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Abstract

This research presents an Analysis of Voltage Sags on the Installation of
Distributed Generation in the Distribution System. The computer program
PSCAD/EMTDC (Power Systems Computer Aided Design / Electromagnetic Transient in
DC system) version 4.2 is applied to provide electrical parameters for the modeling
and simulation and to analyze the fault occurred which resulted in voltage sag.

Test results from PSCAD/EMTDC show the values of voltage sag when 5 types
of fault are occurred (Single Line to Ground Fault, Double Line to Ground Fault, Three
Phase to Ground Fault, Line to Line Fault and Three Phase Fault). For all cases, the
value of root mean square voltage before fault is 100% or 1.0 pu. It can be seen that
for both radial line and closed circuit, when DG are installed in the system, the value
of phase to ground RMS residual voltage and phase to phase RMS residual voltage at
the bus of Bang-pa-in 2 substation are more than the values in case of the system
without DG.
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A5199N2.1 NTHUIFIUVBITEUUANYES

AUVDITTUUAE UULAENITIINGIUY

anfilwingesnnas (Bulk Power Substation) Sumadlninannszuvatvdinaznuad
I wielvissuuaiedsae

S¥UVAIEN8ae (Subtransmission System) syuvaeashifisulnannan g
goard ieduisludianillniheges
annillngesdmuig (Distribution aonfiliirsumasluiiainisasanvds
Substation) o wazuwlaslianedeudgunil
anetouugunil (Primary Feeder) 2aslwihisulnananiliigos 1ile
dsludmdeudasimung
anetouniunil (Secondary Feeder) 29951 ASulnanndioutassiviing

wazaaludeldln
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annillwihhdesrinds Ae aoniidsussivussiulniivesszuuansddlinas
wdndrszuvanedsdes iosanandluihdesidsdilnanduduaumnlvadi ns
ponuuvanillilihgesidsdadesinduludesnsiglwiliivanedsseidos d1min
anflnfhdesdntedldainsadeluliissuvdededonlinasvinligldlnualnlyd dnvous
msdavauanusninesluanillvifihdesidsddefunaouuuiuegfuauddyedvand
Peliiesnslidanusiuag flnildegsioidouniiodln msdatauaziusninesluanii
Iuifheosuseantddudsd

1. Ualiemsevauszsiu (Single or Main Bus) Wuguuuunsdntauaziusn
neseg1eie dndoutasansyn ulawseuliiwesasdasluilussduaivddon duin
Smvasiidadiililiausodielilfiasunasiielnlafiiadadesunasinelnfiviofds
anusadnelnldlaslivinainudeiieslunisnelidmdowtasfidnedvualnguinne
sUuvumsindaiemievalsysuiiynseuiinsifndniasidarinlilianusad gl
Tnanuazndoudadluszuviifosdvunlg)

2. taussgedanou msdntavesssuuildgniantuinaniadelaenisee
unasinglnasaunaaiiseiuieindefingdndesiuundsdelnle Snundsdnglnwilads
annsadsidalniiumsonlaisaomnuiiss Sundeutanier aniiflwidesuuui
amuiiesfasausiauseedunisireliliguiedisuiuanilliihgesuuudu

3. tadendanau nsdatauasiusainesvesssuuimioutunuutalsesiy
videtaeioniutagnuenesnuniuasstaniennnnin laslfiusninesidussnneuuen
é’ﬂwmzquﬁlﬁNaﬁﬁaﬁ’ammﬂ,mnLmaaﬂmm“‘uuLﬁamsﬂﬁa%’ﬂwﬂé‘[mﬂlajﬁwaeiaﬂ’aéfﬂ
B mimmamwwuamauimlulmm‘l,mvuwaquﬂﬂ'rﬁmsﬂwwmmmLLWsjmma
vty asiuinsdatawanusninesuvuifiiondlugedouvesnisdauuuia
Ussruseienlunsdliiindansasivauddesgnvsinnisinglivuaiilefinisdnisaslia
widme Wilvillvangaiulumstisshwilaenisiendadaneulaeenaiunsavilalaglisos
Uanlnanoeniaeifieliidimiusioiioswesnmsielnanlunsdiiaoilwihdesiisulnaniasn
noulag Fossulnandadaneudun veanaoilvihgesdadug

4. Gaszoug iunmsdatauasiusninesiioanauiiematalunisvinnu wsn
nefvtetamunsndaoeninsruunatlafldlaglisuniunistelias Snniaisaesgnlday
ojuariindmastuiivalatanils 9admarsdinanannsngnineananszuulddieiiad
wuvAirlaisuden Tnedsannsndelildndiounfiog ssuulavsssuionndaudadlilaede
taveniluneur Ineliusninesiameunazaindsinnou winnesgenalddmivuinsesingd
radusaefuTalaiuaiaddanourinu madenismsintawssusninesesdlad
Juegfivmnuddgmonssinedodimsdestunuiel



5. tausgsunazdalou Ualou vunefs dafiasasnilsenagnlousinda
Usguaniivatiiazansiaskiuniausninesidonles (Tie Breaker) szuuiionagndauuag
Tanednelifidnanderiuainddaneuiiotnasdedfutasssrunievaloudls naddd
ansoudlatlaiedadesivaUsssnilinnnisanglild

6. Uausgsrudsauazlow Uadrseslilidwsusearsdeunsearadneli Ja
dsestiimifiniloututausesuiiaes anetaufitgllandluiingessieg enauwenduln
naeadalaelianednelidowdiudasdaninudeulas nstrgesshwiusninesvasanedeou
annsavildlaedelyanlidrasaindualeu

7. Favszsnunazdaleudises dudunmsdaudasssuunsdatalsesudises
wazloulpgldtadisesuasvalousimdndudaioitu nsdanvuiiidedfoaruis
thefnutalaviewsnineslafld mafudanioiusnineslminluAannsovildlagly
gagnn1sUingesneusninesvesanedeuaiunsnilalaedngliiiuusninesvesaneanel
rialsysukuusninesidesloaditaleutazludilvan lunisdatalsysunazialon
dseufonglifesszinsz Yludesnsinuresinddanounuiuneudie

8. vawsninesaia Wuszuuiivauszsuaesyailigunsalifosas szuuld
wanined 3 ¥ase 2 2393 Jadendinmsiauuuiiitausninesaiinmsthelnanfiosulnian
Savszsulafvilaeldiusnines Suneunsvhaudadnvesusninasnudiuilslgenn

9. Yans fdeleiuTeuiiddyde liusninesviaaseninaiidmisesnain
szuushiy uasdoldlieudndssnsie uiazasasvasinasviensasfieananszuulésy
msinglnaesng fadirAliiisanasnivesszuudausssuguietausninesaiausita
2hgdenuiunmazdedeldlunisaieln wannesluszuudnasasing aunsaeieanain
szuulditenstigesnuilagliiliszvudemgainelnegslsinuiiinisdniasiind
wasidnviesenlulurasfiinisionusnineseonlutigasnuifienasinlsasdudiey
Pamedlianunsasulille

2.2.2 SyUUEydstas

awdsgesiintnuidslihanandlihdesiduiiedalulann i
dosfiognuundsyuruingg fandluihdostseduussiulifvesasdsgosgnudadli
Masitedsreluanetou

m3dninszuuaeddladussuuanedimioaedigons oafiansanainnisvinnu
vasszuulallefvsananseduussiulii sedussdulifsnsaudmivaedsgostuagiy
sefunssiulifivessyuufiganimiesninssuuaedaden ddmsdmusetulyinszminsans
ds modsdosuazaneoudiangunniiuluvdesunniAululivsendassduussiluihesans
dsgoniildfiuogsening 28 ua 138 Alahadmsna2.2 wansogssuusetulyiwesmeds ane
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AN5199 2.2 Feg1eseaunsasulninvesaneds anedsten wazanatau

el aneas (kV) awdsgas (kV) aedou (kV)
1 34.5 13 a
2 69 13 4
3 69 34.5 4
4 69 34.5 13
5 69 46 13
6 69 46 4
7 115 22 4
8 115 46 4
9 115 69 13
10 138 69 13
11 138 34.5 4
12 138 69 23
13 230 138 13
14 230 138 23

vnessuultsgaulssnulnivesaeds waraiedsgaassaudeinunsly
seauussruliilumuendianeddauasdusas awdsden vseaedeuvinlaein ug
svuvanaldsrsuuswlihnilsiuansdsdesluiuiviudnguldsuane teulusnituiinif
¢ 1asvesmedsdosanadneglusuisifvaniouuudun Agsennduly miuuanssdndnyaos
U52n159094n15uUwTinvaan1sinisasaededon Ao ssuufiaandlnihgesmasldlafinng
douleedsanedidos wazszuufianillniihdesideiifinsdenlosisaisdidon szuu
Smheilifinsdenlosszrinaniliihdosidsinomodsdosavdsdneuvuisifivagy v3
an3anUULMaIIedien aondlnihgesidaunsadeulosieiufiseiuusssulnianeds
go8lasn1IunU-n1g (Tapped Tie) BIDNIALUUNAIELNEITIY
1. 199saedsdosnuuLsiiea (Radial) 2995 lildesdeuldfuundndmsu
seuvaedniesainautuas vieanudedeldlunistrgludniefisusuwuudug
Fofnsnsasiuluasdsoslaazililifinisdelvsuandlnihgesynuiaisulaan
e OPHRUGNERL
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AN 2.1 @NYAIRUULSHREARUUIY

msUfulssruuamedsdosuuuifsalifituaansaldfinniz 1 Seustey
2wasigllifuanillwindosdruniuasluvngidorfuivimiiibuunasdnglugnidy
dmdvanidliihdesdug nsdauvuivinldannsndelwlagldlldsnginsdadnng
é’mwnﬁm%ﬂmzwLLaﬂumajﬁizwﬁﬂzgm WU n3§RasasRenaatunsaindlnaes
anillnihgesiiiesulnanasdigdosvisludiaedsdesdnisamisannsovililagaing
violusnines widmnldlusninesdesiiszuudenssninedu (nterlock) Ao tusninesdingdl
Undilinetaznasiseiiloiusnineslunsasitindnsasilinoondon

2. yasanvdadosnuugy (Loop) msuvsanedsdesluguiiuneus eilnns
Andmsnstuluaedseslineulafnufliansnsovhlrandlniheoslangade llvld
Il isggadasastuadidenazgnueneanainszuudionislavesusninesiiansos
avdsgesneuty auyfiindnisasluaedsdesnaunieiion a. lwsnined n. wae 2. Ala
ponitliigndnans a. gnuonsenatnszuuuazaniliihgosimuafanmsaduliananid
nlihgesasldiduiy uwinseenuuuszuuiivng neuvesaedessodlisulnaniiug
(Overload) lunsdlfiansdssasgesmaulagninesnainsuy

mm%u’qﬂ'1i%’mw3qugﬂﬁﬂﬁé’uauﬁijL%‘;Jmaﬁ]iLm';u (Ring) FatfuFasfoarin
anuilaszminnasuuuguiaziaumiu gu vl 19958aFuduanuasg el
Tvansineg wagrunduindauvassrelifnfigaSudunietaireniu 2umu muneds 2995
madeslsunasinelivarunaadndediu nmsdamsasuuvismudenldfuinndmivas
dosuanilosvorveenniufiregluzuvesnia (Grid)
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aonil lvlvheeesmas
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aoil lnlvhedessmahe

AW 2.2 K9aTangdsEasuuUay

3. Wasawdsgesuuuaulau (Tapped-Tie) szuusmhng s &eiising
Foulosseninsanidluiidesindeseansdedon anilnfidesfsulnanaisdsgesd
deulosiifuanduzd 2.3 msdnszuuifesutsszuudunou lnefusninesiiingveud
awamﬁanmmuﬁmé’mqwﬁﬂumauimmawﬁwaqmadqqmé’mwsﬁgﬂﬁmaaﬂmﬂwuu
Semsidavenusninesiirevenoutiug
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aonil llvheoe
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AN 2.3 dngdsgpuluunnglou

4. Wasmedsgosnuuniaduszuuiiedesiidesanannsoveeiiorelsiiy
anillwihdenifindulFodsiuillaslflassainnsden szuundaldiusninessiuuun
uarsrUUTIadgiennisruusfanargy sruunalimnusiunsuazanudedieldvessyuy
Nty LwiﬂfgmL%ﬁm&Tﬁsjqmﬂmﬂﬁuaéﬁqiiﬁmﬂumil,%amL%’ﬁuLmﬁqahsJIWﬁmsJLméqﬁ
YannevilainsnszaslnandnsulnasInslnne g iu

2.2.3 anillnfigesdning

anilliifihgeedmiing (Distribution Substation) Ao anillwihdsszneuse
gunsallafiifiomuausnmseduuswiulii uissisuazuasussivlnihlaesulanaods
doritedwsialligldlnandlnihgosdwninoutseenldad

1. anillwiheeeuuusssuan (Simple) Usznausie alindrnnauusegs vile
wlas uazanedounsoulusninedniasuusei tnsunniigunsainunuuseiuliinlunse
wawdemelouiienstisednw waznsnsadewsninesniensmmadalaglidesiuly
913U InG19W U (By-Pass Switch)

2. annfllwihgesuuunatgaedsges (Multiple Substransmission) JUKUY
deliinnuiuauanidedeldlunsieglnantuisfiuasdsdenidluluandluihges
aAndinneuansyanuudonseninduiteldlunislounisfulnnaisdgosvialusians
degoonils Wofinsdnnaslumsdidesiusninodvesasdsiudansasesn na1figldll
LilasulwAfedrsarmesnsteuaindsulnludiavdsgaslng
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3. annillwihgesuuundeuvamateyn (Multiple Transformer) Wietosnsiin
llfuiesnnmieuvastrgaviaidemelaglinioutamansyn nieuvashuaniilniiges
wiseeniiuaosyn Wevienamilshianinsndelvanlimiouvasimaefiaunsniulnani
wideld WileUosiulilvinioulasaesyavhauruuiuldaindvindnlnaniiogszninaanse
dndunuudensenintu fo adndedadnlnaniaztansasldidedleainidanoulavamie
wUautnisasesn

4. aonillwihgesnuudneliuavdealndnluli@ (Automatic Service Restoration)
gnoanuuulinsdnelvanismmeuiousdiungaes indaesuiodunisans Weidans
dansaslunilonvamdeansdsgostnnaivgalilie dranarildlunsduaindsiigg uie
Panmiasugunsaldises msantranameadgliflidesasannsavildlagldannilliii
dopdmheuuuduiasuaindsaludd msvhanuilefndmasuuamodsdesnilausnines
MefuvasEdgasaviUnisaseanyiiinseiuliihvesansdigaunnly lwininasusgves
Uansansdsgesfidneentiadniunsdinnasresvininosussgsiflumuninusninesia
poufuusIgednsasilindeuvasisassgaiiudnelunuundld Wouflunsdanses
Seusesuazielnviliiusninesinneuiiuusiaalniarseenuaziusnines Uanganudaeos
Unsasuagineglnmnuung

5. andlwigesuuuimasanelvvunu (Parallel Supply) iinsanalwlvidulvan
wuseidledldlaglsifimsvend el Wedadmsslumeds senseiusninossiuussgsgnaiuna
esadnssuaiumaiirmauasdmasesndleifinanmstussuunszuadmensinaantausegs
yosanillwiigesluniaunasdnoln WeiAadmsasluaededosiusninesussgsiidumanas
Uanenwwasaneadsdnginidasenn washenaInNnaniseseanatnszuvamilnigosuazdeing
Tvansioluldlnvendielnianndnaneddeslsifionsdnsas

6. aonitlulihdesuuuaden inisn (Spot-Network) frmnsiusswazanuidedield
aslumsingledwiailedingldaindfosngaviioutausaziniaus miuaedsosusaz
2993 Wazaindinmeuamzmed sl ussgavindusninesmeduussivemsioulag
gnmuaslpeTiadnszuaiuniiens Sidlvinmuiiedmsmonusninessioulanilafanis
Smsstulumedsos wanneimaiuMmesEAsasIaRUINING SR UL BT TaUUAY
Drmwseenyilsivdondiowanaieivlvaniioun

7. annilliifihgesnuunisdatadudon Wunmsdndiliniundesinlunsdigl
gaunn MdaUsgsnunazdrsesmsinuussimedouusazansenaulnantalafldvands
annsolddmiviviazigliauunidiudndaniadutadisemiogniau Tunsdifanis
Snsasfivalszsuussiiusnnesussiiiaesvemieulasivetutalsysudneaniag
Slud@ Fafudmarsusninesvesaeteufifuegifualsysudeiowardamaasvesusn
\nefanayavemvsenlawiaitiutadises uaslansasvesusninesaedeudyaiietuda
drseuiilvansulranulisudawmuuni
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8. anillnilgesnuuiadeuild Usznaudegunsalluilisingg Aldluanii
nihdessieguusaanifieindeuiinniivildlug@niinildldie gunsalainds udfeutas way
pUnsalaindenssingnusznauliesaenndosiuainlsanududain lunsdidamislsl
annsadnglildduszozinanu fe liansadenusuudlugunsalluanniliiingesidados
Tivhauldludanandufazdonoanidinidesuuadoudldddluimiiiumanid
Tigeeiftym

