nsuTuussnanwlniluszuudmminelWinlaensiseusie
WA SN AR LHHILUUNTZA1IAINRIITULEID19NE
Improving Power Quality in Power Distribution System with

Integration of Photovoltaic Energy Distributed Generation

1 Ay L)
MMNFRYLN UNU UUILLETF

Acting Capt.Papon Ngamprasert

b4

IngndwusiidudrunilsvesnnsAnunaméngnsuivgnufivadin
#1129 5UINRY AeEAAINTSUANERS
UAINAUNATULATTIVUIAANTZUAT
2564



n1suSudzenan it luszuuimiglwialaeniswouse
wrasran lnANLuUnsEEfINdsULEwR N
Improving Power Quality in Power Distribution System with

Integration of Photovoltaic Energy Distributed Generation

JN3egian Unu UYLy

Acting Capt.Papon Ngamprasert

Anerdinusiifudiuntsresmsinumumndngnsy fegguiidude
#1139 3Anssulnin AzAdaInssuAEns
UAINAUNALULATTIVUIAANTZUAT
2564

4 o/
Avansve I INIduNAlUlag N TNIAANTZUAST



FoAneniinus nsuiuuraun il lussuudmieliiilasnisideuse

LA e Aa WL UUNSE BRI NA IR TInE

U uNENa JiiSesian Unu NuUTELESS
ai Y au a  a W
Yau3nynn USvnyauijiudin (Imanssului)
#1013 Fanssulviih
AR AINTIUANENAT

¢ el “ L VT a o
8191367 509ans1915t AaUFleR Snlnesyin

gnasdiusnesan  HieA1Ens1ansd as.a1As IRl

ALY AssuNIsARUAINEN NS R NIWiILToUTn e Hnusatuiiueg

UY5¢571UNIIUNTT

AFPEUIRR

N33UNTT

NIIUNN3
(ffomans19150 A9.81A3 QAAAURUT)

- gh/

........................................ NITUNTTLASLAVIUNTT

(s0anans197158 A3 gl Snlnelaiyin)
AouzAennssienans srinendemaluladnvienanszuns audRvIy
SenanusatuiifudumiweansfinumnaumdngnsuSvanauilUndie

angunienssubni v demaluladsuusnanszuns

Eaw151UNNSUNUA U AEIAINTTUANER S

Ba

(ffrpransnanse a3 oigned Tguz)

Fui 19 fou wowaAu WA, 2565



HoInendinus mMsUfuussamnmlnitlussuudminglifinlaonisidose
wasnda bl uunse RN uLaseing

o uEna Tii¥esten Unu MuUsziasy

FoUTayay Uy rnud Unudin Geanssulniin)

A3 wazAne  Ieanssulbniih eagldanssumans

Unsfinen 2564

unAnge

Ingrdinusiiinauenisuivusaunlnilluszuudmine i lnensdousoundsndn
IWflhuuunsgnefmdsnunasenfing lnedfnguszasdiieufuussnunmlninlussuudiming
Ll nsdnaesusssulninnuazusaduliiiiulussuudmingliin nsdaesnisgaydendsau
Tl lusguudmuig iy nsussandlduuudtasmuadindians n1siiassssuundnlniiime
nEsunaofinduarnssassmaianindeuseundanliiuuunszaneds Tasinednusils
n1sneaaunisinavesindalnfindedanaiiudadusndusiuduwuuinasmiendaaians
nsdiAnwinsanidslniigadeluszuudminelnfilagldinaidanadoudeundawdalniiuuy
nsgAemsiukuuItaesssuuImiielni 33 Ua wagnsalfinwinisusulgaussiulniinnuas
usssulwinAdluszvudmieliinlagldnadanisideudeunasuanlniiuuunszaefsmiu
wuudaesszruudminglilih 69 Ua ;nmsAnwinuiwmelianisidenseuvadanlwiiuuunszane
fiiausanunsnanidslnigey douazuandviviuiissnsiesar nmsuiuuuseiulwihnnuay
ussulniAuluszuus el Tnsewiznsdusadulnihandavne susasgu IEEE 1159
~ 1995 Angrdnusiuansliiiuisssduauguusesusstuandrumraziueg fusuiauay
JEULLIAVBINAAL RN T UL aesssuUT gl Tnsunasdalifiuuunseanediindanu

wAIRNRgaNUsaTITanwsIRUlNHen T LR

AdAey: wsssulninndavae, maslniigads, Wllalamde, wam@daliiuuunszaned,

szyuImueindi



Thesis title Improving Power Quality in Power Distribution System with Integration

of Photovoltaic Energy Distributed Generation

Author Acting Capt.Papon Ngamprasert
Degree Doctor of Philosophy (Electrical Engineering)
Major Program Electrical Engineering Faculty of Engineering

Academic year 2021

Abstract

This thesis presents improving power quality in power distribution system with
integration of photovoltaic energy distributed generation having objectives to improve power
quality in distribution system, model of voltage sag and voltage swell in distribution system,
model of power loss in distribution system, application of mathematical model, model of
power generation by using solar energy and distributed generation connection technique
simulation. In this thesis, the power flow was tested with Newton-Raphson algorithm joining
with mathematical model. The case study was done by reduction of power loss in distribution
system by using techniques of connection of distributed generation joining with model of
distribution system 33 bus. The case study about improvement of voltage sag and voltage
swell in distribution system, used connection techniques of distributed generation joining with
model of distribution system 69 bus. The study found that technique of connection of
distributed generation that was presented could reduce power loss and showed the
percentage of improvement of voltage sag and voltage swell in distribution system, especially
voltage sag case, according to IEEE 1159-1995 standard. This thesis showed that severity level
of voltage sag depended on the size and duration of each distribution system model situation

by photovoltaic energy distributed generation can reduce voltage sas.

Keywords: Voltage Sag, Power Loss, Photovoltaic, Distributed Generation, Distribution System
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Judhnwadusevunuiuiielinseualinda i vunieffen1sussiues
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FAUBNALITENI “Oasd (Array)”
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nszualnifii-usaulni tneSausssulndhilifinnssielnan Sendn “Open Circuit Volage”
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LR ng 2.2 uay 2.3 [4]

Current Axis Change Load

4 ¢

Y

Short Circuit Current

(Zero Voltage)

Open Circuit Voltage

(Zero Current)

> Voltage Axis
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I, fe nyzudlwidnsasveasadi 25 ssasadod; wend (A)

Kj Ao duuszdnsaamgivenseualiingnias; woud/ssmwadua (A°C)
T . fo 9uuiinadswedeas; o3aaay (°K)

Y

A A ANUULEIeTTRg: AlaIRR/A1510uns (KW/m?)

a
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=b.
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W1 sgunldivualseanininvesunaiaduaseing fe NA1gUNgHl 25
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(Open Circuit Voltage : V,) # 21 1384 (V) a4 Nigaungil 25 aseiwaidia (°C)
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o I Ae nszualiindudideunduveswasvesialen; weud (A)
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Anseaaliiinsluanngdudivazangludanduaiunsambaainaunisi (2.3)

T T g
Is(t):IST— cexpl| — —1 |- —2 (2.3)
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- wsasulnfineusnlnnes (V) Wuatwsasulifiiffnvaeidansasniedu
ussdulnliudlolvanmallivdiengenn Tnsfidussussfuliivne Daestaudusiusi
AANUduLEseindlugudanasiiu (Algorithm)

- nszualniivnednness (1) Wumnszualninfifnainnisdnisasvesunaead
uasorfimduiemnsudalihvessadiilonszmslaifindugud Tnefienssualnihdasasd
wiiutunuedivewaeindiinnnsenuuuiigaduacending

- adlihgean (P,,,) Aldaidsgeagafivsinannuduvesuaseingfinnnseny

m az)

a

wazguuiivegaduataindnamieg laenuilvaanisiiinduaigauuisaidiiuwng
I3 a s
WAALEID1TINE
- nszudliihasan (7,) \Wudnszualniihigadieidelniigegalaeiminlnanmig
AL AULADIN UL AAREID TR

- wsanulihasan (V, ) iuaussiulnianeseulvannisluiingadnemdeu

- fladurnnes (luAdnsndiuvesasinihgeandenanusewinanseualnives
dnasiuAmsssuliinvuzidnas afladuinimesiduafivansiianunmaedsad

A ¢ a 9 =
LL?N@TWWEJﬁ'uJ'ﬁﬂLEUEJuvL@IGniJﬂQJﬂ']iﬂ (2.4)

KENE
FF = % (2.4)

&

LN adLas1ngndaunnaaIsiaiadurnmesiinlng 1 ienagyineu
(Operation Point) lnaftugadneiaslniigaan
- Usz@nsnmasan (V,) \ua1dnsdiurasindsemnd euuao1ind nundigad

w1 nglasvanusadsulanuaunisy (2.5)
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n:v:)c'lsc'FF (25)

mn
do P, fio Wasuuaseindnurasaalasusenilaniieiud; Ina/msauns (W/m?)

2.2.6.3 29958UYAVIIUHUYIARUADITING
Tun153ATIERNIT1Re 5A199 Tulgadldso1induuasfosunuLgas

WaenTingnieasauya (Equivalent Circuit) UWanssanIni 2.5

Iph D1 S Z Rsh Load

AN 2.5 13sveaGaIR R lun U iR

dwsurnasmislihve waduaserindlunaufuiRussnoumeunassng
nszualiiiwuuasiidevuiudvlalonuazAraudiuniufidesynsuiingin
AMLEUNIUTe @R Ui s udutunazaL drumuve st laneduntuas
gundeidunainannsdefuiadenteuen daumanudumuisevuudiing
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Anannisiilnavesnszudliiniissnnseydei-duiliauysavinliiinn1sdnieas
vdrulaglanizlndduroulsaduaiaindA1n199 maidaziinaduaives
UsganSammveddearsigaddanalviAiindediueongigaanasaiuisailoula

NeaunsT (2.6)
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(2.6)

I:Iph_Is[equ-(V+I-RS)_1}_(V+I-RS)

N-K-T R,
Ao nszualnvivosnaaaLase17ing; woud (A)

Ao nszualnih$luanngdusrasanglusandureslalen: weud (A)
fio UszBidnmseudlaniniu 1.602x10™" gaeud (O)

Ao Aladelugnund

Ao AAsTives Boltzman SAwinu 1.3806504x10%; J/Kelvin

fio oaumglifisessiovazsnaLveuTad; osrmiaaiu (°K)

Ao wssrulninnaseaulalen; 1aas (V)

AD ANANFAUNUBUNTUVBNDESS; Lol (Q)
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auni1sn (2.6) ninluAanarey Ry, way R, 9z ladun1599 Mg aalasoing iy

AN (2.7)

n

D

\ 7/
I—np-Iph—np-I{expN % . i, —1} (2.7)
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99955 UUINNU INH LU ULSAUALARIFININT 2.6 [6]
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Sundanulnialaannndmione ssuudmigliiuvuiilunisldnuasaunasastaiens
o 4 [d o 1 a o & o [ & o Y1
saniiszuuilunsasiwheliiuuuisivgs nsnssviilagyinislesiuszuuiwiledng
Ju szuvdmihgliihuuvguanunsainlulgdrendsanuliihliiugusuaunalvguaslsenu
geamnssula Yervesszuuil Ao eogunsaliilatatesanunsavihnsdndiutiuesnluuae
asdimiesgausavinnsielnideludnyilissuuianuuwietieligeiunitssuy
Imglniiuuuisifes teidevesseuudmtheliiiuuugy fe n1sdendeaulniiag
nspihlaguanndagliiiiesaniidifes duludufianistatesdunigluaniiigliings
ilinAnlWiduiuusianing delusguvdesiuresszuudmielniuuugudesddn
é( ! o ! a = [ v 2/
ANaEnsaasdunIszuuTmgliiuuuisifes Wesannssuulesiudesnsisasuly
NIUINAANNTENNTVUNRUNsallate Nz ladng Unsaldiutiueanainnisdienasa il
! lﬂl A I o ! U dl 1 Y ! a g ¥
wardumasegaunsavitn1sdngluiinludaalnanilidlasunansenusenisiiatadesves

szuudwiglii dnwazvessyuudmhgliiuuuguuansianng 2.7 [6]
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| — (e i)
_E dntiangluin 3 daridnelnin 4
Tsalwifia A = - I — — I —
| T | =
aafigrelai 1 an1iangluiin 2 antianelatia 5

A9 2.7 seuudmhgliiuuugy

2.4 Usznnvaaaiaandalninuunseaneda

ASDINIEA AL UUNSEIFEIINs U lavdla a1 Usen1Feg1d 1Y LATeY
AR WA ILUUNTEAFINAINULANDITNG WAIIUAN WAL WAIUINNLDAALTDLNA

NF1UNLEIATLAU WAIIUABTININLBLTZUUTNLAUNE Y [7]

2.5 wansznuvanAsasnlialniiuuunszateaasassuudminglnia
n1swensatAIaallnluiwuunseMedudigdssuudminglnindaliiianis
Wasuwlasvasidsliihuaziemanisivavsesiiasinih Juduanmsylnfananssnuly

Aumnge) Tinuseuulni

2.5.1 nansznunaszuutosnu
szuusmg i laerluidusuusifisadsiaadlnfidumaduwndssuie
1‘1/\I‘1N1LﬁmLma'qLamﬁf\i'}sﬁﬂﬁqlﬂ/\lﬂwﬁ’]@iwuﬁi’mmeJ"LWW'] lrsyuudesniu [8] veaseuy
Singlihdulussuudestunsyuatiy (Overcurrent Protection) fifinanududoulsiunn

1 [ N ' 4{' [ a o Y 1 o 1 ! 2/
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Audalninuunszanedi Wudu

2.5.1.1 nMsanvaulnn1sineuvasgunsalasiu
mnidaanuianiesduluszuudmminglnihifiedessadnlwi
uwunsEefIdouseny u UTnuARmLAansesaziinszualwinfigany
Uni wiegnalsfinunszuanuiiansosiidrgoonanaaniluinasiivianai
anaq Lieanniaissdndaliiuuunszaeiisenszuannuianses
Tituszuulifhantumsnsalisuivilieunnsamatumaienuiio
wiosvasgUnsnitlasiuanas Fdliamisonsaadunisiinmnuiansead
Antuluszuuliild idesannszuanufiansesiinsrafudusieniding

AnseualiihuuieesgUunsailesiuiansienng 2.8 wnnsaldsnanidn

1% '
a = v ]

Anunugunsaidesiu Negaunisvesarslounazo1adnasaingnisal
wsanulWANn TV dINalATLEEIA TN ALSIOU bNH AN TV UL LT

Wesangunsaidesdiuviauiinnain [8]
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‘e - | } RS R e ---jé_
hiad i ] 3 L Sttt y¥ Fault

Reduce Fault Current from
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2.5.1.2 Safunmsinuiiianatnvesgunsaitieaiu
Tnehlugunsnifesfulussuudminglnihduussnauludae fiad
Slpaawesuaziwasinusnines nefrdilugunsaldesiuaatoudasuas
Tnan Slaaawedidugunsaifiostumetioundn mniamnuiansosiuly
szuudminglnin guasalimsvhaududiuusn fe Seasiesdomens
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singszuusminelifienarilisdunisiauvesgunsaiieafumani

Wasuuasluuanasenind 2.9 [8]
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a
o
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g 0 —— j 7 Fo'a
a1l e Ss [ Breaker
g ETNN :
o : F P ; Recloser Slow
102 g ki S AN ehdn _ AT A Fuse. TC
3
10 y 3 -
Imin 10 Imax 10

Current (A)
A 2.9 drdun1svinauvesgunsaiUesiulussuudnmiiglni

PMNANA 2.9 uansdrumsvinnuresgunsailesiumnnszuanuRaniosiiAny

TusguulihdrmldRunssuaanuiansesingn (1 ,,,) wagnszuanuinnsosgean (1

i fm aw)
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9

Substation | |

Fuse

~
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AN 2.10 NSEhaANURANTaIRlar U@L o TS osn i lnH L uUNSEANea?
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2.5.1.3 szuulniuenfadase
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i feduiielAnaauiansesaulussuulniiioneiessnda oy
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WEAIRINNT 2.11 [9-10]
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2.5.2 HansEnusanan NN

2.5.2.1 ussiulwinsiieunaglnnsswiu
mMadeusaledesiudalifiuuunszaeiiingssuulnindunisly

annginelmAnusefuluilinsziien (Voltage Fluctuation) waglyldin

nsen3u (Flicken) ilosnnisiSufueiosidalwiimionewnesusziay

wileridamalimnuivessyuulniinAnnisidsuwdas adymlui

nsgnIuUsnnBuiigldlniiviolsasudrsainnisldiaiosdndalui

BalastauazinIosdudaliindunefinefidgunsalimuaulailinssua
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2995 UUlNHN [10-12]

2.5.2.2 g15uain
LASDINIEA NI UUNTZANEMIUSELANDUNBSIMDS (Inverter-Based

DG) Wuaseenudalnidiussinnulasiuidnseuanselmdulniinssiaadu

¥
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1 fa < a ¢ o L3 oA Y a
H1unegunsaldiannsednding lnggunsalvanldanalviinleym
g15ueiindu IngUuuvesnseiasisueiinszuinvsetdesiuliusgiuviln

fa @ A fo u Agw A O oa 1% fa & a ¢
LLaz‘UU’quﬂimaLam/liauﬂamawﬂﬁu Iuaﬂmuuuﬂmislja‘ﬂﬂim@LaﬂW§QUﬂa
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A1delszaniaIesuiunsentuauni1sdtemaelniiaisfedainlssian

Tn3aimes (Silicon Controlled Rectifier : SCR) FaasnslymiAeafiunsvua

grinefindruiunin svaintagluniunildaunsaidibinnseiindiiniuau

M391ussulWA (Insulated Gate Bipolar Transistor : IGBT) @sltinatiad
au1s08 ud Y UIaRNALdYIMAIRea (Pulse-Width Modulation
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atluraziasosndaliidlasdanaziasesnnialiiiwioniwudym
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Uszantdnaliifianssnas suadn NSehas1suatNLaAIAININ

i 2.12 [10-12]

Amplitude

T
~_ sundulwdiaeuaIN

sunauledund

N13UzUuUVaY
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drudsznavaniuaiin
a16ufl 3
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Time
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g15uatndPuUNa
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TifSugulitunsdeutadiiiin nseusoidestudalnfiwuunszaes
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Usetanimileadn (Induction Generator Based) Wingssuulnihdsnalviiia
nsewabni1vzyinNITaRISNIAIUSEUNIL 6-8 11N VBINTLLANNAGNKALALIA
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BUNBSWBTIN1TAILUTHNSUIADUIBS RS IUNTEWAANSNLAS BN AL B Y
dsalibiiatymusenulninndavag
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panliLuunsEANemalaLn [14-15]
- gudnlniinsesdn (Small Power Production : SPP) nunefis tassnswdalinlag
Tosyuunisuannassnuauieutazluinsandy (Cogeneration) wson1swanlnia Tagld

Y a
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U lnAl A asluiadendausussinalng (Electricity Generating Authority of
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¥

- gudnlnifrvuradnuin (Very Small Power Production : VSPP) a8l finén
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WdaliSueniin (Q) wazyuveawssauliih (0) azduduusilinsiuen

WAL ILADIATUIN

TuuansalussiulniivesasasiulialnihdldawnsauSudsurseniuay

1o wu lunsdinIesmilialuigrearmadnisueaiinieaiide Q) W3esu

1%

) Tuanzirsasnidalndaniinua iy
Y

o w

AMagliinswanfindeming (Q

min

| [y

TnganensasuaINIad Nl SuaaRnNafin e duwsssulnirvauniasnidaluii oy

(%
= [

Lianunsamuaulalaetuedivlassieg Aniwasssndaliluansideniesu

Y

L

AaendSenfin  ARNe Tane

=) o a

3aqmLumiv\lﬁwiaagja’lﬁ]%ﬁﬁmm’]Lﬂuﬁaﬂﬁa

(PQ Bus) Inefinsssulnirvesdadinisilasunlaaninualaglasaureluia

wanwalAluNU AN ILERIRININT 2.14 Fauansliiuinasosnidalnidlnyiiau

Tagdarindslningds 30 wangiad (MW) o usedudl 1.05 wWaedeile (p.u) [18]

PV Bus

P=30 MW |
V=1.05 p.u.

AN 2.14 Uaiivesszuulniiniga

drluguegduslan Ysunaidsliihesuasidsliidueaivivesdaifmie s
Wandudsidosinisantufinuazgnimualaelvan diuruwssiusazyueslaify o qo

iauluaniizasimile agfusgiudsunumadliinnguilaald laenilduailunis

o

AN e Tanalazansvuabidudadaiinnsienidslndnaswaz idslndrswansin

Y

ANVILEASAININT 2.15
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PQ Bus

‘ N

7
‘ 30 MW + j20 MVAR

NN 2.15 Uanmvesszuulninmas

i 2.15 aziiuindaluaniiiidslninadaradu 30 wanzSng (MW) uaz
daluiiinguandivl 20 wnngd (MVan) dslwasenainta Tunisiunnsivady fdsladi
voslvan u Yalvanazgnivualiudiasiviolnanusdafifuidalwinad dsen99s
Liduataianuaynnsd Salnanlagillasdudaussiuluiigs Feasdondaduia
wsaulndeSnsuneanedsdos (Feeder) fadulnaniainatesiinnarswuuunnaieiiy

ponlU WU Ianuewmes Ianuasaing (Lishting) lnanvinAatuseau (Heating) TnanvinAanw

(%
=1 =

B (Air Condition) Gslvanuariasiviinunisuilaamdslaihiunnsieiu Ineduseiu
wssulwihanaseusiues Mudunisiisdmuavieauyilvivalnanfufdsiniasdidy
pradunisUsssnauiniiu manadnedravilsdstaglinnsuszanuiiiagndes o nnsdila
nansefuvsontadlnindsannsaufudumisviedauseuvesaanld Wevihnsvae
usaulwihuaenvssdunssiulaimestalvanlifidesiidlofivanunnty wioudaslwit
¥iiniizonin wieuladliihgudly (Load Tap Changer Transformer) [18]
uannilunisfumnisivassdesiinisfimunatas1sde (Reference Bus wie
Slack Bus %3a Swing Bus) iinfndudnuisia Inefussdulniuassmiavosussdiuli
voatatargnimuaty Tnehluudmsavousaulnihazgnimusliiawihduaud e
audrglunisiiasgiuasfinnsuyuawandassninada dadredsdasduladne

Maslifnieyaeanuuwandnsenitidelnidndnuas Adalnihguslan Javesszuy

TAAN S anfanIng 2.16 wazviavavesssuulndnmawanasinisen 2.1



Reference bus PQ bus

PV bus

AN 2.16 Vavesssuulniniigs

A15197 2.1 vilavavesszuulndnmas

vilpweada | P 8. 2 9.
\esriila 3R ABINIAY Anuilo AOIMAY
i1 (Voltage QMM < Qq < QM
Control Bus 3R Ao ABanIen AOIMAY
%30 PV Bus) Qg —Q™"
%39
Qg = Qmax
Ianda 5 3 AOIVIIAN AOIMAY
(PQ Bus)
GLRNGN AOINIAN AOIMA 3R 3
(Slack Bus
38
Swing Bus)




34

a o

2.7.1.3 9anasnudanu-s WU

[y

anesiutifu-sFuduIsnrsniunlduA s e v AR UNS aNaLRas YD

A A

AUNSNUNABNR VI LUS 1 617 LU
f(z)=10 (2.14)

Tnen

T A9 NNWBSTIUSLNOUMEFILUST n i

a::(xl,...,x.,...,:vn)T (2.15)

1

=) = i a 6 L
ialyusgluguveumEndazle

— 0 T — ]
)] [ilartn)] [0

fi(m(f})) =| fi(zpimyyeym,) | = |0 (2.16)

fn(x(O))J fn(a:]}"v:rir";zn) 0

douwnuaasiuus o adluaunsd (2.14) wdwilinadwsves f(a) Alddawindy
Aue fumneaudrvesiuds o du Wusneuvessenamasiniasives f(z) win
Ynarmveninmes z=z" = (xl(”),...,:z:im),...,xfl”))T?’8@Lﬂuﬁwféqmwlﬁmﬂﬂﬁﬂﬁzuﬂm
L?uéfw%mmzLumﬁ%ﬁﬂﬁmaé’wéﬁlé’ﬁﬁﬂﬂgﬂﬁmLLazLﬁmﬁhmmamwmm%aﬁmwhf“fu
nawed Az'” = (Azl" . Al A2 )T wdifletendUstananSudy ¢ = o(?)
w¥ouarnmuiananuiedanindsy Az(? unuaduaunisi (2.14) Razvinlinalaas

Yosaun1stduase datuannisi (2.14) anunsaeulvllaseaunisi (2.17)

fla'” + A" ) =0 (2.17)
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disenaunsn (2.17) undeulndleeldiSeunsuniass (Tayler Series) aglel

+(0) L(0) L(0)
fl(:cm) + A;v(o)) = fZ(a:(U)) + “M}Aaggw +..+ {M]Axm) +..+ [MJA%@W]
oy oz, v Oy,

(2(0) 2(0) (0)
fz(I(()) + AI(O)) = f7(z(0)) + H%]Ai?y ot [M]Az{(}) +ot {MJA@@)] (2.18)
xl ! y

oz; Ty,

f’l’L (I(()) + Ax(())) = fn (x([))) + |£ afﬂg'L(()))jArgo) +...+ [—afn g‘L(O))JA%(U) +...+ [—6fn(gl(0))]AI20)‘|
T4 T, T,

d‘ ra U U dl ! U U dl dl’ dl = ¥ 1 a 6
dleldfinsandudunigeninduduiivile aun1sn (2.18) aunsileulviegluguvesuning ag

1

of (") of(a”)  of(a)]
- . 0 oz, 0 M Ag(0)]
£ (") T , N P
£z |+ of(=™) o) )N |y (2.19)
o oz, oz, oz, .
L] L ap@®) T o) g ) LA
axl LI a:EZ .o /ax

Nnaumsit (2.19) asnsadvulvieglugudes azls
F(z)+J (2 )Az(? =0 (2.20)
Tnesi

2(0)
J(af ‘”):%:)

wn3nd J(z?) Fendn aladeumn3ng Jacobian Matrix) @agnuszanaidn o 7

z=2(%) aun1s? (2.20) agiuimwasmseninemves fz?) fuammueaianaeu Az? &
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17 v
Y f v o LYY

I = a s (0) a1 - J d' =
AUNUINALUYULUNING J(x )mmmmmuamuu JUUATAITUAATINLATDUIIFININ

Y

Analdanaunisi (2.21)
Az = —[g(z )] fx(V) (2.21)

WaNs1uAIPNNAAIARARUYRWINNDS Az(? 91naun1sh (2.21) Feeuilaenis
TdaUszunusuduvasinmas (% namasusamaaua vddadnlndaasaweninmes oY

avannsamlaannaunsi (2.22)
2 = (V) 4 Agl0) (2.22)

