatalianansadanszuadansasnelurasianiidimun
circuit breaker failure protection 9£¥1n1584 trip circuit breaker Fagaluds

a

BERANU circuit breaker AINYNIURANAINAINGTD LNOHANTLLARAIIDT

Y
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aelurranandid
() 200 ms 71 500 kv
(i) 200 ms 71 230 kv
(iii) 300 ms 7 115 KV uag 69 kv
(d) Target Dependability Index wasszuuesfugaslisnii 99.5% AaLdunns
Sapuanusovessyuuleaiulunsds crcuit breaker dmisastudiudiin
ANUAnUNRALAZ1ST
CC7.23-P  nsdnwmseugunsal
CC7.23.1-P  dotwuanisdnwnisugunsallussuuilestudmiunmsideudedissuy v, fsd
Transmission Line Protection
(a) Tuszuudosiuanvdalnfiussas 500 kv Jxdasfinge primary pilot relaying
systems 97UU 2 TEUU %ﬂi%ﬁ@ﬂﬂ?iﬁ@ﬁﬁ (communication link)‘ﬁ
wanuaewiiedfiunnuupsliiu primary pilot relaying systems fanan

Relay Line Terminal Utilizine Current Differential Protection (Primary 1)

ueiag relay line terminal agl4d current differential protection scheme WO
primary pilot protection wazdl time step distance protection scheme W
backup protection

usag current differential relay system ﬁ]sgﬂ@@ﬂLLUUiﬁﬁ communication
link flanunsasu/dsdayanalan circuit breaker ﬁaﬁagﬂiﬁﬂmaﬁmqsﬁﬂwaq
aneduduiiin fault eenainssuundendu (intertripping) lieeasinga tne
communication link fsnanaagldidu fiber optic cable

Distance Protection (Primary 2

53UUNTUBIAULUUTE 82119130 Distance protection 2¢A1MUA protection
zone +0u 3 5zAU lnglu distance relay unasynazfoad timing relay d1su
Fomhanannisds trip wniAn fault Tu zone 2 wag zone 3 Way distance
relay fiosanunsaldauldiugunsalszuudeans (teleprotection equipment)
\etelunisdsuan circuit breaker ﬁa@:ﬂaw‘ﬁﬂﬂ@ﬂﬁﬁwﬁuaﬂ zone fiAnAY
AnUnf eenanszuundentu Tiegnasands uenaini dossey scheme M3
vauszuuilosiuluginiinezususaduuuy permissive over-reaching wie
permissive under-reaching

dusunisUesdu ground  faults  @o9d dual polarized  directional
overcurrent relay slanamnRufUNsELE (inverse time) iansnsaasiiviiany
wuusiniudilanie 1me directional overcurrent ground protection astlu
backup protection Tfuszuvdniieia eround fault fanan
Foen15deasvessruueaiuuuuiises (pilot protection) gdesdalii
$1uU 2 Fesdmiunsiay distance relay wieldiiu pilot distance protection
1 99309 thag pilot directional earth fault protection 80 1 F8IN
distance relay agsiodi#lendu out of step blocking sauddage line fault
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locator Tugn

nsdifisvuudl source impedance ratio (Zy/Z) winfunieunnin 4, seuu
Uoarfu Primary 2 as1lu current differential protection scheme

Current Differential Protection (Primary 2)

usiag relay line terminal 2gl4d current differential protection scheme W
primary pilot protection wazdl time step distance protection scheme W
backup protection

ueiaz current differential relay system agld fiber optic cable WJu
communication link Tun195u/dsdyey1adtan circuit breaker ﬁa‘ﬁag‘jﬁlﬂmﬂ
Weaesivosasduduiiin  fault senainszuundoniu (intertripping) 16
9819720152

ueiaz primary pilot relaying system @83d11150%11013 trip %39 reclose
circuit breaker iéjﬁg\uwu single pole Wag three pole 1aun1T auto reclose
@13V three pole Azl synchronism check relay ¥1971us9uAU recloser
Tun1s close circuit breaker

Direct Transfer Tripping System

wiaz primary protection 9zdesdalifisyuu direct transfer tripping Liiad
Uan circuit breaker floginaszoglnaivanednsunils livaneenanszuuld
71 Tngld transmitter $1uauvionun 2 & Tngluusiay transmitter azdosd 2
Yoan15deans

[

Direct transfer tripping system %Qﬂﬂﬂﬂwﬂﬂuﬁmwu{]aﬂﬁ}um‘ﬁ

- Line Terminal Overvoltage Protection
o line terminal overvoltage protective relaying system 11474 9
d9AAY trip W1uteen1sdoans lUuan dircuit breaker fiogszazlnad
Uanedndunils uazds lockout n13vay reclosing (Rauuusnlusfa
%39 manual)

- Breaker Failure Protection

- Circuit Breaker Open Protection
Tumamsaifivaeansdsfuniada direct transfer trip scheme awds
dryeyreu trip TUS circuit breaker ﬁagjﬂawﬁﬂé’mwﬁwmmaﬁﬂ il
circuit breaker auxiliary contact (52b) %a\iﬂmﬁla’lﬁlﬁiﬁ’mﬂﬂﬂ’m@u
NISVNUAINET

a ¢ ) . . Y 2 ¢ Y a o ' )
iLaEJ{]'ENﬂu Prlmary 1 Wy Prlmary 2 %3@]@@LUUiLaUQWﬂQNaW‘V]LLWﬂ@'}Qﬂu

(b) Tuszuudesiuanvdalnfiiugeas 230 kv agdesmnga primary pilot relaying
systems 47U 2 YUV Feldoin1580a15 (communication  link)
nannangLiNeLiuANUIuAIlAiU primary pilot relaying systems @4nan?
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Relay Line Terminal Utilizing Current Differential Protection (Primary 1)

usiag relay line terminal 2gl4d current differential protection scheme W
primary pilot protection wazdl time step distance protection scheme W
backup protection

usag current differential relay system ﬁ]sgﬂ@@ﬂLLUUiﬁﬁ communication
link flanunsasu/dsdayanmlan circuit breaker é}’aﬁagjﬁﬂmaﬁgﬂawﬁwwm
aedaduiiiin fault enainszuunSeuiu (ntertripping) Megasings Tng
communication link fsnanaagldidu fiber optic cable

Distance Protection (Primary 2)

53UUNN5UBIAULUUTZE2N19%TD Distance protection 22AuUA protection
zone +0u 3 szAU lnglu distance relay uiazynazAaad timing relay d1wsu
Fovaannisde trip ¥1ALAR fault Tu zone 2 uag zone 3 wag distance
relayfasannsaldauldfugunsaiszuudeans (teleprotection equipment)
dietaglunisdavan circuit breaker flaguansiisassinavasansdsiiineu
AnUnA eenannszuunieuiu tiegssanida uenanil fessey scheme Mg
vhauszuuilosiuludiniinezusudadunuy permissive over-reaching #3®
permissive under-reaching

d1mndunistesiu ground  faults @99l dual  polarized  directional
overcurrent relay ¥iaNa NARUAUNTEUE (inverse time) flanunsadlivinany
wuusiniudilanie Ime directional overcurrent ground protection astlu
backup protection Tfuszuvdnileiin ground fault fanan
Foen15deansvessyuudesiunuuiinges (pilot protection) az@eednlid
$1U9U 2 YeansdmSunsag distance relay  iieldfu pilot  distance
protection 1 %99919 W@y pilot directional earth fault protection 8n 1
YOINN

distance relay agsiodi#lendu out of step blocking sauddaga line fault
locator Tusi

Asdifszuusl source impedance ratio (Z¢/Z,) WNAUNRIONINNIT 4 | STUU
Uoarfu Primary 2 as1Uu current differential protection scheme

Current Differential Protection (Primary 2)

upag relay line terminal agld current differential protection scheme Hu
primary pilot protection wazd time step distance protection scheme W
backup protection

upaz current differential relay system agld fiber optic cable WJu
communication link Tun195u/dsdyey1adtan circuit breaker ﬁaﬁag‘j‘ﬁ'ﬂmﬂ
Medetvosasdnduiiin  fault senainszuundeuiu (ntertripping ¢
p8195IAL5 AR primary pilot relaying system fo4@31150%11015 trip %30
reclose circuit breaker lgauuy single pole uag three pole laeA1s auto
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reclose @13U three pole AzFo3l synchronism check relay vin91usasfiy
recloser Tun13 close circuit breaker

Tuszuutesiuinges Primary 2 Aesdnludl direct transfer tripping system
dw¥udsuan circuit breaker fflegdnUanesunilavesansds wuuiiud lag
1% communication link Waeafunuly Primary 2 i

Direct Transfer Tripping System

WY primary 2 protection AN ALTEUU direct transfer tripping L‘T\ja

dsuan circuit breaker flogsszerlnaivanednduniliwesansds livaneen

nszuulaviudl Ineld transfer trip transmitter §9uu 1 #a

Direct transfer tripping system ﬁ]8@ﬂﬁﬂiﬂwﬂ’luﬁmwuﬂaﬂﬁuﬁﬂﬁ
- Breaker Failure Protection

a ¢ ) . . Y 2 ¢ Y a o ' )
iLaEJ{]'ENﬂu Prlmary 1 ey Prlmary 2 %3@]@@LUUiLaUQWﬂQNaW‘V]LLWﬂ@'}Qﬂu

(o) Tuszuudosiuanvdalnilusegs 115 kv Jzdasiinge primary pilot relaying
systems 97U 1 58UV way backup relaying system 37u7U 1 53U
Relay Line Terminal Utilizing Current Differential Protection (Primary)
usiag relay line terminal 2l current differential protection scheme W
primary pilot protection wazdl time step distance protection scheme W
backup protection
usag current differential relay system ﬁ]sgﬂ@@ﬂLLUUiﬁﬁ communication
link flanunsasu/dsdyanmtan circuit breaker ﬁaﬁagjﬁﬂmaﬁzﬂawﬁwwm
aedaduiiiin fault enainszuunSeuiu (ntertripping) Moegesings Tne
communication link fsnanaagldidu fiber optic cable
Distance Protection (Backup)
52UUNN5UBIAULUUTE219%TD Distance protection 22A%uUA protection
zone 10u 3 52U lnglu distance relay unazynazfoad timing relay sy

ﬁgﬂm\mnmmiﬁﬂ trip ¥11NLAA fault 1u zone 2 uag zone 3
dusunisUesdu ground  faults  @osd dual  polarized  directional
overcurrent relay slanamnRufUNsELE (inverse time) fiansnsaasliviiany
wuusiniuilanie Ime directional overcurrent ground protection astlu
backup protection Tfuszuvdniieia eround fault fanan

wananE distance relay avdasdiilei®u out of step blocking audsfinga
line fault locator Tusi

nsdifiszudl source impedance ratio (Zy/Z,) wiffunsewnnin 4 , backup
protection aglUu current differential protection scheme

Current Differential Protection (Backup)

upag relay line terminal agl4 current differential protection scheme Hu

backup protection wazluumay current differential relay system 214 fiber
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CC7.2.3.3-P

CC7.2.3.4-P

CC7.2.3.5-P
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optic cable U1 communication link Tun1s5u/dsdyaraulan circuit
breaker fhflogfiuaevisansinsasansdaduiiin fault senainszuunioudy
(intertripping) lAagasinsy
ﬁnguu primary 18z backup relaying system A84d1u150YNN1T trip #39
reclose circuit breaker wuu three pole 1o 1agnns auto reclose azfosil
synchronism check relay ¥n9usamiu recloser Tun1s close circuit breaker
uaﬂﬁ]’m‘ﬁiu backup protection fiosdnlitd direct transfer tripping system
dwSudsuan circuit breaker fflegdnvanesunilavesansds wuusiud lae
1% communication link tfgafiunuly backup protection
Direct Transfer Tripping System
Tuszuutlostud1setazdesd direct transfer tripping system dwsudlan
circuit breaker flagvsszeylnaiivanednsnunilsvesansds Tiansenain
syuulaviui lagld transfer trip transmitter $7uU 1 67
Direct transfer tripping system %Qﬂﬂﬂﬂ%ﬂﬂu%iwu{]aﬂﬁ}uﬁﬂ‘ﬁ
- Breaker Failure Protection
Siadidostiu Primary uay Backup azdoadudiadannguaniunnseiu

Tu power generation system aAILNITAARITTULSAIUBIAUAINTUNNS
Wwousdalssliindluseuy Nl nvlu. tadvunjukazsiinuessiadlu “EGAT
Accepted Relay List” tieliulainsiady nuw. wazlssindidonldaulussuu
Josiusdanan agausavinaudniule
Circuit-breaker failure Protection
I aa a o ¢ A ) ° . . = ' o .
Wuszuundnsfnnssiadiiens1adun15vineIuYes crcuit breaker @elaiviins trip
melunainuuaiioinn fault Feluszuuiiagiineasn1svineunluds trip circuit
breaker ABU9YNAINMNEITRI LiloMINNITWENAEINAA fault 8ONIINTEUY Wy
Avdl lockout relay vintinAdesiulallit circuit breaker reclose (automatic %3®
manual) AUNI133N1T reset lockout relay Tl Tun1595993U breaker failure 9y
14 instantaneous overcurrent relays ¥19UsAUAY timing relays Lieliause
d98m circuit breaker #8u7 Negsruglnalaviui (anednneideuvini) viadl
a ¢ . . & v = o A
Siadnlaluau breaker failure protection Hagdasiunainadluszuutosiudue
Pole-slipping and Loss of Excitation Protection
HueLeusie/Hlausie fewnlidsyuulesiudmiu pole slipping wag loss of
excitation
Metering System
HveLousie/diiouse ffnAtsEuuNInTIANasulni (Metering System) ey
Reoulaiiszylu CCAL-P WieinUSuamasnulnihidmiedissuy
AveLausa/NiYeuse ABIFAMY Fault Recording System (FRS) uagiinisieusie
= o A 1% a ¢ a a o & 1
sruvdeansiu nuu. wealsendayaldlunisiiameinmaiaund vl nvlu. 1a
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CC7.2.3.6-P

Ccs-pP

CC8.1-P
CCcs.1.1-P

CC8.1.2-P

CC8.2-P
ccs.2.1-P
CCc8.2.2-P
CC8.2.3-P
CC8.3-P
CC8.3.1-P
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fvuasuLazaiaued FRS lu “EGAT Accepted FRS List” tilelvishilaingunsnid
. wa fueideusie/fieureidenldnuluszuudnan szanmsaianadriuls
Ananfildluszuu FRS Fesgnenuaulilndifssiu Standard Time Tunnfign Tned
nseadeyyauUuLiisuian (time synchronization signal) 3 nYasudayeyIauIan
3%UU global positioning system (GPS)

v o

JannuATaINIsIALazNIsuanINaszezlng LLﬂS'ﬁSUUIVI'iSJ"IGI'i“UENEE‘UE]

=

1 Y 1
L“UQ?JGIE]/QL“US?JGIE]

Hueiiiende/fiTousio dosdmwieumiieinauszerlng (Remote Terminal Unit, RTU)
74U Protocol  TildFun1seensuaIn nvn. Fail input/output communication
port S1uanlaiesndn 2 port (Litfosndn 2 1P address) Fsanansarinausaudu
32UV redundant master system ¥9d vaduiaz Control Center (Wiaz Master
System 2xU5NaUAIY 4 redundant connection ¥11971ULUU 1 active connection
uwar 3 standby connection) Ing RTU agvihmiidisudsdayanandiolsh EGAT Control
Center (NCC,BNCC wag RCCX) anunsafnanakazmivaunsvianueedlssinii lng
e mundil
Monitoring System to EGAT Control Center
Binary Signals

- Generating Unit circuit breaker status (“a” contact)

- Generator “Remote/local control” (MW control) switch (“a” contact)

- Generator “Remote/local control” (MVAr control) switch (“a” contact)

13 »

- Generator “Remote/local control” (kV control) switch (“a” contact)

- Generating Unit “Fixed/free” Governor Operation Status (“a” contact)
- Generating Unit fuel status (“a” contact)
- Generating Unit excitation status (“a” contact)

Analog signal (4-20 mA)

- Generating Unit Real power (MW)

Generating Unit Reactive power (MVAr)

Generating Unit Frequency (Hz)

Generating Unit voltage (kV)
Generating Unit fuel flow rate (T/h, MSCF/h)
Analog signal to Power Plant (4-20 mA)

- Net Real power output target set-point
- Net Reactive power output target set-point
- kV output target set-point

Binary signal to Power Plant

- MVAr Remote control
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CC8.3.2-P

CC8.4-P

CC8.5-P

CCo-P

CC9.1-P
CCo.1.1-P

CC9.1.2-P

FommuaRsatunsdouseszuulasenglniives nviw.
dmduduanlnihvnnlng
Enable / Disable
kV Remote control
Enable / Disable

Analog input §1%13U Fault Recording System (FRS) fosuansrndayanisioluil

A1 phase voltage ¥4 generator

A1 phase current g phase voltage ¥892995@ 8@ nlselnin U sannil
Trilusagaves nviw.

A1 phase current 983 Line Shunt Reactor

A1 phase current ¥8INY Power Transformer AULSIFUGMAY tertiary

winding

Digital input §1%3U Fault Recording System (FRS) fiaduansrdayasasialuil

v o

contact Vanuafignds trip 9nn1svieuressruudesiuludiuaeds vie
IN5¥UUUBINUIBY Line Shunt Reactor , bus , Power Transformer wag
breaker failure protection

contact 484 reclosing relay fivhauludruresasdsainisaluinlugannd
Trilusagaves nvlw.

contact ﬁa%mﬁv’hmﬁ’mmzﬁaﬁmmm teleprotection

Status va4 breaker ynsalulsslui

Protection Signal ¥®8¢ Bay Generator Wag Bay Reserve Transformer i
159lniln

contact ﬁ”’wmsﬂaq generator, generator transformer W@ reserve
transformer (86K , 86X) ﬁlgﬂé’i’ﬂ trip

status YB3 breaker U949 generator transformer @ reserve transformer

dafinunvaInIsInnaznIsuanNaszezlng szuulnsuinsuazalIuay 9
ANLGIUAD

-

feuaunsideunadlay RTU d97u2u 2 port Asil

[

Monitoring signal

Binary Signals

13 »

Circuit breaker status (“a” contact)

13 »

Ground switch status (“a” contact)

- Disconnecting switch status (“a” contact)
Analog signal (4-20 mA)

Net Real power (MW)

Net Reactive power (MVAr)
Line voltage (kV)

Bus voltage (kV)

CCP-15



CC10-P

CC10.1-P

CC10.2-P

CC10.3-P

CC10.4-P
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- Bus frequency (Hz)

- Real power Set-point feed-back (MW)

- Upper Net MW regulation limit (MW)

- Lower Net MW regulation limit (MW)

- Reactive power Set-point feed-back (MVAr)
- Upper Net MVAr regulation limit (MVAr)
- Lower Net MVAr regulation limit (MVAr)
- Line kV Set-point feed-back (kV)

- Upper line kV regulation limit (kV)

- Lower line kV regulation limit (kV)

- Loading rate (MW/min)

- De-loading rate (MW/min)

UafiAUAUaINITAUANLIIGU (KV Control)
dmiufiFousemIulsdlwihazdesdninsouaumisnlunsaiuguussiuunaud
muauszuUliih Tnsagdesinwdeunsmunuussiuliosnatios 4 Mode il
Remote High Side Voltage Control ﬁamiﬂ’w@mmﬁuﬁm High Side %89
Generator Transformer Inggiugmuaussuulni iiussuu SCADA lsdlifhazsdes
IALK3E Point Control And Monitor V?ﬂ Analog Lae Digital Tﬁﬂiamqumﬂ%’mu
uazszUUADaNT Lo Primary uay Backup MNAASEIUYIIFUY SCADA
Remote High Side MVAR Control ﬁamiﬂw@u Reactive Power fu High Side
484 Generator Transformer lagaugaiuauszuulnin ’iuseuu SCADA Tsaludi
ABIIAMIY Point Control And Monitor V?ﬂ Analog Lag Digital Iﬁﬂ'ﬁamqmmi
1910 wazsyuuAeansaedeaiiva Primary  Waz Backup  ANLIAIFIUTEITHUY
SCADA

Local High Side Voltage Control A®N1AIUANKTIFUAIU High Side Y89
Generator Transformer laglsalniih Tunsaliinmainunivsewmeduanide vinla
szuvdoansviiegunsaling q Mtdeuseseninsgudmunuszuulnih Ay Tl
Tdaulidla Tsslnihasdesanunsaniunuuseduaiy High  Side %83 Generator
Transformer  Inglsslntities Tnssuddsnisann qudauauszuulnin dussuy
Voice Communication M%@Su 9 mummgmmmizw%ami

Local High Side MVAR Control Aan15A1uAx Reactive Power 91U High Side
984 Generator Transformer tnglsslnii Tunsaliinumsinunivisewndugaide vin
TWsguudoansudegunsaiing q Aldidouseszuitagudmuauszuulain fu
Lsaluvihlgaulala sslnfnaedesanunsaniunu Reactive Power 1w High Side
84 Generator Transformer Inglsalwiinies Tnsduddsnisain quimunuszuy
1wl HusEUU Voice Communication 38 81 9 AMAANATEIUYEITEULFDAS
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Tunsal#ild Voltage Droop dwi$uszuumuny kv Control Tsslwiingiadld Voltage Droop
&il Generating Unit si3elsdlviiinnndn 1 Unit Suluilidensednfudansessuuds
Tne Voltage Droop Hfesanunsawis-an Mvar Tufirmiadeaiu uazusuld Mvar
Yosusiag Unit danuauga (Balance) suenfiszylu Capability Curve
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APPENDIX
4 o = o/ o 1 1
TanmiuagnuNsaNaszuulasaungluin
dusugranliivuinlvg
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CCA1-P STUVNINTIANAIU LA

STULIIATIAnNasulnih Aesisznauie
CCA1.1-P Instrument Transformers tiiauainszuanazussulnin dslulin main energy

meter Wagz backup energy meter &I541l

a)

wifoutasianszualnida (Current Transformer, CT) \fiegruannszualiing
Inaluurazieasansds lnododissauanunaiugl (accuracy class) 0.25 a1y
1ATFIU IEC61869  (Mipanmsguilifiounia IEC  atudran) CT  daq
UsznNaume 2 Nl (2 cores) @NMSUNATIAVOITZUUNIATIANANLAZUINTIA
FOINUAIRY

vilouUasiausadulnih (Voltage Transformer, VT) tiosnuausssulviiives
wiagieasanges Inefeailseaiundnuuiugn (accuracy class) 0.2 AUNINTFIY
EC61869 (Wipannsguiliiuiin IEC atuaian) VT deuduvie Inductive
Voltage Transformer Usgnausigynunain 2 40 (2 windings) d115U19351n
YOITEUVLINTIANANLASUINTINTOINIUAINY

CCA1.2-P Energy Meters

a)

e)

wnsTandsnulnirdeadusia 3 wa 4 ane a7 4 quadrant dwmsuin
A1 active W@y reactive energy 16 2 AN %qﬁ'ﬁwumﬁjﬁ]xam&gﬁwagﬂuﬁqm
e
luusiaz metering point 9zUs¥nausI8 main energy meter 911U 1 YA
wa¥ backup energy meter 311U 1 9
accuracy class Euaﬂmmﬁ@wé’ﬂmulvdﬁmﬂéf’sﬁ"im active energy Uu 0.2s
AANIMTEIU IEC 62052-11 Uaw IEC 62053-22 (Wieunasgiuiliiiguwin IEC
atuagn) uazdl accuracy class lun133a reactive energy 10u 0.5s
wnsianasulnihdeadulssiandidnnselindiuu Time of Use (TOU)
w30 Biaanseliaduuusssuni wazuinsiandauliimnddeadueia su
wagHnanRgIiY
e sIanasulnitussLan TOU fosuszunanalaniunisuusriaian (anu
TOU) uaztufinuagifiudeya load profile e 1 unft wagse 15 il
11asTandeulditurarffesindeuindousutesnisinrodeans
(communication ports) tilelddmiunmaAuTiusndeyauazuiuiiisunan
(time synchronization) lagldidu Ethernet 1 port aﬁuauumiﬁammw
TCP/IP (IP-based) lumsdnufiuteyandn, RSa85 1 port dmiunisdeasuuy
Serial wiasfu backup Tunsdaivtoya uas 8n 1 port dmiuideusioruyn
Sudtyeaaanann GPS ey port 7199 wiantazvhenlundeuiy
wnsianasnulninndidesaunsavieudiiuls (compatible) fugunsal
uay software inRtlusEUy Nk, IaeunsTandsaulniinnddosi
auiureuan k. Wieliiuledn seuu Automatic Meter Reading (AMR)
CCPA-2
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¥94 MY, Azansndeansuazerudeyaanunasiandsaulrlindndnlag
rrunisieansmalnalé (remote  communication) el azfiansuUsgnay
fuaumieuesnisdntogunsal o vawtiy
Time synchronization
Aaves ipsiandsauliiiiuuy TOU (mudiszylu CCAL.2-P) azgnarunsilyt
InalAeenu Standard Time Tnanssudyaruuiuiisuaiann GPS
Watt/Var Transducers
usiay watt/var transducer aggniinsssiulugaifiendu Tnsusiay transducer g
Wuuuu 3 wia 4 ae Tald 2 dygia wazgneenuuulildiunsiauazdetoya
milna
Loss-of Potential Alarm
uRaz99sNTInvesnTIanasulnidn desdl loss of potential alarm 13dusu
AnmuANnTeNLaAnEnMluNITYINIUYRIAII9RS
Test Switches
winzaasianasulniuasudas watt/var transducer Aol test switch wen
1y ieldlunismageunisiiauvesgunsalfanannsiuiu external source
3o CT / VT (19 multipole test plug)
Power Supply for Metering Equipment
Tsalnihdesdamseuunasdnglniasy @uliary power supply) findedouas
iigsnedmiugunsafluszuvasiandsanului Weldiulainmesiandsnu
Tniflwniagyianuldegisgndeddunngisnia
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CCA2-P FORM OF GENERATOR PARAMETERS

Usene
a) G

[
iii

1%

%

vi

b) G
i.

ii.

il.

Y2

V.

uFekuunlesusseluil
enerator Models and Parameters for Combined Cycle Power Plant
. GENROU, Round Rotor Generator Model (Quadratic Saturation)

i. [EEEST, IEEE Stabilizing Model

. SCRX, Bus Fed or Solid Fed Static Exciter
. GAST2A, Gas Turbine Model

. Generator Transformer

i. TGOV1, Steam Turbine - Governor

enerator Models and Parameters for Thermal Power Plant
GENROU, Round Rotor Generator Model (Quadratic Saturation)
IEEEST, IEEE Stabilizing Model
SCRX, Bus Fed or Solid Fed Static Exciter
IEEEG1, IEEE Type 1 Speed Governing Model

Generator Transformer
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a) Generator Models and Parameters for Combined Cycle Power Plant
GENROU

Round Rotor Generator Model (Quadratic Saturation)

This model is located at system bt # IBUS, Pu PMECH | %Speed

machine # L Eq L %Source Current

This model uses CONs starting witt # J, L. VoLTa GENROU | LoreeM Feminal Vet

and STATESs starting with # K, ' Tenminal T
- ANGLE

The machine MVA is for each of > Angle

units = MBASE

ZSCORCE for this machine is +j on

the above MBASE

CONs | # Value Description STATEs # Description
J T 4o (>0) (sec) K E,

J+1 T” 4 (>0) (se0) K+1 By

J+2 T’ 4o (>0) (sec) K+2 Wkd

J+3 T7 40 (>0) (sec) K+3 Wkq

J+d Inertia, H K+4 A speed (pu)
J+5 Speed damping, D K+5 Angle (radius)
J+6 X4

147 X,

J+8 X4

J+9 X’

J+10 X7y =X",

J+11 X,

J+12 5(1.0)

J+13 5(1.2)

Xy Xgp X'y Xy X7, X7, X, H, and D are in pu,
machine MVA base.

X”, must be equal to X7

IBUS, ‘GENROU’, I, T o, T”g0s T o T Hy Dy Xy Xgp X'y X'y X7 X, S(L.0), S(1.2/
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IEEEST
IEEE Stabilizing Model
This model is located at system bus # IBUS,
machine # l. Input [EEEST VOTHSG
This model uses CONs starting with # J, Based on Auxiliary
and STATEs starting with # K, ICON(IC) Signal
and VARs starting with # L, Value
and ICONs starting with # IC.
ICONs | #| Value Description STATEs | # Description
IC ICS, stabilizer input code: K 1™ filter integration
1-rotor speed deviation(pu) K+1 " filter integration
2-bus frequency deviation (pu) K+2 3" filter integration
3-generator electrical power on K+3 4" filter integration
MBASE base(pu) K+4 T./T, lead-lag integrator
d-generator accelerating power (pu) K+5 Ts/T4 lead-lag integrator
5-bus voltage(pu) K+6 Last integer
6-derivative of pu bus voltage
IC+1 IB, remote bus number 2,5,6
Note: ICON(IC+1) may be nonzero only when ICON(IC VARs # Description
is 2,5, or 6. L Memory
If ICON(IC+1) is zero, the terminal quantity is L+1 Derivative of pu  bus
used. voltage
CONs # Value Description
J A
J+1 A
J+2 As
J+3 Aq
J+4 As
J45 Ag
J+6 Ty(sec)
J+7 Ty(sec)
J+8 Ts(sec)
J+9 Ty(sec)
J+10 Ts(sec)*
J+11 Te(>0)(sec)
J+12 Ks
J+13 Lopax
J+14 Lsmin
J+15 Veu(pulif equal zero, ignored)
J+16 Ve (pu)if equal zero, ignored)

*If T5 equals 0., sTs will equal 1.0.

BUS, "IEEEST’, 1, ICS, 1B, Ay, Ay, Ag, A, As, Ag, T1, To, T3, Ta, Ts, Te, Ks, Louax, Lswins Veu,Ve/

CCPA-6



Input
Signal

Jarmvuaneniunisieunaseuulaseuneluirves nvk.
dmduduanlnihvnnlng

Filter
I+A5S+A6SZ 1+ST| ]+ST3
(1+A5+As?)(1+A35+A52) 1+sT, Tl 1Ty
L Output Limiter
ST MY [ Ve=Vss, if (Veu>Ver>Ver)
Ks—— > V=0, if (Ver<V.,
S ltsTe Ve Vs if (Ver<Ver)

CCPA-T

Vs=0, if (Ver>Vev)

—» VOTHSG
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This model is located at system bus # IBUS, ECOMP

—
machine # l. VOLTHSG
This model uses CONs starting with # J VUEL EFD

d STATEs starti ith # K VOEL SCRX

an s starting wi , XADIFD

—

ETERM

e
CONs Value Description STATEs # Description
J Ta/Ts K First integrator
J+1 Te(>0)(sec) K+1 Second integrator
J+2 K
J+3 Te(sec)
J+4 Evn(pu on EFD base)
J+5 Emax(pu on EFD base)
J+6 Cowiren
J+7 r/fg
Set CSV\/\TCH = 0 for bus fed.
Set CSW\TCH =1 fOI' solid fed
Set CON(J+7) = 0 for exciter with negative field current
capability.
Set CON(J+7) = 0 for exciter without negative field cur-
rent capability. (Typical CON(J+7)=10.)
IBUS, “‘SCRX’, |, Ta/Tg, Tg, K, Te, Epins Eviaxo Cowrens Te/ 1o/

Cswircn =0 Cswircn = 1
Ei—» -« 1.0
VREF EMAX
+
/ Ebridge
1+Txs K
Eclpw 14T T i
BS ES Negative . EFD
+ Current Logic
Laaltg —=
Vs Emmv

Vs = VOTHSG + VUEL + VOEL

CCPA-8
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GAST2A
Gas Turbine Model

This model is located at system bus # IBUS,

machine # l. SPEED GAST2A PMECH

This model uses CONs starting with # J,

and STATEs starting with # K,

and VARs starting with # L,

CONs # Value Description CONs # Value Description

J W-governor gain (1/droop) J+25 3p
(on turbine rating) J+26 br,

J+1 X (sec) governor lead time constant J+27 Cr

J+2 Y (sec)(>0) governor lag time J+28 Rated temperature, Tx(F)
constant J+29 Minimum fuel flow, Kg(pu)

J+3 Z - governor mode J+30 Temperature control, Tc(F)
1 - Droop
0-1SO

J+4 Erp (sec)

J+5 Tep (sec) STATEs | # Description

J+6 Trate turbine rating (MW) K Speed governor

47 T (sec) K+1 Valve positioned

J+8 MAX (pu) limit (on turbine rating) K+2 Fuel system

J49 MIN (pu) limit (on turbine rating) K+3 Radiation shield

J+10 Ecr (sec) K+4 Thermocouple

J+11 Ks K+5 Temperature control

J+12 a(>0) valve positioner K+6 Gas Turbine dynamics

J+13 b(sec)(>0) valve positioner K+7 Combustor

J+14 c valve positioner K+8 Combustor

J+15 Tdsec) (>0) K+9 Turbine/exhaust

J+16 Ks K+10 Turbine/exhaust

J+17 Ks K+11 Fuel controller delay

J+18 Ka K+12 Fuel controller delay

J+19 Ts(sec) (>0)

J+20 Ty(sec) (>0) VARs # Description

J+21 T(sec) (>0) L Governor reference

J+22 Ts(sec) (>0) L+1 Temperature reference flag

J+23 an L+2 Low value select output

J+24 ba L+3 Output of temperature control

|BUS, ’GASTZA,, |,W, X, Y, Z, ETD, TCD, TRATE, T, MAX, MlN, ECR, K_v,’ a, b, C, Tf’ Kfy K5’ qu T3’ T4Y Tt, T5Y afl, bfl, afz, bny CfZ, TR, K6,r Tc/
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A T Fadiation
L Themmocoupls Shiald
£ + — Twbme
Temperature | 15571 e — 1 D5 P
Control* Tss ‘-._:_J Tys+1 - Tez+11[" T
Wi |  Tubine Exhanst
Faference —
r P gSE |
R MAX K6 ane Fuel
+ A : _F-‘;El . Positionar Svystam W
- Low Contol Fufl Combustor
(I‘\ M e Value —F{.-}E\'—l‘ S N s ) f‘:_p —2 [ 1 . F"}w.. =
];')’ Ts+Z Salact o - e mre T+
- A Speed Speed -
WM Govemer — Contol Ke |4
(zas Tubine
Drymamuies
Teos -1V
SPEED = Turbine W
(pu deviation) PMECH | TRATE | -
+-— X f
- MEBASE | T L e
s $
1o W N

f1=Tg - ag(l. - wy) - by lspead) = agy +hgniwen) - opy (speed)

*Temperature control output is set to output of speed governor when temperature control input changes from positive to negative.
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Generator Transformer Number :

Manufacturing By:

No. of Phase

Connection (vector group)

No. of Winding
Frequency (Hz)
MVA Rating

BIL (HV/HVN/LV) kV

Type of Cooling

Rating Voltage (kV)
H.V. Winding
L.V. Winding

T.V. Winding

% Impedance Voltage

H.V. to L.V.

H.V. to T.V.

LV.to T.V.

On Load Tap-Changing

On Load Tap-Chang at

At Tap No.

At Tap No.

Jarmvuaneniunisieunaseuulaseuneluirves nvk.
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Generator Transformer

Max. Tap Rated Tap Min. Tap (At Base MVA)
(kv) (kv) (kv)
High Volt Low Volt

CCPA-11

Maximum Voltage (kV)

Minimum Voltage (kV)
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b) Generator Models and Parameters for Thermal Power Plant

GENROU
Round Rotor Generator Model (Quadratic Saturation)

This model is located at system bus # IBUS, P PMECH SPEED Speed
machine # : . ISORCE
. . . fd ————— ——— Source Current
This model uses CONs starting with # J, GENROU
and STATEs starting with # K, Vr % M»Terminal Voltage
The machine MVA is for each of Bus ANGLE rnge
units = MBASE
ZSCORCE for this machine is +j on
the above MBASE
CONs # Value Description STATEs # Description
J T4 (>0) (sec) K E'q
J+1 T” 4o (>0) (sec) K+1 E'y
J+2 T g (>0) (sec) K+2 Ykd
J+3 T” 40 (>0) (sec) K+3 Ykq
J+4 Inertia, H K+4 A speed (pu)
J+5 Speed damping, D K+5 Angle (radius)
J+6 Xg
J+7 X,
J+8 X’y
J+9 X'q
J+10 X"y =X’
J+11 X,
J+12 S(1.0)
J+13 S(1.2)

Xap Xgp X'y X' gy X7, X g, X, H, and D are in pu,
machine MVA base.

X” 4 must be equal to X"y

IBUS, ‘GENROU’, I, T’ oy T”or Tg00 7”00 Hy Dy Xy X X'ty X' X7, X, S(1.0), S(1.2)/

qos
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This model is located at system bus # IBUS,
machine # l. Input [EEEST VOTHSG
This model uses CONs starting with # J, Based on Auxiliary
and STATEs starting with # K, ICON(IC) Signal
and VARs starting with # L, Value
and ICONs starting with # IC.
ICONs # | Value Description STATEs # Description
IC ICS, stabilizer input code: K 1™ filter integration
1-rotor speed deviation(pu) K+1 2 filter integration
2-bus frequency deviation (pu) K+2 3 filter integration
3-generator electrical power on K+3 4" filter integration
MBASE base(pu) K+4 T./T, lead-lag integrator
d-generator accelerating power (pu) K+5 T+/T, lead-lag integrator
5-bus voltage(pu) K+6 Last integer
6-derivative of pu bus voltage
IC+1 IB, remote bus number 2,5,6
Note: ICON(IC+1) may be nonzero only when ICON(IC) VARs H# Description
is 2,5, or 6. L Memory
If ICON(IC+1) is zero, the terminal quantity is L+1 Derivative of pu bus voltage

used.

CONs # Value Description

J A

J+1 Ay

J+2 As

J+3 Aq

J+4 As

J45 As

J+6 Ti(sec)

J+7 T,(sec)

J+8 T4(sec)

J+9 Ta(sec)

J+10 Ts(sec)*

J+11 Te(>0)(sec)

1412 Ke

J+13 Lopax

J+14 Lowi

J+15 Veu(pulif equal zero, ignored)
J+16 Ve (pulif equal zero, ignored)

*If Ts equals 0., sTs will equal 1.0.