2.3 paanan WA wuUnsZaen

uwiasAnAliuUUNT1e6n (Distibuted  Generation : DG) A MskARLWTATvLA
Adamdn fausaing Alatad e wneded Aideudadniussuusminglindmsussmelne
Tofienuunaandslinuunszanesialaun
2.3.1 Judnlvifinsedin (Small Power Production: SPPwsnefis lasantsndslwiinlae
Tosguunsnannasauauiou wazlni1sauiu (Cogeneration) n3an1suantni Tagld
ndsuenguuumnvious anuietidudewmadasims SPP udaslassnmsass gl
% mslaiideedn (i) Taifu 90 wnzdnd willlosnn SPP udaguvsanansnve il
fuslneiegluninalndiAosldlnenssidsnsnanues SPP sihazeglusedu 120-150mnz
232 guanlililvuiadnunn (Very Small Power Production: VSPP) unefie (@
lhvisneienty Sguna $damia uastsersuiluiifiedestudaliivewmuesuels]
AU 10 wngded Mideusorvszuulaseievesnsiiided winelaofinislwiidedsiming
vangtls mslifhuasvans (i) uag mslwihaduginig ()
MnMsAnatenasifgafuAdovesunandnlwiiuuunszarsfanunany
ae 9 aguladunamdsliiiuuunsganedidianunuiersudimainmewansiaiuly
JuogiuminfnanuvesusasUssimaiidmundusniegiadu
2.3.3 unAuUey O.Amanifar, M.E. HamedaniGolshan, “The Effect of
Placement of Generation on Mitigating Voltage Sag in Distribution
Network” [6]
nadaundssdalifiuuunszanefifensiasuamanlniivunadniige
audnansvesiyan Tasmsndanlwihuensisnanuniasdosnsliiugniuazideudeidiiy
svuvsmheuazelwliiunslnih suiavesuawdalifiuuunszanedidudsesu
Alafnsduluaufssiuauniiungtad undedalwiuuunszaesuissisanduvesdiu
yaraideusoiiriuszuuimieliihwesnsivi uwdwdslsihuuunsyanedlindsau
Tuiharnndanumyudeulugueuusing g
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2.3.4 unAuYey O. Ipinnimo, S. Chowdhury, S.P. Chowdhury, “ANN-Based
Voltage Dip Mitigation in Power Networks Distributed Generation” [7]
nansdamdrinauveswvaandnlifiuuunszatefife widawdnliiing
FoustelagmsainAussuudming uvdwdalihuuunszaredassdamdsaulinlusssy
flaigeanntin uazagndnnndsnungudou fuannes lnsunfasinddugaiiogindiy
Inaanselndfiugnan delmussuvesinamdnliiwuunszaredipenislivdesfinusou
nszan winemsiuaslunsdgln antamerugydelussuulaiih amnsaufuussganm
Iihuagiivenandedoldluszuulwih
2.3.5 UnAMUYDY M. Venmathi, JithaVargese, L. Ramesh, E. SheebaPercis,
“Impact of Grid Connected Distributed Generation on Voltage Sag” [8]
nadauvasdalifiuuunszareidoundsdsliihauadniidasdlndi
Tvan wdaliihanndanumudsuiodunisinwauinden undwmanliuuunsyaie
fhannsadendsnlnihlriugnanldiflefalady uwdsdaliiiuuunszaredgnaian s
TinamssnuuanumstiengssesuLsss mafinanuidedelsvesszuulnin fvuiadn
WAZanAINGaYLEe
nsndnlilihvesundsdaluiiuunszarsdaiivunannslindunuuesaios
udalwihuuunszaesil 3 Ussonsd
1. mMendaliiaInnasnumyudeuy (Renewable Energy) LU WAIAY Weldwa011ing
wasdrvuraLEn (Mini Hydroelectricity) w&sdrauradnunn
(MicroHydroelectricity) Wé’m?{umaw%umawi nasAuToulanan uag
A usu
2. msudaliihainidemds Wy maverianwdslilunainuss viennanms
HAANARS T e VINTTY ?JUZH@N@EJLLaz‘lﬁﬁ]’mmiﬂQﬂﬂ%ﬂuﬁ@L‘W’Sﬂ
3. mawdsliihamdsnuilfinannssuiumasdn mslivienismudademas Iiun
wEsuiivdeds 1wu letdhiiwdennnszuaunmdandnsasionamnsamie
MsInENT NAsUgAD 19U Anwfeuainleidoiniessud ndsnumduna
waneld WunaNIunalaann1sUsuanmIUR YR YeITUYR
Uselowidilesuanuvadaanliihuuunszanesanaugadsluaeliii 1osenn
lafpsdsrinundanulndinlussegnielnag msizunawdnlviuuunszatedafivuiadn
annsafasslndunasidgllaihmuiuiuld wssdulnihdtudesannuseiulniinnly
aelilihanasudrszuunsuaneglndiuaisznsliii (Load) anuan1ig 1lesarnnisuan
dulvgiiundsnuiivdesuaniizes viohifldiwhaeduinden uagiulssnanim
Iffiumudeiolavesszuusminglwih aviadesamaesszuulni 9, [10]
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2.4 aANnuRansaslussuuWinN1as

Tuszuulnididsseneudne ssuundn seuvduazssuusming Jadneunfudrandu
S8UU 3 Wla auna uwidlaRanuRandesdulussuuiilian “nisdneans” vie “veas” Tulu
ssuvashlinszuanndruing qvalufigaiiiednnses navuwadmanstiasiiganinssuafitn
vanewitluszuu g siuenansouwdsssamesmsiianseseondu 5 Ussamiieil

2.4.1 AURANTDY 1 i@asnu (Single LinetoGround Fault) mRnnsessaniiingie
anglvidunimnasiuiuieianefiihrossminendniaduivaeimsanioiuiumiuiia
Wéaﬂﬂizmmﬁﬁaﬁamatﬁmmmﬁqm

a
b J
c -
+
laf ‘ Ibf=0 ‘ Icf=0
[] Zf
e

AN 2.4 ANURANTDI 1 IEaIAY

2.4.2 ANURANTDY 2 wla@asiu (Double LinetoGround Fault) AnuRansaswiniinagiadl
aelvansduundulanurselnddvsedninasenineasado wduLaIanRTAIRY

b
c
+
laf Iof Icf=0
Zf Zf
G -

AN 2.5 ANURANTDI 2 wlEasnu
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2.4.3 AURANTDY 3 WaadRu (Three Phase to GroundFault) AuRansasUsennilidu

) a a - . & ) A aa

NIANMITLUVFNLINTAIAU AB Balance Fault %38 Symmetrical Fault UN58AI995VUANI
lomaisvulatesusidlofintuinvsdinssuadmeasnguusiign

c D .
+
laf H]/ Iof Icf
Zf Zf Zf

NN 2.6 ANURANTDI 3 IFRIAU

2.4.4 ANURANTD9 2 Wa (LinetolLine Fault) AnuRawsasviatindlalians naoaduin

v v v A a

LN aNLS et Ngls VS adn I nnTsan e lae d LN ARNISAR9ASTU

laf Ibf ‘ Icf=0

Zf Zf

NN 2.7 ANURAANTDI 2 INE

2.4.5 ANUAANSBY3 W@ (Three Phase FaulbmufiansesUsenmilllunisamisasuuy
#4131175 A. Balance Fault 58 Symmetrical Fault \umsameasyianiilenmaiiatulatosus
Wlainuinasdnseuad nRsiTuLsIgn
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laf Ibf Icf

Zf Zf Zf

ANA 2.8 ANURANTDI 3 N

2.5 WSIAUANTIVUL

wseudavaiz(Voltage Dip) Ao ussulnidsnidsaenadeoitanadurianardu
Taestlufitaanandaus 0.5-30 laiia Tnefanvmainnisdmsaslussuuliisduaznis
Suduniosvednanvuinlug Wy wewes vaeiinasiialnihdudivay (Momentary
interruption) Tnevilussiivasanldiiu - 2-5 Fuail wazyiligeydsusenulnilagdndie
91NdA99399A3 (Transient fault) LazdiAndansasuuuanIs(Permanent fault) Aagsinly
Aeliduiivasnauundn 1 wifituly

2.5.1 avinnIsinussfunndauue

naAaussiunndavuzuazaialifiafuiiaailuiAnainnsdanses T

szuulylih Tnefinrsandogiaainandi2 ol ildlwirananedou (Feeder) dsgn
Jostulasiwesinusanes wueia 4 (Breaker 4) fuAndasasiianstiout flilndas
Uszaufunisinussiuandavagseninaiiindniswasaunndensfalniidudelusa
nedilnasiiteidaneaiesnainszuy dan1sannsesiiniudansn nsinasasiisnase
voslaauees azanunsnvilduashldlafanduanld wenisallwihduifazdadulndiafy
Fans1 neldnadszna 56 lovia lunmsiuwessesinusnned ludrsannoud
wesimusninesasdasastuusninesaedinalinissey dseglutianaiUszanm 20 luda
wfsszann 25 Junit Suegiunisseanvesnisliii Turrananigunsaiiiladents
\Wasuulatenafnisaseananszuulndnluuda
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TRANSMISSION | DISTRIBUTION

SLG Fault
13.8 kV )
115 kV C
4}
SLG Fault
4+ Hal
. N ¢ Ny,
O 2
NP )¢
JC oC 7] AT
AT

AN 2.9 WLSIRUANTIVAULAANIINATANIIDT LU EUU LN

awnminutey duduammyiliAaussiunandavuy fe nisiAndmsasiuaeteu
Sunseiindnasluszuuaneds lunasfiindnisasazrliAnusatunndaaagluszuy
ot fisel gl dlnuasussduliifinaendudngnneunidnadaudowosfnusninediauuas
ANYAGAIIATBDNINNTLUY

2.5.2 ¥finvadussfunndavny

wsesumndrasiiatulussuulnihdlugiinannisauRansedussuy

Tuliin ImﬂmiLLmaﬂwmwmLLsmummmmum wUanuauiansosiduanvglviAn
wseunndrvasztu Taeuudlidu 7 wuu auns1e2.3 TneussiuandiunzeideA B C uas E
Anvnauiansesamla auAnnsomilanaasiu auinnsesaeand uazauiin
NSDIADUNARIRUATNETU AunsatuantIvaszlunuuduy 9 Hufinannisivasuntanile
Lsdunntvassuneulawdingng o [5]



M1514912.3 JULUUTRLTIRURNT IR

20

(% Y 4
LLUULLINAUANYIVEUS GEUNP] iwegas
v, =V .
\
11
v, ==V ——jv\/3
A 2 2 -
11
V=——v+—jv/3 )
2 2
v =y
11
y===——j3
B Tl 2 -
11
V=——+—j\3
2 2
P o v
\\
)
C v, =—===3 \
2 S
/
11 /
p==tedis ;
2 2
== .
\\
1))
v ==——v——j/3 \
D o2 ) -
//
v ===v+—j\3 )
5 ) P
Gl < >
\
/5
v, ===V ==yf3
E PN
1 /
V===V +-y3 )
¥ L
IS >
\\
1 1Y \
v, === 3 ——v==u3 \
F 2 , -
1 /
v =+=j3=-v——y/3 ,
3 2 6
2 1
v, =otv >
303 "
1 1 1 \
G v, =——=—v =3 >>—»+
3 6 2 7
1 1 /
v =————v+-yf3 »
3




21

2.6 NSNUNIUITTUNTIY

1. 974739884 O. Ipinnimo ,S. Chowdhury and S.P. Chowdhury “Effects of
Renewable Distributed Generation (RDG) on Voltage Dip Mitigation in Microgrids” [11]

namiImsenavesnsindundwanlniiiuuunseaneslussuusiming aunsa
vssdmusssunndaunld Tnenisadrauusiassszuudiviie IEEE 9 Ua uaz lulasn
30 wavyhnsUsedunsestunndanae salulasninuasdndinesusania 1eured@s iy
Fwaneda finnsfAnga synchronous  generator  warfnsunasrdnlniiuuunszanedn
U 3 vialAA NAUAN NEIULEIDITING LATNAIUAINSDUSIN INHAVBINNT
$rassnsiinauiinnses 3 wa TuszuusmielaesiasanisiineuRansosfidundiv 2
wazlAdesANRANIaTIuTT 2.3 wasdufinseiuuseuiiudazdaidundia 1 ,2.15 uas 3
audsu Wisuiflsunsllldaadaumassanlniiwuunseaneds funisinaaunaanlii
LUUNSERN8 HAINNISUSEITILLSITURNTAvaE NI sAnsaumasnaa lfiuuunszane
AL YINEITEAULTIFU Tnausaiuiindaztaszanasiosnininlitymusatunndavue
Youniimslullgang

2. 91U799989 Omid Amanifar and Mohamad
EsmaeilHamedaniGolshan“Optimal DG Allocation and Sizing for Mitigating Voltage Sag
in Distribution System with Respect to Economic Consideration Using Particle Swarm
Optimization” [12]

NAMNINITIFEIAUNITAT LU UTIAB9YBITEUUINNUIY 15 Ud 318090151 0AAINRNA
WIRILALA AUAANTDY 1 1NAAIAY AINRANTDY 2 Wd wavAmuianses 3 inalnely
TUsUns MATLAB fuanisfaeds Particle Swarm Optimization (PSO) vqaflsngandign
Tunnsandaunassanlniiuuunsyaiei Tnefiansanauseulmaesnanlundasaias
ANN3aNUSITUANTI v L ﬂmim'}ﬂ'wm’mL?{&JmalmqéfmtmgmamﬁﬁaLﬁmmé‘fum
Hrva uazRarsanaldeiitosiianlunmsfndauvamanlifinuunszanes agldms
Andaunassdnlnihuuunsyaesilugafimnzauazannsoantymussfunndivne L

3. 9148V Ali Saidian , MehrdadHeidari and DavarMirabbasi“Improvement
of Voltage Unbalance and Voltage Sag in Radial Distribution System Using DG” [13]

NaMINNNTI8lAgNIsAsIUUIIaBITE UL MNeLSIAYS IEEE 34 Ua Tg9lusunsa
MATLAB Imamsai’ﬂaaﬂmsﬁm&tmdmﬁmlﬂﬁnLLUUﬂsszﬁwmmmqﬂw%fauamé?ﬂwam fitra
7i 34 %ﬂ@&iﬂa’mamaﬁuuuﬁmma LU?&ULﬁauﬁumﬂﬂé’amﬁqLma'qmémlw%uwmsuma
mumlmlmmmmﬂ‘mam LLayaLmummmumﬂmﬁummuamq61 agulaiunamdnlniuuy
ﬂium&JmaumaﬂiuﬂiaLLsmumﬂﬁmﬁumﬂmﬁuu LsuuLmrmumﬁwauumsuam,mamamlﬁ/\lﬂw
LLUUﬂiumwaﬂ%mwﬂwmwswgqLLiamumﬁmﬁumﬂwmuMaﬂ TnonavosnsAndaumas
wanliiuuunszaeilunshsuulgussiuantivurasinatudaieglndiuundsnan
Inlihuuunszanessnnnindaieglnasenld
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4. 91UI8VDST. Tayjasanant  and  S.Surisunthon“Impacts  of  Distributed
Generation on Voltage Sag Assessment in Thailand’s Distribution Systems” [14]

nanfanaveswnaindalifiinuunszaefififidenisussiussetunndavae Tu
seuusmtheveslsandine Tnen1susadiuussiunniivarasinseilaonsidnssuiunis
ﬁmummLﬁmmmﬂmwiaqiuﬁuﬁizwﬁmmUﬁﬁmméauua, AunlunISAnLsIRUAN
Frvay, wavesgaiifadaunassdnlnihuuunszanes aguliundsdalniuuunszaned
ANNTIUTIATTUL SRR Uy LA Andsluasenieafufuiifigunsaifitaay
geulmrsusaiunntivay Srundwasliiiuuunszaresfaddusasiinatuiuiesis
gunsalifanugoulmsoussdunndavay Ussansnmlunisusamiussiunndivazagei
widsnsiininnisldldindundsndnliiiuuunsyaeiilussuu naveinishadounandn
huuunszaedlulnueueuussiu Wedseussdud 1.05 p.u. aelvinafininised
AIUANLIIFUT 1.0 p.u. wag 0.95 p.u. sl unassdalifnuunszaneiiseaiua
LLiqﬁuﬁqm’jwzmmquﬂLLﬁqﬁumﬂifwmmﬁmm’mmwﬁaﬂéfﬁﬂ'j']ﬂﬁ&y’qmmuqmmﬁuﬁ
NI

5. 91U V9Y Shuangyin  Dai, Qionglin Li and ShuminglLui “Voltage Sag
Assessment of Distribution Network with Distributed Generation” [15]

nanafansUsediuusaiunndavaelussuud e fifuvaawds o unssanesi
¥ilm Synchronous Machine wag a8a Inverter sgddsuaumnisla (Monte Carlo Method)
Inen1sldlusunsy PSCAD/EMTDC  Tunisdnaesssuvaguitunasndnluiinuunszangsn
¥il0 Inverter 9ztvantaumusaiunndavaslusguudniie nshndeunasranliiuuy
nsznefastisUsuTusunndavafenaiinfddlndi (Active Power) uaznaves
widssAnlaiuuunszedaseniafinussfunndasnsasiueg fugaiinne
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Asn1sAnE

3.1 gUuuunsAne

Tuszuulwihidaasiivennsalnaneviindidenarinliiina1ngdang (Transients)
andeghaumsiindini vdsludumounisheuunidumside-Tavesesinusnined
wazmsaindsvesgunsaidesiuniogunsaldanoufiduaiumsinlfninanzding niolu
an1agAaUnd Wi MainauRansesFault) Tussuudmieuasssuvanedsiiluanmeln
Ranmedngiruiutiogiuilusunsuresfiumesoguinineg Alddmiunisdasannnisali
dAetuluszuulniiinendnusdesl9lusunsuneufinmed PSCAD/EMTDC(Power Systerns
Computer Aided Design /Electromagnetic Transient inDC system)L’Ja%ﬁfibu 4.2Tuns
Insseudeyarmnsiilineinlnihisig dmsululddraoaunmmsallneiamzlunnzdang
Immummﬁamiwmmmmmmmwsammmuumwmswmuu’;mqLLf"fLsummmuumﬂ,ﬂ

Guamsumﬂ'lﬂﬁﬁﬂit,mﬁu PSCAD Luaﬂﬁ]’lmﬂ‘lﬂ‘ﬂﬁLLﬂﬁiJ’J’]ﬂ'gUVIEJﬂ’J’]@JEJGMQHLLﬁuﬁ
Uszansnmgeifinsideusedu EMTDC vilvigldanansnainnas vinsdiass Tinsizsing
flduazdnnisteyaluasas nsnansfiannsamuauls lasiasesdetniisiuoglush
Tusunsy fefugldanmnsowdsusmandveissnimasiiunsieouaraualdlnenss

3.2 vann15va9lUswnsy PSCAD/EMTDC

EMTDC (Electromagnetic Transient and DC) Aiaia3asiladiasannzdang dasudl
n1sldruUssumnasd 1970 lnosuduainaentnasiaasiu aeuua (Or. Hermann
Dommel) tiiausunainulunisussyy IEEE Tudeumwieu U a.e. 1969 Ing EMTDC &
miwwmammaLuawumﬂmuu IUiLmim EMTDC juusnlggniiaiunlae wnuila yaneasn
Tudl ar. 1976 'vﬂ:maLimumﬂmswwuwumLwaﬁﬂmu,avamevmvwlw%mmmmqLm
g9 (HVDC ~ System) sunseslafinsifindannuaiuisavesluswnsuliaunsasiass
mmﬂ’]imeaﬂﬂ‘w’]LLa”’JLﬂi’]”ﬁi”UUlWﬂ’ﬂﬂVNﬂi”LLamiﬂLLa YNIUAFAU