Aaaanees =V aviluldlunisussnnunssdudviomuiatiieniininesan
Auuansine Az uagAlnivesanmes = aggnAnamanasilegldaunisn (2.23)
nsaatuazidunisiwialudnvauziiuseu (Loop) ftuaunisy (2.20) Feawnsa

L%HULﬁuauﬂﬁiﬁﬁlﬂmeﬁ\mmm’iﬁ (223)
(" = (") ¢ Ag(T) (2.23)

1R8N 1 bNUASINAIDIBUNIUNITATUIN
TunrsAuluNalRasvannmas 27 22191lnaA195 90N VUL DA1AILLANHS
vonmes Az luusiayseuresnsiuindiatesad N1sAILINIENYRaulaf1uINgn

Y94 |Az| fientieuniaanuianainisensulaiannsaunisi (2.24)

<g (2.24)

max‘Ax(”

[

PuIuATMTeIUINTAUIUNTANN MM ANALRAYNIgNABIIL YUB LN UALTUAY
< (0) A yoa ysLyu a "y ° c.f‘vc.!é{I e‘Lyo
vounwes (¥ mnansusuiliaudilngennte nmsguimdmeunanivu ngldduuseu

WALLIATIUNITANUIL YA
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2.7.2 mawidgynisiuavasniaslnin

2.7.2.1 utoyavesaiesiudalvlih nifeuvadlih aedsuazivan iorivuadn
ussulwiuazamaveussfulni Fuduvestadiliniuan Tnsfmusliuunnvesnsadu
fiandu 1.0 Wesylla (p.u) wazyuwlavesuseiuluirdandu 0 uazarmasluiasuas
mdsluiFueniivestaiAnazidelniaiwosiait venanisdossmuama
Amanafigeusuld (&) Sruauseuinndigaiazanansamuiadld (r,,.,)

2.7.2.2 a5lonluaudiunsng (Yp,,)

2.7.2.3 Auwuamasniiess P;(z) vesUaimuazUaiinaziasluinsnendiv

Q, (z) veUaia
P (z) S VV.Y. cos(0, -6, —a,) (2.25)
Q" (x)=3;  VV.Y, sin(6, -6 —a,) (2.26)

2.7.2.4 ANUIUNIAIANULANA1ITENIAa N TN e wilalude 2.7.2.3 way

sl A vunlilude 2.7.2.1 deaunsi (2.20)

P(l’)‘%he = Pcal

sche ca (227)
Q(z )" — Q™

flx) =

'
1 a

2.7.2.5 1579@0UAIANULANAISIUTD 2.7.2.4 NAIANULANAINLAILINAIIATT
gausulaliAulInluivenaly ddetesninaiususulaliludaten 2.7.2.10 visean r i
ANNAIAAIIUALY (7,0,)

2.7.2.6 @519nladeuunsng

0P(x) OP(z)
J(a)=| 00 0 " N}

Vo
0Q(z) 0Q(z)| |M L (2.28)

00 oV
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2.7.2.7 M@UNaUVI9LALDEULLNI TN ANUINAILINABDSATAINURANA AR

aunsh (2.29)

oP(z) oP(z)]"

sche cal
AD _| o0 oV _ P —P(x) (2.29)
AV|™|0Q(z) 0Q(x) Q™ - Q(x)" '
00 oV

2.7.2.8 ¥nmsudulssAussiunagsmalyal (r+1) fsaunisil (2.30)

0 (r+1) 0 (r) AO (r)
v vl *lav (2.30)

2.7.2.9 nauludaten 2.7.2.3
2.7.2.10 UAAIAINATNEURILTITULAZYHYDNNY TanazAruinAi1alniass

AaslnAdSwanPnluaediwrazidunasaudunau

2.8 Hguvaanssnulniinngvae

Tngiluudinslilonmiemdrfnanuvesussiulifimndivasdnadaalsl
Farusuilesnanmsfinsanvuauaszeznavesnainussiulniandvazveausias
uasgIudanuunndaiusenly dituindaddifnnnuauninggiues IEC wag
UINTFIUVOY IEEE

1MA35g1U IEC 61000 - 4 - 30 (2003) nA1231 wssduliiandwae (Voltage Dip)
Ao UsingnisalfusadiuanasainsziuunfedsiiufiiulaazAundugannzninnglu

szezi1a 0.5 tatAa DaUszuial 2-3 Fud laensedunsisuianatazianadusosay

WSsuieuiUsEAULSIRUUNG [19]
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AATI IEEE 1159 - 1995 na1211 wsasiulfimndrnals (Voltage Sag) Ao 52y
LS UTaNa99ZMI9 0.1 9 0.9 p.u. 2INTZAULTIFY RMS (Root Mean Square) n1elu
syazlaan 0.5 lalda o9 1wl [20]

Voltage Dip 80% %38 Voltage Sag 20% 31884 LLiQﬁuamaqmﬂmﬁizqﬁmﬂu

Sovay 80 WWegiszruovay 20 U09ANTEULARAIRININT 2.17

YUINVDWTIAY (RMS)

A
1 p.u. 7\
Voltage Dip
80%
0.2 p.u. \/ i
y Voltage Sag 20%
P 1381
JEsags

AWl 2.17 Tenuves Voltage Dip 80% wie Voltage Sag 20 %

HeviinisidSyulfeuu1nssiusenang 1EC 61000 - 4 - 30 (2003) wag

IEEE 1159-1995 agidulumumisnei 2.2

M1599 2.2 Genunssiulniandivaeanuunsgiu IEC wag IEEE

Ay 1ATFIY
IEC 61000 — 4 - 30 (2003) | IEEE 1159 - 1995
o Voltage Dip Voltage Sag
Yu1a (p.u.) 0.0-09 0.1-09
32EZLIAN 15 l9iAa — 2 83 3 2w v5 lgi@a — 1 Ul
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HeuwsedulniandivaenuunsgIu IEEE 1159 - 1995 58AUANTULIIVOY
wseulniinndlIvauzazTuegiuauin (Magnitude) wagszziian (Duration) YoduAay

WANI5al

2.8.1 fgnuvauwsanulwiiangvaslussuuamvuieluii
SnwazvaasinulnidiantivarUsenauni8vuInuadwsInu Wi nn g v

WALI LAk TIs U N And vy Fednwuesansvadsanulniinndrvuzazidu

(%
Y o

finsgRuausuLsIvaLssiulniantivagluusazinnisel

2.8.1.1 vwnvasusssuluiinndavaz (Magnitude of Voltage Sag)
yuInvesussfulniandivae fo vunvesuseiuliiniimieny
(Remaining Voltage) iowinnnuianiosiuluszuuliil Tnefinasruianidn
sumvausssulniandrvardulnehluldnnsiuamuianiedifiniulussuy

it Tngvunvesussnulninndivagaziueg fuausnulninewina e

NTDY FLNUIVDIAMURANT DI USLANUDIANNRANTDY 1TudU [21]

2.8.1.2 szazanvasussnulniiangavasz (Duration of Voltage Sag)
syesa1veInIsiianssulniandiaug Ao YrsaiauIneeg

LIIAULTUANAIIUNTENINAULIFA1UNR ToePgisiarreanisiianssiulunan

[
= [

FIvng AL ANNATUTURY AUAINTELAAIIURANTDITINTINITVINUYBIUN 0
Joaiu lnugunsnilosnuudazfazigisarlunisvinauiianiuwansieiuyinla

5282aU09 U INA RN DIV TR ULANFAIA U
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2.8.2 fgnuaussnulnia Dip Tuszuudminelnin
Annnluvaziiinnsdansaslussuudmielniilegunsaldadansasdn
szuulihfifinnsdnsaseenlurilissuuliiinastafesdisulnanaadluidefunie
aonlndindus lisunansenurlfAnusssulniiinndavae (Voltage Dip) FsiAuntos

[

TuagAnszuainRsLiInduAngsruvUnadlegUnsallesiudnssuunidymesnnly

2.8.3 auvgvasnsiaussiuliiiantrvasluszuusiminglui
usssulninendrvaziinannsitinssualiinyunagaRaundlnaluss vy
Telutneszozinandus ‘Vﬂﬂﬂi%LLaﬁﬁU%mﬂmiﬁQLﬁéﬁﬁlﬁaﬁhuauﬁLL@HﬂUi%UUlWﬂ’]
W Builwaudalefiumieduiunugrantowlasagyinlviusiulnirnnaseulugunsal
wiehidengedsmaliusaulaomediseliivasiicansasniunilutassseznadug ey

nszualwih ifivsinagavaniifinainanvgassialuil

2.8.3.1 NMIEMSNNBLABIVUIALARY (Motor Starting)

1A89lUkAINSEWAVULHINISAAISNUDLABDSHAIUTEUI 6-8 191N

a

Yosnseuaiindnssuamaiiazaeglussuulnindunaidszunm 2-3 Juniideu
semgly mnuewesTvuadlngiunszuaanisvnas Tuuangadu uinuund
wausssulwiantrvuz AiinannTansuNemes sz daualinindnuaaziivng
a v A o a ~ o o Y A a
szyzafinoudIsuIulioviin I uiisuiusssauliiinndrvugiiinein

ANnuRansastuszuulnd [21]

2.8.3.2 anuiiansasluszuulnva (Fault)
nszuamuRansesfiintusyuulniiensasdvunmgndu 10 v
voinseualnanunivaslnaeglussuulnindunandus neungunsailleostuazdn

ADUAIUNLANAINURANT D990 LUAITUVUINVD LTI U WA MNTIVUEALARIN
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Y Yy
Y = [y

ANUAANTBIDRNATLANA19UlY Talduedfuunianiinaulansodlas
AUMNYINN1TATIIA0UNTAULMINRNTAN dIuszezlIailinAuRANT oy

awduadivrlinvatguniaidesiulussuulwihiifinanuiianses@anuuninaiaed

sggan b 0.1 Jui [21]

2.8.3.3 msagnasnulinundaudaslniln (Transformer Energization)
AsAenaanusuaulriundewlasiniiaginldminnsewansiu

\WeudniiArgelinuseaa 10-50 Wivesnssuaunfvesmdeudadinidaaliin

wanulianTIvasNTavesrtawlad ki wazUalndiAes [22]

2.8.4 wanszyuvasussdulninndrvalussuudvming i
wssiuliihandavasAnlussuulnihazdnansenusogunsaifisaulisde
usssiulaiinandrvae (Sensitive Equipment) dslifldgunsalluiimnuszianiiaziiany
goulnadousaduliihnndrvuzundafigunsaldnnarsuszandldlffunansznude
ussulaiipndauasandiogingy ssuuuasaine wissiinsouuasiaTesguih Wus 3
gunsalifiamgeulmseussiulilihandavazudasUssinnagdinnuannsalunisvuse

w59 U LA NLP AN ULEAIAIAISI99 2.3 [23]
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P399 2.3 AuanunsatunisusisusssulniihenvasvegUunsalusazUsEny

LSIAUNLNAD

Uszinvasaunsal 4291981
oY gedn
(3owaz) (Hiadauni)
Motor Starter 50 a0
Variable Speed Motor with Electronics 85 10
PLC /I Device 50-90 8-20
Frequency Inverter 82 1.5
Variable Speed Drive Rectifier 50-80 2-3
Process Controller 70 <8
Computerized Numerical Controlled Lathe 70 <8
Direct Current Drive Controller 88 <8
Personal Computer 50-70 60-160
Contactors 50-60 20-30
Electromagnetic Disconnecting Switch 50 10
Electromagnetic Relays 50-60 15-40
Medical Equipment 60 130
Servo Drives 80 50
Laser Marker 90 100

gunsainlasuransgnuanussiulnvhantisaelussuulni wansdeniseit 2.3

Leun wewmasluiln gunsalusuanusisevnewmes ssuufinauauaielulasiusisawes

Wusu

2.8.4.1 uawmasinyin

sudnfudnewmesliliiugunsaifiseulmsteousiulihandivos

wevntAansasulndandrvaztuluszuulddieonadanaliivanosiinnig

A < ) a ' & 4 M Yo
wWasuklasanuiiseunseussialulutieszeznandus sewesonvazhilasunii
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denelaensiwauainaswantludurasulnannianaissulmsenisildsunias
ANULEITOUNTOLTITATI9719L AT 1AM ER D FUA AL NTLUIUNITHANYIN T

NITUIUNTHEANEATEINLALABAUSUNTTUIUNIHER Y [21-22]

2.8.4.2 gunsaiuiuanuiisauNanas
Jagtulssnugramnssuiinsaivgunistuiniiouvesuanasinih

W1ugUnInilsuAIMa5350U (Adjustable Speed Drive) Fefiaauaiuisalunis

i
v v 1

ruAunzaniunsldnudniadigislssndandsinu usegalstaugunsalusu
< ¢ ' ] Y, @ SN = =
AnuSveunameiinussulmnslssiulniantvarinluiewiednnidle
AauseduliinntivaeduluseuuliiiiiiAanseuanseyinndivsunugslva
aelugunsalusuanusiseu ftussuuamuauvesgUunsallsuanusisoussngn
o o a A < [ = d‘ a X =
n1svihnuiuiiieidunistesiuainudenieiionaziinduannaneinszuags
Anunfidsnalinszuiunisnanildgunsalusuanusisevnawaslasuanudens

vseveavedn [21]

2.8.4.3 szuviiaruaudaglulasiusvaives
desnlalasluswawesidugunsaliigeulmsensivdsunlases
usalwihddumnAnusaulniandivnzonnrrdmalililasTusvawe fiinnis
Jiwn dewalinszuiunisudeildlulaslusivamesniuaueraiinaiude

mele [24-25]

2.8.5 msauanusulninndrvasTuszuudminglnia
n1sAInssRuliiiandIvaslaenill Ao n1sAwIaMLIsuvioat

(Remaining Voltage) Tusguulniin
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2.8.5.1 anuRansasniaduluszuulnia
AnuRansesninvulusruulndihldausaNve seysiuiain ey

1e198AnTu a Ushavseswmdalalussuuladn [25]

2.8.5.1.1 mainanuRanssiivE
Amualiszuulitihddwau N Ua Tnsfieuiansouini
a fuazfiansaiussfuiita m dadudaiiigunsaifisoulnisdenis
Wasuwlasvesusssulwindouseeguansfsnmi 2.18 n1sAIuILmM
wsssulwiendvae u Udlan Tussuulwiianunsaduialdlaeldngus

YOV (Thevenin's Theory) kag o UaduLaugLLn3nG (Bus Impedance

Matrix Method)

suuavnglnin

Sensitive
Equipment AURNANTDY

NN 2.18 NISARANURANTDINUE

2.8.5.1.2 N1SHNAAMUNANTDIUUENY

Muualissuulndndianuin N Ua Tneianuiansaaind

Ly

s f lasfansaunsasulnianda m fadudanieunsainseulnise

9

nsidsunUasvesussiulnieusoaguansfsning 2.19
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szuuIrUginin

r

Sensitive

Equipment

AN NG

AUNANTDY

ANA 2.19 NSARAURANSDsULaTddlusuU L

d‘ o U d‘ o 1 ! > U o 1%
ANANY 2.19 ATATUIULIIAUNAILNUL f TERINUA k azud fﬁ’]iﬂiﬂ?’ﬂiﬂﬂﬂﬂ

= &

Tngnnsas1svadnasshinuszuulnin aatuszuulninFafianuiudawindu N+1 Ua f90fe

AsiLIUINTaRNeANURANS 8 (Ua O Juun 1 Ua Tatussuulniiwanasanind 2.20

-Q{' a ! A a ! o . o 1
AN 2.20 AINURNANTDINLAAUUAIYTENINUE K LEE | VIFITELAUN f

a' ~ A o v v o I A a a !
NN 2.20 agdininda fludeunisiiinmuiansosuuasddduszuu
Tmigliuislglunsauiassauliiiantivue Tngazloma p wnudlnlsnuie

WI0eTENinava k fia Ua j lage p IA1eglutiesendneie 0 8 1



47

p= L—‘"‘f (0<p<1) (2.31)

g Ly Ao avwevesaedduszuudmielniiseninada k feda f
Ly, fie anugmvesamedslussuudmielniisenineda k fada |
AatiulunsAnamuRansesiiinduuuasddussuud g liaunsaaua

16 1wy Wwetun1siineNuRANI N TasenlananuIwaI i1

2.8.5.2 UELANUDIAMUNANIDY
Uszinnuesanuinnsesfiionsaiwlseondu 4 Uszan fe
AURANTosRUUMTuaasiy (Single Line to Ground Fault) AuAsnseswuuima
fatwa (Line to Line Fault) m1udansasuuutnanawa@asau (Double Line to

Ground Fault) kagmnuiansaaduauina (Three Phase Fault) [26]

2.8.5.2.1 AUAANIDIUVUNTL AW EA AU
AMUAANTDILUUNT LN @asAY (Single Line to Ground

Fault) tAnTuLilafiansflruianelaaieniavesssuuldnuvanuaiin

[
P=1

ANURANTDIAIAU FIANWULWAAIAININT 2.21 ANURANTDIUSELANTAY
deraliinnseuanuianTeIniinuuLseeNgawdiilanainuinNgn

WallsuieunuanuRanTaIUssLanaus [26]
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y— V1
| —a

Z

Ground//////

NN 2.21 ANURANTDILUUNTLNARIAU

A1SLNAAINURANS DAL UUNLINFRIRUAIUITOA U IUNIN T LEAIIURANTDIANUUIN

[y

afuUaUkAEFAAUAUgAIEaNN1TN (2.32)

Vfﬂr(’f
I]{’:];?:I]f: . > "”z (2.32)
fo+Z‘ff+Zﬁ+3Zf

LATAINITOAIUIUNTELAAIURANTDUNE a W b hazina c LARsaNn1sH

(2.33)42.34)

a __ p
If = 3If (2.33)
Y———rr
]f—[f—O (2.34)
Tned ]j? Ao nszuaANURANS e wULINEIanANLRaNS R TITE

I} i nszuamURAnTsdwivaulleinmNRaNT o TE f

I} Ao nszuaanuiansasssuaudideinanuransesiva f
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Vi pre A8 UWSSAURBUIAAAURANT DI

Y =

Z]’?f A9 UadUNLAUTLURINDGANPUUINDIN T Ban f

Zyy fie Taduiiuaudiunsndanduauiaii f vand f

) s A

Zj e UaduiiwaudiusSndaduauduadn f vani f

Y

Z; fio Buiiuauduasminuilanses (Fault Impedance)
If AD NTTWAPINURANTDLNE a LiaiaANURANSaNvE f
IJQ AD NSTLAMINUNANSBWNE b LoAnAURANSaINUA f

=

A9 NTLLAMINUNANTDWNE C LDAAANURANSDINUA f

R

2.8.5.2.2 AANURANIDIUULN D&

ANURANSBILUULNAD W& (Line to Line Fault) tAnau
‘ﬂl = L% o L U ‘2!1 a o ‘i! a o ‘ﬂl 1
dedlaneinialaguilanigluiasanunaiindgniens Jadnvusnsdeuss

AFTUARITINNT 2.22 [26]

Nn U 9

—l—\—

aY/
L]

Ground//////

AN 2.22 ANURANTDILUUNED LN E
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ANSLAAAIURANS DILUULNADILNFFIUITOATUIUNINTEAAINURANTDIANUUIN

aduauLaraiuaug LRsaunisn (2.35)-(2.36)

] Vf ref
gl ey

If =0 (2.36)

WALAILNTAANUIUNSEWAANURANTDUNE a td b hazid ¢ LALanInaduniIsa

(2.37)42.39)

I}’ =0 (2.37)
I; = jJ3I} (2.38)
24 21X \pb
If = If (2.39)
Tned I f9 nszuamnufinnsesdsuuiniloinmiuinngesfiva f

~

Ij? AlD NILLAMINUNANS DI P UAULIBIAAANURANSBINUA f
]in A ﬂizLLammE‘mw%aaﬁﬂﬁU@uéLﬁaLﬁmmmﬁmwiaqﬁﬁ’a f
& %} 1 a a 1 d‘ £
Vi pre AB WiSAURBUARAINMRANT OIS
Z]’Zf A9 UadUNLAUTLUATNGANPUUINDIN T and f
Zy i Taduiiwaudissndarduauuai f vand f

Z; Ao Bufiuauduaninuilanses (Fault Impedance)

If A9 NTLLAMURNANTDWINE a LBAAANURANSDINTA |

3

a

I;? AD NSTWARNURANTDUNE b WiainANuRANIaInva

I§ A nszuanuRansosa c Walinmnuransesiva f
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2.8.5.3 AURANIaswuUInadandasnu

ANURANTBSLUUWETWEAsAU (Double Line to Ground
Fault) iindwidledlansinirdlagnilintglulsmunaingnisasasiiu &

ANYAUZNISBUADINATHAAIAININT 2.23 [26]

Nn T 9

44—
l—

Z

Ground//////

AN 2.23 AURANTDILUUMNED LN AR Y

ASLAAAITURANT DILUULNAD N ARIAUAIUITOAAIUIUNINT L WAAITURANT D4

[y

SAUUIN aRuaULAEEIRUALELAAEINITT (2.40)-(2.42)

P = nypfef (2.40)
f n 4 °
fo(fo-i_‘?Zf)

ZP +
ff n z
fo(fo+3Zf)
_ P TP
" =— Vf,pref ffIf (2.41)
f n '
fo
_ P TP
17~ Vf,pref folf (2.42)
! : '
Zy+352;

WAZAILNTAATUIUNSEWAANURANTDUNE a tNE b wazind c LaLanInaunisa

(2.43)-(2.45)

If =0 (2.43)



Tne
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Ij; =1I; +a"I7 +al} (2.44)
IT=1; +all + aQIJ’,’ (2.45)
a fp le/*”
I AszuamURaNsssdIsuUINEaRnm RN 0 TiTE f

=3

A9 NILLAMINURANIDIAWUAULLDIAAAMURANTBINUA f

I; fia nszuanuiansesdviugueiileiinauilanseiiva f

Vi prer B USIUABUIAAAINURANTBINTE

Z Ao UABUNLAUTIUASNTANUUINLAIN f Nand f

Y =

Zjy i UeBuiiuaudiussndaduauunin f wdndl f

7 fie Uaduiuaudiminddduauduani f wénd f

Z; fio duiiuaudvuesmnuransed (Fault Impedance)

I} Ag nszlamulnNIaLNa a dlofiannuRansesiiva f
Jﬁ Ao nszuanuRensead b daineuRinnsesiiva f

I7 @9 nIzuanNRAnsala c iaifinauinnsesiive f

2.8.5.4 AUNANIDIRUUA LW

ANURANTDILUUANLNE (Three Phase Fault) 1An3uLile

angdruinsarnanislulsasarnaiiainaniaasiaenluidnumue

o
v =

AUUIAT AIUUIILNITLSYNAURANTBIUTLLANT

1 AMURANTDILUU
a11195 (Symmetrical Fault) 80wz 151 T0UADINATUANIAININGD 2.24
TAgANURANTDIUsLNNTT N AN ATULDE LAFINAINTLLAAIURANT DY

qﬁiqm [26]
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Ground//////

AN 2.24 AURANTDILUUANULNE

ANSLARAIIURNANTDILUUAINAAILITOAIUIUNINTELAAIURANTDIAIAUUIN

[y

SfuUaUkATARUALELALARIAENINITT (2.46)-(2.47)

Y fiares
RN
I;f = Ij’f =0 (2.47)

LATEINITOMUIUNTLLAAUAANTEY d a wid b way wa c 1o wansfsaun1si

(2.48)(2.50)

IJ‘Z =7 J{) (2.48)

I =a’l] (2.49)

I}f = al}{’ (2.50)
I@Uﬁ a fp le/?”