BUS, "IEEEST’, I, ICS, 1B, Ay, Ay, As, Ag, As, Ag, T1, To, T3, Ta, Ts, Te, Ks, Louax, Lswins Veu,Ve/
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Filter
Ipput 1+Ass+As? .- 1+sT, 1+sT;
Signal (1+A15+A82)(1+A35+A452) 1+sT, 1+sT,
L Output Limiter
ST MY Ve=Vgs, if (Veu>Ver>Ver)
> Kso o v Vs 0. if (Ver<Var) ——» VOTHSG
: | V=0, if (Ver>Ve)
Ly

CCPA-14
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Bus Fed or Solid Fed Static Exciter

dmduduanlnihvnnlng

This model is located at system bus # IBUS, ECOMP
T
machine # l. VOLTHSG
This model uses CONs starting with # J VUEL EFD
d STATEs starti ith # K VOEL SCRX
an s starting wi , XADIFD
ETERM
CONs Value Description STATEs # Description
J Ta/Ts K First integrator
J+1 Te(>0)sec) K+1 Second integrator
J+2 K
J+3 Te(sec)
J+4 Evn(pu on EFD base)
J+5 Emax(pu on EFD base)
J+6 Cowiren
J+7 /g
Set CSW\TCH =0 fOI' bus fed.
Set CSV\/\TCH = 1 for solid fed.
Set CON(J+7) = 0 for exciter with negative field current
capability.
Set CON(J+7) = 0 for exciter without negative field cur-
rent capability. (Typical CON(J+7)=10.)
IBUS, ‘SCRX’, |, To/Tg, Tg, K, T, Epins Enviaxs Cswrens T/ 1o/
Cswitcu =0 Cswiren = 1
Ei—» - 1.0
Vrer Enmax
" E
1+Tas K bridee
Ec(pw) 14T 14T 4’ i
s s
B E Negative . EFD
+ Current Logic
Lagleg ——»
VS EM[N

Vs = VOTHSG + VUEL + VOEL
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IEEE Type 1 Speed-Governing Model
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This model is located at system bus # IBUS,
machine # l.
This model may be located at PMECHHPI
system bus # JBUS, M IEEEG1
machine # M, M
This model uses CONs starting with # J,
and STATEs starting with # K,
and VARs starting with # L,
Note: JBUS and JM are set to zero for noncross
compound.
CONs # Value Description STATEs # Description
J K K First governor integrator
J+1 Ti(sec) K+1 Governor output
J+2 Tysec) K+2 First turbine integrator
J+3 T5(>0)(sec) K+3 Second turbine integrator
J+4 Uo(pu/sec) K+4 Third turbine integrator
J+5 U(<0) (pu/sec) K+5 Fourth turbine integrator
J+6 Puax(pu on machine MVA
rating) VARs # Description
J+7 Pun(pu on machine MVA rating) L Reference
J+8 Ty(sec) L+1 Internal memory
J+9 Ki
J+10 Ky
J+11 Ts(sec)
J+12 K,
J+13 Kq
J+14 Te(sec)
J+15 Ks
J+16 Kq
J+17 T(sec)
J+18 K,
J+19 Kg

IBUS, “IEEEGT”, I, JBUS, M, K, Ty, Ty, T3, Uo, Uc, Praax, Py Ta, Ki, Ko, Ts, Ks, Ky, Tg, Ks, Kg, T7, Ky, Kg/
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+ + +
—O (5> PMECHy
t ! t
K] K3 K5 K7
Ps Puax A A [ A
L* U,
Ao K(1+sTy) |- 1 1 1 1 1 1
e (Y e > > >
SPEEDyp | (1+sT)) T; S (1+sTy) (1+5Ts) (1+sT) (1+sT7)
Ue
Py A y Y 4
K, Ky K Ks
v v v
+ + +

PMECH,
4@—>@—>@T> Lp

M2
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Generator Transformer Number :

Manufacturing By:

No. of Phase

Connection (vector group)

No. of Winding
Frequency (Hz)
MVA Rating

BIL (HV/HVN/LV) kV

Type of Cooling

Rating Voltage (kV)
H.V. Winding
L.V. Winding

T.V. Winding

% Impedance Voltage

H.V. to L.V.

H.V. to T.V.

LV.to T.V.

On Load Tap-Changing

On Load Tap-Chang at

At Tap No.

At Tap No.

Jarmvuaneniunisieunaseuulaseuneluirves nvk.
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Generator Transformer

Max. Tap Rated Tap Min. Tap (At Base MVA)
(kv) (kv) (kv)
High Volt Low Volt

Maximum Voltage (kV)

Minimum Voltage (kV)
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CC3-S AMANWAILYDITZUY NWA.

CC3.1-5 v, sgAndumaifielviannizueaszuu nin. a gaidensie Wulunanasinsufoanig
Fsteludl

(@ mwdszuulidh winfu 50 Hz wazazdnwaluanzundliiegluti 49.5 fs
50.5 Hz (eniiunsdififivafiaund Araufionafirnandsauuinnniy 0.5 Hz)

(b) Amsatuszuulnin Wiy 1.0 p.u. wazazsnvissAuwssiulieglugig +5% 2o
Aussfuresszuulni (oniunsdliifiuniaund Aussduetafinnudeavy
WA £10%)

(c) 3%y Harmonic Distortion saanveeszuulini niin. neldannisund vise
annmeiifiny planned 139 unplanned outage VAU (aniunsdiifinisiin
peak 1uresvey Lamauf"])

A131991 1.1 sgiudneuauYeussauansustindmiuszuulnda 69 kv, 115 kv uag 230 kV wiagendn

g13uafinsudun g3uafinsudun e e e w
fladldsuauwinves 3 fidusruauwinves 3 FrsiBuneuaue
Uy usesAugnsuaiin dudu wseRugnsuaiin JUAU | ussauansueiin
(%) (%) (%)
5 2.0 3 2.0 2 1.0
7 2.0 9 1.0 4 0.8
11 1.5 15 0.3 6 0.5
13 1.5 21 0.2 8 0.4
17 1.0 >21 0.2 10 0.4
19 1.0 12 0.2
23 0.7 >12 0.2
25 0.7
> 25 0.2+ 0.5(25/h)
AlEuLsITuESeTing (THDY) = 3%

(d) neldannizunfnag planned outage syuulniues niw. axsnwe Voltage
Unbalance Waum1s1sdi 1.2 (@ndiunsdifiinisiie peak Uudesvey L’Jmauﬂ
azdienilalaiiu 29%)

A13149% 1.2 A1 Voltage Unbalance ANusAULIIAY

szAULIIULHTAN aausznauusenulilang (%)
230 kV 38897 0.8
69 uag 115 kv 1.4
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NEW3UIEEE1 (PL) Wasanuvanliauseaunsziaunmuailinasaszuulnih a galag

seunsssulnifigasatay Pst Plt
115 kV vi3esnd1 1.0 0.8
1NN 115 kV 0.8 0.6

anmsalane fendulude cc31s ormintulusasiissuuliannsadam  active
power uaz/%3e reactive power lkileane #3ea1atlugn15aila Fidaindu Sienificant
incident 1AnTu Tuanmnisairneg mandasussimanszrnitues nva. Tun1sdnw
anmzsvuulilulumuiteululude cc3.1-s

(V8L

® Incident wM8ds wpNsRiNliAIRARIIAZARTY wazwanalldemali ne.ld
a11150U URNNIAsgIuM1997 vl TElun1sanaunuaEN1IANTNIuAIY
N g cal 1 1% 129 &
szuulili visalumnnsaiidwaliyanaldsuuinidu

® Significant Incident e Incident 7 v, A9sauudIn azaNIsoaHalE
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szuulassinglih (5eazdendoyanudsuuy CCA2-S way CCAS-S)
Tunsalfifnsdenderuszuulasairglifivesnislwiindesming fueideusie/s
Jousedmihiidsenarsudngiu/miideduseanisideslssssuumingvasmsinihe
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@ msanwn1siuavesmadlninlun1igmasd (Steady - State Power Flow Study)
(b) msfnwAnszualnildn9as (Short - Circuit Current Study)
() mﬁﬁﬂmLaﬁaﬁmwwuuivdﬁm,uu%’mj (Transient Stability Study)
Al azvinsAnunsUluUNMsUuUTessuulii lesesiunsiBensentsiuns uaydl
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(a) circuit breaker, switch disconnectors, disconnectors, earthing devices, power
transformers, voltage transformers, reactors, current transformers, surge
arrestors, bushings, neutral equipment, capacitors, line traps, coupling
devices, external heavy polluted condition insulation Wwa¥ insulation
coordination 9ABIABAARBINIULINTFIW ANSI/IEEE %50 NEC/ NEMA 8ntiuun
gunsaidainssylivaaulildinnss iy
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(a) fuoidewde/fideuste fosiauarindagunsainaunuszering (Remote Terminal
Unit: RTU) wazszuudeans uieldlunisidiensie RTU vesfuelduinmsduszuy
AIUANTLY szlna (Supervisory Control and Data Acqwsmon SCADA) maﬂﬁua
muAuszUUlnih a1 Input-Output 7 Awe. Awug SyuTnAFeUNTLouse RTU
fu SCADA  weaguémuauszuuliih Tnodueideusie/fidoudeidug3uRnveu
anlddneiiAntu

(b) Fuoriense/ieusodeigunsainiugunisvinuiiedesiunisingluiingig
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(h) Fesmunaulaliairaussiunsifioniigaidionse 1AunIdndiAanuisnsussdiug
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o =

Ao iaude/HlTouse Aetoankuy Iantuazinfigunsallsaluiinigeluirlaniy
AN WaUEAIL
(@ dosarunsavhaulalafamegnidulussuulni aeldteulvvesanudlussuy

Inifdasteluil

o nsdlmwilieglutig 49.25 - 50.75 Hz  Fueideude/fidonserestieszuy
ihlaensifiuvideanidsniswdnlidi iileilfaudvesszuuliinduan
9 50.00 + 0.5 Hz Taglutanardnandueidouse/fideudeasldiums
sncfusndeulafiivdomdsiudusudonslwih

o nsdlAnwAding1 48.00 Hz ¥39gend1 51.00 Hz seiloniu 1 uil fue
Feuso/fioudoannsndanisidenledsdlufivesidoudesonainszuy
Tasstneliifihvesnislidinldlnghifeiduaveuesiveidousio/didouss

o nsdlnwidnni1 47.90 Hz vi3egandn 51.10 Hz fuelTouste/fideusioanansa
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Tnglifeiduavnuesiveiousio/idouss
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(b) annsaiuedosldralos uazaginuseiunssiulioglugis +5% veasziuusady
Unf (sniiunsainfiveiinund Aussiuenaeglutag +10%)

() $nw Power Factor l#lutag 0.85 vmih uas 0.85 &mds m qaudeude wail
Tsalwiidiosdnevidedu reactive power Lilo3nwussiuluiihigaidoudeliivangay
AUAINADINITVDY reactive power Tu TeUUIATIVIBLARZTINIAN

(d) Anda Power System Stabilizer uawfesiinsusuussegramnzanlnefiansan
AU slnih ifiean oscillation veuedasindalnliuazvesszuulaseaiglin
Tunsdliifuerdeude /i dousoifmdmanindeganit 50 Mw

Harvuaniavaaniasinialui vieaildgunsel inverter
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Inverter Tunszuiunisudaluill (wu faiuaudsenm Full-Converter %38 DFIG %38
waduaseiing Wudu) Wiussuulassglih
nansznuiizintufuszuulasstnglnihastufuuiinuvedlassdisliihilsdlwd
Howste fedunslaiihagvhmsfiarsandunedll dilfieanustunsesssuulnih
iieliigunsallsaluidih videszuunanlwiivesiueideusio/fideude daanmasnadosiu
wuudrasanareufinmeiffueidoude/fideude daddli nvln. farsannisidense
desnunruiiuasssuuliil fafu duoidoude/fidendedesindisisaziBoananis
nageumINIRmesfidfyuarisnmsvageumnaluladiissuundslnihanunsarild anud
fueidouse/fieusodentd Mnaoiunienhenunnaeuiiindede tneddeulusl

(a) szuukdnliihazdosiunsageunviemageuil e, seusy

(b) MownapusedlasunIsTUTEINUNINTFIURBINAGRY ISO/IEC 17025:2005 M50H1Y
MsseapUasUNMhss/aatuidunandluussmead ame. sonsu

(© szvundalilihdiunismeasuaniesmeaeulusinasimadedldsunisasaaou
LarFusaNanIAdeUNeaL/antu Midunandulssmense nww. oy

TunsdlfinanisnaaeuAmifinesiid Ay linsestuuuudiasamnsnouiinnesigue
\Fousie/fidouselddnddli nww. farsanmsieuste niin. voanuavslvifuedeude/d
Fousiosrosusuuszuunaalidanaleglunamia nvin. sonsu vieluurensd fue
Fouste/fiieusiofesiuiiaveunsuuussssuulwihdldsunansenuaindms e’
ddnuosszuunanliiniigueidouste/fidoude Ifuasuntasly Tng nln. 1duguds
Alarelunisuuugeszuulnihludiuves niiw. fueileuse/fiioudedesiy
ASuRnyeualddrelunisusulassuulniindingns wasninfiveuiunnisusulsessuuy

Y
a

wanlihludruvesueideude/fidouso nvli. azudalst fueidonsio/dilouse fudunis
Usudgeszuunanlnii dadveidensio/fidense fesiuiunisuiuugassuunanlwilli
wanasaneunsdglnindrssuy

nseiunsfenan o1adawaliiveidoude/fidoudelianunsaseluiindszuuiiu
fvuaiusulifhanszuulasaigliin dslifaduvagaidenudnn
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HUuolyause/iaune Aasoankuu aniuasinnigunsallseluiindnglualaniy

(@) Weinwnaniaulusyuuliih Tsdlwihves fuelieuste/ilouse fosa1unsniinemuy
1o meldteulyvesnnuluszuulnidsseluil

e nsalanudlieyludie 49.25 - 50.75 Hz  {uelouse/HiUeusienaidiesyuy
Idhlagnisiiuvzeaniidainisudnliily ievinlvinnudvesssuulndinduun
g1 50.00 + 0.5 Hz

e nsUiANNEINd1 51.00 Hz fueldeude/fideudensslTuaniainaniey
dnddu 40% %10 1 Hz ¥99n1dendnvnztiu (Gradient Reduced Power At 40
%/Hz Of The Instantaneously Available Power)

e n3dlAunAINdT 47.00 Hz 30gendn 52.00 Hz Kvelieuse/ileudoa1unsa
v =~ v = ! v ! 1
danaigeuledlsslnivesfvaltensie/glieusaaanianszuulassiglninves

AsinAila

(b) Tsalwihwesfveeusie/ilouse awdesanunsauivaniidslnihann 100% wde
0% ¢ Tnsanunsavivanidsluiiodnatesndsay 10% dewrdt sdinsdiliAn
wamsainunfluszuulassiglilimiewanisallag 7 nwh. fRarsanuduiiuing
HansenusieauUaendewaviatusamvesszuulaseelni . asudauay/
visodensliusuanidsluildmuanmimnza

(© awnsaiuedesldsioides esziuussiungnidousesglurae 90% fs 110% vos

SYAUBTIAUUNG

(d) LiivanA3p90n31NTLUY HDUIIWUIATBNADARAIAINTT 90% VBITEAULIIFUUNG
Wi ussRuUT Ui U eI gnIsUnAnda91nn1s Clear Fault amaulusegy

1.2

1.0

0.8

0.6

0.4

Voltage at Point of Connection (Per unit)

0.2

Voltage Ride Through Requirement

Generating plants may trip above high voltage requirement

N

l@— Faultincident at
Time = 0 second.

Generating plants may trip below
Low Voltage Requirement

Al

0.25 seconds

0 1 2 3 4

Time (Seconds)
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(e) FmmsEUTTUUAIVANLTISU (Voltage Regulation System, VRS) sﬁqmmiamuau
usasuiigadenselunnizunild lasanunsadnun Power Factor lélugiag 0.9
it uay 0.9 §mds w geidouse sailsdlwihdesdneviesu reactive power
Wednwiusssulwiigadousdenas/viedelinunzauiuaiiudesnisves
Reactive Power lu suulasaingusazyiania lng

® 52UU VRS fasanunsalgnulanasanaiilsaiindeusswnussuuveanisiiii

® RS azfussuurinnulaessuu Closed Loop Control lneAusssuanunsanale
Tu9 95% £ 105% ¥a3 Rated Voltage muAudassverudaunnszuu i

® VRS 2zanusasen Droop liszaring 0% e 10% wazanansassainnuisaluns
\WasuuUas Reactive Power il 95% veseiidioanisanelu 0.1 - 1 Jundl
0 Tuannzussfuslsdlwiidiosamnsadng Reactive Power 1igsvuulasadieluiin
WWuil lnansnanidamdnasdudndruiuussiufianasld uazdesine Reactive
Power wihgszuulasadnglnihlanuuniniely 1 Junindaussiunduitngauuni
vilouvaudousardiszuuds
Tap vawdiowat (On-Load/Off-Load) azdeseenuuuliaiunsausuifiedns Reactive
Power lann3%39u83 Power Factor ﬁﬁmummﬁ’]qmﬁqqqqm
aunsallsslniitllunsuanlasinia
(a) Tsslwihaedosindagunsalifioaniniasoonansvutlassiislniivesnisiafinie
AsTuAS
(b) Tsalwiheagnrmusilitaniaieseenanszuulnihlnesalusionnsivuavihi
visoUanlnegudmuauszuulifinriy Remote Control tiemusiunslusyuy
Felsslylidaneenlasgudmuauszuulnii azlivuundesnduitunlaglsildsuns
BuININAUGAIUANITEUU NN
szuutasiu
fuodeude/flloudefesdniniongunsailsslifimuunnsgruszuudesiuveanisini
Tun1stlasiu Fault fiAntu seludurodlssliih uasduvosmslih
AAIWLHTAN
Fuoidouse/fideusodosinwSongunsallsdluilliaansaselulildmuunsgiuves
M3l ey Voltage Flicker, Harmonics, Voltage Unbalance ie¢ Resonance

REGISTERED OPERATING CHARACTERISTICS

Foyansaunusinuuiiinig  SaduduvisvesnsaziBeadeyanisnauny  Afve
Fouse/fidonsie I6dnddliiu nw. amdeuly PP azgnihunfiorsanyumiulusinig
arusnlu mendaanilsniildisudglndiszuuuazyi commissioning Tagandivh
n15USuUTeIntazi3enIn Registered Operating Characteristics 99z a7 auan
ANANLNTATIIVDNUATEY ABARABINIL Prudent Practice
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UafMNUAYDIYALYBNABTENTIN MR, AU 139l

Tunsdeuresenindsaluihfussuudmes nln. 214 circuit breaker AfRfANTIV
NIPUASNDTINIIUIANTEUAR1993E9an o ynLTandie T Tasliihanunsaveld nvia.
INAIAINTERATAIIDT UALAIAAR  circuit  breakers ¥83 NYK. S‘z'i'qaméjqﬁw%amiaiu
Hagtunmieiinaunulusunan Anszuadanesgsaaiignidense avdedliiiAundi
(a) 63 kA 1138 50 kA dwsuszuulninfifsedunsadiu 500 KV uag 230 KV
(b) 40 kA drnsuszuulalihdisissdunsadu 115 kv uag 69 kv
Generating Unit and Power Station Protection Arrangements
svuuilosiulsslrifiuarnsideudeddrfussuudawes nvin. avdeadulumudormundu
drflszylily CC7.2.25 4 ileannansgnudeszuudsnes nlu. Tiesfigailofamg
AnunAanszuuveslsdluih TnefseaziBensuuuunsidoudedulunu CCAG-S Tng
ynfinsusulsguuuunmsidenlesinan Wiiinatsduldnuatiuagaseld
Fault Clearing Time
(a) 1 Fault Clearing Time dmiumainwaiinundngunsailsdlniindsdensadniu
syuUdses nwl. vide wninunAigunsalssuudeves nln. Jetensathiugunsal
vadlsaluil Taedranaifinanizidudududidniamaiound  aulls circuit
breaker anansasiuasnldain Fsdesiivrsaldifunindermundsi
() 80 ms 7 500 kv
(i) 100 ms 7 230 kv
(i) 140 ms 71 115 kV wag 69 kv
(b) s1e Tsalwlin war niln. Feedaldflsvuutestudises (backup)  Liensaifisvuy
foafundn (primary)  vhsufianan Sesvvutosiudises Heaesyaiagyinay
Usvanuitelfanunsavinisuansasdudiuduld (discrimination)  Taeszuu
tastudrsesvedlslninazdomunanseiaanigas (i trip eonanszuunew) lu
SEWIaTisEUL backup protection 483 n¥i. #39 breaker failure protection &4
#1115 clear fault MAnTuluszUUES
uenani wiedesiumudedalfinnisuanlsdlwihesnansyuulngldianun 59
AsTizimug time delay vosszuutostudrsowedlsaliinlia 1.5 Judl Feas
lan1svinuszaudussuulesiud1sod voe N
(0) circuit breaker fivnthiidansuadmnsdsiaisogludurensandoudelsslit
fussuuds noln. figeudeudela th agdesfinnsiinds circuit breaker failure
protection iy Tunsdlmmn1said circuit  breaker Yauiawaaliianansada
nszuadnasasnelutiaandisaue crcuit breaker failure protection 3811113
& trip dircuit breaker fdnluTsegfniu circuit breaker fiiaiuianaia
fanam sitesanszuadmisasnelutiaaadsil
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() 200 ms 71 500 kv
(i) 200 ms 71 230 kv
(iii) 300 ms 71 115 KV uag 69 KV
(d) Target Dependability Index vesszuutlasiugiadliisnnia 99.5% A dunisa
Aansavesszuuieatulunisds circuit breaker @ansasludruiiineiy
AnUn@Alad15a
CC7.3-S nsdansuaunsal
CC7.3.1-S mamvmﬂmsﬁmLmauaﬂnsmﬂuswuuﬂaanuafmsumiwaumawfls“w v, ead
Transmission Line Protection
(a) 1u3uuuﬂamumam1wﬂwmm 500 KV avdosinds primary pllot relaylng
systerns §7UIU 2 53UU F9ld9eIn1330d715 (cCommunication link) ivannuaieiiie

Wiupuuadliy primary pilot relaying systems #4na17

Relay Line Terminal Utilizing Current Differential Protection (Primary 1)

usiag relay line terminal a¥ld current differential protection scheme W
primary pilot protection wagdl time step distance protection scheme Wy
backup protection

usag current differential relay system %Qﬂaamwﬂﬁﬁ communication link 7
a111505u/dsdeyeu1adUan circuit breaker éf’aﬁagjﬁﬂmUﬁgﬂaaﬁwﬁummaﬁué’uﬁ
\in fault eonAINSTUUNSRURY (intertripping) laogne5aai57 Tng communication
link slanaagliilu fiber optic cable

Distance Protection (Primary 2)

33UUN5UBIAULUUTZE2N19%TD Distance protection 9wANMuUA protection zone
\Ju 3 szau Inglu distance relay usiazgnazsodl timing relay dmdudamtianan
N5&9 trip Mnuia fault 1w zone 2 waw zone 3 uav distance relaydosanunseld
suldfugunsniszuudoans (teleprotection  equipment)  titetaelunisdslan
circuit breaker ﬁagjﬂmaﬁgﬂaaﬂﬁﬁwﬁum zone MAnAIRAUNR DonaNTTUUNTON
fu Wognemaniss uenainil Feasey Scheme msvhaussuulosiuluduiiines
U%’Ué}u’uﬂmwu permissive over-reaching %39 permissive under-reaching
dmiun13U09U ground faults #osdl dual polarized directional overcurrent
relay wianawndufiunszua (nverse time) fianuisasslmieuwuusaruiilase
1mg directional overcurrent ground protection awtlu backup protection Wiy
szuvdadlodin eround fault fanann

Fean1sdeasvesszuulasiuuuutiises (pilot protection) asdesdaliddnuay 2
Fosdmiuusiay distance relay Wigldiu pilot distance protection 1 989 wae
pilot directional earth fault protection 8 1 9049914

distance relay 2zf998#lsAtU out of step blocking shudafinna line fault locator
Tu
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NSAUNSZUVL impedance ratio (Zs /2,) Wihdunsau1nnin 4 , szuudesiu Primary
2 9z18u current differential protection scheme

Current Differential Protection (Primary 2)

upag relay line terminal ¥l current differential protection scheme Wy
primary pilot protection wagdl time step distance protection scheme Wy
backup protection

umay current differential  relay system agld fiber optic cable W
communication link Tun135u/dsdeygaian circuit breaker ﬁaﬁag}'ﬁﬂmﬂﬁ”’aaaa
Tavesanedaduiiiiin fault senvinszuuneusu (intertripping) Téognssindy
wiay primary pilot relaying system @99a11130%11015 trip %38 reclose circuit
breaker l@anuy single pole tay three pole lasn1T auto reclose @113U three
pole Azl synchronism check relay ¥1191usuAU recloser Tun1s close circuit
breaker

Direct Transfer Tripping System

Wiz primary protection dx#osdnlvifiszuu direct transfer tripping wlodiUan
circuit breaker fiagsinaszerlnaiivaednsnumils livameenannszuulaviug Taeld
transmitter S1uawtavian 2 6 Tngluusias transmitter 9zfosdl 2 oansdedns
Direct transfer tripping system %Qﬂﬂﬂﬂ%ﬂﬂu%iwu{]aﬂﬁ}uﬁﬂ‘ﬁ

- Line Terminal Overvoltage Protection
19 line terminal overvoltage protective relaying system 11911 2g@9

A trip H1uYeInTsdeans ldan circuit breaker fegsverlnaiivaiedn
AU wazds lockout NM151191U reclosing (Mawuusnlud@nse manual)

- Breaker Failure Protection

- Circuit Breaker Open Protection
Tumamsalivawanodsinuvilada direct transfer trip scheme agd
Foyeyrad trip  LUSY circuit  breaker ﬁagﬂaw%ﬂﬁﬂwﬁwmmadd Tawil
circuit breaker auxiliary contact (52b) ¥asUangangdswnuilnnluAunIg
M9UAINAT
Swadtasiu Primary 1 wag Primary 2 ﬁ]yéfaﬂLi‘Ju%LaémﬂﬁmﬁmﬁLmﬂGmﬁu
b) luszuutesfuargdalniiusegs 230 kv Jzdesinds primary - pilot  relaying
systems 91U 2 TEUU %Giﬁ%aﬂﬂﬂiaaa’li (communication link) wafm‘wmmwa

Wiuputuadliiy primary pilot relaying systems #4na17

Relay Line Terminal Utilizine Current Differential Protection (Primary 1)

upag relay line terminal ¥l current differential protection scheme Wy
primary pilot protection wagdl time step distance protection scheme W
backup protection

u#ay current differential relay system %Qﬂaamwﬂﬁﬁ communication link 9

CCS-14



Jafvuaneniunisiliausaseuulasenglifirveanin.
dmsududnlniisedn

A111503U/dedyg1aidan circuit breaker ﬁaﬁagj‘ﬁ'ﬂmaﬁ'ﬁqaaaﬁﬁwwaamaﬁua”uﬁ
\in fault eONAINSTUUNSBURY (intertripping) sogn953m157 Tne communication
link slanaaglilu fiber optic cable

Distance Protection (Primary 2

53UUNSUBIAULUUTE 82119130 Distance protection 9gA11UA protection zone
u 3 szau lnglu distance relay usiazgnazsodl timing relay dmdudamtianan
A543 trip wniAin fault Ty zone 2 ua zone 3 uax distance relayfosanunsald
suldfugunsaiszuudoans (teleprotection  equipment)  titetelunisdsuan
circuit breaker ﬁagjﬂmUﬁgﬂaaﬂﬁﬁwﬁummSdﬂﬁtﬁmmmﬁ@ﬂﬂa 9BNIINTLUUNIOY
fu Ioghemnigs wenani fessey scheme msvhauszuudestuludiuiinag
Ususaduuuy permissive over-reaching 3o permissive under-reaching
dmiun13Ue9U ground faults #owdl dual polarized directional overcurrent
relay wiianawndufiunssua (inverse time) ianunsassimiuuuusauiiléde
1y directional overcurrent ground protection az1u backup protection Ty
szuvdadlodin ground fault fanann

Foensaeansvesszuutestunuutises (pilot protection) vzdesdaliiisiuau 2
FonsdmSuusiay distance relay Wigldiu pilot distance protection 1 Yeanis
uag pilot directional earth fault protection 8n 1 %999114

distance relay 2z@99iilentu out of step blocking squdadinaga line fault locator
Tusin

nsdifisvuull impedance ratio (Zs /) wirfunieunnnia 4 , ssuuilesiiu Primary
2 2z18u current differential protection scheme

Current Differential Protection (Primary 2)

usiag relay line terminal a¥ld current differential protection scheme W
primary pilot protection wagil time step distance protection scheme W
backup protection

umay current differential  relay system agld fiber optic cable WJu
communication link Tun135u/dsdeyaaulan circuit breaker é}’aﬁagﬁﬂmaﬁu’qaaq
favesanedaduiiiin fault senvinszuunSeusu (intertripping) Téognssingy
ueiag primary pilot relaying system @83813190%11073 trip %38 reclose circuit
breaker l@Ranuy single pole waz three pole BN auto reclose @95V three
pole Azl synchronism check relay ¥1191usuAU recloser Tunns close circuit
breaker

Tusguutlosiuiiges Primary 2 Aesdnliidl direct transfer tripping system @115u
Haan circuit  breaker  ffiegBnuatesunilsvesansds wuusiuil Tneld
communication link tfgnAuiuly Primary 2 i

Direct Transfer Tripping System
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LAWY primary 2 protection 3g#odn sz uU direct transfer tripping \iedean
circuit breaker floghinsszoglnaivanednsuniliwosaneds Tiuansonansyuuls
iudt lawld transfer trip transmitter §9uU 1 67
Direct transfer tripping system %Qﬂﬁﬂﬂ%ﬂmﬁmzwﬂaqﬁ’uﬁﬁ
- Breaker Failure Protection

Swadtasiu Primary 1 wag Primary 2 %éfaﬂLi‘Ju%LaémﬂQ’sﬁmﬁLmﬂsmﬁu

(@) Iuizuuﬂaﬁumaﬁﬂw%Lmqq 115 kv %ﬁa\‘iaﬂg]’jﬂ primary pilot relaying
systems 97U 1 58UV way backup relaying system 97u7U 1 53U

Relay Line Terminal Utilizine Current Differential Protection (Primary)

upag relay line terminal ¥l current differential protection scheme Wy
primary pilot protection wagdl time step distance protection scheme Wy
backup protection

usiag current differential relay system %Qﬂaamwﬂﬁﬁ communication link 7
a111505u/dsdgyey1adUan circuit breaker éf’;ﬁagjﬁﬂmUﬁgﬂaaﬁwﬂmmaﬁué’uﬁ
\in fault eONAINSTUUNSEURU (intertripping) sogn953m157 Tne communication
link sanaaglidu fiber optic cable

Distance Protection (Backup)

53UUNUBIAULUUTE 82119130 Distance protection 9gA11UA protection zone
Ju 3 szau laglu distance relay usiazgnazdosdl timing relay dmsusamana
153 trip 1NLAA fault lu zone 2 uag zone 3

dmiun13U09U ground faults sl dual polarized directional overcurrent
relay wiianawndufiunssua (inverse time) ianunsassimieuuusauiilade
1y directional overcurrent ground protection az1u backup protection Ty
szuvdadlodin eround fault fanann

uannil distance relay avfosdifleri®u out of step blocking TaudsRngs line
fault locator Tusn

nsdifiszuull impedance ratio (Zs /Z,) Wihfiundexnnnin 4 , backup protection

gl du current differential protection scheme

Current Differential Protection (Backup)

usiag relay line terminal a¥ld current differential protection scheme W
backup protection uagluumaz current differential relay system agld fiber optic
cable U1 communication link lun1s3u/dsdeyeyrauan circuit breaker 51’3‘171'@@:17‘
Uaneaosinsvesadaduiiin  fault eananszuundeuiiu (intertripping) I
98719590157

ﬁgﬂiwu primary Wag backup relaying system #99a11150%11015 trip %30 reclose
circuit breaker Wuu three pole 16 Tauns auto reclose aw@asil synchronism
check relay v191u59AU recloser Tunns close circuit breaker
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uenand lu backup protection Aasdnliiil direct transfer tripping system @1%5u

daan circuit  breaker  ffiegdnuatesunilsvesansds wuusiuil Tneld

communication link tAgaiuiulu backup protection

Direct Transfer Tripping System

Tuszuulostud1sesazdead direct transfer tripping system d1m§udsan circuit

breaker flogvisszoglnaiiuarsdnsunilsvesansds ilaneenainszuulaviug

Ingld transfer trip transmitter 913U 1 @2

Direct transfer tripping system %Qﬂﬂﬂﬂ%ﬂﬂu%iwu{]aﬂﬁ}uﬁﬂ‘ﬁ
- Breaker Failure Protection

= G2 ) . P & 3 Y a o ] o
3Laﬁl{jaﬂﬂu Prlmary LA Backup "i]gmaﬂLUUﬁLaﬁlﬁlqﬂE\jNaWﬂLLmﬂmqﬂﬂu

T power generation system azfasiinisinssszuuTiadiosiudmiumsdouse
Tsalwiudnlussuy sl ol Iddmungusasediavesiiadlu “EGAT  Accepted
Relay List” iielwifulain3iadd nln. waslsslidonldmulussuutostudingtn
Qzausavinuiule
Circuit-breaker failure Protection
Duszuuiiiinnsindasiadifiensiadunisrinauees circuit  breaker  @claiviinig trip
melunaniisuadiofa fautt sluszuuiaviheasnisvieudiluds trip circuit breaker
Fhauamniiades ilefiiinisuenanedaiiiin fault 89n9InTEUY LAYFBAT lockout
relay Vmdidesiuldlif circuit breaker reclose (automatic w3e manual) Aun319%d
M3 reset lockout relay Tul Tun15m5993U breaker failure agld instantaneous
overcurrent relays ¥191usmAUAY timing relays iislanunsadada circuit breaker &7
Bue flogsvarlnaldviu (ameiifedoasiiiy) vl Swedflélunu breaker failure
orotection Hazfosmenaniadiusyuuosiudug
Pole-slipping and Loss of Excitation Protection
Qmat,%amia/ﬁl,%amia Aosdntuilszuutesiudmsu pole slipping wag loss of excitation
Metering System
fueidouse/fieusio Fosfndaszutaasiandsnulii (Metering System) sudauly
fisglu CCAL-S e TnuTinamdssnilihiismingidhssuy
fuaieudta/fiionsio fiosfinda Fault Recording System (FRS) tlaldlun1siiasiesing
winRaUnd el nvl. IdfmuasuLasiinues FRS lu “EGAT Accepted FRS List” Liiol¥
fullatrgunsai nuli. waglsalwiidenldaulussuudingnn aganunsavhaudniuls
Aanildluszuu FRS desgnaruaslilndidssiu Standard Time lsnndign Tnefins
dedyeyrauuTuiigunian (time  synchronization  signal)  31nYAFuUdyey1uIANTEUY
global positioning system (GPS)
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CC8.1-S

CC8.1.1-S

CC8.1.2-S
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FaMNUAYBINITIA NsuansHaszezlng wagszuulnsung

aunsaldadasvalsalnin

3
% =

Hueideusie/fideude dosdnlvilszuvdomailelilunusenindlsslifiwesiveoude/
HiBeusio uazszuuliiihves nulk. siuieiedneszuudeas dadoadulunmudedivue
#1499) il
Huoileude/fileude desdaliivesmenisdearsteyaszuindsdlifiuazqudaiugy
szuulwihiieszuu Real-time Tnefinss Remote Terminal Unit (RTU) #ldifu Protocol
flFsunseensuan nv. Srualiitesnda 2 port (Litfesndn 2 IP Address) Faanunsa
M9UTINAUTZUU Redundant Master System ¥aduiay Control Center lag RTU 2%
yihdisudsdoyaiilelst EGAT Control Center (NCC, BNCC uag RCCX) @snsafnmsiay
muAunTiuedsdlii wazazfosimsidenlesdetniuszuuves niu. Tngga
Fousordhsruures nili. wariSmadeudetulfiulunudefmuaieitussuudeans
iWemsdsdnygradeyaveslsdlwiiundsgudaiuguszuuliin aunuuiasil DW-COM-
DO1-001-SPP-03 revision 0001 @w$u RTU wuu IP sufiszylu CCA3-S
nslliilaieyaeliiisunuy Automatic Reclosing Scheme Wealesiuszuuyaanis
il waz dudnlniinseidanazfesdnlvilivosdygyradmiuszuy Direct Transfer Trip
(OTT)  seninlsdlnivesudnlnfisednuasnistni anuanudndulunisldau
({9910 Autoratic Reclosing Schemes 983n15iW#19zd Automatic Reclosing fiszuu
apdauazsruvasdeueinia dalu fuaifeuse/fideuse dosulainainddanen
SalufAves fueideude/fiouse azUannisdngliesanieudi Automatic Reclosing ¥4
mslifinagiienn edeafunisiinaniiz Out of Synchronism sAnsAiaNsaIfiuIs
foeU3uUseIEnns Reclosing vidaLfiuiAngunsal 1y gunsal Direct Transfer Trip sewing
Tsalwihvesiverdoude/fidoude waznislwiimuanumanzan 1Wudu duoideuse/s
\FousioazdoswonsunarUfifinnn mslulihazlisuiinveuanudemesedueieuse/s
Houstoiioannnis Reclosing 1
fuerdonsio/fidoude Foafndetoinienisnisdearsdioidosaunun (Voice
communication) dmsunsUszanusulunsdnislaeasedu nnlu. il
(a) Fosilszuu Party line Awfindafivosnuauvedlssliily ieldRnseriu operator
vosaudmuAuszuUlnhuazanllniussgelnalAes
(b) FouTouseyuanslnsdwii (PABX) voslsslwiivosveileude/fiieuse uaz nvi.
Wisheiu teefidwiulidesndn 3 2993 (FUwuuvesdygyiaazdeaduluaiy
dyanamnsgrulussuulnsdwinly) Ssverdouse/didonse axdesdnlviian
snensdnsisoluil
o avmngINYEEYeeITeuse/flTousie d1m3u Operator TWoInIUALTRS
Tsslwihdverdonsio/idonsie ioRnsefugudmunuszuulnin S1uau 1 18y
ngdmiuusazioanuay
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CC8.1.4-S

CC8.2-S
CC8.2.1-S

CC8.2.2-S

CC8.2.3-S

CC8.3-S

Jafvuaneniunisiliausaseuulasenglifirveanin.
dmsududnlniisedn

®  LAUMUNYIMNYNALVRIEVDITOUAD/MTouMD 1L 1 LAY dmsusie
d‘ v ¥ =~ 1 v A 1
1SN Fax Mvisaauanvadlsslniihdvaideuse/Hiiouse
e szuulnsAwingluInsansIsae 31U 1 lawvang dmsulsazviesniuay
vodlsslidvaideuse/Hidousie
v v % o
aawsauldnuldvasszuudeds
HveLteusia/Hiteuseavdesgualiaanunieuldnulivesseuudeansindnundieiu &
AlaiRINIT 99.9% voaIanltau (Availability > 99.9%) winsguudeansvedlsalniives
Hvedende/diauseiiatates waglilasunisunlandainlasuienaisudaufouan
Y & v = ] v o ' v v o a 1%

vl Aelusveziand 30 Tu vise Jualoude/iveusialaudaununisanidunisuilyli
v, N915001 wae NYIN. AUYOUWNUAINETILET WAkveLouse/K teunaliniiunis
wiluliudaaniuuny nae. Tavsnazdnludndunisudludsulse Inedvedeune/s
\WousarnaTuRavauA lYIeMIAnTU LA
UUALATNITUEAINA
WelianunsansivaeukazaIuAuszruAunn i liegaliuseaniam gueiousie/y
Wowse fosdanuasinnuniasinnunnlnii (Power quality meter) ilAaauy?
ulumudemnunves nvl. a dumiaaalousevesiveiiousia/Hiveuse
aetfugvelYause/{lieurafeIdnn1 BONKUY LagAnfesEUU Monitoring  Systems
dnsuiutuiinteyanmuninlih Faldundeya useiulil, nseualil, Aawdli,
Adeladln, dausznaurids, THDv, THDI, Pst wag Plt 1Judu Tne nuli. 9w@0aa1unse

a ¥

SengUayanannliiluguiuuianase (Real Time) H1uszuvdeans Fvelousa/y

=

FouserdugsuRnveualddedanaiiaan
ToyALANIHAIZUARIUNTTUUABNNIRDSAMIUANYBIAUdAIUANTEUU LN LAZAUENS
ihiheswmiensdidenloadrszuuvesmsliwihiiesmng whdu Faslidszuuns
wanadeyausnifuenina lnedeyaiidsandsmudnuanszuulnih Uszneuse