TUSUATU PSCAD (Power Systems Computer Aided Desgn)ﬂ@ﬁ’mmﬂﬁiaﬂﬂ%‘vrmﬂ%"W\IWﬂ
FauAnann1siausauiuiu EMTDC uweniued I@EJ‘Uﬂﬂiuﬁﬂﬂ‘mﬂﬂﬂ’e}ﬂiﬂiLLﬂile‘VlE]Sﬂ,‘u
L‘V]EmL’Ja’1%]”1%?1’1%'3U'§”UU1W1§1’1M@&1/1LaEJuLLUUﬂ’l’J‘“U’Jm LAENUIBAIUAN FURUSAUNTT
w3sugUnse, LLf’TlsumsLUaauLmaqLLammugnmaqmmumimaawaqqﬂﬂm WI05UU
IndeulafinsiaunlusunsuaInsun1sastanImuuuIngss wagdrudnmaiugldau
dm3ulusunsy EMTDC Tagtawizdodn PSCAD warldiinissausis PSCAD wag EMTDC 141
Huyelusunsuandasuyaideriulaglidedn PSCAD/EMTDC
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LUsunsu PSCAD Hioyasganysailuadslusunsy (Program Library) wagfaaeg
nageuns 9 1wy nsldlnaanioRinse (PassiveElements) fleAtuaiunuuazgunsali
dudoudnunn 1w indesdnslaii gunsaluviniia (FACTSDevices) aedsuazansiaila dnlu
wuud1aes (Models) lannglaifnudidoanis flilusunsy  PSCAD asnsaadauuudiaes
mnemuiidesnsld visenaazuszneunvuiaesifleguduindefuiieliduwuudiass
Tvsipnuiidesnisisiguiu

feesgunsaiinuluszuuiiagAnuilagld PSCAD

- Resistors, Inductors, Capacitors

- Mutually coupled windings, such as transformers

- Frequency dependent transmission lines and cables
- Current and voltage sources

- Switches and breakers

- Diodes, thyristors and GTOs

- Analog and digital control functions

- AC machines, exciters, governors, stabilizers and inertial models
- Meters and measuring functions

- Generic DC and AC controls

- HVDC, SVC, and other FACTS controllers

TUsunsu PSCAD/EMTDCHNsWadausefnagreiios Ingldsunisoousuin
undslulusunsuifhiafiosnin wazfiusednsaimgs v lailldsuegreniiemang
PSCAD/EMTDC ~ %#191ulagn1sunuagas kagAwnauniIsanesulea  (Differential
Equations) Tuszuulsiiids uazananzdangmaumanlit augulumesveanan
wagyanalagnisiiaewenaIpsletivsuansinadesiiesasinsivaourednanuas
m’;z%’mg’méf’s (Transient Stability) lnenislaaunisaniugasaa (Steady State Equations)
wuiilusaslvihuaznismameuresaunisinlosudvavamainnienaanniaesdnsna
PSCAD/EMTDC  9rUs2a3arazuiuuni1sd1a04909diuusenaunian1enineie 4 lagd
Qﬂﬂsaiﬁﬁmﬂﬁé’fmulﬁ vy nilaudaalnlin, awds, dlnddnnew,gunsaldesiugunsalaeih,
sruumunay uagteieadnsnalwilh drunldluniseonuuudmiuuilaiymuesaszuuliing
‘UizﬂawghEJﬂ’]iL%aiJﬁiE)SSWj’]\‘iﬂ’Jmf\ﬂWﬁﬂ, AUEIUNIY, AT, 2esniana wie
WATVABING,  @18919UN, @089 tavdiulsznauny 9 IUILNSUPSCAD  Usznausiy
Tusunsuiviligldanunsoldasasinensldsudmsvasnsdusznausing q Suslwlanan
¥nsuiluanods wazduusanoiadalneyiinissiass EMTDC  wavdiwadnsannnis
USTUIANAVIILUUTIA0Y F111509 191 UUULASDIADLAILADS LUUSI1A09U0Ia18EY 2UU
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wthe waznioudatiihiinisusulsunlagnasavililuuitassdinsiaunlgnasin
Tu n3drassanuiiisuvesguadulumsdiaznisduivesmsouvasiuiliigs Tng
Tusunsudafiguuuunmssassiintunieluvesiedenadslasiatuszuuiadosdnsnaluin
wiAg 9 Ae

PSCAD azUsznause 6 lusunsulnenissiudeyatenatsdiuiuann dsazdanisieg
TUsunsudanasing (FileManagen anelulusunsuazinisidonlds Tusunsudu uas
fdumsqualudruifuiinveuifsatesiuszu Tnsgaiuusndmivnisanuila 9
EMTDC azvimsaiiansmiilainaidugvesisesuazyinnmsudlelasnsld asmlusunsy
(Draft Program) Bsazdnuideallsiildannsaldfuiidmiuimas wasvinindengunsallu
fifvresduysznou Tnsgunsaifiivansienlonsudnysenouianan Ssanunsagnainan
Pifuiidmnsunmens wasdousdeiudiulsznevdu q TnglonsudadsaBuswork) Tng
lempudiudsznovusarsusziduguuuuiianansadilulufnusdrudsznou fldaunsa
aflensudinusznou vosUnuuiiazsdnly wagsiantwmesunsu (FORTRAN Code) Tu
259zidinusznauvesvsoutadlniiniigs Ailnsiuunainngumniad(Six Pulse Group),
\A3essnInadelasifa, Wwesnnusnnes, sanse, UdanuileAauaw, AsINziIal (Timing
Logic) e u oy

msUszananaildanatuinaasilufudiundsweauituildly EMTDC TagPSCAD
aBunld EMTDC wdio@alusunsuaiuan %q;ﬂﬁmmsaa%ﬁqﬂu, iy, dlaniagaiunsoleny
wunfldidevihnsmsdenseiumudsildidusaiidiinput) wesaildnainuuuiass
Taoidleaunisuszananauuusiandlusunsuazinmsdnaanifmuinisatvesiauysi
wigaadluluuiludeya ienisUsznanaiadfuanysaisruuiinssiansauuda awnso
nlulunilunmidiesinisfuniwntiae dsasnsaldiduteyadiviunisiiaedduouian
wildfoyanadnsiiuszananaain EMTDC anansaudlunazivdsunvadiivnzanlnonsld
TUsunsugfnden (Uniplot) vi3e Tusunsusfadinden (Multiplot) denadwyiflléaunsagn
Uszananalasyalusunsadu o wu Tusunsuuamidu (MATLAB) videlusunsudigldideudy
wildnudeanisiaeaduisauisatuintoyadieduiy wagaiunsowandgligld PSCAD
3u 9 [16]

3.3 N1saantkuUaINandlun1531a8953uulnNNA28TUSHASUPSCAD/EMTDC

nsidenlduuudnastnieg Tunisdraesssuvatedsaniluiiuisuzdu 2 aae
Tusunsu PSCAD/EMTDC Suazdenldainuuudiansiidamadimesoineg wnflgafundn
iernugniadumsainauuudians uagmsusvanana deuuudiaeseing 4 fwnldluns
a$auvusaesesssuudall
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3.3.1 LUUIIEDBRAIINEIIAY

= o U U U d‘ o U al a d!
LADNLUUTIADIMAINULTIAU AIUAINNA3Z.1 d1rSuaadbuidinu1slsdu 2 T
WukuuT1awrasdensisuyie 3 wia

| [source3R] Three Phase Voltage Source Model 3 X

| Cnnﬁgl.lmtil:m vi

Source Name BIB
Base MVA (3-phase) I 100.0 [MvA]

Base \oltage (L-L, RMS)

E
[s00mz
| )

Ho

Base Freguency

Voltage Input Time Constant
71 =0.1811825 +j3.1039075

100.0 [MVA]
115.0 [kV], 50.0 [HZ]

Infinite Bus 7

-

Zero Seq. differs from Pos. 589. 7 |vee

|R+jX Values VI

- -

| Impedance Data Format;

'

| r2AY
I | Graphics Display iSingIe ling view 'I
| Display details 7 Yes -
V=4.058 '
Ph G
. oK, I Cancel | Help... |

- -
[source3R] Three Phase Voltage Source Mode...ﬁ

- -
[scurce3R] Three Phase Voltage Source Mode..,ﬂ

Positive Sequence impedance -

Impedance | 1.0 [chm}
Phase angle I 30.0 [deg]
Resistance | 0.1811825
Reactance

I 3.1009075

Help... I

o]

Cancel |

Zero Sequence Impedance -

Impedance i 1.0 [ohm]
Phase angle I 50.0 [deg]
Resistance l 0.2316925
Reactance ] 3.20574

Help... |

o]

Cancel |

Ne—==

AN 3.1 Luudnaesunasnelikaznindmesaneg alglunisdnassszuuli
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3.3.2 WUUD1809818dq

LADNLUUINADIENUES ANUATNAZ.2 d1nsuaneds 115 Atalias aanddlnwiliung

a
Ugou 2
Transmission Line Configuration B
Segment Hame | BiIB03_02|
T | Steady-State Freguency | S0.0[HZ]
[ |
BIB02_02: | Segment Length [ =49 gem
Number of Conductors ] 3
i Termination Style JDired Connection _j

Segment Crogs-Section Edit...

' oK | Cﬂncel] Help ]

General Line Geometry Data Input

Tower. STDGA Tower Centre 0 [m]
Conductors: Aluminium = Ground_Wires: 1/2°HighStrengthSteel
Connection X (from Y 1 Connection X {from Y
i Phasing # [tower centre)| (at tower) 2 Phasing # fower centra)| (at tower)
1 1 2[m] 16.3[m] 1 Eliminated 0 [m] 18.7 [m]
2 2 2[m] 15.6[m]
3 3 2[m] 13.3{m]

Wid-Span Sag:

-
0.63 {m] for Conductors
0.63 {m] for Ground Wire 0.2m]
| g |
% = 7
iy Ground Resistivity. 100.0 [ohm*m] 9 //

/5 i s .
%/// y ?e‘atweEgrrtilu;gtzfr:?gran?l:.‘lllt; .;n_DaIyticaI Approx@mahon_ /////////////j
A 3.2 wuuassaiedaaraimedaneg Aldlunssassszuulii

3.3.3 kUUIaadnan

| [fixed_load] Fixed Load P

E 1 Parameters _:]

Rated Real Power per phase 3.16 [MW]
Rated Reactive Power(+inductive) per phase 1.57 [MVar]
Rated Load Voltage (rms L-G) 66.39528 [kv]

F""]D. Volt Index for Power (dPidV) 2
3.16 [MW] iph | Volt Index for @ (dQ/dV)
1,57 [Mvar /ph ' :

Freg Index for Power (dP/dF} 0

Freg Index for Q (dQ/dF) g.(
Fundamental Frequency 50 [Hz}

Display details? Ves =

Cancel Help...

A 3.3 Luudiaedluanuarnisdinesenge Aldlunisinassszuulnii
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3.3.4 wuUINaedwatNan il uunszanedii

asrawuudtassunaandnluinuunszanesilsaludalsauzniies v
Tsslsitrmusousiu T wsssuvAdudainas

| [efmir-3p2w] 3 Phase 2 Winding Transformer =
| lCDnﬂguratinn :!
Transformer Name 732|

3 Phase Tranzformer MVA IW

Base operation frequency W

Winding #1 Type [oeta =]

Winding #2 Type m
|

Delia Lags or Leads Y Leads -
Positive =equence leakage reactance | 0.1 [pu]

DG
Ideal Transformer Model

RPB it =

No load losses | 0.0[pu]
Copper loszes | 0.0[pu]
Tap changer on winding anne vI
Graphics Display [phaseview =]

Dizplay Details? Nao =

A\\Eéy[:‘

|
: ok I Cancel I Help... |

hd [Lsyn:_machine] Synchronous Machine *
|

Wl [Configuratic -
Winding Voltages Rl (Configuration " =TT Do 0T ]
Machine name iRPB—
Winding 1 Line to Line voltage (RKS) 138 1kV] |
No. of Q-axis Damper Windings One .
Winding 2 Line to Line voltage (RNS) 115 [kKv] e 7 E -
; ’ eneraf -

Nultimass interface:[Enables Speed Cirl} !DlsAELE v

(]
1
, Armature Resistance as: IRestancE -
1
]
{

' [fmr-3p2w] 3 Phase 2 Winding Transformer

D-axis Saturation iD'L;aDLBd -
Type of settings for initial condition !iners o

{  Machine scaling factor? Mo i
|

Graphics Display |3 phase view ¥

| oK I Cancel l Help... I ok | Cancel Hep.. |

AW 3.4 Luudnassunasanliiuuunszaed warnisdimesenge Alglunisiness
syuulviiln
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3.3.5 WUUINRBULYDINALUSNLNDS

Wonuuudnaadangads anunmn3.s dusugunsaldesiuiusanes annillni
unalydu 2

o
BLSM
| [breaker3] 3 Phase Breaker ¢ |[breaker3] 3 Phase Breaker b4
| 1
| ICDnﬂguratiDn :_! :! |Elreaker Main Data LI |

Single Pole operation '__:l”“ =53 HEEer name [BLs01
il -
Open possible at any current? Ho g o BRIKA

Use pre-Insertion resistance? Mo % Hiressname I BRKA
Current chopping limit i 0.0 [ka] Breaker C name I BRKC

Breaker Open Resistance | 1.0e6 [ohm]
Graphics Display i N : I
it ] i o b Breaker Clozed Resistance | 01 [nhmﬂ

- . I
*tanhics Disniay [Hiah Vottage Display -

Display Power Flow Mo s

[ oK ] CancelJ Help.. _H oK I Cancel I Help... I

AT 3.5 LUUdaedsinluIANesarnsdinesaee Alrlunisinassszuulnii
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3.3.6 WUUDIAD9INISNAANURANTDS

A3 UUTIINISANANURANTDINT 5 BHALAWA AINURANTDI 1 Waafy
AURANTDY 2 WWAAIAY, AUAANTDY 3 WEAAY, AURANTDY 2 LW Lhay AINRANTDY

3 ld

F ™
[tpfit] Three Phase Fault [
Fault Type ~
|z Phase Ain Fault? Yeg =
Iz Phaze B in Fault? Mo -
Iz Phase C in Fault? Mo -
Iz this Fault to Neutral? veg -
Timed
<—— Fault
A->G Logic oK I Cancel | Help... |
1
pp— b

AINA 3.6 LUUTIABIANUEANTDY 1 InaasRu

i ™
[tpflt] Three Phase Fault =3
-
lz Phaze Ain Fault? Yes -
Iz Phase B in Fault? Ves -
ls Phase C in Fault? Mo v
Iz this Fault to Neutral? Yes -
Timed
<—— Fault
AB->G Logic oK I Cancel | Help... |
£

AT 3.7 LUUTIAIANURANTDY 2 InaasRu



F B
[tpfit] Three Phase Fault 3
h

Iz Phase A in Fault? Yes -
ls Phase B in Fault? Yes -
l= Phase C in Fault? Yes -
Is this Fault to Neutral? Yes -

P

ABC->G
-

Timed
Fault
Logic

oK I Cancel | Help... |

AN 3.8 WUUINFBIANURANTDI 3 Lil@asnu

-

.
[tpflt] Three Phase Fault [

Fauft Type b

l= Phase Ain Fault? Yes -
Is Phase B in Fault? e -
Iz Phaze C in Fault? Mo -
l= this Fault to Neutral? No -
Timed
<—— Fault | |
AB Logic oK | Cancel Help...
L
dl o a 1
AN 3.9 LUVIRDIANURNANTDY 2 LNE
- Y
[tpflt] Three Phase Fault 5
=
|z Phase Ain Fault? Yes -
Iz Phase B in Fault? Yes -
ls Phase C in Fault? Yes -
I= this Fault to Neutral? No -
Timed
<— Fault
ABC Logic oK I Cancel | Help... |

ANA 3.10 WUUIIABIAURANTDY 3 L

31
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3.4 NISNAFDULUUINADILNAITIUHTINU

115859 UUS1ADIV0ITEU A 8AIRZIS 1NN T LU 1AV BT I Y
Tn8n15L89NLUUTIa099nIUTLATU PSCAD/EMTDC TdA1nW133masange) wavinnisvagdou
AnszuadnisesingniesvidelsiiilelFeuiisuiumilsanmsdnainszuadansases
gy nvin, deldAenavesnsindunamwanlrfiuunszaredalussuvaneds Tonis
yanostarauuUasuasieusstuiiandlifiunagdu 2 fafidinsuadansasgean
way wndudufiuaud 91nn1sfwInUes NN, ANANSI9R3.1

A ' ) A a A & ~ a o
A15197 3.1 AINTTLARANTTFER WaY TUBNTLALD annilnwilnunauzdu 2 VRHGERE
nle. e liAnnaveswraswdn i uunsyaean

aonflnin  wseeu enuRanses  AnuRansed 1 R1 X1 RO X0
(kV) 3 1@ (KA) Wa (kA) (pu) (pu) (pu) (pu)
YaUeduy 2 115 21.3526 21.0929 0.00137 0.02347 0.00213 0.02424

191UsN5U PSCAD/EMTDC Tun1s11AInseLaan199stlainmnuRAnnsad 1 1id ad
AU hAZANURANTDY 3 aasiu Aaodluiiu1eledu 2 Wslifnnavaswnasndaludinuu
N5E8F7 Wlsugulnnsesiuaues AW, visely

Timed
Breaker

Logic
E?Eopen@t[]

Z1=0.1811825 +3.1030075
100.0 [MVA]
= 115.0 [kv], 50.0 [HZ] F'Elurt current (k&) -

& Ql . _amws [ bRMS ICAMS

V= 85 02 il ;
{_. '\.“‘ g
BIB0S r o '\. /\ 4 /r‘\.
E-EI a E-EI 0 20

5261 km &

o]

ot

Fault
BIB0S Logie 21.25954 213152 212737

AW 3.11 NAMINAFBUNTEUATANATFIAALIDIANAURANTBY 3 iWlaaefu



Fault current (k&) o
O lfault E
p O aut
300 ]f ? ‘\
250 -
}Ml s N N
200 ,g f e L
ST lﬁ i
10.0 ﬁ/l
50
0.0
0.000 0.050 0.100 0.150 0.200 0.250

[+]
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AN 3.12 ULHUTNANTNAADUNTEUASANIATEIER HIBIAAAIURANTEY 3 INaAsFY

5261 km &
BIBOG

Timed
Breaker

Logic
Open@t0

21=0.1811825 + 31032075

100.0 [MVA] Fault current (k&) =
= 115.0[kV], 50.0 [HZ

5 Q—l. < laRMS BRMS lcRMS

BIB N

V= aa 02 ﬁ ;

G TN LN E N
1 L] 200 200 30
3 I.:au_lt Vi e kA
Za 11 21.0693 0.000232428 | 0.0002412359

q' o dl a a 1 a
AN 3.13 NANIINAEFDUNICLUAANINITENEEALUDINAAITUNANI DI 1 w@asnu

Fault current (k&) =
2 ’
300 N,
250 f \3"'\
20.0 H R e NS DN
T s ]
100 r
5.0 f
0.0 /
0.000 0.050 0.100 0.150 0.200 0.250