]j? A9 NITWAANUNANTBDIAINUUINLIDNAAINURANTBINUE f
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I} 9 NTLLEAMURANTBIARUAULIBNAANURANS DNV f

[y

I; fia nszuannuransesdwugudiliaiinauiiansesiva
Vi prer 18 USaURBUAAAINURANTBINTE

ijf A9 VaduALAUTLUASNDANGUUINLAINA f Aan? f

U a =

ATE ABuRunuswnSngasuauwaIf f wdni f

7, o Jeduiumudumindddiugudunii f wnd f

Z; fin duiiuauduemuRanses (Fault Impedance)

I} fip NITUARUNANTOINE a dlofnAnuRansesiiva f
Jﬁ Ao nszuamuRanseuvd b doinenufinnsesiva f

If A9 NITLAANURANTDUNE ¢ WaNnANURANSanTa f

91 ufveunItukazIsUaduiinauduninduindeinisniaiwsaau i ien
1Y) A o = o ag va sala ! 1 v Y A ' '
TvaueUa f dadudanauudlilgunsaindninugeulmiseussiulniandivusivousoat

anansauanslassaunisi (2.51)<2.53)

Vm,postf 7 gl Avmf (251)
p A ) P
mepostf ) ¥ Vm,pref T Ame (2.52)
n A n
I/TrL,postf =0+ Ame (253)
Tned Vi postf D LLiaﬁuIWWMﬂ%’TUmsé’ﬁu@uéﬁﬁ’a m o ufiansasiiva f

Vi, vosty A wssstulnlihandrvazddivuinida m leiinmaiinniesida f

m

Vi posty A0 Usadulnihandavuedduauita m Wiafinnnuransesiiva f

Vo, orey A0 ussstulylihiida m Aeudnpnuiiansesiida f

m,pr
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AV, Ao Madsuwdasuseiulniihdrdugudnda m ileiinannuiinnsesd

Y

AVh; fie mafdsunlasussdulniharduuanida m dledinmnuiinnsesd

AV fio Maddsuwdasussdulniihdrdvauiita m leiinauiansesd

nswWasuwlatssiuaiuaud sduuIniazaiuay Nda m ainANuRaNTead

Ta f annsaruinldssaunisy (2.50)-(2.56)

Tne

Tnen

AVE = -7 I} (2.50)
AV? =70 It (2.55)
AVE =2 I (2.56)

Zr, i P0 ﬂ’a@mﬁLLmuez?Lm%ﬂez?éwé’U@uéLLmﬁ m &N

Zy @9 Tadufinauduninddisuuinuaadt m nénd £

Zyy 010 Tabufiuaudiussndarsuauwadil m wand f

[ o nszuannaiiandesiiugudidloifinmnsiiamseiva f
I fe nszuamRnngassRuLINdlofnAuRansesiiva f

I} AD NTLLAAINURNANTBIAIAUAULIDNAMNUNANTDINTR f

AatiuAvassaiuliihan v luguLuumaaunsamlansaunisi (2.57)

@ z
m, postf 11 1 Vm;POstf
b _ 2 p
Vm,postf =1 a a Vm,postf (2.57)
¢ 2 n
m,postf I a a m,postf
a fo e’
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Vi postf 1D wsaulninndivaizing a iva m delinmuRanseadiva f
V2 posty 719 wsaulnimndavazaa b fiva m dedannufinnsesdiva f
Vi posty A0 wsadulwiandunzila c ida m einauRansesdiva £
Vi posty 710 Lmé’]’uiw%ﬂma%ﬁumzéﬁuquéﬁ Ja m leinauRansesdiva f

Vi osyy A8 W3asiultiandaizddiuuaniiva m iledinnnuiiansesiida f

m

Vi posty A0 wsaulnihandavagdrduauiva m diaiinnnuiansesiiva f

2.9 wailan1suszaranamamasiniigadelussuudmiglui

o

mMasliifigaide As nasungadowaziinfuluagdiasludszuy lagnldla

wgluisauadsuaninainnasnuluiluidundanumnudeu lnsazendliagrammaday

v '
v a A

il Wesdmualisyuuinansand 2 Ja asnuiamasiihagydslussuvazanunsadou

@ iEInIsh 2.58 [27]

VAH v,Z.0,
zZ 0,
| Pis P21 l5q
= R+jX s
12 Qs Qy; Sa1
Bus 1 Bus 2

AT 2.25 1935 2 Ja

Feaursaweunseualnidrnluaanda 1 a2 o

, V48, -V, 20,

1 726, (2.58)




Maudetaunlvaainda 1 ludsda 2 A

Spp = Vzlezfm*

wariautegaunluaania 2 ludada 1 Ao

Sy =V, 20,1 ,

(%

aatiudsasnsadeumadliisnggadsluameddlanadl

S :Szg +521

loss

Sloss = Ploss N ]Qloss

1y
;s A nszuailvaluaedsanta 1 luda 2 (A)
Iy fio nszuailualuanedsanna 2 ludsla 1 (A)
R fD ArANaunuluaiads (Ohm)
X fio Asuenuaudluanads (Siemen)
Stz fo  madlwihunngilvaluaedsainda 1 1udeda 2 (VA)
Py b aslnihesedilualuanedsannda 1 Tusada 2 (W)
@, eh) masluiasiouiilvaluanedennda 1 Tuwa 2 (van)
Sor fo  madwihusnglualuaedsannda 2 Tudda 1 (vA)
Py, Ao &sluihesefilnaluanedsannda 2 Tuada 1 (W)
Q,, eh) maslniasioudilnaluansdsannta 2 TUsada 1 (Var)
Vi Gk PUIPLTITUTITE 1 (V)
Vs A PUNARSIFUTTE 2 (V)
9, Mo yveILsINUTIUA 1 (Degree)

57

(2.59)

(2.60)

(2.61)

(2.62)

(2.63)



58

0, Mo yveILTINUTITE 2 (Degree)

05 fo wwesdufiwnudluamedaduiidesonnta 1 lda 2 (Degree)
Stoss fo  mAslwihusinggade (VA)
Pioss Ao maalniinaSegeyde (W)

Qs ) madlwiadouanyde (var)

Hadvfitnansenudmiuidslingydeluszuu amnsautsoonldidu 5 Ussavildun
1) sunauazsulafivinnsaasauasudaliiiuunszaes
2) aunveslsunuaudesnsinitlusyuu
3) BHALAYAIINEIVDIENYEN
8) tueuaiwlaivhnsiindasfiu U
5) MsUSuAwAUndauUas

Faluwmazinveiisieazdunsenaluil

2.9.1 ANSYIVUIABALALNLINTIINSRARwraIn el WHILUUNTZA8# 2

AsAnsawrasndalniwuunseaneadlulussuuinnutelwindudana

' o w

= o & £ a =2 o w a a =
ﬂi%ﬁ/lUG]@ﬂ’WﬁﬂlWﬁ']@iUvLﬁEJIUiZ‘U‘U‘\]']Lﬂu%@ﬂW’iﬂim’mfl“UU’]ﬂﬂﬁaﬂ NAaNLUUIEHN LUBIN

¥
v A o W

mnandaAdedangaiuliagiliiinsinavesidslnidoundulumuvasdnganni

'
a

Intiidsdamalisndalaihgydeiauiugedu [27]
Tuderesmnansindauvastudalnihuuunszaefuiieantdslifgyidelu
szuulwihidazendogianesuglidamunndludenauisuieusdslnihgade
roukarndinsAnseunadsdalniiuuunsyarefseluil
Ua 1 ﬁLﬂ%@x‘iﬁ%ﬁ@lﬂ/\fﬁ’]ﬁi@@gjLﬁuéf’]uﬂ'ﬂ (Sending End) Wiedsrdslnilugsdad 2
Fududusu (Receiving End) lneillnansdesgyuin 100 winnzliadueud (MVA) Tnglvidn
sruvadluandu 100 wnngladuoud (MVA) fusznaurids 0.9 lagging (0.9+)0.4359 p.u.)

[

TduAuauGluaIBIUIn 0.02+j0.2 p.u. LEAIHININT 2.26 waziilofnnssunasnnialin
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LUUNTEANEAINIEIUIN 50 Lunngdnd (MW) vinlrlvanansivuin 59.16 unngliad

waut (MVA)

V, =140° p.u. V, =0.85714£-11.5273° p.u.

Bus 1 Bus 2 100 MVA

I Sy, Sy | PF. 0.9 lagging

—t— -
€ | | 00240.2 pu. | l

Z=10.201Z 84.2894° p.u.

0.9+j0.4359 p.u.

NN 2.26 szuulnin 2 Ua neunisAefaurasn e lwiuuunseanes

[

Ingmaslihgadevasnisinnunasiidalniuuunsyaresiiiiandadl

B 120°-0.85712-11.5273"

19— —— =1.1667£-37.3692 p.u.
0.201£84.2894

I,,=1.166721/2.6508 p.u.
S,0=120 x1.16672.37.3692 =1.1667237.3692" p.u.

S,15=0.9272+0.7081 p.u. vi30 92.72 MW + 70.81 MVar
Sy =0.85712-11.5278 x1.16672-1/2.6308 =1.00002£-154.1581 p.u.
S, =-0.9000-j0.4359 p.u. W38 - 90.00 MW — j}3.59 MVar

S1oss=(92.72 MW+70.81 MVar)+(-90.00 MW-j}3.59 MVar)

=2.72 MW +3527.22 MVar



V, =1£0° p.u. V, = 1£-3.6015° p.u.
Bus1 Bus 2 100 MVA
Sis Sa1 PF. 0.9 lagging
_|_> —l -
G 1 0.02+j0.2 p.u.
lio I21 l
Z =0.201Z 84.2894° p.u.

0.9+j0.4359 p.u.
50 MW

il 2.27 seuulnih 2 Oa wasnisfadaunasilaliinuunszanesi
Ineidslwihgadendinisinnsunasindaluiuuunssaeiiamal

120-12-3.6015

= - =0.812725.9098 p.u.
0.2012.84.289/

12

1,,=0.31272-176.0902" p.u.
S,9=120 x0.31272-3.9098 =0.00402-5.7106 p.u.
S,15=0.8120-j0.02183 p.u. W38 31.20 MW-j2.18 MVar
Sy =12-8.6015 x0.31272176.0902 =0.81272.172./886 p.u.
Sp;=-0.8100+§0.0409 p.u. W30 -31.00 MW+j4.09 MVar
Syss=(31.20 MW-j2.18 MVar) +(-31.00 MW+54.09 MVar)

=0.20 MW +31.96 MVar

60

INANN 2.26 Wag 2.27 NUINNITAAGILaIAEa i LuUNSZefIaIuIs0an

maalnfnasydelussuulnihidadlefaluvwnivavay

Tuidevesiunusnisindaunaaiiila i uuunseangdiioanmasluiges

=

3l

lusguuliihideaunsaesuislidalauuingsdumenisiuSeuiteuidslwihaydeneu

WALNSINITANAIUAINILDA WA ILUUNTZ8FA8IABN1TALIUNIS IAaURIAAI WA A2 e

AWnsvesidu-s &l fulusunTy Matpower Felisgazidunnssalull [27]
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Ua 1 Snsesindalnidesg Juiudaiiodsindslwihludadan 2 Fallvansent
19 100 wnnghiaduend (MVA) uagandan 2 Wweseludalan 3 dallnansdesguuia
100 wnngladueud (MVA) Ineldargiuaesvandu 100 wnnzlradueud (MVA) &

Usznaurds 0.9 lagging (0.9+j0.4359 p.u.) #5ufiunudluaianinn 0.02+j0.2 p.u. wazidle

AnsadunasidaluihuuunsyareduuuddasiassAuuseiu 1 Weseda (p.u.) Meruin

[
v a o

50 wnngdnd (MW) %139 (0.5 p.u.) laevinsadunisinasdsluasatsnazinaanda 2 uaylu

[
Y Y

ASINARIILRARRINUA 3

V, =1£0° p.u. V, =1£-15.7753° p.u. V5 =0.85714-27.3026° p.u.
100 MVA 100 MVA
PF. 0.9 lagging PF. 0.9 lagging
Bus 1 Bus 2 Bus 3
S S,3 Ss2
< - :I <
©.02+j0.2 p.u.
Iy 132
l23 1 0.9+j0.4359 p.u.
Z = 0.2014 84.2894° p.u.

0.9+j0.4359 p.u.

@ 50 MW

AN 2.28 seuulniia 3 Ua Feinsanraanidalilinwuunseanesinda 2

[

Ingidsliihgadeidiofnasuasidaluiuuunseaedinda 2 faeadl

120-12-15.7758

— =1.86554-2.1771 p.u.
0.2012.84.289/

I15=

L,,=1.36552177.8229 p.u.
S,5=120 x1.36552.1771 =1.8365522.1771 p.u.
S10=1.8645+j0.0519v30 136.45 MW+j5.19 MVar
Sy =12-15.7753 x1.86554-177.8229 =1.86552166.4017 p.u.

Sy, =-1.8272+4§0.5210 p.u. w30 -132.72 MW+j32.10 MVar



Sioss, 12=(136.45 MW+j5.19 MVar)+(-132.72 MW+j32.10 MVar)

=3.75 MW+387.29 MVar

12-15.7758 -0.85714-27.8026

=1.16672-53.1446 p.u.

Iy3= 5
0.2012.84.289]

I;=1.16672126.855} p.u.

Spy=12-15.7753 x1.1667,53.1/46 =1.16672.37.53692" p.u.

S3=0.9272+470.7081 p.u. w50 92.72 MW +570.81 MVar

S40=0.85712-27.8026 x1.16672-126.855) =1,-15/.1581 p.u.

S40=-0.9000-0.4358 p.u. W38 -90.00 MW-i{3.59 MVar

Sioss, 23=(92.72 MW+§70.81 MVar) +(-90.00 MW-j}3.59 MVar)

=2.72 MW+3527.22 MVar

Sloss, Total:Sloss, 12+Sloss, 23

=(3.73 MW+387.29 MVar)+(2.72 MW+j27.22 MVar)

=6.45 MW+j64.51 MVar

V, =140° p.u. V, =0.92004-16.4490° p.u. Vs =14£-22.0148° p.u.

100 MVA
PF. 0.9 lagging

100 MVA
PF. 0.9 lagging

Bus 1 Bus 2

Sat Sa3
-—

Bus 3

S32

|23

Z =0.2014 84.2894° p.u.

— -+
0.02+j0.2 p.u.
|

32

0.9+j0.4359 p.u.

.
@ 50 MW

0.9+j0.4359 p.u.

AN 2.29 szuulnin 3 Ua Fefinsawrasnidainduuunseanesinda 3

62
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lngmaslihgadendsnisinnsuasindalnfiwuunssaedinda 3 dadadl

1£0-0.92002-16.4490
0.2012.84.2894

12= =1.42212-18.5912 p.u.

I,,=1.42212161.4088 p.u.

S,0=120 x1.4221218.5912 =1.4221218.5912 p.u.
S10=1.8479+50.4534 p.u. v30 134.79 MW+i}5.84 MVar
S5,=0.9200£-16.4490 x1.42212-161.4088 =1.30842-177.8578 p.u.
Syy=-1.8075-j0.0489 p.u. 38 -130.75 MW+j4.89 MVar
Sioss, 15=(134.79 MW+j45.34 MVar)+(-130.75 MW+j4.89 MVar)
=4.04 MW+j40.45 MVar

0.9200£-16.4490 -1£-22.0148
0.201£.84.289)

Lys= =0.6108227.0744 p.u.

I;,=0.61082-152.9256 p.u.
S93=0.9200£-16.4490 x0.6108£-27.0744 =0.56192-43.5234 p.u.
S93=0.4075-j0.3870 p.u. W38 40.75 MW +§38.70 MVar
S40=12-22.01/8 x0.6108£152.9256 =0.61082130.9107 p.u.
S30=-0.4000+50.4616 p.u. W38 -40.00 MW+j46.16 MVar
Stoss, 23=(40.75 MW-j38.70 MVar)+(-40.00 MW+§46.16 MVar)
=0.75 MW+j7.46 MVar
Stoss, Total=Sloss, 121 Sloss, 23
=(4.04 MW+j40.45 MVar)+(0.75 MW+j7.46 MVar)

=/.79 MW+j47.91 MVar
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NUINNITAANILAAINLAA WA UUNTEINBFIVRALALINUNVUIVNNULAAUAY

o w

sutsiuvzdiamasiiihaydelussuuisei

2.9.2 msmrunvasliuuaudansiniilussuudmielui
AlolniuiazUssinnasingAnssunstlniuansnsiugedamaliinnisdnuae

n1slglniniunndeiuglddssinnlssnugnamnssuvseeinsgsnainislelniaauas

Aout Al LaNeluyItanNaiy dudiimiatingonatinisldaumgldUssinndues

'
= o o

a1fvavvrldlningdudinduisidaniieusznouianssusies waziinnsldaumlugs
=< o A 1 v % o ! 5 a a A v ¥
nawAnuaznarsTuiliiiauinedeluszuudmiretudssuulaivsnuniudesnisld
Tnihgarindslnihasdeluszsuuivsdngenuluse [27]
nswSeuiisuiaslnihagydevessyuuniusinannudesnisiniiuaneneiy 2
ARasalUll

'
LY = A (=Y A

¥a 1 feseaiuidnliihviesy dusiuds (Sending End) Wipdafadlulilugedad 2
Faudusdusu (Receiving End) lneillnansdesgauin 100 wnnzliaduaud (MVA) Tnglvidn
sruvasdluanlu 100 wnngladuoud (MVA) fuszneufids 0.9 lagging (0.9+)0.4359 p.u.)

fBuuaugluaguun 0.02+j0.2 Weselin (p.u.)

V, =1£0° pu. V, =0.8571£-11.5273° p.u.
Bus 1 Byl 2 100 MVA
| Sio Sa1 | PF. 0.9 lagging
> -

Z = 0.2014£ 84.2894° p.u.

@ | 0.02+j0.2 p.u. | l

0.9+j0.4359 p.u.

Al 2.30 seulaiih 2 Ua Afllvansiestuuin 100 MVA

[

Ineidsliihgadediedlvansesaguuin 100 winnghaduaud (MVA) dedisil



B 120°-0.85714-11.5273

12= = 1.16672-87.3692 p.u.
0.201£.84.289/

I,,=1.16672142.6308 p.u.
S,9=120 x1.1667237.5692 =1.1667257.3692" p.u.
S,5=0.9272+4j0.7081 p.u. vi30 92.72 MW+j70.81 MVar
S0y =0.85712-11.5278 x1.16672-1/2.6308 =1.00002£-154.1581 p.u.
Sy, =-0.9000-j0.4359 p.u. W38 -90.00 MW+j43.59 MVar
Stoss, 10=(92.72 MW+§70.81 MVar)+(-90.00 MW+3j43.59 MVar)

=2.72 MW+3527.22 MVar
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V; =140° p.u. V, =0.93994-5.2280° p.u.
Bus 1 Bus 2 50 MVA
Sy Sa1 PF. 0.9 lagging
Q — ,—l o
G 0.02+j0.2 p.u.
lio l21 l
Z = 0.201Z 84.2894° p.u.

0.45+j0.2179 p.u.

Al 2.31 szulaidh 2 Ua fisllvansienguuin 50 MVA

[

lnefdalnihaaydeiiodilvandesguunn 50 wnngliadwautd (MVA) dendadl

120°-0.93992-5.2280
0.201284.289)

L= =0.5320£-31.0699 p.u.

1,,=0.55202148.9301 p.u.
S,9=120 x0.5520£.31.0699 =0.53202.51.0699 p.u.
S10=0.45574§0.2745 p.u. vi30 45.57 MW+j27.45 MVar

Sy, =0.93992-5.2280 x0.53202-148.9301 =0.50002-15/.1581 p.u.
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Sy, =-0.4500-50.2179 p.u. W38 -45.00 MW+j21.79 MVar
Sioss, 12=(45.57 MW+j27.45 MVar) +(45.00 MW-j21.79 MVar)

=0.566 MW+735.66 MVar
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Twdelniln 69 Ja iielnsigsinsenulniiandavey (Voltage Sag)

. nsdiugulifininfuuiinaulneniivaleg (szuuuniviessuudaiu)
I WisFinadvandesay 5 Alvantannia
I, WnUSunadlvandasas 40 ilwandauiesda (seil 3.2)
Asdif 2 YSudsuaindnuneiay 39 Wuadadudsdruuudideunuunszats (Unite)
wazeindudneay 70 71 72 73 Wuaindaneleu WUnila)
. nsditugulifinsiuuiinaivaniitalan Gruuuniviessuusufa)
I WisSinalnaniesay 5 Alviandannia
I, dinUSinalvandevas 40 flvantaueda (15197 3.2)
N5 3 nsdnraadessudnliiiuuunszaesirdandsnulaiainuaseniing
(M157971 3.1)
. nediugulifinsiuunalvaniitalan Gruuuniviessuusufa)
I WisrSinalnaniesay 5 Mvandannia
I, WnUSunadvandevas 40 Mwandauresda (s1eit 3.2)
Asdin & YSudsuaindnuneia 39 Wuaiaduisdruuusatounuunszats (Unida)

waraatruneaY 70 71 72 73 Wuaisdanslau (Uniila) S2UM9Rn@aaIag
Adalniwuunsznesrdendsulniianuaeied (w1599 3.1)

. nssiuguliiinsiiuynadvasndalag (szuuunivisessuuRusy)
I WinUSinalvanseuay 5 Nlvandannya
I WinUSunadviansaeay 40 Nlviaatau1ada (115199 3.2)

A15197 3.1 I slaNfnfakas Usunaindinisuanvaaesasniialndwuunszaned

RN 19 29 36 39 49 53 59 62 69

USBnaiaens 300 400 100 100 100 400 100 400 200
WanA PV (kW)

AN519% 3.2 swndaveslalnananfanasUsunalransasas 40 NUalnanulad

ARAIN 11 12 16 17 18 21 24 26 27 28 29
Udlnan
JSuraulvan
F¥duq 0 40 40 40 40 40 40 40 40 40 40

(%awaz)




128

3.5 NSUANYINITIATIHLSIIUINA AN TV lnaIndanelau

nsdiugildfinafisuiulvaniitalag ruuuniviessuudai) Tuszuy
Sweliiih 69 Ta wiedinsziussduliihandavae (Voltage Sag)
. YSuiasuadndumneian 9 Wuaindudsdiuuusitiounuunszats Unite)
wazaindudneay 70 71 72 73 Wuaindaneleu (Unfila)
I YSuslAsuadnduuieias 36 Wuainduisdruvudidounuunszaiy
(Unita) wazaindvianeiay 70 71 72 73 Wuaisdanelow (Unila)
I USuiasuainduuieian 39 1uainduisdruvusateunuunszans
(Unita) wazaindvianeiay 70 71 72 73 {Wuaindanelow (Unile)

n3dif 2 \inUSnalvantesas 5 filvantaynia
. Usudsuaindvaneian 9 Wuadaduisdiuuusadounuunszas Unile)
wavaindudneay 70 71 72 73 Wuaindaneleu (Unila)
I YSulAsuadnduuieias 36 Wuainduisdruvudidounuunszany
(Un@ta) wagaindvaneiay 70 71 72 73 {Wuaindansleu (Unile)
I Usuiasuainduuieia 39 1ualnduledrnvusteusuunssany
(Un@tln) wagaindvunean 70 71 72 73 Wuaindonelou Unfida)

nsdift 3 Ansaadessuinldfiuuunszaresivdandeulniiannuatening
(51971 3.1) uaziiuTanalvandosas 5 Nviandanndanilvaniannda
. YSuBsuainduueias 9 Wuainduisdinuuuiileunuunszay (Unide)
wazadndvaneay 70 71 72 73 {Wuaindanelou (Unfida)
I Uuideuaindvaneian 36 Wuadatulsdmuuiidounuunszay  (Und
Un) wazainduuneay 70 71 72 73 Wuaindaneleu (Unfida)
Il UuilBsuaindunungian 39 Wuainduiidiuuugideusuunszans
(Unitln) wagadndvuneiay 70 71 72 73 Wuaindanslou (Unfida)



129

uni 4

NAN1SNAFBUKRALBAUTIENA

4.1 umin

GLumu'if?]’stﬁﬁﬂmmsU%'quﬂmﬂWWIWﬂﬂuszwai’mu'wlﬂﬂﬂmmsL%amiat,mdqw%m
Iyluuunsranefmdsnuasoiing §ideldihnmaaeulnefieasBonuasaduidosd

- iedesiudalifihuuunszaed

- wsaulnihanlussuudming b

- wuuaeeadaaanssialnlalinian

- buudaeaneadinmanssyuudmie i

- maskihgaydelussuudmeliin

- nansnageunsUTuUTIMsUsegndldlusilaussiulnihvadseliihndinunaseiingly
sruuTmgliin

- wan1snaaaunsUsulTesiaslnihagdslussuudming i saudulseluindaeny
Laening

- wamsnadeUNTIATELssTulinn e

- NANSNAFBUNIS AT LS IU LN Nt nsaindanelau

4.2 39N iin WAL UUNSER1e6A

wsosindalniuuunszaredndusumanldiumalulagauiadniiondaliiliiugly

Y A9 v ! oA o a o % r-ﬂll o a
wdsnuneglnduuivarsaneds inalulaginsasinialuiuuunszangiusenaumeinsesiia
Trfhuuuwendau (wasuneesadundsunyuidow) daunsaldvsslevilinateusenis foge wu
1A3INLEA AL UUNIEDEFAINSNIULAIDINAEG WAIUAN NATIIUUT NAIUIINWARTOINES

NAIUINLIIATLAY LASNAIUAMTININLARIAININT 4.1



130

BATTERY STORAGE HYDROPOWER
d‘ d‘ o a Iy
AN 4.1 ‘Ui%LﬂWUENLﬂi@x‘lﬂ’]LumlWﬂ’]LLUUﬂiz%’]Hﬁ]’J

nsdanaesesilaliiuunszareiilussuuims e ysuussmdslihgayde
mglselnfmdenuuaseriindluszvudmglihagldeulvniunaiia aunisnisinaves

Aaalii neneassnukuuInasdvasszuuamuielndn 33 Ua [163] 1ianAmausmignatad

o w

auenisuulgamadlnihgayidslussvudmineliiilaenisieudedulsalafndeeu

(%
Y

waEI17ne TAUNITAARITZUULATDIN LA NAILUUNTENFILAAIAIN NS 4.2

Transformer

g

—r_@DG

BATTERY

T
T [~ STORAGE I

HYDROPOWER

/

=l

-
1 T

ll/¢

A | ld4

AN 4.2 N15ARRITEUULATRIN L Ta b uunsE 867



131

o w [ o o a

Anaslihgededudvinddgdmsunisuseidiunmamedalunisseudiuniaesosinin
Inifhuuunsgangfmendsauiasaniing (PV-DG) maskiihgadeianuaissaulnanusazseau

o a o « o a v v o a & s o -t
nasnsfnnasesnwlaliiLuunszateienasuuasefingldussfusznounanluilenduil

Inedlingusvasdnazaniaslnihgaydsiilosign ndsandanuasssiullaliiuuunszaiedilag

6

fnnsnaunudanisiesosiudalsliuuunszaefmdsnunasenindidegsnnunilsdmiunisda
e dmsviuilunsdumuesiaedosudaliiuuunssaeffendanuuaseiing (PV-DG) 39
Agilvualngun [164]
Frfuemafeiiaausnisuiudsshdlihgydelussuusminglwilasnsidousedy
Tselntihmdsnuuasorfinduanadanmi 4.3 feuuudassmsadamanisiuiuiniaadnialudii
wuunszesluszuud el 33 Ta Haguszasdiiedinsgsinnsuiuugeidsinihggdelu

szyvmue i lnensiteusanulsslwindaunasoing

%Sun
\fhotovoltaic Inverter
N\~ =

Transformer

— — | Utility

bC AC - —1 Voltage

TS -
L —

Switch

Transformer (Fuse, Recloser, Etc.)