(a) Active Power (MW)

(b) Reactive Power (MVAr)

(c) Voltage (kV)

(d) Status ¥es Circuit Breaker fiavun fidoslosszvindlsdliiwes SPP fu nslalii

(e) Status ¥®¢ Ground Disconnecting Switch

(f) Status Y83 Generator Circuit Breaker Anudgye

(9) Toyaduq 7 nww. Sudusieddlunsmuauszuuludih
Aiiousio/fuoidousie Aldndsnuuaserfindniondsuanndnluli desdnsiinig
nonsaiidsudnlni uagindsgunsaidmiuindedoyamdmanlnirfinensalld
sufedoyadililumswennsal wunrdunaseniing vie anudian udu 1Juse 15
unil Wil nvle. anansaengdeyadananildmudisesue

(a) Voltage Transformer (VT), Current Transformer (CT) wag Transducer 1‘15@@5?@ VT

waz CT  Aflumsgruanuiieswnsiianainliifiuiesazuinauaugnvi (x0.5%)
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CC9-S

CC9.1-S

CC9.2-S

CC9.3-S

CC9.4-S

Jafvuaneniunisiliausaseuulasenglifirveanin.
dmsududnlniisedn

du¥uusiay Feeder sauviaAnge Transducer dusudoyania CC8.1-S Tnstdinvas
Transducer thilwldaia Output 4-20 mA w3 Output +1 mA %ﬂﬁﬁuagﬁuﬁmma
nsAnsagunsaiiteglulsslnimioandlud Tag Transducer  #i199 Kol
wmsuANLIBInssEananliiAuiesazuInaugudgRaN (£0.3%)

[
a Y

(b) Watt/Var Transducers usiag watt/var transducer 3ggnansasislugaieaniu Loy

Y

wray transducer Az ULUU 3 wia 4 @e Tale 2 duanal wazanoanwuulildiu

g7 U

Myinuazdstayanialng

UafiMnuAraIN1IAUANLIIAU (KV Control)

fuereusie/fiTeuste fesdniniuumnundoslumsmuauussiunigudauauszuuliii
Tneaedosinwseumsnmuauusaiilioghatios 4 Mode fail

Remote High Side Voltage Control A8N15AIUANLIIAUAIU High Side w9
Generator Transformer lagAugaluAusyuulnii H1ussuy SCADA Tsalnihagdes
JIALm3B Point Control And Monitor V?ﬂ Analog iLag Digital 1ﬁﬂiamqumﬂsﬁmu e
sruuAoansagdesdivie Primary WAy Backup MIHANASILYBITFUY SCADA

Remote High Side MVAR Control ﬁaﬂﬁm‘Uﬂm Reactive Power #1u High Side 989
Generator Transformer laggugaiuuszuulnin iuszuyu SCADA 1sdlniihagdas
JIALm3B Point Control And Monitor V?ﬂ Analog iLag Digital 1ﬁﬂiamqumﬂ%mu e
syuuAoansagdosdivie Primary uay Backup AIULIASEILYBTFUY SCADA

Local High Side Voltage Control Aan15AIUANLIIAUAIU High Side ¥®9 Generator
Transformer Taglsslyih lunsdifnuaRnuniviemnduanide viliszuudearsvio
gunsaling 9 filfidenreszninaquimuauszuuliii fu Tsslufildaulails Tssluih
ILADIANITNAIUANLIIFUAIY High Side 409 Generator Transformer laglsaluiliies
Tno$ufdnisan audmuauszuuliiin duszuy Voice Communication #1309 A
1M5FIUVDITTUUFDANS

Local High Side MVAR Control Aan15AIuAY Reactive Power 91U High Side @9
Generator  Transformer  laglsaludln lunsalifinwmaiaunivsenndugaide vinlv
szuvdeansvideguUnsalingg Aldidensesevinsqudniuauszuulniin Au Tasliildany
Laila salavhvedosanunsamiunu Reactive Power ¢1u High Side ¥®9 Generator
Transformer Taglsalwiinies Tng3udidsnisan gudauauszuuliin kuszuu Voice
Communication %138 19 ALLMSUVEITTUUFDANS

Tunsal#ild Voltage Droop dmiuszuuemuam kv Control Tsalwilndasld Voltage Droop
&1 Generating Unit  idelsaliiannndn 1 Unit Tulufideusednfudaniossuuds
Tne Voltage Droop dgasanunsasiiu-an MVar lufiemadeniy wasusuld Mvar veaus
8z Unit fimuauga (Balance) muaniiszylu Capability Curve
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APPENDIX
v o d. % dl 1 1
JaNINUALNYINUNISLTRURBTZUULATIV8 WA
o [} Y a <
mmug«lwam‘lw%mman
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Jammuaigntunsdeuressuulaseneglnivean.
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CCA1-S  s2UUNIAsIANRIUINRAT (Metering System)

Juardensie/fieuseazdenludaniunisdnmuasAnasszuvinsiandsanuln

Y

wazgUnsalusenau saunsUngesnwlyssuuyinauegisgniesniuteninue

9 Y
=Y

maamamﬁﬁmieﬁamwaz/mau,aﬂLﬂ?iauwé’qmulw%chugmL%amia lned

sreandoanuderivunt simudafifnsannsTandsnulniihasdesanunsadn

TUnsaaouazeuAmdsulnitldasaan vaszuumnsialai dosUsznaude
CCA1.1-S AMuFDINSTIall (General Requirement)

(a) svuuansiandenuliiiiienistons MWamsuandsnuliinideus wie
Inariu o 9adousdeseninaszuulniinves nwn. Auszuuliivesive
\Fousia/f 1 Teusie

(b) svuusasTandsnuliifionstenevesuazisas fosUsznaudig 2 szuy
dewdunisdses Ioud seuuunnsTaaudn (Main Metering Equipment) wae
FLUVNINTIN994 (Backup Metering Equipment)

(©) SETUUIINTIRNAN way sTuLEnsinTses seuldudaseseniu

(%
Y 1

(d) #odlifigunsaiduneniniioaingunsalszuuninsiandssulda fnsaeg
MylUI9TVRITEUULIRTINIEN
(o) wms¥andsuluiuazgunsaiussnauynmiag Adadsegluszuvainsias
nanuarszUUINTInT5ee ardessesiunisiearsieyainszuy Software
ey Hardware %aa%zuuimmm%@msﬂﬂﬁﬂ AWK, (EGAT Automatic Meter
Reading (AMR) System) ﬁﬂﬁﬂﬂ@iiﬂﬂLLﬁ%@qUﬂiﬂjUizﬂ@‘U wA9lAsUNIS
MIIADULAZEIUTU (Approved) 210 AWK, NOU
CCA1.2-S Instrument Transformers Liteguanszuauasusssulngin asluli wnsTandn
(main energy meter) way 11M5INT94 (backup energy meter) ﬁaﬂaméfﬂﬂiuﬁgﬂa’m
wlanday Junction Box ds1eazidunsiatl
(a) milawlasnsewd (Current Transformer, CT)
® (T usagnuIy AosUsznau 2 unu (2 Cores) @115UNATIAUDITLUL
LRIV NLAZUINTINTOIN UGN
o  mnuusludwes CT v 2 unu deaduluauiifuualslu Class 0.25 184
155U IEC 61869 %30 Accuracy Class 0.3 ¥84119557U ANSI C57.13
vido 3nsg I IEC , ANSI Tifisusinfufaduativaanfiuseneldam o
Aty
o nszuANfnMIEIULSIIvEs CT W 2 uny Foavifunseuafifinues uns
Tandeaulnddn
® Burden: feslvuiafivinzaufuleesTEuLNInTIadildey Load

Impedance (Include Equipment) < Burden
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CCA1.3-S

CCA14-S

CCA1.5-S

Jammuaigntunsdeuressuulaseneglnivean.
dwsuindalnisedn

(b) wilouUasiseiu (Voltage Transformer, VT)

e goaduria Inductive Voltage Transformer ufaguiig Raslsenausie
YAYARIN 2 YA (2windings) FNTUATIAVBITLUVLIATIANENUALUINS
PTDIMUANY

o avuuudiwasyaraman VT a2 9a deadulupuiitmualilu Class
0.2 Y@M IEC 61869 30 Accuracy Class 0.3 ¥8IUIM5FIU ANSI
C93.1 v3e wmsg I IEC , ANSI Mifsuinfudaduatuaraaiiuszndly
U 4 AT

®  LSIAUNNANIIATULTIAIUBY VT 719 2 WAU ABUVIINULSIAUNNAYD
1195 IANA 99U N

® Burden: desflvwiafivunzaufuieassruuainsiaiildain Load
Impedance (Include Equipment) < Burden
UINFIANAIUINA

(@) wnsiandseuliii wiavmiisdeuduvindiaanselind sesiun1sinieas
TWiUssian 3 wla 4 ae (3 Phase 4 Wires) Tnsanusafandeaulnidirlgon
4 Quadrants (Export/import Active/reactive energy)

(b) Anuududrlunisinvewunasiandeuluin d1msu Active Energy foaduly
pudivualilu Class 0.2s 19911M3g1U IEC 62053-22 138 11m3g1u IEC
Lﬁsmm'wf"fu?ﬁqLﬂuaﬁuéwqmﬁﬂﬁzmﬂ%ﬂm o) anthy @ Reactive Energy
Aesiinunuglatesnii Class 0.5

wnsiandsnulni desanunsadan Useuiana wazduiindeyandanuluiuen
musas1AlWi (Time of Use, TOU) Iotlifiindn 4 8nsn annsaduiindeyanisin
Uszian Load Profile 578U 1 Uil wae 15 undl (Enerey/demand) 5auwann
wasulniseifieunseseu Billing (Monthly/billing Energy) wazaufanshal
Iniihgegaluseudisuniaseu Billing (Maximum Demand) wenana TOU Rate
Time synchronization

mmsuaqmmmwawwulvxlﬁmmmiﬁmummw wgnAIUAL (Synchronize) Td
auusiuglndifgetunansgiunniian mumaqmmiv‘uumL’sawmmmm
wasaulwil Tngldundsinanunnsgiusneds (Standard Time Source) 91nLATEFU
Fyay1aunRNINToNEaIIEUU GPS  (Global Positioning  System  (GPS)  Clock
Receiver) Tifndsl3usnadndifosiumnas Tandanulnidun
nstuiindayavaunsianaaanulni

wnsiandanuliihusagmiie fosimstuiindeualumisarddsd

(a) Yoyauszian Load  Profile  s18AUNA 15 W19 Useneuniedeya
Active/reactive Demand (1#30 Energy) W 4 Quadrants (Export kg Import)
ANLSIFUYITTEUVLINTTA MaEULTIAN (L-N) 918 3 1l (Van, Vbn, Vcn)
LazANTTUATENTIFULIATTA Geaninsnidonduiinldieiuusaemieuss
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CCA1.6-S

CCAL.7-S

CCA1.8-S

CCA1.9-S

(d)

Jammuaigntunsdeuressuulaseneglnivean.
dwsuindalnisedn

¥
= 4

@1 (la, b, Ic) ﬁgaua]zmauﬁu%yjaﬁluﬁwmﬁmwé’wmlﬂﬁﬂﬁlajﬁmdﬂ 3
Ry

Joyaussian Load Profile s1aa1uyn 1 wiit (rdndudesldau) Usznaude
Gﬁayja Active/reactive Demand (58 Energy) W 4 Quadrants (Export uag
Import) Watiazdeufutoyalilufnstandsaulwitildlsing as 5
Jayalszan Amdaulniseseunseseu Billing (Monthly/billing
Energy) Uaga11usaan1sldlniingegaluseuiiounioseu Billing (Maximum
Demand) wenai TOU Rate azsipaiudoyalilusnunsinndsaulniilely
it 19 (12 iiew)

nstuiindeyadisiu asdedldfumansaaouseuiuain nulu. deu siadliiiely
fhilain ﬁﬁﬁa;ﬂammzauu,azLﬁaqwam'aﬂ'131%ﬂwuﬁWﬁ§UU%wﬂiﬁﬁgzgﬂs§amﬂ811/\1171'1

o v o/ (%
nsdeasdoyavasInTinnaulni

(a)

(o)

syuulnsimsteveliiinues k. (EGAT Automatic Meter Reading (AMR)
System)  agfesaiuisadearsiuiasiandsnuliiilinnniae Lile
Fnquszasdnsmunuteyadituiinlilumasing uaz/vie nMsnaseunis
yhawveunesind ihuedetedearsainserlng

szuvdeansteyadiviu EGAT AMR System Usgnausie szuudeaisndn
(Main Data Collection Path) foailiuszuu IP-based (TCP/IP) sardoansuiu
Ethernet Port 909117570 wagsruUdealsdses (Backup Data Collection
Path) aziuszuudeansduiideansiiy Serial Port (RS-485/RS-232) w813
fo  Faszuvdemsdrsesdeaduszuuiiianudedeldige siunsnnasuaz
gauiUean ik, uay fueiousio/fifousie

gUnsnideansfiirtosionun Tusgfuamnumnyauvosszuudeasild uas
foslasunnumiugouan nulw.

Loss-of Potential Alarm

UAaz993NTIURILINTTANS 1 UlNAN A9l loss of potential alarm Tidmsu
FRRIUANUNSOULATANE AN TUNNTYINIUYBIH 12995

Test Switches

uragaasIanasnuliiiuagisay watt/var transducer il test switch wanan

fu witellunsmaaeunisiauresgunsnifisnanisauiu external source wia CT
/ VT (14 multipole test plug)

Power Supply for Metering Equipment

Tsdlihdesdamieuunasanelmady (auxiliary power supply) fidunsiidedonas
Wiganedmiugunsafluszuumasiandsanliin welihiladnnasfandanuli
nniaznulaeggndadlunnyinia
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Check Sheet s2UUNINSIANAIULINAY

Uszan SPP Firm : SZAULSIAU ... KV
BDUTEN oo seee e seeee e s seee s seee s e eee e e e et et et e et ettt
I U I, L/ R AU sssesn FNUB/UYMNecoormmrnnnnssssssssssssssssssssssssnsens
BUND/LUR.ceereeernreersreeesresessessssesennns L T T SHALUTHRD oo

O Juvia 3 Phase 4 Wires High Precision Energy Meter
Accuracy Class :
Q 0.2 (gudanassiea) dmsu kwh
Q0.5 (gueqaavin) dmsu kvarh
0 anansoTandsendilrléite Import, Export (kWh & kvarh)
0 famautidulumunnsg IEC 62053-22 visewfisuldlaimnini
Q § Communication port é’m%fu?iaa’ﬁﬁﬁayja
O LAN U RS485/232

2. Remote Meter Reading : findis wazslumsliaunse fivdudin fun wazsudsdoyade vendau
Inlfnfivdiunans nne. 1ol
2.1 Modem, 3G, 4G Modem 37T 1 VSO

¥R 4 Internal O External

2.2 wwngnsdnvindeuszuutiestu Surge 115U Modern fikun1snsInaauan nvin.

O Main Meter........cooovveevceeri U Backup Meter........oovvveercveeeean.
2.3 LAN IP address :

U Main Meter.........ccoooveveveevnn. U Backup Meter. ...

3. 53UU Power Supply : {uszuuTne (Power Supply) d1uduszuvanasindszuuiianunsadesiulalls
sruvLasIanegainauagineln warausadseslniilansdl Power Supply ndndndeas
5¥UUTE (Power Supply ) fifde
U Main Power Supply (Voltage DC)
U Backup Power Supply (Voltage AC)

CCSA-5
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4. famuunagunsalusznauinnsiandeaulvidn (instrument Transformer)
4.1 Current transformer ( CT ) :
O wen Secondary core @ w3U Main / Back up Revenue Meter
0 CT ratio azdesrivualyivianganiy Max. Demand kauewe

Max. Demand......cccccvveverinnnn. MW.
CT. ratio e
Accuracy Class S (w3 IEC 61869)
Burden S VA
O fndensuiisanuia
QO Cable Size : imunaliiesna Burden YUIR....ccooooooe......... mm’
Q wnmeyildiuszuunnsiandndeslisorufiugunsaiduilifedosiunsin
Fovelail
4.2 Inductive Voltage Transformer / Voltage Transformer (IVT / VT ) :
Accuracy Class S (3 IEC 61869)
Ratio S
Burden S VA
O sieusn MCB vunamsnzauiifun1advsu Main / Back up Meter
O Anadensustanua
QO Cable Size : imunaliiesns Burden YUIR...ccoooooee......... mm’
O wnaayaiildfiuszuunmsiavdndedliesuivgunsaiduiilsifiorfestumsin
Fovnelwih

4.3 §i Contact Alarm Loss of Potential : §1%5U Revenue Meter
U Main Meter Circuit
O Back up Meter Circuit
4.4 Junction Box :
O Schematic Diagram v84 Junction Box : for CT & VT /CVT
O Wiring Diagram 984 Junction Box : for CT & VT /CVT
Q seazBenvesgunsallu Junction Box
Terminals MCB 5u°] ...........
33
JU/AUUIN s o e
4.5 Test Switch :
Q sheaziBenvesgunsal 1w E‘Jﬁa,ju, specification, Schematic ¥94 Test Switch

4.6 AnA Software 3angudayavanisyaviglnii :
O dn15fnAs Software 1TINBIUIINAINATIN : T8 Software/Version.......ccoewvvwceceeeeeee.
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5. szuunainndsnulnidmsu Generator Unit : (613U SPP Firm lensiaaeunsufjufiniudeyean)

Generator Unit Meter (RAGanIg Main) 31U W ..., Ye

Q Juwila High Precision Energy Meter 3 Phase 4 Wires

Q Accuracy Class 0.25 (Fiuganaaod) d1msu kwh

U Accuracy Class 0.5 (@u&jﬁmﬁ’]) #1115 kvarh

0 aunsoTandseluilildie Import , Export (KWh& kvarh)

0 fpauauifidulumunasgiu IEC 62053-22 viaiieuldluisnni

Q & Communication port uagszuvdeansteyanavdstoyanaslnindudiunans nule. Ia

6. 19N15LENATUTENDUNTRATUN : NdsuAIeY FIUM Wi
U Specification of Revenue Meters:

U Specification of Current transformer :

U Name Plate 0 Technical Specification
U Instruction Manual U Factory Test Reports
U Specification of Inductive Voltage Transformer/Voltage Transformer :
U Name Plate U Technical Specification
U Instruction Manual U Factory Test Reports

U Drawing Fietelor e, 1

Q Auvidu Hard Copy

Q Ju CAD File

Q Drawing : Usgnouniy
O uwuiifidalsli
O Single or Three Line Diagram vaslsslniildousadifussuudngluiimgn
U Schematic Diagram 989 Metering System
U Wiring Diagram 989 Metering System
0 3uq Asudulunisuszneunisfinnsanszuy Metering

Junction Box :
U Schematic Diagram 989 Junction Box : for CT & VT
U Wiring Diagram 84 Junction Box : for CT & VT
O svwaziduavesaunsallu Junction Box 1wy ¥e,3u Terminals,MCB iusiu

TOGNTONTOYA .coovercersceerscersseesseersee W 10U U INTONTOYA...oocevcveer
DN e
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CCA2-S: dayalun1svaivausaidniuszuulasadnglniives nuw.

UayalvaLyousia

U
1. YoLhuveIRve (USEM)

T Y
a o

2. Vegvedve vivelunsilvesusun Wldnegvesiinwesdinaunanzilouna v3e

dinanulugy

. NNURUINTFNA

(6]

4. VU UNTaIs

5. YerAnse

6. ViegvaiAnsie (Mnsnsa1nde 2)
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dayalinausznaun1TnaITan

AUUA LY / U NSIT8UAD ¢

JuBuauadnsewalnidn weow/A

[

MaeNsHanEanNInedsyuuas (MW / MVA) :

[

MaINSHANUNRNINELINSTUUAS (MW / MVAT) :

[

Masnsnandeganningiinszuuds (MW / MVAT) ;

Audpsnsnaslnindrses Aueldarnnistiadia (MW / MVAT) -

F1UINIATTHBINNTABIBY (ANUULTBDBL) :

LLNuﬁLLazLLNuQﬁ"UaﬂN‘MWﬂ (Map and Diagrams) :
(a)  wiuiivdounudouansfidwodlsalin wiouviAndfifn latitude uay longitude w89
Switchyard lsaludin
(b) anudifnsuedosiudaluiiuazgadeusoiirfuszuulasenglniivesnislulii
sudaunuiinindenlondesiuain Switchyard utinlasludh fe an1dlaifiusegs
N, tazszansmuLag i

(© wnuilvassyuulnidii (Single - Line Diagram) syuuuasialniin uazszuulesiu

(Metering and Relaying Diagram) flagidousefiuszuuvesnsinih

. fansvetoyaiiufumniiniudndu wasgudesasdedlidoyadindiviui wasiive
WeusergnUsAulvinesURn1u Connection Agreement Wag Grid Code AMMLIAIAMIUA Wag
odlvidayaniudaimunly Connection Agreement Uag Grid Code
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CCA2.1-S: tayaaussauzvaaasasiuialui (Fwmsulsslwiildiesasitialniiuuudalasis)

Generator Data

Number of generators :
Total installed capacity (MW) :
Total contacted capacity (MW) :

“unit 2% unit 37 Unit
(or 1" Type)  (or 2™ Type) (or 3 Type)

Plant type: TH, CC, CHP, GT, Hydro, Biomass, Biogas

Unit type:

Number of generators classified by unit type:

Installed capacity (MW)

Contracted capacity (MW)

Continuous operating capacity (MW)

Nominal MVA of each generator (MVA)

Nominal Voltage of each generator (kV)

Lagging power factor

Leading power factor
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Generator Data For Power System Study
- ltems marked with “*” must be identified by the applicant.
- ltems marked with “§”must indicate within a given time. If applicant does not specify
inform the EGAT is about values. And the applicant must accept all the risk.
funit 2% unit 37 Unit
(or 1" Type)  (or 2" Type) (or 3" Type)

X 4- Generator Direct Axis Positive Phase Sequence

Synchronous Reactance * : (pu machine MVA base)

Xq— Generator Quadrature Axis Positive Phase

Sequence Synchronous Reactance § :
(pu machine MVA base)

Xé— Generator Direct Axis Transient Reactance

(Unsaturated) * : (pu machine MVA base)

Xés — Generator Direct Axis Transient Reactance
(Saturated) * : (pu machine MVA base)

X& — Generator Quadrature Axis Transient

Reactance (Unsaturated) § : (pu machine MVA base)

X{;S - Generator Quadrature Axis Transient

Reactance (Saturated) § : (pu machine MVA base)

Xé’— Generator Direct Axis Sub-transient Reactance

(Unsaturated) * : (pu machine MVA base)

Xé; — Generator Direct Axis Sub-transient

Reactance (Saturated) * : (pu machine MVA base)

X{;’ — Generator Quadrature Axis Sub-transient

Reactance (Unsaturated) § : (pu machine MVA base)

X{;; — Generator Quadrature Axis Sub-transient

Reactance (Saturated) § : (pu machine MVA base)

X ;- Amature leakage reactance § : (pu machine
MVA base)

Td’o — Generator direct axis transient Open circuit

time constant § : (Sec)

CCSA-11



Td’:} — Generator direct axis subtransient Open

circuit time constant § : (Sec)
qug - Generator quadrature axis transient Open
circuit time constant § : (Sec)

qué - Generator quadrature axis subtransient Open

circuit time constant § : (Sec)

H - Inertia of complete turbo-generator * :
(MW-Sec/MVA)

Saturation factor at 1.0 per unit terminal voltage § :

Saturation factor at 1.2 per unit terminal voltage § :

CCSA-12
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WUUAN884 Generator / Excitation System / Governor
GENERATOR Model
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Saturation Factor (S) for Generator Data
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$19814 IEEE Type AC4 Excitation System Model
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CONs| # | Value Description

J Tr

J+1 Vs

J+2 VININ

J+3 T

J+4 T (zec)

J+5 Kg

J+6i Ty

J+7 VRN

J+E W BELAIH

J+0 K

179814 IEEE Type AC4 Excitation System Parameters

WUUS889 Excitation System Aifil#lulusunsa PSS/E :

ESACIA
ESAC2A
ESAC3A
ESACAA
ESAC5A
ESAC6A
ESAC8B
ESDCIA
ESDC2A
ESST1A
ESST2A
ESST3A
ESSTAB
EX2000
EXAC1
EXACIA
EXAC2
EXAC3
EXAC4
EXBAS
EXDC2
EXELI
EXPIC1
EXST1
EXST2

1992 IEEE type AC1A excitation system model.
1992 IEEE type AC2A excitation system model.
1992 IEEE type AC3A excitation system model.
1992 IEEE type ACAA excitation system model.
1992 IEEE type AC5A excitation system model.
1992 IEEE type AC6A excitation system model.
Basler DECS model.

1992 IEEE type DCIA excitation system model.
1992 IEEE type DC2A excitation system model.
1992 IEEE type ST1A excitation system model.
1992 IEEE type ST2A excitation system model.
1992 IEEE type ST3A excitation system model.
IEEE type ST4B potential or compounded source-controlled rectifier exciter.
EX2000 Excitation System.

1981 IEEE type AC1 excitation system model.
Modified type AC1 excitation system model.

1981 IEEE type AC2 excitation system model.
1981 IEEE type AC3 excitation system model.
1981 IEEE type AC4 excitation system model.
Basler static voltage regulator feeding dc or ac rotating exciter model.
1981 IEEE type DC2 excitation system model.
Static PI transformer fed excitation system model.
Proportional/integral excitation system model.
1981 IEEE type ST1 excitation system model.
1981 IEEE type ST2 excitation system model.
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EXST2A
EXST3
IEEET1
I[EEET2
I[EEET3
IEEET4
I[EEET5
IEEEX1
IEEEX2
IEEEX3
|[EEEX4d

I[EET1A
IEET1B
I[EET5A
I[EEX2A
SCRX
SEXS
URST5T
BBSEX1
BUDCZT
CELIN
EMACIT
ESURRY
EXNEBB
EXNI
IVOEX
OEX12T

OEX3T

REXSYS

REXSY1
URHIDT

Jammuaigntunsdeuressuulaseneglnivean.
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Modified 1981 IEEE type ST2 excitation system model.

1981 IEEE type ST3 excitation system model.

1968 IEEE type 1 excitation system model.

1968 IEEE type 2 excitation system model.

1968 IEEE type 3 excitation system model.

1968 IEEE type 4 excitation system model.

Modified 1968 IEEE type 4 excitation system model.

1979 IEEE type 1 excitation system model and 1981 IEEE type DC1 model.
1979 IEEE type 2 excitation system model.

1979 IEEE type 3 excitation system model.

1979 IEEE type 4 excitation system, 1981 IEEE type DC3 and 1992 IEEE type
DC3A models.

Modified 1968 IEEE type 1 excitation system model.

Modified 1968 IEEE type 1 excitation system model.

Modified 1968 IEEE type 4 excitation system model.

1979 IEEE type 2A excitation system model.

Bus or solid fed SCR bridge excitation system model.

Simplified excitation system model.

IEEE proposed type ST5B excitation system.

Brown-Boveri static excitation system model.

Czech proportional/integral excitation system model.

ELIN brushless excitation system model.

AEP Rockport excitation system model.

Modified IEEE Type AC1A excitation model.

Bus or solid fed SCR bridge excitation system model type NEBB (NVE).
Bus or solid fed SCR bridge excitation system model type NI (NVE).

IVO excitation system model.

Ontario Hydro IEEE Type ST1 excitation system with continuous and bang
bang terminal voltage limiter.

Ontario Hydro IEEE Type ST1 excitation system with semicontinuous and
acting terminal voltage limiter.

General purpose rotating excitation system model.

General purpose rotating excitation system model.

High dam excitation system model.
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#2984 IEEE Type 1 Speed Governor Model

CONs| # | Value Description
J K
J+1 T (zec)
J+2 Ta(zec)
J+3 Tz (=07 (zec)
J+4 U, (pufsec)
J+5 U (=00 (pudsec)
J+d Prisx (pu onmachine MV A
rating)
J+7 P (pu on machine MV A mting)
J+E Ta(gec)
J+0 Ky
J+10 !
J+11 Ts (zeC)
J+12 K3
J+13 K4
J+14 Ty (2eC)
J+15 Ks
J+1d Ky
J+17 Tq(zec)
J+18 K4
J+19 Kz

20814 IEEE Type 1 Speed Governor Parameters

wUUs1aae Turbine Governor #slalulusunsy PSS/E :

CRCMGV  Cross compound turbine-governor model.

DEGOV ~ Woodward diesel governor model.

DEGOV1 Woodward diesel governor model.

GAST Gas turbine-governor model.
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GAST2A
GASTWD
GGOV1
HYGOV
IEEEG1
IEEEG2
I[EEEG3
I[EESGO
PIDGOV
SHAF25
TGOV1
TGOV2
TGOV3
TGOV5
WEHGOV
WESGOV
WPIDHY
BBGOV1
HYGOV2
VOGO
TURCZT
URCSCT
URGS3T
WSHYDD
WSHYGP
WSIEGT
HYGOVM
HYGOVT
TGOV4
TWDMIT
TWDM2T
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Gas turbine-governor model.

Gas turbine-governor model.

GE general purpose turbine-governor model.

Hydro turbine-governor model.

1981 IEEE type 1 turbine-governor model.

1981 IEEE type 2 turbine-governor model.

1981 IEEE type 3 turbine-governor model.

1973 IEEE standard turbine-governor model.

Hydro turbine and governor model.

Torsional-elastic shaft model for 25 masses.

Steam turbine-governor model.

Steam turbine-governor model with fast valving.

Modified IEEE type 1 turbine-governor model with fast valving.
Modified IEEE type 1 turbine-governor model with boiler controls.
Woodward electronic hydro governor model.

Westinghouse digital governor for gas turbine.

Woodward P.1.D. hydro governor model.

Brown-Boveri turbine-governor model.

Hydro turbine-governor model.

IVO turbine-governor model.

Czech hydro or steam turbine-governor model.

Combined cycle, single shaft turbine-governor model.

WECC gas turbine governor model.

WECC double derivative hydro governor model.

WECC GP hydro governor plus turbine model.

WECC modified 1981 IEEE type 1 turbine-governor model.
Hydro turbine-governor lumped parameter model.

Hydro turbine-governor traveling wave model.

Modified IEEE type 1 speed governing model with PLU and EVA.
Tail water depression hydro governor model 1.

Tail water depression hydro governor model 2.
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CCA2.2-S: dayaaussauzvanazaafuiinlni (Fwsulsdlwihwdsauussending)
Requested Model Data of Photovoltaic (PV) Power Station for Power System Study

INTRODUCTION

Electricity Generating Authority of Thailand (EGAT) now uses the DIgSILENT PowerFactory
software for a power system simulation. EGAT requires suitable and accurate dynamic
models for all Generators connected to, or applying for a connection to the transmission
system in order to assess reliably the impact of the Generator’s proposed installation on the
dynamic performance and security and stability of the Power System. Modeling requirements
for thermal and hydro Generators are processed on the identification by the applicant of the
relevant library models in this simulation program, and the provision of the applicable data
parameters in the current appropriate application form. Where there are no suitable library
models available, specially written models are supplied. These are known in this software as
“user-written models”.

Currently, existing library models in this software inadequately represent the dynamic
behavior of PV power generators. EGAT then requires PV Power Stations greater than 5 MW to
provide specially written models and associated data parameters specific to the PV power
generators and any associated controls and reactive compensation equipment to be used in
the applicant’s PV Power Station scheme.

PV POWER GENERATOR DYNAMIC MODELS

Requirement to provide dynamic models

For each PV Power Station the unencrypted dynamic models for the DIgSILENT
PowerFactory software appropriate for each PV power generator shall be provided. In
addition, all relevant data and parameters must be provided for each model.

These computer models for PV power generators (based on a mathematical
representation of the dynamic behaviors of the equipments) shall be able to calculate how
the output quantities such as Active Power, Reactive Power, DC voltage, etc. vary as the
factors such as the Voltage at the Connection Point changes or Solar Intensity fluctuations.
The models must take account of the inherent characteristics of the PV panels and the
actions of the control systems of PV power generators.

Computer environment

The models must run on the DIgSILENT PowerFactory software for EGAT network (released
15.1 or updated). EGAT can from time to time request that the models be updated to be
compatible with changes in EGAT’s computing environment. The PV Power Station ensures
that such updated models shall be provided without undue delay.

Features to be represented in the dynamic models

The unencrypted dynamic model must represent the features and phenomena likely to
be relevant to Angular and Voltage stability. These features include but may not be limited
to:

a) The Photovoltaic model of the PV panel,
b) The DC Busbar and Capacitor Model,
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c) PQ controller model;
d) Active Power Reduction model;
Model aggregation

For computational reasons, it is essential that the dynamic models of individual PV
power generators can be aggregated into a smaller number of models, each representing a
number of PV power generators at the same site. A representation of the collector
network can be included in the aggregate model of the PV Power Station.

Model Documentation
The dynamic model shall be fully documented. The documentation of the model must

include:

® Description of the equipment that is modeled at a level that reveals the aspects of

the equipment that are and are not described by the model.

® Description on how the model reasonably represents the behavior of the equipment
over the frequency range from DC to 3 Hz including voltage and frequency

oscillations.

® Description of the model in mathematical and logical detail including, as appropriate,
items such as Laplace transfer functions, block diagrams, flow charts, and description
of physical and logical limits, control logic, interlock, supervisory and permissive

actions.

® The relationship of all parameters to the physical and logical characteristics of the
equipment. The documentation of the model must be sufficient to permit the
implementation of the model in the simulation software. This may require that part
of the documentation of the model be in the form of ‘code snippets’, however it is
not anticipated that complete code of a model should be included in its

documentation.

® Description of any behavior not represented by the model.

EGAT can, when necessary to ensure the proper running of its complete system
representation or to facilitate its understanding of the results of a dynamic simulation,
request additional information concerning the model, including the source codes of one or
more routines in the models. In addition, EGAT can from time to time request that the
dynamic model information be updated to be compatible with changes in EGAT’s
computing environment. The PV Power Station has to comply with any such request
without delay. Where the PV Power Station or any other party (acting reasonably) designates
such information as confidential on the basis that it incorporates trade secrets, EGAT shall

not disclose the information so designated to any third party.
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VALIDATION OF MODELS

AWl models provided to EGAT for use in dynamic simulations must be validated by strong
evidence that the models effectively reproduce the behavior of the equipment being
modeled. EGAT must be satisfied that the behavior shown by the model under simulated
conditions is representative of the behavior of the real equipment under equivalent
conditions. With regard to validation it is recognized that dynamic modeling falls into two
Categories:

(1) Models of equipment that can be described explicitly and tested directly either in
laboratory conditions or in specially managed operating conditions. Generators, generator
controls, electrical protection elements, and most transmission system elements are in this
category.

(2) Models of aspects of the power system that cannot be described in explicit detail and
can-not be tested directly. Most aspects of the modeling of load behavior are in this
category.

Validation of models in the first category shall include comparisons of simulations made
with the model with test results or responses produced by other authoritative sources (such
as results from manufacturer's detailed physical design simulations or factory acceptance
tests, on-line recorder response of the equipment to system disturbances and/or
performance guarantee documents.)

Where possible validation of models in the second category shall include comparisons of
simulations made with the model to records of events that have occurred on the
transmission system. Where comparison with actual grid behavior is not practical, the
characteristics of models in this category shall be demonstrated by simulations of small
scale operational situations and disturbances chosen so that the proposed model is the
predominant factor in the response. Validation must cover the behavior of the model in the
broad range of operational situations that the equipment is expected to encounter. It must
also cover steady state behavior of the equipment over its full operational range, and
dynamic behavior in response to dynamic events such as:

- Sudden step changes of voltage and frequency at pertinent the Connection Point with
the ¢rid

- Undervoltage fast transients typical to fault clearing and delay fault clearing times

- Step changes of control references and set-points

- Ramps of voltage, frequency, references and set-points

- Oscillatory behavior in the frequency range from 0.1 to 3 Hz
Changes of voltage and frequency considered in validation shall cover the range of
amplitude that will be produced by transmission disturbances from faults to persistent

small oscillations.
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The conditions validated should as far as possible be similar to those of interest, e.g. low
short circuit level at Connection Point, close up severe faults, nearby moderate faults,
remote faults, Voltage excursions, Frequency excursions, and Solar intensity fluctuation.

For the purposes of model validation the PV Power Station shall ensure that appropriate
tests are performed and measurements taken to assess the validity of the DIgSILENT Power
Factory model. Where the validity of the model has not been confirmed prior to the
commissioning of the PV Power Station, appropriate tests shall be carried out and
measurements taken at the PV Power Station to assess the validity of the DIgSILENT
PowerFactory model. The tests and measurements required shall be agreed with EGAT.

The PV Power Station shall provide EGAT with all available information showing how the
predicted behavior of the DIgSILENT PowerFactory model to be verified compares with the
actual observed behavior of a prototype or production PV power generator under laboratory
conditions and/or actual observed behavior of the real PV power generator as installed and
connected to a transmission or distribution network.

If the on-site measurements or other information provided indicate that the DIgSILENT
Power Factory model is not valid in one or more respects, the PV Power Station shall
provide the revised unencrypted model whose behavior corresponds to the observed on-

site behavior as soon as reasonably practicable.
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In order to create a valid dynamic model of each PV Power Station, the following data

shall be provided:
A. Generator data
- Photovoltaic (PV) Type:

- PV Manufacturer and Model:

- In one module, number of PV cells in series in each parallel branch:
number of parallel branches of PV cells in series:
-In one array,  number of PV modules in series in each parallel branch:

number of parallel branches of PV modules in series:

- Number of PV arrays linked in each PV power generator:

- Number of PV power generators linked in each step-up or pad-mounted transformer: __

- Number of step-up or pad-mounted transformers:

- Number of collector system Substation transformers:

B. Internal Network Structure Information

Describe how the PV power station’s internal network structure should be laid out

by means of the single-line diagram of the internal network with line impedances. (The

description should include a breakdown of how the individual PV power generator is linked

together as well as how they are connected back to their switchyard.) Specify different

types of overhead line or underground cable and the individual length of each section of

the circuit.

Type 1 Type 2 Type3

Total length (km)

Conductor cross section area per core

(sg.mm.)

Conductor type (AL, Cu, etc)

Number of conductors per circuit

Number of circuits

Charging capacitance (micro F/km)

Positive sequence resistance (R, : Ohm/km)

Positive sequence reactance (X; : Ohm/km)

C. Data of each Step-up or Pad-Mounted Transformer

Note: These are typically two-winding air-cooled transformers.

