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abstract

This thesis presents impro-ing power quality in power distribution system with
integration of photo-oltaic energy distributed generation ha-ing objecti-es to impro-e power
quality in distribution system, model of —oltage sag and -oltage 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 NewtonMaphson 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 impro-ement of —oltage sag and -oltage
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 impro—ement of —oltage sag and —oltage swell in distribution system, especially
—oltage sag case, according to IEEE 1159M995 standard. This thesis showed that se—erity le—el
of —oltage sag depended on the size and duration of each distribution system model situation

by photo-oltaic energy distributed generation can reduce —oltage sas.

Keywords: Voltage Sag, Power Loss, Photo-oltaic, distributed Generation, distribution System



AnRNssuUsZNIA

nsdaviinendnusatuiiaanysaladdlulded Wesmnldsunutemde
9E19R AIUNTUIINYARAVAIEYITY HTBUTDNTIVTDUNTEANIUANMUNTUNVDID1TEUAL
Frmihilauisimnssuliin eagimnssumans sninerdomeluladnussnansyuas
ynaviulunislfanuduazanudiomdesyninanisinuvitinerinuslasianizeg1ads
9191567USnwAne1dnus searans19138 ns.d5leR Snlneaiydn flimmdssaunily
n1stiAuskar AU e IaIrn1saunsTiessssuulnihmdudanadanisdeu
Tsunsulvanlvlaiuazdedaauativayuniennudndn lulsenouivndndneg seninai
Inendinus wazer9sdiUinnsAnerdnud firemans19158 asaas ydRauiug Sele
nsanliduuztinazdofaiiusieg Miduvsslemisenisviiinerinug nsmsrnaeuudly
Founwsoswineg sruisannansdfsanduusesiunazamznssunisasuineiinusds
Usznouie 59Mans1913¢ A5 1AATU §iiemansnansd asadund gaals was
HehAans19138 neuAs 233n1s Glianuduarteuusi safinnutiemdeuas
wadasnag lusunsanwmiduvssleddmiunmsivinerdnusauaiauysoitazdisa
nsAnwIsEAUUTYY1LeN

YereUNTEANLoU 119 waruies anuivimnssului angdmnssumans
uingdewmeluladsvinanszuasnynuifundiuguiuasiautiovdolusin
199 éhaﬁl,auammaa@L’Jmmiﬁﬂm

o

[y

ﬂ@VHEJ‘LJNLGUEJu‘UBﬂﬁ’TU“U@U‘Wi (313 ﬂm‘W@ﬁN‘Wﬂ QW&JUiuLﬁiﬁLLa ﬂEULLILI‘UﬂJQ‘HVli

o

1 a

ﬁ?NﬂiuLﬁi% 3’3?LIﬂﬂﬁu’]sﬁﬂIUﬂia‘Uﬂi’N’mﬂiuLﬁi%LLﬁ ﬂilﬂiUWWWUBQOL‘H’NﬂG]i“ﬂaVIﬂVHUVI
auuaquuauaqLasﬂumumaﬂﬁ] AN ﬂ’NiJ“WJ\ﬂEJVWI‘-\]Uﬁ’WLiﬁ]ﬂ’]iﬂﬂ‘lﬁ’]iu@UUi@l@’WLaﬂ

1isesien Uny uUTBiEsy



GUEITY

309
UNANLD
abstract
AnANIIUUIZNA
AR
A5URYAITN
a13UyN N

1. umi

[

1.1 anuunuazanuddgusslaym
1.2 TaguszasAvaansivy
1.3 YUUATRINITINY
1.4 Humeuiinisiae
15 Uselpwudilasuaningrinug
2. nufifiieades
2.1 umi
22 wdnnseulUreasuaseing
2.3 wuudnaasssuusmgluda
2.4 Uszavvaussesiidaluiuuunszaiss
25 wansznuvenasesidaliiuuunszatessesz uus el
2.6 nmdeunawrsestudalifuuunssaefatussuus gl
2.7 Fmsmuiunsivavesiiaalnin
2.7.1 flugrumsinsesinsivavesidslni
2.7.2 msuntaymnisinavesiiasivisdn
2.8 Apmveanswulninndives
2.8.1 fenuvesusssulnihandrmasluszuusmneglngi
2.8.2 Jmeussiulnidn dip Tussuudmunglaii
2.8.3 anwmeanmaiausaduliiiandhvagluszuudminglndi

2.8.4 NANTENUVDILTIAUANTIVaUL lusEUUI L8 LlH

A B B~ WO VO W N

19
19

27
28
37
38
40
a1
a1
42



#1508y (5i9)
309
2.8.5 nMsmrnusssulninndrvazlusyuusue i
2.9 wedan1suszananamamasinihgadelussuuimingluih
2.9.1 NSWIVUIRLATALALRTNSAndawndsiudalafiuuy
NTE86
2.9.2 MsmauInvealsunaaudednisiniluszuud gl
2.10 ANSNUTIUITIUNTINNUITY
2.10.1 uIeAULSIAULNAIRN
2.10.2 3umumastnigeyde
2103 ATesuNs@eusersestdnlifiuuunssareiisEuy
utgluliin
3. /NI
3.1 umi
3.2 nsaldnwinisusulzansussenaldlusindusesulnivasisalnin
nauLasa e glusruuT el
3.3 nsalAnwnisusulssiaelnihagdelussuudmihe sy
159l nSuLae1ving

3.4 nsdiinensiesziusssulniandavas (Voltage Sae)

35 nsdAnwIMTIeTERLsssulniendrvaslneaindaelou
4. NANTNAFDULAEDAUTIONE

4.1 unin

4.2 wiestialniuuunszanesn

4.3 ussnulnienlussuudmuielnia

4.4 wuudapsneamnransyialilalinign

4.5 WUUTIABINNALAAIEASTTUUT MUl

4.6 maslihgaydelussuudmeliin

4.7 wan1sneaeun1susulsansuszandldlusinaussdulniives

Tsalpindanunaseringluszuudnmngliiin

4.8 wan1snaasunsuTulamdslnihgedelussuudmunelin
Fudulsslimdnunaseing

R
a4
56
58

64
67
67
73
84

124
124
124

125

127
128
129
129
129
131
133
134
136
137

139



#1508y (o)
309
4.9 wan1sVedeUNITIATIzLsUlnTnnda
4.10 nanIMaEeUNTIATERsssulTandavnslnsaindanelou
5. ayUnanITeuavlolaunuL
5.1 #3Unan1sivY
5.2 UDLAUBULUY
LBNATD9BY
AAKWIN N
Toyalnanuaraetdouresuudiaessyuudmielni 33 Ja
AAKWIN U
Toyalnanuarasdouresuudiaesszuuimiielni 69 Ua
AAKWIN A
UnaIAnsTleTunIS AL