1

|

AN 3.14 ULHUTNANTNAAOUNTEUARANRTEIALIaNNAURANT DY 1 IaaaAl
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W811n1591884n15LAAAA995 3 1a wag 1wl LAl lananIun1s19i 3.2
WiguWleuansekadn9asilanuuudtaesiuAInseuadnieasilannn1steyaves N,
wudnflanlnalAgariu

a ™ = i Y} ° o 1 oAy v
M1919N 3.2 L‘UiEJ‘ULVlEJ‘Uﬂ']ﬂﬁgLLaa@l']\‘i"ﬂiiﬂ']ﬂLL‘U‘U"ﬂWﬂ@Qﬂ‘Uﬂ'Wﬂ,@‘U']ﬂ AWK,

anndiluii TSN AUEANTDY 3 Lla AUEANTDY 1 tna
(kv) (kA) (kA)
A197N A197N AN97N AN97N
Ualssy 2 115 AE. WUUIIADY AE. LUUNADY
21.3526 21.3152 21.0929 21.0693

3.5 maiusIusiudeys

3.5.1 T9lUsunsy PSCAD/EMTDCaSeuwuudanasyuvanads 115ntalan anndlladia
unaBu 2009 niln. Geiluvawdnlaiiuuunszanedaindeg Tausdlainlsaugnnies
1597 1 Premdalnih 90 wneded, Tsdlnihlsauswniies 1ssil 2 Sremdalui 90 wne
S0 waz Tsslniinlsauznaned 1597 4 snemdsliiih 50 wnefnd e 3 uie Hulselsi
audousau Maesssurmdudomas Tnsuvusiassazivualdunawdn iy
nszefTedslniind

3.5.2 1N1sIaeensiinAdRansassstalalLn

1.AUNANTDY 1 aasiu (Single line to Ground Fault)

2. MNURANTDY 2 Wa@ashiu (Double line to Ground Fault)

3.ANUAANTDY 3 Wa@asAu (Three phase to Ground Fault)

4.ANNRANTDY 2 Wa (Line to line Fault)

5. ANURANTDA 3 wid (Three phase Fault)

mMsiapuinnsesudndieg ssdnarilniausaiunndivasVoltage Sag)
Tuszuvaeds as19deU3INIsinauRanssssazLuuiinasovlfiiaussunndavmey
oehdls mssiaesainauianiesiasyinayinnsandl

1. ﬁmumﬁ;mlﬁmmmﬁmwiaqﬁy’q 5 ¥iasyeen1annT 5 nuatnaanidlniiuig

Ugdu 2

2. Uszliunsenuandunsiaadlniiunslsdu 2
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3.5.3 fR15USTUVAEEWLANAINTD 3.4.1 NS tuTnshnncwrasnanluinuu
n5za1987 (1599159 uzn124983) Toluswnsy PSCAD/EMTDC @3519uUUa18a8d ¥1n1531884

ASLARAURANT DI IS N BT LAY

3.6  MywATIvidaya

3.6.1 aguiaziUsuifisunanininussduandrvae lunsdidnsfnfunaode
lhuuunszared Aunsditlifinsfadauamanliihuuunszaneilagasuiundman
lihuuunssanediinasonsiinussiunndivuzegidls

3.6.2 gunsalildlunisdnw

1. Lﬂ'%lamauﬂamaﬂﬁmﬁ:ﬂ (Intel Core 15, 2.8 GHz, Ram 8 GB)
2. syuuuuanislalaswenviiuladd 10
3. lusunsudraesn1izdang PSCAD/EMTDC Ju 4.2



unil 4

NaN1INAEiaU

4.1 NMSE39UUUINADY

NSNAABUALES 1L UUTIaRISYULUEIwEe 1150lalanues nia. aadlniuisuzdu
2 fuandlvifihdunis Inglussuvasdssiunasmanlifwuunssanefindeg sy
3 wisie Tsslaldilsaugwianedlsed 1 Frairasiningsgaidnszuuves nvla. 90 wngdng,
Tsslwinlsaugnianeslssd 2 d1efdslniingeanidrszuures nWn 90 wngind uay
Tsdlwlihlsausnnaneslsed 4 Sremdslaihgsanidnszuuaes niln 50 wnzdns nelsslaid
W 3 wite 1ulseladihanudeuday WWaesssummdudemas nsadrsuuusiansasld
TUsunsu PSCAD/EMTDC ufl 4.2 lumsadlagagiiuannmsairauuusiaeunasing
WS9AU WUUTIABIAR WUUIIABIUIALADS WUUTIaRIE18E LagLuuTaaaLiasnantuiln
LUUNIE1e WieadauusiasissuuasaudiazsinissiansnisiinauRangesluszuy
aedai 5 ¥iln wdhnsanaiadusunndivaglunsdange lneduiunsuazinans
Vnaeusad

a51uuuTaesssuvaInds 115 Alalias aandlviivneledu 2 Inelnguiu 4
2995L9LA 2995 BIBO1, BIBO3, BIBO5 Lz BIBO2-06 WWNG]’]?’Nﬁﬁl.l

M13199 4.1 Yoyasruvagdsaniillnihuizdu 2

e O sUuuNITRe i ANEIEES (NY.) VL)
BIBO1 WUULSLAYA 18.29
BIBO3 WUULSLRYA 11.41
BIBO5 WUULSLAYE 10.00
BIB02-06 Wuuln29as 52.61 7 DG Aindaay

Tuszuvaedsdundendnlniuuunszaoifaieegluins BB0206  Ias
fuualisnamdsiniiaed audlsduihlsousmnaneslsd 19emdslnda 90 wneind
Tsaluiilsaugnneslsd 291e885lWih 90 wne¥ad wazlselniinlsauznneslsad 4
Fremdslnii 50 wnedes lnefissazdeaunuianisigliauninis.1
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ROJANA POWER 2

ROJANA POWER 4 ROJANAPOWER 1 90MW (Firm)
50MW (Non firm) 90MW (Firm)
DG
4
DG DG —‘ )T o RPB
RPD RPA —{> T
A

Ol+d

H—i—
NOHO02

P

P+Q

18.29 km

zovady
=
Tovady

15km

25 km 30 km

N
BNLO1_02
<
BNLO1_04

@

=

3
0

BIBOL BIB

—

—
BKS02

BLS04
=

BLSO1

% 45km__ |

P+Q

Oltd

AN 4.1 wiueansaelnszuvateds 115atalnas aandlniiunalzdy 2

4.2 mivesuLssiuAnTIvNzdainauRansasuiafeY

N13NAABUILALLUNITIIARINITARAINEANTBINN 285 ny. 31naadlnrung
UrBu 2uavindovarusesusinfidesuosaiadesidaaas (%RMS  Voltage) fivavasanndl
Infhunsledu 2 lagazdnaeenisiinmuiangewliagna 9 nnsaslaun 1935 BIB01,BIB03,
BIBO5, Wag BIB02-06 Wlolidl uagiluvawdnlulihuuunszaemidelsdlwillsaugnniiies
Tsefi 1, 1597 2 uaslsel 4 Ansisay

ussuTsInneunInAnaLRnsamnedalduniiseiu Va, Vb, Vc, Vab, Vbcuag
Vcaazlvniu 100% RMS Voltagewsoliniu 1.0puﬁmamimaaw‘fe§

4.2.1 HANIVAABULTITUANT VL2995 BIBO1TSzoE O Alaluns



A15199 4.2 LSIAUANTIVEUE BIBOTLAAAINURANTDINSEe20 nul.iiolufings DG

38

FUAVDINITLAA

sfemias Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 35148  97.9393  99.1163 55.0550 98.0738 59.1691
Phase B to Ground 99.1247 35241  97.9478 59.1721 55.0572 98.0722
Phase C to Ground 97.9408  99.1277 3.5208 98.0731 59.1710 55.0592
Phase AB to Ground 3.5578 35290  98.9909 3.5581 55.6360 59.1262
Phase AC to Ground 35128  98.9952 3.5695 55.6387 59.1226 3.5589
Phase BC to Ground 98.9747 3.5592 35131 59.1273 3.5689 55.6442
Phase ABC to Ground 3.5568 3.5631 3.5591 3.5582 3.5689 3.5589
Phase AB 51.9266 461278  98.0734 3.3970 83.2532 86.6022
Phase AC 46.1295  98.0734  51.9247 83.2551 86.6004 3.3977
Phase BC 98.0728  51.9352  46.1433 86.6060 3.4077 83.2619
Phase ABC 3.3419 3.3481 3.3443 3.3432 3.3539 3.3440
ased 4.3 ussdunndavay BIBOTAnAaAnnsesfisyoz0 nu. Wodads DG

YUAVDINTLAA

sfemias Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 46590  103.9710  104.4831 58.1805 99.2025 62.8265
Phase B to Ground 104.4972 4.6688  103.9826 62.8266 58.1810 99.2022
Phase C to Ground 103.9730  104.4965 4.6622 99.2023 62.8258 58.1813
Phase AB to Ground 4.9608 49435  107.8140 5.1653 59.9760 65.0413
Phase AC to Ground 49348  107.8221 4.9726 59.9821 65.0356 5.1639
Phase BC to Ground 107.7962 4.9589 4.9275 65.0347 5.1689 59.9796
Phase ABC to Ground 5.1644 5.1685 5.1624 5.1653 5.1689 5.1639
Phase AB 53.8051 453953  99.2024 4.9321 83.4807 88.3371
Phase AC 453956  99.2024  53.8015 83.4812 88.3347 4.9309
Phase BC 99.2022  53.8078 454041 88.3383 4.9359 83.4862
Phase ABC 4.8533 4.8575 4.8515 4.8543 4.8582 4.8531




4.2.2 NANISNAADULSIAUANTIVULIDIBIBOT M52 5 NlaLns

A9 4.4 LSIRUANTIVE BIBOLARAINURANIDINT2es5 nuLilalifnse DG

39

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 50.1533  97.3388 989161 74.4870 98.0740 76.3948
Phase B to Ground 989176  50.1581  97.3419 76.3971 74.4881 98.0729
Phase C to Ground 97.3385  98.9200  50.1586 98.0730 76.3958 74.4900
Phase AB to Ground 40.3052  37.9466  98.1678 27.8495 74.8206 76.7017
Phase AC to Ground 37.9418  98.1688  40.3100 74.8201 76.7022 27.8503
Phase BC to Ground 98.1653  40.3113  37.9489 76.7053 27.8595 74.8255
Phase ABC to Ground 27.8483  27.8540  27.8545 27.8495 27.8595 27.8503
Phase AB 56.2289 529872  98.0733 27.8235 85.0265 87.0850
Phase AC 52.9888  98.0734  56.2287 85.0284 87.0839 27.8243
Phase BC 98.0728 562348  52.9979 87.0869 27.8336 85.0327
Phase ABC 27.8138  27.8195  27.8200 27.8149 27.8251 27.8158
ased 4.5 ussdunndruay BIBO LA Annsesisyeys nu. Wofads DG

FUAYDINITLAA Vbc

e Va(%RMS)  VB(%RMS)  Vc(%RMS)  Vab(%RMS) GRMS) Vca(%RMS)
Phase A to Ground 57.4396  100.5385  101.6644 79.9509 99.2026 81.8873
Phase B to Ground 101.6682  57.4434  100.5422 81.8874 79.9511 99.2022
Phase C to Ground 100.5386  101.6686  57.4431 99.2023 81.8873 79.9514
Phase AB to Ground 47.0861  44.1790  101.8572 36.0204 78.7638 81.4233
Phase AC to Ground 44.1738  101.8591  47.0903 78.7638 81.4226 36.0205
Phase BC to Ground 101.8541  47.0873  44.1750 81.4241 36.0238 78.7660
Phase ABC to Ground 36.0199  36.0224  36.0220 36.0204 36.0238 36.0205
Phase AB 60.6905 563885  99.2024 35.9890 86.3278 89.1980
Phase AC 56.3889  99.2024  60.6902 86.3284 89.1969 35.9891
Phase BC 99.2022  60.6916  56.3928 89.1980 35.9924 86.3305
Phase ABC 359780 359806 359802 35.9786 35.9821 35.9787




4.2.3 NANISNAADULSINUANTIVULI99IBIBOT 75zey 10 Nlauns

A9 4.6 LSIRUANTIVUL BIBO1LARANURANTDNS ez 10 ny. LialiRnfs DG

40

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 68.8488  97.4199  98.6956 83.3203 98.0741 84.4279
Phase B to Ground 98.6958 688505  97.4209 84.4278 83.3201 98.0729
Phase C to Ground 97.4192 986973  68.8507 98.0730 84.4276 83.3206
Phase AB to Ground 57.8166 552149  98.0551 47.5085 81.4763 83.4889
Phase AC to Ground 552135  98.0556  57.8183 81.4769 83.4884 47.5090
Phase BC to Ground 98.0537  57.8199 552170 83.4896 47.5131 81.4785
Phase ABC to Ground 475080  47.5107  47.5109 47.5085 47.5131 47.5090
Phase AB 65.4932  62.4746  98.0733 47.4944 87.0876 89.2789
Phase AC 624760  98.0734  65.4926 87.0894 89.2777 47.4949
Phase BC 98.0728 654951  62.4797 89.2786 47.4991 87.0906
Phase ABC 47.4893 474920  47.4922 47.4898 47.4945 47.4902
aTed 4.7 ussdunndavay BIBO LA RnnSesfisyey 10 nu ilefinds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 74.9823  99.7759  100.7213 87.8073 99.2026 88.9073
Phase B to Ground 100.7230  74.9838  99.7779 88.9074 87.8074 99.2023
Phase C to Ground 99.7758  100.7235  74.9837 99.2023 88.9075 87.8073
Phase AB to Ground 653586  62.5628  100.6025 57.0039 85.1684 87.6402
Phase AC to Ground 62.5614  100.6035  65.3600 85.1687 87.6398 57.0040
Phase BC to Ground 100.6011  65.3586  62.5614 87.6401 57.0048 85.1689
Phase ABC to Ground 57.0038  57.0045  57.0044 57.0039 57.0047 57.0040
Phase AB 71.6808 682203  99.2023 56.9891 89.1664 91.8410
Phase AC 68.2207  99.2024  71.6804 89.1670 91.8405 56.9892
Phase BC 99.2022  71.6805  68.2215 91.8406 56.9899 89.1672
Phase ABC 56.9840  56.9848  56.9846 56.9842 56.9850 56.9842




4.2.4 NANISNAADULSINUANTIVULI99IBIBOT 7Szey 15 Nlans

AN5199 4.8 LSIRUANTIVUL BIBO1LARAINURANIDNSaz 15 nuLialifnss DG

41

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 75.8799  97.5204  98.5680 86.8366 98.0740 87.5357
Phase B to Ground 98.5680  75.8809  97.5210 87.5356 86.8364 98.0729
Phase C to Ground 97.5196 985691 758811 98.0730 87.5357 86.8365
Phase AB to Ground 64.7336  62.9081  98.0361 55.9825 84.6096 85.9708
Phase AC to Ground 62.9075  98.0364  64.7344 84.6105 85.9700 55.9829
Phase BC to Ground 98.0351  64.7363  62.9104 85.9708 55.9861 84.6113
Phase ABC to Ground 55.9822 559842 559844 55.9825 55.9861 55.9829
Phase AB 69.9111  67.9779  98.0733 55.9737 88.6766 90.1681
Phase AC 67.9793 980734  69.9105 88.6784 90.1668 55.9741
Phase BC 98.0728  69.9125  67.9818 90.1673 55.9773 88.6788
Phase ABC 559704 559725 559727 55.9708 55.9745 55.9712
ATed 4.9 ussunndrvr99s BIBOLARAMRANT e fiszar 15 nu. iednds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 81.1401  99.5633  100.3657 90.6933 99.2026 91.4125
Phase B to Ground 100.3669  81.1411  99.5649 91.4126 90.6934 99.2022
Phase C to Ground 99.5631  100.3674  81.1411 99.2023 91.4128 90.6933
Phase AB to Ground 719870 70.0162  100.2002 65.1282 88.0778 89.7811
Phase AC to Ground 70.0152  100.2009  71.9879 88.0782 89.7809 65.1283
Phase BC to Ground 100.1992  71.9871  70.0153 89.7810 65.1289 88.0782
Phase ABC to Ground 65.1281  65.1287  65.1286 65.1282 65.1289 65.1283
Phase AB 76.2299 739618  99.2023 65.1195 90.9428 92.7967
Phase AC 739622  99.2024  76.2296 90.9434 92.7965 65.1195
Phase BC 99.2022 762296  73.9627 92.7965 65.1201 90.9434
Phase ABC 65.1165 651170  65.1169 65.1166 65.1172 65.1166
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4.2.5 NANISNAADULSIAUANYIVULI99IBIBO3 7i5zer 0 NlaLnS

A15199 4.10 LSIRUANTIVUE BIBOZLARAMURANTDNSEez0 nu.iinli@nfe DG

YUAVDINTNA

S T Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 3.5146 97.9387 99.1165 55.0546 98.0737 59.1691
Phase B to Ground 99.1249 3.5239 97.9471 59.1720 55.0567 98.0719
Phase C to Ground 97.9402 99.1280 3.5206 98.0731 59.1709 55.0588
Phase AB to Ground 3.5569 3.5291 98.9904 3.5576 55.6358 59.1254
Phase AC to Ground 3.5129 98.9949 3.5686 55.6384 59.1217 3.5583
Phase BC to Ground 98.9743 3.5583 3.5132 59.1264 3.5683 55.6437
Phase ABC to Ground 3.5562 3.5626 3.5585 3.5576 3.5683 3.5583
Phase AB 51.9261 46.1283 98.0734 3.3964 83.2534 86.6020
Phase AC 46.1299 98.0734 51.9243 83.2553 86.6001 3.3971
Phase BC 98.0728 51.9347 46.1437 86.6057 3.4071 83.2622
Phase ABC 3.3414 3.3476 3.3438 3.3427 3.3534 3.3434

A5197 4.11 LSIPUANTIVULI99S BIBOZLAAAIIUAANTDINTZa0 NU.LaFART DG

YUAVDINTNA

RN Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 4.6587  103.9703  104.4833 58.1801 99.2025 62.8264
Phase B to Ground 104.4974 4.6685 103.9818 62.8264 58.1804 99.2021
Phase C to Ground 103.9723  104.4966 4.6619 99.2023 62.8257 58.1808
Phase AB to Ground 4.9597 4.9434  107.8136 5.1645 59.9759 65.0404
Phase AC to Ground 4.9347  107.8217 49714 59.9820 65.0346 5.1631
Phase BC to Ground 107.7958 4. 957 4.9274 65.0338 5.1681 59.9796
Phase ABC to Ground 5.1635 5.1676 5.1615 5.1645 5.1681 5.1631
Phase AB 53.8044 45.3959 99.2024 4.9313 83.4811 88.3367
Phase AC 45.3963 99.2024 53.8008 83.4816 88.3343 4.9301
Phase BC 99.2022 53.8072 45.4048 88.3379 4.9352 83.4866