- Transformer Rating: MVA
- Nominal Voltage for each winding (Low/High): /
- Winding Connections: (Low/High): / kv
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- Available taps: (indicated fixed or OLTC). Operating tap
% ; X/R ratio (on rating MVA base)
% ; X/R ratio (on rating MVA base)
D. Collector System Substation Transformer Data
- Transformer MVA Rating (ONAN/FA/FA): / /
- Nominal Voltage for each winding (Low/High/Tertiary): / /

- Positive sequence impedance (Z;)

- Zero sequence impedance (Z,)

- Winding Connections: / / (Vector Group )
- Available taps: (indicated fixed or OLTC). Operating tap
% ; X/R ratio (on rating MVA base)

- Zero sequence impedance (Zy) % ; X/R ratio (on rating MVA base)

- Positive sequence impedance (Z;)

E. Dynamic Model and Parameter Data of the PV Power Generating System
Dynamic model and parameter data required for transient stability analysis (computer
software based on a mathematical representation of the dynamic behaviors) are specific to
each PV power generator make and model, and shall be certified by the corresponding
manufacturers. In addition, it is essential for computational reasons that the dynamic model
of an individual PV generator can be aggregated into a smaller number of models, each
representing a number of PV generators at the same site. Moreover, a representation of the
collector network may be included in the aggregate models of the PV power generating
system. The dynamic models must represent the features and phenomena likely to be
relevant to frequency variation and voltage stability. These features should include but may
not be limited to:
® PV Array Characteristics Model:
O Including all inherent I-V and P-V Characteristics Charts of PV Array
® PV Power generator Model:
O Power generator and its Controller Models
® Including all inherent characteristics and capabilities of the power
generator and the actions of the control system of its.
These dynamic models should appropriately be implemented in the simulation program
used by EGAT, the DIgSILENT PowerFactory software
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CCA2.3-S: dayaaussauzvanazaarniialni (Fusulsddnihwisauau)
Required Data and Computer Dynamic Model of Wind Turbine Generators

INTRODUCTION
Electricity Generating Authority of Thailand (EGAT) now uses the DIgSILENT PowerFactory

software for a power system simulation. EGAT requires suitable and accurate dynamic
models for all Generators connected to, or applying for a connection to the transmission
system in order to assess reliably the impact of the Generator’s proposed installation on the
dynamic performance and security and stability of the Power System. Modeling requirements
for thermal and hydro Generators are processed on the identification by the applicant of the
relevant library models in this simulation program, and the provision of the applicable data
parameters in the current appropriate application form. Where there are no suitable library
models available, specially written models are supplied. These are known in this software as
“user-written models”.

Currently, existing library models in this software inadequately represent the dynamic
behavior of Wind Turbine Generators. EGAT then requires Wind Farm Power Stations greater
than 5 MW to provide specially written models and associated data parameters specific to
the Wind Turbine Generators and any associated controls and reactive compensation

equipment to be used in the applicant’s Wind Farm Power Station scheme.
WIND TURBINE GENERATOR DYNAMIC MODELS

Requirement to provide dynamic models

For each Wind Farm Power Station the unencrypted dynamic models for the DIgSILENT
Power- Factory software appropriate for each Wind Turbine Generator shall be provided. In

addition, all relevant data and parameters must be provided for each model.

These computer models for Wind Turbine Generators (based on a mathematical
representation of the dynamic behaviors of the machines) shall be able to calculate how the
output quantities such as Active Power, Reactive Power, Pitch Angle, etc. vary as the factors
such as the Voltage at the Connection Point changes or Wind Speed changes. The models
must take account of the inherent characteristics of the machines and the actions of the

control systems of Wind Turbine Generators.

Computer environment

The models must run on the DIgSILENT PowerFactory software for EGAT network (released
15.1 or updated). EGAT can from time to time request that the models be updated to be
compatible with changes in EGAT’s computing environment. The Wind Farm Power Station

ensures that such updated models shall be provided without undue delay.
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Features to be represented in the dynamic models

The unencrypted dynamic model must represent the features and phenomena likely to
be relevant to Angular and Voltage stability. These features include but may not be limited
to:

a) The electrical characteristics of the Generator;
b) The separate mechanical characteristics of the turbine and the Generator and the
drive train between them;
c) Variation of power co-efficient with pitch angle and tip speed ratio;
d) Blade-pitch control;
e) Converter controls;
f) Reactive compensation;
g) Protection relays.
Model aggregation

For computational reasons, it is essential that the dynamic models of individual Wind
Turbine Generators can be aggregated into a smaller number of models, each representing
a number of Wind Turbine Generators at the same site. A representation of the collector

network can be included in the aggrecate model of the Wind Farm Power Station.

Model documentation

The unencrypted dynamic model shall be fully documented. The documentation of the

model must include the following:

- Description of the equipment that shall be modeled at a level that reveals the
aspects of the equipment that the model describes and may not describe,

- Description on how the model reasonably represents the behavior of the equipment
over the frequency range from DC to 3 Hz including voltage and frequency
oscillations,

- Description of the model in mathematical and logical detail including, as appropriate,
items such as Laplace transfer functions, block diagrams, and description of physical
and logical limits, control logic, interlock, supervisory and permissive actions,

- The relationship of all parameters to the physical and logical characteristics of the
equipment. The model documentation must be sufficient to permit the implementation
of the model in the DIgSILENT PowerFactory software. This may require that part of the
documentation of the model be in the form of 'code snippets’, however that complete

code of a model will possibly be included in its documentation,

- Description of any behavior not represented by the model.

EGAT can, when necessary to ensure the proper running of its complete system

representation or to facilitate its understanding of the results of a dynamic simulation,
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request additional informa-tion concerning the model, including the source codes of one or
more routines in the models. In addition, EGAT can from time to time request that the
dynamic model information be updated to be compatible with changes in EGAT’s computing
environment. The Wind Farm Power Station has to comply with any such request without
delay. Where the Wind Farm Power Station or any other party (acting reasonably) designates
such information as confidential on the basis that it incorpo-rates trade secrets, EGAT shall

not disclose the information so designated to any third party.

VALIDATION OF MODELS

All models provided to EGAT for use in dynamic simulations must be validated by strong
evidence that the models effectively reproduce the behavior of the equipment being
modeled. EGAT must be satisfied that the behavior shown by the model under simulated
conditions is representative of the behavior of the real equipment under equivalent
conditions. With regard to validation it is recognized that dynamic modeling falls into two

categories:

(1) Models of equipment that can be described explicitly and tested directly either in
laboratory conditions or in specially managed operating conditions. Generators,
generator controls, electrical protection elements, and most transmission system

elements are in this category.

(2) Models of aspects of the power system that cannot be described in explicit detail and
can-not be tested directly. Most aspects of the modeling of load behavior are in this
category.

Validation of models in the first category shall include comparisons of simulations made
with the model with test results or responses produced by other authoritative sources (such as
results from manufacturer's detailed physical design simulations or factory acceptance tests,
on-line recorder response of the equipment to system disturbances and/or performance

guarantee documents.)

Where possible validation of models in the second category shall include comparisons of
simula-tions made with the model to records of events that have occurred on the transmission
system. Where comparison with actual grid behavior is not practical, the characteristics of
models in this category shall be demonstrated by simulations of small scale operational
situations and disturbances chosen so that the proposed model is the predominant factor in the
response. Validation must cover the behavior of the model in the broad range of operational
situations that the equipment is expect-ed to encounter. It must also cover steady state
behavior of the equipment over its full operational range, and dynamic behavior in response to

dynamic events such as:
- Sudden step changes of voltage and frequency at pertinent the Connection Point with
the ¢rid
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- Undervoltage fast transients typical to fault clearing and delay fault clearing times
- Step changes of control references and set-points
- Ramps of voltage, frequency, references and set-points

- Oscillatory behavior in the frequency range from 0.1 to 3 Hz

Changes of voltage and frequency considered in validation shall cover the range of
amplitude that will be produced by transmission disturbances from faults to persistent

small oscillations.

The conditions validated should as far as possible be similar to those of interest, e.g. low
short circuit level at Connection Point, close up severe faults, nearby moderate faults,
remote faults, Voltage excursions, Frequency excursions, and highly intermittent variations of

wind velocity.

For the purposes of model validation the Wind Farm Power Station shall ensure that
appropri-ate tests are performed and measurements taken to assess the validity of the
DIgSILENT Power Factory model. Where the validity of the model has not been confirmed
prior to the commission-ing of the Wind Farm Power Station, appropriate tests shall be
carried out and measurements taken at the Wind Farm Power Station to assess the validity of
the DIgSILENT PowerFactory model. The tests and measurements required shall be agreed
with EGAT.

The Wind Farm Power Station shall provide EGAT with all available information showing
how the predicted behavior of the DIgSILENT PowerFactory model to be verified compares
with the actual observed behavior of a prototype or production Wind Turbine Generator
under laboratory conditions and/or actual observed behavior of the real Wind Turbine

Generator as installed and connected to a transmission or distribution network.

If the on-site measurements or other information provided indicate that the DIgSILENT Power
Factory model is not valid in one or more respects, the Wind Farm Power Station shall provide
the revised unencrypted model whose behavior corresponds to the observed on-site behavior

as soon as reasonably practicable.
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WIND FARM DATA

In order to create a valid dynamic model of each Wind Farm Power Station, the
following data shall be provided:

Wind Turbines and Generators

- State whether the type of generators are Synchronous, Permanent Magnetic

Synchronous, or Induction:
- State whether Turbines are Fixed Speed or Variable Speed:

- Provide manufacturer details on electrical characteristics and operating performance

with particular reference to Flicker and Harmonic performance.

- Provide details of the anticipated operating regime of generation, i.e. continuous, seasonal
etc.

- List the anticipated maximum export level in MW for each calendar month, and indicate
how generation would vary over a typical 24 hour period during the month of maximum

export.

- Give details of expected rapid or frequent variations in output, including magnitude,

maximum rate of change expected, frequency and duration.

- For Generators, please state:

How the generator is run up to synchronous speed

Magnitude of inrush / starting current Amps
Duration of inrush / starting current ms
Starting / paralleling frequency Hz

Power factor on starting

Reactive power demand at zero output (no load) KVAr

Give details of reactive power compensation to be installed
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Wind Turbine Generator transformer

This is the transformer that connects a Wind Turbine Generator with the internal Wind

Farm Power Station network.

Rating of Wind Turbine Generator transformer MVA or kVA
Wind Turbine Generator transformer voltage kV
Wind Turbine Generator transformer impedance % on rating MVA base

Internal Wind Farm Power Station network and corresponding data

- Describe how the Wind Farm Power Station’s internal network structure (collector
network) will be laid out (by means of a single-line diagram or other description of
connections).

The description shall include a breakdown of how the individual Wind
Turbine Generators are connected together as well as how they are

connected back to the Wind Farm Power Station substation.

- Specify different cable or overhead line types and the individual length of each section of

circuit.

Typel Type2 Type3
Total length (m)

Conductor cross section area per core

Conductor type (AL, Cu, etc) Extending
Type of insulation Table as
Charging capacitance (micro F/km) appropriate

Charging current (Amp/km)

Positive sequence resistance (R1:0hm/km)

Positive sequence reactance (X1:0hm/km)

CCSA-30



Jammuaigntunsdeuressuulaseneglnivean.
dwsuindalnisedn

Grid connected transformer

This is the transformer that is connected the Wind Farm Power Station site with the
Distribution /Transmission System (equivalent to the Generator Transformer of a conventional

power station). Data is required for this transformer as follows:

Number of windings
Vector Groups (HV / LV)

Rated current of each winding (HV / LV) Amps
Transformer rating MVA or kVA
Transformer voltage ratio (HV / LV) kV
Transformer impedances1 % on rating MVA base
X/R ratio
Transformer zero sequence impedance % on rating MVA base
Neutral earthing resistance & reactance Ohms

' For Three Winding Transformers the HV/LV1, HV/LV2 and LV1/LV2 impedances together with associated bases shall be provided.

Reactive compensation installed at site

- Number of inductive devices

Indicate for each device the inductive MVAr capability.

If the device has more than one stage, please indicate the number of stages and
the MVAr capability switched in each stage i.e. 0.5 MVAr in 5 steps etc
- Number of capacitive devices

Indicate for each device the Capacitive MVAr capability.

If the device has more than one stage, please indicate the number of stages and
the MVAr capability switched in each stage i.e. 0.5 MVAr in 5 steps etc.

- Method of voltage/reactive power control applied to each controllable reactive
compensation device. This information shall be provided in sufficient details (e.g. transfer
function block dia-grams, control system gain/droop, dead band and hysteresis
characteristics, tap steps, etc.) to allow EGAT develop the appropriate DIgSILENT
PowerFactory models.
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CCA2.4-S: Yoyandoudasuazaedediniunisivansaszuulnin Frusulsalwimnusznn)

Generator transformer / Distribution transformer / Transmission line

Generator Transformer

Transformer Name:

Manufacturing By:

No.Phase

Connection (vector group)

No.Winding

Frequency (Hz.)

KVA.Rating

Nominal Voltage (kV)
H.V.Winding
L.V.Winding
T.V.Winding

Substation : |:|

Max.Tap Rated Tap Min.Tap (At Base MVA)

% Impedance Voltage

HV.to LV.

HV.to TV.

LV.to TV.

Load Tap-Changing

Tap-Changing Type O On Load Tap [0 Off Load Tap

Load Tap Change At
At Tap No.
At Tap No.
At Tap No.

O High Volt 1 Low Volt

Maximum Voltage (v.)

Normal Voltage (v.)

Minimum Voltage (v.)

At Tap No.‘:I(For Normal Operation)

Neutral Grounding

Neutral Grounding : O SOLID O

Neutral Grounding Equipment : O HAVE O
Neutral Grounding Type : O ReSISTER [ REACTOR

Connected AT: L HIGHSIDE O

Voltage Rated (V.) :
Current Rated (A)) :

Reference Data From :

UNGROUND
NONE

LOW SIDE

Size(OHMS) :
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Distribution transformer
Number of distribution transformer :

Nominal MVA for transformer (MVA) :
Nominal Voltage of each transformer (kV) HV / LV :

% Impedance for two-windings transformer (at rated MVA base) :

HV/LV1 HV/LV2 HV/ LV 3

% Impedance for three-windings transformer
(at rated MVA base) :

Transmission line
The length of the transmission line from distribution transformer to

connection point. (km)

Nominal Voltage of transmission line (kV)

Conductor Type

Positive Sequence Impedance (R+jX) per Km (or p.u. and MVA base)

Zero Sequence Impedance (R+jX) per Km (or p.u. and MVA base)

Positive Sequence Charging Admittance (B) per Km (or p.u. and MVA base)

Zero Sequence Charging Admittance (B) per Km (or p.u. and MVA base)

Positive X/R Ratio at Connection Point

Zero X/R Ratio at Connection Point
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AMNABINS WA
Peak Load Day Load Light Load
daillnidn (xx:xx-21.00 u.) (xxexx-xx.00 U.) (xx:xx-xx.00 U.)
MW MVAr MW MVAr MW MVAr
AasNanlnin
4 o = Peak Load Day Load Light Load
LAIBINILUA
. (xx:xx-21.00 u.) (xx:xx-xx.00 U.) (xx:xx-xx.00 U.)
MW MVAr MW MVAr MW MVAr
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Transmission Line

SPP Firm

EGAT Transmission System (69 kV or 115 kV)

Transmission Line

Electridty Autho rity

Cogeneraionor Residue P ower Producer s

*Plexse see @

Y1K ar ar gt Y1
1 sar w1
Yot LGt
Yf xr 3cT le
i
| [ SR
1
VT M@ :
Disconnecting Switch ; &~ H
S
1
1
1

() (s
VT VT

Bypass Switch ** Please see note

L wT

o
T

1
1
878 o ‘
Visible airgapand Lockdué
]
1
1
]
1
1
1
1

@ il
A \ﬁ; Isolation =
(_\/—\/_\/“\A Transformer
ink

)

hIT

Figure EGAT Typical Transmission Interconnection

|

|

|

|

|

G |
25 Wem |
|

|

|

|

|

3\/'[(
C
(@ AN T St
Y1 aer (o)

Interconnection T 1
bremer 52 B S gy S0 Wy

Option for Local Substation

LAN andM odem

Device no.

21P
21BU
25
50/51
50/51N
50BF
59/27
63

68

79

81
87B
87L
87T
MCB
27XM

Function

Primary Distance relay

Backup Distance relay
Synchronizing check

Phase Overcurrent relay

Ground Overcurrent relay

CB. Fail relay

Over and Under Voltage relay
Transformer fault pressure relay
Voltage relay Block Closing Circuit While De-energize
Auto-Reclose relay

Under and Over Frequency

Bus Differential relay

Line Current Differential relay
Transformer Differential relay

3 Phase Miniature Circuit Breaker
Loss of Potential relay

Trips
52-1, 52-2 -
52-1, 52-2 -

52B, 52T
52B, 52T -
52B -
52B -
52B, 52T

52B
52-1,52-2,52B -
52-1,52-2 -
52B, 52T -

Note

* The protection for transmission line shall be composed of primary and backup protection. The primary protection
shall be line current differential relay (87L) and the backup protection shall be distance relay (21BU). However, the backup
protection shall be changed to current differential relay (87L) in case the source impedance ratio (Zs/Z,) is or more than 4.

** In case the power plant substation can be bypassed, the primary protection shall be distance relay (21P) including
directional earth fault protection with tele-protection schemes. The communication channels of distance and directional earth
fault protection shall be separated. The backup protection shall be distance relay (21BU).
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Transmission Line

SPP Non — Firm
EGAT Transmission System (69 kV or 115 kV)

Transmission Line

Electricity Au thority

Cogeneration or Resid ue Power Prod ucer “

* Please see @

878

!

Bypass Switch ** Please see note
T
T Option for LocalSubs tation

4W—L lA—“ ] wr ©
e 52:2 r
e W CRC)

-t}
@ *Please see

EEE

Visible airgap and Lockable
Disco nnecting Switch

femmnd-

w
Q

(BackUp)

() A
&/ S s
T g
Interconn ection wr 1 1
A T
LA

:  ion T
YTV A Transormer
(s

3cr

Figure EGAT Typical Transmission Interconnection

Device no.

21P
21BU
25
50/51
50/51N
50BF
59/27
63

68

79

81
87B
87L
87T
MCB
27XM

Function Trips Note

Primary Distance relay 52-1, 52-2 -
Backup Distance relay 52-1,52-2 -
Synchronizing check - For 52B
Phase Overcurrent relay 52B, 52T -
Ground Overcurrent relay 52B, 52T -

CB. Fail relay 52B -

Over and Under Voltage relay 52B -
Transformer fault pressure relay 52B, 52T -
Voltage relay Block Closing Circuit W hile De-energize - For 52B
Auto-Reclose relay - For 52
Under and Over Frequency 52B -

Bus Differential relay 52-1,52-2,52B -

Line Current Differential relay 52-1,52-2 -
Transformer Differential relay 52B, 52T -

3 Phase Miniature Circuit Breaker
Loss of Potential relay

Note * The protection for transmission line shall be composed of primary and backup protection. The primary protection
shall be line current differential relay (87L) and the backup protection shall be distance relay (21BU). However, the backup
protection shall be changed to current differential relay (87L) in case the source impedance ratio (Zs/Z.) is or more than 4.

** In case the power plant substation can be bypassed, the primary protection shall be distance relay (21P) including
directional earth fault protection with tele-protection schemes. The communication channels of distance and directional earth
fault protection shall be separated. The backup protection shall be distance relay (21BU).
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CCA5-S: Yayanuszuuds
TOWER INFORMATION

TYPE OF TOWER (DA1 I:I,SA] |:| WAL |:| JOTHERS......... )
LINE FORM ‘:I TO

DISTANCE=

i
UL

Number of circuit Number of conductor per phase =

System kv. =

i
i

i

i

i

i

i

i

i

i

i
P
i

i

i

TYPE OF CONDUCTOR

DESCRIPTION CONDUCTOR OHG.WIRE

NOMINAL SIZE (MCM OR mmz)

MATERIAL & CODE NAME

STRANDING (mm.)

TOTAL AREA (mm’)

TOTAL DIAMETER (mm.)

INSULATOR STRINGS

SUSPENSION TYPE
INSULATOR

SINGLE DOUBLE

NO.OF DISC IN STRING

TOTAL LENGTH (mm.)
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TENSION AND SAG
CONDUCTOR OHG.WIRE
TEMPERATURE (C.)
TENSION (kg.) | SAG (m.) | % UTS | TENSION (kg.) SAG (m.) | %SAG match
50
75

LINE CONSTANT PARAMETERS: (PI-EQUIVALENT CIRCUIT)

FROM BUS : TO BUS :
DISTANCE = metre. Z1=72=R1+jX1
) Z0=R0+X0
Z1=72= | Ohms.
o g B e
0= +j Ohms. %
m ™ —
YI=Y2= + Mhos 2
Y0= 1 Mhos —Tl—
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( MOSTLY USED )

LINE

FROM

] o

|

L

=

=

NUMBER OF CIRCUIT D

A

NUMBER OF CONDUCTOR PER PHASE D

=, ’7 TF .
VIEW A - £
4 \ By
e i
/ \ ]| —
A
N
ﬁ VIEWB-B
——
—
ﬁ VIEW C-C
—————
r
7SS
@ —
-—., _—a
L TYPE OF CONDUCTOR ] INSULATOR STRINGS ]
DESCRIPTION CONDUCTOR OBG. WIRE INSULATOR SUSPENSION TYPE
NOMINAL SIZE (MOM or mar'2) SNGLE | DOUBLE
MATERIAL & CODE NAME ¥O. OF DISC IN STRING
STRANDING ( mma ) TOTAL LENGTH  (mm)
TOTAL AREA ( mm #2 )
TOTAL DIAMETER ( em ) [
TENSION AND SAG J
TEMPRATURE ( C ) CONDUCTOR 0BG, WIRE
TENSION () | SAQ(m) | % UTS | TENSION(Ks) | 3AG(m) | %SAQ WATCH
15 l

DaTE __ /.

nasseuifaet 94



TYPE OF TOWER ( DAL[] ,SAI],WAl[_] ,OTHERS
( MOSTLY USED )
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NUMBER OF CONDUCTOR PER PHASE D
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-
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\
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A
LSS
TYPE OF CONDUCTOR ] INSULATOR STRINGS
DESCRIPTION CONDUCTOR OAG. WIRE INSULATOR SUSPENSION TYPE
NOMINAL SIZE (MCM or mem™2) SINGLE | DOUBLE
MATERIAL & CODE NAME NO. OF DISC IN STRING
STRANDING ( man ) TOTAL LENGTH (mm)
TOTAL AREA ( mem A2 )
TOTAL DIAMETER ( men )

TENSION AND SAG

CONDUCTOR

OBG. WIRE

TENSION (Kg) | SAG(m)

% UTs

TENSION ( Ex )

SAG (@)

% SAC MATCH
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TYPE OF TOWER ( DAI(] SAI ] ,WAI[ ] ,OTHERS....oooon. )
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B \ A8
‘ _n :
{4
J
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] _‘ I ]

g P—

>

J.C
fi

F=
04 '
VIEW D-D
Q
L TYPE OF CONDUCTOR ] [ INSULATOR STRINGS ]
DESCRIPTION CONDUCTOR OHG, WIRE INSULATOR SUSPENSION TYPE
NOMINAL SIZE (MOM or mar?) SINGLE
DOUBLE
MATERIAL & CODE NAME NO. OF DISC I¥ STRING
STRANDONG ( oxm ) TOTAL LENGTH (cm)
TOTAL AREA ( mxn 42 )
TOTAL DIAMETER ( coam )
' TENSION AND SAG ’ _]
, TEMPRATURE (C) l CONDUCTOR ORG, WIRE
L ] mtou:r.;:f SAG (@) % UTs TENSION ( Kg) SAG(m) | % SAGQ MATCH
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TOGWER: 22,33 kv. CONDCUTOR TYPE: ARIAL CARLE (5AC) FOR LINE: 1&2 CIRCUITS

TYPE: SAC-1

L

T[T T

v

TYPE: 5AC-2

[BIC or AAC ]
H

afvuAigItuNsWeNreszuulass gl v s,
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TOWER: 22 kv. CONDUCTOR. TYPE: PARTIALLY INSULATED CONDUCTOR (PIC) FOR LINE: 1 CIRCUIT

TYFE: FIC1-1

2 128

N

T[T

TYFE: FIC1-2

Ejié Fivéé

\RRR] RRRR Y

PIC or AAC

TOWER: 22 kv, CONDUCTOR TYPE: PARTIALLY INSULATED CONDUCTOR {PIC) FOR LINE: 2 CIRCUITS

TOWER: 115 kv. CONDUCTOR TYPE!

T

1%

.Jt[t)fl

Tt

Lo
e

TYPE: PICZ2-1

TR TR

TYPE! AAC1-1

TYPE: AAC1-2

TYFE! AACI-3
(Bundle)

é \fgég FIC
g

TYPE: PIC2-2

2 8

'rE

el
Jdee @

384
=1=I=F31

LT R

AAC. FOR LINE: 1&2 CIRCUIT

TYFE: AAC1-4

(Bundle)

TYPE: AAC2-1

TYPE: AAC2-2
(Bundle)

e

Remarks: All Tower Configs are referenced [rom PEA's Standard Tower.

L PIC A{g

e es

@ge

Towey Type
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TABLE SHOW : LINE CONFIGURATION & DISTANCE

LINE LOCATIONS | TOWER CONDUCTOR DISTANCE | Number
SYSTEM
TYPE of
S FROM TO SIZE TYPE (km.) Circuits
(sgmm.)
115 SUB A. SUB B. AAC1-3 2 x 400 AAC 1 1

CCSA-44
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DATA CABLE

17/2/¢
=~
BT 1 R
FHAUBIDUIE oottt
FHATBINDTHT oottt
BUATBE SNIBIA oot
BTIU (KV) oo
Refarence STandard oo vmsssss e o sy s vois s s s i 6w
No. of Size No. of Conductor Conductor Quter Sheath Belt
Core (mm.) | Conductor | Diameter Insulation Diameter Thickness Insulation
Strands (mm.) Thickness (mm.)| Sheaths (mm.) (mm.) Thickness (mm.)
Jacket Overall Conductor Cable Rating Resistance Reactance Admittance
Thickness | Diameter |Resistance at 20 'C (Amp.) R1 X1 Y1
(mm.) (mm.) (ohms/km.) (ohms/km.) | (chms/km.) (ohms/km.)
o P
N1SANMY L] finsislu Cement Trend
O] Anselu Tray wén
O] Aedsluvia Conduit
4
L B s
n1379418 L] avanssmnmsdonmnued szasiassiinggit. oo .. Y.
O ovednesanmaBaamn  ssasimsswinat. ..o N
O 'nslmsmuu'mfgﬂmmuﬁﬂu FEUEMNTEMIRANE e WH,
L U
Sheaths L] sinmsiansasswinauy Sheaths fiu Ground
(] ldfinnsideuseszudnausiu Sheaths fiu Ground
Eaith REBIStVIEY =  ..iriemisssm o iamsi v meter-ohm.



1. CABLE TYPE

TYPE

DIMENSION (SQMM) :
NO.OF CIRCUITS :
NO.OF CABLE / PHASE :

¥ o q' v = ' '
Fofmuaieiunmsdessessuulassiglnihvesnma.
dwsuindalnisedn

SINGLE CORE CABLE WIRE SHIELD

CONDUCTOR

PHASE NEUTRAL

2. PROPERTY OF EACH LAYER CABLES

Spunbond Tape Thickness (mim.)

Conductor Shield Thickness (mm.)
‘ |— Insulation Shield Thickness (mm.)

‘ |— Metallic Wire Shield

Insulatlon Thickness (mim.)

Conductor Diameter (mm.)

3. DIAMENSION OF CABLES (PHASE)

Sheath Thickness (mm.)

Cable Dimension

MATERIAL's TYPE

Conductor

Aluminum or Copper

Conductor Type

Stranded or Solid

For Stranded Conductor

Number of Stranded = strands
Number of Stranded Layer
= layers
Individual Strand Diameter
= mm.
Conductor Diameter = mm.
For Solid Conductor
Total Conductor Diameter
= mm.
Conductor Shield
Thickness = mm.
Insulation Thickness = mm.
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Insulation Shield Thickness

= mm.

Aluminum or Copper or
Metallic Wire Shield Lead

Number of Strands =

Number of Layers =

Strand Size Diameter = mm.

Spunbond Tape Thickness

= mm.
Sheath Thickness = mm.
4. DIAMENSION OF CABLES (NEUTRAL)
Cable Dimension MATERIAL's TYPE
Conductor Aluminum or Copper
Conductor Type Stranded or Solid
For Stranded Conductor
Number of Stranded = strands
Number of Stranded
Layer = layers
Individual Strand
Diameter = mm.
Conductor Diameter = mm.

For Solid Conductor

Total Conductor

Diameter = mm.

Conductor Shield

Thickness = mm.

Insulation Thickness = mm.

Insulation Shield

Thickness = mm.

Aluminum or Copper or
Metallic Wire Shield Lead

Number of Strands =

Number of Layers =

CCSA-47
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Strand Size Diameter = mm.
Spunbond Tape

Thickness = mm.

Sheath Thickness = mm.
5. LOCATION OF CABLES

TO BUS
FROM BUS :
DISTANCE = metre.

CCSA-48
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6. CABLE GROUNDING

CROSS BONDING
O NO —  Metallic Shield Grounded through Resistance (RSG) = Ohms.
AT O Sending End. or
O Receiving End.  or
O Both Sending and Receiving End.
O YES — EACH MAJOR SECTION DISTANCE = Metre.
EACH MINOR SECTION DISTANCE = Metre.
Metallic Sheaths Grounded through Resistance (RSG) = Ohms.

AT O Sending End. or

O Receiving End. ~ or

CORE EI

E _________ ~ N . /I_ _________ ~ N . /I _________ ': B
METALLIC SHIELD — i _________ ~. ’,'\ __________ \,,’\ _________ E
E _// = S N // . S N E
IRSG MINOR SECTION I
lg N|
= L
MAJOR SECTION
For Crossbonded Cable
7. CABLE LAYOUT (NOT IN CONDUIT)
Vertical distance from Phase A of cable to ground surface (Vert-A) = Metre.
Vertical distance from Phase B of cable to ground surface (Vert-B) = Metre.
Horizontal distance from Phase B to A of cable (Horiz-B) = Metre.
Vertical distance from Phase C of cable to ground surface (Vert-C)= Metre.
Horizontal distance from Phase C to A of cable (Horiz-C) = Metre.
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8. CABLE LAYOUT (IN CONDUIT)

Sroor T Lovel | TYPE I: 1 Cable In 1 Conduit

Diameter of
Conduit
m. = m.
= m. Diameter of
Conduit
= m.
i A —
LOCATION OF CABLE whitin PIPE
Vertical distance from Phase A of cable to Center of Pipe (Vert-A) = Metre.
Horizontal distance from Phase A of cable to Center of Pipe (Horiz-A) = Metre.
Vertical distance from Phase B of cable to Center of Pipe (Vert-B) = Metre.
Horizontal distance from Phase B of cable to Center of Pipe (Horiz-B) = Metre.
Vertical distance from Phase C of cable to Center of Pipe (Vert-C) = Metre.
Horizontal distance from Phase C of cable to Center of Pipe (Horiz-C) = Metre.
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SINGLE CORE CABLE TAPE SHIELD
1. CABLE TYPE

CONDUCTOR
PHASE NEUTRAL

TYPE :

DIMENSION (SQMM) :
NO.OF CIRCUITS :
NO.OF CABLE / PHASE :

2. PROPERTY OF EACH LAYER CABLES

Conductor Shield Thickness (mm.)

Insulation Shield Thickness (mm.)
‘ Spunbond Tape Thickness (mm.)

| Sheath Thickness (mnu)
‘ |_ Metallic Tape Shield Thickness (mm.)

Insulation Thiclness (nm.)

Conductor Diameter (num.)

3. DIAMENSION OF CABLES (PHASE)

Cable Dimension MATERIAL's TYPE
Conductor Aluminum or Copper
Conductor Type Stranded or Solid

For Stranded Conductor

Number of Stranded = strands

Number of Stranded Layer

= layers
Individual Strand Diameter

= mm.

Conductor Diameter = mm.

For Solid Conductor

Total Conductor Diameter

= mm.

Conductor Shield

Thickness = mm.
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Insulation Thickness = mm.
Insulation Shield Thickness
= mm.
Aluminum or Copper or
Metallic Tape Shield Lead
Tape Thickness = mm.
Spunbond Tape Thickness
= mm.
Sheath Thickness = mm.
4. DIAMENSION OF CABLES (NEUTRAL)
Cable Dimension MATERIAL's TYPE
Conductor Aluminum or Copper
Conductor Type Stranded or Solid

For Stranded Conductor

Number of Stranded = strands

Number of Stranded Layer

= layers
Individual Strand Diameter
= mm.
Conductor Diameter = mm.
For Solid Conductor
Total Conductor Diameter
= mm.
Conductor Shield
Thickness = mm.
Insulation Thickness = mm.
Insulation Shield Thickness
= mm.
Aluminum or Copper or
Metallic Tape Shield Lead
Tape Thickness = mm.
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Spunbond Tape Thickness

= mm.
Sheath Thickness = mm.
5. LOCATION OF CABLES
TO BUS
FROM BUS :
DISTANCE= metre.
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6. CABLE DATA

CROSS BONDING
Q NO —  Metallic Shield Grounded through Resistance (RSG) = Ohms.
AT O Sending End. or
O Receiving End. ~ or
O Both Sending and Receiving End
O YES — EACH MAJOR SECTION DISTANCE = Metre.
EACH MINOR SECTION DISTANCE = Metre.
Metallic Sheaths Grounded through Resistance (RSG) = Ohms.

AT O Sending End. or

O Receiving End.  or
O Both Sending and Receiving End.

CORE EI
: _________ ~ ~ 2T Tt > ~ ST T T T -:
: — — : bl
METALLIC SHIELD Ly p— AR EEL TR N [P —
. . N 5
RSG MINOR SECTION I
e N
€ 1
MAJOR SECTION -
For Crossbonded Cable
7. CABLE LAYOUT (NOT IN CONDUIT)
Vertical distance from Phase A of cable to ground surface (Vert-A) = Metre.
Vertical distance from Phase B of cable to ground surface (Vert-B) = Metre.
Horizontal distance from Phase B to A of cable (Horiz-B) = Metre.
Vertical distance from Phase C of cable to ground surface (Vert-C) = Metre.
Horizontal distance from Phase C to A of cable (Horiz-C) = Metre.

CCSA-54



v

afvuAigItuNsWeNreszuulass gl v s,
dwsuindalnisedn

8. CABLE LAYOUT (IN CONDUIT)

| TYPE I : 1 Cable In 1 Conduit

Ground Level

Y. Y S
- m A
Diameter of
— Conduit
= m = m
\ Y
TYPE Il : 3 Cable In 1 Conduit
Ground Level | e 1 2 ~onful |
S S INS S S S
Conduit
= m Diameter of
Conduit
= m
i A —
LOCATION OF CABLE whitin PIPE
Vertical distance from Phase A of cable to Center of Pipe (Vert-A) = Metre.
Horizontal distance from Phase A of cable to Center of Pipe (Horiz-A) = Metre.
Vertical distance from Phase B of cable to Center of Pipe (Vert-B) = Metre.
Horizontal distance from Phase B of cable to Center of Pipe (Horiz-B) = Metre.
Vertical distance from Phase C of cable to Center of Pipe (Vert-C) = Metre.
Horizontal distance from Phase C of cable to Center of Pipe (Horiz-C) = Metre.
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3 CORES CABLE TAPE SHIELD

CONDUCTOR
PHASE
TYPE :
DIMENSION (SQMM) :
NO.OF CIRCUITS :
NO.OF CABLE / PHASE :

2. PROPERTY OF EACH LAYER CABLES

Lead

Overall Insulation Metallic Conductor

Sheath Insulation Shield

Shield

3. DIAMENSION OF CABLES

Cable Dimension MATERIAL's TYPE
Conductor Aluminum or Copper
Conductor Type Stranded or Solid

For Stranded Conductor

Number of Stranded =

Number of Stranded Layer =

Individual Strand Diameter =

mm.

Conductor Diameter =

mm.

For Solid Conductor

Total Conductor Diameter = mm.
Metallic Shield Thickness = mm.
Insulation Thickness = mm.
Insulation Shield Thickness = mm.
Lead Sheath Thickness = mm.
Jacket Thickness = mm.

CCSA-56



v

afvuAigItuNsWeNreszuulass gl v s,
dwsuindalnisedn

5. CABLE DATA
CROSS BONDING
O NO —»  Metallic Shield Grounded through Resistance (RSG) = E Ohms.
AT O Sending End. or

O Receiving End. or

O Both Sending and Receiving End.

O YES — EACH MAJOR SECTION DISTANCE = Metre.
EACH MINOR SECTION DISTANCE = Metre.
Metallic Sheaths Grounded through Resistance (RSG) = Ohms.

AT O Sending End. or

O Receiving End. or

O Both Sending and Receiving End.

[core | ]

' ~ 7’ ~ 7/ ' @
’METALLICSHIELD ‘—> ——_——————— ~ ,"~ __________ < ,’\~__________:
L ~ < L
i _________ i S P S i c
: ;4 ;: ;
| T ’
RSG MINOR SECTION .
= ol
MAJOR SECTION N
For Crossbonded Cable

6. CABLE LAYOUT (NOT IN CONDUIT)

Vertical distance from Phase A of cable to ground surface (Vert-A) = Metre.
Vertical distance from Phase B of cable to ground surface (Vert-B) = Metre.
Horizontal distance from Phase B to A of cable (Horiz-B) = Metre.
Vertical distance from Phase C of cable to ground surface (Vert-C) = Metre.
Horizontal distance from Phase C to A of cable (Horiz-C) = Metre.