UseAIRnSAN®ILAaENISVIN9UY

R
141
155
167
167
168
170
190

194

199

305



9]']5'1\117;
2.1
2.2
23
3.1
3.2

4.1

4.2
4.3

4.4

n.1
N.2
2.1

.2

A13URYA1319

yilaUavessyuuliiia

ﬁm:uLLiqé’umﬂ%ﬂszmummgm IEC wag IEEE
ﬂ'mua']:maiuﬂﬁwwiaLLiqﬁulwﬁwmﬂ%’wmzﬁuaqumajt,wiazﬂﬁzLmn
MumisresaRifnfuarUsnafdimswanveaniostde i uuunszanesn
muslsostalvaniinasauazUSinalvanieosas 40 fivalnanuiea
FeURanIseaeUNsgadsnasulussuuImiie i 33 da saudunis
Andarsesiideliliihuuunseaefdendsulaseing
Tauazsdenswarvesaiosiidalniiuuunssanesiivanaaeu

naansAlAanAsAnwINITIASIERLsssulninnndvely (Voltage Sag)

naansnlaannsAnwINTiaszviLssulniinndiveag (Voltage Sag) lnvaind
anglou

JayalvanvadiuuinaassruuImiigliin 33 Ja
Toyaanetouvesvasuuiiaedsyuudmvielnii 33 Ja
JayalvanuadhuuInaassyuuImiigliin 69 Ua

%@Haﬁ’]EJ{]E'J‘IJ‘UENGU’ENLLUU?SW@EN?%UUQO’MUI']EJ‘LWW’] 69 Ud

33

39

a3

127

127

140

140

141

155

192

193

196

197



ﬂ']W‘]?i
1.1
2.1
2.2
23

2.4

2.5
2.6
2.7
2.8
29

2.10

2.11

212

2.13
2.14
2.15
2.16
2.17
2.18

2.19

#15URYN N

ANSINYDINUANGRNUS
PANNITINITUYDITRALEAIDTINE

AsNAERULaas19ansANLELTUSYaInsEkalui M ssu i

nsANLALTUSYeINT LAl Mgl

As AN AUNUSVeInNTehatn A TMssdulnAnsdl AU U kaasinas

Wasuwlas

1ITVRIFATREIDNGUNIUH TR
seuvd g lihuuuLsAes
szuudwgliuuugy

nsanvauwnn1sineIuetgUnIaidasiu

[y

asunsvihuvesgunsailesiulussuuimelng
nszuanRansosfilarnuTdillesiedssiudaluihuuunssanedudouse
agluszuudmuiglni

nsiinszuulniuenddasy
ﬂizLLam%uaﬁﬂgﬂﬁwﬁmLﬁwlﬂmﬂgﬂﬂﬁulﬁuLﬁaqmﬂmﬁﬂzﬂumaa
g1 suandaduiiany

lassvneszuulnfinmas

Ly

aivesszuulniiia
Janmvesszuulninae

Uavesszuulniinas

flguas Voltage dip 80E %39 Voltage Sag 20 E

ASNAAMURANTDINU A

ASARANURANTBIUNAB AT busEUU LT

10

11

15

18

19

20

21

22

23

25

29

31

32

33

39

a5

a6



=]
AINN

2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30
2.31
3.1
3.2
4.1
4.2
4.3
4.4
4.5
4.6
a.7
4.8

4.9

#150YNN (519)

PURANSaTIANUUANESEIINTE k wae | s f
PuRanssILUURT aERsy

ANURAN T VUL E

ANURANTDILUULWED S ERAY

AMURANTDILUU 3 Lid

29935 2 Ud

syuuliih 2 Ta neunsandaunasidelniuuunszanesn
syuuliiii 2 Ja ndanshadaumasidelniiuuunssanesa

' (%
v a v

szuululii 3 Ja Fedasannasnudalndtuunseanedinda 2

!
v =

syuuliiii 3 Ja SsRndaunasiidalviiuuunszanediiva 3
szuuliiin 2 Ua 7ifllnansesgyuin 100 Mva
szuulnih 2 Ja Afflvandesguuin 50 Mva
ToprunsuduneIvasssuu el 69 U
Toprunsuduenvasszuudmnelna 33 U
Ussinmaaaasestdalifnuunseaesh
mMsanseszuueSesdalniuuunsy e
SEUUNARNSE LA NEIULEIDI TR E
wsssulnian/ifuniuninsgu IEEE
wsarulaiimn
WHURI895UUNSNAR NN NEIUILEIeTRe
syuunan b indauLaIeing

syvudmnglndwuuisiiea 2 Ua

sULuwrasszuu el uiussuu i ndsnuaseing

R
a6
a8
49
51
53
56
59
60
61
62
64
65
125
126
130
130
131
132
132
133
134
135

137



ﬂ'lWﬁ
4.10

4.11
4.12

4.13

4.14

4.15

4.16

a.17

4.18

4.19

4.20

4.21

#1508n N (ia)

lusinnsAnsssfansaenialuidwuunszateelussuudinine i

o
Y o a

ARLAIIN TR AL UUNSENe 5 Ta Tuszuudnvunglud

3D

a

Aadaedearlalniiuuunsyanei 9 Ta lussuusmuneludi
foyavosussiulniiilddinisinadauaiostudalaiwvunssaeiade
NRINULERTRglusTUUT NN
%’agamauwﬁulﬂﬂ’]ﬁaméfqm‘%aaﬁwLﬁﬂlWﬂ’]LLUUﬂizm&éf’Jé’wwé’wu
waseindluszuudmine i

nsdifugulifnafiaviinainaniivalag Geuudnivieszuusain) Ty
szuusmnglniin 69 T4 Wedesgiussdulniimndavay (Voltage Sag)
USuiasuaintmneiay 39 Wuaindulsdruuustounuunszats WUnate)
warainduuneay 70 71 72 73 Wuadndaneleu WUnfidn)
fndandosdndalninuunszanefivdandsulnidiainuaseing
(M3 3.1) Srdunsdiugulafinafiuinaiandidalag
USuiasuaintmnoiay 39 Wuaindutsdiuuuiatounuunszats (Unate)
Lazadndvianetan 70 71 72 73 Wuainddelou (Uniide) sausiadasaeded
mdalniuuunseesviandsuladianiasending
nsdifugulafinnfuuialnaniitalag szuvdniiessuuduiu) uay
WanSinalvaniesay 5 Mvandannia

Usuildsuaindmneian 39 [Huddnduvsdruuusadounuunszate (Unidn)
Lazedndvanetay 70 71 72 73 Wuaiadanelou (UnAda) sastafiuySune
Tvansovay 5 Mvantannia
fndansosindalniiuuunsyanesasdandsulniiainuaseding

(15199 3.1) waziiuUSunaldvansaway 5 Nvandannda

2

R
137
138
138

139

139

141

142

143

144

145

146

147



=]
AINN

4.22

4.23

4.24

4.25

4.26

a.27

4.28

4.29

4.30

4.31

#1508n N (ia)