Phase ABC 4.8526 4.8568 4.8508 4.8536 4.8575 4.8524




4.2.6 NANISNAADULSIAUANTIVULIGDIBIBO3 M528E 5 NlALUNT

AN5199 4.12 LSIRUANTIVE BIBOZLARAMURANTDsEey5 nu.ilolifnfe DG

a3

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 50.3832  97.7485  98.7074 74.9623 98.0741 76.2999
Phase B to Ground 98.7089  50.3882  97.7515 76.3023 74.9636 98.0729
Phase C to Ground 97.7481  98.7112  50.3885 98.0730 76.3008 74.9654
Phase AB to Ground 40.5210  37.8497 983111 27.8155 74.8762 76.9198
Phase AC to Ground 37.8448 983122  40.5258 74.8757 76.9204 27.8162
Phase BC to Ground 983087  40.5270  37.8519 76.9235 27.8254 74.8812
Phase ABC to Ground 27.8143  27.8200  27.8204 27.8155 27.8254 27.8162
Phase AB 56.2685 529187  98.0733 27.7899 84.9893 87.1159
Phase AC 529203 980734  56.2683 84.9912 87.1149 27.7907
Phase BC 98.0728  56.2744 529294 87.1178 27.8000 84.9955
Phase ABC 277803  27.7861  27.7865 27.7816 27.7916 27.7823
ATeR 4.13 usEuRNIvY9as BIRO3ARAMRANIasfiszey5 . ilednds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 57.6292  100.8854  101.4897 80.3471 99.2026 81.8161
Phase B to Ground 101.4935  57.6331  100.8891 81.8164 80.3474 99.2023
Phase C to Ground 100.8854  101.4938  57.6327 99.2023 81.8161 80.3478
Phase AB to Ground 47.2720  44.0594  101.9566 35.9827 78.7773 81.6045
Phase AC to Ground 44.0542  101.9585  47.2762 78.7773 81.6038 35.9828
Phase BC to Ground 101.9535  47.2732  44.0554 81.6054 35.9860 78.7795
Phase ABC to Ground 359821 359847  35.9842 35.9827 35.9860 35.9828
Phase AB 60.7305 563097  99.2024 35.9517 86.2841 89.2327
Phase AC 56.3101  99.2024  60.7302 86.2847 89.2316 35.9518
Phase BC 99.2022  60.7316  56.3140 89.2327 35.9551 86.2868
Phase ABC 359409 359435 359431 35.9415 35.9449 35.9415




4.2.7 NANISNAADULIIAUANTIVULI99IBIBO3 N15zee 10 NlaLnT

A9 4.14 LSIRUANTIVUE BIBOZLARAINURANIDNSa210 ny. Wialkifnss DG

a4

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 66.7510  97.8414  98.4978 82.6812 98.0741 83.3166
Phase B to Ground 98.4983  66.7535  97.8428 83.3171 82.6814 98.0729
Phase C to Ground 97.8408 985000  66.7537 98.0730 83.3165 82.6823
Phase AB to Ground 54.5342 529332  98.2104 43.8997 81.0125 82.2547
Phase AC to Ground 529314 982110  54.5363 81.0129 82.2544 43.9003
Phase BC to Ground 98.2089  54.5394  52.9370 82.2567 43.9068 81.0161
Phase ABC to Ground 438989 439030 439032 43.8997 43.9068 43.9003
Phase AB 62.9579  61.1070  98.0733 43.8873 87.0632 88.3733
Phase AC 61.1085  98.0734 629575 87.0650 88.3721 43.8879
Phase BC 98.0728 629619  61.1145 88.3740 43.8945 87.0675
Phase ABC 438824 438866  43.8869 43.8833 43.8905 43.8838
ATed 4.15 usaEunndvaz9as BIBO3ARALAANIBTisEeE10 nu. Wednds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 73.0621  100.2170  100.6488 87.2341 99.2026 87.9914
Phase B to Ground 100.6509  73.0642  100.2193 87.9914 87.2340 99.2023
Phase C to Ground 100.2169  100.6513  73.0640 99.2023 87.9914 87.2342
Phase AB to Ground 62.0450  60.1436  100.8357 53.3648 84.6805 86.4331
Phase AC to Ground 60.1411  100.8368  62.0471 84.6807 86.4327 53.3648
Phase BC to Ground 100.8341  62.0461  60.1422 86.4334 53.3669 84.6819
Phase ABC to Ground 533644 533660  53.3658 53.3648 53.3669 53.3648
Phase AB 69.0098  66.5401  99.2024 53.3513 89.0218 90.8830
Phase AC 66.5006  99.2024  69.0094 89.0224 90.8824 53.3514
Phase BC 99.2022  69.0104  66.5428 90.8827 53.3535 89.0235
Phase ABC 533465 533082 533479 53.3069 53.3490 53.3470




4.2.8 NANISNAADULSIAUANTIVULI9DIBIBOS A28y 0 NlaLuns

AN5199 4.16 LSIRUANTIVUE BIBOSLARAMURANTDNSzez0 nu.iiolifnfe DG

a5

FUAYDINITLAA Vb

e Va(%RMS) ool VA(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 35129  97.9380  99.1167 55.0550 98.0736 59.1688
Phase B to Ground 99.1251 35223  97.9463 59.1715 55.0570 98.0720
Phase C to Ground 97.9395  99.1277 35190 98.0731 59.1701 55.0591
Phase AB to Ground 3.5544 35278  98.9899 3.5555 55.6363 59.1240
Phase AC to Ground 35115  98.9952 3.5663 55.6391 59.1202 3.5563
Phase BC to Ground 98.9738 3.5559 35117 59.1249 3.5663 55.6447
Phase ABC to Ground 3.5541 3.5606 3.5565 3.5555 3.5663 3.5563
Phase AB 51.9245  46.1300  98.0734 3.3946 83.2544 86.6010
Phase AC 46.1316 980734  51.9226 83.2563 86.5991 3.3953
Phase BC 98.0728  51.9330  46.1454 86.6047 3.4053 83.2631
Phase ABC 3.3396 3.3458 3.3020 3.3409 3.3516 3.3416
ATeR 4.17 usHURNTIvT9as BIBOSIARAMRANIasfiszeL0 nu. ilefnds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 4.6565 103.9693  104.4836 58.1805 99.2025 62.8256
Phase B to Ground 104.4977 4.6664  103.9809 62.8256 58.1808 99.2022
Phase C to Ground 103.9714  104.4967 4.6597 99.2023 62.8248 58.1811
Phase AB to Ground 4.9565 4.9414  107.8132 5.1616 59.9770 65.0385
Phase AC to Ground 4.9327  107.8218 4.9683 59.9832 65.0327 5.1602
Phase BC to Ground 107.7955 4.9545 4.9252 65.0318 5.1652 59.9807
Phase ABC to Ground 5.1606 5.1647 5.1586 5.1616 5.1652 5.1602
Phase AB 538020 453984  99.2024 4.9287 83.4825 88.3354
Phase AC 453987  99.2024  53.7984 83.4830 88.3329 4.9274
Phase BC 99.2022  53.8048 454072 88.3365 4.9325 83.4880
Phase ABC 4.8500 4.8542 4.8482 4.8510 4.8549 4.8498




a6

4.2.9 NANISNAADULSIAUANYIVULI9TIBIBOS 7588y 5 NIALAT

AN5199 4.18 LSIRUANTIVE BIBOSLARAMURANTDNSEay5 nu.iiolu@nfe DG

YUAVDINTNA

S T Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 50.4014 98.0028 98.5919 75.1401 98.0741 76.2589
Phase B to Ground 98.5934 50.4064 98.0057 76.2614 75.1414 98.0729
Phase C to Ground 98.0024 98.5957 50.4068 98.0730 76.2599 75.1432
Phase AB to Ground 40.5364 37.7626 98.4128 27.7587 74.8763 77.0176
Phase AC to Ground 37.7577 98.4138 40.5411 74.8757 77.0183 27.7594
Phase BC to Ground 98.4104 40.5424 37.7646 77.0214 27.7685 74.8812
Phase ABC to Ground 27.7575 27.7632 27.7635 27.7587 27.7685 27.7594
Phase AB 56.2944 52.8467 98.0733 27.7333 84.9538 87.1417
Phase AC 52.8483 98.0734 56.2941 84.9556 87.1405 27.7340
Phase BC 98.0728 56.3001 52.8573 87.1435 27.7432 84.9599
Phase ABC 27.7237 27.7294 27.7298 27.7249 27.7349 27.7256

A15197 4.19 LSIPUANTIVULI9DS BIBOSLAAAIIUAANTDINTZaL5 N, wWadngd DG

FUAVBINITLAN
- Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
ANURANTDY
Phase A to Ground 576253  101.1195 101.3885  80.4893 99.2026 81.7840
Phase B to Ground 1013922 57.6293  101.1232  81.7843 80.4896 99.2023
Phase C to Ground 101.1195 101.3925  57.6288  99.2023 81.7840 80.4901

Phase AB to Ground 47.2681  43.9627  102.0395 359185 78.7550 81.6868
Phase AC to Ground 43.9574  102.0414  47.2723  78.7549 81.6861 35.9186
Phase BC to Ground 102.0364  47.2693 439586  81.6878 35.9218 78.7571
Phase ABC to Ground ~ 35.9180 359205 359200  35.9185 35.9218 35.9186

Phase AB 60.7531 562240  99.2024  35.8876 86.2416 89.2611
Phase AC 562244 99.2024  60.7528  86.2421 89.2599 35.8877
Phase BC 99.2022  60.7542 562282  89.2610 35.8910 86.2442

Phase ABC 35.8769 35.8795 35.8790 35.8775 35.8808 35.8775




4.2.10 NANISNAADULIIAUANTIVULIIAIBIBOS NSzey 10 Alatuns

AN5199 4.20 LSIRUANTIVUE BIBOSLARAINURANIDINSaz 10 nu.Lilalifnss DG

a7

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 66.5066  98.0255  98.4180 82.6342 98.0741 83.2317
Phase B to Ground 98.4184 665091  98.0269 83.2322 82.6344 98.0729
Phase C to Ground 98.0249 984200  66.5092 98.0730 83.2317 82.6353
Phase AB to Ground 54.0715 521676  98.2814 42.9729 80.7391 82.2848
Phase AC to Ground 52.1658  98.2821  54.0736 80.7396 82.2846 42.9735
Phase BC to Ground 98.2800  54.0766  52.1713 82.2867 42.9799 80.7427
Phase ABC to Ground 429721 429762 429764 42.9730 42.9799 42.9735
Phase AB 62.6748  60.4051  98.0733 42.9596 86.8043 88.4000
Phase AC 60.4066  98.0734  62.6744 86.8062 88.3988 42.9602
Phase BC 98.0728  62.6786  60.4125 88.4006 42.9666 86.8087
Phase ABC 42.9544 429585 429587 42.9552 42.9622 42.9558
ATeR 4.21 usEuRNTvaE9as BIBOSIARAMRANIasfiszaE10 nufloRnde DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 72.8284  100.4005  100.5800 87.1865 99.2026 87.9202
Phase B to Ground 100.5821  72.8304  100.4028 87.9202 87.1865 99.2023
Phase C to Ground 100.4003  100.5825  72.8302 99.2023 87.9202 87.1866
Phase AB to Ground 61.5321  59.3393  100.9007 52.4243 84.3754 86.4441
Phase AC to Ground 59.3368  100.9018  61.5341 84.3757 86.4436 52.4244
Phase BC to Ground 100.8991  61.5331  59.3377 86.4443 52.4263 84.3768
Phase ABC to Ground 52.4240  52.4255  52.4253 52.4243 52.0263 52.4244
Phase AB 68.6614 657737  99.2024 52.4098 88.7314 90.8932
Phase AC 65.7741  99.2024  68.6611 88.7320 90.8924 52.4098
Phase BC 99.2022 686619 657763 90.8928 52.4117 88.7330
Phase ABC 52.4046  52.4062  52.4059 52.4049 52.4069 52.4050




4.2.11 NANISNAADULSINUANTIVULI99IBIB02-06 M52y 0 Dlatins

AN 4.22 LSIRUANTAVUL BIBO2-06LARANURANTBINSE8E0 nu.Lilalifngs DG

a8

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 35100  97.9412  99.1159 55.0662 98.0737 59.1701
Phase B to Ground 99.1245 35191  97.9496 59.1729 55.0682 98.0722
Phase C to Ground 97.9428  99.1272 3.5160 98.0731 59.1716 55.0702
Phase AB to Ground 3.5488 35267  98.9926 35518 55.6467 59.1257
Phase AC to Ground 35107  98.9981 3.5605 55.6501 59.1220 35525
Phase BC to Ground 98.9764 3.5501 35112 59.1263 3.5625 55.6547
Phase ABC to Ground 3.5505 3.5567 3.5529 35518 3.5625 3.5525
Phase AB 519176  46.1378  98.0734 3.3907 83.2588 86.5970
Phase AC 46.1394  98.0734  51.9159 83.2607 86.5952 33914
Phase BC 98.0728  51.9260  46.1529 86.6006 3.4013 83.2673
Phase ABC 3.3357 3.3418 3.3382 3.3370 3.3475 3.3377
ATed 4.23 ussEunndaval BIB02-061AnAMRnNT e fiszar0 nuflofnds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 4.0428 103.7747  104.7351 58.2805 99.2024 62.6313
Phase B to Ground 104.7510 4.0538  103.7869 62.6313 58.2808 99.2021
Phase C to Ground 103.7771  104.7499 4.0477 99.2023 62.6304 58.2814
Phase AB to Ground 4.2079 4.1850  107.8599 4.3078 60.3674 64.6162
Phase AC to Ground 41719  107.8686 4.2199 60.3737 64.6095 4.3079
Phase BC to Ground 107.8415 4.2081 4.1681 64.6098 4.3143 60.3731
Phase ABC to Ground 4.3064 4.3123 4.3059 4.3078 4.3143 4.3079
Phase AB 53.0844 461041  99.2024 4.0736 83.8913 87.9220
Phase AC 46.1044  99.2024  53.0816 83.8918 87.9201 4.0737
Phase BC 99.2023  53.0898  46.1160 87.9247 4.0804 83.8987
Phase ABC 3.9941 4.0000 3.9940 3.9956 4.0023 3.9956




4.2.12 NANISNAADULSINUANTIVULI99IBIB02-06 N2y 5 Nlatins

AN 4.24 LSIRUANTAIVUE BIBO2-06LARANURANTBINSE8E5 nuLilalifng DG

a9

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 479373 97.3541  98.8540 73.6260 98.0740 75.2842
Phase B to Ground 98.8558  47.9427  97.3576 75.2867 73.6275 98.0729
Phase C to Ground 97.3539 988582  47.9433 98.0730 75.2854 73.6293
Phase AB to Ground 385932  36.1326  98.1308 26.0651 74.0758 75.9141
Phase AC to Ground 36.1271  98.1319  38.5987 74.0753 75.9148 26.0660
Phase BC to Ground 98.1279 385993  36.1344 75.9181 26.0757 74.0810
Phase ABC to Ground 26.0639  26.0698  26.0704 26.0651 26.0757 26.0660
Phase AB 555047  52.3854  98.0733 26.0381 84.9363 86.8962
Phase AC 523870  98.0734 555045 84.9381 86.8952 26.0389
Phase BC 98.0728 555110  52.3966 86.8984 26.0487 84.9428
Phase ABC 260279 260339  26.0345 26.0292 26.0398 26.0300
aTedt 4.25 ussEunndaval BIB02-061AnAMRnNTasfiszas nuflofads DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 53.4318  100.2486  100.9135 77.7054 99.2026 79.6015
Phase B to Ground 100.9178  53.4358  100.2524 79.6018 77.7060 99.2023
Phase C to Ground 100.2486  100.9180  53.4351 99.2023 79.6017 77.7057
Phase AB to Ground 432191 39.2843  101.1716 30.1491 76.6664 79.9931
Phase AC to Ground 39.2791  101.1736  43.2229 76.6667 79.9919 30.1491
Phase BC to Ground 101.1683 432222 39.2821 79.9940 30.1539 76.6697
Phase ABC to Ground 30.1482  30.1520  30.1513 30.1491 30.1539 30.1491
Phase AB 586465 532920  99.2024 30.1055 85.4825 88.9200
Phase AC 532924 99.2025  58.6462 85.4830 88.9187 30.1056
Phase BC 99.2023 586484 532982 88.9205 30.1106 85.4865
Phase ABC 30.0903  30.0943  30.0936 30.0912 30.0963 30.0913




4.2.13 HaNISNAADULIIAUANTIVEULI9IBIBO2-06 N15zey 10 AlaLumS

A9 4.26 LSIRUANTIVL BIBO2-06LANANURANSINT28210 nu.Lilalifng DG

50

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 619132  97.0738  98.8288 79.8792 98.0740 81.2477
Phase B to Ground 98.8296 619162  97.0758 81.2484 79.8795 98.0729
Phase C to Ground 97.0733 988318  61.9165 98.0730 81.2478 79.8806
Phase AB to Ground 50.0761 483469  97.9094 38.6450 79.1281 80.3475
Phase AC to Ground 483445 979101  50.0790 79.1285 80.3475 38.6458
Phase BC to Ground 97.9076  50.0818  48.3508 80.3499 38.6533 79.1322
Phase ABC to Ground 386441 386487  38.6492 38.6451 38.6533 38.6458
Phase AB 60.3840 583134  98.0733 38.6283 86.3906 87.8028
Phase AC 583150  98.0734  60.3838 86.3925 87.8017 38.6291
Phase BC 98.0728  60.3889 583220 87.8040 38.6367 86.3956
Phase ABC 386219 386265 386270 38.6228 38.6312 38.6236
AT1ed 4.27 usssunndaval BIB02-061RnAMRnNT e fiszax 10 nu. Wednds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 67.2226 989723  99.6796 83.0285 99.2026 84.6408
Phase B to Ground 99.6821  67.2237  98.9745 84.6414 83.0295 99.2023
Phase C to Ground 98.9721  99.6825  67.2233 99.2023 84.6418 83.0291
Phase AB to Ground 55.7767  52.0832  99.3798 43.8873 80.8146 84.0825
Phase AC to Ground 52.0813  99.3809  55.7780 80.8156 84.0816 438873
Phase BC to Ground 99.3779 557782  52.0824 84.0821 43.8889 80.8159
Phase ABC to Ground 438870 438886  43.8881 43.8873 43.8889 43.8873
Phase AB 64.8823  59.9652  99.2024 43.8571 86.9170 90.3798
Phase AC 59.9656  99.2025  64.8819 86.9176 90.3786 438571
Phase BC 99.2023  64.8819  59.9680 90.3792 43,8588 86.9189
Phase ABC 438467  43.8485  43.8479 43.8471 43.8489 43.8471