7. CABLE LAYOUT (IN CONDUIT)

TYPE|:1Cableln 1 Conduit
Ground Level

S INS /S

A

= m
Diameter of
Conduit
= m
i A
[= m.] [= m]

LOCATION OF CABLE whitin PIPE

Vertical distance from Center of cable to Center of Pipe (Vertical) = Metre.
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SYSTEM | LINE LOCATIONS | CABLE PHASE CONDUCTOR NEUTRAL CONDUCTOR DISTANCE | Number of Cable
KV. FORM TO TYPE Number of Cables / Phase | Number of Cores | SIZE (sqmm.) | TYPE Number of Cables / Phase | Number of Cores | SIZE (sqmm.) | TYPE (km.) Circuits LAYOUT
115 SUB A. SUB B. XLPE 1 1C 400 ALUMINUM 1 1C 185 ALUMINUM 1 1 FIG 1.1
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CABLE LAYOUT
FOR
UMNDERGROUND

PHASE LOCATIONM

FIG 1.1 e A
<« 226 cm

— ©

r 1 21cm @

FIG 1.2 /I

\_& 200km T (SGJ@

FIG 1.3 pem—
—> ©
“ 1 0 cm|200cm @ @
F
189 cm
FIG 1.4 | ‘e——
150 cm II:)
® 00
FIG 1.5 mmrm—— |
150 cm |::>
@ & ole
*I—jh—h
150 cm
FIe__ |,
OTHERS “
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CABLE LAYOUT
FOR
OM TRAY
PHASE LOCATION

FIG 2.1
Tray 61610,
"2'f'2'fgf'."f'."f'!.f'-"/'f'."f”f/'ffffff."f."f."f."f."f.".-
o+t
& Iy
24cm
FIG 2.2
"/.—"/.—"”/.".—".".—"f/.—"."////////////."/."/."/."/."/.".-
FIG 23
"/f/f”&‘zj‘:ﬁf”.//xf.//kﬁ'x&
18cm
FIG 24
TSRS '@ Gl atat atat ety
FIG 25
A .*w*/ Sttt dataad
F 9
150cm
FIG___
OTHERS
Tra 1y
R e e R
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INDUCTION MOTOR DETAILS

1 Electrical Characteristic

Motor Type [] Wound Rotor
[ Squirel-Cage Rotor [ Single Cage
ar

1 Double Cage

47171 Pole = Poles  Manufaciurer :
Mumber of Phase = Phases Frame:
Frequency = Hz. Lock rotor Amps at 100% W: Amps
Terminal Voltage (Phase-Phase) = KW Lock rotor Amps at 80% V- Amps
MVA rated = MVA.  Safe lock rotor time at 8026V SECs.
Horse Power = HP. Safe lock rotor time at 100%Y SECS.
Rotor Speed on Full Load = RPM.  Acceration time @80%\: Secs.
Full Load Current = Amps  Acceration time @100%\: SEeCs.
2 Winding and Connection
Stator Winding Connection : [ DELTA ar 1 STAR
Retor Winding Connection : | DELTA ar | STAR
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LOCATION

RELAY TYPE

MANUFACTURER

CT Ratio

PT Ratio

Setting

CCSA-62




Jarvuansidaunaseuulasanglniinvoann.
dmsududnlniiseidn

CCA6-S: dafnuanginaaignsuaiin eanulniivszsnngsnauazanamnssy

YaN1uuANgNFIsUBLN
Lﬁ'mﬁ’u‘lw%ﬂszmmqsﬁau,azqﬂamnssu
auul 2557
EGAT- PQG - 01 / 2014
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Asnddenanuisuseinalne

AN

Hayvmsiunmun i (Power Quality) utlymmiduszuulniiideisiuualiuia
inntulutigtuiardmaiderossuuliiiidddae sy adsenudemedogunaallnih, aneng
msldauvesgunsal, anUszavdainlumsinauvesgunssl, inidalnihgapdelugunsaiuas
szuuliilh, viligunsalmuauuasdasiulussuulniiviauiianais, asredyaiusuniusessuy
Ifihdoans was Famnldfinsmuauannmliiliegluszduiminzanfazdinaldomene
\sugialaeTINTesUsEIVA

il “AuznssunsUulsenudedeldvasszuulniln” Ssusznaudeunuainnis
Ifhuasvass (o) mstidhdendauislseinalng (na) wagnistnihdugiiaie (na) 1
\daiudanansznuduieanindgmmisiuquaimlningsdawaidonosoiasvgialassiues
Usemadadufliuats “angvihaufinuiuazdiulss Power Quality” leviuiifidannsdasinun
wazanasgiudmiumuansziunuaminlitluszuu i lieglussfumngaunaslidmaldeme
sogldlniflae s

AzauAnwILarU3UUTs Power Quality 3sléidnsin “dormunnginasiensueinifeadu
IihUszsiavgsiauazgpavnssy”  wag “dofmunngunasiussfunseiionifsafuluiiuszinmn
g3RauazgnaIvngIy” BelFdneBeanunsgIuanalty nsgIuaIna IEC, NIMT§IUVDIEANIT
2101903 (UK) Uazunsgiuvedesamsids (AS) neddeiannumnganlunsihunldludseinalne
Faiiersunit 2 atumslihaldssnadasuldsudlsnihdaudd 2541

wiesnlutiagtuilesanuandAvessyuulwiuazgunsalliindnisudsundasldanly
ofn Usznauduinsgiuainadl “defmuanginasionfuednifsadulniinussinngsiouas
gnannnssn” nelddadeiuldinsuiusudlaliuaioty aogioufnwuasuiuuss Power
Quality Fslgvinisusudsadenmunvlviisnuivadouasaenndesivuinsgiuaina nsbndindie
wanusisUszinalng 3alddasin “dofmunnginusisnsuedniAsadulifinuszsianssfanay
gnamnssuatul 2557 (EGAT-PQG-01/2014)” dieldunuuazenian “fafimuangngiansueiin
Lﬁ&J’Jﬁ’UVLV\IWWUizmmjﬁaLLazqmamniim (PRC-PQG-01/1998)”

fFormuangunasiaduilfiuanuiureuanamznssunmstfulgerudedeldvesszuy
il 3 nsladiuga
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1. YaULIAURITaiNUA*

2. guszanAvasdanun®

3. denurnAnn

4. 5EAUNINUIBILsIuENsuetindmiuszuu i luyseinelng
5. BmsUssdugldlnihdmiumseuaalidendefuszuuladih
6. nstadulddonmvun

7. 1035

AN () @ wesgrulumsesiainnasysediuna

AMANUIN (1) egramsldnulusunsuimwindainanssuagsueiin
dwsudlilwihUssinvgsiauazenamnssy
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1. YBULUAYDIVONINUA

1.1 dommunatuiidarivuieldununazenidn  “demmuangunaeiasuetinifeiulninussian
g3nauaranaIunssy (PRC-PQG-01/1998)”

1.2 GeAuldiugldlniussiangsianazanaivnssy  (aisudldlaihdssiandiuegende) lae
AsounguEld e navauwlalunnsedulsaiulnih

1.3 Yszgnaldiulvanraiieuniaianssuasnsueiiningseuulnih lagliduegiuiiananisivaves
maslniihfimnudvdnya (Fundamental Frequency) dupedwmsuludeimuavaduillnanvse
wisasidalninldfianuuansieiu

2. IngUszasAvaItanivun

2.1 weavauasuednlussuulniliegluseduimunzaunwaslidanansenudanisiinuees
gunsailuszuulnihlagsy

2.2 ialungunasituniseuygsifouseiussuulniinvewldlninilnandaiieu wiegunsali
Juunasilinesuedn

2.3 Wamnuaisnisusziiularasivaeuansueiinduiinaingunsalvsesyuuvesyldlnih

2.4 wamuuakuimandeusnsnistunistadulddemmunaiugldlnih

3
3. UYIUAIFANN

3.1 g1sueadin (Harmonic) - muﬂiuﬂaduiﬂammmﬂaﬂﬁﬁu (Sine Wave) v83dgyay1ansousunu
Wumuleg szum'maLﬂuﬁnmumumwmmmmanma (Fundamental Frequency) dusu
iuUUIWﬁﬂuUsymﬂl‘wammmaﬂ:ga:umLmﬂu 50 Hz mﬂu druusznouidanuiifu 100 Hz
38n71 g15uedindl 2 (Second Harmonic) dutsznauiifianudifu 150 Hz Ben31 esuednii

3 (Third Harmonic) 815uadninannisynauvedluaniafisu

3.2 daulsznauansuaiin (Harmonic Component) - @uUsznauvessnsuedniifidusiuunnii

[
0y

vilwesiinaniuaulng Ssuanduzuaessusy (Order) uagen RMS vesdusutiy

3.3 A21uLiNeUgsueiin (Harmonic Distortion) - n1sildguudasvesguadunislnin (Power
Waveform) lansudyaaundulet (Sine Wave) Ingifinainnissiuiuvesainnudvanya
(Fundamental) waggnsuolinduaiimenu

3.4 AUNEUE15UB1EN5Y (Total Harmonic Distortion, THD) - Aa8ms1@81U5E1IN9ANSINAEDS

YOINAUINANRIEDT (Root-Sum-Square)  UoIA1 RMS  wesdiulsznaugnsuedin (Harmonic
Component) fiud1 RMS wasduusznaunuiindnya (Fundamental Component) iguidu
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$p8a Tngo1auwuaduAimnuieuLsIfua1suatngIn (THD v) sakansluaunis (3.1) wazen
ANMUNEUNTELESNSUBTENTIN (THD 1) Aasansluaunis (3.2)

2 2 2
+ + F o
THDv = \/VZ VSVV4 (3.1)
1
2 2 2
+ + [ R TTT.
THDI _ \/I 2 I 3 I 4 (32)

|,

3.5 TnanAauiieu (Distorting Load) - Iwameﬁﬂ%’uLLiaﬁuIWﬁﬂﬁLﬁugUﬂ?{ulsnﬂ (Sinusoidal Voltage)
wirsnszuaiilailysuadule (Non-Sinusoidal Current) dwisuderimunaatiuil Inanfniiioy
sudansesiudalifivdoundsiuinlagiiinnsaianszuavideussfunlilysuadulese (gu
SEUURARLNTEIY Inverter)

3.6 52AUANNMKY (Planning Level) - seauvaaisanuansuetiniinislaildmmuadudmuneiiie
MaHuAuANilksussuelintussuulwihlaesiudaniuniisedudingy iiedesiuilv
gnsueindwansenusodlilniilae sy

3.7 gasiasau (Point of Common Coupling, PCC) - suwisluszuuvesnslyifiriieglndiugly
Iylihgndagldlnihseduenasesuld

3.8 M&alnf1§A299501gA (Minimum Short Circuit Power, Ssic) - 1u1amasluiidansasviln
auasgaiasesnveadfldliin fmiedu MVA

3.9 fdsluifivindeya (Agreed Power, Si) - ﬁummmwai%’l%lﬁwawﬂ%’lﬂﬁﬂﬁﬁw Heyeu1iunis
Tt Svaedu MVA

3.10 Adednelnisau (Total Available Power, St) - vunmasinglisauvesssuungllih
Aosn1savidensaiy Jllnihiweuselussuvaretounssiunans masdnglnihsudiawiniu
YUARiAves Power Transformer Tuaandlges Bay fvzdnglwlgldlnihseny Iniedu
MVA

3.11 A1gegail 95% (95% Probability Value) - TunisUssidiussdvvesensueiniteuiuindiia
tfu Ansfinsanssivvessndueingsanlurnslavneniafioutudadita udifunisfionsan
AmsaRRfisuiudniin lun1sfiansandwisadftuasihdeyananisinfideitesdafidmy
Joyananeiiuaulgisnismeadn Inedadiseauensueiinasaneantuidudiua 5% vesdeya
favun esanardnaniildagioufvensuetinanivasluaninznisvauund udifudiens
wefinfioraiAntuluanensuBouyt Avgeanuesdoyadn 95% mdedadudiildlunis
Wiguiiguiudadnnie

3.12 Agegndl 99% (99% Probability Value) - fgeanil 99% durigsanvesdoyadiviont
mendrndateyaiifiramaneeniududiuan 1% vesdoyariaan
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4. 5LAUMKNUVBILSIAUTISUBUNAMSUSTUU NN TuUsewmalne

nstiflamvuaseiuauveaLssiuesueindmivssuuliihludssinalneduanal dlu
M51971 4-1 9 4-3 Welfidudhmnglumssuauussdussuednluszuulninlngsalegluseiu
funzaulaglidenansenusenisiuvesgunsalliin uasiiielfifunsevlunisinaunuiiie
Avundndrfndmunszuasiuodniiasnngldluiusiazne

AN5199 4-1 STAUINHUVBINIINUTSUBIndmSUsTUUlWTn 230 / 400 V

g13uafinsudun g13uafinsudun e m e w
Flailysruauwinves 3 fidusruauwinves 3 FrsiBuneuaue
U usIAUasUBn (%) U useAUa1suailn (%) JUAU wsIRugsualn (%)
4.0 4.0 1.6
7 4.0 9 1.2 4 1.0
11 3.0 15 0.3 0.5
13 2.5 21 0.2 8 0.4
17 1.6 > 21 0.2 10 0.4
19 1.2 12 0.2
23 1.2 >12 0.2
25 0.7
> 25 0.2+ 0.5(25/h)

AUNEULIINUISUBENTIN (THD V) = 5%

AN9199 4-2 STRUMRUTBILSITUENSuandwmTusTUUTHRn 12 KV, 22 KV, 24 kV uaz 33 kV

g3uaiinsudun g3uaiinsudun e m e o
flalysuauwiives 3 Fidusuauwiives 3 FrsiBuneuAUe
Uy ussnuansualin (%) UAU ussnuansualin (%) DUAU useRugnsualn (%)
3.0 3.0 1.5
7 3.0 9 1.2 4 1.0
11 2.0 15 0.3 0.5
13 2.0 21 0.2 8 0.4
17 1.6 > 21 0.2 10 0.4
19 1.2 12 0.2
23 1.2 > 12 0.2
25 0.7
> 25 0.2+ 0.5(25/h)

AMUNBULSIAUE1Sualing I (THDV) = 4%
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A15197 4-3 SEeuUMINLYaLsITuansuaind mSuszuUINTA 69 KV, 115 kV uaz 230 kV

gfueiindusiva gfueiindusiva e e
lalysuauwiives 3 Fidusuouwiives 3 FrsiBuneuAue
Uy usenuansualn (%) UAU usenuansualn (%) SUAU usInugnsualn (%)
2.0 3 2.0 2 1.0
7 2.0 9 1.0 4 0.8
11 1.5 15 0.3 6 0.5
13 1.5 21 0.2 8 0.4
17 1.0 > 21 0.2 10 0.4
19 1.0 12 0.2
23 0.7 > 12 0.2
25 0.7
> 25 0.2+ 0.5(25/h)

AULNEULIIIUFISHBTNTIN (THD V) = 3%

Tuderimuavaduiililanmvuassdunaunudniusssnulniinsswanss iewinusenulndi
nszuanssdinansznuiiiudunsionessuulaiy dudsnislaiivldoygialvdinasdnalad
nszuansuingszuulndnluynnsel

5. B sUszliudldlndihdmsuniseygnviweusaiussuuluii

nsUsndugldlniuiaismsvsadusendu 3 dumeu fnqusrasdlunsutsnisuseiiiv
aaﬂLﬂuﬁﬂ'ﬁumauﬁuﬁLﬁammau@awijizéfmamaamﬁamﬁéfaﬂéﬂumiﬂﬁzLﬁul,wiazﬁﬂ'jumauﬁ’u
sgiumNuEssiussiusstednaziidfusziununusuomsdeudevoslalii

msUsuidiuazduinnsananiestuney vngldlwihldiunsssdulutuneulanielidn
Pefazdssidivlutuneuduld Alvlussdulutuneusnly dlélnihazdeusedfussuuladils

zfoInunNsUseliulutunauladunaunia
5.1 MsUsesuluIunauN 1

Jumsusslivlududunagiinnsanainvuinmdsiihsunauevesilalni wisuieuiv
YMAIANGn299579A003U Hufe

“mnmiasliiividyarvesldlnihdvuinluinu 0.2% vesmaslwihanieesaigniignse
Y3 avougmlvideunanuszuulnila”
5.2 msUsziivludunaun 2

Junisuszdiundesiiansanuunawazuseinnvedvaninieured gt wWisuieuiu
YMAIANGn299579A0039U Hufe
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“mnmiaslihAniiieudsumin (Weighted Distorting Power) vasg/lelnidyunluiiu
0.2% vesradlwihanasaiganignsetiy sveygmlvideusenussuuluinla”

o

AaslwihRaeuusuivnanunsaAwalaanaunsee Uil

SDW = Z SDi ‘W,
i
We Spy = madkiiRaieuySudimin
Sp, = maalihfinavaslranRaNeus N |
W, = uwvawesusulmin (Weighting Factor) @usuluaniaieuddi i lay

unAmesUsututind msuinandaNeuUsTIANa @ nsanasulaaIn
M1599 5-1

e nsallinsvvasnuEnvusvadlraniaiiow  unvuaswamesUsuUInn

W 2.5
anseit 5-1 wlawasuiuthutndmdulnaninieudssnnenee
AETNLIN ¥ o AU R GIGLH
o sUndunszLalaenaly . oy
InanRaLie v nIzlagsuailn Ysuihwmin
, N A L
Single Phase Power j \ } \ / 80%
Supply (Rectifier and \ / % / (815upding 25
Smoothing Capacitor) \/ l&U 3 flenga)
i 6 e d
\ \ F1IUBUAN
Semiconverter ! ’ 2, 3 uay 4 denga 2.5
dleluantios
A W,
A A A A f f
6-pulse Converter, \”
Capacitive Smoothing, n! —\ ] 80% 2.0
no Series Inductance
Y|V
6-Pulse Converter, nvn vn ﬁ\,
Capacitive Smoothing [ \ . } \ , ] 0% L0
with Series Inductance \ 1 \ ] ° '
A A
> 3%, or DC Drive LVAY/ LVAY.
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— Jg— —
6-Pulse Converter I l J \ J
with Large Inductor l '—\ [ 28% 0.8
for Current Smoothing | i
ol Y
\ Wasuulasay
AC Voltage Resulator ¢ ' o 0.7
/ / /1 Firing Angle
17 vy
..n‘,‘. i .
12-Pulse Converter r!!j 1—\\ ;J Hlt H[) 15% 0.5
Vi "

5.3 NM15UsLLIUTIUIURDUN 3

Junisuszdiunfinnsananusunanseuassueiinuazsudung ldlniiasedu wWisuieu

[y

fulndniaiinvue nedadrindmsugldliihudagsefiasananvannisseludl

(% s

Fpdrianszuasuedndwiudldlvidudadrutvauamdalninivivdeyey dldlnig
il

Y
o w

vunmasiniivihdginnazveulnasisnszuassueiinlauin

N13AUATAINANTZLESN SN TNATNRIAILUTANS g DiNafaN TN URIg Sualinlu
sruulnidulaun nsaielounsaiugsuelinaInssuulsigedssuunsam  (Voltage
Transfer) waznan1ssunuludaanesvetaniuetindunusiee (Summation Exponent)

winglliusazseadanssuasnsuetinuazdtedeutigssuulnindudsunainiu

SN o o A

Inadannsinifruanan wsesussuadnsinlussuulninasiavinduseauIwRy

Adadnfanszuas netndmivdldlniudassetusgfuiudsiegdeludldun sedu
Nuussiusfuedn seRulsuliuazidslnindnisasianigasiosan mdaluiaivia
Fyavesfldlain uazidsieliihsmvesszuuidldluihdosnssdoudedudu Tnganansa
FunailFanyaaunsdeluil

We G,

G, = %/LCha —(T-Lyp)*

sedunsussuetinduiu h sufisenduldlussuulnilh (Acceptable Global

Contribution) Tudaufiinannslélnihuesldlniiomalussuuiifiansan

- eadidmasinUiinananmes (Summation Exponent) ¥84u33fug1iuatinain
widatfiafinainuate Tnefiansanenléainmsied 5-2

- syiuNnauRuvessfusuedndusu h Tuszuuliihidldlnindesnisiouse

frsanAldannmsned 4-1 fq 4-3
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Lon = S¥AUINLAUYRssiuesueindudu h lussuulwihfegwiloTuly (Upstream
System) wu Mnseuulnihinensanfessuy 24 kv ssuuliiihiegwiletulupie
LU 69 kV 38 115 kV Wa15a1Alaannmisned 4-1 fe 4-3

T = duszneunmsaigleunsenueniuedin (Transfer Factor) a1nszuulniiiegivile

Fuluasungszuulniiglalaidesnsideuss Geaunsausedudilaainns
Taesszuurton1sinA19se unsalfilinsuAlinvusdiniu 1

NUTYLYAG)

1. dwduszuuliii 69 kv waz 115 kv 1 G, fidnvihdusesunasdlussuu gy

2. Fmsvsudiue G, muaumsiresiudugiusnanszuuliiinuy Radial dvsuszuu
Tl Aistdnwasdu Mesh wuszuu 230 KV nsUszidium G, THRarsanainiansmude
9.2.2 Tuynmsgu IEC 61000-3-6 (2008)

= :Gh'i/g
S

En = Undnfinuseiusninedndudu h (%) s Iadesiud msugldlnihseniaisan
S = masklwihivihdygyveadldliihmeniansan (MvA)
S = mawelnihsuvesssuulnigldlniihdesnsweusie (MVA) wu gLl

Weusialusruuatelouuseiunais Mawdiglihsiuvesszuulifidianiify
uaiiiavewlowlasiasluanifides Bay naralwlviiugldludiu

NLNBLIAR)
1. dmdudldlnihvuadnifivuiadidelwifiviidyasn nsawiuan B, auaunis

o

(%
ava v o 1

6?1"1&éfuawiﬁﬁﬁmﬁ’ﬁmﬁhiamwaa(ﬂ‘"]Lﬁum'ﬂfﬂumwgum Fatfuan ., fieunaldung]
AtpaNn 0.1% Winvuaady 0.1%

2. dmduszuulniihfiideusatu HYDC Station 38 Non-linear Generating Plant #3®
Thyristor-controlled Reactor %39 Static Var Compensator n15Usgidiuan S, Tansaun
91n35M1303ve 9.2.1 Tuxmsgiu IEC 61000-3-6 (2008)

10-E,, - MVAL
" J3-h-Kkv,
I - Fadrianszuarsueindusdu h a garesiudmsugldliheifiansan (a)
h - dususnduedniifionsan
kVs = usefu Line to Line vasszuulnihigldluiihdesnisidouse (kv)
MVAc = mdslihdmsasanlaniian o qasiosanvesdldlidih (MvA)
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A1519% 5-2 Summation Exponent aMSugnsuaiindunumngg

UAUY Summation Exponent (Ql)
h <5 1

5 <h<10 1.4
h > 10 2

Indinnszuagsuetnd wiudldlnihusarsreuenanaunsaduialagldaunistiaiuue
faanunsainsanlan “lusunsudwindadndnanseuasnitelnd wiugldlniussiangsiaay
gaamnsT” Ssanunsanaiilvanldainiivledvesnisiuiiiuasmais (www.mea.orth) aslaiih
duninia (www.pea.co.th) visenstnidendnuvislssinalng (www.egat.co.th) lagdiiee19n1s
Tdanulusunsuafiansantiannaianuan ()

Foulalunseygeliidousetuszuulnind miuldlnindasensuednnunsuszdiuly
Funoudl 3 agUldwed

“mnSuIainseuaE e inusaSuURuASUAUT 2 §9 50 TIE a9 Al sumdagn
sosaudla luidudndrininmnly sseygaliifousanusyuulniinls”
dmsunmsgiulunisanaianasUssiliunarnseuassueidnainglelnimunisussiduly

[
1Y

JUADUN 3 NANTUTILaZLDEALAAINAIANUIN (D)

6. N15UIAUTTTBNINUA

6.1 gualdlnfirsglva

Aueldluihselndassesdndieasidunvesgunsaluasnisiwinlinisiiinsiaaey lng
wanslifuindlefinsdedenihiuszuuliiiudiezlineliiAnarsue dniAudndifn dradu n1s
Iyl eanudvslumsliseliivnnmsseldlifihdnanneliAnuansenudessuulwihuaggld
Iylihsedu

6.2 fuarasunuasmsldini

AvatvdsuulainsldlnisdesUifwuneiiute 6.1 lngagdesdndesioasidenves
gunsaluarnsAAnInaniuwazlranniinsudsuwlasinisinihnsiaey

6.3 gl eiu

dmansiinaesivaeusdnuinisidlnive sl edutuneliifinesueidniiu
Pndrinadreiu gliluihagdesinnisusulsudludieannansenudanarimnglelnialddniiunig
Uuusaunly mslwihagdnluvinisuiulsunlelasfnalddrganglilnivissnnisinglaih
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7. 1IATFIUT19B9

Engineering Recommendation G5/4-1 (2005) : Planning Levels for Harmonic Voltage
Distortion and the Connection of Non-Linear Equipment to Transmission Systems and

Distribution Networks in the United Kingdom

[EC 61000-3-6 (2008) : Assessment of Emission Limits for the Connection of Distorting
Installations to MV, HV and EHV Power Systems

IEC 61000-4-7 (2002) : General Guide on Harmonics and Interharmonics Measurements and

Instrumentation, for Power Supply Systems and Equipment Connected thereto

IEC 61000-4-30 (2008) : Testing and Measurement Techniques - Power Quality Measurement
Methods

BS EN 50106 (2000) : Voltage Characteristics of Electricity Supplied by Public Distribution

Systems
PRC-PQG-01/1998 : dormuangnasiansuetniiediulniihussinngsfanazanamnssy

Fgnumanaianisaivauesuetinfeitulniivssiangsfauazenamnssy adul 2557
AENTIUNSUSUUTIRuWeialavesssuulnih
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A1ANUIN (N)
mmgfmiumimaa%’ﬂu,azﬂmﬁuwa

n.1) gunsaluaziaiesdlefiltlunsnmainenfueindesdnuandfiluluautefvunluinasgiu
IEC 61000-4-30 Class A uag IEC 61000-4-7

n.2) Mmyuszilunseuaansuednanglélniiussuieuiviadrdalunsussiliuduneuin 3 ag
farsanlngodendninaideluil

- ANgeERl 95% vedAn RMS wadelugiaaan 10 uiv luseuszesian 1 dUavi veenseuasns
wallinudazdudu deslAmliiiulndrdaiivualiannnisussilivtuneun 3

Y

1g98A9 99% vadA1 RMS adgludiaan 3 i luseussesiia 1 Tu veinssuasnive

[y

o Y A ia & o o ao 9 P v N v s
NLLAATDUAU G]@Qllﬂ'ﬂ,llLﬂusﬂfﬂzﬂqﬂWV]ﬂ']ﬁu@l')%']ﬂﬂ']iﬂigl,musﬂum@uw 3 @m@'ﬂﬁLLWﬂLW@i

=) 3.

kius dMBAUILARINENNTHB UL

K

hvs

0.7 d" & % % L3 a
=1.3+—(h-5 W8 h AUAUEIINDUN
45
n.3) nsannsenaansuafindantuwinnuluwsazia n1susediulviansanannaniusuiunsewa
g5ueilngaan
n.4) MsUssdiuasiansaaniznssiagnsuetiniilvanssuuvesliliihesngsyuulniinieuen

Wiy dusunsvuassueliniilvaainsvuuliiiarsusnidrdssvuvesglglniagliun
TORETYY
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duSudlglniiuszinngsiauazgnamnssa

Alglnihsenisieeniswendesulnainaieddussuy 115 kv Fednglviunainaniiaunied

[
a Y v

AnasnsiauUasruiadiin 600 MVA Taggldlnidvuianisveldlilh 80 MVA wazseauridalnii

[y a

dnsasyiaanuadian o aseTinvesEldlnindvunn 2,000 MVA

1.1) 1.2) 1.3) 1.4) 1.5)

2)

TdsunsuAtuiaiindrdanssuaaisugiindrwsudd W dsyiansshiauazanaivnssu

Input Ddta Planning Lewel Summation Glohal Harmonic | Current

System Voltage' (kV) 15 MY VMY LY Exponant Contribution Order Limit (A)
Total Available Power'™ (MVA) B0 1 15 | 16 1 1 2 5.7
Agreed Power™ (MVA) 80 2 3 4 1 2 3 8.9
Min. Short Circuit Power™ (MVA) 2000 0.a 1 1 1 0.8 4 2.7
Transfer Factor™’ 1 2 3 4 14 2 5 9.5
05 05 05 14 05 b 2.0
IEMS Tdu 2 3 4 14 2 ! b5
0.4 0.4 0.4 14 0.4 8 1.3
audrewlsatanalutias Input Data u&IWa15M 1 12 | 12 14 1 9 2.6
fdlsddanssuaasuaindudusiagléanndaa 04 | 04| 04 14 04 10 1.0
Current Limit Tumibauauuls 15 7 3 Z 15 11 5.0
0.2 0.2 0.2 2 02 12 0.8
MU 15 2 25 2 15 13 4.2
0.2 0.2 0.2 2 02 14 0.7
(1) System Voltage Aaszduusaduuasszuy i 03| 03| 03 2 03 15 [
riw"lwﬁuﬁaomﬂﬁami ozl 24 wia BOkY g 02 [ 02| 02 2 [ 16 1.6
AsflsTULLS 6T 2300400 V Tssydniu 0.4 kv 1 16 | 16 ] 1 17 y V]
0.2 0.2 0.2 2 02 18 0.6
(2) Total Available Power Aard@sdalvihsiunas 1 i 12 5 1 10 1.0
seunlvlih AglElivhaaanisdausia wu GlELWH 02 |02 | 02 7 02 0 .5
7l .ﬁausl-ajt.'itium"-'_'i]a'fu'mr:f'.mma Total Available 02 | 02 02 7 02 1 T
Power faninfuruiaffauas Power Transformer 031 03 02 5 0.3 y¥] T
Tuaanfidan Bay Adelviimugldiiia T 12 12 5 07 =3 R
(3) Agreed Power datuianisuald v R ld 0.2 | 0z 02 z —< 24 4
- e 07 0.7 o7 2 o7 25 1.0
I d sl IR 5 __ - -

. . UL .
(4) Min. Short Circuit Power famda v deaas g; g 3 3; ; - - 3; g:
sfiaauvashgaiiqasasuuasd 14 vhih _— - - < .

0.631[0.631|0.631 2 0.63103448 29 0.8
(5) Transfer Factor da@sznauiadsfionaan 02102) 02 z 02 _ KL L%}
nrsenpTauussdugfuaiinansruuiifagumila 0603[0.803] 0.603 2 '3-'3'39225'31 31 0.7
diulal (Upstream System) anungszuutiil g i 0z2)0z2)o0z 2 02 i [
Iihdasmadansa Tnovialudwualadaniy 1.0 02 (02| 0z 2 0.2 33 0.3
0.2 0.2 0.2 2 02 34 0.3
0.557[0.557| 0.557 2 0.55714286 35 [
0.2 0.2 02 2 02 36 0.3
0538|0538 0.538 2 053723734 a7 0.5
02 ] 02 0.2 2 0.2 38 0.3
0.2 0.2 0.2 2 02 39 0.3
02 (] 02 2 02 40 0.3
0.505]|0.505] 0.505 2 050487805 11 0.5
0.2 0.2 0.2 2 0.2 42 0.2
0451|0491 0.491 2 0. 490689767 43 0.4
0.2 0.2 0.2 2 02 44 0.2
0.2 0.2 02 2 02 45 0.2
0.2 0.2 0.2 2 02 46 0.2
0.466|0.466| 0.466 2 046555745 47 0.4
0.2 0.2 0.2 2 02 48 0.2
0.455]10.455| 0.455 2 0.45510204 49 0.3
0.2 0.2 02 2 02 L1 0.2
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Anslgauluswnsudvunausal

(1) Jouasudssnaluszuulnihasluges Input Data

1.1) {]@umizéﬁ’uLmé’umaﬂizwlw%ﬁiﬂ%’lw%ﬁmmil,%amiaaﬂuﬁdaﬂ System Voltage
dmsunsdiiae 115 kv

12)  doudrirdsdnglniisinvesszuulwihiigléludifosninidensdeadutes Total
Available Power dwdunsdiiieruniifnvemieudasideneluannidunisdadien
Wiy 600 MVA

1.3) i’]aumﬁummmwﬂﬁﬁlw%ﬁ;ﬂsﬁlw%}ﬁw Fyandunisinitaslutes Agreed  Power
dmiunsdiilae 80 MVA

1.4) Jourriasluindasasviinanunanaaiigasosiuvesglilniiadlutes Min. Short
Circuit Power dwSunsalidansiniu 2,000 MVA

1.5) Yourniuszneuiitemilfiamaainnsanelouussiuasuednanszuulwiegunie
Julvasngszuulnihigldluihgeanisdeuseasludes Transfer Factor Tagitaly
Avualidandu 1.0

(2) #1sanAdaiianssuassueindudumegdmsudlalninlaaindes Current Limit Tu

=

' s o A 3 a o ) o o &
NUIBLBUUUS UUF’]'E)S(J@‘U']ﬂWﬂ35LLﬁﬁqiiJSUﬂﬁqﬁiUmﬂWﬁ'ﬁ']EJUiJﬂ']@Qu

Orde | Limit (A) Orde | Limit (A) Orde | Limit (A) Orde | Limit (A)
2 6.7 15 0.7 28 0.4 41 0.5
3 8.9 16 0.6 29 0.8 42 0.2
4 2.7 17 2.2 30 0.3 43 0.4
5 9.5 18 0.6 31 0.7 44 0.2
6 2.0 19 1.9 32 0.3 45 0.2
7 6.8 20 0.5 33 0.3 46 0.2
8 13 21 0.5 34 0.3 a7 0.4
9 2.6 22 0.5 35 0.6 48 0.2
10 1.0 23 1.1 36 0.3 49 0.3
11 5.0 24 0.4 37 0.5 50 0.2
12 0.8 25 1.0 38 0.3
13 4.2 26 0.4 39 0.3
14 0.7 27 0.4 40 0.3
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CCAT-S: danmuuangunasiussnunssiney nganulnihussinngsianazanavmnssu

PRC -PQG - 02/ 1998

o q b -ﬂ:
%ﬂﬂﬁ’iﬂﬂﬂ{,]!ﬂﬂ!“nlﬁﬁﬂ HNIZIWON

e Tdvhilsziangsnaazaamnns su

amzn3sunrlivdysnanusenslavesszuulih

o milihihandauvalszmalng @ msldvhuasnans @ misldihdaugiion
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PRC-PQG - 02/ 1998

kg
sy
3!
Wi
1. v9 A 1
@ <
2. Jagilszaan 1
3. A5 U109 1
ERTIT T 2
8 oes " A
5. Yadiansan Iz 4
LA s s A = a 1o o
6. WO 1HHA TUN 3TN TzAD WD THONTIRAM IR IN KD IHAIT1A 6
7. Ml ls 12
mamon FomziihimyammzalnsailslumsFansadunsznion 14

v A
INA179 149049
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1. Ysiua

fﬁaﬁmuﬂﬂgmmcﬁﬂﬁufﬁﬂﬁﬁﬂﬂﬂﬁmﬂummﬁaﬁw

1.1 diodludommuangnasidmsudiaiiaua: msasaaouussdunsziion (Voltage
Fluctuation) thu 015 1wl szinngstouazgasinnssy

12 diormuamasms i s hud lunaz s yna s Tifasadunszaiond Lid lda
dori1miua

13 ﬂﬁ’ﬂf‘imuﬂﬁwaz“lﬁ’uumNLf‘“i&J'JfTuﬁﬂi‘i"lfTﬂuﬂﬁuﬂizLﬁauﬁsaufu"lﬁﬁilﬂﬁiaém (Point of Common
Coupling) &ﬁatﬁﬂi}mmi”lﬂ]’fqﬂﬂiai"lwﬂﬂ%ﬂuizwuiaqau,azuﬂﬁ"l

1.4 Forimuniildiy ailnsal i e Tnannnnd 3.5 kva wazdeliAaussdun fountlasuams
Waudus 1a5weiu i 1,800 AssAauT ginsaldanafed sy vamesneumsawes |

dat B A o El o o of
naweiiludee, wisuwyoulavs , winasu lav: , 6Wh  inealiuemea, sawmes uazensal

Tl lvnnunssaauss Tsanugamunssutlszmnmeiag
o d
2. Inmlszaan
oM nuatadinausadunsziies (Voltage Fluctuation) 113tAanssuniuluszuu vl

uaz@14 Il

)
3. Naisiueniad

- A8 22794-1991 Australian Standard
- Engineering Recommendation P.28 , 1989
“Planning Limits for Voltage Fluctuations Caused by Industrial , Commercial and Domestic

Equipment in The United Kingdom”
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4. e

4.1 wyaamlaoumlag (Voltage Change) - mattlaeunil asuean RMS (13071 Peak) Yo aus a6y
53 1IM =AU Id 2 32au1ndi Fusay szduiimnai luszernadiuduouua ldfnungia

Jzazia

42 w53dUN 52BN (Voltage Fluctuation) - gavaaussdiunl feunilas (Voltage Change) wiamisnlfeu

w1 adedanoiie U A 13 96U RMS

1 o 3
43 !!‘i&é’i’uﬁm“ﬁf’mmz (Voltage Sag or Voltage Dlp) - Ll‘qufuﬂﬂa*ﬂﬁul‘ﬂ%}ﬂﬂﬁg 10 glwli?ltl‘jzt’lz DaALe
& o = ida  a a A o El oA T =]
ﬂﬂ"lﬁlimaﬁmmhlummﬂ TﬂEJLﬂﬂmENﬁnﬂﬂ“l‘jLﬂuLﬂiENGIJENNﬂlﬂﬂ‘miaiﬂaﬂmmﬂﬁlﬂty‘ Hiowmna

ANURANTDa Fault) Tuszuw Tvkih

4.4 wsagilaunmladgege ( Maximum Voltage Change , AUmax ) - AVIHUANA1ITE 131971 RMS 74

gatazdgaveIdnyazusdual dauudas ue (Ansengili 4-1)

4.5 usaauldoumlaan1znain ¢ Steady-State Voltage Change , AUc ) - A 1HULANAIITZ HITIUTIAU

mazaai 2 mitegIndmu miwenlasussaualaeuwnlasediatos 1 4a (Rsangili 4-1)

u®m
&

B —s - AUmax

i # 4-1 namanssdunlasumlasmuaig

L}

4.6 uyadunl Aol asdninsgaga (Maximum Relative Voltage Change , duw) - 9951833211

Aun)asuuilaigaga AUmax fUusIAU Nominal ¥835:0Y , Un (W01500 31041 4-2)

4.7 wsadmlAoumlaan 1znafidining (Relative Steady-State Voltage Change ,d,) - 8951871

JrHIausIAuLasunl an132 A AUe LN 1Y Nominal 1935201, Un (Wa13an3Ui 4-2)
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Ui /Un
A

\/ dC : 1 dmax
. 4

jilii 4-2 uﬁm!mﬂmﬂaﬂuuﬂmmwwmmumq0|

48" n=n3u @icker) - Midnlumsnesi liminawe iewnnsnszguainsz fuveaasaing
1 1 k3 |
fiimswlasuulauamana Taanaainmsdeuussdunszmien]im viaen Coiled-Coil

Filament 230 V / 60 W

49 w303 Mn=ns (Fickermeter) - in5oaioneanuuvdmiulsialsmadinedead IWnzwsy

(Taenln@laTan1 Pst waz Pit)

4.10 assuil lnzwiuszazal (Short-Term Severity Values , Pst) - il lfalssdiunnugunssuealil

'
newsuTuaamdua 1o i)

4.11 25591 W0 W30 3202812 (Long-Term Severity Values, PIt) - it 915zt iiumiuguus ey

neniu luszazens (2:3 %1 Tua) Taewi1 ldnina Pst augas

1 i=n 3
3’52}:1 (Psty)

n=31U3IuUB9A1 Pst Tuanaszazanfinia Plt
i ' kY
315z gzMALU=11 Ao 29 Tue Aiu n=12

4.12 4AA93) (Point of Common Coupling ,PCC) - A luszuvvesms Ivhitoglndrud1e v

al

vhiiga 3adl4 IWdhaebuerasesan b

4.13 !ﬂ‘iﬁ&ﬂﬂﬂ!ﬂﬁﬂumﬂulﬂ (Portable Tool) - ﬂﬂﬂimiﬂﬁﬂﬂﬁ]31"Iiﬂ%]ﬂﬂiﬁ]ﬁ]ﬂﬂﬁ]ulmuﬁlﬂ%lﬂﬁ”lﬂ"li

H1uUna uaw”lﬂiam”luﬂf';au,aa"lﬁuqmmu (2-3UT1)

]
FAa o

4.14 ilnsaieumlaangn (Balanced Three-Phase Equipment) - ginsaiifividanszualumedu v

(Line)mamﬂaxmﬁmaﬂu"lmﬂusaﬂa: 20
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5. ARTIHANITIA UA 1NN

= &) A g 2 ' & ¥ o=
Tumslsziumsedunszaion wiadly 3 duasy muawinusaIvaalud 1unnelimansa

ai A .4
AUNI=LHDY AT

LA
Yuaouii 1
Tnasvesginsal lWdhludr uiine liiRaus sdunsziies Andlu n3e. doenii 0.002 mwes
& o a & a o = Y @ o 3 ' '
WA, dm witigadedd u vzdusen Idaehiuszuuveans luvh 1dae Taelideshnunisas

’i‘TEl‘lJﬂIHLSﬂﬁHﬂixlﬁE]N

& =
YUADUN 2

]
1
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1. A.8 2279.4-1991 Australian Standard
2. Engincering Recommendation P.28 , 1989 “ Planning Limits for Voltage Fluctuations caused by

Industrial , Commercial and Domestic Equipment in The United Kingdom”
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(b) Wiertwuadofmuaiiugiuegnsdnian ﬂiauﬂaumiwmimmimamamu
wadadusilumsssnuuudwiuduadeude/fideude sviarasndeamis
wadinvasgunsailiuazainsgunisiaseiigadouse ilendnidssaany
Feveseszuulnihvesiveidense/fidouse {ltuinissedug uazszuu
lasstngliihves nvin.