USuiasuaintvneiay 39 Wuadndulsdmuuiidounuunsyeuasaing
vaneway 70 71 72 73 Wuaadarelou WUniila) siuradnsaaiossde
Trifiuvunszarefvdandsaulifiiainuasending (a1519f 3.1) wasiiia
Unalnanfesay 5 filvastaynia
nsdifugulifnsfiniuaivanitalag Geuuuniiessuusuiy) uas
WiuSunalvandosas 40 fivandaureda
Uuilasuaindvuneiay 39 Wuadndulsdmuuidounuunssasnasaing
wanewas 70 71 72 73 Wuaieddnelou Unide) sastadinusinalnandes
av 40 Tvandaunada
Aamandeetudaliiuuunszanesivdandsaulaiiianuaserfing
(P15 3.1) waziinUSnaivandesas 40 Mlvandauieda
Usuiasuaintvneiay 39 Wuadndutsduuuidounuunsymeuasaing
Lazaindvaneian 70 71 72 73 Wuainddnelou (Undide) sausaRnsaades
fufialiiuuunszanessianduuluihanuaeing (@15 3.1) was
WiuUSinalwansesay 40 Alvanvaunsla

v sal

NAANSN LPANNTISANYIIAT IS IPU N AN TV

nadifiugulifninduusialvaniivalag (sruuunfndeszuudai)
srufunsuiuasuaindvneias 9 Wuainduisdmuusdouuuunszane
nsdifugiuldfinisifisvimaivaniivalag (szuutnfndessuudain)
saufunsuSuasuadnduuneiay 36 Wusdnduusdruuuiateuuuy
N3

nsdifugrulifnisdinviaivanivalaq (Gruuunvieszuuaain)
safunsuFuasuaiaduuieias 39 Wusinduvsdruuuiatouuuy
n3zanY

dinUnalvaniesay 5 Alvantayniasuiunisuiuldsuaindvneias

9 Wuadnduusdruvuditaunuunszane

g
148

149

150

151

152

154

156

157

158

159



=]
AINN

4.32

4.33

4.34

4.35

4.36

4.37
n.1

2.1

#1508n N (ia)

dinUinalvaniesay 5 Alvaatayniasuiunisuiuldsudindmneias
36 \Juaindulsduvuiidouluunszans

WnUTnalvanfesay 5 Alvandanndasiuiunisuiuasuaindnneia
39 Wuainduladiuuusiteuluunseany
fndandasdndaliiiuuunszanefivdandsulniiainuaseing
(15197 3.1) waziiinUinulvaniosas 5 flnandanndasiuiunis
USuildsuainduanaias 9
fndandosdndaliiuuunssanefivdandsulniiainuasesing
(m15197 3.1) waziinUinnlnaniosar 5 flnandanndasiuiunis
USuiasuaindvneLas 36
fndandosindalifnuunszaresivdandenulifiionuaseniing
(m19797 3.1) wagiindinainandesay 5 Alnantanniasanfunis
USullasuaindvuneian 39

NaaNSAlANN1SAEN®INTIATIE IS Is Ul ANt lneadIndanelau
wWUUIaR9sE ULl 33 Ja

wuUINaBIszuvImuglnii 69 Ua

g
160

161

162

163

164

166
191

195



uni 1

UNin

1.1 anudAguazanudunnvesdym
Tuedndisinuunmssdslvliuuuugudifuasiiasuausunssdalnlii ninens
nsadrauuiRnlddmsunsnaandeulnivesssuumeani Wé’amulﬂ/\Iﬁwﬁa%’N?ﬁu%gﬂ
shelouruaedsuazaniuasludasuudmmielii ssuusmmheliihnszaesnnallss
fiuanems anunsallugatiiaduldfumaasuudadasnisfisnidemaaeadamends
wagsmefidiutuiusliunisanngseideuanuinadudundeutaznsiaunig
welulad Yymmanivatseganasensuusinmsadraasestudalifiuuudssanes
(distribution generator : dg) Wousalnansetuiadevionisnszaeidunisadiauuiadn
M3ESNMLUNSEANEToN1IN TS nlAT s da lali U U USERNeEn %uagjﬁmméa
WAUNYWILY (renewable Energy System : rES) FaUszneaude seuuranliimdsau
watefing fekuay faufing fednasazuramdnliiivuadndug Judu dedeutu
Bnsudslnihuuuipuedesiudaliiuuudssaesiifefunniuasidind luaamd

(%
Y

YDIAIIUADINITVBIAVIUFBINITNANIY Weivne szaznvaesauilawnsdululdlanazes

3

Anseaa v weluladindesndalndwuunszatedliladunan o

[y

P
MYUDUNTY

o A

Feldwansznusodundaudmuisauinduiiasiedundsu detvanidfynanves

wsssnLllaliiuuunszaredniuunilussuusutne Wil (distribution System : dS) @

£

Muisuazvuiafignaes mniazesddalaiuuunszmedlilsigaiiuliluanuifigndes
warruavenasastlaliiuuunszamesuanastusuuasiitymanndnunsiiauds
yhlmAnsaswihgaudedindu wssiulriiinasauniwlnihanas ddslwil-3uoniivitliun
Wa%L*ﬁluﬂiymwé’ﬂmaqmsLﬁmﬁwé’ﬂWWflg@Lﬁsjﬁﬁﬁ@ wsasiulniwazaaunnliinasfod
ﬂiza‘m%m‘wLﬁ'amauﬁlﬁﬁuﬁﬁim Fofumssiiunsseuusmiglnd Sendudosusuld

winzaulaenisanmadlniingydesaziiuusaiulii deusulnguniwlnihdnlueens

'
a

Banazdosldgunsalyaire sy uudmuiawudundsiuyszy fundanisasiawuy
nsgAeLazimLIivaseindalnily (dgtat CoM) N1sdminagunsalsmaeilaimunzay

o 1 a a o ] I3 [ I o gj
uﬂﬂfgjﬂ’liafﬂﬂizﬁﬂ/lﬁﬂ?WﬂJENi%UU"\]’MH’]EJlWWWLLazL‘LJ‘L!EJL!G]i’]EJG]EJﬂ’]i‘I/]NTIJ“UENi%UUVNWJ61



aun1shesuasesinllaliiwuunseaedinmangauiigalussuudmiielnidadu

Ineniinus

‘ msviuusnunwinihlussuudmmieliihlasnsiwenrauwds@alniuuunssanedindsanuuaseiing ‘

|
| ]

wsanuludn

‘ nagaydendsaulussuudnmineg ‘

I

‘ nsUTulsmsgaydendenulussuudnming ‘

'
nsUqUAnIs nsUseidly

‘ nautdmamaminihdwsuussiuanlussuudmig ‘ | msuszdiudnenmwniswaniadsluifihnszudnss |
‘ nsUfdanslsduitmdsnuuasaniindunainlussuudming ‘ ‘ miﬂszﬁgnﬁ’lil”izwlviﬁwwé'mw,mmﬁﬂé ‘
| msUiunsussnaldTusTiduseduliiin | | miﬂizLﬁuﬁnamwnqs?wﬁqﬁﬂ,wﬂqnimam |
‘ nsUTuUgednsusIAuAN ‘ ‘ msuszandldimalulaguinnssumasnuussaniing ‘

| msfnwdesenistesiuituindmiuszuunanlnin |

‘ msUiulsseansnmdmsuussdulniinn ‘

ANA 1.1 AINFIUVDNILINGIRNUS

1.2 nQUszaeAvaen1sIY
1.2.1 tieuszgnalinisusuusanmuninlwiiluszuudmigldi
1.2.2 Wiosraeswssduluiingn / ifiu (Voltage Sag / Swell)
1.2.3 iedraesnsgyidendanulwitilussuudminglaiih
1.2.4 ilodasamadiansionsounasndnluiiuuunszaned
1.2.5 leUszendliuuudiaomsadnmans 33 Ua wag 69 Ta