51

4.2.10 NANISNAADULSINUANTIVULI99IBIB02-06 N2y 15 NlaLins

ANS199 4.28 LSIRUANTAIVUL BIBO2-06LARAINURANSINTE8E15 nu.Lilalifng DG

YUAVDINTNA

S T Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 68.2738 96.9353 98.8366 82.7063 98.0740 84.1829
Phase B to Ground 98.8369 68.2753 96.9364 84.1829 82.7060 98.0729
Phase C to Ground 96.9346 98.8385 68.2755 98.0730 84.1829 82.7063
Phase AB to Ground 56.7398 54.2497 97.8203 45,9743 81.1709 83.0012
Phase AC to Ground 54.2486 97.8208 56.7413 81.1718 83.0006 45,9748
Phase BC to Ground 97.8189 56.7436 54.2527 83.0019 459795 81.1735
Phase ABC to Ground 459737 459767 459769 459743 459795 459748
Phase AB 64.5922 61.6844 98.0733 45.9588 86.9360 89.0240
Phase AC 61.6858 98.0734 64.5917 86.9378 89.0228 45.9593
Phase BC 98.0728 64.5947 61.6899 89.0239 45.9641 86.9393
Phase ABC 45.9531 45.9561 45.9564 45.9537 45.9590 45.9542

A15197 4.29 LSIPUANTIVEUL BIBO2-06LNAAINURANIDINS8L 15 N.LIBRRAI DG

YUAVDINTNA

RN Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 72.1903 97.8020 98.8600 84.2112 99.2027 86.2153
Phase B to Ground 98.8621 72.1919 97.8044 86.2170 84.2132 99.2023
Phase C to Ground 97.8029 98.8626 72.1918 99.2024 86.2173 84.2128
Phase AB to Ground 62.3814 57.5290 97.9496 51.0118 81.7716 86.0976
Phase AC to Ground 57.5285 97.9501 62.3818 81.7698 86.0991 51.0118
Phase BC to Ground 97.9480 62.3840 57.5310 86.0982 51.0146 81.7707
Phase ABC to Ground 51.0113 51.0130 51.0132 51.0118 51.0146 51.0118
Phase AB 69.4724 63.1869 99.2024 50.9817 87.2557 91.9094
Phase AC 63.1867 99.2025 69.4726 87.2552 91.9098 50.9817
Phase BC 99.2023 69.4740 63.1894 91.9102 50.9844 87.2566

Phase ABC 50.9713 50.9730 50.9731 50.9717 50.9745 50.9718




4.2.15 HanN1SNAADULIIAUANTIVEULIIBIBO2-06 N15zey 20 Alaluns

AN5199 4.30 LSIRUANTAIVL BIBO2-06LANAINURANSINT28220 nu.Lilalifng DG

52

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 712713 96.8159  98.8616 84.0708 98.0740 85.5412
Phase B to Ground 98.8618  71.2724  96.8169 85.5412 84.0708 98.0729
Phase C to Ground 96.8152  98.8633  71.2726 98.0729 85.5415 84.0709
Phase AB to Ground 59.7964  57.7029  97.7605 49.8584 82.5177 84.0150
Phase AC to Ground 57.7021  97.7609  59.7976 82.5188 84.0142 49.8589
Phase BC to Ground 97.7592  59.7999  57.7058 84.0154 49.8631 82.5200
Phase ABC to Ground 49.8579  49.8605  49.8608 49.8584 49.8631 49.8589
Phase AB 66.5293  64.1058  98.0733 49.8454 87.6146 89.4041
Phase AC 64.1072  98.0733  66.5288 87.6164 89.4029 49.8459
Phase BC 98.0728 665314  64.1108 89.4038 49.8501 87.6174
Phase ABC 49.8405  49.8432  49.8435 49.8410 49.8458 49.8415
ATedt 4.31 usssunndaval BIB02-061RnmRnNIasTisze220 nuflofnds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 70.8235  96.0743  97.3507 81.7963 99.2027 84.1600
Phase B to Ground 97.3528  70.8265  96.0770 84.1629 81.7995 99.2024
Phase C to Ground 96.0761  97.3534  70.8265 99.2024 84.1631 81.7991
Phase AB to Ground 63.7949 587029  95.1366 53.1470 80.3430 84.9716
Phase AC to Ground 587012 951368  63.7965 80.3397 84.9746 53.1470
Phase BC to Ground 95.1345  63.7980  58.7043 84.9723 53.1512 80.3403
Phase ABC to Ground 53.1463  53.1489  53.1490 53.1470 53.1512 53.1470
Phase AB 70.9234  64.2005  99.2025 53.1138 87.3593 92.4124
Phase AC 64.2003  99.2025  70.9235 87.3588 92.4128 53.1138
Phase BC 99.2023 709261  64.2040 92.4138 53.1178 87.3609
Phase ABC 531022  53.1046  53.1047 53.1028 53.1068 53.1028
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4.2.16 HANISNAADULTIAUANTIVEULIITBIBO2-06 N15zey 25 Alalns

AN5199 4.32 LSIRUANTAIVE BIBO2-06LARPINURANSINT28225 nu.Lilalifng DG

YUAVDINTNA Vb

S T Va(%RMS) (%RMS) Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 72.5911 96.7452 98.8956 84.5868 98.0740 86.2349
Phase B to Ground 98.8957 72.5919 96.7461 86.2349 84.5870 98.0729
Phase C to Ground 96.7445 98.8972 72.5921 98.0729 86.2354 84.5869
Phase AB to Ground 61.6946 59.1439 97.7365 51.9620 82.8781 84.7981
Phase AC to Ground 59.1432 97.7368 61.6956 82.8792 84.7972 51.9624
Phase BC to Ground 97.7352 61.6974 59.1463 84.7980 51.9657 82.8799
Phase ABC to Ground 51.9616 51.9637 51.9639 51.9620 51.9657 51.9624
Phase AB 68.0402 65.0189 98.0733 51.9486 87.6767 89.9411
Phase AC 65.0202 98.0733 68.0396 87.6784 89.9398 51.9490
Phase BC 98.0728 68.0417 65.0229 89.9404 51.9523 87.6789
Phase ABC 51.9437 51.9459 51.9461 51.9441 51.9479 51.9445

A5197 4.33 LSIPUANTIVEUL BIBO2-06LNAAINURANIDINT8L25 Ni.LIBRRMAI DG

YUAVDINTNA

RN Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 73.4387 95.7856 97.4625 82.6781 99.2027 85.5233
Phase B to Ground 97.4641 73.4425 95.7880 85.5265 82.6816 99.2024
Phase C to Ground 95.7872 97.4649 73.4425 99.2024 85.5267 82.6812
Phase AB to Ground 66.8321 61.0854 95.0046 56.1718 81.0513 86.3288
Phase AC to Ground 61.0834 95.0048 66.8342 81.0480 86.3321 56.1718
Phase BC to Ground 95.0029 66.8377 61.0888 86.3311 56.1791 81.0502
Phase ABC to Ground 56.1707 56.1750 56.1751 56.1718 56.1791 56.1718
Phase AB 73.1650 65.5294 99.2025 56.1378 87.3999 93.2619
Phase AC 65.5292 99.2025 73.1650 87.3995 93.2622 56.1378
Phase BC 99.2023 73.1702 65.5353 93.2647 56.1449 87.4030

Phase ABC 56.1255 56.1296 56.1298 56.1266 56.1336 56.1266




4.2.17 NANISNAADULSINUANTIVULI99IBIBO2-06 N2y 30 DlaLins

ANS199 4.34 LSIRUANTIVE BIBO2-06LANANURANS9NT28230 nu.Lilalifnge DG

54

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 726321  96.8608  98.8306 84.7759 98.0740 86.1335
Phase B to Ground 98.8307  72.6331  96.8617 86.1334 84.7759 98.0729
Phase C to Ground 96.8601  98.8322  72.6332 98.0729 86.1337 84.7759
Phase AB to Ground 61.5739  59.2603  97.7683 51.9432 83.0324 84.6877
Phase AC to Ground 59.2596  97.7686  61.5749 83.0335 84.6869 51.9436
Phase BC to Ground 97.7670 615768  59.2628 84.6878 51.9472 83.0343
Phase ABC to Ground 51.9428 519450  51.9453 51.9432 51.9472 51.9436
Phase AB 67.8119 652356  98.0733 51.9308 87.8427 89.7736
Phase AC 652369  98.0733  67.8113 87.8444 89.7723 51.9312
Phase BC 98.0728  67.8136 652398 89.7730 51.9348 87.8451
Phase ABC 51.9262  51.9285  51.9288 51.9267 51.9307 51.9271
ATed 4.35 usssunndaval BIB02-061AnrsRaNIasfiszeL30 nuflofnds DG

FUAYDINITLAA

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 77.1245  97.2445  98.5206 86.1082 99.2027 88.1036
Phase B to Ground 985224  77.1267  97.2468 88.1058 86.1107 99.2024
Phase C to Ground 97.2457 985230  77.1267 99.2024 88.1060 86.1103
Phase AB to Ground 68.4677  63.7387  97.2754 58.3844 83.7281 88.0102
Phase AC to Ground 63.7379  97.2758  68.4685 83.7259 88.0123 58.3844
Phase BC to Ground 97.2740 684723  63.7423 88.0119 58.3899 83.7278
Phase ABC to Ground 583835 583868  58.3869 58.3844 58.3899 58.3844
Phase AB 737505  67.7484  99.2025 58.3598 88.3593 93.0410
Phase AC 67.7483  99.2025  73.7506 88.3590 93.0413 58.3598
Phase BC 99.2023  73.7544  67.7529 93.0431 58.3652 88.3615
Phase ABC 583509 583541 583541 58.3517 58.3571 58.3517
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4.2.18 HANISNAADULTIAUANTIVEULI9TBIBO2-06 N152ey 350LALUAS

ANS199 4.36 LSIRUANTAIVL BIBO2-06LANAINURANSINT28E35 nu.Lilalifnge DG

YUAVDINTNA

S T Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 71.2615 96.9417 98.8055 84.1863 98.0740 85.4827
Phase B to Ground 98.8057 71.2627 96.9427 85.4826 84.1861 98.0729
Phase C to Ground 96.9410 98.8072 71.2629 98.0729 85.4828 84.1863
Phase AB to Ground 60.2138 57.8829 97.8034 50.3922 82.5016 84.1725
Phase AC to Ground 57.8819 97.8038 60.2151 82.5026 84.1718 50.3927
Phase BC to Ground 97.8021 60.2169 57.8853 84.1728 50.3965 82.5037
Phase ABC to Ground 50.3918 50.3942 50.3945 50.3922 50.3965 50.3927
Phase AB 66.9186 64.3265 98.0733 50.3793 87.6237 89.5450
Phase AC 64.3279 98.0734 66.9180 87.6255 89.5437 50.3797
Phase BC 98.0728 66.9205 64.3311 89.5445 50.3836 87.6264
Phase ABC 50.3745 50.3770 50.3772 50.3750 50.3794 50.3754

5197 4.37 LSIPUANTIVEUL BIBO2-06LNAAINURANIDINT8L35 N.LIBRANAI DG

YUAVDINTNA

RN Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 77.4360 98.1345 99.2548 87.1751 99.2027 88.9267
Phase B to Ground 99.2567 77.4372 98.1367 88.9282 87.1770 99.2023
Phase C to Ground 98.1352 99.2572 77.4373 99.2024 88.9285 87.1766
Phase AB to Ground 67.8587 63.6261 98.5007 58.0376 84.4384 88.2902
Phase AC to Ground 63.6260 98.5013 67.8590 84.4369 88.2918 58.0376
Phase BC to Ground 98.4993 67.8625 63.6294 88.2916 58.0418 84.4384
Phase ABC to Ground 58.0369 58.0394 58.0395 58.0376 58.0418 58.0376
Phase AB 73.2444 67.8552 99.2024 58.0161 88.5544 92.7484
Phase AC 67.8550 99.2025 73.2446 88.5540 92.7488 58.0161
Phase BC 99.2023 73.2473 67.8586 92.7499 58.0203 88.5559

Phase ABC 58.0083 58.0108 58.0109 58.0090 58.0132 58.0090




4.2.19 HaNISNAADULIIAUANTIVEULIITBIBO2-06 N15zey 40 Alalums

AN5199 4.38 LSIRUANTAIVL BIBO2-06LANAINURANSINT28240 nu.Lilalifng DG

56

FUAYDINITLAA Vca

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS) (GBRMS)
Phase A to Ground 67.3094  97.0881  98.7751 82.4342 98.0740 83.6419
Phase B to Ground 98.7755  67.3115  97.0895 83.6419 82.4341 98.0729
Phase C to Ground 97.0875  98.7773  67.3117 98.0730 83.6417 82.4347
Phase AB to Ground 55.9557  53.6662  97.8801 45.3698 80.9758 82.6020
Phase AC to Ground 53.6645  97.8807  55.9577 80.9764 82.6016 453704
Phase BC to Ground 97.8786 559598  53.6691 82.6033 453757 80.9787
Phase ABC to Ground 453692 453725 453728 453698 453757 453704
Phase AB 64.0888  61.5386  98.0733 45.3551 86.9911 88.8146
Phase AC 61.5400  98.0734  64.0883 86.9929 88.8134  45.3557
Phase BC 98.0728  64.0918  61.5448 88.8148 453611 86.9948
Phase ABC 453096 453530 453533 45.3503 453563 45.3508
AT1edt 4.39 ussEuRnT Vel BIB02-061AnMRANTBTiszEEa0 nufloRnds DG

FUAYDINITLAA

N Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 739931 988793  99.7260 86.2442 99.2026 87.7479
Phase B to Ground 99.7280  73.9937  98.8814 87.7487 86.2454 99.2023
Phase C to Ground 98.8794  99.7285  73.9937 99.2023 87.7491 86.2450
Phase AB to Ground 63.4668  59.6313  99.3437 53.1769 83.4681 86.9217
Phase AC to Ground 59.6315  99.3445  63.4667 83.4670 86.9225 53.1769
Phase BC to Ground 99.3021  63.4683  59.6325 86.9221 53.1787 83.4677
Phase ABC to Ground 53.1766 531777  53.1778 53.1769 53.1787 53.1769
Phase AB 70.0870  65.1640  99.2024 53.1547 88.0579 91.7605
Phase AC 65.1638  99.2025  70.0872 88.0574 91.7609 53.1547
Phase BC 99.2023  70.0878  65.1655 91.7608 53.1565 88.0584
Phase ABC 53.1470  53.1481  53.1482 53.1473 53.1491 53.1473




57

4.2.20 HANISNAADULTIAUANTIVEULITBIBO2-06 N1szey 45 Alaluns

AN5199 4.40 LSIRUANTAIVL BIBO2-06LARANURANSINTE8245 nuLilalifinge DG

YUAVDINTNA

S T Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 58.6643 97.2775 98.7733 78.6451 98.0740 79.6585
Phase B to Ground 98.7746 58.6683 97.2803 79.6600 78.6458 98.0729
Phase C to Ground 97.2772 98.7769 58.6687 98.0730 79.6590 78.6473
Phase AB to Ground 47.3288 45.7435 98.0117 35.9086 78.1396 79.1691
Phase AC to Ground 45.7398 98.0126 47.3328 78.1396 79.1693 35.9093
Phase BC to Ground 98.0094 47.3345 45.7464 79.1721 359177 78.1441
Phase ABC to Ground 35.9075 35.9126 359131 35.9086 359177 35.9093
Phase AB 58.8991 57.1978 98.0733 35.8919 86.2347 87.3736
Phase AC 57.1994 98.0734 58.8989 86.2365 87.3726 35.8927
Phase BC 98.0728 58.9047 57.2072 87.3753 35.9011 86.2401
Phase ABC 35.8854 35.8905 35.8911 35.8865 35.8957 35.8872

A5197 4.41 LSIPUANTIVEUL BIBO2-06LNAAINURANIDINT28L45 Ni.LIBRARAI DG

YUAVDINTNA

RN Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 65.4590 99.7059  100.3731 83.0581 99.2026 84.2914
Phase B to Ground 100.3763 65.4616 99.7087 84.2917 83.0588 99.2023
Phase C to Ground 99.7057  100.3766 65.4611 99.2023 84.2919 83.0584
Phase AB to Ground 53.9185 51.1202  100.3628 42.7993 81.0433 83.4865
Phase AC to Ground 51.1168  100.3642 53.9210 81.0438 83.4854 42.7993
Phase BC to Ground 100.3603 53.9202 51.1183 83.4864 42.8020 81.0452
Phase ABC to Ground 42.7988 42.8012 42.8006 42.7993 42.8020 42.7993
Phase AB 63.7180 60.0399 99.2024 42.7746 87.2376 89.8093
Phase AC 60.0403 99.2025 63.7176 87.2381 89.8081 42.7746
Phase BC 99.2023 63.7186 60.0437 89.8089 42.7775 87.2400

Phase ABC 42.7659 42.7684 42.7678 42.7665 42.7694 42.7665




4.2.21 HANISNAADULSIAUANTIVULI99IBIB02-06 N2y 50 DlaLins

ANS199 4.42 LSIRUANTIVUE BIBO2-06LANAINURANSINT28250 nu.Lilalifnge DG

58

FUAYDINITLAA Vca

e Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS) (GBRMS)
Phase A to Ground 338554  97.5776  98.9159 67.5679 98.0740 69.7387
Phase B to Ground 989191 338634  97.5826 69.7419 67.5703 98.0729
Phase C to Ground 97.5778 989217  33.8641 98.0730 69.7408 67.5721
Phase AB to Ground 281988 250693  98.3694 16.5116 69.0731 71.4719
Phase AC to Ground 25.0593 983711  28.2079 69.0715 71.4731 16.5125
Phase BC to Ground 983647 282040 250663 71.4769 16.5236 69.0778
Phase ABC to Ground 165102 165169 165175 16.5116 16.5236 16.5125
Phase AB 53.0782 489607  98.0733 16.4691 84.0863 86.5500
Phase AC 489623 980734  53.0782 84.0881 86.5487 16.4700
Phase BC 98.0728  53.0855 489737 86.5529 16.4811 84.0937
Phase ABC 16.4537 164604  16.4610 16.4551 16.4671 16.4560
AT1ed 4.43 ussEuRnT Vel BIB02-061AnMRANT0TiszEE50 nuflofnds DG