AC

A7 4.3 sguurannsgialiitainndenulaseing

4.3 usedulnianluszuudmigluia
wssulnimngnivuadunisanusaiu rms se1ine 10-90% Fadnduseluanaieseuiiu

nilauussnulnien/Afiunuann g IEEE WanefanIni 4.4



132

Ewvent Magnimde

A
>
%‘j Voltage Swell Over Voltage
iy
1=
110% , ;
Normal Operating Voltage
90% ;
e = Under Voltage
¥
|
s Voltage Sag
'_;' Sustained interruption
10%| <
Z | Instantaneous | Momentary | Temporary
0.5 cyele 30 cycle 3 sec I min Ewvent Duration

AN 4.4 usssulniien/fiunuunnsgy IEEE

6§ 0o w

wsanulninndrulugiinainnisanisasiunsnaiaiel N1sansnaluLeLnesindags

aunsadanalinsssulniienlananafaning 4.5

Amps

regulated F,
—_—rr

ANA 4.5 wsanulnitimn

a1

AssiulnihasgasasianndiuUatvatsvesduslnamvualilungtededul 1956 N3

¥
= U a = 6

wssiulninnuagiasliihgadevusgivduivaudvesanauiediuivan nenaluusadulnd
anasauareikazidsliihgadeluaedudsnfiaussow wagauiadiiiilvgduiaiuise

o v R 1% 1 [ Yo o a ! A o [ 4
Wnldiegauszasdtuls sgalsinny nisldiniigaindlueiimwuaagyilinanevauesanasly



133

druveanssiulninnuazidslniagyde Sufiwaud (Z=R + jX) lianasunnile R Svuninagudn
WAZNISANANSLENLAUD X Wuilaituszarrnediii deluidsunlasmnuuuinsiui fetu dmsunis

Inanpaslduunadiiimungauign

4.4 uuudnaamsaninAanssidalnlalanian

nsudnliianndanuuasoniing (PV) ldwdsaumyuisuiilusssuma Jasade uas
afu ndaunaseniing Jugunsniiuvasnasuanduliinlasldmnuduvosuasenfing szuuns
wanlnlfhnndanunasefindfilddmsulsaliimdsnuuaceriing (hiy) Srurusndeuderdy
n3ennil lnglanizogredalulssmaiiamnds [165] unufaveaszuunisndaluiinanndsay

WA ANIUANINININT 4.6

Ipv

MTTP
Vmyv control

I_ DC Bus

Switched mode
power converter Inverter Load

DC/DC boost
PV Generator converter

] ]
i

Battery
Tank

= ) a ) a &
AINN 4.6 LLN‘UN\?EUaﬂs%U'Uﬂ']ﬁNa@lWﬂ']Q']ﬂWﬂQQWULLaQ@WWWEJ

syuulnliimanuuaionfindsiuiesruuensisd Ussneusounddeanseadnunaaunaiylud
wlasuasarnaaerfindidulnd szuulnfimdsusasorindidunnaamdsnuiilisssun anunsald
fussuudunssiulafiuuulaudin (OVR) dmdunisdafundany ssuuiiasdnendsauliiy
WAAINENsTuAnSIT T Tlaeszuudued e fiite uUamdrnulrihns uansadundsau i

nszuaadudmsunsidauiuszuulaundnsaluszuulviingaunaee1indnanslunIng 4.7 [166]
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PV Panels Inverters Transformer

Transmission Line Power Meter Switch Gear

AN 4.7 szuulnindsanukasaiing

4.5 wuudnaameAsinAanssTuuIImiginia

N 4.4 uansasguLssduliiianAfusasnnsgiu IEEE iasguiianadisida
mnuuazmsusaduliinn/Afy passan Guiiviile Sy $1r510) szegnaiUnfuazaunn
vl wasauluszuuassadlaadmiviisinendeinlundsanusesiulniinn/fuazeglugie

+/-5% nAsaiulniunsgiu (1.0 p.u) [167]

|7 -V
Sag(%)zw

pre_sag 4.1)
Vpre_ swell Vvswell
Swell(%) = (4.2)
pre__swell

nsAuusssulninn (Voltage Drop : VD) & 2 38

Sum of kVA rating of distribution transformers

Maximum demand= (4.3)

Diversity factor
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VD per km.kVA X (total km.kVA)
Diversity factor (4.4)

% VD=

1.732xkV xmaximum demand

D d factor=
emand factor Sum of kVA rating of distribution transformers (4.5)

% VD= VD per km.kVA X (total km.kVA)xdemand factor (4.6)

WaNTUIAMNEIUAIT Ao MasludnSwaniin aunsarwinlaseaunis (4.7)

Q, = P, tan(cos™ (pf,)) (4.7)

lng?l pf, Ae Muszneumawnszyliluatesdudaluiiuuunszaredanniuieulesnssuagnsn

I189MLATRIN WAL NALUUNTEAN6

A5 ATIzINIs avedluanlussuudInuiewuunszanesilasuniswa b lnegldisnsivavas
aanal Ut antnkasdounds [168-169]

SEUUMUIGLUULSHATA 2 UF LERIAININD 4.8

Vk < 8k Vk+1<0k+1
R(i) X(i)
—ANA——880——
Bus k I(i) ampere
Bus k+1
> Branchi ¢ Pp +jJQp

NN 4.8 STUUIAUIGLUULSLIADA 2 U

d‘ o 1 a CY d' 1 1 .
NAMNT 4.8 LAAITEUVIMUIBUUULIIALE 2 Ua k waz k+1 LU0UABNIUEIY i AL
AUy URAse1vesavn ¢ uanslee R, waz X, auandu Tunas? 1(i) Ao nszualwiilwaniu

a1 i maskiihaydedinan i ansarmwialeainauns (4.8)4.9)
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2 2
P k+1 —Q n+1

Poss i =R i ’ 2 (48)
loss(i) (i) ‘VM‘?
P?ris + Q% nis
Qloss(i) - X(z) ) ‘V ‘2 (49)

k+1

' [
K'Y . a

10g?l Py, W8 Q. Ao MaslniihgaideatuazSuaniinmianan ¢ Masluihgade

o

(%
Y

Manualuszuudmhgliihaunsadwalalagnissaumasiiingaydeasazuaninvesavn

avuatuszuudvelnd masliihgaydenmaeaansadialalagaunisi (4.10)

no.of _branches

Plossi total Z F)loss(i) +Qloss(z') (4.10)

t=1

4.6 Masluigedeluszuudmigluva

Aaelnigeyidesvesszuudmiigluialagnisinsginisieudedulsdluiindeanu

waveindsauiuluantussuuimielnianunsaseuisaunisin 4.11

S,=Pr+jQ, 4.11)

I~ [

Toedi P, Ao maslnihesswadlvan uaz Q, fe MasliiiSueniinaesinan

N9 NLUUTIA0952 UL INHITINAUNSIT DI T8 UUNSNTULAIDNYRY iFn1ensiva
geandaudnlngandumeiueiedisannnimsiulvanliusyuusmineiihuuududlddnig
Andaszuulnihmdsnuasonfing nszuailvadhdgmadiulnaniiszesviassninanidesuazdiy
Tvan nszudlindilvaananifides fie nssualnihiilnannsyuulniimdausasenfind szeva
syindagosiundeuainszsuuliinanuaeinduassragrnsz I nnasuliitlaseing

uauluan [151] sUsvuresssuuimiiglniiisiunuszuulaihndsnuuatening uanefenin

4.9

=D
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A A
| |
I I BATTERY
WIND STORAGE
DG
3'J 'J 10
|

Substation

8
|

:

I
NS, |
—1 O
~

DG

SOLAR

A M9 4.9 Unuvressruudmgliihsudusyuulnindsnukasonfing

4.7 wan1snagaun1suuusansuszenaldlusivaussiulvivaddseluiindsnuuaseniingly

seuvamnglnii

NAGNSTIY 3 NSAUBANINININT 4.10, 4.11 way 4.12 wsapulniveavananuadnnsu
dd' [ Y @ [y 'y [y 1 d{' =l a 5 dl' o a
N3N 1, 2 uaz 3 deandbiviunssdulnihvestalasunisusulsalieiinisindaniaeiiia b

LUUNTEANYF

lnoz“'“'I“‘I“‘I"‘I"‘""""‘"'"'i“'l“‘l“‘l"‘""“"“""""I“'I‘
1.01 |
1.00
0.99
~0.98
30.97
£0.96
£0.95
= 0.94
0.93
0.92
0.91

0'9\\l‘\\ll\\\l\\\ll\\ll\\‘ll\‘ll\ L
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

N7 4.10 Wifnsinsaasasnudalndnuunszatealluszuusivung i
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105 LALE BRI IR BELELL BN BN BN L BN LANLINL I LI INLE INLINLENL INLINLEL INLEL L IR BNLEL L BN BN BN B BN BN B
1.04 —
1.03
1.02
= 1.01
RS
o 1.00
s
;,0.99
0.98
0.97
0.96

0.95 I I I A A B A
1 4 7 10 13 16 19 2

el IR I | [
2 25 2 0 43 4

I R [
8 61 64 6769

PRI I U R AR FIE R TR AR
8 31 34 37 4 6 49 52 55 5
Bus

AN 4.11 nsAenaAsaInda bl wuunszatedi 5 Ja Tussuudmvdgladn

104 LN BN (NN BRI L LN BN LA BN LN ML DL BN B LI BRI LA BN L B LR B B
1.03 |- .
1.02
1.01
3 1.00
&
20.99
E
<;30.98
0.97 |- -
0.96 |- -
0.95 == mmm e e e e e e

0.94 P T I N T A
1 4 7 10 13 16 19 22 2

Lo Lo Lo a by baay
528 31 34 37 4
Bus

] I | I |
0 43 4

8 61 64 6769

L AL N
6 49 52 55 5

AN 4.12 nsaesaasaandalidiuunsgatedi 9 Ua Tussuuarmungludn

dyuna

nsnageviinauansUuUsInsUsrgndldluslr dussduluivaslslaimdseny
waseiinsluszuusmeliihvinisnageuiussuusminglaiia 69 9 deldsudunis 3 ndl
Saf nsal 1 lifinsandaaiessudelniiuuunsraesalussuusivie i nsald 2 nsinga
i3esrdaluiiuuunszated 5 Oa lussuusiminglilii nsdidl 3 nsandaaiessdaluiiuuy
nszane 9 Ua Tussuudmtnolulin wuiinsdi 1 llaunsaufuusaussiulninlussuudmng
Tl ueinsdld 2 msfndandostidalniiuuunszates 5 Oa luszuusmeliuaznsdi 3

n1sfnnsasasindalniuuunssaed 9 Ua lussuudmuiglnihaiunsauudsauwssiulndiily

syuumnglndnle
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4.8 Han1Imagaun1sUTuUsImasiningedeTuszuudmdre i saudulsedufang ey

ue9a19ing
UULAR I 7 4.1 iasliihasdensundnsunsaii

NAANS M UANAVAINSUNG 4 NTLAAIAINITIN

= [ af o Y & Y o aa a o
1,2,3u8z 4 ﬂ?i%ﬁ@LﬁﬂWﬁﬁﬂﬂU%%ﬂ%U@NLLﬁ@QIﬁLVUIﬂ‘UﬂLQUIUﬂimVI 4unn

Aladnd (kW) waansdeyavesussduluindmiunsalin 1 wag 3 wanadenini 4.13 uag

A90715WEAN 1,000

A 4.14

1.002 |
1.000 =T=.

0998

u.)
r

10.996 -

0.994 - Y

Voltage (p

0.992 - \

0.990 - e
NI~y
0.988 : :
1 4 7 10 13 16
Bus

| 1 |

19 22 25 28 31 33

A9 4.13 Feyavesusenulivhlidnisianuesesindaluiiuunszaned

PIENAIULAIMnglUsTUUI MU I

1.002 T T T T
1000 ==~ f————————_ .
\ | \
~0998 / \ ,
= =~ | \\~\
£ “‘ | ) *u
2 0.996 - | J N .
8 ) =~
—C' ‘\\ , -;_;\\
> 0.994 - N, } W
\\~ , \
N Vem——
N o = i
0.992 - ~-- .
0.990 1 | | | |
1 4 7 0 13 16 19 2 25 28 31 33

Bus

A9 4.14 Toyavesusenuliiifanuaesillaliiuuunszatesi

MENAIULAID RS lUsZUUI VLN T
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nand 4.13 Foyavenssfulnihilafinisinduaiestdalafiuuunssaneiade
ndsuuaseringluszuusiviielai nsdduansdensdiiugiu ddsluihgadetomun
13.2316 Alatnd (kW) Tuszvudmirglufidaondesnunaseniing waznwil 4.14 Yeyaves
wsasulwihiifimsfindaedesiudaliuunseanefdondsnuuaofindlussuusmng i 3
danswanlndia 600 Aladad (kw) mdalninagydesiu 9.5910 Aladnd (kw) Tuszuudmielndih
mendanuLareindausaanmaslihgaydelussuudmhelninadle

=

AN519% 4.1 mamumamimaauﬁﬁﬂw%ﬂqmLaaiuizwfﬁmmsﬂw% 33 Jd S7UAUNISANAILATD

o

AN AL UUNT A ERIIENS I ULAID AR

Case Vmin PV at bus Capacity Total Power
(p.u.) of DG Loss (kW)
1 0.95 - - 13.2316
2 0.95 10, 14, 18 300 10.4515
3 0.95 10, 14, 18, 19, 23, 26 600 9.5910
a4 0.95 10, 14, 18, 19, 23, 26, 29, 30, 33 1000 5.6347

A1519% 4.2 Uanariaini1suanvadasaanbaliiltuunssanesndanaaay

Bus 10 14 18 19 28 26 29 30 33
Capacity
100 100 100 100 100 100 100 100 200
of PV (kw)
dyuna

nsvaaeviiiauonisuiuugssdslnigadslussuudmingliiilaonisideuderi
Tsslwimdsnunasonfindnageumelnesunsuduioavesssuusiinglngi 33 3 delasnudunis
WA 4 nsdl aedl nsdld 1 lfinsResaniestudalniiwuunssaneialusyuus gl nsdli
2,3 uay 4 nsRnadaaIeafidaluinwuunszaefsuy 3.6 uay 9 1A3e9 luszuusmine L
AUAIRU NUInsET 1 mnlaifnnsaadaadesiudalniuuunsyaedlusruusivng Tndalsl
anunsnuuUssssuudmelilg udnsdlil 2 wag 3 msfiedaeiesiudalaiiuuunszaied
$1U7U 3 uay 6 1ades Tuszuusimnelii audsuLaznsad 4 nsindaedesiudaluiiawuy

nsranefdIua 9 wsed tussuudmieliihaunsausuussmasnihgadslussuudmneg iy

a1
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4.9 Han1SNAFaUNNTIATIZRLSIAUINAMNTIuME (Voltage Sag)

AT 4.3 HaaNSNLAINNTANYINITIATIZALTIRULNT N tIvue (Voltage Sag)

senuvadlvian (Load Level)

Y

. NINUFIY QR  IATHGY o+ Ve Ta VIR F IV R P TP T g oY
N1331809 . . . .
InanTowas 59nUs  lnanTowas 40 ureUs

nsal  @aunisal
- Vmin  Power Vsag Vmin Power Vsag Vmin Power Vsag

Tunsfnen
(p.u.)  Loss (%) (p.u) Loss (%) (p.u) Loss (%)

(kw) (kW) (kW)
1 ﬂsiﬁﬁugm 0.9093 224.6392 4.284 0.9042 250.3484 4.821 0.9069 250.2329 4.536

2 0.9083 232.4750 4.389 0.9031 259.0892 4.936 0.9060 259.2881 4.631

3 aﬂé{'\‘i“’l DG 0.9348 127.2097 1.600 0.9300 144.7903 2.105 0.9326 142.1365 1.831
ANAUR
q anday  0.9338 132.0253 1.705 0.9290 150.2882 2.210 0.9316 148.0664 1.936

Anmas DG

0.93

0.92

091 4

PR (TR T TN N T N NN ST ST ST S S
34 37 40 43 46 49 52 55 58 61 64 6769
Bus

0.90-""""""""""
1 4 7 10 13 16 19 22 25 28 31

A9 4.15 nsdiugulidnsiuusnadvasidalag (sruuunivsessuuausiy) lussuudmiey

il 69 Ua Wiedinszsiusaiulniinndivas (Voltage Sag)
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1%

nnnd 4.15 Wunsainugrulifinsiiudsunalvaniivalag (szuuun@niessuuianu)

o«
[

Tussuudmiglnin 69 Ua nsaidilifinmsiindsunalvannvala g (Unfivseidu) aannsAnwinuin
wsanulninminda 0.95 Wesgia (p.u) Feanawniiszauusanulnii 0.9093 wWeseiln (p.u.) &

Andslningeyde 224.6392 Aladnd (W) wazussiuliiihandrvasFosas 4.284

<
O
>

Voltage (p.u.)
g
v

0.94
0.93

0.92

0.91

0.90-.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

A7l 4.16 YSuildsuaindmnetas 39 WWudinduisdauuuimdeunuunszate (Unile) wagaindg
winetay 70 71 72 73 Wuaindarelou Unddn) Saudunsditugiuldfinisiinuiualnan
nalag (szuvunfnieszuunuau) Tussuudmiielni 69 U

Wedaseiussiuliinntavue (Voltage Sag)

31na il 4.16 nsUuasuaindmineiay 39 1Wuaindulsdruuusitlounuunszane
(Unfilln) wazaladuuneiay 70 71 72 73 \uadedeelou Wnfdn) Saufunsdliugulaininda
Usinaldnandivalag (svuuinindeszuuaain) Tussuusmigluiia 69 Ja n3dii lifinsiiia
Usinalvaniitalag (Undiviein) wazaindaielou (UnAilla) manelay 69 70 71 72 73 (gUaind
seleuUnivideiy) antuwhnsdnaindanelounneian 69 waslnaindvansian 39 daduaing

WUSEIUUUAIUBULUUNTEEENY 91NA1SUSULWABUEIRTAINED dana bR AuLsIaubiinm1ngn
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0.95 Wesgiln (p.u.) anasnTiseiuwssulngin 0.9083 Wasyila (p.u.) dmdslwihgeyde 2324750

Aladng (kw) LL@%LLN@UIWW"IG]WU’WM%?@EJ@Z 4.389

.02 —— T

Voltage (p.u.)

<
O
>N

0.95

0.94

0.93 .

092 PR TN T ST NN NI | Lo 1 1 5 1 5 1 & 1 5 1 4 1 Lo 1 s 1 5 1 s 1 5 1 s 1 3+ 134
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769
Bus

AN 4.17 Fasaesasnidalniwuunszanesviandsnuluiiannwasefind (m1s199 3.1)
Judunsainuguliinmsiulsualnaniddle g (seuuinivsessuunaau) lussuy

Swniglni 69 Ta ietinseiusssulnihandavas (Voltage Sag)

NN 417 Anraaiosdndalnfiinuunszareiadandsulniiionuaseing
(519 3.1) Sfunsdugulifiniafudiinulmedtalag Geuuniiessuudau) Tussuy
Snheldh 69 Ta nsdlitldfinsiuSinaduaniivalag (Unfivdeiy) warndaasossuialui
LuunsEefrlandanuliiionuae fing S1uu 9 3o TnsRnsaiivavaneiay 19, 29, 36, 39,
49, 53, 59, 62 way 69 fM&N1suAAT 300, 400, 100, 100, 100, 400, 100, 400 kaz 200 Alains
(KW) auansfu Adeniswaniasesanvonadesidaluiiuuunsyaneds Ae 2,100 Alatnd (W)
Arguvadlranu 100 wnnzhaduaud (MVA) wazagiuwsaiulnil de 12.66 Alalad (kv) 910

o

A15ARAIATRINIEA T LUUNSEedIvdandsulninanLaseing dinaliseaulsssulningd

s

ni1 0.95 Wesgdn (p.u.) anasundiszAunsadulaiin 0.9348 wWosein (p.u) Iidslnilgayde
127.2097 Alatad (kW) uazusssulslihnnirvazdesay 1.600



144

[NV A L LA LA L L N L L A A L L A A L N A L R N

1.01 1

1.00

Voltage (p.u.)
S & it
£ 5 &

e
o
wh

0.94

0.93 -

092 P [N S [T ST U [ ST ST NI [T [T (ST I I ST NI I S NI S S R

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769
Bus

Al 4.18 USudsuadnduanaas 39 Wuaindudsdmuuiiiounuunszats (Unidn) wazeing
wnea 70 71 72 73 Wuainddneleu UnAde) suuisindaesesideliiiuuunsyaeiieie
n¥sendlaiainuaseniind (nedl 3.1) Saufunsdifuguliinsfuiinaiyan
fivelag (szuulniviesyuusuiy) Tussuuswhelndh 69 Ja

Wedmseiussuliiandavas (Voltage Sag)

90T 4.18 n1sUSuAsuaEdngnunetay 39 Wuainduisduuuiitounuunssane
(Unidn) wazainduunetay 70 71 72 73 Wuaindanegleu (Unflln) saustsindandeasida i
wuunsznefiandsnuliiinuaseriind (s 3.1) ufunsdiiuglifnmdugiam
Tnaniitalag (sruuuniviesvuuaaia) lussuusmnglnd 69 Ta nsdidlifinsdiudsinadvan
fitiala (Wndveiiy) waralndaralou Unfde) snetas 69 70 71 72 73 (guaindaralouund
vidalin) Mntuinnstnainddneloununoiay 69 wasiaaindvunoay 39 daduainduldiuuy
Friounuunszaeuny wardnsaniastudaliiuuunsyaeilandsnulninanuasening
$1u9u 9 1pdes Tnofndafidanunewas 19, 29, 36, 39, 49, 53, 59, 62 uay 69 Sif&NIsHAAT 300,
400, 100, 100, 100, 400, 100, 400 waz 200 Alatad (KW) Audiy & skanRaRIsINT8ASeq
Andalninuunszateda fe 2,100 Alatnd (kw) Argiuvesivasidu 100 wnnzladuend (MVA)

wazAg UL ssaulniinAe 12.66 Alaliad (kv) anmsusuilaeuainduasindaasosiniialniiiuy
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nszareiidandeuliihanuaeiinddnand daaliseduussiuliingindt 0.95 wWeseiln
(p.u) anasnszAuwsaiulnii 0.9338 Weselln (p.u.) dmadlnihagds 132.0253 Aladnd (Kw)

wazwsInulninngivaeSosay 1.705

.02 —m— T
1.01 | .
1.00

0.99

Voltage (p.u.)
e
vt

0.94
0.93

0.92

0.91

D.90-|I|I|I.I.I.I.I.I.I.l.l.l.l.l.l.
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus
A9 4.19 nstinugulifinnsiindinadvanndalas (szuuunivisessuunusy)

waziiinUSinailvansesas 5 Mvantannda Tuszuudmingli 69 Ua

Wedsgiussulniaandavug (Voltage Sag)

NAMNT 4.19 LUuﬂimwuﬁmlmmsl,wuﬂimmiwammaimf] (spuuUnivaesyuURaLAL)
uaziiuUiinalvaniesay 5 flnaatannda Tussuusmieliii 69 Ua nsddvinisfiuyiunm
vandosas 5 Mnantanniannmsnvimuiussiuluiimnin 0.95 Waseiln (p.u.) Faanasuni
seauusaiulni 0.9042 Weselln (p.u.) IMaslniaayide 250.3484 Aladnd (kW) uazusssulndi

G\ﬂ‘?ﬂﬂ]&l%i@ﬂﬁ% 4.821
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L s e e L L L L B B S B B B B B B B B B L B
1.01 .

1.00

Voltage (p.u.)
<
O
h

0.94
0.93
0.92

0.91

0-90-.|.|.|.|.|.|.|.|.|.|.1.|.|.|.|.|.|.|.|.|.|.|.-
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

A 4.20 YSudsuaindvuneiay 39 Wuainduusdiuuushdeunuunszany (Undva) wazadind
wneway 70 71 72 73 Juaiadanglow (Unfde) suumaiudsinaldvansesay 5 ilnandannda

Tusguudmdelii 69 Ua ieiaszviussnulninndivay (Voltage Sag)

N MA 4.20 MsUduAsuaindvaneian 39 Wualnduusduuuiateunuunseane
(UnATln) uazanduneiay 70 71 72 73 \uaindeelon Unfda) siuiaiuUGninaniesay 5
flmantannda lussvudmmieluii 69 9a nsdidviinisifisTinalnaniesay 5 fvantannda
wazaindanglon (Unfde) vianewan 69 70 71 72 73 (guaindeleutnivieidn) anturhmsda
andenelounoiay 69 uazilinainduuneiay 39 Faduainduisdrmuuidounvunszaisuny
nnmsUFudsuainduayiiiuTinailvaniosas 5 Mviandanndadanan dwalvszduuseiulnii
A1 0.95 Wesydn (p.u) anasnfiszduussfulnii 0.9031 wWesein (p.u.) fdslniigade

259.0892 Alatns (kW) uwazusaaulniinandvadevay 4.936
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L e e L L B B S S S RS A RN L A A L L R R A A
1.01 | 4

1.00

0.99

o <
o o
3 %0

Voltage (p.u.)
o
o
N

0.95

0.94

0.93

0o Lt v v e
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

A9 4.21 fasaesasnidalndwuunseanessiandsnuluinainwasanfing (m15199 3.1)
wagiiiuUSunailvansesas 5 Mnantannda Tussuudmiegli 69 Ua

Wiedasgiussiuliiiandavg (Voltage Sag)

Mnamd 4.21 Aaduedesdudalwiuuunszaedvdandsulniininuaseing
(397t 3.1) wasdiuUnaivaniesay 5 Mvantannia lussuuswidnelidh 69 Ua nsdiivinig
WinUSunalnansovas 5 ﬁiuamﬁ’anﬂﬁ’auasamﬁqLﬂ?@qﬁwLﬁmi‘w%LLUUﬂszmaﬁwﬁmwﬁamﬂw%
Mnuaefind $1uu 9 1es Inefadefidavaneiay 19, 29, 36, 39, 49, 53, 59, 62 way 69 frds
nsw@Rd 300, 400, 100, 100, 100, 400, 100, 400 Wag 200 Alatad (kW) awadu Mdanisuan
AamasnvoaAsasfudaliiuuunszansd ae 2,100 Aladnd (kw) Argruvesluanidy 100 wney
Taaduaut (MVA) wazAguussiulnihie 12.66 Alalaad (kv) annisindaaiestudalniuuy
nszedvdandsnuliianuaseiinduasiinuinnalvaniesay 5 flvantannta dealviszdu
usafuludinganda 0.95 Wesgin (p.u.) anasuniiszduussdulnii 0.9300 wWesgin (p.u) &

Adslingyde 144.7903 Aladnd (kW) wasussdulnihandrvazdosas 2.105
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1.01 | —
1.00

0.99

Voltage (p.u.)
< S
=] O
~1 [e.]

e
=
N

o
o
wh

0.94

0.93

092 IR N AT I [T N I U [T NI ST U [T NI S S T T ST S T S

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769
Bus

A 4.22 YSudsuaindvuneay 39 Wuainduusduuushdeunuunszany (Undva) wazadind
nuekaY 70 71 72 73 Wuaindaeleu Wndle) sauveindaesesnnialiiisuunsyansivie
Al nuateing (115199 3.1) waiinUSunalvaniosas 5 Mvandannda

Tusguudmuelnii 69 Ua iedpsizsussaulndnndivay (Voltage Sag)

na il 4.22 asusuasuainduinsiay 39 Wuaindulsduuusatounuunssane
(Unilln) wazadnduuneiay 70 71 72 73 Wuaiedaneleu (Unfidn) saustsdndandeasudnluidi
wuunszaesirdandsulniihonuaenfiod (inseit 3.1) wasiinuSinalvandesas 5 flvana
ynta Tuszuusmngluih 69 Ua nsdivhnsfuiinalaniesas 5 Alnantanndauazaing

d1elou (Unilla) munelaw 69 70 71 72 73 (guadndansleuuninieiin) a1ndusiiniste

a 4

antaelaunuIgaYy 69 wazllaainduungay 39 F9.uaintuUsdIuUUAITo UL UUNT BN

1%
Y

a < o a v a [ a & o = a & d'
LLa%@]ﬂﬁNLﬂ'ﬁ@ﬂﬂWLUWIW“WWLL'U‘UﬂﬁS‘i]’W‘EJG]’JGUUQWﬁNWUIW‘W’HﬂﬂLLﬂ\‘iEJ’WW]‘EJ PUIU 9 LATDY I@]EJGWW]\W]

Uanueay 19, 29, 36, 39, 49, 53, 59, 62 uag 69 ﬁﬁwé’amswamﬁ 300, 400, 100, 100, 100, 400,
100, 400 wag 200 Alaing (kW) auansu MEIMSHARRASITINYBNAT DI AT wUUNSEANe 6
Ao 2,100 Alated (kW) Argruvestuandu 100 wnngladuand (MVA) uazagiuusenulniife
12.66 Alalaad (kv) :nmsuiuasuaindsiuvisinsansestiinlifiuuunszaessinndenu

Tfhnuasendinduaziiuusunalnansosay 5 Nlvandanndanind1n dwmalvszauussiulniig
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[ I

n11 0.95 Wesedn (p.u.) anasniszfuussdulniin 0.9290 1Wesylna (p.u) Aidsluiingyde

U <

150.2882 Alatnd (kW) wazusssulaihandivasSosas 2.210

102 LI DL DAL LI LR DL AL DR LR DL DL DL DL DL DL DAL DL DL L DL DR LR
1.01 -

1.00

0.99

<
N=
tn

Voltage (p.u.)