1.2.6 Wadnanassuulninasuwaanfing



1.3 YBULVAVBINITIVY
1.3.1 Aimsziuariansannisusulpaunmlninlussuudmmielidi
1.3.2 Jipszsiuasfinnsanusaduliiiien / i (Voltace Sag / Swell) [+7%, M%]
1.3.3 Wpswruariinnsannisgadendsnuliiilussuudwelnin
1.3.4 Sinzinazinsanmeianisideusounawdslnfiwuunszass
1.3.5 AATILRUALTNNTUILUUIIA0INNAEAAIERS 33 U way 69 Ud

1.3.6 AATIEMaz AU TEUUINTAINAIULE 1 Ting

1.4 Suneauddmsisy
1.4.1 nagouussiuliiien / 1fiu (Voltage Sag / Swell) vaslsslnilingdasnu
wasoinguunsz i luszuumig v
1.4.2 naaeunsggydendenulnivedsdnimdinunaeiinduuunseay
srluszuudumielavi
1.4.3 negoulasziuseulniiandaune (Voltage Sag)

1.4.4 veaauasensssu i antuuslneaindanelau

1.5 Uszlewiiilédsuanise
1.5.1 Mmyvsudaaaunmlninlussuudmglnd
1.5.2 nMsUsziliuussrulninn
1.5.3 nsUsgliunsagdendsnulniirlussuudimielngi
1.5.4 ihlameadansidensiounasndnluiiuuunsz e

1.5.5 Wwlaszuul WA g suwaan1ing



uni 2

noufineIdes

2.1 uni
Iumuﬁé’famsﬁﬂmﬂwiU%’UUqqammwlvﬂﬁﬂmwuﬁmmEJIWﬁﬂmeﬁL%amia
undandalifiuuunszaedmdsunaieniing §ideliinisAnumguiuazauided
RendeslneiiseazBonuazdsurtesd
M ndnnsvhawinluvessadudsending
WUUIaR9sTUUIIMEIE NN
Uszinnvaansastidealnfiuuunseaes
nansznuvenaissmdaluiiuuunszatesisesyuusue i

A5 TRUFBLATBIN DAl LUUNSEa18nUsEUUI MU L

AFn1seuunIsivavesindalndin

< £ £ £ £ L

NINUNIUITTUNTIUIUIY

2.2 ann1synunallvsusasasaning

a <

2.2.1 1 adwae19ng

a 6 @

waduateing [1-2] WWudslseavgnanuisaagundsuuasaingilu
wasulnilalaenss lngorduauandidifgnisenia “dsingnisallilalianidn

(photovoltaic Effect)” Usaingnasaldenaiatignaunuaseusnlud a.A.1839 lay

Y

NINYIFNERSNTD alexander Edmond becquerel ladaunamiunisiiausesulufiruSuno

Y ]
< < )

wilsundaliiisaesdsguegluasazaredidninslanidetuaunannsznu 1wl a.A.1876 3

gyuluans Selenium siaunladin1swaunlaefltas Selenium way

L4

N13AUNUYIINGNI50]
a13Us2nauus Cuprous oxide Tul A.@.1941 Tn19AUNUMNALLLABN1TAS19T0Y6DET

#-18u (pM junction) Tae38n15 grown junction waluladfanaiifidiuedrsuinlunns



v

Wawveugadnauwate1fing Tul a.a.1954 nguinieanusen bell telephone e

=

UszniAaudusalunisasrawaduasefinduuusesnen-Llouvenanddnsuduudu

a

NadL5e weluASIusNdadunasaindiusyansnniessaas 6 Wity deuwst A.f.1960

6 [ 4

LAALAIDIAR AN WA UILALAS 19U MU AUAUNIT LY TagRnIENISIANUSEENT AN

Y

warn1sansunuiilasas e msldeaduasenfindduunamasuiadnsenanisidauiu
AN LAk ndaunsawds ugunasuannauwatefinglmlundasu
Infnlnensauaglniinladudulniinszuanss (direct Current : dO) Tiazeiauasliadng

1an1E N5 UARGI I NaanaIwanauisaltaulaiuitazinaulalagldasrades

44' I3 caa o o A o = e % = o v
IUNTUY Lu@ﬁﬂqﬂLUu@iUﬂimmmﬂﬁﬁaqﬂUVlsUmgm'N']uf\NvLiJll{]war]@']Uﬂqiaﬂﬂiaﬁi@@]aﬂﬂqﬁ

o

& A

nsUngeshvmileugunsainisndandsnulniuuudy Jeaidevesunigadiateniing fie
FuunsAacsgs Ussansnnlunsidsugundnunnnaanuiasdundsulnivesead

uaenfindaeudiwnuediuviinvesansmhuadalaenilulseanniosas 10-20

o o s a <
2.2.3 RanNITNINIUVDAYaALLHIDININE

o d‘

LIENAIIUIINUEHIRNN TENUUULHLLEAG WA TING T IdvRuae a1 AveY
wasulsgneusenin “eeu (photon)” agmemnasauliiudidannseu (Electron) Tu
= o o a o a = « a
ansnaiIIUInd R UIINNeNIENTYIAReBNUINLTIANNAYEIBENBY (atom) kaziATaUT
Ippgedasy duuledidnasewndoufinsunvsazyiliinlniinssuanseu Janddgly
Miwaduasefindlaun a1sdaneu (S) Fuduarsviawernualdirdnlureuiamesias

gunsaididnvselind Farewduarsdsldiluniviinsihundawaduasorfindldiuagng

(% ' '
= a A =

WNSUAIENIEiisAgn Amuuazigetiald wenantiiianulinduiaunsadiuindawas

q

L9 1ing 1y uwnaldeuengluduazuandistinaiaelsd uidsisimasuazuneiadalad

=

n1sigatisesognsidauinaunsaldnuliuiu Jeldevesarsdaneu A nsviliuTans

wazagluguasimdouaginwaduasenindiinaunawazunnindrgluruiunisudn (18]



n137199ve wraduasefindidusurunisiuasundseusaadunszual il
Tnense Wonasdadunduwimaniniuasfndsnunsenuivansiaiiiiaziinnisaneven
WEUsERIIA NS NUIINuaRzY i AnnsindeufivesnseualniihtuluansAadatds
ansasenssualvliirfanaluldanuldidutimd (nmype) Fanoudsegiuniiveasad