FUAYDINITLAA

N Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 39.3732  101.3884  102.1083 72.2786 99.2026 74.6457
Phase B to Ground 102.1149  39.3801  101.3941 74.6463 72.2794 99.2023
Phase C to Ground 101.3888  102.1149  39.3792 99.2023 74.6457 72.2798
Phase AB to Ground 32.4290 282381  102.9762 20.3226 72.6887 76.1900
Phase AC to Ground 282285  102.9795 324364 72.6886 76.1889 20.3226
Phase BC to Ground 102.9706  32.4315  28.2310 76.1920 20.3289 72.6930
Phase ABC to Ground 203214 203263 20.3254 20.3226 20.3289 20.3226
Phase AB 554513 49.6036  99.2024 20.2608 84.7092 88.2618
Phase AC 49.6039  99.2024 554510 84.7097 88.2602 20.2608
Phase BC 99.2023 554542  49.6114 88.2628 20.2673 84.7142
Phase ABC 20.2394  20.2444  20.2435 20.2406 20.2471 20.2406
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4.2.22 Han1SNAABULSIAUANYIVEULI9IBIB02-06 N5ey 52.61 Alawuns

A9 4.44 LSIAUANTIVE BIBO2-06LANAINURANT9NS28252.61 nu.laifinga DG

YUAVDINTNA

S T Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 3.5101 97.9401 99.1159 55.0650 98.0737 59.1699
Phase B to Ground 99.1244 3.5192 97.9485 59.1727 55.0669 98.0722
Phase C to Ground 97.9416 99.1271 3.5161 98.0731 59.1713 55.0690
Phase AB to Ground 3.5475 3.5277 98.9915 3.5515 55.6455 59.1242
Phase AC to Ground 3.5118 98.9964 3.5593 55.6486 59.1204 3.5522
Phase BC to Ground 98.9753 3.5488 3.5122 59.1248 3.5622 55.6535
Phase ABC to Ground 3.5502 3.5564 3.5526 3.5515 3.5622 3.5522
Phase AB 51.9173 46.1380 98.0734 3.3905 83.2590 86.5968
Phase AC 46.1396 98.0734 51.9156 83.2608 86.5950 3.3911
Phase BC 98.0728 51.9258 46.1531 86.6005 3.4010 83.2675
Phase ABC 3.3354 3.3415 3.3380 3.3367 3.3472 3.3374

A5199 4.45 LSIPURNTIVUL BIBO2-06LAAMINURANTDINTL8L52.61 NU.AAGT DG

YUAVDINTNA

RN Va(%RMS)  Vb(%RMS)  Vc(%RMS)  Vab(%RMS)  Vbc(%RMS)  Vca(%RMS)
Phase A to Ground 4.2135 103.8265 104.6591 58.2574 99.2024 62.6856
Phase B to Ground 104.6746 4.2243  103.8386 62.6856 58.2577 99.2021
Phase C to Ground 103.8289  104.6735 4.2181 99.2023 62.6848 58.2582
Phase AB to Ground 4.4117 4.4020  107.8413 4.5477 60.2586 64.7323
Phase AC to Ground 4.3898 107.8500 4.4238 60.2649 64.7255 4.5476
Phase BC to Ground 107.8230 44116 4.3852 64.7256 4.5536 60.2640
Phase ABC to Ground 4.5463 4.5519 4.5455 4.5477 4.5536 4.5476
Phase AB 53.2831 45.9086 99.2024 4.3139 83.7779 88.0364
Phase AC 45.9088 99.2024 53.2801 83.7784 88.0343 4.3139
Phase BC 99.2023 53.2879 459199 88.0387 4.3200 83.7850

Phase ABC 4.2345 42402  4.2341 4.2359 4.2421 4.2360
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5.2.2 Anszkavesnsinsauvamaaliiuuunsyate

flnnsanusunfiussiunndivaze39s BIB02-06 Awil5.1-5.10 wuinies
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Multiple Run O

utput File

Fault BIBBYL at 0 km

Rutt 3 FT Va (RMS) Vb {RMS) Ve {RMS)

1 1.8006000060 4.658951835 183.9789665 104.4838612

3 2.900609060 1844971725 4, 668787421 183.5825979

3 3.900800e00 183.9730274 184, 496456654 4.662173985

4 4., 000600800 4. 960838180 4. 943472581 1978130517

5 5.900002800 4.934793542 197.8221@33 4.972588732

G &.800800662 167 .7961586 4.958892120 4.927462189

7 7 .000000800 5. 164365854 5.16B456538 5.162355861

8 £.000000000 53.80588526 45.39525375 99.20236091

9 9.9006060862 45,392556891 99.,20243365 53.80145182

18 16, 00000000 93.20224724 53.80784442 45, 404689185

11 11.00606000 4.833323130 4.857546181 4.851535827

Statistical Summary Based on 1% Runs:

FT va {RMS) Vb (RMS) Ve (RMSY
Minimum: 1.002000e00 4.65895183% A, 60BT8742L A, BHRL73985
Maximum: 11. 82000608 187 . 7961586 167.8221833 167 8139517
Mean: 6, 082008200 49.02195742 45.92656571 49, 92396647
Std Dev: 3.316824798 45.72591236 46, 72654979 46,72714688
2% tevel: -.8115146514 -46, 94133868 -46.92803644 -46. 04186196
98% tevel: 12.81151445 1449852529 144, 9911679 144.9897949

Probability Bensity

Centre of Range

Probability Density

Centre of Range

Probability Bensity

Centre of Range

Probability Density

Centre of Range

Probability Density

Centre of Range

Probability Density

Centre of Range

Functions {%) for Variable 1, Va {RMS)

Probability(%) Cumulative Prob. (%)

Functions {%) for Variable 2, Vb {(RMS)

Probability{%i Cumulative Prob.{%) 108-Cumuiative Prob.

Functions (%} for Variazble 3, Vc {RMS)
Page 1

Fault BIBQ1l at @ km

Probability(%)  Cumulative Prob. (%) 100-Cumulative Prob.
Functions (%) for Variable 4, vab (RMS)
Probability(¥) Cunulative Prob.(%) 166-Cunulative Prob.
Functions (%) for Variable 5, Vbc (RMS)
Probability(%) Cunulative Prob.(%) 160-Cumulative Prob.
Functions (%) for Variable 6, Vca (RMS)

10@-Cumulative Prob.

Probability (%)

Cumulative Prob. (%)

Page 2

vab {RMS}
58.18054321
62.82656343
99,20238639
5,185338397
59,98289883
65.034488872
5.165337618
4.932117413
83.48124887
88.33326428
4,854338645

vab {RMS)
4,354330645
99, 20230630
48.83208453
36, 93692987
-27.62619443
124, 6921635

vbe (RMS)
09,20251227
58, 18095490
6282583933
59.97596238
£5. 83556805
5. 168946580
5. 168046580
83.48072710
88. 33470361
4.935935@99
4.858214665

Vbo {RMS)
4.,858214665
9%, 26251027
48.83348296
36.93459501

-27.62008242
124, 6878683

Vea (RMS)
62,82654659
99,28223195
58.18128172
65,84132091
5.1563948348
59.9796268%
5.163948348
88.33713685
4.936883392
83.48622063
4.853148710

Vea (RMS)
4,853148718
90 29223195
48.83338029
36.93811625

~27.82831686
124.6948174
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Multiple Run Outpuwt File
Rerr ¥ FT
1 2000088048
200093508
fgogaaeee
000BeaBeY
200802800
200800808
208008208
208606800
£0060GEe8
16, 00000000
11.006686600

N RGN R U=

e
R R W RS N

-

Statistical Summary Based on

FT
MR 1.290006020
Max imups 11.6B00R0CES
Mean: 6, DRERRBERY
Std Dev: 3.316824790
2% tevel: -.8115146514
98% fevel: 12.81131485

Va (RMS)
57.43959931
181.5682218
188 .5385767
4708612762
4417378961
161.8540941
36,91986801
66. 69845870
56. 38890122
9926223738
35.97798989

11 Runs:

va {RMS)
35.97758989
1818540941
67.36726841
27.67773232
18.52414654
124.2193743

Fault BIBBYL at 5 km

v (RMS)
160, 5384935
57.44343519
101.6685798
44,17961841
161.8590714
4788731626
36.02242915
56.38847500
99.20242845
60.69163764
35.98061945

Vb (RMS)
35,98061946
1618599714
67, 36022638
2767714778
16.52721343
124.2111393

Probability Density Functions (%} for Veriable 1, Va (RMS)

Centre of Range

Probability Density

Probability (%)

Cumulative Prob. (%)

Functions {%) for Variable 2, Vb {(RMS)

ve {Ms)
161.6644198
192.53421566
57.44388471
191.8572445
47.899838768
A4,17584665
3602203366
99.20235292
68.62918127
56.332806974
35.98022262

Ve (RMS)
35,98022262
1018872445
67,36907758
2767691344
10.52764591
1242105092

Centre of Range

Probability Bensity

Centre of Range

Probability Density

Centre of Range

Probability Density

Centre of Range

Probability Density

Centre of Range

Probability{%) Cumulative Prob.{%) 108-Cumuiative Prob.

Functions (%)} for Variable 3, Vc (RMS)
Page 1

Fault BIBQ1l at 5 km

Probability(%)  Cumulative Prob. (%) 100-Cumulative Prob.
Functions (%) for Variable 4, vab (RMS)
Probability(¥) Cunulative Prob.(%) 166-Cunulative Prob.
Functions (%) for Variable 5, Vbc (RMS)
Probability(%) Cunulative Prob.(%) 160-Cumulative Prob.
Functions (%) for Variable 6, Vca (RMS)

10@-Cumulative Prob.

Probability (%)

Cumulative Prob. (%)

Page 2

vab {RMS}
79.950938%1
81.88741417
99,20229569
36.62044760
78.76383797
81.42485159
36.8204475@
35.98896635
86.32837537
89.19301416
35.97858574

v

Vab {(RMS)
35, 97858574
99, 20229560
67.34212501
2545842472
15 GS6EI1ET
119.6273384

vbe (RMS)
99, 20268665
79, 95113589
8188726977
78. 76383403
8142257380
36.82379791
36.82379852
86.32779458
89.19691556
35, 99248310
35.98265600

Vbo {RMS)
35,98205008
9%, 26268665
67.34318725
25.45658111
15.66168075
119.6245337

vea (RMS)
8188733622
99,28223821
72.,95142144
81,82328031
36.92053633
78.76397816
36.082854237
89.1%798607
35.98906146
86. 33048562
35.97868247

Vea (RMS)
35.97868247
G0, 292232821
6734258397
25.45860872
15.85691328
119. 6288947
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Multiple Run Outpuwt File

Fault BIB@Y at 1& i

Rutt 3 FT Va (RMS) Vb {RMS) Ve {RMS)

1 1.8006000060 74.98227677 4%.77594629 108.7213161

3 2.900609060 180.7229542 74.98376832 99, 77788662

3 3. 29, 76818 180.7224930 74.98366651

4 4., 000600800 65, 35862600 82.56277783 108 .6825332

5 5.900002800 62.56143455 186.6034859 65, 36084831

G &.800800662 180.6610569 65.35%857331 62, 56144633

7 7. 000000860 57.00380931 57.00456390 57.08437146

8 £.000000000 71.68675437 68.22026737 99.20234672

9 9.9006060862 68.22671300 99.20242423 71.68043151

18 16, 00000000 9%.20223823 71.68845613 68, 22150679

11 11.006686600 56.98463764 56.98476551 55.98462945

Statistical Summary Based on 11 Runs:

FT va {RMS) Vb (RMS) Ve (RMSY
Minmuge: 1.00200060¢ 56.,98403764 36.98476551 56.98462945
Max imum: 11.6B00R0CES 189.7229642 166. 7234936 1867213161
Mean: 6, DRERRBERY 77.91760647 7791822373 77,01819785
Std Dev: 3.316824790 18.37422966 18.37437867 18,3741%958
2% tevel: -.8115146514 48, 18155176 46, 18186422 4818222339
98% fevel: 12.81131485 115.6536612 115.6545832 115.6541723

Probability Density Functions (%} for Veriable 1, Va (RMS)

Centre of Range Probability(%) Cumulative Prob. (%)

Probability Density Functions {%} for Variable 2, Vb (RMS)

Centre of Range Probability{%i Cumulative Prob.{%) 108-Cumuiative Prob.

Probability Bensity Functions (%) for Variable 3, ¥c (RMS)
Page 1

Fault BIBQ1l at 1@ km

Centre of Range Probability(%)  Cumulative Prob. (%) 100-Cumulative Prob.

Probability Density Functions (%) for Variable 4, Vab (RMS)

Centre of Range Probability(%) Cumulative Prob. (%) 100-Cumulative Prob.

Probability Density Functions (%) for Variable 5, Vbc (RMS)

Centre of Range Probability (%) Cumulative Prob. (%) 100-Cumulative Prob

Probability Density Functions (%) for Variable 6, Vca (RMS)

Centre of Range Probability (%) Cumulative Prob. (%) 10@-Cumulative Prob.

Page 2

vab {RMS}
87.86733372
88.20733372
99,20228281
57.0039338€
85.16869947
87.64013224
57.00393184
56.98969281
89.16696558
1. 84064831
56.98415828

vab {RMS)
56, 98416528
90, 20228201
77.97405280
17. 06818980
43.65093108
112.8881747

vbe (RMS)
99,20258111
87.80738485
88.99753186
8516839423
87.63978344
57.00475056
57.00474945
89. 16636867
91. 84053835
56. 98994517
56. 98503300

Voo {RMS)
56.98503108
96, 26258111
77.97427737
16.99974378
43.86187158
112.8874832

vea (RMS)
8898734565
99,28225221
87.80724313
87.64915572
57.98408954
85.1689G452
57.80481215
91.84108979
56.98917837
B9.16716425
56.98424939

Vea (RMS)
56.98424938
G0, 29225221
T7.97414691
17.808913725
43, 86080981
112.8882848
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Multiple Run Outpuwt File
Rerr ¥ FT

1 2000088048
200093508
fgogaaeee

Va (RMS)
81.1401977€
1683668541
99,56368579

200802008
200800888
200600800
200826000
2ORGAAGER
10.00000009
11.00666600

N RGN R U=

-
R R W RS N

-

Statistical Summary Based on

FT
MR 1.290006020
Max imups 11.6B00R0CES
Mean: 6, DRERRBERY
Std Dev: 3.316824790
2% tevel: -.8115146514
98% fevel: 12.81131485

71.9869686
7€.91517328
186.1991996
65.12812571
76.22986167
73.96222555
99.28222917
65.11647147

11 Runsy
va {RMS)

G5.11647147
189, 3668541
82.08275487
14.78219218
51,72492736
1124414868

Fault BIB@T at 15 i

vh (RMS)
99.56331673
81.14198326
189,3674225
76.01815768
188,2089234
71.987685122
§5.12865116
73.98177611
99,29242352
76.22961784
65.11761738

Yb (RMS)
65,117@1738
166, 3676225
82.08322133
1478225420
51.72418221
112, 4422684

Ve (RMS)
108, 2656649
9956485271
8114105154
108, 2082444
71.98792198
79.01529876
65, 12857066
99,20234522
76.22057464
7396272173
65.11693524

Ve (RMS)
6511693524
196 3656649
82,08319834
14,78210523
51. 72446538
112.4419313

Probability Density Functions (%} for Variable 1, Va (RMS)

Centre of Range Probability(%) Cumulative Prob. (%)

Probability Density Functions {%)} for Variable 2, Vb (RMS)

Centre of Range Probability{%) Cumulative Prob.{%) 108-Cumuiative Prob.

Probability Bensity Functions (%) for Variable 3, Vc {(RMS)
Page 1

Fault BIBQ1l at 15 km

Centre of Range Probability(%)  Cumulative Prob. (%) 100-Cumulative Prob.

Probability Density Functions (%) for Variable 4, Vab (RMS)

Centre of Range Probability(%) Cumulative Prob. (%) 100-Cumulative Prob.

Probability Density Functions (%) for Variable 5, Vbc (RMS)

Centre of Range Probability (%) Cumulative Prob. (%) 100-Cumulative Prob.

Probability Density Functions (%) for Variable 6, Vca (RMS)

Centre of Range 10@-Cumulative Prob.

Probability (%)

Cumulative Prob. (%)

Page 2

vab {RMS}
90.69338979
91.41256422
99,28227912
65.12828943
88.878217329
89.78181758
55.128208892
65.11946363
98, 94342593
32.79645352
65.11655881

vab {RMS)
65, 11655881
99, 30227912
22.12724621
13, 75859768
53, 86848705
116, 3860054

vbe (RMS)
99, 20258046
96, 69341962
91.41277968
8807782832
89. 78085640
6512885979
65, 12885915
90.84280914
92, 79646923
6512013655
65.11724608

Voo (RMS)
§5,11724008
9%, 26258046
82.12743979
13.75926423
53.85926544
119, 3855141

vea (RMS)
91,41252816
99,20224843
90,69338974
§9,78105127
65.12829833
88.07822946
65.12829251
92. 79673237
65.11954428
96, 94343030
65.11664341

Vea (RMS)
65,11664341
G0, 292248453
82.12738€21
13.75957488
53, 86858787
11e.3868126

73



74

AARNUIN U

a ay yo Aa ¢
UVIﬂ'J']ﬁJ’J‘U']ﬂ']iVI‘lﬂiUﬂ']iWWSJW

1. i neuuad, 9 ausIved waz Ul Snlneasgin “nisuszdivauninlii

(%
=1

luszuvaneduagszuudmuneg nnglWlviuniaugaainnssy”  n1sUseyuIvInig

A 1A a o =~ $ o A @ L) =
wisvedmnssuliihunInerdowmalulagsivases assn 7 Wewingl Jwmdnavays
27-29 WAl W.A. 2558 : 818-821

2 wendad veudad uay Uglaf Snlvewsadn “nisuszlivnuninliiilussuudining
nrelnlnundaugnaivnssy” 113a153IN15wa 338 WrIngrqemnalulagsivuea

WsvuAs 9 10 aTuf 1 funau W 2559 : 127-140



The 7" Elecirical Engineering Network 2015

of Rajamangala University of Technology
. _. oA .'a e " S
e ,

ACUNSSUMISDaMsSUS:BUdBINIS

MASNS3AINssUWWRINsAULNAL. ANESAINSSUMEAS
unsnanaaInAulag sBLOAANSDINW
2 AUULNDAUD II9Z0noUmILY. adins nsoinw 10120

75




TNt

<

silspgaimmaateseimnssliihaminen Sudliladnmsn afid 7
Proceedings of the 7 Conference of Elecirical Engineering Network of Rafsmangala University of Technology 2016 (EENET 2015}

1

madsafivpaumwhliluszuumedwezszvudimine finwlfidiiTasgaamnssa

Power Quality Assessment of I'ransmission and Distribution

stem in the Industry Area

R 12 1 T S S
wadanl neadlat’? na amssme’ uas 'LliT‘IW] 31 NADTFW

1 s = 3 = < = w =
muiviranssyllih ausdenssunand uminadoma T Tadwumanssuns

1381 naszns1ug s 1 092eafaTIe mANITS AgIMNINNILAT 10500 Tnss :02-8363000 AB 4150 B-mail: nattachote +@mnutp. ac.th

e sl i -
“hogianseazthsainu ms blEdaunlinm we 1 mana) LwssuasAEegsn

46 M1} 6 R.aNEEEa @178 51 8. KTEUAIFHIDYEY 9. M5 UASHIBEEET 13000 THIAWA 1035241142 #9 10552 E-mal: akewat tho@pea.co.ta

undnte

s
mnawiseilduausnislszdiuqunm s ihlusz

Madanaysspudivthe A W idRuRTaugaamns sy Tl

; s
Tagiszasddinimsidquaiwliih Fad 19l luiuftiay

v o L - .
gaammssuspamsganmllihlussdugs TeonisTmszdnamnm

Ulfes msti¥hdaugdinig luszvumedanisevaasssoy

Funha 26 finfitlaugaanassy Isauefildnmisansioda

quarn Wi n1anamsimredas1dinngnissiicdai
uuudadiasy ADUAE1T A URMS (RMS Voltage) fAud (Power
Frequency) 13941 10 39 (Voltage Unbalance) Tonszwd uszasdu
(Short Term Flicker) Tnszvdszozen ( Long Terin Flicker} 1012
31fuBiln A Hermonics) W1 2 328 U3 8 A M ASIATgILA nw
Uithaunima Swiaiann daulsngmyalidaindhain
sz nBUs 28 N @ SUH ( Transient (5 98 uAn ¥ U0z [Voltage Drip)
nsaiuindrume (Voltage Swell) 1oz TWiD (Interruption) 91AMaA13
dszdinganm ez ldhidaymg pmmii¥iiae nas sduan
drvaziniiga Taamwz lusrunaeds 115 kv ugodslsinu
urduansnnsinaded ¥ W sinnin Tnorsdvassdufinarion
Ja'ldauinahzisunnndires oz ssesnausimsiauiidy

angmasdningosodlugaabiciu os Juim
frdwny: aunwlih TWdn osadandraas

Abstract

The customers in industrial areas need high level of power
quality by analyzing the power quality of Provineial Electricity Authority
(PEA}in the voltage levels 115k V and 22 KV power to Rojana industrial
park concluded that continnows occurrence: RMS voltage, power
frequency, voltage unbalance, short term flicker, long term flicker,

harmonics threshold the benchmark by the Provincial Electricity

Authority references but the temporary occurrence: transients, voltage
dip, voltage swells, interruptions in conclusion, the power quality
problems caused by voltage dip most especially in transmission sy stern.
However, there is not much effect on consumers the residual voltagesare
mostly preater than 70% and the duration of voltage dip are mostly in the
range of less than (1.5 seconds.