0.94
0.93

0.92

0.91

goolo—t vt v b w1 e e 1) _
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

A 4.23 nsdivuguldiinisiindsunadnaniiUalag (szuudnfvisessuunuiiv) wagstiinu3uu
nansavay 40 Alvandau1ada (m131991 3.2) luszuudmnelniii 69 Ua
Wz iussiulniiantavag (Voltage Sag)

1na i 4.23 Wunsdnugrulifinsiudsinulnannvale g (szuvunfivsessuuiumu)

v
o

wazuUSI Ul vansagay 40 Mnanvauravd (15197 3.2) Tuszuudnvuielni 69 Ja nsaidivi
AsiNUS Ul ransesay 40 AlvanUanuieiay 11, 12, 16, 17, 18, 21, 24, 26, 27, 28 way 29
mua1du (aadaduund) a1nn1sAnwimudwssiuliingngt 0.95 Wesylia (p.u.) Fanaund

seauusaiulniin 0.9069 Wesedin (p.u.) Iiaslnfingady 250.2329 Aladnd (kW) uagwsedulviih

ANTIVUTS DAY 4.536
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1.02 1T
1.01 F .
1.00
0.99

S
©
o

Voltage (p.u.)

0.94

0.93

0.92

0.91

090 U [T N [T (NI ST TN NSNS ST I (ST [T ST N ST T ST T T N ST i

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769
Bus

29 4.24 YSudsuaiaduuneay 39 Wuainduusdiuuusideauluunszany (Unive) wazaing
ke 70 71 72 73 Wuaindaelou WUndWe) stuvadivdsunalvansosay 40 Muandaund

Ua (15797 3.2) Tusguudmihelnidy 69 Ja iiediasigiussiulninndaveg (Voltage Sag)

i 4.24 n1sUsuldsuainduuisiay 39 WWuaindulsdiuuusadeunuunszang
(Un@dn) wazadndwuneias 70 71 72 73 Wuadndaelou (Unftda) sausaiinu3unalnan
ovay 40 Mvandaunsa (iseit 3.2) lusvuusmingluin 69 Ta nsdlidvinnisiinusunaivan
Yovay 40 filvandanuneian 11, 12, 16, 17, 18, 21, 24, 26, 27, 28 waz 29 auasu (nandadu
Uni) wazaindanelow (Unfida) visneiay 69 70 71 72 73 (guaindaieleuuniiviseidy) Mt
msUnaindanelounneias 69 uazlaadntnuieay 39 Jaduainduisduuiidouwuunszaiy
Wy nnsUSudsuanduas iinusinalvandesay 40 Alvantauuieay 11, 12, 16, 17, 18,
21, 24, 26, 27, 28 waz 29 mudrdu (wandaduun®) fina1n demalisziunsssuluiiisinga
0.95 wWasein (p.u.) anasnTis AUl 0.9060 Wesyila (p.u.) IMasluvhgeyde 259.2881

Aladnd (kW) wazhsssulniiantvussesay 4.631
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Voltage (p.u.)
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0.94

093 -

092 P I T N NI S I ST NI T S S S N T ST ST T S T I ", '

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769
Bus

ANA 4.25 Fasaniaanudalndinuunszaneiivdanasanuluiiantasanfing (m1s199 3.1)
waziuUsunalransosay 40 Alvanvauireva M19199 3.2) Tussuudrmigladn 69 Ja
Wedseiussuliirantgavug (Voltage Sag)
INNAINT 4.25 Annala3aantaabndeuunseatedvianassuliiianwasaing

(M15199 3.1) wagiuUsSualvansasay 40 Auantau1auad (91571997 3.1) Tusguuiannuie

[ '
A o a

T 69 & nsdiivinnsiiuysualnansesay 40 Mvanvanuiowae 11, 12, 16, 17, 18, 21, 24,
26, 27, 28 way 29 snuasu (raadaauuni) LazAnpaAsasdalniuuunss Mefeend ey
TWihannuaefing $1uau 9 wdes IneRndeiivanuneiay 19, 29, 36, 39, 49, 53, 59, 62 uay 69 il
f&n1swudadt 300, 400, 100, 100, 100, 400, 100, 400 kg 200 AlaTas (kW) auddu f&inas
NARRARITINY AT In LN LUUNSE 86N Ae 2,100 Aladng (kw) mgmmaqiwamﬂu
100 wnnglrasuont (MVA) uazenguussduliifinie 12.66 Alalaad (k) mnnsinsaedosrnin
Tihuuunsznesedandnuliihanuaefinduazinuinailvaniosas 40 lnanvanneiay
11,12, 16, 17, 18, 21, 24, 26, 27, 28 uay 29 auarsu Qranvaduuni) denalisyaunsamulndi
A1 0.95 wWesydn (p.u) anasnfiszduussiuliii 0.9326 wWesein (p.u.) fdslniigade

142.1365 Alatad (W) wazusssuliiinndivasSosay 1.831
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| VA s o B L A L B S L S B B B L B D B B B R B N

Voltage (p.u.)
g bt
O o
~ [o2e]

2
=
™

<
o
n

0.94

0.93 | .

0.92 PR T S T T T TN T NI ST ST ST T ST N NN N TN S T S T ST N T N T N "
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

it 4.26 USuidsuainduneian 39 \Wuainduisduuuiounuunszas Unidn) wasaing
waneaw 70 71 72 73 [uaiadanelou (WUnide) sauadnsaniosiudelnfiwuunssanesaeia
warulihanuasefing (s1efl 3.1) wazifiuUSinalvansosas 40 fnanvauieda
(51991 3.2) Tuszuusuhelil 69 Va iedased

usaulniihandavass (Voltage Sag)

91na il 4.26 nsUSUUABUEInTIIneLaY 39 WuantuUsduuusadeunuunsyane
(Unfda) wazainduunatay 70 71 72 73 Wuaindanelou (Wndda) sausiadndandosiidaldi
wuunsraeseiandsnuliinanuaseing (ms1eil 3.1) waziiinUsunalnaniosas 40 Mvanva
Ut (115799 3.2) luszuusminglnih 69 T nsdlivinisifiudsunalvandosas 40 Alnantda

6 1

Wneay 11, 12, 16, 17, 18, 21, 24, 26, 27, 28 way 29 muasu (vaadadulnd) wavedndaielou

a s

(Un#ila) vanglay 69 70 71 72 73 (guaindanglauunivizeidy) anduvinnisdaaindaislou

1% '
Y

WneLaw 69 wazlaaindnineiay 39 Faduddrdulsdnuusitoutuunszarsununasfindaades
Sdaliuuunszanesrandsnulniinanuaeing $1uu 9 wwies lnefnarianneay 19,
29, 36, 39, 49, 53, 59, 62 way 69 ﬁﬁ?ﬁﬂﬂ?ﬁwamﬁ 300, 400, 100, 100, 100, 400, 100, 400 Lay
200 Ala¥nd (kW) audsu frdenisuaninsesinveaniossuialaiiuuunszaisda de 2,100

Alatmd (kw) Argruvesluandu 100 wnngliaduautd (MVA) wazargiuwssdulaii
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Ao 12.66 Alalaad (k) 9nnsUSuLlasuaindsauannsapiosindalufiwuunszaesvin
wSulnihnuasofinduas iiuusunalvaniesas 40 Mvaadavuneay 11, 12, 16, 17, 18, 21,
24,26, 27,28 wag 29 auardu (nandasuunid) Fina1d dwwalisdunsesuluiiagindn
0.95 wWaseln (p.u) anasndisziuussiuliidi 0.9316 Wedyin (p.u.) Tidsliiihgnyde 148.0664

Aladnd (kW) wazhsssulninantivussesas 1.936

dyuna

NsNAERULYIELaN15IATIELsITUlNTnnTIvME e UM LA DL LN SULEULREIURITEUU

o 1

$amie 69 Ua Falddniunisuiuds 12 nsd wudinsdd 1 nsdfugiuldfinigdinlnaniie
fdslifihgapde 224.63 Aladed (W) uazifaussiulwiiinaniesay 4.28 nsdiil 2 Avuaainduaslsl
fnsifinlvan dwalsiiaiaalningayide 23247 Alatad (W) waziinusswiuliiiianiesay 4.389
nsdil 3 mafedaedesfulalwiuuunssefuarlifinadiuluvan dwalmAnfddluihgode
127.20 Alatad (kW) woziiaussiulninnfosay 1.60 nsdif 4 nsinduedosiudalniuoy
n3zen dvuaainduasliifiniivlnandsmalifndidsliihgande 132.0253 Alatad (kW) uag
Aausstulninndosas 1.705 nadiil 5 nsdiugrunisidiulnaniesas 5 Alvantaynda dawald
Aamdaliingade 25034 Alatasd (kw) uaziAausssulwiiandovas 4.82 n3didl 6 Amunaing
wazifinlvandevay 5 Alvantaynta dawalmAnidsluigade 259.08 Aladnd (kW) waziin
wssuliinndosay 4.93 n3dif 7 msfindaedesindaliiiuuunsznefuas fiulvaniosay 5
flnantannda dwalmAnmaslnlingads 144.79 Alatnsd (W) uazifaussiuliinndosay 2.10

aa a o d' o a o o a ¢ a o A ) o
AFEUN 8 ﬂqiﬂﬂmQLﬂiaﬂﬂqLu@‘lWﬁWLL‘U‘Uﬂigﬂ']EJV’n ﬂ']ﬁu@ﬁ')ﬁsﬁu,agLWﬁJI‘V]aﬂiaﬁJag 5 V]I‘Wa@‘UanﬂUﬂ

danaliiinidslniraayds 150.28 Aladnd (kw) uazifaussiulnihnniosas 2.21 Nl 9 nsdl

1 '
T~ a o w

Hugunsiidivansesaz 40 Alvandaureta dwalitindidelnigayide 250.23 Aladnd (kw)

waznaLsIsuliinnnSagas 4.53 N8N 10 Mvusaindhaziiulransesay 40 MnandauraUa

o w (3

denaliiAnd&elvifigades 259.28 Alafnd (kW) uaziiaussiuluiimniosas 4.63 nsdlil 11

[ '
a o A [ a

n1sRaAIeInlaliiwuunsE1efmLazinlansosay 40 Nvandaulala ddualiin

o w

Aaalndrande 142.13 Aladtad (kW) wazinansspulniiansosas 1.83 NN 12 N15ANAILATOY

TR

A lndnuunszaneii AvuaaIndwaziiulvanssuay 40 Nnanvau1eda danalminnidalnin

guide 148.06 Alains (kW) waviiaussauliiinndosay 1.93 Jewaanslunstinl 3 awisoan

Y

o v

mdslihagdeuasSosazussulninnligeianausauanadunsim uwansdsnmi 4.27
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0.93 0.9 0.9 0.93 0.92 0.9 0.9 0.93 0.93
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4.10 wan1sNAdauNsaAnwINIsAATIZRLSIAUlNT ANt (Voltage Sag) Tnwdindaslau

(Tie Line Switch)

A1519% 4.4 nadnsNlaann1sAnwIn1sIas1E s ulniinngivae (Voltage Sag) lnaaind

anelau (Tie Line Switch)

a@3ndanelau (Tie Line Switch)

15919949

) aInTnUELEY 9 AInTNUBLAY 36 AInTNULEY 39
#01un158)
N3 1 Vmin Power Vsag Vmin Power Vsag Vmin Power Vsag
U
- (p.u.) Loss (%) (p.u) Loss (%) (p.u) Loss (%)
NSANEN
(kw) (kw) (kw)
1 n3al
P 09161 194.8219 3568 09078 236.4111 4.442 0.9083 2324750 4.389
g

2 Wndsuna

Tvani
. 09115 216.6276 4.052 0.9026 263.4790 4.989 0.9031 259.0892 4.936
Tandann

Ua

v
a o

3 ARFe DG
ALY

J3u0
1 4 0.9338 130.5309 1.705 0.9292 150.3547 2.189 0.9290 150.2882 2.210
wanil

Tyaadann

o

ud
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1.02 rrrrr+rr+r+r+r+~rr+~-rrr~-rr+-r+r+r+1rr+=1r 1 ~1rr=rrrrrrrrr
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1.02

0.99
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Voltage (p.u.)
=]
=)
wn

0.94

0.93

0.92

0.91 -

090 U I (ST (T T T ST ST ST T " S T ST T ST ST NI N S S "

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769
Bus

A9 4.28 nstinugulifinsiiudnalvaandalas (ssuuunivisessuunady) sufung
Ysuasuainduuneiay 9 Wuainduisdnvuditdauiuunseae (Unite) wazaing
nuekaY 70 71 72 73 Wuaindaneleu WUndde) lussuud gl 69 Ja

Wedgiussiuluiinntavug (Voltage Sag)

mnamit 4.28 Hunsdtugulaifinnaiuiinalnanivaleg (szuutniviessuuduiu)
Sufunsuudsuainduneas 9 Wuaindulsdiuuuiitounuunszans Unide) wazading
vaneta 70 71 72 73 Wuaiedaneleu Wnide) luszuusiieluiia 69 Ta nsdliladfinnsiia
Usnalnaniivalag (Undvieidy) uavaintanelou (Unfila) vianeias 69 70 71 72 73 (gUaind
delouunivdoriu) anturnisdneinddreleunaneia 69 wazilaainduuneiay 9 dudueing
wUsduuuftounuunsEateuny 9nnsUsuWasuaindsanan danaliszsunssiulniiisinga
0.95 Weosydn (p.u) anauniszduusssulai 0.9161 wWesgdn (p.u) fdslnilgade

194.8219 Alatad (W) uazusssuliiinndivasSosay 3.568
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Voltage (p.u.)
=
o
(]

e
[¥e)
=

0.93

0.92

0.91

()})()‘.I.I.I.l.l.l.l.ll.I.l.I.I]IIIII.I.I.I.

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769
Bus

A9 4.29 nsdinugubifinisiindinalvasndalag (szuuunivisessuunady) sauiuns
YSuasuainduuneiay 36 Wuaindulsdiuvuditdounuunszaty (Unala) wazaind
wneway 70 71 72 73 Wuaindanslau WUndide) Tuszuusimiieglaia 69 Ua

Wedaseiussulnientdavug (Voltage Sag)

namit 4.29 WunsdlitugwldfnsduSnainanivaley (ssuvundviessuunai)
Sufun1sUudsuainduunaian 36 Wuadndudsdiuuusadeunuunszans Unidn) uazaind
vaneta 70 71 72 73 Wudndaeleu Unidn) luszuusimheliiia 69 Ta nsdli ldfinnsuia
Usnalnaniidalag Undvdoids) uazaindanelou (Unidn) vuneas 69 70 71 72 73 (guaing
dnelouunfvdoiy) antuinnisUnaindaeloununeay 69 wazilnainduunoway 36 Saduaing
wUsdhuuusatousuunsEaeuny nnsUsuasuaindsina1n dwalisssunsesulafiagnga
0.95 Wesydn (p.u) anasniszauusssulaiin 0.9078 wWesgln (p.u.) dfdslwigade

236.4111 Alatnd (kW) wazusadulnfimndnaedevay 4.442
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Voltage (p.u.)
&
S

bt
o
=

0.93

0.92

0.91

0.90.I.I.I.I.I.I.I.I.I. P T T
I 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

A9 4.30 nstivugulifinisiindsinalvasndalas (ssuuunivisessuunady) sauiuns
YSuiasuainduuneiay 39 Wuaiaduusdiuvudideunuunszats (Undva) wazaingd
ke 70 71 72 73 Wuaindanelou WUndde) Tuszuudmvunglaia 69 Ta

Wodlaszsussuliinndaveng (Voltage Sag)

9107 4.30 Wunsdiiugulddnisiiuviunalnanivalag (szuuunfivsessuuisiu)
sauAunsUSuAsuaIaTrINEY 39 Wuadaduusduuuditouluunszany (Uniave) wazaing

6 1

wneay 70 71 72 73 Wuainddaelou Wnide) luszuusmgliin 69 Ua nsdlilifinnsuia
Usnalnaniidalag Undvdeidn) uazaindanelou (Unfiln) visneias 69 70 71 72 73 (gUaind
sneleuunivdeiy) antuinstnaindaelounaneay 69 wasilnainduuneias 39 saduaing
wUsduuuiataukuunsEaewny 1nnsUsulUasuaindsanandinalisesunssdulndinganga
0.95 Wosydn (p.u) anauniszduusssulaia 0.9083 wWaesgdn (p.u.) ffdsluilngade

232.4750 Alatad (kW) wazusaulniinandvusdeay 4.389



159

12T T T 7T T T T T T T T T T T T T T T T T T T T T T
1.01 | -
1.02

0.99

O
s v v
> = o
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1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

Al 4.31 Wnvsanadvaniesay 5 Mnaavayndasiuiunmsuiuasuaindnueny 9 (Wuaing
wussuuushteunuunsyate (Undte) wazadndvaneiay 70 71 72 73 Wuaindanelou

Unfda) luszuusmglndi 69 Ta wiedmsziussiuliiinndivas (Voltage Sag)

Mnamil 431 WsTinnilvaniosas 5 Alnantanntasuiunmsuiuasuaindmneiay
9 Wualnduisdmuuiteuuuunszate (Unite) waralndvaneiay 70 71 72 73 \Hudindaieleu
(Wnfda) Tussuudmeld 69 va nsdivinisdutiinnivaniesay 5 flvandanniauas
Andanelou Unfln) ey 69 70 71 72 73 (guaindaisleudnandeids) aintuiinista
andenelounineia 69 uazladindnaneian 9 duduainduisdrnvusidounuunszaouny
MnMsUTuAsuAInduas iuUSinalaniesay 5 Alvantantadinany dawalvisefunssiuludi
M1 0.95 Wesydn (p.u) anasnfisziuussiulnii 09115 Wesgin (p.u) fdslnigade

216.6276 Alatad (kW) wazusadulnimndnagdovay 4.052
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Voltage (p.u.)
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0.90 -. [P I TS NN SN RPN RPN IR (SR SO SR RPHNN SR NP ST SRUN SR NI NP B T B
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769

Bus

A9 4.32 Wndsunalviansesay 5 AlvaavannUasuiunisuiudeuaindumnaiay 36 W
ApduUsdrnuusidauluunsyane (Units) wazaindvuieiay 70 71 72 73 Wuaindanslou

Un@de) luszuusmhelnii 69 Ta wiiedmsziusssuliinndivas (Voltage Sag)

AW 4.32 aiinalvandesay 5 Mvandanndasmiunsuuteuaindmneias
36 1 uadnduisdruvumdounuunszats (Unida) wavalinduunsias 70 71 72 73 (Juaing
anelou (Unfide) Tussuuswihelnih 69 Ua nadlidvhmaifiudiinalnansosay 5 Avasiannda
wazainddnelou (Unfidia) vianelan 69 70 71 72 73 (guaindanglouunfviewdi) nturinisle
aAndaneloununeiay 69 uazlaaindnineian 36 aduaindudsduuusteutuunszaneunu
nnmsUTuAsuainduayiiiuinnivandosas 5 Mviandanndasana dwalvszduusedulwii
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4 75.00 54.00 21 24.00 17.00
5 30.00 22.00 22 1.20 1.00
6 145.00 104.00 23 6.00 4.30
7 145.00 104.00 24 39.22 26.30
8 8.00 5.00 25 384.70 274.50
11 114.00 81.00 26 384.70 274.50
13 14.00 10.00 27 3.60 2.70
14 26.00 18.60 29 4.35 3.50
16 14.00 10.00 30 24.00 17.20
17 6.00 4.00 31 100.00 72.00
18 26.00 18.55 32 32.00 23.00
19 26.00 18.55 33 59.00 42.00

AN519% 1.2 %’ayjamaﬂammme‘iﬂamiswﬁmmsﬂw%ﬂ 33 Ud

Branch  Sending Receiving R X Branch  Sending Receiving R X

Number End Bus End Bus Q) (9)) Number End Bus End Bus 1(9)) 1(9))
1 1 2 0.0015 0.0036 20 20 21 0.3100 0.3623
2 2 3 0.0251 0.0294 21 21 22 0.0092 0.0116
3 3 4 0.3811 0.1941 22 2 23 0.0034 0.0084
a4 a4 5 0.0493 0.0251 23 23 24 0.0822 0.2011
5 5 6 0.8190 0.2707 24 a4 25 0.0928 0.0473
6 6 7 0.7114 0.2351 25 5 26 0.1740 0.0886




10
11
12
13
14
15
16
17
18
19

10
11
12

14
15
16

18
19

10
11
12
13
14
15
16
17
18
19
20

1.0300
1.0440
0.1966
0.2106
0.0140
0.3089
0.0044
0.3978
0.3510
1.7080
0.0044
0.0640
0.0018

0.3400
0.3450
0.0650
0.0690
0.0046
0.1021
0.0108
0.1315
0.1160
0.5646
0.0108
0.1565
0.0021
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26 26 27 0.2030 0.1034
27 27 28 0.2813 0.1433
28 28 29 0.7837 0.2630
29 29 30 0.3861 0.1172
30 30 31 0.1450 0.0738
31 32 0.2012 0.0611
32 33 0.7394 0.2444
Tie Line
33 21 0.5000 0.5000
34 11 0.5000 0.5000
35 22 1.0000 0.5000
36 24 29 2.0000 1.0000
37 13 31 1.0000 0.5000
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Bus PL Qu Bus PL Qu
Number (kw) (kvar) Number (kw) (kvar)
6 2.60 2.20 37 26.00 18.55
7 40.40 30.00 39 24.00 17.00
8 75.00 54.00 40 24.00 17.00
9 30.00 22.00 41 1.20 1.00
10 28.00 19.00 43 6.00 4.30
11 145.00 104.00 45 39.22 26.30
12 145.00 104.00 46 39.22 26.30
13 8.00 5.00 48 79.00 56.40
14 8.00 5.50 49 384.70 274.50
16 45.50 30.00 50 384.70 274.50
17 60.00 35.00 51 40.50 28.30
18 60.00 35.00 52 3.60 2.70
20 1.00 0.60 53 4.35 3.50
21 114.00 81.00 54 26.40 19.00
22 5.00 3.50 55 24.00 17.20
24 28.00 20.00 59 100.00 72.00
26 14.00 10.00 61 1,244.00 888.00
27 14.00 10.00 62 32.00 23.00
28 26.00 18.60 64 227.00 162.00
29 26.00 18.60 65 59.00 42.00
33 14.00 10.00 66 18.00 13.00
34 19.50 14.00 67 18.00 13.00
35 6.00 4.00 68 28.00 20.00
36 26.00 18.55 69 28.00 20.00
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Branch  Sending Receiving R X Branch  Sending Receiving R X
Number End Bus End Bus (9)) (9)) Number End Bus End Bus (9)) Q)

1 1 2 0.0005 0.0012 36 36 37 0.0640 0.1565
2 2 3 0.0005 0.0012 37 37 38 0.1053 0.1230
3 3 4 0.0015 0.0036 38 38 39 0.0304 0.0355
4 4 5 0.0251 0.0294 39 39 40 0.0018 0.0021
5 5 6 0.3660 0.1864 40 40 41 0.7283 0.8509
6 6 7 0.3811 0.1941 41 41 42 0.3100 0.3623
7 7 8 0.0922 0.0470 42 42 43 0.0410 0.0478
8 8 9 0.0493 0.0251 43 43 a4 0.0092 0.0116
9 9 10 0.8190 0.2707 a4 44 45 0.1089 0.1373
10 10 11 0.1872 0.0619 45 45 46 0.0009 0.0012
11 11 12 0.7114 0.2351 46 a4 a7 0.0034 0.0084
12 12 13 1.0300 0.3400 a7 a7 48 0.0851 0.2084
13 13 14 1.0440 0.3450 48 48 49 0.2898 0.7091
14 14 15 1.0580 0.3496 49 49 50 0.0822 0.2011
15 15 16 0.1966 0.0650 50 8 51 0.0928 0.0473
16 16 17 0.3744 0.1238 51 51 52 0.3319 0.1114
17 17 18 0.0047 0.0016 52 9 53 0.1740 0.0886
18 18 19 0.3276 0.1083 D3 53 54 0.2030 0.1034
19 19 20 0.2106 0.0690 54 54 55 0.2842 0.1447
20 20 21 0.3416 0.1129 55 55 56 0.2813 0.1433
21 21 22 0.0140 0.0046 56 56 57 1.5900 0.5337
22 22 23 0.1591 0.0526 oft 57 58 0.7837 0.2630
23 23 24 0.3463 0.1145 58 58 59 0.3042 0.1006
24 24 25 0.7488 0.2475 59 59 60 0.3861 0.1172
25 25 26 0.3089 0.1021 60 60 61 0.5075 0.2585
26 26 27 0.1732 0.0572 61 61 62 0.0974 0.0496
27 3 28 0.0044 0.0108 62 62 63 0.1450 0.0738
28 28 29 0.0640 0.1565 63 63 64 0.7105 0.3619
29 29 30 0.3978 0.1315 64 64 65 1.0410 0.5302
30 30 31 0.0702 0.0232 65 11 66 0.2012 0.0611
31 31 32 0.3510 0.1160 66 66 67 0.0047 0.0014
32 32 33 0.8390 0.2816 67 12 68 0.7394 0.2444
33 33 34 1.7080 0.5646 68 68 69 0.0047 0.0016
34 34 35 1.4740 0.4873 Tie Line

35 3 36 0.0044 0.0108 69 11 43 0.5000 0.5000
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Branch  Sending Receiving R X

Number End Bus End Bus (9)) (9))
70 13 21 0.5000 0.5000
71 15 a6 1.0000 0.5000
72 50 59 2.0000 1.0000
73 27 65 1.0000 0.5000
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Photovoltaic Farm on Distribution System

Papon Ngamprasert,
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Phra Nakhon. Bangkok, THAILAND
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Abstract—This  paper  presents an  application
improvement of voltage profile by photovoltaic farm on
distribution system. The improvement for the sag
voltage is a factor in the efficiency of the power
distribution system. Under technical constraints such as
power flow and bus voltage limits. Modeling solution
that uses the radius 69 bus distribution system with
distributed generators (DG). It is therefore proposed in
this paper to solve a solar power plant into the power
distribution system problem based on a power flow
algorithm. The results show that solar power plant can
be improvement for voltage sag on distribution system.

Keywords— Voltage Sag, Photovoltaic, Distribution
System

I. INTRODUCTION

Distributed generation is an approach that employs small-
scale technologies to produce electricity close to the end
users of power. DG technologies often consist of modular
(and sometimes renewable-energy) generators, and they
offer a number of potential benefits. For example, of DG
such as wind, solar, fuel cells, hydrogen, and biogas show in

ot
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The DGs placement in distribution system to voltage profile
improvement by photovoltaic farm on distribution system
under the technical conditions, power flow equation, line
capability. The experiment with the model of distribution
system 69 buses was evaluated to find the answer with the
proposed technique.

II. VOLTAGE SAG

The sag voltage 1s defined as reducing the rms voltage
between 10-90% which continues from half a cycle to one
minute shown in Fig. 3.

Event Magnitude

A
z
é Voltage Swell Over Voltage
&
. =
110% .
Normal Operating Voltage
90% T p
°l = Under Voltage
L
2 .
g Voltage Sag )
E Sustained interruption
=
10%| £
# | Instantaneous I Momentary I Temporary .
>
0.5 eycle 30 cycle 3 sec 1 min Event Duration

Fig. 3. Voltage Sag/Swell of IEEE Standard.