Ao ansnininlanisiaulsieasveanesa dauaudfdudlididnaseulioSundsau

o o o

PnuaevngfiNmd (pMype) 8amau o arsnsminlasunislaulemearslusousinli

lassasevesevnougndedidnnseu (Holes) Wasundauainuataindasyiminiiy

v v

a A4 o aa & a v v ] A d = 08 va &
ATUDLANATIDULUDUIGAADUNG 2 %u@ll']ﬂi%ﬂ‘Um@ﬂu@'Jﬂ3@8@@373WWUQQWWIWLﬂﬂLUu

=

3 a ) 1l =3 saa B4 o & 1

waawasaingluani1iendildiivaswanidulmizfneudediunthvesead diulsenau
1 1 o/ va < 1@ v A 1Y [ 1 ¥ v =3 6 =
drulugynionarlviidnaseu windadlaavsueginuantey auntvesdulmiaziivay
laneiendn “front Electrode” yihwthilusisudianaseu dwiilmizdneudegiumnas
vouwad laseasnsdnlug dulsaundensdididnaseulsUutnaantes aunasvesiNmd
Fanouarduaulangisunin “back Electrode” viuthiidudisiusiulea [18]

A a ¢ s A ¢ ! Y] Yo a & °

Weduasefindannsgnulwaauasoindazarsnasuliiudidanasounaslsari
ThAnnswdeulnulendsgamersdidnaseunasloassindmiiiedugiu Sidnnseuazily
FeruduNmiuazloaazlsludstuiinmd Bidnnseudslusmnuiuaulane (front Electrode)
waglealelusamiuiiuaulany (back Electrode) iladin1saeatasiiannuaulang (front
Electrode) uagtaulang (back Electrode) Tiasuisasfaviianszualniduliiosainss
ac a ) 1o
ddnaseusazlealzisiedudiu

Tunisnisudswadiielilause@nsainasgaladinisusuuse 2 dnvae Ao vinln
wihdudageufaiuiiniive wgadiionazsausinlszlasliinisuadaiasiininnnssny
WINdNKAEaAYTnY AB NSLAOUANTANNISAEVIDUTNAUNTNVBITadNEARNISaEiBUNTUTDY

A a

La9e1ng AENURAUYDIASIUAARAIRININELULTAADY AD a1unsandauwsenuliiinlang

[

0.5 1ad (V) fiangnisldauneniumuaiinistesiumnuiuig



AC to Industry Use

Inverters

. ‘{/Solar
& ~ Electric flrra(tji:ansce
DC 1 Current rl-l-l rom the Sun
i et
— Combiner Box PV Panels

Grid line

AN 2.1 NANNSHIUYDUYAALEIDNRE

2.2.4 1AS9E51900 9 UAALEIDINAE

Inssassvaswaduananding [3] Adeuldiuunnfigaliun seasefinduvesans

A g Tagansieiitinsmgniigataziiinnnanvunulanlaun Faaeu Fangalaain

q

wImenduaziIutunaunsiiusgvsnasnaun sl undn a1staneuusgrsunfasdl
[ o o A o a e ) P PN oA Yoo & .

Anududnilinaunnsdidneseulidinisiadeun widleld3sn1slauts (doping)

Tngarslusouasyilianududniladwintunsisluseuazimiinlusianisey

(Charge Carrier) Zuluuszquan fie Lfididnaseu uwivzdugesineiisonin “gaps” 3o

“laa (Holes)” Fa8iannsouazundugrislu laseadsvasgundnifieruauiunisiugs

Y

'
a0

Founin “ANmd” nslaulednuuunileldansneanosa (phosphorous) &15¥anoUNHNY

UAUNITIAUTAD 1SN “LAuNmid” FanureauinneanesaasinuniiNduding



a & = aa & ] s a & | A& 5 aa
dlannseurIeUseyaudanouiouanunluwaduataiind Ao diumduimdluvuenig
drumihveagadiuiiuasnnsenuasuiiestiuuneg wwudulimdsessefiogszninaduis
409 3un1 “soarefingu” Faludrudiddyd miumaaummmmws%%Lﬂuummﬁﬁ

UszpdassindouihuuazsliAnussiulnihiuseninesesse ludiuvesansddneud i

< a «

Bullmdiudidnasouansandeulmidegdaseionmgives luvngitareuduidy

) !

ANmIfdr1unsenin “lea” fe drundiannseuvianiely (Electron Space) @111

wmaeulmlaegedaseNgaumgiivieauiie i

Y

2.2.5 YUAVBUTAALEIDINNE

' [ '
[ a o Y o [ U [ =

Sagivhunliviisaduaeindtiudiunnniziudaneu ilesnniduingiuidl

faa

oghnnuasiisagn waduavorfingidnisldouudludmndeduudld 3 siadwiolud

2.25.1 Wwaduafinduuunanifien (Single Crystalline)

[

a I a y = N a q o 44'
AMITNAALYAALTIDINAYLUUNAALAYINIBDN ‘\]ﬂﬂuﬁLu‘U@

D_Q da.ne

Tuluasasialat (Monocrystalline) nsw3exansdaneusiadisuduainid
A1538AUTINIUN1TYN D unauliA1uUSansasuInsesas 99.999 1N

9 Y

nasuazagluwmuuumileanienseua (Induction furnace) Nigaumgilas
19 1,500 a9 gal@od (°C) 1eyinn1sas el isHantaeItuIa e lduNIu
AugnaN 6-8 17 nieuiuldaasiievulusewieliiniimduavinlnia
[ S - &, a = = 14 ! = <
nsdudusnuluwmelulagnishisdnaglawiamdnuradugunsanssven
AMNINYDINENLAEIE A ANINFDAMAN TR IgadRAID AN TN
| = Y v ' 1% Y . a o« Sy
WINANIFRILUUUNLUNY sRgaIndinlngs (wire Cut) MSendn “Lunes
FeaglawiundninisvinliiindusesdefinduiuuuukWesfe3snIs
w3 (diffusion) NgaungiiseAu 1,000 ssrnwaldud (°C) 9nduLn LU

Pl nednssualniiimtdiedesiunisasiounadlvidesngnainiiu



Pldusznauuaalasldnszanidunsiesdesiunkuead 19ealautazdie
(Ethelene Vinyl acetate) tretlosiuanuaulunisldnuasaasiieaaunas

waauwieaynsuiuiamuksandeulilildnudenis (3]

2.2.5.2 waauasefinduuunansay (Poly Crystalline)
ANSHANLTAALAIDNRN I WUUNANIIUNITHAMY AR LI INg LA BT
eilanldengnniniowsn fie N1sviulwganzldisniaeuanddnou
Tazarensounuldansiiavuluseutiiavinlmianmdudinasluwuuiun
= aa [ Y] Y I aa = 5 ) [
Weansarate@anoundenlae o Juniadamouwuunansiy anduiilusn
L ULN LY LA T ULUUNANLAEY AITULANATITE NI UUNANLASILAZ LU
nAnsIuFunalaInRINGn AdlnuANLANA19TUTRARIINNANLAN TNM T
P ' ¢ & ¢ ~ e A < & =
pangnantubHuadaziuwuunansulusue kU UNANPgIaziu JuNdn