(0 vielsifverdonsie/fiveusoanunsaiiuasedlssluiihvuuiuszuulaseng
lyidulusennuvaends Sunuasiiuszansam

(d) o munmnsgIusrUUSUdsteya szuutlesiu wazunnsiandanulain
nelulsalnihlivinuaenndesmunnaN BULIaITEUU NN,
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(@) AwAszuulWih Wiy 50 Hz wazazsnwiAtluanzunalieglurag 49.5 fis
50.5 Hz (L unsdififimgiiaund Aaudonadiannadoauuinnndy £0.5 H)

(b) Asaiuszuulnd Wiy 1.0 p.u. lagazshwiszauusaiulieglugig £5% Yo
AusfuvesszuUlii (eniunsdififiveiaund Auseduoraimandesuy
1NN £10%)

(c) 5¥6iu Harmonic Distortion s3uggavesszuulnil nvik. neldanizunid vie
anneiiflen planned w3o unplanned outage 9ziWindU (Enviunsdiifinisiin
peak WWudieszazandu)

A13199 1.1 SEAUMUHLYaILIIuansuaiindmTuszuulvin 69 kv, 115 kV uaz 230 kV wiagendn

gsusfinsudun gsuaiinsudun e m e o
lalysuauwiives 3 fidusuouwiives 3 FrsiBuneuAUR
U ussnugnsuaiin Uy ussnugnsuaiin uAU | useauarsueiin
(%) (%) (%)
5 2.0 3 2.0 2 1.0
7 2.0 9 1.0 q 0.8
11 1.5 15 0.3 6 0.5
13 1.5 21 0.2 8 0.4
17 1.0 >21 0.2 10 0.4
19 1.0 12 0.2
23 0.7 >12 0.2
25 0.7
> 25 0.2+ 0.5(25/h)
Anluus s Ledng (THD,) = 3%

(d) nelsannzunfinay planned outage szuulninves nww. azsnwAn Voltage
Unbalance Wanumsnsdi 1.2 (aﬂnuﬂimmmimm peak Hurneszes L’;mam
esiendlalaiiu 2%)

A137297 1.2 A1 Voltage Unbalance aNussAuLLIInU

szaUNIIU LT aausznauuseauliling (%)
230 kV v38gen I 0.8
69 way 115 kv 1.4
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nEnsusEEzeN (PU) Wasinuvasnliauseiunszinaunviuaniinasaszuulniy o 9alag

srduussiulniiigasiason Pst Plt
115 kV wi3osn i 1.0 0.8
11N 115 kV 0.8 0.6

anmnnsalangg feniulude cCa.11 sraintulurasfissuulilannsodam  active
power Wag/v3a reactive power fifisane wiea1afivmansallaq Adadudu Significant
incident 1findu Tuanmnnsaisneg wandagusnmatssgnituees nvia. Tunisne
anmeszuulniulumuieulvlude cc3.1-
CREIVIE
® Incident wneds wgnsaifiliaafninasiAntu uanmgnisaiidssaly nvl Ll
anmnsaUfoRnumnsgIusag i ava. 1Wlun1snaunutaznisdiiunudiu
szuuliiih vielumgmsaifidssaliyaaaldiuuimdu

® Significant Incident 117883 Incident 7 nvl. RA15LEIN zaNTOAWATH
System avaansoUdy tinanaliund ldvaense wislifiadosnim vide
danaliupnalasuuinduiiensy
nsdl Significant Incident Midsnalifyanaldsuuindu urlifinansznude System vl
finnsanidunisussmaseyniuves nalw. sudeulalude cC3.24 )

v a wa o v
ﬂlﬁﬂ{]UﬁlUﬂqiLﬂiauﬂaL‘U'ﬁgUU

nsgudayanisiansannisideslesszuulassinglniin
fualdensio/fionsoanansadufeaardeiaueveiensoszuuliiiun . 16 Tae ¢
voidouse/filouseiivinilunsusvazidoateyaiasuiunazauysafliun nww. iilo
1% udoyanisfiansannisidenloaszuulasaigliih - (51azBundeyaniudsuuy
CCA2-)

Tunsalfifnnsidenderuszuulasanglniivesnisliindesmineg ueideuse/s
Feudeivihitdseonarsudngiu/miideduseanisidenlssszuuiminguosnsivige
Frmieliun nvln. el fiudeyagaideusioszuulasanelnih
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MeazBuatayaildlunsinrsuiniadeudeszuulassinglnidumaie
(a) nsdifuoibeude/fideudadugainlsslnin Adndesiudaluiiuuudlasia
Tneléidomasioadaniodomasiinmudalii erfitu diufiu fesssu
Rradanm Wewds Taua uazaey [Wudu duuelifuedousde/fidousdedads
eaziBeatoyan iy CCA2.1-
(b) nsdifuerdeusie/fieusailugaindlssnin ngldndanunaseniinduanliii
Avuslviguelonsio/fionsodndiuaziBundoyanudauuy CCA2.2-
(0 nsdlffvereusie/fiieusardugaiialsslnin Tnoldndanuaundnlulin svuals
fualdonsio/ionsodndiuaziBundoyanuduuy CCA2.3-
\lesanssaziduadeyamaluladnisudnlnfiienafinisivasunvasidluounan
Fatiu nwe. enafssnsteyadfyiuiAnfiuonivileaniiszyludauy Ty nwe. azuds
volfueeusie/filousio Aosdndieazidundeyariifumnls
Tunsdififuerdouse/fidonse Wasuwasszuulwihideudefussuulasaiiglifiwes
mslfilnenisidsuviefinvunniniesiuialilih vdevuruaiesiudalvifidisi
wdoauddls e, Annsanlianudiureuynads wagmndswansgnuvinlmiaaiymis
seuulwihwes i, fuerdeusio/fidouseasdoadulfuinvouiomn mndveidensa/s
\Bouseliudsteyasananiuas nwn. asrawulunends nvli. veanuansaudunisn
Foulviisgyludorimuafendunsufifnisssuulaseiglii
nsAnwszuulnii Tag nvik.

Qe

N

e =

ee D

ielvnsdendelsslwinlinsznudeninuiung mnudasads warAmAINYBITEUY
W& yandauloviennag Meades nilk. SeiesinisAnwssuuliihaieldndninasi
#1997 nvli. wua Wegvedeusie/HllonsadndsssaziBundoyatinsuiiuuazauysal
TowA Ao, wan

vaninasiildlunsAnenszuuluin

[

firsanaudneninszuuddliii (Grid Capacity) Ssasaungunisfnumdn 2 Fee fedl
@ nsAnwnsluamaslniilun1igada (Steady - State Power Flow Study)
(b) msfnwAnszualnildn19as (Short - Circuit Current Study)
Al azvinsAnunsULUUNsUSUUTssEUUlNh Lesessunisieudestaiuns uaxd
UsgAnnm vuitugiulvidinisasmuiign Tnevdsannisifeuse szuvddlnil nvin,
zfossessunasisne el
\nauaivialy (General Criteria)

v Y o

fvualiigunsallvliluszuunniadenihnuegmeldidaunaianzund wazviaueg
aelaffngniduileiiamnnisalfifigunsallagunsainieiignldamegluszuuudaifiavan
98NAINTLUY 19U a18ds 1 2995 LAndn9aswalgnUaneenainszuu tludu en
mmgmmmﬁumwuﬂﬂﬂwﬁdq “Um3g U N - 17 (N - 1 Contingency)

Tunsnaunuszuulnd nule. Iedmuadifafinngnd uaza1izeniduvesgunsal

T nsleglussuunmenddselnivesiuedouste/dieusodngluiugy Asil
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® FTATAUTITUNNILUNG agluyae 98 B4 105 % vasrUnd
0ﬁﬁm‘i’]ﬁquﬁuﬁmwgﬂ@u (N - 1 Contingency) agllugia 92 §ia 108% oA
Un (0.92 - 1.08 PU)
Tnegunsallwiihdilddnwilunnzandu (N - 1) liun aeds mioudas uaziedosiiinlit
nauailun1zAeRa (Steady - State Criteria)

Tsslrlihvesdueidouse/fidonde desfnuisefuussfulililiAudadiaussiui
amzUndloszuuliliih nwe. iauiinizund wazsuuvuveanisinavesindslyiiilu
szuvdsliniinnzdnd psiiddsludinduendidrsesdmiuiadesinialuiiunde
Uszana 40 Wesldud uasiedesiudnliiimsezianuegaeludnifnvesiidslning
waniim %ﬂﬁﬁuagﬁ’wﬁmﬁumLﬂ%ﬁﬁ%ﬁ@lﬂﬁﬂ uanaNtinImuANLIuanIaf sl
nazosidalili ufivvseutadluii waznsvaweidslniinsuondin wieliian
augaydeluszuulniidesiige
Tneifleflgunsailaliidladndangaeenainszuulsiii Tsdlnfvesivedeusie/q
Fouseazdosinusziunssiuliinliliiudadfaussfuinnzeniduldlaglifesding
uilvszuu usananseldgunsnimuaudaludfuuuhemss suimsiasegunsallaii
Suoniindildmunusziuusadu esnwssuulwitl ALy
nsdlfiAnmnnnsaldmasluszuuliinnanendslsdlwihvesiveidense/fideusedny
Iyltudhszuulwih i, azdosilienszuadnisasiiudaranillniuseglaiiu 85 %
vasrfidnuasgunsaifianey (Circuit Breaken) shanluusiazanmlnihussgedus
n1sudeAlgang

. azudednldirglunisvesyginidoudessuulasadigluiin (1w Arldanelunis
ve18/U5ulgsszunddlaih Aoanuuuiazimnssy muiseAnunszuulnii Wudu)
dielsiveieude/fifousefinnsannouvhdynn eifueideuse/fideudensdondug
Sumszalddedananiiaan

nssniunislunmsdeusessuulassinglui

Aemds nli. wiseyaalidensesyuulassieliitmionudemlisnelunsvesynyn
\Bousioszuulassliin fueidonsie/ideusiofosu foRmundninasisneg Mdudeulaly
mMadenseszuulassglulilfasuiunui nvi. e

A, veauanslunisivuaiudonde 1nofi9150191NANMNININLALYBILHUIY
roaf1eszuy Famnliudafaniuuny msdoudelsslniidissuvazdimansznuse
Anssiumsszuulasstne i

nsUfiRnmssunsBudunisidenda
fueideusie/fiiousonninefosujiRasunmdeulafiseylu defdmuaifeatunis
UftRnisszuulasstneladin Taefidensedeudsdoyamanadeinluvosidenso uaz
audnuazgunsalliivesgndvesiilendeienasinailvszduaaninlui a 90
Jowsie sndunasifidmua un nvie. deunsideuse litesndt 60 fu
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a

CC4.7.14  dayamawmatianluvasgiausia Usznaume

(@)
(b)
(0

(d)
(e)
()
()
(h)

%a;gam%ﬁ%ﬁmlﬂﬁw SunuASes Lay MawWanuAazLASes (MVA, MW, PF)
Usennuealsaluiin

anwuenITUIUNISHaatIin 1wy UsTanndsnunyuiey vsessuy
Cogeneration

Fomnamanildnanlii

Fomduasuilinanlvidh
wdonlssszuulassneliihilndfigauesnsliindhediviing ve nme.
USunaunaslningnses (Mw)

nsueulesszuulnivseszuuletn

ccar2  pudnvazaunsalliiivesgnAtvesdideudeionalinavilvsyduaaninliin a 9a
Wawsio ANdunamnAmMUA

o

Aadnwuzaun sallnivesgnAve i iewse

9 9

Maslnihsuvesgnimvesiiouse MW MW
ww MVAr
nszualnihdem @y gwen gn Wouse we kA

nstlglveuseviognA e ewr ol vvevzilgunsal vielnanniainenseuas e
fnwani de sidstoya 17 nvin. nsuarmiiney e Ussdiugannlaiinly

fudu

L1 Single Phase Power Supply W MVA
L1 Semi-converter W MVA
L1 6-Pulse Converter No Series Inductance Ww MVA
[l 6-Pulse Converter With Series Inductance > wuw MVA

3%, DC Drive

L1 6-Pulse Converter With Large Inductor W MVA
L1 12-Pulse Converter W MVA
L1 ACVoltage Regulator W MVA
0 51,46‘] ................................................................... W MVA

* gBwnuderimuanginadiensuetnfediuliihussinngsiuasanavngsy

Tnglysuaeuinaginunsuilelsulpdeimundnaiiatuaian
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gunsaflsalwiln vuneds gunsaluaziniesdngsine Mlssluiinduidives laeiinns
Beusairiuszuuliin wazidugunsaindnduseslilunssuiunsudn muay viedn
Amndseulihfilsslnihdediseuy
gunsaflsslii szdeadulumudartmunnu cCs-1 il
JaruuauInsgrugunsal
gunsallsslalihmnenisasdesiinseeniuu uda fess Mo saudadinstigednund
donAaBInIY Prudent Utility Practice wazdosanunsaviaulmdulninieldaniay
Feulvvessyuu mufiduualily CC3.1-
uonmiloandiszylilu cCs.2.1- gunsallssluliimnsenisegdeadulunuderivug
uay/viomnsgunafiseyld fetolud
(a) circuit breaker, switch disconnectors, disconnectors, earthing devices, power
transformers, voltage transformers, reactors, current transformers, surge
arrestors, bushings, neutral equipment, capacitors, line traps, coupling
devices, external heavy polluted condition insulation Wag insulation
coordination ¥ABIADAARBININUINTFIU ANSI/IEEE %50 NEC/ NEMA 8Ly
gunsaideinsseylidaaulildunsgdu
(b) QUNTRIFAN9Y ABIQNOBNUUY HAR UATNAADY nfiderunsusemudermun
ns¥utszfunnngas 1509000 (lunetiu) videdermundieuing niiu. seusu
dafmungunsaldmiulsslniinuszian

o o

AUOLIBNAD/HLToNAD fABI0aNKUY Fantiasiinfigunsallsaluiinndelufinlaniy

[
[ v

AUANWEUSAIU

1y =

(@) Huoidonde/fileuse deslgunsalauaunsiuiedesiunisinglnilidig
syuuliiwesnislwii Tuvasissuulnihvesmsliin gl Tnedesannsn
ATUANNSYINNTUANLAILABINTVBIAUEAIUANTEUULNTN

(b) Ave. @sRuAnslunisRinsanaumngay Tunsseliiuuussuulniuenlon
(Islanding) 9nszuulassirgluiih Wirudverdousie/didense 1Wusie T

(0 dosmunulidliadianssuanazisaiy (Harmonic Current and  Voltage) ‘ﬁﬁ;ﬂ
Foude unidndiianuisnsussifiuiismunliludefvuangnausienuedn
Lﬁmﬁ’UlWﬁﬁUisLﬂquﬁaLLasqmaWﬁﬂismaﬁ’Uﬂ 2557 (EGAT-PQG-01/2014) w94
AznssuMIUiuUTImnideiolduasszuulnihues 3 nislwil seasdenny
CCA3- Tngymniinsusudsadeivuangnaanaanany Wdnadsduldauatuaian
sy

(d) dosmunulalliairaussdunssiionivaifensio iuniadiianuisnisussidiui
sualilu defmuanginasiussfunszifiontAsadulninussinngsianay
gaamnITl  (PRC-PQG-02/1998) 511ammsﬂiiumiﬂ%’wgammmL%@ﬁ@l@]’ﬁuaﬂ
seuulnifiiues 3 sl srgaziBeaniu CCAG-l Tagymniinisusuugsteriinug

e
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CC7.2-
CC7.2.1-

CC7.2.2-
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ngenaueinanany ilinadsduldnuaduagasely
REGISTERED OPERATING CHARACTERISTICS

Toyamsansusnuufiinig Jadudruvisvesneazideadeyanisncuny  Agve
\Fousie/fiTeude Iedndsliiu nvln. auleuls PP azgniiunfiansannumiulusinia
mudndu mevdsnnilsdwitideudetuszuulasaielilih lneaiiviinnsududgdnl
92136171 Registered Operating Characteristics #99zasiauAIAILa11150939U0AS 09
@0APRBINIY Prudent Practice

Yo MUAYDIYALYBNADITENIIN NYlA. AU 15alWih

Tunsileusiesyninddsabniifussuudaes niln. 9214 circuit breaker #iflfidanIsMY
NIPUASAITAINTINTIANTEUASRI9TANER o geLdeude Ty Taslwihanunsoveld nvla.
fndarnnssuadnigas wagAfita circuit breakers w3 nvln. dafindadl gaideude lu
Hagturmfeiinunulusuan Anszuadanesgsgafigaidense awdedliiund
(a) 63 kA %38 50 kA dwisuszuulnififisesuusedu 500 kV way 230 kv
(b) 40 kA duduszuulniinfidsedunsaiu 115 kV wag 69 kv
Generating Unit and Power Station Protection Arrangements
seuudlasfiulselnfiuazmadousdadiussuudeas nuw. szdeaduluaudervun
fushitseylilu cc7.22-1 1 iloanuansznuseszuudsnes niln. Itosftandlaiinmg
AaUnAaInszuvuelsaluii
Fault Clearing Time
(a) #1 Fault Clearing Time dwmiumsiinmgiiaunafigunsallsalwidsensadriu
sxuUawes nili. e niinunAigunsaiszuudses nvin. Fadensadfiugunsal
vadlsalii Taedranarfinanazidudududidniamaiiound  aulls circuit
breaker annsaguensnldain dufosivrsnaldiiunindoruadeil
() 80 ms 7 500 kv
(i) 100 ms 7 230 kv
(i) 140 ms 91 115 KV uag 69 kV
(b) e Tsalwiiin waz nuln. Feedaldilsvuutiefudises (backup) Hensdlfissuu
Jostundn (primary)  vhaufianatn Seszvuiosiudises Meaesyaiagyiney
Uszanuiielianunsavinnisdanisasiugrsuduld (discrimination) Teeszuy
UJostudrsewedlsliiiazdemunenssuadnigas (i trip eanainszuunew) Tu
SewinTiszuy backup protection U84 n¥li. 139 breaker failure protection AN&4
¥#1n5 clear fault Adntuluszuvds
uenand tetostumudedaldinnisuanlsslniiesnanszuulnglieaun 59
ATz mun time delay vesszuutosiudrsoseadlselniilia 1.5 Jundl Feax
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Mlnn1svinuyszaudussuudesiud1sos vo9 Nl
(©) circuit breaker fivhwihiifanszuadaansdshnisogludurensandousiolsaluin
dnfuseuuds nil. flgaideudela u azdosdinisinds circuit breaker failure
protection  tial Tunsdluan1said circuit breaker ViaruRawaaliianunsadn
nszuadneasnelutiaandinmue crcuit breaker failure protection 3¥%1113
& trip circuit breaker ﬁaﬁmlﬂﬁﬁﬁagja@ﬁu circuit breaker fafiviheuRanan
fenam diedanszuadmeasniglutaanandidl
() 200 ms # 500 kv
(i) 200 ms 71 230 kv
(i) 300 ms 7 115 kV uag 69 kv
(d) Target Dependability Index vasszuuilastugadliisnngt 99.5% Aidunisin
Anuansavesssuuiesiulunisds crcuit breaker @nasasludruiiinaany
AnunAladsa
n1sdawn3sugunsal
Metering System
fuodouse/fideusio Fosfndasrutansiandsnulii (Metering System) mudouls

=

Psgylu CCAL- WedauSunamdsnuliihilsdlnives dueiousia/gleuse winle

JaNNUAYINITIA N1sHEnsNaszazlng wazszuuInsuing

gunsalfaansvaslsalniin
o = v A Y g va fo v o = - 1% a
AueLaNsie/HiTeuse Aesdntidgunsaldmsuduiinuasdeanstayanisuanvadlsalih
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CCA1-l 52UUNINSIANAIUINAY (Metering System)

fuadonsie/fidonsoariondugiiiumsiamuasindszuumas iandaauludh

wazgUnInlusenau i'suﬁgwwgﬁwﬂﬁﬁwuﬁwmasmgﬂéfmmwﬁaﬁmum

paenia1fifinisdorisuaz/mionanivdsundsaulniiugeaideude Tned

wazdeanudormund sdsumddiiafannstandanuliiesdosaunsodn

TUnsraseuazeuAmdrlninldaznn stiszuuinasialiih desUszneude
CCA1.1- AMudaINsTIalY (General Requirement)

a) sruuiasiandsnlriniionsdevs WWamsutanduuliihiidevs wie
Inasinu a 9aidousdeseninsszuulniinves nn. fuszuulninvesgve
Fosio/LTonsio

b) szuvnasiandsliiiiitensdevevesusazases decsznausie 2 svuy
diowdunisdses Toud szuuinasinamwdn (Main Metering Equipment) wa
SLUUNINTINIT0Y (Backup Metering Equipment)

Q) FEUULATIAINAN Lag SeuuNnTinTses Aeadudasyreny

d) #edlifgunsaiduuenimieaingunsalszuvansiandarulii fadseg
A8lUI99909TE VUL T IR AN

e) wmsiandsnulniruazgunsaiisenounnuuls ﬁﬁm&?&agﬂuszwmmi’m
MANUaTEUUNINTIAMT9 AfeeTesiunsAeasieyaInTE UL Software
wa Hardware vo9svuUUInsINmsgeu sl nwn. (EGAT Automatic Meter
Reading (AMR) System) ﬁgﬂﬁmmﬁmﬂLLaquﬂiaJUizﬂaU AznealAsunis
MTIADULAZEDUTU (Approved) 310 AWK, Ao

CCA1.2- Instrument Transformers Lfieg1uAnszuanazwsasulii dsluls unsTandn
(main energy meter) ag 11051509 (backup energy meter) FesinmansuTtaay

wWansau Junction Box dsnwazidansail
a) wnuealUainszud (Current Transformer, CT)
o (T umagnule Apsusenau 2 WA (2 Cores) @15U99TIADISEUY
HURTIANANULAZUINTIATDINNEIAY

o auwiugiwes CT i 2 unu doadulmuiidmualily Class 0.25 Va4
WM IEC 61869 %30 Accuracy Class 0.3 U8IuIMIgIU ANSI C57.13
%30 UMsgIU IEC , ANSI 1'7iLﬁsmwhﬁ’u%aLﬁuaﬁ’udwqmﬁﬂizﬂwﬂ%ﬂm al
At

o  nssuaRfAmnedIuLsYes CT 11 2 wnu deawiiiunssuaiinues 1ns
Tanasaulndn

® Buden: #esflvuiafimunzauiulasssuunnsiadildan Load

Impedance (Include Equipment) < Burden
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b) wilelUalusInu (Voltage Transformer, VT)

e daaduwriia Inductive Voltage Transformer usaguiig fasusznousmie
YAVARIN 2 UM (2windings) @1MTUIRTINVBITTUUNIATIANANUAZUIAT
INTDINNAIAY

o anuiugvesyauamn VT i 2 e deadulunuiitmualily Class
0.2 919351 IEC 61869 %38 Accuracy Class 0.3 UIHIRIFIU ANSI
C93.1 %39 157U IEC , ANSI ﬁLﬁEJUwhﬁ’w?iﬂLﬂuaﬁ’udﬂqmﬁﬂszmﬂ%’
W ) e

®  LSIAUNNANIIAIULTIAIVDI VT 194 2 hNY ABUYINAULIIIUNNAUDS
11957 ANS 1911 LN

® Burden: Feaflvuiafimngauiuisassruuaasiafilden  Load
Impedance (Include Equipment) < Burden
ANTIANAIU LN

a) wasiandsulaid uiagswiiedealusiindiaanselind s095Un15ina9as
TWi1UszLan 3 1ild 4 @1e (3 Phase 4 Wires) Tnsanunsafandeaululiinlgon
4 Quadrants (Export/import Active/reactive energy)

b) Anumsuglunsinvenasiandanulni dusu Active Energy faafuly
pudifvualilu Class 0.2s ¥93nasgIU IEC 62053-22 %30 1nsg IEC 4
Lﬁsmwhﬁ’uﬁ?fﬂLﬁuaﬁ’udﬂqmﬁﬂszmﬂwﬂm 8l 1At @ Reactive Energy
Aesliaaiugliitpenia Class 0.5

asTanasnulni desanunsadndn Ussuiana uagduiindeyandsnulniuen
ausnsalui (Time of Use, TOU) laldsnndn 4 sas aunsatuiindeyanisin
Uszlan Load Profile $79A1U 1 W19l Wag 15 w19l (Energy/demand) 'ﬁ’smﬁgwh
wasnulnirsemeunseseu Billing (Monthly/billing Energy) wazaufeIn1sly
Tnifhgegaluseuibieuniaseu Billing (Maximum Demand) ugnana TOU Rate
Time synchronization

L’;awaqmmmwaqmﬂw%wmmﬂmmmﬁmEJ wgNAUAL (Synchronize) ) Tl
ALl lndiAsstunannsgiusndian mummmmiwumnmmaﬂmmm
w9l IﬂEﬂ%LLMﬁGL’Jﬁ’]ZﬂMigW@N@& (Standard Time Source) mmﬂiaﬂ'ﬁ‘u
FUIUUIRNINTDIAITEUU GPS  (Global Positioning  System  (GPS) Clock
Receiver) finsaliusnalndifosiuinastandanulnidug
nstuiindayavaunnsinnasulni

snnsTomdanulihusasmise dosimsdufinteyalumieausied

a) Yeyauszian Load  Profile  s18AIUYN 15 W1T Usenausiedaya
Active/reactive Demand (#3® Energy) W 4 Quadrants (Export Wag Import)
AL IR UTBINTTTUULINTTA Mad LS (L-N) W 3wl (Van, Vbn, Ven)
LAYAINTZUATDINTTTFULLIATTA Teanunsaidonduiinldfaiuussgeniouse
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[
Y

M (a, Ib, o) vdazdeadudoyalilummmsiandanulninldlisni 3
\wiau

Toyauszunn Load Profile steauyn 1 udt (dndudedldeu) Ussnaudae
%@;ﬂa Active/reactive Demand (%38 Energy) V?ﬂ 4 Quadrants (Export Laz
import) fatlagdeafutoyalilusnasiandsnulnitildlisng 45 fu
Tayaussnv Amdaulniiisiedeunseseu Biling (Monthly/billing
Energy) wazAufeanslolniiasanluseuifiounsesau Billing (Maximum
Dernand) wenau TOU Rate agsipaiutoyalilusiunsinnadsaulndlaly
f1ndn 13 (12 iiteu)

mstuiindeyadisiu awdeddiumansaaouseusuain nuu. feu saiiiely
sl ﬁﬁﬁayjammza:uLLazLﬁmwaGiamﬂ%’qmﬁm%’w’%maé’mmﬁamEﬂ,‘vxlﬁﬂ

Loss-of Potential Alarm

WAAZ99INTINVRIIRTIANS UL Aol loss of potential alarm Lidwsu

AARIUAIUNSOULALANLAINIUNITINUVDIAIIIDT
Test Switches
wiazuwsIanasuliinlazwray watt/var transducer Aa9dl test switch kenaN

U d‘ o 6§ U 1 U A

i wvelgluntsneaeunisinauvesgunsalfanadsiuiu external source w3 CT
/ VT (14 multipole test plug)

Power Supply for Metering Equipment
TsslnihdesdnmIvuunasanelniaiy (auxiliary power supply) Nuasu L fotionas
= o U o U dl yﬂ'} U o U
gsnedniugunsalluszuviasiandsnulii welvduladnuesianasaulnin

nnszhanulsegegnaadunnyiaia
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Check Sheet S2UUNINTIANAIIUINAN

UszAn SPP Firm : SEAUMSIOY ... KV
4‘ a o
BDUTHM cevrreeeeeeeeeeeeeeeeeeseeeseseesesessssessssessssseseseeassssasesasssees e eseaseseeses s seasessesessesesasesesesasssnssese s sasesassenssesessssesesasesas
a a ' o
N10Y LAV ccereeenrrrernrrennes 1/ AU e eeseseeessssssesseees R T YA TR e IO
O 10 1oV 1 OO S 1 N SUATUTYD e
L A THITHNT werreeererereseeesessesseesssssssessessessssseseessssssessasesesssesssasesssssesssssssasesasessssasesas

Q Juxila 3 Phase 4 Wires High Precision Energy Meter
Accuracy Class :
0 0.2S (Fudqnaadiea) d1msu kWh
0 0.5 (Audaain) dmsu kvarh
O ansaandsauluiiléne Import, Export (kWh & kvarh)
Q fnuastRdulunusnnsgu IEC 62053-22 wiieifiouldlisniil
Q 1 Communication port dv3udeastoya
O LAN Q) RS485/232

2. Remote Meter Reading : findis uavandunsiiause iutuiin fiun wazsudedeyado viendsnu
Indhiudaunans nule. 1a
2.1 Modem, 3G, 4G Modem DV oo TU e

¥n Q Internal O External

2.2 @ununglnsfnyniausyuutesiu Surge 15U Modem MINIUNNTATIEBUAN VK.

U Main Meter. ..., U Backup Meter......ooocvrrviinriis
2.3 LAN IP address :
O Main Meter..o e, 0 Backup Meter. ..o

3. 53UU Power Supply : {usyuuine (Power Supply) d1uduszuvinasiniszuufianuisatesiulali
sruunnsIavgavinauvaedelil wazanunsadrseslnilansdl Power Supply viantades
s%UUTE (Power Supply ) fifiAe
O Main Power Supply (Voltage DC)
O Backup Power Supply (Voltage AC)
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4. FarnungunialusznauannsIanasulnin (Instrument Transformer)
4.1 Current transformer ( CT ) :
O wun Secondary core @1sU Main / Back up Revenue Meter
0 CT ratio azdsruualinzansu Max. Demand fiiaueue

Max. Demand.........ccccoceveveveene. MW.
CT. ration e
Accuracy Class S (M3 IEC 61869)
Burden I VA
O Andensusteanua
O Cable Size : TAMUNOLABIAIN Burden YUIA....oovvvceeens mm’
Q wnmaaildfiuszuuimsiavdndedlisesiuiugunsaibudilsifedestunsin
Fovgluiih
4.2 Inductive Voltage Transformer / Voltage Transformer (IVT / VT ) :
Accuracy Class S, (m13 IEC 61869)
Ratio e
Burden T VA
O sewsn MCB vuamisnzauiifun1advsu Main / Back up Meter
O fndeasuisansia
O Cable Size : HANUNOLABIANIN Burden YUIA....oovvvcens mm’
O wnmnyedlifussuuinnsiandndeslisemivgunsaiduilifedesiunsin
Fovelwiii

4.3 3l Contact Alarm Loss of Potential : 1%5U Revenue Meter
U Main Meter Circuit
U Back up Meter Circuit
4.4 Junction Box :
U Schematic Diagram 84 Junction Box : for CT & VT /CVT
U Wiring Diagram 989 Junction Box : for CT & VT /CVT
d i’laamﬁamaaqﬂﬂm% Junction Box
Terminals MCB ﬁlu‘l ...........

4.5 Test Switch :
Q sheazBenvotgunsal wWu 89,31, specification, Schematic a3 Test Switch

4.6 AR Software 3andudayaivanisdaviglni :
O Jn156naY Software F8N8IUMNEIIATIN : HD SOFtware/Version.........oocewweccceeeeereeeeneces
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5. szuunaTinnasulidmsu Generator Unit : (§1%15U SPP Firm Lilensiagaunisufjufniudeyeyn)

Generator Unit Meter (FAgatanig Main) 31U W.eeeeeee... g

Q Juvda High Precision Energy Meter 3 Phase 4 Wires

Q Accuracy Class 0.25 (Arugqnaedea) dmsu kWh

O Accuracy Class 0.5 (@ju&jﬁmﬁ’l) #1115 kvarh

0 ansatandeelwiiiléiis Import , Export (kWh& kvarh)

O fguauifdulunumnasgiu EC 62053-22 wiadtoulslaidnini

0 § Communication port kazszuvdeansteyatazduloyanastniiniuaiunans nule. Ia

6. 519M50NANSUTLNDUAITRINTAUN : NEINIOIY U LR
0 Specification of Revenue Meters:

Q Specification of Current transformer :

L Name Plate U Technical Specification
O Instruction Manual U Factory Test Reports
U Specification of Inductive Voltage Transformer/Voltage Transformer :
L Name Plate U Technical Specification
O Instruction Manual U Factory Test Reports

0 Drawing :#dsli nvla. 1
O Anvidu Hard Copy
O «Ju CAD File
O Drawing : Usznausie
0 wnuiidinelseluih
0O Single or Three Line Diagram vaslsslnliihfideusewdnfuszuudnglniingn
O Schematic Diagram 989 Metering System
O Wiring Diagram ¥4 Metering System
a Suﬂ fsndulunisuszneunmsiiansanssuy Metering
Junction Box :
QO Schematic Diagram ¥84 Junction Box : for CT & VT
O Wiring Diagram 984 Junction Box : for CT & VT
0 swazidunvesgunsallu Junction Box Ly Bvie,3u Terminals,MCB s

FONTONTOY oo T 109U T TINTONVOYA....ovrovrrevrervrrrn
DH13 v
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CCA2-I: dayalunisvaensaidriuszuulassinalniivas nwik.

YoyarvaLvousia

Y
1. Tahuvedyve (USE)

Y
Y Y

2. Megvewve vivelunstlvesuivn Wildnegvesnnaesdiinaunannzidoundy v3e

Y

diinaulue)

3. MUNUEUVINTANA

4. UNULRYINTAT

5. YarjAnsie

o

iogvasgfnsio (Mnsinea1nte 2)
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Jayaausznaun1sNaNTan

o =) a| d‘ 1
ANNUA LB / U NSLIDUAD :

JususudInsewalnin wew/A

[

MaINsHaRasannTednsyuuas (MW / MVAY) :

v

AMaINISNANUNRNINTEUUAS (MW / MVAT) :

v

Masn1sHandpeanANIeinseuuas (MW / MVAT) ;

Aanusean1sndslnindses fveldainnisiadia (MW / MVAL) -

° Ay oA oA A o
AMUIUNITNEBINTIADLY DU (ﬂ'ﬂ']llu’]lfﬁaﬂ@l@) :

ununazunugivedlsdluiin (Map and Diagrams) :
(@) uwnuivdeunuduansiidevadsludin ndeustaniidn atitude way longitude vos
Switchyard wialselaiin
(b) ﬁﬂ’]u‘ﬁlaﬂﬁzﬂLﬂ%@ﬂﬁ’]Lﬁ@lWﬁ’]LLazﬁmL%@Nﬁ@ﬁﬁ’]ﬁUizUUIﬂiﬂﬂhEﬂWﬁ’]”ﬂ@ﬂﬂ’]ﬂW‘W’]
sudsuwnuiintdeuloadesiuain Switchyard utilssluih 89 andlvifussgs nvl.
wayszuemuLuIEe i
(© ununiveszuulnd (Single - Line Diagram) ssuuuasialuil wazszuulesiu

'
=

(Metering and Relaying Diagram) fiazifousofiusyuuvainisiiin

Ao o 1% A a = o & v o w v D%% @ | o v al
n¥w. dnsvedeyatiisiunindaiudndu wazguesadeddvidoyadinandviuil uazgive
WwauseazgnUadulvinesUjURnu Connection Agreement wag Grid Code MULIaAAMUA Lay
sotlivayanudaimualy Connection Agreement wag Grid Code
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CCA2.1-1: Tayaaussauzvauazasiuialuin Fwmsulsdlwinldiasasiudalwiuuudadasds)

Generator Data

Number of generators :
Total installed capacity (MW) :
Total contacted capacity (MW) :

unit 2®unit 39 Unit
(or 1% Type) (or 2™ Type) (or 3 Type)

Plant type: TH, CC, CHP, GT, Hydro, Biomass, Biogas

Unit type:

Number of generators classified by unit type:

Installed capacity (MW)

Contracted capacity (MW)

Continuous operating capacity (MW)

Nominal MVA of each generator (MVA)

Nominal Voltage of each generator (kV)

Lagging power factor

Leading power factor
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Generator Data For Power System Study
- ltems marked with “*” must be identified by the applicant.
- ltems marked with “§”must indicate within a given time. If applicant does not specify
inform the EGAT is about values. And the applicant must accept all the risk.
1" unit 2% unit 37 Unit
or 1™ Type) (or 2" Type) (or 3 Type)

Xd— Generator Direct Axis Positive Phase Sequence

Synchronous Reactance * : (pu machine MVA base)

Xq— Generator Quadrature Axis Positive Phase

Sequence Synchronous Reactance § :

(pu machine MVA base)

Xé— Generator Direct Axis Transient Reactance
(Unsaturated) * : (pu machine MVA base)

Xés — Generator Direct Axis Transient Reactance
(Saturated) * : (pu machine MVA base)

X& — Generator Quadrature Axis Transient

Reactance (Unsaturated) § : (pu machine MVA base)

X&s — Generator Quadrature Axis Transient

Reactance (Saturated) § : (pu machine MVA base)

Xé’— Generator Direct Axis Sub-transient Reactance
(Unsaturated) * : (pu machine MVA base)

Xc’l’s — Generator Direct Axis Sub-transient Reactance
(Saturated) * : (pu machine MVA base)

.Xr:,’ — Generator Quadrature Axis Sub-transient

Reactance (Unsaturated) § : (pu machine MVA base)

X{;; — Generator Quadrature Axis Sub-transient

Reactance (Saturated) § : (pu machine MVA base)

X}~ Amature leakage reactance § : (pu machine
MVA base)

TCEG — Generator direct axis transient Open circuit

time constant § : (Sec)

CCIA-11



TCE::, — Generator direct axis subtransient Open

circuit time constant § : (Sec)

Tc;o — Generator quadrature axis transient Open

circuit time constant § : (Sec)

Tq’,; — Generator quadrature axis subtransient Open

circuit time constant § : (Sec)

H - Inertia of complete turbo-generator * :
(MW-Sec/MVA)

Saturation factor at 1.0 per unit terminal voltage § :

Saturation factor at 1.2 per unit terminal voltage § :

CCIA-12
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LUUA1889 Generator / Excitation System / Governor

GENERATOR Model

dwiuinanlniluendyny

L~ —Ll
Ld,—L1
A *
+ + 1 Lyt + e
Egy E T lE ..\;/ N T, N T d
k —
v 2 I
L.l’ _L.l’.l’
L’ —L1 d-axis
':Ld_lq)
+ +
+ 1 ;
Lyt z )e '
1
I = _T”
T |:Elos q
g-axis
L -L“ |e !
q q [* o

S54{1.2) =

H{1.0)-

f18819 Salient Pole Generator Model

= =

o=

Saturation Factor (S) for Generator Data
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f18819 Round Rotor Generator Model

EXCITATION SYSTEM Model

Eq —p

1
1 +:Tp

VE=VOTHSG + VUEL + VCEL

VIMAZ VRmax —Kc IFD
[ | 1+sTe| | Ka  EFD
N L+sTp| | 1+5Ty ] .
VIMIN VeMIN —E¢ IIFD

9814 IEEE Type AC4 Excitation System Model
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CONs| # | Valwe Description

J Tr

J+1 Vs

J+2 VNN

J+3 T

J+4 Tp (zec)

J+5 Kg

J+6 Ta

J+7 VRMAEY

J+& ""FFI"."]IN

J+0 oy

29814 IEEE Type AC4 Excitation System Parameters

WUUS@a89 Excitation System Aifil#lulusunsa PSS/E :

ESACIA
ESAC2A
ESAC3A
ESACAA
ESAC5A
ESAC6A
ESAC8B
ESDCIA
ESDC2A
ESST1A
ESST2A
ESST3A
ESSTAB
EX2000
EXAC1
EXACIA
EXAC2
EXAC3
EXAC4
EXBAS
EXDC2
EXELI
EXPIC1
EXST1
EXST2

1992 IEEE type ACIA excitation system model.
1992 IEEE type AC2A excitation system model.
1992 IEEE type AC3A excitation system model.
1992 IEEE type ACAA excitation system model.
1992 IEEE type AC5A excitation system model.
1992 IEEE type AC6A excitation system model.
Basler DECS model.