Most of the voltage sag are caused by a short-circuit to a
single-phase ground. The starting of a with high power motor
can be also create a voltage sag down shown m Fig. 4.

Volts - regulateds

Fig. 4. Voltage Sag.
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The maximum and mimimum values of voltage at the
consumer end are prescribed in LE. Rules, 1956. Both
voltage drop and losses depend on the impedance of the line
as well as its loading. Generally, lower-line voltage drop
and line losses are desirable and a larger conductor size can
be used for that purpose. However, use of a conductor above
a certain size yields diminishing returns in terms of voltage
drop and losses. Impedance (Z=R + jX) does not drop much
where R is already small and further reduction in reactance
X 1s a function of conductor spacing, which does not change
with conductor size. Therefore, for any loading an optimum
conductor size 1s desirable.

III. PHOTOVOLTAIC

Solar photovoltaic (PV) power generation uses renewable
energy that 1s natural, safe and sustamable. PV 1s a device
that converts sunlight into electricity using the intensity of
solar. PV systems used for many photovoltaic farms connect
to the grid everywhere, especially in developed countries
with large markets [1]. A schematic diagram of solar
photovoltaic (PV) system as show in Fig 5.

Ipv

MTTP

Vmv control

DC Bus

Switched mode

power converter Inverter Load

Ll

DC/DC boost
converter

PV Generator

Battery
Tank

Fig. 5. Schematic diagram of a PV system.

Photovoltaic systems include PV array system which
consists of two or more solar panel that converts sun light
mto electricity. Photovoltaic system 1s a non-conventional
source of energy like wind turbine etc. It is used with
dynamic voltage recover (DVR) system for energy storage.
This system will provide energy to dc source which 1s used
by inverter system to convert dc energy into ac energy for
further applications of DVR system. The equivalent circuit
model of photovoltaic cell is shown in Fig.6 [2].

PV Panels Inverters Transformer

Power Meter Switch Gear

Transmission Line

Fig. 6. Photovoltaic systems.
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IV. MATHEMATICAL MODEL

This standard presents definition and table of voltage
sag/swell base on categories (Instantaneous, momentary,
temporary) typical duration, and typical magnitude. The
typical residential utility power after sag/swell disturbance
is in the range of +/-5% from the nominal of voltage
swell.[3]

%4 L/
Sag(%) = _pre sag  sag

l’;are sag (l )
v, D
Swell(%) = 22 wes  Swerl
Vprs swell (2)
There are two methods for voltage drop (VD)
calculations.

i Sum of kVA rating of distribution transformers
Maximum demand = - — (J)
Diversity factor

VD per km.kVA x (total km.kVA)

% VD = 4

. Diversity factor )

ey M 1.732 % £V x maximum demand 5
e foctor = g of KVA rating of distributlon fransformers ®)
% VD = VD per km.kVA % (total km. kVA) x demand factor ()

When considering the constant energy factor is the
reactive power can be calculate with the equation (7).

Q¢ = Pstan(cos™ (pfe)) (7

where Pfe is the power factor specified in the DG. Then the
mjected net current associate at DG.

V. CASE STUDY

For the study, improve the voltage profile using 69 buses
distribution system model with DG as shown in Fig.7. The
nine DG units are located at buses 19. 29, 36, 39, 49, 53, 59,
62 and 69 have the capacity of 300, 400, 100, 100, 100, 400,
100, 400, 200 and 200 kW respectively. The total mstalled
capacity of DGs 1s 1,000 kW. The system base 100 MVA
and voltage base 1s 12.66 kV.

Each branch in the system has a separate switch to
reconfigure. The data loaded in the AI table and AII table
provide branch information. [5]

The switch number 1-68 1s sectionalizing switches on a
distribution feeder (normally close) and switch number 69-
73 is tie switches (normally open). The total load for this
test system 1s 3,801.89 kW and 2,694.10 kVAr. The
voltages all buses are set at 0.95 and 1.05 p.u.
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= ~Tesmide MIE ® ! system. which has performed three cases are examined
® wied generator T ® ‘:\ as follows, Case 1: Without in distribution system. Case
r|—® | 2: Installation DGs 5 buses in distribution system. Case
_______ 3: Installation DGs 9 buses in distribution system. It was
Fig. 7. Single-line diagram of 69-bus distribution system. found that Case 1: Without in distribution system

does not improve distribution system. But Case 2:
Installation DGs 5 buses in distribution system, Case 3:

Three cases are examined as follows: . P
Installation DGs 9 buses in distribution system.

Case 1: Without DGs in distribution system. This case
represents the base case.
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APPENDIX
TABLE Al
LOAD DATA OF 69-BUS DISTRIBUTION SYSTEM
Bus P Qo Bus P Qo
Number (kW) (VAL Number kW) (VA
6 2.60 220 37 26.00 18.55
7 4040 30.00 39 24.00 17.00
8 75.00 54.00 40 24.00 17.00
9 30.00 22.00 41 1.20 1.00
10 28.00 19.00 43 6.00 430
11 145.00 104.00 45 3922 26.30
12 145.00 104.00 46 3922 26.30
13 8.00 5.00 48 79.00 56.40
14 8.00 5.50 49 38470 274.50
16 45.50 30.00 50 384.70 274.50
17 60.00 35.00 51 40.50 28.30
18 60.00 35.00 52 3.60 2.70
20 1.00 0.60 53 435 350
21 114.00 81.00 54 26.40 19.00
22 5.00 350 55 24.00 17.20
24 28.00 20.00 59 100.00 72.00
26 14.00 10.00 61 1.244.00 888.00
27 14.00 10.00 62 32.00 23.00
28 26.00 18.60 64 227.00 162.00
29 26.00 18.60 65 59.00 42.00
33 14.00 10.00 66 18.00 13.00
34 19.50 14.00 67 18.00 13.00
35 6.00 4.00 68 28.00 20.00
36 26.00 18.55 69 28.00 20.00
TABLE All
BRANCH DATA OF 69-BUS DISTRIBUTION SYSTEM
Branch Sending Receiving R X
Number end bus end bus Q) Q)
1 1 2 0.0005 0.0012
2 2 3 0.0005 0.0012
3 3 4 0.0015 0.0036
4 4 5 0.0251 0.0294
5 5 6 0.3660 0.1864
6 6 7 0.3811 0.1941
7 7 8 0.0922 0.0470
8 8 9 0.0493 0.0251
9 9 10 0.8190 02707
10 10 11 0.1872 0.0619
11 11 12 0.7114 02351
12 12 13 1.0300 0.3400
13 13 14 1.0440 03450
14 14 15 1.0580 0.3496
15 15 16 0.1966 0.0650
16 16 17 0.3744 0.1238
17 17 18 0.0047 0.0016
18 18 19 0.3276 0.1083
19 19 20 0.2106 0.0690
20 20 21 0.3416 0.1129
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TABLE AII (Continued)
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Branch Sending Recetving R X
Number end bus end bus Q) Q)
21 21 22 0.0140 0.0046
22 22 23 0.1591 0.0526
23 23 24 0.3463 0.1145
24 24 25 0.7488 0.2475
25 25 26 0.3089 0.1021
26 26 27 0.1732 0.0572
27 3 28 0.0044 0.0108
28 28 29 0.0640 0.1565
29 29 30 0.3978 0.1315
30 30 31 0.0702 0.0232
31 31 32 0.3510 0.1160
32 32 33 0.8390 0.2816
33 33 34 1.7080 0.5646
34 34 35 1.4740 04873
35 3 36 0.0044 0.0108
36 36 37 0.0640 0.1565
37 37 38 0.1053 0.1230
38 38 39 0.0304 0.0355
39 39 40 0.0018 0.0021
40 40 41 0.7283 0.8509
41 41 42 0.3100 0.3623
42 42 43 0.0410 0.0478
43 43 44 0.0092 0.0116
4+ 4+ 45 0.1089 0.1373
45 45 46 0.0009 0.0012
46 4 47 0.0034 0.0084
47 47 43 0.0851 0.2083
43 43 49 0.2898 0.7091
49 49 50 0.0822 0.2011
50 8 51 0.0928 0.0473
51 51 52 0.3319 0.1114
52 9 53 0.1740 0.0886
53 53 54 0.2030 0.1034
54 54 55 0.2842 0.1447
55 55 56 0.2813 0.1433
56 56 57 1.5900 0.5337
57 57 58 0.7837 0.2630
58 58 59 0.3042 0.1006
59 59 60 0.3861 0.1172
60 60 61 0.5075 0.2585
61 61 62 0.0974 0.0496
62 62 63 0.1450 0.0738
63 63 64 0.7105 0.3619
64 64 65 1.0410 0.5302
65 11 66 0.2012 0.0611
66 66 67 0.0047 0.0014
67 12 68 0.7394 0.2444
68 68 69 0.0047 0.0016
Tie line

69 11 43 0.5000 0.5000
70 13 21 0.5000 0.5000
71 15 46 1.0000 0.5000

2 50 59 2.0000 1.0000
73 27 65 1.0000 0.5000
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Abstract

This paper presents the case study of the operation of small
distributed solar power plant. Practices of small distributed solar power
plants using PVSyst and 1EC 61724 mathematical equations to study
the % performance ratio Therefore, this article is proposed as a case
study of the operation of small distributed solar power plants. The
results of the study show that the operation of small distributed solar
power plants increases the efficiency to be able to produce the

maximum electricity and continuously.

Keywords: Photovoltaic, Irradiance, % Performance Ratio, Power

Generation Capacity
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Abstract—

Distributed generator (DG) is a small-scaled generator
driven by different types of resources and technologies
such as wind, solar, fuel cells, hydrogen, and biomass.
DGs are connected in parallel with the distribution system
and expected to play an increasing role in emerging
electric power systems mainly because they can be served
as a source of active power at on or near the site where it
is to be used.

Electric utilities can enjoy many benefits from DGs.
Improvement in their system. Voltage profile and
reduction in branch currents are a few examples of
benefits from DG. An advantage of DGs in an aspect of
loss reduction is the main emphasis in this paper. Such an
advantage is due to the fact that DG can help reduce
current flow in the feeders and therefore resulting in less
voltage drop. This advantage can only be achieved when
DGs are properly placed. .

The objective function of DGs placement, in this paper,
is to minimize the annual energy loss cost while retaining
voltage magnitudes of all buses within prescribed
allowable limits. The power flow equations, current
transfer capability of the feeders, numbers and capacities
of DGs are also set as the constraints. The power flow
algorithm is employed to search for the optimal solution
expressed in forms of the locations and sizes of DG.

Voltage Sag

The voltage sag is defined as a decrease in the value of
rms voltage between 10-90% which goes on from one
half cycle to one minute shown in Fig. 1.

Event Magnitude

A
£
g Voltage Swell Over Voltage
110%|— e
Normal Operating Voltage
90% 7 Under Voltage
L]
El
S Voltage Sag
: Sustained interruption
10%] 5
Z | Instantaneous | Momentary | Temporary =
Ll
0.5 cycle 30 cycle 3 sec 1 min Event Duration

Fig. 1. Voltage Sag/Swell of IEEE Standard

The voltage sag can affect to the phase or amplitude.
The most voltages sag occurs caused by a single phase to
ground short circuit. An unbalanced short circuit can
trigger an unbalanced phase and shift it from its nominal
value. The starting of motor with high power also can
generate voltage sag shown in Fig. 2.

Fig. 2. Voltage Sag

The amplitude of the voltage sag depends on several
factors i.e. type, location, and impedance disturbance. The
voltage sag in each busbar is different depends on location
of disturbance. The duration of sag is determined by
duration of protection clearing time i.e. the extent to
which voltage sag is able to be removed. The voltage
swell is an increase in source rms voltage in short time
intervals whose value ranges from 1.1 p.u. to 1.8 p.u.
from nominal source voltage. Although the duration time
of voltage sag/swell is short, the interference can affect
sensitive loads such as the computers, the programmable
logic controllers (PLCs) and the variable speed drives
(VS8Ds) on motor and simultaneously reducing efficiency
of these devices.

Photovoltaic

Solar power generation is the conversion of light
energy to electric energy. Sunlight or photon can be
converted directly into electric power using photovoltaic
(PV), or even easier with the concentrating solar power
(CSP) as heat conserve, which generally focuses the
photon energy to water at its boiling point which can be
used to generate power. Photovoltaic (PV) were early
used to generation as a single solar cell to small
household stuffs powered by photovoltaic (PV) arrays. A
PV solar cell is a device that converts light/photon into
electric current using the effect of photoelectric. The
photovoltaic (PV) power system, or P system array
produces direct current (DC) power which dependent with
the sunlight's photon intensity.

In practical use this is usually need conversion to
certain require voltages as alternating current (AC)
voltages by using an inverter. Many solar cells are
connected inside the modules. All modules are wired
together to form solar arrays, then all tied to an inverter,
which produces the power at desired voltage for DC and
for AC, it is voltage as well as the required frequency and
phase.

213



Photovoltaic systems include PV array system which
consists of two or more solar panel that converts sun light
into clectricity. Photovoltaic system is a non-conventional
source of energy like wind turbine etc. It is used with
dynamic voltage recover (DVR) system for cnergy
storage. This system will provide encrgy to dc source
which is used by inverter system to convert de energy into
ac energy for further applications of DVR system. The
equivalent circuit model of photovoltaic cell is shown in
Fig3.

) Pans broveteny

Toanamdachon Line

Poswnd Metps St Gew

Fig. 3. Photovoltaic systems

This paper focuses on the advantage of DG for loss
reduction. Such advantage is due to the fact that DG can
help reduce current flow in the feeders and therefore
resulting in less power loss in the lines. However, loss
reduction could be effectively achieved when DGs are
properly placed into the distribution system. This paper
presents the application of power flow algorithm. to
determine the optimal numbers. locations, and capacitics
of DG units to be installed in the distribution system

The developed methodology is demonstrated by a
radial distribution system with 69 buses, 7 laterals and 5
tic-lines (looping branches), as shown in fig.4. The current
carrying capacity of branch No.1-9 is 400 A, No. 4649
and No. 52-64 are 300 A and the other remaining branches
including the tic lines are 200 A. Ninc DG units are
located at buses 19, 29, 36. 39, 49, 53, 59, 62 and 69 with
capacities of 300, 400, 100, 100, 100, 400, 100, 400 and
200 kW, respectively. The total installed capacity of the
DGs is 1000 kW, the base values for voltage and power are
1266 kV and 100 MVA. The minimum and maximum
voltages are set at 0.95 and 1.05 p.u.

000000000

o —————————

Fig 4. Singleline diag

of 69-bus distribution system

Tlhiree cases are examined as follows:
Case 1: Without DGs in distribution system. This case
represeats the base case.
Case 2! Installation DGs 5 buses in distribution system
Case 3: Installation DGs 9 buses in distribution system

This paper presents solving power quality for voltage
sag on distribution system. The objective function of the
problem is to improvement for voltage sag subject to
power flow constraints, bus voltage limits. The developed
methodology s demonstrated by a 69-bus radial
distribution system with distributed generators (DG). It is
therefore proposed in this paper to solve a solar power
plant into the power distribution system problem based on
a power flow algorithm. The results show that solar power
plant can be improvement for voltage sag on distribution
system
itaic, Distribution

i
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Abstract: This paper presents an improvement for voltage sag with photovoltaic performance on distribution system. The
improvement for the sag voltage is a factor in the etficiency of the power distribution system. Under technical constraints such as
power flow and bus voltage limits. Modeling solution that uses the radius 69 bus distribution system with distributed generators
(DG). It is therefore proposed in this paper to solve a solar power plant into the power distribution system problem based on a
power flow algorithm. The results show that solar power plant can be improvement for voltage sag on distribution system,

Index Terms—Voltage Sag, Photovoltaic, Distribution System.

I. INTRODUCTION

DISTRIBUTED generation is an approach that employs
small-scale technologies to produce electricity close to the
end users of power. DG technologies often consist of
modular (and sometimes renewable-energy) generators, and
they offer a number of potential benefits. For example, of
DG such as wind, solar, fuel cells, hydrogen, and biogas
show in Fig.1.

The DGs placement in distribution system to voltage
profile improvement by photovoltaic farm on distribution
system under the technical conditions, power flow equation,
line capability. The experiment with the model of
distribution system 69 buses was evaluated to find the
answer with the proposed technique.

Voltage sags (or dips-American English uses "sag", and
British English uses "dip". but they mean exactly the same
thing) are the most common power quality disturbance [1].
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Fig. I. Type of distributed generation.

This type of disturbance is typically by a short circuit, or
fault, on the power distribution grid. The grid, in this case,
includes the mains wiring inside the building. Most experts
agree that more than 50% of voltage sags are caused by
something inside the building. The power supply on this is
typical of inexpensive single-phase and three-phase
supplies. Supplies like these are found in computers, robots,
adjustable speed drives (also called variable frequency
drives), etc. Here's how the supply work: a bridge rectifier
feeds pulsed DC current to a bulk electrolytic capacity. A
Distributed system with DGs installation as show in Fig. 2.

Trasformer

ne:

I I FI“I“I

Fig. 2. Distributed system with DGs installation.
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These capacitors are generally available only in certain
discrete values-try the slider. A regulator then ensures that
the output voltage is a constant, steady, DC value. In this
case, the regulator is set for 300V DC, with a minimum
forward voltage drop of 60V [2-3]. The nominal input is
240VAC. You can adjust the regulator efficiency.

1. VOLTAGE SAG
The sag voltage is defined as reducing the rms voltage
between 10-90% which continues from half a cycle to one
minute shown in Fig. 3.

Event Magnitde
A
& Voltage Swell Over Voltage
110%— - -
Normal Operating Voltage
) P Under Voltage
L]
E
] Voltage Sag
e Sustained interruption
2
10%|
Z [ Instantaneous | Momentary | Temporary N
>
05 cycle 30 cycle 3sec 1 min Event Duration

Fig. 3. Voltage Sag/Swell of IEEE Standard.

Most of the voltage sag are caused by a short-circuit to a
single-phase ground. The starting of a with high power
motor can be also create a voltage sag down shown in Fig. 4.

The maximum and minimum values of voltage at the
consumer end are prescribed in LE. Rules, 1956. Both
voltage drop and losses depend on the impedance of the line
as well as its loading. Generally, lower-line voltage drop
and line losses are desirable and a larger conductor size can
be used for that purpose. However, use of a conductor
above a certain size yields diminishing returns in terms of
voltage drop and losses. Impedance (Z=R + jX) does not
drop much where R is already small and further reduction
in reactance X is a function of conductor spacing, which
does not change with conductor size. Therefore, for any
loading an optimum conductor size is desirable.

Fig. 4. Voltage Sag.

III. PHOTOVOLTAIC

Solar photovoltaic (PV) power generation uses renewable
energy that is natural, safe and sustainable. PV is a device
that converts sunlight into electricity using the intensity of
solar [4]. PV systems used for many photovoltaic farms
connect to the grid everywhere, especially in developed

29

countries with large markets [1]. A schematic diagram of
solar photovoltaic (PV) system as show in Fig. 5.

MTTP
control

Switched mode
power converter |

e

Battery
Tank

DC Bus

PV Generator

Fig. 5. Schematic diagram of a PV system.

Photovoltaic systems include PV array system which
consists of two or more solar panel that converts sun light
into electricity. Photovoltaic system is a non-conventional
source of energy like wind turbine etc. It is used with
dynamic voltage recover (DVR) system for energy storage.
This system will provide energy to dc source which is used
by inverter system to convert dc energy into ac energy for
further applications of DVR system. The equivalent circuit
model of photovoltaic cell is shown in Fig. 6 [5].

PV Panels String Box ¥
Inverters
Transformer

AC 22kV

Transmission Line

Power Meter

Switch Gear

Fig. 6. Photovoltaic systems.

In recent years, all large-scale urban blackouts are due to
transmission line overload which connected one or more
distribution network with transmission network. Therefore,
the energy control strategy which this article designed will
satisfy the internal load demand of distribution network in
maximal degree. And the thoughts of this strategy are
reduced the long-distance power transmission, autarky and
superfluous power feeding external. The photovoltaic diesel
generator hybrid power supply system will be programmed
as isolated island operation model which could access new
energy maximum and will running at grid connected mode
to send out extra solar energy [6].

Without photovoltaic outputting, if the battery packs
output is less than the local load demands the diesel
generators will fully generating. If the battery packs can
satisfy load demand, the load will chose using battery backs
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or diesel engines to undertake the residual load and the
criterion is sensitive load. When the photovoltaic fully
outputting can’t satisfy the load demand, the diesel
generators will undertake the surplus load demand. This
could avoid get or send energy to distribution network.
Therefore, the access number and access positions of
photovoltaic diesel generator hybrid power supply system
are random. In each access position, the optimizing function
can get the optimal access capacity and control model. The
equivalent static model of a solar cell by a diode circuit as
shown in Fig. 7 [7].

Fig. 7. Equivalent static model of a solar cell

The relation between the output voltage U and the load
current can be formulated as follows [8].

I=1,~1,=1, —l(,[exp(u*—”‘]—l} )
o

Where 1 is load current
I is current photo
Io is saturation current
U is output voltage
Rs is series resistor
a is  voltage temperature coefficient

IV. FORMULATION

This standard presents definition and table of voltage
sag/swell base on categories (instantaneous, momentary,
temporary) typical duration, and typical magnitude. The typical
residential utility power afler sag/swell disturbance is in the
range of +/-5% from the nominal of voltage swell [9].

Vore sag = Vsa
Sag(%) =229 =9
e l/pre sag @)
V, -V
SWBU(%) = I pre swell swell] (3)

Vore swett

There are two methods for voltage drop (VD) calculations.

Sum of kVA rating of distribution transformers 4
Diversity factor 4

demand =

30

VD per km.kVA x (total km.kVA)
%VD = 5)

Diversity factor

1.732 x kv x maximum demand 6
Sum of kVA rating of distribution transformers (6)

Demand factor =

% VD = VD per km.kVA x (total km.kVA) x demand factor (7)

When considering the constant energy factor is the
reactive power can be calculate with the equation (8).

Q¢ = Pgtan(cos™ (pf;)) ®)

where P/c is the power factor specified in the DG. Then the
injected net current associate at DG.

V. SOLUTION METHODOLOGY

The Tabu search algorithm is applied to solve the voltage
sag problem using the following steps for calculation.
Step 1: Read the bus, load and branch data of a distribution
system including all the operational constraints.
Randomly select a feasible solution from the search

space: Sy € Q. The solution is represented by the

Step 2:

switch number that should be opened during network
reconfiguration.

Set the size of a Tabu list, maximum iteration and
iteration index m=1.

Let the initial solution obtained in step 2 be the
current solution and the best solution: Sbat = SO,

Step 3:

Step 4:

and Syet =S;-

Perform an optimal power flow by a MATPOWER
software package [10] to determine power loss, bus
voltages, branch currents and generation schedules
of the distributed generators.

Calculate the total power loss using (1) and check
whether the current solution satisfies the constraints.
A penalty factor is applied for constraint violation.

Step 5:

Step 6:

Step 7: Calculate the aspiration level of Speg:fioy =
f(Spegt ) - The aspiration level is the sum of L and a

penalty function

Step8:  Generate a set of solutions in the neighborhood of
Seurrent by changing the switch numbers that should
be opened. This set of solutions is designated as
Sne’ghbor 4

Step9:  Calculate the aspiration level for each member of

Sneighbor - and choose the one that has the highest
aspiration level, sne'ghbor b est-

Step 10: Check whether the attribute of the solution obtained

in step 9 is in the Tabu list. If yes, go to step 11, or
else Srent = Sneighbor b et and go to step 12.

Step 11: Accept Spgighbor p est if it has a better aspiration level
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Each branch in the system has a separate switch to

than f, and setS =S . , or else
best current neighbor b est reconfigure. The data loaded in the Al table and Al table

select a next-best solution that is not in the Tabu list provide branch information [11].

0 become the current solution. The switch number 1-68 is sectionalizing switches on a
Step 12: Update the Tabu list and set m=m +1. distribution feeder (normally close) and switch number 69-
Step 13: Repeat steps 8 to 12 until a specified maximum 73 is tie switches (normally open). The total load for this

iteration has been reached. test system is 3.801.89 kW and 2.694.10 kVAr. The
Step 14: Repeat step 5 and report the optimal solution. voltages all buses are set at 0,95 and 1.05 p.u.

Three cases are examined as follows:
Case 1: Without DGs in distribution system. This
case represents the base case.

Distribution system with DG as show in Fig. 8.

Substation 1 2 3 4 5 6 7 8 9 10 ‘ . i . .
— | I N N T A | Case 2: Installation DGs 5 buses in distribution
I '1 I ’1 I '1 I '1 '1 system.
DG Case 3: Installation DGs 9 buses in distribution
. system.

|

|

v VI RESULTS
@ The numerical results for the 3 cases are shown in Fig.
10, 11 and 12 the bus voltages of all buses for cases 1, 2
and 3. As can be seen, the bus voltages are improved in the

presence of the DGs.

Fig. 8. Distribution system with DG

VI. CASESTUDY

For the study, improve the voltage profile using 69 buses
distribution system model with DG as shown in Fig.9. The
nine DG units are located at buses 19, 29, 36, 39, 49, 53,
59, 62 and 69 have the capacity of 300, 400, 100, 100, 100,
400, 100, 400, 200 and 200 kW respectively. The total
installed capacity of DGs is 1,000 kW. The system base 100

MVA and voltage base is 12.66 kV. T
Fig. 10. Without in distribution system.
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@ Fig. 12. Installation DGs 9 buses in distribution system.
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Fig. 9. Single-line diagram of 69-bus distribution system. with a single-line diagram of 69-bus distribution system,
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allocation of radial distribution systems,” IEEE Trans. on Power ;i ;5 ;i ?'8,'(3)33 g;g;g
i 2 -2 stober 2 : :
Delivery, vol.22, no.4, pp.2473-2480, October 2007. 3 3 3s 14740 04873
APPENDIX 35 3 36 0.0044 0.0108
36 36 37 0.0640 0.1565
TABLE Al 37 37 38 0.1053 0.1230
LoAD DATA OF 69-BUs DISTRIBUTION SYSTEM 38 38 39 0.0304 00355
Bus Py Qu Bus P Qu 39 39 40 0.0018 00021
Number (kW) (kVAr) Number (kW) (kVAr) 40 40 41 0.7283 0.8509
6 2.60 220 37 26.00 18.55 41 41 42 0.3100 03623
7 40.40 30.00 39 24.00 17.00 42 42 43 0.0410 0.0478
8 75.00 54.00 40 24.00 17.00 43 43 44 0,0092 00116
9 30.00 22.00 41 1.20 1.00 44 44 45 0.1089 0.1373
10 28.00 19.00 43 6.00 4.30 45 45 46 0.0009 0.0012
11 145.00 104.00 45 3922 2630 46 4 47 0.0034 0.0084
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TABLE All (CONTINUED)

Branch Sending Receiving R X
Number end bus end bus Q) (Q)
47 47 48 0.0851 0.2083
48 48 49 0.2898 0.7091
49 49 50 0.0822 0.2011
50 8 51 0.0928 0.0473
51 51 52 0.3319 0.1114
52 9 53 0.1740 0.0886
53 53 54 0.2030 0.1034
54 54 55 0.2842 0.1447
55 55 56 0.2813 0.1433
56 56 57 1.5900 0.5337
57 57 58 0.7837 0.2630
58 58 59 0.3042 0.1006
59 59 60 0.3861 0.1172
60 60 61 0.5075 0.2585
61 61 62 0.0974 0.0496
62 62 63 0.1450 0.0738
63 63 64 0.7105 0.3619
64 64 65 1.0410 0.5302
65 11 66 02012 0.0611
66 66 67 0.0047 0.0014
67 12 68 0.7394 0.2444
68 68 69 0.0047 0.0016
Tie line
69 11 43 0.5000 0.5000
70 13 21 0.5000 0.5000
71 15 46 1.0000 0.5000
72 50 59 2.0000 1.0000
73 27 65 1.0000 0.5000
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Abstract— This paper presents an enhance power loss in
distribution system synergy photovoltaic power plant.
The enhance power loss is a factor in the efficiency of the
power distribution system. Under technical constraints
such as power flow and power loss. Modeling solution
that uses the radius 33 bus. Distribution system with
distributed generators (DG). It is therefore proposed in
this paper to solve a solar power plant into the power
distribution system problem based on a power loss
synergy power flow algorithm. The results show that
solar power plant can be enhance power loss on
distribution system.