WoLRe0 A JALAYINADANLKHUAIUNTSUASNNSHAMAATIMADIZ UL DUNY

WAALAIDINAGLUUNANTINTAUTLANTATINAIN I UURANLASIUTE U

[
Y

Soway 2-3 Wwaans 2 ¥ie 99 dulunisnas Ao wandnde

2.2.5.3 waaudseinduuudanaunuuazuasia (Amorphous Silicon
Cells)
Juilduuandusgansamlunisifeugundnuanndanuwasly

Wundaaulnirdaiiumundseunn 0.5-1.0 lulasiuas (um) laun wwaa

1%
a0 o a

wase1findnlgluinIoAniavdalidnuwaediiadinialninuuinulsAgn

4
P S =

wanliluiuianauiclugvarenisaunsiivssd@nsniniovas 6-8
T luwaduwasanfindazlrnseualniianisasuszuna 10-20 Jadwaud
(ma) wazaunsabiwsanulninvaz19aslaussunad 0.6-0.7 1as (V) Aeuy

Asitaulgansiwadaz liunltnuieasadined Weasannlimadbnindes



10

Judhnwadusevunuiuiielinseualinda i vunieffen1sussiues
dngaduideaynsuiy M3end “luga (Module)” wagmindrlugauisie

SAUBNALISENI “OaLsd (array)”

2.2.6 AudnYuzLATFIUUTTA A YD LYaduaIInS

andnvaznaluiivongaduaseiindduarunsonandldlaeldnsl
awdtusvenszualiimsssuluin (v Curve) Feilselominndmiuldnseaeumds
nAngeanveseaduasefing oy I aneds nszualnihunufodunsmundues v
vneds wseiulalih g awnudedunswuuiueuy fgumgiveawaduazudunaainuidy
LasenfindinnnsznuLLYaduaeIindiarnsiainisoainansmauduiusves
nszualnfinsaulni e Sausssulndhilifinnssielnan Sendn “open Circuit Volage”
wlirussduliiiign a nnduliiwaduaeiindSudnenssuamuisinnssuagegaluano
&mas Tigptiasliirnnszualiingean 3ond1 “Short Circuit Current” Faudunszualait

7190 b 91nduanidurugannyniinadevaziindunsianuduiusvesnssualniim

s lniuanas e nd 2.2 uay 2.3 [4]

Current Axis Change Load
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Short Circuit Current

(Zero Voltage)

o pen Circuit Voltage

(Zero Current)

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

KENE
X N % (2.4)

&

LN adLas1ngndnunnaaIsiaAiadurnmesiinlng 1 iienagyineu
(operation point) Inafugaaneridalniingage
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w1 nglasvanusadsulanuaunisy (2.5)
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(2.6)

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

N-K-T R,
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fio nszudliih$Hluannedusvaziglusanduestalenl woud ()
fio UszBidnmseuilaniniu 1.602x10™" gaeud (O)

Ao Aladelugnund

fio Amafives boltzman fiAwinfu 1.3806504x102 j/kelvin

fio onmgiifisessiovazshaLveusad] osriaaiu (°K)

Ao wssuliianaseulalon] 1aan (V)

A ! v/ 13 L3
Aa AIAUAUIUBLNTITRLTa[ Lavid (Q)

A9 ANANUAUNIUTUIUVDIAA] oYU (Q)

wnagaauasenfinduuulugadunisuigaduaseninduisouuueynsuiiaLiiy

wsspu WAz auduRfawsssulndvauames Ao 12 1had (V) drun1saokuuTuIuy

aztdunisiunszualnidy Taousssuludnaznszualnirve wwadaznustunudinlsiy

auni1sn (2.6) ninluAanarey Ry, way R, 9z ladun1599 Mg aatasoningni

AN (2.7)

n

D

\ 1/
I—np-Iph—np-I{expN K-Ton, —1} (2.7)
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2.3 uuudnassssuuiminglni
szvuimiglinduszuunsundsulnihngnasaunainssuundarigalui
inusngaszuvdsmdsiiiesennisateddsiilugivangldlniin Sauusenoundday

Ao anndlnfvihmihnuSuiia/anussiuneudsngludutellagdmlngudissuudimie

(%
v Y [

InazdiszAuusedulniraseunquisnudgugi nienlisiudeseduusiugege dmsu

EE]

Uszinalngazivuaussruliiliniy 115 Alalad (kv) Uusuuvesssuudwnigliuds
sonidu 2 syuu fie ssuvdmihgliihwlieAunasseuudmingliinldfunisdenidszuy
Juagiuilatevansusznig u Avlddelunisasmuy anuvasnde Auwandouuazaiy
e udy uiinudiuleevlulussmdlnafussuudmngliiuniodu iesand
srmndszuusmielnihuuuldfuinn udegralsAnsluuinafithuEsunuiuiy
nsdifeduansliihduwiivieneluiaugaainnssy dealdszuusiminglwil6au
iosnangldrudumeifauuiuiimuUasndouasfinnuiuasganinsyuudmieliin
wiledulueniel [5]
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szUUInUNe LA RRA 9N NUN1ISARAS 19Tz UUI MU AN TaeAnilana

99AUTENOUANNY LTU SzAuLsstulin stiaveseasnisdieluin aasnauamingauly

¥ '
A =

mslduluwsasiui szuudmiglniudadu 2 ssuu fie
syuusnuielddnuuuisifea (radial distribution Systems) 1dulasadne
szuudmihelaihideiigedisimsse iUl dumedminefosnuden Taei
wasulihasnalUluiemsfedduatnaailnilugdnannisensldau nsmauwnuld
szuvdmiglilmniluaadldliiiniunniuluewasfanuisafiazfinszuudmine
Influuusiiealinanedussuudmglnfiwuuguliviossuudmienuuiumsiolula
szuudmhelifuuusfeatonlddmivinendanulillugaglaliluiiuiivaluvielu
guun esnnsruudmielniiussianiamuin fnslestussuuieuasdnuurveans

Myansaunsainlaladne wallvewds Ae AnudntenelavasssuuliinAaut19Rn dnwy

99955 UUINNU INH LU ULSAUALARIFININT 2.6 [6]
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Tsealnin A a@anfiangluiidn 1 —'E'— dofignglnii 5
—FJ——  aaniiselnid 3

(O—FE3—

Ts9lnn B -

danfianglnida 2 dartgglwnn 4 daiianglnili 6

AN 2.6 szuuIvneliiwuuLsLAa

seuvdmglniluuugy (Loop distribution Systems) Wulasstiessuudiviieg
Il dilagniaundunieilunisiasuasisanuduasiifussuudmeliindussuuid
n1sdnelidndunssasyaremadeganideliiuaseniu Inegldlniagaiunse
Sundanulnialaannndmione ssuudmigliuvuilunisldanuasaunasastaiens
o 4 [d o 1 a o & o [ & o Y1
saniiszuuilunsasiwmheliiuuuisiegs nsnseviilagyinistesiussuuiwiladng
Ju szuvdmhgliihuuvguanunsainlulddrendsauliihliiugusuaunalvguaslsenu
gnamnssula Yervesszuuil fe Wegunsalilatatasanunsavihnmsdndiutiuesnluuae
Jasdimiesgaiusavinnsielnihdeludnyiliszuuiannuunietieligaiunitssuy
Imglriiuuuisifes teidevesseuudmtheliiiuuugy fe n1snendeaulniiag
nspihlaguanndagliiiiesaniidifes duludufianistatesdunigluaniiigluings
ilinAnlWiduiuusaniag deiuszuvdesiuaesszuvdmielniuuugudesddn
é( ! o ! a = [ v 2/
ANansaasdunIszuuTmgliiuuuisifes 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 an1tiangluiin 2 antianelatia 5