1992 IEEE type DC1A excitation system model.
1992 IEEE type DC2A excitation system model.
1992 IEEE type ST1A excitation system model.
1992 IEEE type ST2A excitation system model.
1992 IEEE type ST3A excitation system model.
IEEE type ST4B potential or compounded source-controlled rectifier exciter.
EX2000 Excitation System.

1981 IEEE type AC1 excitation system model.
Modified type AC1 excitation system model.

1981 IEEE type AC2 excitation system model.
1981 IEEE type AC3 excitation system model.
1981 IEEE type AC4 excitation system model.
Basler static voltage regulator feeding dc or ac rotating exciter model.
1981 IEEE type DC2 excitation system model.
Static PI transformer fed excitation system model.
Proportional/integral excitation system model.
1981 IEEE type ST1 excitation system model.
1981 IEEE type ST2 excitation system model.
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EXST2A
EXST3
IEEET1
I[EEET2
IEEET3
IEEET4
IEEETS
I[EEEX1
IEEEX2
IEEEX3
IEEEX4

I[EET1A
IEET1B
IEET5A
I[EEX2A
SCRX
SEXS
URST5T
BBSEX1
BUDCZT
CELIN
EMACIT
ESURRY
EXNEBB
EXNI
IVOEX
OEX12T

OEX3T

REXSYS

REXSY1
URHIDT

Jafvuaneniunisiliausaseuulasenglifirveanin.
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Modified 1981 IEEE type ST2 excitation system model.

1981 IEEE type ST3 excitation system model.

1968 IEEE type 1 excitation system model.

1968 IEEE type 2 excitation system model.

1968 IEEE type 3 excitation system model.

1968 IEEE type 4 excitation system model.

Modified 1968 IEEE type 4 excitation system model.

1979 IEEE type 1 excitation system model and 1981 IEEE type DC1 model.
1979 IEEE type 2 excitation system model.

1979 IEEE type 3 excitation system model.

1979 IEEE type 4 excitation system, 1981 IEEE type DC3 and 1992 IEEE type
DC3A models.

Modified 1968 IEEE type 1 excitation system model.

Modified 1968 IEEE type 1 excitation system model.

Modified 1968 IEEE type 4 excitation system model.

1979 IEEE type 2A excitation system model.

Bus or solid fed SCR bridge excitation system model.

Simplified excitation system model.

IEEE proposed type ST5B excitation system.

Brown-Boveri static excitation system model.

Czech proportional/integral excitation system model.

ELIN brushless excitation system model.

AEP Rockport excitation system model.

Modified IEEE Type AC1A excitation model.

Bus or solid fed SCR bridge excitation system model type NEBB (NVE).
Bus or solid fed SCR bridge excitation system model type NI (NVE).

IVO excitation system model.

Ontario Hydro IEEE Type ST1 excitation system with continuous and bang
bang terminal voltage limiter.

Ontario Hydro IEEE Type ST1 excitation system with semicontinuous and
acting terminal voltage limiter.

General purpose rotating excitation system model.

General purpose rotating excitation system model.

High dam excitation system model.
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L
Ach Kil+sTo| - —~ | L
SPEEDHE | 1 +9T; 2P T3
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+

& _)—P{ ) ——t E:—b PMECHp

+

k.

I +s5Ty

179814 IEEE Type 1 Speed Governor Model

CONs| # | Value Description
J K
J+1 Ty (zec)
J+2 Ta (zec)
J+3 T (=07 (zec)
J+4 U, (pwfsec)
J+5 U (=00 {pufsec)
J+6 Prss (pu onmachine MV A
rating)
J+7 Prm (po on moachine BV A mting)
J+E T4 (geC)
J+9 Ky
J+10 Kz
J+11 Ts (2eC)
J+112 K3
J+13 K4
J+14 Tg (2eC)
J+15 KEs
J+1d Eg
J+17 Tq (zec)
J+13 K4
J+19 Kz

79814 IEEE Type 1 Speed Governor Parameters

wuUUs1aas Turbine Governor fitlelulusunsy PSS/E :

CRCMGV
DEGOV
DEGOV1
GAST
GASTZ2A

Cross compound turbine-governor model.

Woodward diesel governor model.

Woodward diesel governor model.

Gas turbine-governor model.

Gas turbine-governor model.
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GASTWD
GGOV1
HYGOV
|[EEEG1
IEEEG2
IEEEG3
IEESGO
PIDGOV
SHAF25
TGOV1
TGOV2
TGOV3
TGOV5
WEHGOV
WESGQOV
WPIDHY
BBGOV1
HYGOV2
VOGO
TURCZT
URCSCT
URGS3T
WSHYDD
WSHYGP
WSIEG1
HYGOVM
HYGOVT
TGOV4
TWDMIT
TWDM2T

Formunieafunsidendeszuulassislifiwaania.
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Gas turbine-governor model.
GE general purpose turbine-governor model.
Hydro turbine-governor model.
1981 IEEE type 1 turbine-governor model.
1981 IEEE type 2 turbine-governor model.
1981 IEEE type 3 turbine-governor model.
1973 |EEE standard turbine-governor model.
Hydro turbine and governor model.
Torsional-elastic shaft model for 25 masses.
Steam turbine-governor model.
Steam turbine-governor model with fast valving.
Modified IEEE type 1 turbine-governor model with fast valving.
Modified IEEE type 1 turbine-governor model with boiler controls.
Woodward electronic hydro governor model.
Westinghouse digital governor for gas turbine.
Woodward P.I.D. hydro governor model.
Brown-Boveri turbine-governor model.
Hydro turbine-governor model.
IVO turbine-governor model.
Czech hydro or steam turbine-governor model.
Combined cycle, single shaft turbine-governor model.
WECC gas turbine governor model.
WECC double derivative hydro governor model.
WECC GP hydro governor plus turbine model.
WECC modified 1981 IEEE type 1 turbine-governor model.
Hydro turbine-governor lumped parameter model.
Hydro turbine-governor traveling wave model.
Modified IEEE type 1 speed governing model with PLU and EVA.
Tail water depression hydro governor model 1.

Tail water depression hydro governor model 2.
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CCA2.2-1: Foyasussauzvasasasinialni (Fwsulsdnimssnuusseniing)
Requested Model Data of Photovoltaic (PV) Power Station for Power System Study

INTRODUCTION

Electricity Generating Authority of Thailand (EGAT) now uses the DIGSILENT PowerFactory
software for a power system simulation. EGAT requires suitable and accurate dynamic models
for all Generators connected to, or applying for a connection to the transmission system in
order to assess reliably the impact of the Generator’s proposed installation on the dynamic
performance and security and stability of the Power System. Modeling requirements for
thermal and hydro Generators are processed on the identification by the applicant of the
relevant library models in this simulation program, and the provision of the applicable data
parameters in the current appropriate application form. Where there are no suitable library
models available, specially written models are supplied. These are known in this software as
“user-written models”.

Currently, existing library models in this software inadequately represent the dynamic
behavior of PV power generators. EGAT then requires PV Power Stations greater than 5 MW to
provide specially written models and associated data parameters specific to the PV power
generators and any associated controls and reactive compensation equipment to be used in
the applicant’s PV Power Station scheme.

PV POWER GENERATOR DYNAMIC MODELS

Requirement to provide dynamic models

For each PV Power Station the unencrypted dynamic models for the DIgSILENT
PowerFactory software appropriate for each PV power generator shall be provided. In
addition, all relevant data and parameters must be provided for each model.

These computer models for PV power generators (based on a mathematical
representation of the dynamic behaviors of the equipments) shall be able to calculate how
the output quantities such as Active Power, Reactive Power, DC voltage, etc. vary as the
factors such as the Voltage at the Connection Point changes or Solar Intensity fluctuations.
The models must take account of the inherent characteristics of the PV panels and the
actions of the control systems of PV power generators.

Computer environment

The models must run on the DIgSILENT PowerFactory software for EGAT network (released
15.1 or updated). EGAT can from time to time request that the models be updated to be
compatible with changes in EGAT’s computing environment. The PV Power Station ensures
that such updated models shall be provided without undue delay.

Features to be represented in the dynamic models
The unencrypted dynamic model must represent the features and phenomena likely to
be relevant to Angular and Voltage stability. These features include but may not be limited
to:
a) The Photovoltaic model of the PV panel;
b) The DC Busbar and Capacitor Model;
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c) PQ controller model;
d) Active Power Reduction model;
Model aggregation
For computational reasons, it is essential that the dynamic models of individual PV
power generators can be aggregated into a smaller number of models, each representing a
number of PV power generators at the same site. A representation of the collector
network can be included in the aggregate model of the PV Power Station.

Model Documentation
The dynamic model shall be fully documented. The documentation of the model must

include:

® Description of the equipment that is modeled at a level that reveals the aspects of

the equipment that are and are not described by the model.

® Description on how the model reasonably represents the behavior of the equipment
over the frequency range from DC to 3 Hz including voltage and frequency

oscillations.

® Description of the model in mathematical and logical detail including, as appropriate,
items such as Laplace transfer functions, block diagrams, flow charts, and description
of physical and logical limits, control logic, interlock, supervisory and permissive

actions.

® The relationship of all parameters to the physical and logical characteristics of the
equipment. The documentation of the model must be sufficient to permit the
implementation of the model in the simulation software. This may require that part
of the documentation of the model be in the form of ‘code snippets’, however it is
not anticipated that complete code of a model should be included in its

documentation.

® Description of any behavior not represented by the model.

EGAT can, when necessary to ensure the proper running of its complete system
representation or to facilitate its understanding of the results of a dynamic simulation,
request additional information concerning the model, including the source codes of one or
more routines in the models. In addition, EGAT can from time to time request that the
dynamic model information be updated to be compatible with changes in EGAT’s
computing environment. The PV Power Station has to comply with any such request without
delay. Where the PV Power Station or any other party (acting reasonably) designates such
information as confidential on the basis that it incorporates trade secrets, EGAT shall not

disclose the information so designated to any third party.
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VALIDATION OF MODELS

All models provided to EGAT for use in dynamic simulations must be validated by strong
evidence that the models effectively reproduce the behavior of the equipment being
modeled. EGAT must be satisfied that the behavior shown by the model under simulated
conditions is representative of the behavior of the real equipment under equivalent
conditions. With regard to validation it is recognized that dynamic modeling falls into two
categories:

(1) Models of equipment that can be described explicitly and tested directly either in
laboratory conditions or in specially managed operating conditions. Generators, generator
controls, electrical protection elements, and most transmission system elements are in this
category.

(2) Models of aspects of the power system that cannot be described in explicit detail and
can-not be tested directly. Most aspects of the modeling of load behavior are in this
category.

Validation of models in the first category shall include comparisons of simulations made
with the model with test results or responses produced by other authoritative sources (such
as results from manufacturer's detailed physical design simulations or factory acceptance
tests, on-line recorder response of the equipment to system disturbances and/or
performance guarantee documents.)

Where possible validation of models in the second category shall include comparisons of
simulations made with the model to records of events that have occurred on the
transmission system. Where comparison with actual grid behavior is not practical, the
characteristics of models in this category shall be demonstrated by simulations of small
scale operational situations and disturbances chosen so that the proposed model is the
predominant factor in the response. Validation must cover the behavior of the model in the
broad range of operational situations that the equipment is expected to encounter. It must
also cover steady state behavior of the equipment over its full operational range, and
dynamic behavior in response to dynamic events such as:

- Sudden step changes of voltage and frequency at pertinent the Connection Point with
the ¢rid

- Undervoltage fast transients typical to fault clearing and delay fault clearing times

- Step changes of control references and set-points

- Ramps of voltage, frequency, references and set-points

- Oscillatory behavior in the frequency range from 0.1 to 3 Hz
Changes of voltage and frequency considered in validation shall cover the range of
amplitude that will be produced by transmission disturbances from faults to persistent small

oscillations.
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The conditions validated should as far as possible be similar to those of interest, e.g. low
short circuit level at Connection Point, close up severe faults, nearby moderate faults,
remote faults, Voltage excursions, Frequency excursions, and Solar intensity fluctuation.

For the purposes of model validation the PV Power Station shall ensure that appropriate
tests are performed and measurements taken to assess the validity of the DIgSILENT Power
Factory model. Where the validity of the model has not been confirmed prior to the
commissioning of the PV Power Station, appropriate tests shall be carried out and
measurements taken at the PV Power Station to assess the validity of the DIgSILENT
PowerFactory model. The tests and measurements required shall be agreed with EGAT.

The PV Power Station shall provide EGAT with all available information showing how the
predicted behavior of the DIgSILENT PowerFactory model to be verified compares with the
actual observed behavior of a prototype or production PV power generator under laboratory
conditions and/or actual observed behavior of the real PV power generator as installed and
connected to a transmission or distribution network.

If the on-site measurements or other information provided indicate that the DIgSILENT
Power Factory model is not valid in one or more respects, the PV Power Station shall
provide the revised unencrypted model whose behavior corresponds to the observed on-

site behavior as soon as reasonably practicable.
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In order to create a valid dynamic model of each PV Power Station, the following data

shall be provided:

A. Generator data

- Photovoltaic (PV) Type:
- PV Manufacturer and Model:

- In one module, number of PV cells in series in each parallel branch:
number of parallel branches of PV cells in series:
- In one array, number of PV modules in series in each parallel branch:

number of parallel branches of PV modules in series:

- Number of PV arrays linked in each PV power generator:

- Number of PV power generators linked in each step-up or pad-mounted transformer: __

- Number of step-up or pad-mounted transformers:

- Number of collector system Substation transformers:

B. Internal Network Structure Information

Describe how the PV power station’s internal network structure should be laid out

by means of the single-line diagram of the internal network with line impedances. (The

description should include a breakdown of how the individual PV power generator is linked

together as well as how they are connected back to their switchyard.) Specify different types

of overhead line or underground cable and the individual length of each section of the

circuit.

Type 1 Type2 Type3

Total length (km)

Conductor cross section area per core

(sg.mm.)

Conductor type (AL, Cu, etc)

Number of conductors per circuit

Extending Table

Number of circuits

as appropriate

Charging capacitance (micro F/km)

Positive sequence resistance (R; : Ohm/km)

Positive sequence reactance (X; : Ohm/km)

C. Data of each Step-up or Pad-Mounted Transformer

Note: These are typically two-winding air-cooled transformers.

kV

- Transformer Rating: MVA
- Nominal Voltage for each winding (Low/High): /
- Winding Connections: (Low/High): / kv
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- Available taps: (indicated fixed or OLTC). Operating tap

% ; X/R ratio (on rating MVA base)
% ; X/R ratio (on rating MVA base)

D. Collector System Substation Transformer Data

- Transformer MVA Rating (ONAN/FA/FA): / /
- Nominal Voltage for each winding (Low/High/Tertiary): / /

- Positive sequence impedance (Z,)

- Zero sequence impedance (Zy)

- Winding Connections: / / (VectorGroup )

- Available taps: (indicated fixed or OLTC). Operating tap

- Positive sequence impedance (Z;) % ; X/R ratio (on rating MVA base)

- Zero sequence impedance (Z,) % ; X/R ratio (on rating MVA base)

E. Dynamic Model and Parameter Data of the PV Power Generating System
Dynamic model and parameter data required for transient stability analysis (computer
software based on a mathematical representation of the dynamic behaviors) are specific to
each PV power generator make and model, and shall be certified by the corresponding
manufacturers. In addition, it is essential for computational reasons that the dynamic model
of an individual PV generator can be aggregated into a smaller number of models, each
representing a number of PV generators at the same site. Moreover, a representation of the
collector network may be included in the aggregate models of the PV power generating
system. The dynamic models must represent the features and phenomena likely to be
relevant to frequency variation and voltage stability. These features should include but may
not be limited to:
® PV Array Characteristics Model:
O Including all inherent I-V and P-V Characteristics Charts of PV Array
® PV Power generator Model:
O Power generator and its Controller Models
® Including all inherent characteristics and capabilities of the power
generator and the actions of the control system of its.
These dynamic models should appropriately be implemented in the simulation program
used by EGAT, the DIgSILENT PowerFactory software
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CCA2.3-I: dayaaussausvataTasnuialnin (Frnsulsdlnimdsnuan)

Required Data and Computer Dynamic Model of Wind Turbine Generators

INTRODUCTION
Electricity Generating Authority of Thailand (EGAT) now uses the DIgSILENT PowerFactory

software for a power system simulation. EGAT requires suitable and accurate dynamic models
for all Generators connected to, or applying for a connection to the transmission system in
order to assess reliably the impact of the Generator’s proposed installation on the dynamic
performance and security and stability of the Power System. Modeling requirements for
thermal and hydro Generators are processed on the identification by the applicant of the
relevant library models in this simulation program, and the provision of the applicable data
parameters in the current appropriate application form. Where there are no suitable library
models available, specially written models are supplied. These are known in this software as

“user-written models”.

Currently, existing library models in this software inadequately represent the dynamic
behavior of Wind Turbine Generators. EGAT then requires Wind Farm Power Stations greater
than 5 MW to provide specially written models and associated data parameters specific to
the Wind Turbine Generators and any associated controls and reactive compensation

equipment to be used in the applicant’s Wind Farm Power Station scheme.

WIND TURBINE GENERATOR DYNAMIC MODELS

Requirement to provide dynamic models
For each Wind Farm Power Station the unencrypted dynamic models for the DIgSILENT
Power- Factory software appropriate for each Wind Turbine Generator shall be provided. In

addition, all relevant data and parameters must be provided for each model.

These computer models for Wind Turbine Generators (based on a mathematical
representation of the dynamic behaviors of the machines) shall be able to calculate how the
output quantities such as Active Power, Reactive Power, Pitch Angle, etc. vary as the factors
such as the Voltage at the Connection Point changes or Wind Speed changes. The models
must take account of the inherent characteristics of the machines and the actions of the

control systems of Wind Turbine Generators.

Computer environment

The models must run on the DIgSILENT PowerFactory software for EGAT network (released
15.1 or updated). EGAT can from time to time request that the models be updated to be
compatible with changes in EGAT’s computing environment. The Wind Farm Power Station

ensures that such updated models shall be provided without undue delay.
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Features to be represented in the dynamic models

The unencrypted dynamic model must represent the features and phenomena likely to

be relevant to Angular and Voltage stability. These features include but may not be limited

to:

a) The electrical characteristics of the Generator;

b) The separate mechanical characteristics of the turbine and the Generator and the
drive train between them;

c) Variation of power co-efficient with pitch angle and tip speed ratio;

d) Blade-pitch control,

e) Converter controls;

f) Reactive compensation;

g) Protection relays.

Model aggregation

For computational reasons, it is essential that the dynamic models of individual Wind

Turbine Generators can be aggregated into a smaller number of models, each representing

a number of Wind Turbine Generators at the same site. A representation of the collector

network can be included in the aggregate model of the Wind Farm Power Station.

Model documentation

The unencrypted dynamic model shall be fully documented. The documentation of the

model must include the following:

Description of the equipment that shall be modeled at a level that reveals the

aspects of the equipment that the model describes and may not describe,

Description on how the model reasonably represents the behavior of the equipment
over the frequency range from DC to 3 Hz including voltage and frequency oscillations,
Description of the model in mathematical and logical detail including, as appropriate,
items such as Laplace transfer functions, block diagrams, and description of physical
and logical limits, control logic, interlock, supervisory and permissive actions,

The relationship of all parameters to the physical and logical characteristics of the
equipment. The model documentation must be sufficient to permit the implementation
of the model in the DIgSILENT PowerFactory software. This may require that part of the
documentation of the model be in the form of 'code snippets', however that complete

code of a model will possibly be included in its documentation,

Description of any behavior not represented by the model.

EGAT can, when necessary to ensure the proper running of its complete system

representation or to facilitate its understanding of the results of a dynamic simulation,

request additional informa-tion concerning the model, including the source codes of one or
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more routines in the models. In addition, EGAT can from time to time request that the
dynamic model information be updated to be compatible with changes in EGAT’s computing
environment. The Wind Farm Power Station has to comply with any such request without
delay. Where the Wind Farm Power Station or any other party (acting reasonably) designates
such information as confidential on the basis that it incorpo-rates trade secrets, EGAT shall

not disclose the information so designated to any third party.

VALIDATION OF MODELS

All models provided to EGAT for use in dynamic simulations must be validated by strong
evidence that the models effectively reproduce the behavior of the equipment being
modeled. EGAT must be satisfied that the behavior shown by the model under simulated
conditions is representative of the behavior of the real equipment under equivalent
conditions. With regard to validation it is recognized that dynamic modeling falls into two

categories:

(1) Models of equipment that can be described explicitly and tested directly either in
laboratory conditions or in specially managed operating conditions. Generators,
generator controls, electrical protection elements, and most transmission system

elements are in this category.

(2) Models of aspects of the power system that cannot be described in explicit detail and
can-not be tested directly. Most aspects of the modeling of load behavior are in this
category.

Validation of models in the first category shall include comparisons of simulations made
with the model with test results or responses produced by other authoritative sources (such as
results from manufacturer's detailed physical design simulations or factory acceptance tests,
on-line recorder response of the equipment to system disturbances and/or performance

guarantee documents.)

Where possible validation of models in the second category shall include comparisons of
simula-tions made with the model to records of events that have occurred on the transmission
system. Where comparison with actual grid behavior is not practical, the characteristics of
models in this category shall be demonstrated by simulations of small scale operational
situations and disturbances chosen so that the proposed model is the predominant factor in the
response. Validation must cover the behavior of the model in the broad range of operational
situations that the equipment is expect-ed to encounter. It must also cover steady state
behavior of the equipment over its full operational range, and dynamic behavior in response to

dynamic events such as:
- Sudden step changes of voltage and frequency at pertinent the Connection Point with the
grid
- Undervoltage fast transients typical to fault clearing and delay fault clearing times
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- Step changes of control references and set-points
- Ramps of voltage, frequency, references and set-points

- Oscillatory behavior in the frequency range from 0.1 to 3 Hz

Changes of voltage and frequency considered in validation shall cover the range of
amplitude that will be produced by transmission disturbances from faults to persistent small
oscillations.

The conditions validated should as far as possible be similar to those of interest, e.g. low
short circuit level at Connection Point, close up severe faults, nearby moderate faults,
remote faults, Voltage excursions, Frequency excursions, and highly intermittent variations of

wind velocity.

For the purposes of model validation the Wind Farm Power Station shall ensure that
appropri-ate tests are performed and measurements taken to assess the validity of the
DIgSILENT Power Factory model. Where the validity of the model has not been confirmed
prior to the commission-ing of the Wind Farm Power Station, appropriate tests shall be carried
out and measurements taken at the Wind Farm Power Station to assess the validity of the
DISILENT PowerFactory model. The tests and measurements required shall be agreed with
EGAT.

The Wind Farm Power Station shall provide EGAT with all available information showing
how the predicted behavior of the DIgSILENT PowerFactory model to be verified compares
with the actual observed behavior of a prototype or production Wind Turbine Generator
under laboratory conditions and/or actual observed behavior of the real Wind Turbine

Generator as installed and connected to a transmission or distribution network.

If the on-site measurements or other information provided indicate that the DIgSILENT Power
Factory model is not valid in one or more respects, the Wind Farm Power Station shall provide
the revised unencrypted model whose behavior corresponds to the observed on-site behavior

as soon as reasonably practicable.
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WIND FARM DATA
In order to create a valid dynamic model of each Wind Farm Power Station, the following
data shall be provided:
Wind Turbines and Generators

- State whether the type of generators are Synchronous, Permanent Magnetic
Synchronous, or Induction:
- State whether Turbines are Fixed Speed or Variable Speed:

- Provide manufacturer details on electrical characteristics and operating performance

with particular reference to Flicker and Harmonic performance.

- Provide details of the anticipated operating regime of generation, i.e. continuous, seasonal
etc.

- List the anticipated maximum export level in MW for each calendar month, and indicate
how generation would vary over a typical 24 hour period during the month of maximum
export.

- Give details of expected rapid or frequent variations in output, including magnitude,

maximum rate of change expected, frequency and duration.

- For Generators, please state:

How the generator is run up to synchronous speed

Magnitude of inrush / starting current Amps
Duration of inrush / starting current ms
Starting / paralleling frequency Hz

Power factor on starting

Reactive power demand at zero output (no load) KVAr

Give details of reactive power compensation to be installed
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Wind Turbine Generator transformer

This is the transformer that connects a Wind Turbine Generator with the internal Wind

Farm Power Station network.

Rating of Wind Turbine Generator transformer MVA or kVA
Wind Turbine Generator transformer voltage kV
Wind Turbine Generator transformer impedance % on rating MVA base

Internal Wind Farm Power Station network and corresponding data
- Describe how the Wind Farm Power Station’s internal network structure (collector
network) will be laid out (by means of a single-line diagram or other description of
connections).
The description shall include a breakdown of how the individual Wind
Turbine Generators are connected together as well as how they are

connected back to the Wind Farm Power Station substation.

- Specify different cable or overhead line types and the individual length of each section of

circuit.

Typel Type2 Type3
Total length (m)

Conductor cross section area per core

Conductor type (Al, Cu, etc) Extending
Type of insulation Table as
Charging capacitance (micro F/km) appropriate

Charging current (Amp/km)

Positive sequence resistance (R1:0hm/km)

Positive sequence reactance (X1:0hm/km)
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Grid connected transformer

This is the transformer that is connected the Wind Farm Power Station site with the
Distribution /Transmission System (equivalent to the Generator Transformer of a conventional

power station). Data is required for this transformer as follows:

Number of windings
Vector Groups (HV / LV)

Rated current of each winding (HV / LV) Amps
Transformer rating MVA or kVA
Transformer voltage ratio (HV / LV) kV
Transformer impedances1 % on rating MVA base
X/R ratio
Transformer zero sequence impedance % on rating MVA base
Neutral earthing resistance & reactance Ohms

" For Three Winding Transformers the HV/LV1, HV/LV2 and LV1/LV2 impedances together with associated bases shall be provided.

Reactive compensation installed at site
- Number of inductive devices

Indicate for each device the inductive MVAr capability.

If the device has more than one stage, please indicate the number of stages and
the MVAr capability switched in each stage i.e. 0.5 MVAr in 5 steps etc

- Number of capacitive devices

Indicate for each device the Capacitive MVAr capability.

If the device has more than one stage, please indicate the number of stages and
the MVAr capability switched in each stage i.e. 0.5 MVAr in 5 steps etc.

- Method of voltage/reactive power control applied to each controllable reactive
compensation device. This information shall be provided in sufficient details (e.g. transfer
function block dia-grams, control system gain/droop, dead band and hysteresis
characteristics, tap steps, etc.) to allow EGAT develop the appropriate DIgSILENT
PowerFactory models.
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CCA2.4-1: Tayandiauvasuazanededmiunsiveansassuulni (Fwmdulsslndgnuszan)
Generator transformer / Distribution transformer / Transmission line

Generator Transformer

Transformer Name:

Manufacturing By:

No.Phase

Connection (vector group)

Substation : ‘:I

No.Winding
Frequency (Hz.)
KVA Rating
Nominal Voltage (kV)
H.V.Winding
L.V.Winding
T.V.Winding
Max.Tap Rated Tap Min.Tap (At Base MVA)
% Impedance Voltage
HV.to LV.
HV.to TV.
LV.to TV.
Load Tap-Changing
Tap-Changing Type | On Load Tap O Off Load Tap
Load Tap Change At (I High Volt [0 Low Volt
At Tap No. Maximum Voltage (v.)
At Tap No. Normal Voltage (v.)
At Tap No. Minimum Voltage (v.)
At Tap No.l:I(For Normal Operation)
Neutral Grounding
Neutral Grounding : O SOLID O UNGROUND
Neutral Grounding Equipment : O HAVE L1 NONE
Neutral Grounding Type : Ol RESISTER [0 REACTOR
Connected AT : O HIGH SIDE O LOW SIDE

Size(OHMS) :
Voltage Rated (V.) :
Current Rated (A.) :

Reference Data From :
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Distribution transformer

Number of distribution transformer :
Nominal MVA for transformer (MVA) :
Nominal Voltage of each transformer (kV) HV / LV :

% Impedance for two-windings transformer (at rated MVA base) :

HV/LV1 HV/LV2 HV/LV 3

% Impedance for three-windings transformer
(at rated MVA base) :

Transmission line
The length of the transmission line from distribution transformer to

connection point. (km)

Nominal Voltage of transmission line (kV)

Conductor Type

Positive Sequence Impedance (R+jX) per Km (or p.u. and MVA base)

Zero Sequence Impedance (R+jX) per Km (or p.u. and MVA base)

Positive Sequence Charging Admittance (B) per Km (or p.u. and MVA base)

Zero Sequence Charging Admittance (B) per Km (or p.u. and MVA base)

Positive X/R Ratio at Connection Point

Zero X/R Ratio at Connection Point
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AMUABINTITIY NN
Peak Load Day Load Light Load
dandludln (xx:xx-21.00 U.) (xxexx-xx.00 U.) (oxexx-xx.00 U.)
MW MVAr MW MVAr MW MVAr
AaINan v
4 o - Peak Load Day Load Light Load
Lﬂi? q%ql,um (xx:xx-21.00 u.) (xxexx-xx.00 U.) (oxexx-xx.00 U.)
i MW MVAr MW MVAr MW MVAr
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1.3 Yszgnaldiulvanraiieuiiaianssuasnsueiinidgseuulnih lagldvuegiviiamanisivaves
maslniihfimnudvdnya (Fundamental Frequency) dupedwmsuludeimunvaduillnanvse
wsastidalndldfianuuansieiu

2. IngUszasAvaItanivun

2.1 wemvauasuednlussuulnilvegluseduimansaunaslidanansenusanisinauees
gunsalluszuulnilaesiy

2.2 e dungunasituniseygsbidouseduszuulnivewldlniiilnasiaiiou wiegunsali
Juunasiieansuedn

2.3 Wamnuadsnsussdiukasnsivaeusnsueiinduiinaingunsaivsesyuuvesylglnih

2.4 WeimuakuIvandeusnsnistunisdaduldderimuniuglyluih

[ 4

3. YyUAIANA

3.1 g19uadin (Harmonic) - dhuusznavlusudnaanaulu (Sine Wave) vosdnyanamiousuna
Wualag Feiimnuiifusnauiuminvesanuivénga (Fundamental Frequency) dmsu
szuulwitluvssmalneauindnyadeniiu 50 Hz fafu daudseneuiiiarudidu 100 Hz
3en31 815uedingl 2 (Second Harmonic) duusgnaufiiaudidu 150 Hz 3end1 ersueding

3 (Third Harmonic) 815uafininaInnIsyinaIuvadlianinwie

3.2 dquusznauaisuaiin (Harmonic Component) - d@iulsznauvetsnsuadniiisuduiinng

[
&Y

wilswasUSunantueulag Fwandluguvesdusiu (Order) wagA1 RMS 3098 ufuily

3.3 A7uLiNEUgsuelin (Harmonic Distortion) - n1silAguudasvesguadunislnin (Power
Waveform) Tdansudygraunauled (Sine Wave) lagifinainnissiuduvedaininudvdnya
(Fundamental) waggnsuelinduadiamenu

3.4 AMALNBUEISuBlingIu (Total Harmonic Distortion, THD) - Aodns 11U nINAITINTIaDY
YOINAUINAIAIEDY (Root-Sum-Square)  ¥93A1 RMS  a93dr1utsznaugsusiin (Harmonic
Component) fiua1 RMS wasdiuusznaunuiindnya (Fundamental Component) iguidu
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$p8az Tngo1auwuaduAIAUieuLsIfua1sUatNTIN (THD V) sakansluaunis (3.1) wazen
ANMUNEUNTELESNSUBTENTIN (THD 1) Aasansluaunis (3.2)

2 2 2
+ + F o
THDv - \/VZ VSVV4 (3.1)
1
2 2 2
+ + B .
THD | - \/I st (3.2)

|,

3.5 TuanaRaiteu (Distorting Load) - Iwam%’q%’uLLﬁqé’uIWﬁwﬁLﬂugﬂﬂ?{u%ﬂ (Sinusoidal Voltage)
uiranszuafilaldguadulen (Non-Sinusoidal Current) dwi¥udatmuatatull Inanfaiiou
sudantesiudaliiivdoundsiuinlagiiinnsadanszuavideussfunlailysuadulese (gu
srUUNARlNTEY Inverter)

3.6 58AUNGUAU (Planning Level) - seauvaaisasuansuaininisluildmnuadudmuneiie
ManumuaNiiliusugsuelintussuulihlaesudaniuniisedudingy iiedesiudlv
gnsuetindwmansenusioglglnilaesiy

3.7 3AR@321 (Point of Common Coupling, PCC) - fumiisluszuuveansinliniieglndrugly
Iylihiandeldlvihseduenasesuls

3.8 f&alnf1§A299501gA (Minimum Short Circuit Power, Ssic) - 1u1amasluiindansasviln
auaanigasiosaveflliin fmieidu MVA

3.9 f&alnArivindeya (Agreed Power, Si) - vuramsveldlwivosldluihdivindaygriuns
il Sty MVA

3.10 idednglnisau (Total Available Power, St) - vwniasdnglisauvesssuungllih
RoaTzeNsawy llwihngeuselussuvaedeunssiunans Mmasgluisiusiaindu
YuIniinves Power Transformer Tuannflges Bay fvzdrglwligldlnihseny Iniiedu
MVA

3.11 A1gegail 95% (95% Probability Value) - lunisuszidiuszdvvesensueiniieuivindidn
tfu Adnsfinsanssiuvessndueingsanlunslavneniafioutudadita udifunisfionsan
AmsaRRfisuiuindin lun1sfiansandmisadftuazihdeyananisinfieiiesdsfidmu
Jogananeiiuauildisnsmeada Inedaarszauesusiingsgneantuidudiuiu 5% vesdeya
favun esanardnaniildagioufveniuetinnnivasluaniiznisvhauund udifudiens
wefinfionaiinduluanngnmudew agigavesdoyadn 95%  ndedaduillélunis
Wiguiiguiudadnnie

3.12 A1gegail 99% (99% Probability Value) - fngagnil 99% LTurgsanvestoyaiindent
mendsndadeyaiifidgeanseniududiuan 1% vesdoyaianun
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4. 5LAUIMKNUVBILSIAUTISUBUNAMSUSTUU NN TuUsewmalne

nstiflamvuaseiuauveaLssiuesueindmivssuuliihludssinalneduanal dlu
M51971 4-1 9 4-3 Wielfidudhmnglunmssuauussiussuednluszuulninlngsalegluseiu
funzaulaglidinansenusenisiuvesgunsalliin uasiiielfifunsevlunisnaunuiiie
Avundndrfndmunszuasiuodniiasnngldluiusiazne

AN5199 4-1 STAUINHUVBINIINUTSUBIndmSUsTUUlWTn 230 / 400 V

gfuaiindusiva gnfuainsusud e m e
Flailesuauwinves 3 fidusruauwinves 3 FrsiBuneuaue
Uy useAUasuailn (%) DUAU useAUaIsuailn (%) UAU wsIRUgsualn (%)
4.0 4.0 2 1.6
7 4.0 1.2 4 1.0
11 3.0 15 0.3 6 0.5
13 2.5 21 0.2 8 0.4
17 1.6 > 21 0.2 10 0.4
19 1.2 12 0.2
23 1.2 >12 0.2
25 0.7
> 25 0.2+ 0.5(25/h)

AULNEULIIIUFISHBTNTIU (THD V) = 5%

AN5197 4-2 SERuMINUYaLsITUansuaind mSuszuuINR 12 KV, 22 KV, 24 KV uag 33 kV

g3uafinsudun gsuaiinsudun e m e o
lalysuauwiives 3 fidusuauwiives 3 FrsiBuneuAUR
Uy ussnuansualin (%) UAU usenuansualin (%) SUAU usaRugnsuealn (%)
3.0 3.0 2 1.5
7 3.0 9 1.2 4 1.0
11 2.0 15 0.3 6 0.5
13 2.0 21 0.2 8 0.4
17 1.6 > 21 0.2 10 0.4
19 1.2 12 0.2
23 1.2 > 12 0.2
25 0.7
> 25 0.2+ 0.5(25/h)

AMULNEULIIAUTITUDUNSIN (THD V) = 4%
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AN5197 4-3 STAUIMAUVBIITIIUISUBing mSUsTUUINRT 69 kV, 115 kV waz 230 kV

g13uafinsudun g13uafinsudun e w
Flailysruauwinves 3 fidusuauwinves 3 FrsiBuneuaue
JUAU useAUasuailn (%) JUAU useAUaIsuailn (%) UAU wsIRuUgsualn (%)
2.0 3 2.0 2 1.0
7 2.0 9 1.0 4 0.8
11 1.5 15 0.3 6 0.5
13 1.5 21 0.2 8 0.4
17 1.0 > 21 0.2 10 0.4
19 1.0 12 0.2
23 0.7 > 12 0.2
25 0.7
> 25 0.2+ 0.5(25/h)

AULNYULITIAUTISUDUNTIN (THD V) = 3%

TutariuuamatuililaiuaseauIwaudnsunssulninssLanse 1o nwsanuludi
nszuanssdmansznumdudunsiosessuuliin duenislaiildeygialiiinasaneli
nszuansuingseuulndinluynnsdl