Keywords— Power Loss, Photovoltaic, Distribution
System

I INTRODUCTION

Distributed generation is an approach that employs small-
scale technologies to produce electricity close to the end
users of power. DG technologies often consist of modular
(and sometimes renewable-energy) generators, and they
offer a number of potential benefits. For example, of DG
such as wind, solar, fuel cells, hydrogen, and biogas show in
Fig.1.

HYDROPOWER

SOLAR WIND

Fig.1. Type of distributed generation.

The DGs placement in distribution system to enhance
power loss improvement by photovoltaic power plant on
distribution system under the technical conditions, power
flow equation, line capability. The experiment with the
model of distribution system 33 buses [1] was evaluated to
find the answer with the proposed technique enhance power
loss in distribution system synergy photovoltaic power
plant. Distributed system with DGs installation show in Fig.2.
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Fig.2. Distributed system with DGs installation.

WIND

In the grid-connected system, as all excess power is fed to
the grid lines. except for small critical loads, such as the
startup controls and the computers. The DC power is first
converted into AC by the inverter, ripples are filtered and
then only the filtered power is fed into the grid lines.

For photovoltaic (PV) applications, the inverter is a
critical component, which converts the array DC power into
AC for supplying the loads or interfacing with the grid. AC-
PV modules, which integrates an inverter directly in the
module. It provides utility grade 60Hz power directly from
the module junction box. This greatly simplifies the PV
system design.

Real power loss is an important index for the technical
assessment of PV-DG placements. The total power loss at
each load level after the PV-DG installations. The key
component in the objective function to be minimized is the
real power loss reduction after sitting DGs. Assume that a
given number of available PV-DG units are planned for
placement in the system and each unit is assigned with a
maximum MW capacity. The search space of the PV-DG
candidate busses usually is enormous [2].

Therefore, this research paper presents an enhance power
loss in distribution system synergy photovoltaic power plant
shown in Fig. 3. Using the with mathematical modeling
solution that uses the radius 33 bus distribution system with
distributed generators (DG).

{; Sun
> -
A0\ Phaotovoltaic
\

Inverte

Utility
Voltage

Switch
(Fuse, Recloser, Etc.)

Fig. 3. Photovoltaic power generation system.
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The objective is to analysis enhance power loss in
distribution system synergy photovoltaic power plant.

II. POWER LOSS

The power loss of distribution system analysis synergy
photovoltaic. Load in distribution system could be indicated
as.

Sy =P +jQ, (1
where PL is the active power of the load and Qv is the
reactive power of the load.

Model  establishing  distribution  system  synergy
photovoltaic access. The direction of power flow was
usually the network side than the load side in the traditional
distribution system without photovoltaic power access. The
current flowing into the load side have the distance between
the substation and the load side. Contrast with the traditional
distribution system, the model of the distribution system
synergy photovoltaic power access. The current flowing
from the substation is the current flowing from the
photovoltaic power, Is the distance between the substation
and the photovoltaic power, and is the distance between the
photovoltaic power and the load side [3].

To derive the transmission-loss equation in terms of
power output of the plants, we consider a simple system
consisting of substation, distributed generation and five
loads. with the transmission network represented by its bus
impedance matrix. When system loss is neglected, the
transmission network is equivalent to a single node to which
all generation and load is connected shown in Fig. 4.

Substation Il

'llllliz'@

234%6789]|0

MO

SOLAR

Fig. 4. Model of distribution system synergy photovoltaic.

I1I.  PHOTOVOLTAIC

Solar photovoltaic (PV) power generation uses renewable
energy that is natural, safe and sustainable. PV is a device
that converts sunlight into electricity using the intensity of
solar. PV systems used for many photovoltaic farms connect
to the grid everywhere, especially in developed countries
with large markets [4]. A schematic diagram of solar
photovoltaic (PV) system as show in Fig 5.

Ipv

P MTTP

F contral
Switched mode

|| power comertes [TT]
DC/DC boost J
converter

Battery
Tank

DC Bus

PV Generator

Fig. 5. Schematic diagram of a PV system.
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Photovoltaic systems include PV array system which
consists of two or more solar panel that converts sun light
into electricity. Photovoltaic system is a non-conventional
source of energy like wind turbine etc. It is used with
dynamic voltage recover (DVR) system for energy storage.
This system will provide energy to dc source which is used
by inverter system to convert dc¢ energy into ac energy for
further applications of DVR system. The equivalent circuit
model of photovoltaic cell is shown in Fig.6 [5].

[

PV Panels String Box

Transmission Line Pawer Meter Switch Gear

Fig. 6. Photovoltaic systems.

In recent years, all large-scale urban blackouts are due to
transmission line overload which connected one or more
distribution network with transmission network. Therefore,
the energy control strategy which this article designed will
satisfy the internal load demand of distribution network in
maximal degree. And the thoughts of this strategy are
reduced the long-distance power transmission, autarky and
superfluous power feeding external. The photovoltaic diesel
generator hybrid power supply system will be programmed
as isolated island operation model which could access new
energy maximum and will running at grid connected mode
to send out extra solar energy [6].

IV. MATHEMATICAL MODEL

The load flow analysis in distribution networks is solved
using backward forward sweep load flow method [7-8].

The single line diagram of a section of a distribution
network is presented as shown in Fig. 7.

Vk < 8k Vk+1<8k+1
R(i) X(i)
(500} j
Bus k 1(i) ampere
Bus k+1

I—) Branch i (—l Pp + jQp

Fig. 7. Two-bus section in a radial distributed network.

which shows the two buses; k and k+1, connected through a
branch line i. Resistance and reactance of the branch i are
represented by Ri and Xi, respectively. Whereas, /(i) is the
current that is flowing through the branch i. The power
losses across the branch i can be calculated by eq. (2)-(3).
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2 2
P + Qi

Piossiy = Ry X Verdl? (2)
Pia+Q;
Qoss iy = Xy X W 3)

where, Ploss(i) and Qloss(i) are the active and reactive
power losses across the branch i. The total power losses in
distribution network can be calculated by summing the
active and reactive power losses of all the branches in the
network. The total system losses can be calculated by eq. (4)

no.of branc hes
Ploss _total = Z Pioss (i) F Quoss (1) (4)

i=1
V. CASESTUDY

The study, enhance power loss using 33 buses distribution
system model with PV as shown in Fig.8. The nine DG units
are located at buses 10, 14, 18, 19, 23, 26, 29, 30 and 33
have the capacity of 300, 400, 100, 100, 100, 400, 100, 400
and 200 kW respectively. The total installed capacity of
DGs is 1,000 kW. The system base 100 MVA and voltage
base is 12.66 kV.

Each branch in the system has a separate switch to
reconfigure. The data loaded in the Table Al and Table All
provide branch information [9].

DG,
100 kKW
— DG,
DG, " ® 400 l:“
100 KW
me ] Grid supply point
1 Eanill i
e &
@ -
TE=A
1
| T
k3 @ .
I Tﬁt ko —
1 1 P — ]
b ® @ @ |
st
1 | I
1 S, T @ 1@
I T ;
1 5 @ @ @ 1
I . = 1
] v DG, 5 1
[} @ 100 KW 1
I 1
| DG TT‘@'l i
I 200 kW : of
L _____ ™ ® , TH @™ snokw
T T T . ul\
DGy @ |
300 kW : TI @
— Lond 8- \
— —Tie switches 1
—— Sectionalizing switches ™7 @ —
@ Distributed generator :
® I
AL W el

Fig. 8. Single-line diagram of 33-bus distribution system.

The switch number 1-32 are sectionalizing switches on a
distribution feeder (normally close) and switch number 33-
37 are tie switches (normally open). The total load for this
test system are 1,718.37 kW and 1,226.90 kVAr. The
voltages all buses are set at 0.95 and 1.05 p.u.

Four cases are examined as follows:

Case 1: Without DGs in distribution system. This case
represents the base case.

Case 2: Installation DGs 3 is number of DGs installation
in distribution system. Capacity of DGs 300 kW

Case 3: Installation DGs 6 is number of DGs installation
in distribution system. Capacity of DGs 600 kW

Case 4: Installation DGs 9 is number of DGs installation
in distribution system. Capacity of DGs 1000 kW

VI.  RESULTS

The numerical results for the 4 cases are shown in Table 1
the total power loss of all for cases 1, 2, 3 and 4. As can be
seen, the power loss is improved in cases 4 the presence of
the DGs capacity 1000 kW. The results of voltage profile
for cases | and 3 as shown in Fig. 9. and Fig. 10.

TABLE L. TEST REPORT POWER LOSS IN DISTRIBUTION SYSTEM SYNERGY
PHOTOVOLTAIC POWER PLANT OF MODEL 33 Bus

Case Vmin PV at bus Capacity  Total Power
(p.u.) of DGs Loss (kW)
1 0.95 - - 13.2316
2 0.95 10, 14,18 300 10.4515
3 0.95 10, 14,18, 19,23, 26 600 9.5910
4 095 10,14,18,19,23,26,29,30,33 1000 5.6347

TABLE II. BUS AND CAPACITY OF DGS AT BUS TEST

Bus 10 14 18 19 23 26 29 30 33

Capacity
of PV 100 100 100 100 100 100 100 100 200
(kW)

1.002 T T T T T T T T T

100 ===

Vaoltage (p.u.)
e = o o
g 2 ¢ &

g

e
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st
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sF
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54
"
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b
&
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=

1.002 T T T T T T T

1.000 ===,

Fig. 10. Voltage profile with PV in distribution system.

From Fig. 9. The voltage profile without PV in
distribution system. This case represents the base case. The
total power loss 13.2316 kW in distribution system synergy
photovoltaic power plant. and Fig. 10. The voltage profile
with PV in distribution system. The capacity of PV 600 kW.
The total power loss 9.5910 kW in distribution system
synergy photovoltaic power plant decreased.
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VIL

This paper presents an enhance power loss in distribution
system synergy photovoltaic power plant. Tested with a
single-line diagram of 33-bus distribution system, which has
performed four cases are examined as follows, Case 1:
Without in distribution system, Case 2: Installation DGs 3 is
number of DGs installation in distribution system, Case 3:
Installation DGs 6 is number of DGs installation in
distribution system, Case 4: Installation DGs 9 is number of
DGs installation in distribution system. It was found that
Case 1: Without in distribution system does not improve
distribution system. But Case 2: Installation DGs 3 is
number of DGs installation in distribution system, Case 3:
Installation DGs 6 is number of DGs installation in
distribution system, Case 4: Installation DGs 9 is number of
DGs installation in distribution system.

CONCLUSION
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APPENDIX
TABLE Al
LOAD DATA OF 33-BUS DISTRIBUTION SYSTEM
Bus P Qu Bus P Qu
Number (kW) (kVAr) Number (kW) (kVAr)
3 2.60 220 20 24.00 17.00
4 75.00 54.00 21 24.00 17.00
5 30.00 22.00 22 1.20 1.00
6 145.00 104.00 23 6.00 4.30
7 145.00 104.00 24 39.22 26.30
8 8.00 5.00 25 384.70 274.50
11 114.00 81.00 26 384.70 274.50
13 14.00 10.00 27 3.60 2.70
14 26.00 18.60 29 435 3.50
16 14.00 10.00 30 24.00 17.20
17 6.00 4.00 31 100.00 72.00
18 26.00 18.55 32 32.00 23.00
19 26.00 18.55 33 59.00 42.00
TABLE All
BRANCH DATA OF 33-BUS DISTRIBUTION SYSTEM
Branch Sending Receiving R X
Number end bus end bus Q) Q)
1 1 2 0.0015 0.0036
2 2 3 0.0251 0.0294
& 3 4 0.3811 0.1941
4 4 5 0.0493 0.0251
X 5 [ 0.8190 02707
6 6 7 0.7114 0.2351
7 7 8 1.0300 0.3400
8 § 9 1.0440 0.3450
9 9 10 0.1966 0.0650
10 10 11 0.2106 0.0690
11 11 12 0.0140 0.0046
12 12 13 0.3089 0.1021
13 1 14 0.0044 0.0108
14 14 15 0.3978 0.1315
15 15 16 0.3510 0.1160
16 16 17 1.7080 0.5646
17 1 18 0.0044 00108
18 18 19 0.0640 0.1565
19 19 20 0.0018 0.0021
20 20 21 0.3100 03623
21 2 22 0.0092 00116
22 2 23 0.0034 0.0084
23 2 24 0.0822 0.2011
24 4 25 0.0928 0.0473
25 5 26 0.1740 0.0886
26 26 27 0.2030 0.1034
27 27 28 0.2813 0.1433
28 28 29 0.7837 0.2630
29 29 30 0.3861 0.1172
30 30 31 0.1450 0.0738
31 6 32 0.2012 0.0611
32 il 33 0.7394 0.2444
Tie line
33 6 21 0.5000 0.5000
34 8 11 0.5000 0.5000
35 9 22 1.0000 0.5000
36 24 29 2.0000 1.0000
37 13 31 1.0000 0.5000
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Abstract

This paper presents an evaluation of the potential of direet current
(DC) power supply from solar power planis in power distribution
systems. By using the principles of measuring direct current. With
mathematical models, including principles, standard test conditions
(STC), Thermal inspection (Infrared scan) and current-voltage curve (I-
V Curve). With the objective of evaluating the potential of DC power.
Therefore, this paper is proposed to assess the potential of direct current
power from solar power plants in power distribution systems. The
results of the study show that evaluating the potential of direct current
power can know the efficiency and current generating capacity.

Maximum power and continuity.

Keywords: Assessing Potential, Power Distribution, Photovoltaic

Power Plants, Distribution System
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ABSTRACT

This paper presents the measurement technigues and testing of the direct current (DC)
to find the fault of power generation potential from photovoltaic power plants in the power
distribution system. By using the principle of measuring of the direct current. With mathematical
models, including principles, standard test conditions (STC), Thermal inspection (Infrared scan)
and current-voltage curve (I-V Curve). With the objective of assessing the potential DC power
generation. Therefore, this paper is proposed to potentially assess the direct current power

generation from photovoltaic power plants 10 MWp connected in the distribution system of the
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Provincial Electricity Authority, voltage level 22 kV. Test results show that evaluating the

potential direct current power generation can know the efficiency and current generating

capacity maximum power and continuity.

Keyword: Potential Assessment, Power Generation, Photovoltaic Power Plants, Distribution

System
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Tselwieaduasoniindursndadoninlsdlnd
Wi UL induuuiensasyuus e
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ABSTRACT
This paper presents the study of lightning protection factors for photovoltaic power
generation systems. The induced voltages were investigated obtained from the lightning effects

and inductance due to the lightning effects on structures and conductors in this system. After
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that, a model of the lightning effects on the structure was simulated using a MATLAB program.
The model was developed as a simple photovoltaic system consisting of a typical arrangement
of solar panels, the height between the panel and the aluminum profile was 0.09 m. The
simulation result found that an electromagnetic field was dispersed resulting in the highest
electromagnetic fields at one point. The effects of the amount of induced voltage on the
inverter damage was tested by the induced voltage impulse to 10/350 LS and 0.25/ 100 MS.
The results showed that the size of the structure supporting the solar panel and the point of
lightning current influenced the generation of induced voltage at the junction of the solar
panels. The amount of induced voltage generated can be more accurate to determine the rating
of the over voltage protection device.

Keyword: Photovoltaic power generation system, Induced voltage, Inductance, Lightning effect

model, Induce voltage impulse
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Abstract

This research paper presents the application of innovative photovoltaic energy technology connected
to the power distribution system. The distributed small scale solar power transmission was connected to
the power distribution system with mathematical modeling program of PVSyst and IEC 61724 standard. The
main objective was to study the percentage of performance ratio from the applying innovative solar energy
technology connected to the power distribution system. The results showed that the application of
innovative solar enerey technology connected to the power distribution system can produce maximum
electricity and continuity as well as increase the efficiency of electric power with the power distribution
system.

Keywords: Photovoltaic, Irradiance, % Performance Ratio, Power Generation Capacity
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This paper presents the sustainable application of solar power
systems to the foundational communities. In which the transmission of
electric power by small, distributed solar power to sustainable
foundations With the PVSyst and IEC 61724 mathematical modeling
programs, the main objective was to study percentage. efficiency ratio.
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showed that the sustainable application of a small, distributed solar
power system to the founding community. It is able to generate the
highest and continuous power and increase the efficiency of electric

power for sustainable founding communities.
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Abstract

This paper presents a techniques for reduction power loss in
distribution system synergy photovoltaic power plant. Reducing power
loss is a factor affecting the efficiency of the power distribution system.
It with technical impacts under limitations such as intervals of load,
Distance from source point to load group. Therefore, this paper is
presented to solve the problem of power loss in the power distribution
system synergy photovoltaic power plant. Through mathematical
modelling of a 33-bus distribution system and a power flow algorithm
in conjunction with a distributed generator. The results showed that
connect photovoltaic power plant can improve the power loss in the

distribution system.
Keywords: Power Loss, Photovoltaic, Distribution System
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Abstract

This paper presents a mathematical simulation to compared to operations a small distributed
photovoltaic power plant in the distribution system. Practices transmission of electric power by small,
distributed solar energy With the PVSyst and IEC 61724 mathematical modeling programs, the main
objective was to study the % performance ratio photovoltaic power plants 5.95 MWp connected in
the distribution system of the Provincial Electricity Authority, voltage level 22 kV. Therefore, this paper
is presented as a mathematical simulation compared to operations a small distributed photovoltaic
power plant in a distribution system. The results of the study show that the operation of small
distributed solar power plants increases the efficiency to be able to produce the maximum electricity
and continuously. The system was able to produce the highest power of 8,954.9 MWh/year and had
an average annual efficiency ratio of 77.84%, receiving the highest solar radiation intensity and the

highest annual total energy output of approximately 1,837 kWh/m”.

Keywords : Photovoltaic; Irradiance; % Performance Ratio; Power Generation Capacity
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kWh/m*  kWh/m’ °C
January 145.5 55.20 23.39
February 144.6 56.44 25.97
March 1722 72.70 28.66
April 170.7 79.93 29.93
May 179.9 86.65 28.20
June 158.4 83.28 27.19
July 175.5 84.58 27137
August 127.0 88.13 27.29
September 135.0 74.43 26.69
October 144.2 69.44 26.70

November 131.4 58.49 24.56
December 152.5 41.35 23.25
Year 1836.9 850.60 26.60

1917.4

170.1 164.3 837.3 803.2  0.787
161.3 155.9 780.7 7488  0.773
181.3 1754 863.1 827.7  0.761
169.6 163.5 806.7 773.2  0.760
171.6 165.1 834.0 798.4  0.775
148.0 141.9 728.3 6959  0.784
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Legends: GlobHor ~ Horizontal global

irradiation

DiffHor Horizontal diffuse
irradiation

T Amb Ambient Temperature

Globinc Global incident in

coll. plane

GlobEff

Effective Global, corr. for IAM and

shadings

EArray Effective energy at the output of the

array

E Grid Energy injected into grid

PR Performance Ratio

283



RMUTP Research Journal, Vol. 15, No. 2, July-December 2021

1837 KWh/m?
+4.4%
-0.1%
-3.1%
Ny -0.5%
1848 KWhim? * 35787 m? coll.
efficiency at STC = 16.77%
11089 MWh
9351 MWh
"4.0.0%
1 0.0%
N 0.0%
N 0.0%
N 0.0%
8955 MWh
8955 MWh

201

Horizontal global irradiation
Global incident in coll. plane

Global incident below threshold

|AM factor on global

Soiling loss factor

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
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Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy injected into grid
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Energy Energy
Month  Produced Irr.(kWh/m?)  %PR Month  Produced Irr.(kWh/m?  %PR
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Jan-19 509,840.00 396583  72.28 Jan-20 726,422.00 558688  76.58
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May-19 614,400.00 525155  67.27 May-20 693,880.00 512904  80.86
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The Analysis Harmonic for Connect Grid
Photovoltaic Rooftop Synergy
Distribution System
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Abstract—This paper presents the harmonic analysis for
connecting grid photovoltaic rooftop synergy distribution system.
The harmonic of photovoltaic rooftop affects the power
distribution system's power quality. Under limitations, it has
technical impacts such as unbalanced current, flicker, and load in
the photovoltaic rooftop system. Therefore, this paper is presented
to analyze the harmonics problem in the power distribution system
Jfrom the photoveltaic rooftep by measuring unbalanced current,
Hicker, and harmonic photoveltaic rooftop synergy distribution
system. The results showed that measurement points at the point
of common coupling (PCC) between photoveltaic rooftop and
distribution system could analyze the distribution system's
harmonics.

Keywords—Harmonic, Connect Grid, Photovoltaic Rooftop,
Distribution System

I. INTRODUCTION

Currently, the number of solar photovoltaic  (PV) systems
installed on rooftops and connected to the power distribution
system has increased dramatically. These systems pose a new
problem, the power quality problem. In particular, the
harmonics from the inverters of the solar photovoltaic system
and the non-linear loads have significantly increased the
amount of use. This results in overheating the device and can
cause the control system to malfunction. In 2014, Chidurala et
al. analyzed the harmonic distortion problem accompanying
photovoltaic inverters. Simulations were performed on IEEE-
13 bus distribution systems with nonlinear loads to determine
the harmonic emissions for varying solar conditions. Take the
harmonics measurement data from the university of
queensland installed with 1.2 MW solar PV compared to
simulation results. [1]

In 2017, a 200 kWp PV plant was tested and commissioned at
Vasavi College of Engineering, Ibrahimbagh, Hyderabad [2]. The
plant is generating on average 25,000 units per month resulting
in a saving of solar rooftop (RS) 2.5 lakhs per month electricity
bill. Problems encountered such as cable heating, electrical
power flow back to the DG unit have been handled. Also
discussed in detail is the reduction in plant efficiency due to
various causes and methods for improvement has been
implemented. Improving solar PV efficiency by using power
balancer on PL.C for DG protection. Harmonics studies were
conducted on PV plants In 2019, solar PV harmonics were
studied [3], focusing on total harmonic distortion (THD) and
total demand distortion (TDD). It has been observed that the
measured THD is higher when the energy consumed by the
load and solar radiation is low. These results in low-voltage
customers using PV systems being penalized for higher solar
radiation and high power consumption based on PV system
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loads. This paper concludes that analysis of THD alone can be
misleading and the TDD analysis is more reliable. In 2020, the
use of TDD in PQ analysis was conducted to analyze the
harmonics of grid-connected photovoltaic systems installed
on building roofs. [4] The harmonic analysis by using TDD
provides better efficiency and provides a guideline for
improving the power quality of the system. Power generation
from small-scale solar power plants will transform the grid to
become more complex and dynamic [5], resulting in a change
of power and the direction of power flow. This causes various
impacts on the power system such as harmonics, inter-
harmonics and subharmonics. As shown in Fig. 1.

DG INFEED FAULT
CURREN NORMAL ZONE OF PROTECTION

- REDUCED ZONE OF PROTECTION

SUBSTATION

..,..—gﬁ'%;m

Fig. 1. The scope of work of protective equipment

In 2021, the three-phase four-line inverter (FLI) power will
be regulated in a solar rooftop (RS) system connected to the
distribution network (Grid) through distribution transformers
via DC to AC inverters [6] when RS operates in parallel as the
power supply, it can inject harmonics. The RS injection current
fluctuates and is unbalanced in three phases due to irradiation
changes. This condition causes the current supplied by the
transformer for each phase to have differed. The fundamental
power requirements both active and reactive on the
transformer at the PCC point are not the same when harmonics
are present in the system. The FLI must inject or draw current
on the PCC to balance the transformer currents. The main
objective of this control system proposal is to balance the
current and eliminate the output current harmonics to the
distribution transformer. Due to the unbalanced RS injection
capability and unbalanced load. The proposed control strategy
is to use the single-phase PQ theory to independently control
the FLI of each phase. The instantaneous power demand with
all loads and RS on the transformer is calculated and averaged.
The results were found to be consistent across both the
transformer and FLI. Thus, the load, RS, and transformers are
balanced even under conditions of load and sunlight
fluctuations or unbalanced loads. The simulation results with
Matlab/Simulink, using FLI and PQ theory, were found to be
able to improve transformer current unbalance.

1. HARMONIC

The harmonics [7] of a power system are defined as
sinusoidal voltages and currents at frequencies that are integer
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multiples of the generated fundamental frequency. Harmonic
causes distortion of utility voltage and load current wavetorm.
As shown in Fig. 2.
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Fig. 2. Harmonic current

From Fig. 2. is an example of a harmonic current. Where
the current is distorted from the original waveform due to the
mixing of third-order harmonics, the most common harmonic
index associated with the waveform. s the total harmonic
distortion (THD), defined as the root mean square (RMS) of
the harmonics expressed as a percentage of the fundamental
component. As shown in equation (1).

l%+l.25+[i+.,.
THD (%) = ~—=————100 (1)
1
Harmonic effects on the power system such as

malfunctions of critical control and protection devices,
unexpected fuse operation, lower power factor (PF) in the
power system. The electrical system is not working at full
efficiency. It increases the risk of overvoltage at the power
factor correction capacitor (PFC). The fault current flows
through the fuses when DG is connected in the distribution
system as shown in Fig. 3.