A 2.7 seuudmgliiuuugy

2.4 Usznnvaaniaanidalninuunseaneda

ASDIAIEA AL UUNSEIFEIINs U lavdla a1 Usen1Fee1d 1Y LATeY
AR NAILUUNTEAFINAINULAIDITNG WAIIUAN WAL WAIUINNLLAALTDLNA

NF1UN LAY WATIUAIRTININLBLTZUUTNLAUNE Y [7]

2.5 wansznuvanAsasnlialniauuunszateaasaszuudminglnia
n1swensiatAIaanllinluiwuunseMedudigssuudminglnindaliianis
Wasuwlasvasidsliiuaziemanisivavesiiasinih Fuduanmsylnfananssnuly

Aumnee) Tinuseuulni

2.5.1 nansznunaszuutosnu
szuusmg i laerluidusuusifivadsiaadlnidumaduwmassuie
1‘1/\I‘1N1LﬁmLma'qLamﬁf\i'}sﬁﬂﬁqlﬂ/\lﬂwﬁ’]@iwuﬁi’mmeJ"LWW'] vilsguuteanu [8] ve9sgu
Smhelwiiiuduszuutiestunssuaiiu (overcurrent protection) filmududeulsunn

1 [ N ' 4{' [ a o Y 1 o 1 ! 2/
@‘EJ']\‘iiiﬂG]'WiJﬂ’]iL?fE)ﬂJﬁE] Lﬂi@ﬂﬂ%uﬂlﬁ/\]ﬁ’]LL‘U‘Uﬂi%‘\]']EJG]’J L‘UWQi%UUﬁ]WMUWS‘lWWWE‘NN@I‘VIﬂWi
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pankUUTTULURInUWAsULUAY 1HD991NN15LauMBLATIN IR tNTNwUUNSEANefIdana

nsznudenseualiihauRanssIwazdnansenusenisviuvesgunsaldesiulni viadl

LY

o
Y

dnvaedadefdinansenunaszuutaaiulndn Wy Useinn SuiudmasIuInuedAsad

Audalninuunszanedi Wudu

Substation

2.5.1.1 nMsanvaulnn1sineuvasgunsalasiu
mnidaanuianiesduluszuudmminglnihifiedessadnlwil
wunsEnefdouseny u UTnuARmLAansesaziinszualwinfigany
Uni wiegnalsinunszuaniuiiansosiidrgoonanaaniluinasiiviana
anad Lieaunniaissdndaliiuuunszaeiisenssuannuianses
Trituszuulifhantumsnsalisuivileunnsamatumaienuiio
wiosvasgunsnitlasiuanas Fdliamisonsaadunisiinmuiansead
Anduluszuuliinle idesannszuanufiansesiinsafudusieniding

AnseualiihusuieesgUunsailesiulansienng 2.8 wnnsaldsnanidn

v '
a = v ]

Anunugunsaidesiu Negaunisvesarslounazo1adnasaingnisal
wsanulWiNn TV d9NalATE 8 IATNALSIAU b H AN TV UL U

Wesangunsaidesiuvinauiinnain [8]

dG Infeed Fault

Current

.....

r educe Fault Current from

Substation

AN 2.8 NMsanvaulunNIITiuvatgunInilesiu
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2.5.1.2 Safunmsinuiiianatnvesgunsaitieaiu
Tnehlugunsnifesfulussuudminglnihduussnauludae fiad
Slpaawesuaziwasinusnines nefrdilugunsaldesiuaatoudasuas
Tnan Slaaawedidugunsaifiostumetioundn mniamnuiansosiuly
szuudmiglnin guasalimsvhaududiunsn fe Sleaaiwesdomsns
111911157 (r ecloser fast) 981111131 00299592A517 MnAuRANT
Aetuduauiandesuuunng fadsdugunsnifauiivhey Tngsh
wihitestumetoudes lunsdiifindensoiniosinialiiuuunszane
singszuusminelifienarilisdunisiauvesgunsaieatumani

Wasuuasluuanasenind 2.9 [8]

107
10!
=
he)
C
g1 e SSudp ———— | Breaker
o § ~
£ ‘ N ; ‘
" 10" 3 : : b [eclosernlaw | |
12 P
10 = v : b : e s : “Fuse MM: Fuse TC
N
10 ‘
Imin 10° Imax 10°

Current (A)
A 2.9 drdun1svinauvesgunsailesiulussuudnmiielnii

PMNANA 2.9 uansdrumsvinnuresgunsailesiumnnszuanuRaniosiiAny

TusguulihdrmldRunssuaanuiansesingn (1 ,,,) wagnszuanuinnsosgean (1

i fm aw)
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SlAaawaswariiddaninaIuAuUNG LANINNSELaANURANT IR AAtUsEUUlaN 1 uTE

UAUNTERAANURANTDIEIENT UL DI TRNABATOI A NI uuUNSEAnefdng
szuUIMUNY WA LARIRININA 2.10 d9ualiiIdINIUNousIAaaLYSUINAIIURANTDIN
AATuduUAMURANTDILUUTIAT1Y N1sATdYIuTudsuwsniduniIsyinaunRanaInue

gunsallesiugsdnalianydeatwazalidny (8]

(@9

Substation | |

Fuse

~
Fault

IS & [J

AN 2.10 NSEhamNURANTaIRlnar U@L o TSN i lnH L UUN ST a7

WwoustoaglusyuuTmelnii

2.5.1.3 szuulniuenfadase

nainszuuliiuensdase (slanding) intudogunsaiosiu
YosszuUlivhnsUansasunsdrueanainsyuulniihugn wireasludiud
Tnutasaaseanlutudinddunisinglnainiadessudalwiuunssane
i feduiielAnaauiansesulussuulniihaneiessnda oy
nszaefimstigunsalilesfuiianansonsiafuinnisaliiszuulniiuend

dasveenulalazUanmioseanainssuuliiinisiinssuulniuenddass

LERRINNT 2.11 [OMO]
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S 3
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]
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MM

Load g Load Load
ANA 2.11 nstiaszuuliiwendldass

AT 2.1 Li‘jJumiLﬁszdWﬁwLLsméh'SaizLﬁaqﬂmai{]aqﬁuﬁumswulw%ﬁw
A1sUaneasuNdrneananszuulifindndauniestudaluiiuuunszateda negne
maalndlinulnanuiedin wniinssuuninenmadaselneiin15319wkul 819Ut 1uan
wiastdaluihuuunszaeiiazdroiuauundedeliiussuulni Tumenseiuday
mniaszuulniuenddasyinelalanunulioneasyinlvssuulninvaatiosan deens
nanszruiinainnisiissuulniinAnnisuonddaselaun