5. 38n15Usesliud I WA dusunisauua Iidausanuszuuinii
U 9 W

nMeUssdugldlniuieiinisussduesnidu 3 duneu Tnqusrasdlunisutanisussii
aaﬂLﬂuﬁﬂ'ﬁumauﬁuﬁLﬁam’mau@awwjfmzéfmmi’]aamﬁaﬂﬁéfaﬂéﬂumiﬂﬁzLﬁul,wiazﬁﬂ'jumauﬁ’u
spiuAdssiussiuaiuedinaziidiussiununusuilesnsidonsovosldlni

nsUssdiuasiiuiinnsananiesdunou mngldlnihlddunmsssdulutuneylandeliiin
Pefazdssivlutuneutuld Alvlussdulutuneusnly dlélnfhazdeusedfussuulndils
whosumsvssiuludunoulatureunis

5.1 NMsUsesiuluIunaunN 1

Junsussdvludusiunaeiiansananauiniasiiiisumaave il wWisuieuiu
YMAIANEA995Ns03I WUk

“minmaalwihiviayerveglelwihdyuinluiu 0.2% vesmaslwihanisesaigniione
Y31 avougmlvideunanussuulniila”
5.2 nMsusziiivludunaui 2

JunsdseundesiiansanviawinuazUssinnvedlnaniniiouve il wisuiisudu
YMAIANEA2995Ns03I UuAD
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“mnmiaslnihaniieuysumin (Weighted Distorting Power) vaug/llnidvunluifiu
0.2% vesraalwihanasaigaiinsesiy sveygmlvideusenussuulninla”

o

AaslwihRaeuusuivnanunsaAwalaanaunsee Uil

Sow = z Spi W,
i
Wa Sy = madkiiAaieuysuiimin
Sp, = maaihfinavaslranRaNaus N |
W, = uAwmesusutnin (Weighting Factor) d@wsuluandaiieudai i lng

unAwesUsuluind msuluanialisulssananeg@uisaiasanlaain
AN 5-1

s NsallinsvvesnEnvasvedlvaniaiiow  nvuadwamesUTuNImn

W 2.5
151991 5-1 LLWﬂma%ﬂ%’uﬁmﬁnﬁm%ﬂwaﬂﬁﬂLﬁauﬂismw@ha6]
Ussnnvas o o ATUNEUYDS unALDS
o X suadunszudlnenily . - oy
I‘WaﬂNﬂLWEI‘L! ¢ NITLLATNIUDUN Jsuuuun
, A ) /
Single Phase Power / \ } \ / 80%
Supply (Rectifier and \ / Y / (815upding 25
Smoothing Capacitor) \/ l&U 3 flenga)
g15uedni
Semiconverter I ’ 2, 3 uay 4 denas 2.5
v, — Welvanioe
Al A A i f
6-pulse Converter, \”
Capacitive Smoothing, n! ‘\ ] 80% 2.0
no Series Inductance
' Y|V
6-Pulse Converter, n],n vn n‘,
Capacitive Smoothing / \ . } \ t]
, , , - 40% 1.0
with Series Inductance 1 \ ]
A I
> 3%, or DC Drive LVAY] AV AY,
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— 2 i | —=
6-Pulse Converter I l J \ J
with Large Inductor l '—\ [ 28% 0.8
for Current Smoothing L o
™, Yy
\ \WasuwUamy
AC Voltage Regulator ¢ - 0.7
/ / /1 Firing Angle
1K y
._A_." s .
12-Pulse Converter rlfj 1—\\ r} '1L'| !J[j 15% 0.5
A i N

5.3 N15USLLIUTIUIURDUN 3

Junisuszdiunfinnsananusunanszuassueiinusaz suduig ldlniasedu wWSsudeu

[y

fundninnivue lnedadrfadmiugldlniudagseiansanannannissieluil

2 I3

Fndrrianszuassuednd wiudldlvidudadiuiuvvuamalninvideye dlalning
Huuamasliihivihdginnazveulnaiisnszuassueinlauin

nsAURIndNansELasnsuednA1deisiLUsA1sg RinananisTaINAuesg suelinlu
sruulnidulaun nsaielounsaiugsuelinaInssuuLsigedssuunsam  (Voltage

Transfer) taznan155uAuludannesvog1iuatinduausinee (Summation Exponent)

winglliusazseadanssuasnsueinuazdtedeutigssuulnindudsunainiu

doo./d'

InNaNNsIHAIRUALEL wserussuadnsinluszuulninazdavinAuTEAUINRY

Adadnfanszuas neindmivdldlniudassetusgfuiudsiegeludldun sedu
Nuvesusfuedn seRuLsLliazmaslwindnsasiandigasosan mdaluiaivi
deyeyrvoenlaluiin u,azﬁ’f]éﬁﬁh811/\1171'1'ﬁ’;maq'ﬁz‘uuﬁ;ﬂ%’lw%é}’aqmi%vﬁauﬁmﬂuﬁu 1aga1u130
FunailFanyaaunsdeluil

We G,

G, :a\/LCha —(T- LUh)a

sedunsussuetinduiu h sufisenduldlussuulnilh (Acceptable Global

Contribution) Tudruiiinannisldlsiihvesdldlaiinamelussuuitfionsan

- edidmasuUiinanames (Summation Exponent) U84usiAusnsuolinain
uwnasidadinarnvans Tasfiansandildanasnsd 5-2

= seAuNEuvesssfussuedndusu h Tuszuulnindgldliihdesnisidousde

finsanaldainesed a-1 fe 4-3
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Lon = S¥AUINLAUYRssiuesueindudu h lussuulwihfegwiloTuly (Upstream
System) wu Mnseuulnihinensanfessuy 24 kv ssuuliiihiegwiletulupie
LU 69 kV 38 115 kV Wa15a1Alaannmisned 4-1 fe 4-3

T = duszneunmsaigleunsenueniuedin (Transfer Factor) a1nszuulniiiegivile

Fuluasungszuulniiglalaidesnsideuss Geaunsausedudilaainns
TaesszuurzonsinA19se lunsaifilinsuAlinvusdiniu 1

NUTYLYAG)

1. dwduszuuliii 69 kv waz 115 kv 1 G, fianvidusesunausdlussuu sy

2. Fmsvsudiue G, muaumsiresiudugiusnanszuuliiinuy Radial dvsuszuu
Tl Aistdnwasdu Mesh wuszuu 230 KV nsUszidium G, THRarsanainiansmude
9.2.2 Tuynmsgu IEC 61000-3-6 (2008)

Eun :Gh'i‘/E
S

Indfnussiusiueindudu h (%) u garesmdmiugldlnihsefifionsan
fdsliihidaygvesildlnihseniiarsan (Mva)

S = masglwihsuvesszuuliihAgldlidihdesnsiBende (MvA) wu gldlning
Fousolusruvanedeuusatunans Adsdngluihsuvesszuulniihdawindy

uaiiavewlowlasiasluanifides Bay narelwlviiugldludiu

w»n m
=2
>
1l |

NLNBLIAR)
1. dmdugldlnihvuadnifivuiadidelwifiviidyasn nsawiuan B, auaunis

o

1%
ava v oo 1

%ﬁﬂé’uaﬂﬂﬁﬁﬁmﬁwﬁ’mﬁhjmmsaﬁwLﬁumﬂmumwmm Fatiue Ey, Airnwnaldnnd
AtpaNn 0.1% Winivuaandy 0.1%

2. dmduszuulnihfiideusatu HYDC Station w38 Non-linear Generating Plant #3®
Thyristor-controlled Reactor %39 Static Var Compensator n15Usgidiuan S, T9ansun
91n35M130ve 9.2.1 Tuxmsgu IEC 61000-3-6 (2008)

_10-E,-MVA,
=
J3-h- kv,
I = Yndfianszuasnsuetindudu h a yesesiudmsugldluihseniaisan (A)
h = dudussueiniifiansan
kVs = 336U Line to Line vasssuulnihiigldlnindesnisiensie (kv)
MVAc = maslnihdnisasansinasiian o ansesiuvessldind (MVA)
A1519% 5-2 Summation Exponent aM5ugnsuaiindunumngg
UMY Summation Exponent (Q)
h <5 1
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5<h< 10 1.4

h > 10 2
= o U 6 a o U 1 o £ v v v
ﬁummﬂmﬂizLLammauﬂmmu{ﬂﬁﬁlw%umazﬂauaﬂmﬂmmiamumimaiﬁnammimmuum

Faanansafiarsantaan “WsunsuannadaiiansswassueindmsudlelniUssiangsiauas
gaamns” Ssanunsanaiilvanldanniuladuesnislniiiuasmads (www.mea.orth) sl
dunlinig (www.pea.co.th) nsenstuiinendauviausemealng (www.egat.co.th) lagdaaenanis
Tdnulusunsuafiansantiannaianuan ()

Foulvlunseygeliidoudetuszuulnindmiugltlniniairsenduednaunisussdiulu
funoudl 3 agUléwsd

“WnRinanseuseIueinusesSus RIS UL 2 §1 50 TTEINNaS T o Fmiagn
sosaniln luidudndriniinmnly vzeygmliidonsarusyuulniila”

dmiuvuasgulunisnsviawasysediunarinseiagnsusiinangldluihaunisussidivly
fupoud 3 firsanmeandealdanamanuan (n)

6. N15UIAUTTTBNNUA

6.1 fualdlniinselng

dueldlnihselvaiesdndieasidunvesgunsaliarnmsmuinlinisiiiwesiaaeu lag
wansliiudndlefinssedendrfuszuulnliudiazlsinelmanensueiniiuTadiiamdrsdu nns
Iyl weanudnslumslisieliivnmssoldlifindsnanneliAnuanssnudessuulwihuaggly
Iylhsnedu

6.2 fuarasunuasmsldlni

Avatvdguulainslidlnisdesujifuineiiute 6.1 lngagresdndesnoazidenves
gunInluarnIsAanilnaniuwazlnanniinsUdsuwdaslinisinihnsasy

6.3 Jlgluisneiiu

a1m1enstiesivaeunaInuINsidlnivesdldlnisenutunelviingsuetiniu
Pndrinatnesu glaluihagdewinisusulsuiluieannansenudenarimngldlndinldduiunis
Uudgaunly mslwihasdnluvinisusuuswnlelaefnanlddngarngliluiviasnnisieglih
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7. 11M3FIUT19B9

Engineering Recommendation G5/4-1 (2005) : Planning Levels for Harmonic Voltage
Distortion and the Connection of Non-Linear Equipment to Transmission Systems and

Distribution Networks in the United Kingdom

[EC 61000-3-6 (2008) : Assessment of Emission Limits for the Connection of Distorting
Installations to MV, HV and EHV Power Systems

IEC 61000-4-7 (2002) : General Guide on Harmonics and Interharmonics Measurements and

Instrumentation, for Power Supply Systems and Equipment Connected thereto

IEC 61000-4-30 (2008) : Testing and Measurement Techniques - Power Quality Measurement
Methods

BS EN 50106 (2000) : Voltage Characteristics of Electricity Supplied by Public Distribution

Systems
PRC-PQG-01/1998 : Tarnuanginauiiansueinifeiulninussinngsianazanaivnssy

Feumanalinnisaiuauesuednifeadulniiussiangsiakazenaivnssy adud 2557
AENTIUNSUSUUTIRuWeialavesssuulnih
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AANUIN (A)
mmgm’tumimqai’ﬂLLazﬂizLﬁuwa

n.1) gunsaluaziaiesflefililunisnsainefueiindesdinuandfiiulumutefmunluiasgiu
IEC 61000-4-30 Class A wag IEC 61000-4-7

n.2) Msusziiiunseuagsuednanglelniisuisuiuindidalunsussiliutuneui 3 ag
fansanlagendenaninauiseluil

- faeani 95% vearn RMS tadgludiaian 10 wi luseuszeziian 1 dUanii veanseuass
yatinupazdusu sesileluiudndnaniualiannnisusyiliudunaun 3

1g9gAN 99% Yo3A1 RMS wadgluyianan 3 Jundl Tuseussesiian 1 Ju vaenssuasnsue

Y
[

nusavduiu Ao liifiudadndanivualiannnisuseiliutuneud 3 gaumewnawmes

=) 3.

kius dMBAUIlARINENNTHD UL

K

hvs

07 = A U o s a
=13+—(h-5) W® h ARUAUTITUBUN
45
n.3) nsdifinszuaasuednialuwidulundaziva n1sussfivlinansaananivsununssua
gn3ueilngaan
n.4) MsUsziiurziansaanznssiagsuetinilvaansruuvesdliliiheengsyuulniinieuen

Wiy dusunsvuassuelinilvaainsvuuliiarsusnididssvuvesgldlniaglinun
Wansan
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AANUIN (V)
72081907150 9U U HASUATUIIRINNAN L LETISUB TN
dmiuglgluiuszangsnauasgnamnssy

Alglnihseniseeniswendesulnainaieddussuy 115 kv Fednglviunainaniiiunied

U 4

AnasnsauUasuuiadfiin 600 MVA Taegldlnidvuianisveldluill 80 MVA wagseAuridalndi
Fonsasyiinanumlanian o yasosinveldlviindvun 2,000 MVA

1.1) 1,2) 1.3) 1.4) 1.5) )

TdsunsuAtuiaiindrdanssuaaisugiindrwsud i W dsyianssiauazanaivinssu

Input Didta Planning Lewel Summation Glohal Harmonic | Current

System Voltage' (kV) 115 MY VMY LY Exponant Contribution Order Limit (A)
Total Available Power'™ (MVA) &0 * 15 | 16 1 1 2 6.7
Agreed Power™ (MVA) 80 2 3 4 1 2 3 8.9
Min. Short Circuit Power™ (MVA) 2000 0.a 1 1 1 0.8 4 2.7
Transfer Factor™’ 1 2 3 4 14 2 5 9.5
05 05 05 14 05 b 2.0
IEMS Tdu 2 3 4 14 2 ! b5
0.4 0.4 0.4 14 0.4 8 1.3
audrewlsatanalutias Input Data u&IWa15M 1 12 | 12 14 1 9 2.6
fdlsddanssuaasuaindudusiagléanndaa 04 | 04| 04 14 04 10 1.0
Current Limit Tumibauauuls 15 7 3 Z 15 11 5.0
0.2 0.2 0.2 2 02 12 0.8
MU 15 2 25 2 15 13 4.2
0.2 0.2 0.2 2 02 14 0.7
(1) System Voltage Aaszduusaduuasszuy i 03| 03| 03 2 03 15 [
riw"lwﬁuﬁaomﬂﬁami ozl 24 wia BOkY g 02 [ 02| 02 2 [ 16 1.6
AsflsTULLS 6T 2300400 V Tssydniu 0.4 kv 1 16 | 16 ] 1 17 y V]
02 | 02| 02 2 0.2 18 0.5
(2) Total Available Power Aardadiovhisuas 1 i 12 5 1 10 1.0
seunlvlih AglElivhaaanisdausia wu GlELWH 02 |02 | 02 7 02 0 .5
7l .ﬁausl-ajt.'itium"-'_'i]a'fu'mr:f'.mma Total Available 02 | 02 02 7 02 1 T
Power faninfuruiaffauas Power Transformer 031 03 02 5 0.3 y¥] T
Tuaanfidan Bay Adelviimugldiiia T 12 12 5 07 =3 R
(3) Agreed Power datuianisuald v R ld 0.2 | 0z 02 z —< 24 4
- e 07 0.7 o7 2 o7 25 1.0
I d sl IR 5 __ - -

- UL .
(4) Min. Short Circuit Power famda v deaas g ; gg 3 ; ; - - 3; g:
sfiaauvashgaiiqasasuuasd 14 vhih _— - - < .
0631|0631| 0.6 2 0.631034448 20 0.8
(5) Transfer Factor da@sznauiadsfionaan 02102) 02 z 02 KL L%}
nrsenpTauussdugfuaiinansruuiifagumila 0603[0.803] 0.603 2 '3-'3'39225'31 31 0.7
diulal (Upstream System) anungszuutiil g i 0z2)0z2)o0z 2 02 i [
Iihdaamadiausa Taovi ldmualifandu 1.0 02020z 2 0.2 33 0.3
0.2 0.2 0.2 2 02 34 0.3
0.557[0.557| 0.557 2 0.55714286 33 1.6
0.2 0.2 02 2 02 36 0.3
0538|0538 0.538 2 053723734 a7 0.5
02| 02| 02 2 02 38 0.3
0.2 0.2 0.2 2 02 39 0.3
02 (] 02 2 02 40 0.3
0.505]|0.505] 0.505 2 050487805 11 0.5
0.2 0.2 0.2 2 0.2 42 0.2
0451|0491 0.491 2 0. 490689767 43 0.4
0.2 0.2 0.2 2 02 44 0.2
0.2 0.2 02 2 02 45 0.2
0.2 0.2 0.2 2 02 46 0.2
0.466|0.466|0.456 2 046535745 47 .4
0.2 0.2 0.2 2 02 48 0.2
0.455]10.455| 0.455 2 0.45510204 49 0.3
0.2 0.2 02 2 02 L1 0.2
Al

CCIA-48



Jafvuaneniunisiliausaseuulasenglifirveanin.
dwiuinanlniluendyny

N5l ulUskNSUTTUR DUAIL

(1) Jouasudsaneluszuulnihasluges Input Data
1.1) ﬂaumﬁzé’uLLﬁqé’uﬁuaﬁzUUH\Jﬁwﬁ;ﬁ%’lWﬂW’Tmﬂm%amiaaﬂwdm System Voltage
dmsunsdlilie 115 kv
12)  doudrirdsdnglniisinvesszuulwihiigléludiifosnnidenseadlutes Total
Available Power dwsunsdiifiorunfitavemsiontasndsneluaniddunsdadan
WU 600 MVA
1.3) i’]aumﬁummmwﬂﬁﬁlw%ﬁ;ﬂsﬁlw%}ﬁw Fyandunisinitaslutes Agreed  Power
dufunsdiiiie 80 MVA
1.4) Jourriasluidansasviinanamananiigasioiuvesgldlniradlugtes Min. Short
Circuit Power dwSunsdiidaninty 2,000 MVA
1.5) fourniszneuiiiemilfiwaainnisanelouusaiusfueinanszuulwiegunie
ulvasngszuulnihiigldlnihdesnindeuseadludes Transfer Factor lagitald
uualidandy 1.0
(2) isanAdadiansewagnsusiindudusinsqdmsuglalndinlaindes Current Limit Tu
mheoueuuls tufdasiinnszuan suedndnsugldluimediionged

Orde | Limit (A) Orde | Limit (A) Orde | Limit (A) Orde | Limit (A)
2 6.7 15 0.7 28 0.4 a1 0.5
3 8.9 16 0.6 29 0.8 42 0.2
4 2.7 17 2.2 30 0.3 43 0.4
5 9.5 18 0.6 31 0.7 44 0.2
6 2.0 19 1.9 32 0.3 a5 0.2
7 6.8 20 0.5 33 0.3 46 0.2
8 13 21 0.5 34 0.3 a7 0.4
9 26 22 0.5 35 0.6 48 0.2
10 1.0 23 1.1 36 0.3 49 0.3
11 5.0 24 0.4 37 0.5 50 0.2
12 0.8 25 1.0 38 0.3
13 4.2 26 0.4 39 0.3
14 0.7 27 0.4 40 0.3
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o d L 'ﬂ:
%@ﬂﬁ’iﬂﬂﬂ@]!ﬂmmuﬁﬁﬂ‘Hﬂiix!“l"l@ﬂ

wenuldihilsziangsnaazaameins su

amznssunrlivdysnavenelavesszuulvh

o mslhihendauvalszmalng @ mildvhunmars @ mslvhaaugiinm
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1. v9 A 1
@ <
2. Jagilszaan 1
3. A5 U109 1
ERTIT T 2
8 oes " A
5. Yadiansan Iz 4
LA s s A = a 1o o
6. WO 1HHA TUN 3TN TzAD WD THONTIRAM IR IN KD IHAIT1A 6
7. Ml ls 12
mamon FomziihimyammzalnsailslumsFansadunsznion 14

v A
INA179 149049
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1. Ysiua

fﬁaﬁmuﬂﬂgmmcﬁﬂﬁufﬁﬂﬁﬁﬂﬂﬂﬁmﬂummﬁaﬁw

1.1 diodludommuangnasidmsudiaiiaua: msasaaouussdunsziion (Voltage
Fluctuation) thu 015 1wl szinngstouazgasinnssy

12 diormuamasms i s hud lunaz s yna s Tifasadunszaiond Lid lda
dori1miua

13 ﬂﬁ’ﬂf‘imuﬂﬁwaz“lﬁ’uumNLf‘“i&J'JfTuﬁﬂi‘i"lfTﬂuﬂﬁuﬂizLﬁauﬁsaufu"lﬁﬁilﬂﬁiaém (Point of Common
Coupling) &ﬁatﬁﬂi}mmi”lﬂ]’fqﬂﬂiai"lwﬂﬂ%ﬂuizwuiaqau,azuﬂﬁ"l

1.4 Forimuniildiy ailnsal i e Tnannnnd 3.5 kva wazdeliAaussdun fountlasuams
Waudus 1a5weiu i 1,800 AssAauT ginsaldanafed sy vamesneumsawes |

dat B A o El o o of
naweiiludee, wisuwyoulavs , winasu lav: , 6Wh  inealiuemea, sawmes uazensal

Tl lvnnunssaauss Tsanugamunssutlszmnmeiag
o d
2. Inmlszaan
oM nuatadinausadunsziies (Voltage Fluctuation) 113tAanssuniuluszuu vl

uaz@14 Il

)
3. Naisiueniad

- A8 22794-1991 Australian Standard
- Engineering Recommendation P.28 , 1989
“Planning Limits for Voltage Fluctuations Caused by Industrial , Commercial and Domestic

Equipment in The United Kingdom”
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4. e

4.1 wyaamlaoumlag (Voltage Change) - mattlaeunil asuean RMS (13071 Peak) Yo aus a6y
53 1IM =AU Id 2 32au1ndi Fusay szduiimnai luszernadiuduouua ldfnungia

Jzazia

42 w53dUN 52BN (Voltage Fluctuation) - gavaaussdiunl feunilas (Voltage Change) wiamisnlfeu

w1 adedanoiie U A 13 96U RMS

1 o 3
43 !!‘i&é’i’uﬁm“ﬁf’mmz (Voltage Sag or Voltage Dlp) - Ll‘qufuﬂﬂa*ﬂﬁul‘ﬂ%}ﬂﬂﬁg 10 glwli?ltl‘jzt’lz DaALe
& o = ida  a a A o El oA T =]
ﬂﬂ"lﬁlimaﬁmmhlummﬂ TﬂEJLﬂﬂmENﬁnﬂﬂ“l‘jLﬂuLﬂiENGIJENNﬂlﬂﬂ‘miaiﬂaﬂmmﬂﬁlﬂty‘ Hiowmna

ANURANTDa Fault) Tuszuw Tvkih

4.4 wsagilaunmladgege ( Maximum Voltage Change , AUmax ) - AVIHUANA1ITE 131971 RMS 74

gatazdgaveIdnyazusdual dauudas ue (Ansengili 4-1)

4.5 usaauldoumlaan1znain ¢ Steady-State Voltage Change , AUc ) - A 1HULANAIITZ HITIUTIAU

mazaai 2 mitegIndmu miwenlasussaualaeuwnlasediatos 1 4a (Rsangili 4-1)

u®m
&

B —s - AUmax

i # 4-1 namanssdunlasumlasmuaig

L}

4.6 uyadunl Aol asdninsgaga (Maximum Relative Voltage Change , duw) - 9951833211

Aun)asuuilaigaga AUmax fUusIAU Nominal ¥835:0Y , Un (W01500 31041 4-2)

4.7 wsadmlAoumlaan 1znafidining (Relative Steady-State Voltage Change ,d,) - 8951871

JrHIausIAuLasunl an132 A AUe LN 1Y Nominal 1935201, Un (Wa13an3Ui 4-2)
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Ui /Un
A

\/ dC : 1 dmax
. 4

jilii 4-2 uﬁm!mﬂmﬂaﬂuuﬂmmwwmmumq0|

48" n=n3u @icker) - Midnlumsnesi liminawe iewnnsnszguainsz fuveaasaing
1 1 k3 |
fiimswlasuulauamana Taanaainmsdeuussdunszmien]im viaen Coiled-Coil

Filament 230 V / 60 W

49 w303 Mn=ns (Fickermeter) - in5oaioneanuuvdmiulsialsmadinedead IWnzwsy

(Taenln@laTan1 Pst waz Pit)

4.10 assuil lnzwiuszazal (Short-Term Severity Values , Pst) - il lfalssdiunnugunssuealil

'
newsuTuaamdua 1o i)

4.11 25591 W0 W30 3202812 (Long-Term Severity Values, PIt) - it 915zt iiumiuguus ey

neniu luszazens (2:3 %1 Tua) Taewi1 ldnina Pst augas

1 i=n 3
3’52}:1 (Psty)

n=31U3IuUB9A1 Pst Tuanaszazanfinia Plt
i ' kY
315z gzMALU=11 Ao 29 Tue Aiu n=12

4.12 4AA93) (Point of Common Coupling ,PCC) - A luszuvvesms Ivhitoglndrud1e v

al

vhiiga 3adl4 IWdhaebuerasesan b

4.13 !ﬂ‘iﬁ&ﬂﬂﬂ!ﬂﬁﬂumﬂulﬂ (Portable Tool) - ﬂﬂﬂimiﬂﬁﬂﬂﬁ]31"Iiﬂ%]ﬂﬂiﬁ]ﬁ]ﬂﬂﬁ]ulmuﬁlﬂ%lﬂﬁ”lﬂ"li

H1uUna uaw”lﬂiam”luﬂf';au,aa"lﬁuqmmu (2-3UT1)

]
FAa o

4.14 ilnsaieumlaangn (Balanced Three-Phase Equipment) - ginsaiifividanszualumedu v

(Line)mamﬂaxmﬁmaﬂu"lmﬂusaﬂa: 20
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5. ARTIHANITIA UA 1NN

= &) A g 2 ' & ¥ o=
Tumslsziumsedunszaion wiadly 3 duasy muawinusaIvaalud 1unnelimansa

ai A .4
AUNI=LHDY AT

LA
Yuaouii 1
Tnasvesginsal lWdhludr uiine liiRaus sdunsziies Andlu n3e. doenii 0.002 mwes
& o a & a o = Y @ o 3 ' '
WA, dm witigadedd u vzdusen Idaehiuszuuveans luvh 1dae Taelideshnunisas

’i‘TEl‘lJﬂIHLSﬂﬁHﬂixlﬁE]N

& =
YUADUN 2

]
1

tnanvosgunyel Wvh Tudrudine Tiibaussdunsziien Andluadie. edszning 0.002-0.03

be

a

wihoaina i, dmansiiganedin azdusonlireriduszuuvoims 1 18 Tnsfidetidadsil
- ywauazsasmsihanssiunlaeuulas (Magnitude and Rate of Occurrence of Voltage
Change) Uasgnseiuda: M (Individual Load) 3z #ed liiudunsiisidanuaay 11y
it 51
- dmsugUnsaifidelfidamanGeun arean sadu ffigluuuit liuviuowu Mg

¥
woa1WNzNFu 582 (Short-Term Severity Values, Pst) U01gilnsoivz Ao Laitiu 0.5

& o
YuApUi 3
' i E '
S inanvesgunyal vl Tudhuiide lvifaussdunsemoniinufuiaiidaliduaeuii 2 92
@ " W
Avmndniumsnsnaouluduaeudi 3 lnalisisazBond i
- ATV BUITULIAY (Background) Nivinanas dasimsnausadualdouu aunndeadion
1a wietumnauazdasimataussdualdsumlamesszndy f weuu linuuoud 19145
e ar 1
I5n3703AA7 Pst
- wamInsaaeLvIALa: 8n3IFnaLsdul deuulas niewaninsnian pst lu
srUURnINsItuILIALazsasImsnaus wuldeul ammSea Pst vesginsaifiaz
Vg e w el 3 3 3 . o o R
aorniuszuuRadnin ba azdsailu llmutemyua Tumssiuse duns adun sz dio uima

WM o) LHAIRHAM D 6
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T

=

6. Sﬁ)ﬂfh ﬁuﬂ11&ﬂ1ﬁﬁ?ﬂﬁxﬁﬂ!!‘iﬂﬁﬂﬂ‘i%!ﬁﬂﬂﬁ! QMDD Hia 18 Y UHA A1 U

N33 I85 ML Az uian N nateunas s e 3 msmagaa w1 uns
F
ar &

fammszauusIdunszion 1d il

oA 9 o a o a A
6.1 DIUNEINTO IV IAUA AT IN 1IN ANTIA u!ﬂﬁﬂu!!ﬂﬁﬂﬂ!!ﬂuﬂu

b a = o o e 12 a 1 9 o =
D avesidundeuulamesszuudy uazvesgunyaidr muiaiunderiiduszuy i
1w o c%l g ) F= =1 1= F=] w ag § o d? @ o 1w
sy sanauy liwfouiu nSeinwsdwaeiden Joaduiliiatum{oudu mdan
A1sinausaaul aauulaisiy azminurasIvveIsasINIsmasd wldsuulasveaszuy
=% o ar 1
Az aIgnsad T
b ar = = o ar = a 1 Yo i) a%’ 9
2) tussdulGeuutlaresszuu@y uazveagdnsaid vz hindedin fuszvumadiuniow
fu amavas dudl Bauwlassimzminura T vve wwans wWwnndsumla e sz oAy
wazvegnsaid Tl
¥ o o = & o ar = 3 W w o
3) duuiaveaus unl deuulasvesszu iy wednsaidylmifivz ihmdediiuszuueula
” & 9 Yo & owam oy 5 o
Funifa finnadsnnlidanald lideninan
& = & 2 = ' 4 s o - S
nanazdasmanausdun)deunlas i 1dmd e inaudia 3 de woiin
wnsaniu ) nand azdes Libwduns wiliasidananeay 2 Tugilil 5-19wzsouldraegnsel
A lnsid szuuveams i 14
A dwwnanazdpsimsnaussualdeuntlasessz uu@n uazgunsdidr lmifiazindediiu
E 3
seun liaasoy udu ldaundninasiluns 3 dedananud Wl smslsaitudadl

o = o = ] 1 g a8 A 2
Vwanazsasimanausduldsuudainalen nannuradiafeInionaly

Voo =

wndaduila aunsolszgnald 1 sunsllugld 51 14 Taosr g/R” + R, +.. 4 R,” doa
fimileenit 15wzeeylgUnsaim Inideditussunveins Wi 14

iie Ri fie 83 ehuvemwmanssunfGeuutlamsas dildaninunaani uia i devuiaves
AwsadunlAouulasgsaa mudunsvinineo 2 Tuglii 1 figasmadaus siunlFoulas

= ™ 2 1 a
e iy wazlEa m miiy 2

s ¥ e (=) ar = = 1
6.2 ﬂ‘iﬂ!mﬁlﬂ]ﬁ“'ﬁﬂ Anuiaua zea s amanssaisilaoumla sfimduan
PV o y = o o 1l o ] ¥ 3
1 ﬂ‘nﬁ]?ﬂﬂﬂL‘NﬂuﬂﬁxLﬁﬂWﬂﬂﬁixUUlﬂﬂ LLﬁSWﬂQQﬂﬂimﬁ]ﬁlﬁﬂﬂﬂxu1N"I‘;f']'E]Lsmfl“]J‘Jx‘U“U Tawls

5
Flickermeter ﬁli'éﬁ]‘fﬂﬂ“lﬂ?ﬂN‘guuﬂ%’ﬁ]ﬂﬂﬂxﬂiu&xﬂ:ﬁu { Short-Term Severity Values, Pst )
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o 1 o o ¢ ' & . ¥ ¢ A 1= =
2) U171 Pst 1157 Nﬂuﬂ]ﬂ]qﬂiﬂqu Tﬂﬂﬂ-l Pst fﬂﬂ]u]ﬂ‘lhlﬂﬂﬁ‘ﬂﬂﬁNﬂ'lhhllaﬂucl,u'ﬂ'lﬁ'lﬁ'ﬂ 6-1

Pst, = 4(13331 Y+ (pst, )+ Pst,)

@ s

i £, ongn i o A a IR ¢
Ao m Juagiudnumzreiiaaiuiaussdunszien Taglidauus sl
3 o o | B '
m=4 1ddmsuginsallviinlszinmminae (Arc Fumnace) filimavirnulusiimsvaey
Lo Y
azatylundoniu
m=3 lsdwiugnast vdh inelinaussdunszmeumoummliziam Taemaiilema

¥ a3

2 o [} [l 1 ] o ks @ e 9 =
fazinundeuduiides win luwilan Temanasiinuniouduiinmisediola

EY

Alwlamiila
' ¥
m=2 lddmsugunsallvhiti Temaszifiamshanuwieniuoonss
m=1 vl nsel hiilimsiaundeudu

3) 901 Pst A lamnAnnanainnuguus e IMnsniuszese1 (Long-Term Severity Values ,

1 o j=n 2
Pt = #EEFI(PSIJ)

& ; ; iy G Aa 9 [ = & G
o n st iuIum Pst lugiwiafinsinda Feaawarils Unad sz uie 2 49 Tue dniu

o
PIt) AIUEATAIU

A n v 12 A1 Pieidw el azde s lidua lumisian 61

5 4 a a8, 2 Y . & » sy A an
fwan1snsdaieasianudenivualudud 3 asdesduiiunislivy gaudludeiild
1 o & =y ) wr 1 9 ey 1 o -3
AmTIAURIzia Rt e HadInaua) Tneema: Masmsag a fai
as 1 ¥
1 sulgaszuuvh Tasewaznoadnmsmms
ar ooy = A @ 15 ¥ oy El ar A @ ar & ooy
2 Ul maiuaseadns e Lilidmasiesdnsnans <) nemieniu niee w1475
o a 3 o o
msaunun s deu)asveansdu it uiuuaaees Ramp Change)
3) diulyanudnvazveelvan
=3 3 G ar d'l
4 fAndagulnsaidiiaussduniziion
- s d
s fidanatAuAIensUIlssan

6) Ul jackienin Fault Level 4995301

3 l:lyﬁf o ar 1 3 z =y #as ar 1 1 & ar 3 =
HINPLHHA NIVVBMHUAAINAILAITAIHUA uhlﬂiuﬂi:nu:m]:hlmnﬂwﬂﬂixﬂUﬂmﬁﬁwmnmﬂw1ﬂ
e & e I = 1 3 o 3 o =5 3 2 = k3
I:flmmmmn1mm‘jmam1m:uﬂmmwammuwgmmammu daiundwinmsaadalsnuaiuad

winwuhdaiinansznuaed 14 1Wdafieregon faedesdlsurlywd lvnwiluisonsunuld
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A191 6-1
=4 o wr ° s
Vad Ay
710215053083 lnzn3u szuzdi @st) nazamamsuusavedldn sn3uszozo1 @10

A 1o o @ A o) oy 1
LHA TIHUHAID AN UN TN HHaTHHaAD ‘ixll‘]]uh"lﬂ] 11 i;l.ﬂalﬂ“]

srAungaau Tvbh Pst Plt
figARD 33N
115 kV #39d410 71 1.0 0.8
HINAI1 115KV 0.8 0.6
A0E 19N 15A TH I

fruasidny sua: dnyazueIwsAigli 6-1

seut Wy adug e (High Voltage System)

.
)
a1 1Wida2995 (Fault Level) = 4000 MV A

niowlarlvivhidida (Power Transformer)

N

132/11 kV 60% Impedance on 100 MVA X/R =30

F=UUT 14U (Feeder) 11 kV

N

Z=028+j034 Q)

@ o 1 . . .
wioudaaluszuua11uia (Distribution Transformer)

1000 kVA 11/0433 KV 5% Impedance X/R =5

N

AABIIN (PCC)

srunnsadu i1 Low Voltage System)
Z=003+j0.050

Tnanou 9

wamad 75 kw maa lvhanSudy
M )¢ 8kVAKW Power Factor YizI3 WAL = 0.25

¥ 1 kY '
Fuauafimssnay 15 afawet lug

5 6-1 nmaauIia g0
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dunaudt 1 mamdmalihamns o A%93 241 TiF Base 100 MVA
1) moufiuaudvesizuy s aduga
7 = Zsfc - (‘ICVSfC')2 WAB
"z MVAg. (kVB )2
MV4; .
« = 3, /3000~ /00

Z, pu
2) Adudinaugueindauilas liimaa
60 1+ 30

— x————=0.020+ j0.600
100 y1+30° / o

= oa ¢ . '
3 MBHNLAUSUDITZUVT1HUIY 11KV

100

— (0.28+ j034) = 0231+ ;0281 pu

== o 3t o [}
4 ﬂTElNWlLﬂ“I-\!“]i‘U'ENTTM'E]Llﬂﬂiﬁlu’ixﬂﬂiﬂﬂu1ﬂ
5 100 1+ 5

B 0, TGS
100" 01 " Af1+ 52

5y AonuALE I B gAReT I

— 0981+ j4.903 pu

0.000 +30.025
0.020 +;0.600
0.231 +j0.281

0.981 +j4.903
1,232 +15.809
Z, = 1232 + j5809 pu

|z,|= 5938 pu

6) it lWdhdaiws wyanesu

b '
INAUMT IHAUAOUN 1

7, -2

T MVA,.

MVA —%—i—ms MVA
s 593% '

fdalWihdnms = 168 MvA
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3 ] ]
dunaudl 2 mymmeandaumdn v ane S mdunemeidomas lbhdaws wyadedan
BkVA [ kW X T5kW

1683MVA4 x1000

fumIu=

o

=0.0357
W 9 '
Tas1dauiiauiu 0.03 dniumsdenamesiin luszuuezdasnumat saiiuluduaoud 3
3 il . - A ey 2 5
dupeuil 3 Mmymmusidnldsumla vasnannames o 390379

D fsufuausums S ndusomes
100 MV A4 x 1000
REVA [ EW % 75EW

(025 + j0.9632) = 41667 + 7161367 pu

P o - &
2) AN HLAUTUBDIT S UULTIA
100

7 (0.03+ j0.05) = 16,001 + j26.668  pu

s oo 2 5 P
3) ﬂTEliJWLL?]‘I-!“]ii'JiJ“I’]Nﬂ"luiﬁﬁﬂsljﬁlﬁﬂﬂﬁﬂi]il

41.667 +7161.367

16.001 +j26.668
57.668 + {188.035

7, =57.66%+ /188035 pu
|z,|= 196679 pu
Z, +7Z, = 58900+ j193844 pu
|z, + 2,| = 202595 pu

4) s G uAuIenes a gadeT
ZZ
L +2Z,
196.679
202595

x 100%

x100%

=97.08%

W I
5) daiua s adunldamalas s gadesdu

100% - 97.08%

2.92%

10
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ARRAT R ERATH]
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ussdunldeunlasgeganeensuldndanmana 15 afset luamiiiosas 4.2 daias
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1. A.8 2279.4-1991 Australian Standard
2. Engincering Recommendation P.28 , 1989 “ Planning Limits for Voltage Fluctuations caused by

Industrial , Commercial and Domestic Equipment in The United Kingdom”
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