Keywords: Power Quality, Interruption, Voltage Dip
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Abstract

This paper presents an assessment of the quality of electricity transmission and
distribution system to supply power to the industrial area. The objective is to analyze the power
quality that customer in the industrial area need high level. By analyzing the power quality of
Provincial Electricity Authority (PEA) in transmission system 115 kV distribution system 22 kV and
400/230 valt in Rojana industrial park from power quality meters. The study concluded that the
phencmenon occurs continuously consist of RMS voltage power frequency voltage unbalance short
term flicker long term flicker Harmonic meet the standards applied to all. The phenomenon cccours
temporary consist of transient voltage dip voltage swell interruption in the conclusion the power
quality problems caused by voltage dip most, especially with loads which are sensitive to voltage.
From the moment the measurement showed that the voltage dip on transmission system 11b kV
maximum of 19 times. The voltage dip that occur including three voltage level of 30 times there
are events that do not pass SEMI F47 standard 12 times or 40%.
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Keywords : Power Quality; Interruption; Voltage Dip
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RMS Variation Magnitude Duration Scatter Plot
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RMS Variation Magnitude Duration Scatter Plot

o ] g
[ PASSED ARE ] ‘ 11 O 11
@ | | | T e 1
| | . ‘ » Voltage Sags
n | i L i
i a0 ‘ | ‘
| s SEMI FA7
i | I \
0 | b
g ‘ |
e ‘ ‘ Event Count SEMI F47 =3
) elale I
1 \
e T Event Count = 3
‘ \
10 |
| | '
a e ! 1 L
01 10 100 1000 10005 100000 1000000 10000000 100000000
Sag Buration (cycle)

<l an = ar
1 8 weies (pu) Weunuan T SEMI F47

3.3 wamsasoodanumwiwhlus:uudirmng 4007230 [oad

ffiunshadendnsasia Tneamnininudafun Dranetz BMI $u Power Xplorer PX5
ol Tvauz 3 Junantznm 22 du

3.3.1 dangnisaififindusuudaiiog

aneeil 16 Lsainfianatataiadui §wa (un T WIEEE 1159/2009 EN 60160/2000)

Name PC Sampling Min Aver Max 96% Limitation Standard
— 3178 213 230 234 233 1EEE 1159
Valtage VM 3176 212 230 230 232 + 10% EIN 50160

3176 212 231 234 233

C-4

@751l 16 Lmﬁﬂﬂm@a (A EN 50160/2000)

Name PG Sampling Min Aver Max 96% Limitation Standard

Unbalance VU 3176 - = 7 0.286 < 2% EN 50160

ganefl 17 A (shuaness [EEE 1159/2008)

Name FQ Sampling Min Aver Nax 95% Limitation Standard

Frequency f 3176 4990 50.02 5009 5004 +05Hz IEEE 1159




90

‘;\j‘. NsHsIImsia:3de uns.wsuas Ui 10 aduii 1 Ay 2559

gl 18 prsedinnewivssusdu phuane s PRO-POG-021998)

Name PC Sampling Min Aver Max 96%  Limitation Standard
VA Pat 3174 0.048 0323 5Hb509 0487
Short
VE Pat 3174 0.048 0388 hHg577 0518 <1pu PRC-POG-02
Flick

V, Pst 3174 0.049 0438 5531 0.581

aaefl 19 el lunaenSuszase {Fnwsnmss PRC-POG-02/1998)

Name PG Sampling Min Aver Max 96% Limitation Standard
VPl 262 0.088 0372 2410 (0.809
Long A
VB Pl 262 0.082 0410 2481 (0823 = (0.8 pu PRC-POG-02
Flick

VC Pl 262 0.081 0474 2423 0.647

ans1efl 20 enfuatin (Fusnasg L PRC-POG-01/1998)

Name PC Sampling  Min Aver Max 96%  Limitation Standard

vV, THD 3174 08788 2407 3651  3.077

Harmemic V. THD 3174 07135 2512 3846  3.352 < b% PRC-POG-01

V. THD 3174 08870 2245 3519  2.910

3.3.2 Unngnaaifatudunta q
33.2.1 amazdang
Tugrnmianatalinuganzdhageudansraiaquaminin
33.2.2 widuandazne wiskufiniauns warlndy

Tutanmiiara dadiausduand mastumusiuu 8 af fein ey
SEMI F47 41w 5 ¢ 59 snumnaiefl 21 uaz quf 4



RMUTP Research Jourmal, Vol. 10, No. 1, March 2016 @
—

amedt 21 manaluseiunndaeaslussusdimie 4001230 Toad

No. Time Stamp Magnitude Duration SEMI F47 Ealiil]
(pu) (s)
1 25/6/2555 6:28 0.870 2.750 PASSED HWU HL1AF)
2 28/6/2555 7:08 0.000 2.810 FAILED Talwy Calhii)
3 4/7/2555 21:38 0.830 6.200 PASSED anufawiasluszuy 22 kv
4 5/7/2556 16:25 0.000 1.100 FAILED 'Lu'wummw!
5 br7/2bbb 15:27 0.000 1.100 FAILED Iu'wummq
6 12/7/2555 18:24 0.867 0.020 PASSED Auiawiadduszuy 22 KV
7 1b/7/2555 952 0.590 15.490 FAILED AnaBRwIRsluIzLIL 22 KV
8  1b/7/25bb 11:05 0.440 20.060 FAILED Aruiansasluseuy 22 kv
RMS Variation Magnitude Duration Scatter Plot
100 T
™ - pA
* b1 T TH T
: r [® |
80 I 1
i ‘ | | ; : + Voltage Sags
1l | 1 u
"’ T i EFT A
= | | | | i
:% &0 T I | Bl : ! 1 f ——SEMI F47
S 1 1 g 1 -
FH it | 1|/
& © | Il A » T Event Count SEMI FA7 =5 I
s [l : ; = I
‘ IR SR
20 1 T I : T f Event Count = 8 H
| | |
| | | | |
10 ] T ] 1
) N3RS 3 G S A
0 i ot | | I L
0.1 10 10.0 100.0 1000.0 100000 1000000  1000000.0  10000000.0
Sag Duratlon (cycle)

i

i 4 BuNeRssIeRY (pu) Wauduanesiu SEMI P47

91



138 NsHsIImsia:3de uns.wsuas Ui 10 aduii 1 Ay 2559

gl 22 e meralussiunn MR AUIRsT . SEMI F47

Tefunndy  wensel diidhunessan SEMI F47 AN

(kV) ) N

(ﬂ%)

s daduTun 22 KV (3] m%j

115 19 4 AT ARNTELTEUY 115 kY (4 ﬁ%"‘ﬁj
Tk (9 a39)
ANuAAnSATSILY 22 KV (1 ﬁﬁ“ﬁ)
22 3 3 ‘ .
Tamusmn 2 A
eufsmaday 22 kv @ ey
0.4/0.23 8 5 ‘ .
Timnanmg (@ o)
ERt 30 12
3.4 ofUswuivm andoyauayed 22 Twmgnsaluseiu

nuam IR I mn Wi a0

P

afnlss A liE et

. 2
Gad m s '

3.4.1 Ynagmaaifiiinduatinesaiiiag

LR ALIINTRa oA ady FeEas
Al usedulsiongs arsuiilmnsuymedy
aysriilinssnduszazen wazandusiinds
seAbusdt 115 kV 22 KV uaz 400230 Taad
i s ufidnesefonmn Tauszun
Muds 115 KV fnpasduaniuaimed 1 &
6 xundAlne 22 kV ivganiuaniuniins
f 8 T 15 warvenuaminp400/230 Taad &
TszBuaniumTei 16 89 20

3.4.2 Unngnaaififiadudunia q

sznaudhn sametaag ussduaniaune
wssdufutway warWd wodn usedunn
Frwmnduiiywizndn lavfivizandvany
yaft 22

anir e dntusadwIn 30 afe aduly
sz @ede 116 kY dnnu 19 af sy
FWiae 22 kV S 3 A5 waruus iy
400/230 Taadt druau 8 ads Tudmnumanisal
wisduAnie s intuiarmn o dind
AT SEMI F4A7 iy 12 A% anms
mfmﬂ@ummmﬂﬁwamwm'ﬂ isamnaay
fianieelussusimiig 22 KV Sy 11 ade
aNAUEANToTUTLLE YR 115 kV 41w 4
a%a ugzlinyawn @iy 16 ae

andayannmluinfnyadaldny
figmusasuaniavas il e @5 as
myznuushu g Siswadinana uliawses
fuiinduniz ueniuitangasvnysu esay
dndulusetyans da 116 K apensbiingu
pfimefiagralnasenll wiaanaisainszun
Frsane mrybfhinada vieaTuluss
drmhne 22 1V v Bl ludvalndidiu
il nunsiesy w3 il dudiume

92



RMUTP Research lournal, Vol. 10, No. 1, March 2016

e Tasfivagnanifi ik ua sy SEMI
F47 dwou 12 ade anmansaifomn 30
ade vidoAmfluFanay 40

mMIuA pwuaduand v mn sz e
Tngnrrandiuuefanafinnufinniosiy
TTULETNUTY ARRITHTULTIIEIUTIAUAN
vz uszaadugldunansuuseinn
dramy Toildlaniunstiigednwas
msfuITsIussTIY nsdindagnyal vy
Current Limiting Fuse W& MNeutral Ground
Resistor (NGR) LIRATILIAN T LAS AT R
nrsunst Al onld gl nsalf figuauls
nusBuTeRUANT Mz

4. asu

upauilduaaslinfudmani i
Ao mlniluszsungods 115 kV 320y
e 22 kV uwsz 400/230 Taad woans
Telfindrugfine faonfilefininfon 1 use
genfllvinlsauy 3 Faanullitaugasivnssu
Tyauz aplldd Tuvqunnlufinfaaan
usduandivaznafgs laoman el
andawnsrratif 3 seduuseiy dadudiuu
30 afe Bofinfledbudy 116 kv annflga
duu 19 afs

Jamuseduandvmslussyudinng
Tignunsafiazseyduna urieiBastisaiuf
A ld unsna g e sideaiuee:
Audeananos 1l fanaty Tatoedy
w3 winmamTaluRduaniaz sz
sfusnvauwaes SEMI F47 dnfiloniagef
azfiansnaznuapildlain Tasannz Al i

Tumegnamnysu luduve el iinilddy
wsnsznussanaiiymdldan my$ge
viaulanldsnyalifiaamunmuaswsiuan
FrwuzldgeiudarnnssBoaa s iusy Tor i
apegtinsal Felild Iwinasfiarsanau
AIAAND VTN TELALNTINAR uAzN IR
wpandosinififieniuduing vt mss
wansenuiu 4 Yaznavdownnsiiiiidn
piarauazgld Wi fuuanensflaiud
wnzsEuas LR ananTnuand nusad

andvaldotraduglsysu

5. nadinssuuszmnA

Y NG e TRt 1 ENES s LI G
wszuas AWnsadayunaIuidn uss
AmaTeR F¥efy griegdiuieniines
FAanssuuazuny nsldfingdugfiane
wa 1 (1anane) assunsdoyse Aldns
givayudoysfiiuys:loniuszldlianu
Ty YTzl s e uideld
dawliumermidniags ot eauysol

6. IPNA1SSVDL

R. Dugan, M. McGranaghan and H. Beaty,
Electrical Power Svystems Cuality;
WeGraw-Hill, Knoxville, TISA, 1996.

Y. Sillapawicharn, A Fast Voltage Sag
Detector Based on Peak Detection,
ECTI-CON, 2015.

Y.H. Chen, C.Y. Lin, JM. Chen, and P.T.
Cheng, An Inrush Mitigation Technique

of Lead Transformers for the Series

93



(e

Veltage Sag Compengater, IBREE Trans.,
20106.

Math H.J. Bollen, Understanding Power
Quality Problems Voltage Sags and
Interruptions, IEEE Prass, 2000,

[EEE, IEEE Standard 1168-2009, Revisicn of
IEEE Standard 1159-1995.

EI BO1E0-2000, Veoltage Characteristics of

NSASIHIMSIAITY uns.ws:uns U 10 odui 1 DunAw 2559

Electricity Supplied by Pukblic
Digtribution Systemes.

PROC-POG-C1/1998 dadimuangnui
arsusiin adulnfindyanngsis
BEINNTTL

PRC-POG-02/1998 darimuanginasiusady
nszfion Aeafulidszangsha
BRETUNTTL.

94



HY8A1anI19158030) VIS
#1973 9320550 lWNN AzAAInTsuAERS
UNNINYISNALUTATTIVUIAANTZUAT

E-mail: aroon.c@rmutp.ac.th

=
A1SANYI
A.9.1.(USHN591T7e0asinAlAfAN Y1) @010WALUlagNTZI0ULNATNTEUATHLD
pa.u(walulaglvihenamnssy)  aardumelulagnszasundmssunsinie

uIvenaula
seuulninmas waznismeasAuvasszuuldn

TuaygyrnusznauIuan
TuaygeUseneuivITniFINTsuAIUAN SEAUNAIAINT a1l sulndhig

AUNTNAUIANIBIYN
- aunpudvINsIenssuluin isdssmealne)



96

599A180519158 ATglYR Sninesydn
d1913v3anssulni ausddainssuadans
UAINYIRUNATULATTIVUIAANTZUAST
E-mail: nattachote.r@ermutp.ac.th

A15AN®YN

Us.a. Aenssulad)  wnineduwmalulagnsgaunainssuasivile
A Aanssulain)  uninedusssumans

2., Amnssuldi)  wineduwaluladssusnanseuns

Ao.u. Arnssulni)  aarduwmaluladsivuena ngnumniaas

NuIReNaula
N5k kU UANslussuulnilinge nansenuveInIsiondeuvasudn bui
wuunsranglussuuIvnglnia wazimAliAnIsAIEaNTIER

TuaunusznauIvdw
Tuaygeuseneuividnieanssuaiuay seavadindmns awn i el
luaygnEnsIvEeURIANT

AUTNAUIAUIYIYN
- dupIATIMTIFNTIUl (Wislsznalie)
- asnAdFINIINanUWsUsEWAlne Tunssususguius (Jan.) laanan naenTn
- Electrical  Engineering/Electronics, Computer, Telecommunications and  Information
Technology Association of Thailand (ECTI Thailand)
- Institute of Electrical and Electronic Engineers (IEEE)
- The Institution of Engineering and Technology (IET)
- International Association of Computer Science and Information Technology (IACSIT)



	ปก
	บทคัดย่อ
	Abstract
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญภาพ

	บทที่ 1 บทนำ
	1.1 ความสำคัญและความเป็นมาของปัญหา
	1.2 วัตถุประสงค์ของการวิจัย
	1.3 ขอบเขตของการวิจัย
	1.4 ขั้นตอนการดำเนินงาน
	1.5 ประโยชน์ที่ได้รับจากการวิจัย

	บทที่ 2 ทฤษฎีที่เกี่ยวข้อง
	2.1 บทนำ
	2.2 ระบบสายส่ง
	2.3 แหล่งผลิตไฟฟ้าแบบกระจายตัว
	2.4 ความผิดพร่องในระบบไฟฟ้ากำลัง
	2.5 แรงดันตกชั่วขณะ
	2.6 การทบทวนวรรณกรรม

	บทที่ 3 วิธีการศึกษา
	3.1 รูปแบบการศึกษา
	3.2 หลักการของโปรแกรม PSCAD/EMTDC
	3.3 การเลือกใช้แบบจำลองในการจำลองระบบไฟฟ้าด้วยโปรแกรมPSCAD/EMTDC
	3.4 การทดสอบแบบจำลองแหล่งจ่ายแรงดัน
	3.5 การเก็บรวบรวมข้อมูล
	3.6 การวิเคราะห์ข้อมูล

	บทที่ 4 ผลการทดสอบ
	4.1 การสร้างแบบจำลอง
	4.2 การทดสอบแรงดันตกชั่วขณะเมื่อเกิดความผิดพร่องชนิดต่างๆ

	บทที่ 5 สรุปผลการวิจัยและข้อเสนอแนะ
	5.1 บทนำ
	5.2 สรุปผลการวิจัย
	5.3 ข้อเสนอแนะ

	บรรณานุกรม
	ภาคผนวก ก ตัวอย่างการรันโปรแกรม PSCAD/EMTDC
	ภาคผนวก ข บทความวิชาการที่ได้รับการตีพิมพ
	คณะผู้วิจัย