O3

®

Fuse

Fault

Fig. 3. Fault current flowing through the fuse when DG is
connected in the electrical distribution system

[1I. PHOTOVOLTAIC ROOFTOP

Photovoltaic is a method of generating electricity directly
from solar energy using semiconductors. With electromagnetic
waves in the light wavelength using the photovoltaic
phenomenon. Solar energy is natural, safe and sustainable. PV
is a device that converts sunlight into electricity using the
intensity of sunlight. Photovoltaic systems include PV array
systems, which consist of two or more solar panels that convert
sunlight into electricity. Used with dynamic voltage recovery
systems (DVRs) for energy storage. This system powers the
DC power source used by the inverter system to convert DC

power to ac power to continue operating the DVR system. The
simulated equivalent circuit of the photovoltaic cell is shown
in Fig. 4. [8]-[9]

Tpv

A
~( e 3¢
PV 0.4 kV/10 kv

Fig. 4. Photovoltaic rooftop system

IV. CONNECT GRID
A. In the case of connecting to a 230/400 volt system

A rooftop solar power generation system for residential
homes can be connected to the grid system if the installed
capacity does not exceed 5 kilowatts, If multiple single-phase
power generating systems are connected to the grid system,
the power distributed to the grid system in each phase must be
balanced. This allows the difference in installed capacity per
phase up to 5 kilowatts (kWp). The total installed capacity of
all types of power generation systems (In kilowatts) both from
the solar power generation system and other types of power
generation systems connected in the same distribution
transformer must not exceed 15 percent of the distribution
transformer rating. (In kilovolt-amperes)

B. In the case of connecting to a 12 or 24 kV system

The total installed capacity of all types of power
generation systems both from solar power generation systems
and other types of power generation systems installed in the
same feeder must not exceed 8 megawatts (MWp) for 24 kV
and 4 megawatts (MWp) for 12 kV. The total installed
capacity of all types of power generation systems (In
kilowatts) both from the solar power generation system and
other types of power generation systems connected in the
same distribution transformer must not exceed 20 percent of
the distribution transformer rating. (In kilovolt-amperes). If
connected to a 12 or 24 kV system as shown in Fig. 5.

12 OR 24 kV MEA GRID

5 e

TRANSFOR |
MER PART |

DEVICE.

—_—

Fig. 5. Connection arrangement for 12 or 24 kV
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V. MATHEMATICAL MODEL

Total harmonic distortion (THD), defined as the root
mean square (RMS), harmonics are expressed as a percentage
of the fundamental component. as shown in equation (2)-(3).

THD, = @

EN

THD, = -100% 3)
Where Vy, is the RMS voltage at harmonics frequency,

hmax is the maximum harmonic order and Vi is the

fundamental component of the RMS voltage [7].

VI. CASE STUDY

In this paper, the analysis of harmonic for connected grid
photovoltaic rooftop was conducted. As shown in table 1.

TABLE 1. TEST CASE

No Test Case

1 Unbalance Current
2 Flicker

3 Harmonic

From table 1, 3 test cases were conducted as follows: Case
1 measure the unbalance current of the rooftop solar power
system in the distribution system, Case 2 measure the short-
term flicker (Py) and long-term flicker (Py) and Case 3 measure
harmonics.

VII. RESULTS

The value of each harmonic current limit is based on a
calculation method in accordance with [EC 61000-3-6 (2008).
The ripple voltage limit is based on a calculation method in
accordance with [EC 61000-3-7 (2008). The determination of the
unbalanced current limit is based on the calculation method
according to IEC 61000-3-13 (2008). The limitation of harmonic
current, flicker and the unbalanced current are assessed from a
maximum value of 95% of the mean over a 10 minute period of
the 7 days test data. The results from measurements of unbalanced
current, flicker and harmonics are shown in tables 2 —4.

TABLE 2. UNBALANCE CURRENT

Measurement Limit Inspection
Results (A) (A) Results
Negative
Sequence 1.67 93 pass
Current
TABLE 3. FLICKER
Measurement Limit Inspection
Py 0.29 0.73 pass

Py 0.26 0.58 pass

Where Py is short term flicker indicator and Py is long
term flicker indicator.

TABLE 4. HARMONICS

No Results Limit Results No Result  Limit  Results
(A) (A) s (A) (A)
1 101.90 - - 26 0.04 0.2 pass
2 7.79 27 not pass 27 0.07 0.2 pass
3 091 3:5 pass 28 0.03 02 pass
4 3.21 1.1 notpass 29  0.13 0.1 pass
5 432 52 pass 30 0.01 0.1 pass
6 0.19 0.7 pass 31 0.10 0.1 pass
7 1.58 37 pass 32 0.02 0.1 pass
8 1.00 0.5 not pass 33 0.04 0.1 pass
9 0.21 0.7 pass 34 002 0.1 pass
10 0.45 0.4 not pass 35 0.09 0.1 pass
11 1.19 26 pass 36 0.01 0.1 pass
12 0.04 0.4 pass 37 0.09 0.1 pass
13 0.63 22 pass 38 0.02 0.1 pass
14 0.08 0.3 pass 39 004 0.1 pass
15 0.17 03 pass 40 0.03 0.1 pass
16 0.08 03 pass 41 0.07 0.1 pass
17 0.42 1.6 pass 42 0.02 0.1 pass
18 0.04 0.2 pass 43 0.08 0.1 pass
19 025 0.7 pass 44 0.03 0.1 pass
20 0.05 0.2 pass 45 0.06 0.1 pass
21 0.13 0.2 pass 46 0.04 0.1 pass
22 0.04 02 pass 47 0.10 0.1 pass
23 0.25 0.9 pass 48 0.03 0.1 pass
24 0.02 0.2 pass 49 0.09 0.1 pass
25 0.17 0.2 pass 50 0.04 0.1 pass

From the measurement results of harmonic current and
second-order harmonic power at connection point shown in
Fig. 6, the measurement result of harmonic current and 4t
harmonic power at connection point shown in Fig. 7, the
measurement results of harmonic current and 8 harmonic
power at connection point shown in Fig. 8, the measurement
results of harmonic current and 1 0™ harmonic power at

connection point shown in Fig. 9.
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Fig. 6. Measurement result of harmonic current and second
order harmonic power at connection point
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Fig. 7. Measurement result of harmonic current and 4"
harmonic power at connection point
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Fig. 8. Measurement result of harmonic current and 8"
harmonic power at connection point
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Fig. 9. Measurement result of harmonic current and 10"
harmonic power at connection point

VIII. CONCLUSION

This paper presents a harmonic analysis of a grid-
connected rooftop photovoltaic system. By measuring the
unbalanced current, flicker and harmonics of the solar rooftop
system. The results showed that the measured negative
sequence current was 1.67 A, the Py was 0.29, the P, was
0.26, and most of the harmonic results were below limitations.
Therefore, the measurement point between the distribution
system and the connected-grid solar rooftop is able to analyze
the harmonics in the distribution system.
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e e, Enhance for Voltage Sag Synergy Photovoltaic
53 2 Performance on Distribution System
ﬁ% LQ" ]
&"4-%“9 Papon Ngamprasert and Nattachote Rugthaicharoencheep”

Abstract— This paper presents an enhance in the performance operating photovoltaic in synergy with voltage sag on
distribution systems. Voltage sag optimization is a factor that affects power distribution systems. Power fluctuations
and supply faults typically use a dynamic voltage stabilizer (DVR) under technical limitations such as bus current and
voltage limits. The importance of a modeling solution applicable to a 69-bus distribution system with a distributed
generator (DG) is photovoltaic (PV) with a MATLAB program, so it is proposed in this paper to solve a power plant
problem. Techniques to solve voltage sag in the power distribution system using Tabu Search (TS). Tabu search is a
meta-heuristic optimization technique. Photovoltaic in power distribution system problems using energy flow
algorithms. The results of the research show that photovoltaic power plants can increase the efficiency of reducing the
voltage in the distribution system.

Keywords— Voltage Sag, Photovoltaic, Distribution System.

1. INTRODUCTION This type of disturbance is typically by a short circuit,
G & or fault, on the power distribution grid. A distributed
Distributed generation is a_n_approach that usessindll generation system with DGs installation as show in Fig.
technology to produce electricity closer to the end user. 3 ‘e grid, in this case, includes the mains wiring inside
DG technology usually consists of a modular generator. the building. Most experts agree that more than 50% of

(And sometimes renewable energy) a'nd has several uses. voltage sags are caused by something inside the building.
Examples of DGs such as solar, wind, hydrogen, fuel

cells and biogas as shown in Fig. 1. S 4

0

T

34 s s
T W Y I Il
T 1 T

T

.
b

Transformer

Substation |l

SOLAR WIND HYDROPOWER Fig. 2. Distributed generation system with DGs installation.

Fig. 1. Type of distributed generation. The power supply on this is typical of inexpensive
single-phase and three-phase supplies. Supplies like
these are found in computers, robots, adjustable speed
drives (also called variable frequency drives), etc. Here's
how the supply work: a bridge rectifier feeds pulsed DC
current to a bulk electrolytic capacity. A distributed
system with DGs installation as shows in Fig. 3.

Renewable energy such as solar, wind, hydrogen, fuel
cells and biogas are another alternative to fix the power
distribution ~ system.  Distributed  generation (DG)
technology with solar energy solutions based on voltage
sag power distribution system.

Voltage sags (or dips-American English uses "sag", and
British English uses "dip", but they mean exactly the same
thing) are the most common power quality disturbance [1]. Transformer

DG

Papon Ngamprasert is with the Department of Electrical Engineering,
Faculty of Engineering, Rajamangala University of Technology Phra
Nakhon, Bangkok, 10800, THAILAND. Phone: +66-89-059-3970;
E-mail: papon@ieee.org

“Nattachote Rugthaicharoencheep (corresponding author) is with the
Department of Electrical Engineering, Faculty of Engineering, Rajamangala
University of Technology Phra Nakhon, Bangkok, 10800, THAILAND.
Phone: +66-61-353-6426; E-mail: nattachote.r@rmutp.ac.th

HYDROPOWER
»

Fig. 3. Distributed system with DGs installation.
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These capacitors are generally available only in certain
discrete values-try the slider. A regulator then ensures
that the output voltage is a constant, steady, DC value. In
this case, the regulator is set for 300V DC, with a
minimum forward voltage drop of 60V [2-3]. The
nominal input is 240VAC. You can adjust the regulator
efficiency.

Optimized PV Maximum Power Point Tracking
(MPPT) technique based on state-flow design, detailed
analysis along with simulation and experimental results
confirms the feasibility of the proposed technique
compared to conventional MPPT Perturb and Observe
(P&O) techniques [4]. First, to avoid complex and time-
consuming netlist parsing. The second saves memory
space. And the third step accelerated the simulation
process. In the test, photovoltaic-oriented nodal analysis
(PVONA) generated local current and voltage maps of a
model with 316 x 316 nodes with thin-film PV cells in 15
seconds, which is only 4.6% of the time. that the latest
LTSpice package only needs the 2D characterization is
used as a case study and the application of PVONA in the
quantitative analysis of electroluminescence will be
discussed [5]. With concentrator photovoltaics (CPV)
technology soon to enter a phase of further development
in the USA Sunbelt region, it is necessary to update its
forecasting tools related to the technology. This involves
modeling the sun as an amplified light source, paying
special attention to the radiation surrounding the sun. An
improvement of the standard amplitied light source solar
power profile model is presented based on the improved
circumspectral irradiation parameters [6]. Effects of a
centralized photovoltaic (PV) system with multiple
power factor control (PF) schemes on a distributed
feeder PF profile using wavelet variance modeling. are
large (=1 MW) plants installed at sites with significant
solar power sources and mostly in remote areas [7].

This is the first dynamic PV model in an all-state space
model with a peak power point tracking function. As a
result, the Lambert W function is used to express the
solar cell generator equations in clear form. The
simulation was carried out in MATLAB/Simulink to
evaluate and compare the proposed dynamic model over
the detailed switching modeling method in terms of
computational  accuracy and efficiency [8]. In
photovoltaic (PV) equipment degradation research, the
alternating current (I-V) voltage dataset contains a large
amount of information in addition to the maximum
power point [9]. Performance parameters such as short-
circuit current open circuit voltage break resistance series
resistance and filling factor It is essential for diagnosing
the performance and deterioration of solar cells and
modules [10].

The comparison of the Nominal Operating Cell
Temperature (NOCT) specification, which is used to
estimate the operating temperature of PV modules
according to IEC 61215:2005, with the revised IEC
61215:2016 Nominal Module Operating Temperature
(NMOT) requirements [11]. Summarizing daily data for
calculations can reduce NMOT correlations and
deviations [12]. One important design for a photovoltaic
(PV) power plant is the choice of the number of PV
modules connected in series. also known as string size

Typically longer strings reduce the total cost of the
system. But the string size must remain in accordance
with the relevant electrical standards to ensure that the
maximum system voltage remains less than the design
voltage. The traditional method calculates the string size
using the temperature coefficient of the open-circuit
voltage. Assuming that the coldest expected temperature
coincides with a full-sun irradiation of 1000 W/m? [13].
The efficiency measuring module power over a matrix of
irradiance and temperature conditions. [EC 61853
photovoltaic (PV) module energy rating standard [14].
The analysis also highlighted its ability to interpolate and
extrapolate performance between and beyond measured
matrix points of irradiance and temperature, establishing
it as a robust yet relatively simple model for several
applications that are.

This paper presents an enhance in the performance
operating photovoltaic in synergy with voltage sag on
distribution systems. Voltage sag optimization is a factor
that affects power distribution systems. The importance of
a modeling solution applicable to a 69-bus distribution
system with a distributed generator (DG) is photovoltaic
(PV) with a MATLAB program, so it is proposed in this
paper to solve a power plant problem, Techniques to solve
voltage sag in the power distribution system using Tabu
Search (TS). Tabu search is a meta-heuristic optimization
technique. Photovoltaic in power distribution system
problems using energy flow algorithms.

2. VOLTAGE SAG

The woltage sag is defined as a drop in rms voltage
between 10-90% which will continue from half cycle to
one minute as shown in Fig. 4.

Event Magnitude

A

E Voltage Swell Over Voltage

110% =
Normal Operating Voltage

gt = Under Voltage

g

|

& Voltage Sag

(= Sustained interruption
10%] 2

| Instantaneous | Momentary | Temporary _

L
0.5 cycle 30 cycle 3 sec 1 min Event Duration

Fig. 4. Voltage Sag/Swell of IEEE Standard.

The voltage sag is mainly caused by a short circuit to a
single-phase ground. Starting with a high-power motor
can cause a voltage sag as shown in Fig, 5.

Fig. 5. Voltage Sag.
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3. PHOTOVOLTAIC

Solar photovoltaic (PV) power generation uses
renewable energy that is natural, safe and sustainable. A
photovoltaic power generation system as show in Fig. 6.

P sun
N Photovoltaic  faverter

EE}%@!‘ Transformer Voltage
T
(G Switch

(Fuse, Recloser, Etc.)

fasel

Fig. 6. Photovoltaic power generation system.

PV is a device that converts sunlight into electricity
using solar intensity [I5]. Schematic diagram of a
photovoltaic (PV) system as show in Fig. 7.

DC Bus

Switched mode
power converter |

| inverter Loud
1

generators will fully generating. If the battery pack is
able to meet the load requirements, the load is chosen by
cither a spare battery or a diesel engine to carry the
residual load and the threshold is a sensitive load. When
the fully output photovoltaic power fails to meet the load
requirements, the diesel generator will meet the excess
load requirements. This can avoid receiving or
transmitting power to the distribution network. Hence,
the access number and the access location of the hybrid
power supply system of the photovoltaic diesel generator
are random. At each access location, the optimization
function can obtain the most suitable accessibility and
control scheme. The equivalent static model of a
photovoltaic by a diode circuit as shown in Fig. 9. [18].

U Rsh SZID <>

DC/DC boost
PV Generator converter

Battery
Tank

Fig. 7. Schematic diagram of a PV system.

This system powers energy the DC source, which is used
by the inverter system to convert dc power into ac power
for further use of the dynamic voltage recovery (DVR)
system. The equivalent circuit model of a photovoltaic
system connected grid with Provincial Electricity
Authority (PEA.) of THAILAND is shown in Fig. 8. [16].

||-Lr|-|'—~;'>$

PV Panels String Box

Inverters

(j AC 22kV

PEA

i ‘ ‘fs?, s
s 5

Transmission Line Power Meter Switch Gear
Fig. 8. Photovoltaic systems.

The hybrid power of the diesel photovoltaic generator
will be programmed as an isolated island operating
mode, which has maximum access to new energy and
will operate in grid-connected mode to deliver additional
solar energy [17].

Without photovoltaic outputting, if the battery packs
output is less than the local load demands the diesel

Fig. 9. Equivalent static model of a photovoltaic.

The relation between the output voltage U and the
load current can be formulated as follows [19].

1=11,"’n:ff.‘[({fm[u*-m\}—l} (1)
a
Where 1 is load current

I is current photo

lo is saturation current

U is output voltage

Ry is series resistor

o is voltage temperature

coefficient

4. FORMULATION

This standard lists the definitions and tables of the
voltage sag/swell base by type. (Transient, momentary,
temporary) Typical duration and common size. Typical
residential utility power after sag/swelling ranges from
+/- 5% from the nominal of voltage swell [20].

, o Vpr(' sag V.\'(rg
Sag (%) = - 2)
pre sag

There are two methods to calculate voltage drop (VD).
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Sun of kVA rating of distribution transformers 3)
Maximum demand = . . .

Diversity factor

VD per km. kVAx(total km. kVA)
Diversity factor

%VD = 4)

1.732 % kV x max imum demand (5 )
Sun of kVA rating of distribution transformers

Demand factor =

%VD=VD per k. kVAx(total km. kVA)x demand factor (6)

When considering the constant power factor is the
reactive power can be calculated with the equation (7).

Qy=F; tan(cos_l (Pf(.‘)) @)

where Pf6 is the power factor specified in the DG.
Then the injected net current associate at DG.

5. SOLUTION METHODOLOGY

Application techniques to solve voltage sag in the
power distribution system using Tabu Search (TS). Tabu
search is a meta-heuristic optimization technique. TS is
based on to solve the problem procedures designed to
cross boundaries of feasibility or local optimality. The
structure of a neighborhood by moves used in constructive
and pattern processes, as shown in Fig. 10.

Optimal result

Fig. 10. The concept of Tabu.

TS is a thinking algorithm that is applied to effectively
solve a system problem known as a combination
optimization problem. Was made by a descent mechanism
to move to a value lower than the target value. Which has
the ability to avoid endemic narrow-band optimal answers
and can continue to search for answers until the answer is
closer to the broadest best possible answer. Close answer
(Neighborhood) is the process of finding the best answers
nearby. And select a new answer that is better than the
current answer by evaluating the answer from those
surrounding values. Then select the best answer to come to
the next answer. illustrates the main idea of tabu search
[21-22], as shown in Fig. 11.

Processor 1 Processor 2

Changeable Fived Fived Changeable

lolelolo) e o o [ololelo)

Substation | 23 4 S 6T g IFLAT g6 7 €

Substation

Subneighborhood 1 Subneighborhood 2

DOOOOGO®

Substaton | 33 4 S 67 8

Original Neighhorhood

Fig. 11. Finding Tabu Direction.

Tabu search is applied to find the on / off patterns of
the exciter and transfer switches to achieve the lowest
total power loss. To achieve the lowest total cost [21-22].
Distribution system with DG as show in Fig. 12.

Substation ! 2 3 4

6 8 9
I I I |
I I

SOLAR

Fig. 12. Distribution system with DG.

6. CASE STUDY

For this study, enhancement the voltage profile was
using a 69-bus distribution system model with PV, as
shown in Fig. 13. The nine PV units are located on the
buses as shown in table I. The total installed capacity of
the PV is 1000 kW, the system base is 100 MVA and the
voltage base is 12.66 kV.

TABLE I. Bus and Capacity of DGs at bus test

Installat 19 29 36 390 49 53 59 62 69

Bus

Capacity

of PV 300 400 100 100 100 400 100 400 200

(kW)

Bus2 Bus1

o

soLAR

Grid supply point

=

Eele)e)

lee)
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@ee6
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Fig. 13. Single-line diagram of 69-bus distribution system.

Each branch in the system has a separate switch to
reconfigure. Data loaded in Al tables and All tables
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provide branch information [23]. Switch number 1-68 is
a sectionalizing switch on the distribution feeder
(normally closed) and switch number 69-73 is a tie
switch. (Normally open) The total load for this test
system is 3,801.89 kW and 2,694.10 kVAr. All bus
voltages are set at 0.95 and 1.05 p.u.

Three cases were examined as follows:

Case 1: There is no PV in the distribution system. This
case represents the base case.

Case 2: PVs 5 installation is the number of PV
installations in the distribution system.

Case 3: PVs 9 installation is the number of PV
installations in the distribution system.

7. RESULTS

The numerical verifies results for 3 cases are shown in
Fig. 14, 15 and 16, all bus voltages for cases 1, 2 and 3.
As can be seen, bus voltages are improved in the
presence of PV.

102
1o1}

1.00 — [ e e
099} | \
—008F | \

3
Z o0}

|
N

14 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 SK 61 64 6769

Bus

Fig. 14. Voltage profile without PV in distribution system.

From Fig. 14 is the result of Case 1 There is no PV in
the distribution system. This case represents the base
case. Which has a voltage value below 0.95 p.u.

105
104

103 f
102

PPOT VST VN VP VR W TN
14 7 10 13 16 19

Fig. 15. Voltage profile with PV Installation PVs 5 buses in
distribution system.

From Fig. 15 is the result of Case 2 PVs 5 installation
is the number of PV installations in the distribution
system. It has a voltage rating slightly higher than 0.95
p.u.

37 40 43 46 49 52 55 S8 61 64 6769

Fig. 16. Voltage profile with PV Installation PVs 9 buses in
distribution system.

From Fig. 16 is the result of Case 3 PVs 9 installation is
the number of PV installations in the distribution system.
It has a voltage value higher than 0.95 p.u.

8. CONCLUSION

This paper presents an enhance for voltage sag
synergy photovoltaic performance on distribution
system. Tested with a single line diagram of a 69-bus
distribution system, three cases were performed, Case 1:
There is no PV in the distribution system. This case
represents the base case, Case 2: PVs 5 installation is the
number of PV installations in the distribution system,
Case 3: PVs 9 installation is the number of PV
installations in the distribution system. It was found that
Case 1: There is no PV in the distribution system. This
case represents the base case. Does not improve
distribution system. But Case 2: PVs 5 installation is the
number of PV installations in the distribution system,
Case 3: PVs 9 installation is the number of PV
installations in the distribution system. The intergrade
connection  photovoltaic  power plants  synergy
distribution system can increase the efficiency of
reducing the voltage in the distribution system.
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APPENDIX
TABLE Al

Load Data of 69-Bus Distribution System

Bus PL QL Bus PL QL
Number (kW)  (kVArn) Number (kW) (KVAr)
6 2.60 2.20 32 26.00 18.55
7 40.40 30.00 39 24.00 17.00
8 75.00 54.00 40 24.00 17.00
9 30.00 22.00 41 120 1.00
10 28.00 19.00 43 6.00 4.30
11 145.00  104.00 45 39.22 26.30
12 145.00  104.00 46 39.22 26.30
13 8.00 5.00 48 79.00 56.40
14 8.00 5.50 49 384.70 274.50
16 45.50 30.00 50 384,70 274,50
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TABLE Al (Continued)

Load Data of 69-Bus Distribution System

TABLE All (Continued)

Bus PL QL Bus PL QL
Number (kW)  (kVAr) Number (kW) (kVAr)
17 60.00 35.00 51 40.50 28.30
18 60.00 35.00 52 3.60 2.70
20 1.00 0.60 53 435 3.50
21 114.00 81.00 54 26.40 19.00
22 5.00 350 55 24.00 17.20
24 28.00 20.00 59 100.00 72.00
26 14.00 10.00 61 1,24400  888.00
27 14.00 10.00 62 32.00 23.00
28 26.00 18.60 64 227.00 162.0
29 26.00 18.60 65 59.00 42.00
33 14.00 10.00 66 18.00 13.00
34 19.50 14.00 67 18.00 13.00
35 6.00 4.00 68 28.00 20.00
36 26.00 18.55 69 28.00 20.00
TABLE All
Branch Data of 69-bus Distribution System
Branch Sending Receiving R X:
Number end bus end bus ()] )
1 1 2 0.0005 0.0012
2 2 3 0.0005 0.0012
3 3 4 0.0015 0.0036
4 4 5 0.0251 0.0294
5 5 6 0.3660 0.1804
6 6 7 0.3811 0.1941
7 7 8 0.0922 0.0470
8 8 9 0.0493 0.0251
9 9 10 0.8190 02707
10 10 11 0.1872 0.0619
11 11 12 0.7114 0.2351
12 12 13 1.0300 0.3400
13 13 14 1.0440 0.3450
14 14 15 1.0580 03496

Branch Sending Receiving R X
Number end bus end bus (£2) ()
15 15 16 0.1966 0.0650
16 16 17 0.3744 0.1238
17 17 18 0.0047 0.0016
18 18 19 0.3276 0.1083
19 19 20 0.2106 0.0690
20 20 21 0.3416 0.1129
21 21 22 0.0140 0.0046
22 22 23 0.1591 0.0526
23 23 24 0.3463 0.1145
24 24 25 0.7488 0.2475
25 25 26 0.3089 0.1021
26 26 27 0.1732 0.0572
27 3 28 0.0044 0.0108
28 28 29 0.0640 0.1565
29 29 30 0.3978 0.1315
30 30 31 0.0702 0.0232
31 31 32 0.3510 0.1160
32 32 33 0.8390 02816
33 33 34 1.7080 0.5646
34 34 35 1.4740 0.4873
35 3 36 0.0044 0.0108
36 36 37 0.0640 0.1565
37 37 38 0.1053 0.1230
38 38 39 0.0304 0.0355
39 39 40 0.0018 0.0021
40 40 41 0.7283 0.8509
41 41 42 0.3100 0.3623
42 42 43 0.0410 0.0478
43 43 44 0.0092 0.0116
44 44 45 0.1089 0.1373
45 45 46 0.0009 0.0012
46 4 47 0.0034 0.0084
47 47 48 0.0851 0.2083
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TABLE All (Continued)

Name of Authors / GMSARN International Journal x (2016) xx - xx

TABLE All (Continued)

Branch Sending Receiving R X Branch Sending Receiving R X
Number end bus end bus (2) (£2) Number end bus end bus Q) )
48 48 49 0.2898 0.7091 62 62 63 0.1450 0.0738
49 49 50 0.0822 0.2011 63 63 64 0.7105 0.3619
50 8 51 0.0928 0.0473 64 64 65 1.0410 0.5302
51 51 52 0.3319 0.1114 65 11 66 0.2012 0.0611
52 9 53 0.1740 0.0886 66 66 67 0.0047 0.0014
53 53 54 0.2030 0.1034 67 12 68 0.7394 0.2444
54 54 55 02842 0.1447 68 68 69 0.0047 0.0016
55 55 56 0.2813 0.1433
Tie line
56 56 57 1.5900 0.5337
57 57 58 0.7837 0.2630 69 11 43 0.5000 0.5000
58 58 59 0.3042 0.1006 70 13 21 0.5000 0.5000
59 59 60 0.3861 0.1172 71 15 46 1.0000 0.5000
60 60 61 0.5075 0.2585 72 50 59 2.0000 1.0000
ol ol 62 0.0974 0.0496 73 27 65 1.0000 0.5000
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