1) Apuduazusadiulnivesszuulnlihuenddassvdediuiiessoog fuinios
ﬁﬁLﬁﬂiWﬂﬂLwUﬂszmaﬁaLﬁmmsmésJuLuJaaT,m8‘17%ﬂ1sl%lﬁﬁdmﬂmaiﬁmmsammu
ArrudnasLsaiulaiin a uFadina ol

2) idessudeliliuuunszanesiliannsasessulnaavesszuulnihuenddass s

3) mavhauvesgunsaifesiuluduiszuuliiiuAnnisusnddass ldaansavia
lamuuna

4) 1aindunTeReysURavaUludYa AT N ¥R IAT R LA

I wuunszaefmiasanatwidnlinuszuuld
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2.5.2 HansEnusanan NN

2.5.2.1 ussiulwinsiieunaglnnsswiu
mMadeusaledesiudalifiuuunszaeiiingssuulnindunisly

annginelmAnusefuluiiinsziien (Voltage fluctuation) waglyliin

nsenu (f licken) ilosannisiSufueiosidalwiimionewnesusziay

wilgridamalimnuivessyuuliiinAnnisidsuwdas dadaymlui

nsgnIuUsnnBuiigldlniimielsarudrsainnisldiaiosdndali

BalastauazinIosdudaliindunefinefidgunsalimuauliilinssua

4 Qn' < o a DAY a
annivgunnuazausanIvauaufvesasasiudaliinliiniuadud

29952 uUlNHN [10M2]

2.5.2.2 g15uain
LASDINEA NI UUNTZANEMIUSLLANDUNBSIADS (InverterMased

dg) Wumsesiuilalndiussianudaslaiinsesuanssiduluinse uaadu

¥
1Y

H1un1egunsaidiannselindide lnegunsalmarldwaldaadann

g15ueiindu IngUuuvenseuasisueiinszuinvsetdesiuliusgivviln

[

fa @ A 6o PRy A O oa 1% fa & a ¢
LLaz‘UU’quﬂimaLam/liauﬂamawﬂﬁu Iuaﬂmuuuﬂmislja‘ﬂﬂim@LaﬂW§QUﬂa

o w

A1deuszaniaIesuiunsentuauni1sdtemaelniiaisiedainuseian

InFawmes (Silicon Controlled r ectifier : SCr) @sadrstdguAvaiunszua

grinefindruiuuin svaintagluniunildaunsaididnnseiindiiniunu

nM3eussulwdn (Insulated gate bipolar transistor : Igbt) @slinatiag
#1308 Ud Y UNaRNAILFYIMAIREa (pulseidth Modulation
: pwM) Tunisasiedyarugdaduledniainunasdanalvlaymensuetinan

atluraziasosndaliidlasdanaziasesnnialiiiwioniwudym

99981500 UNABUY LY 119991NN1599NLUULASDIA AN LW AN 9a0 4
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Uszantdnaliifianssnas suadn NSehas1suatNLaAIAININ

i 2.12 [10M2]
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~_ sundulwdiaeuaIN

sunauledund

N13UzUuUVaY

daudsenauanduaiin
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drudsznavaniuaiin

a16ufl 3

o
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Time

AW 2.12 nszuagsuelingusniaieuluanguaduiuiesainnisusvures

g15uatndPuUNa

2.5.2.3 wsesulnamntaveass
wsasulninandrvuzidudymaunnlaiiedrmisiiiagy
vosasaluszuuluii lnsamguanvosusstuliiandivme fe n1sida
muAansesluszuulnih nmssuiuadestudalniuaznissnendesu
TfSugulitunsdeuadiiiin nseusodestudalnfiwuunszaes
gszuulniineonvdsnaduaznaide usadulwinndrvazainnisisy
Laum%qﬁwLﬁ@lWﬁﬂmmzLﬁmﬁ’ummhﬂamsé’ummqumwaﬂmqmaaﬁ
wsssulihnndrnasiiiewinnisenseiuusaiy s Tanidesossuialndh
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Usetanimilendn (Induction generator based) Wigszuulnihdnalviiia
nsewabni1vzyinNITaRISNIAIUSEUNIL 6-8 11N VBINTLLANNAGNKALALIA
wsssiulnimndavasay Tunuesatudimmsnisadinanagliiaiumies
Afalnd3lasdarazesasnnialiindunassnes 1esa1nwIaaniile
Ihgalasdainisaivaunistalastadussuulniuagiasoaniiialni
a & &l & va ¢ 5 v & P Ao v
BUNBSWBTIN15AUTHNSUIADUIBS MBS IUNTEWAANISNLASEINT AL B8
dsalibiiatymusenulninntiva
Tuvnansaliiaenuiansasduluszuulniluesaes sty
. 1 U U % -7 d‘ U ql d‘ o )
N9¥A8FALTIUTNEITEAULTIAU B UaLiouse taefmsaaniialudiwuu
nszNeMazItensewaniluSdurlafiiiaauiansesdinaliinean

JeAUANUTULSIUBENsal TR Ul N gy NallTuegiulssianuay

ANLIUIVDIAURANT DINANTVU

2.6 nmssdeusaaiasnlalniiuuunszanesatuszuusvLng IR
wigsranliiuuunszaies fe nisuaalniniifluunafdwandausiniae Alatng
(kw) Munnz3as (Mw) ideuseadfussuusmuhelni dmsulssmalnglddeuunas
panlrALuUnsEANeaalaLn [14M5]
- fudnlvsnedn (Small power production : Spp) waneds lasensuantniinlae
Tosyuunisuannassnuauieutazluinsandu (Cogeneration) wson1swanlnia Tagld

Y a

nEauengUuuuninudeiavtanuielfifudemaadnanlnihsednurasinsinisas
U lnd IR arsluiadendnursussinalne (Electricity generating authority of
t hailand : Egat) st 90 winnedad (Mw) witilosann Spp udagusisansnsaveluinls
fuslanfiegluuinalndifssldlnonseiidansuanvosgnanliiinsoidninazeglussiu

120-150 wnnedng (Mw) [15M6]
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¥

- dndntuirvuradnuin (Very Small power production : VSpp) nu1ede Judn

Y

Ifhvsnanaenyy Sguia S§lavfanavUssnsunlunfiesesidaliivesnuesvuialy

(3

WU 10 lnnednd (Mw) Mdsusadussuulasatievasnistuiicesnnune Tneinisinn
ey vueds nastwduasuas (Metropolitan Electricity authority : MEa) waznns

Lrdqugiinim (provincial Electricity authority : pEa) 91nn15953L0NA15NAEITUAT

a 1

Henuvesunas@aliliiwuunszaedininunauene asuldiuvasdalniuuunszany

[y 1Y

iflaunineeutiamvainmewanaeiuly Juediumininauvesusasseinaniimua

UYNAIDEY LYW UNAIINTYBY 0. amanifar, M.E. Hamedani golshan, “t he Effect of

2

placement of generation on Mitigating Voltage Sag in distribution network” na1184
wasnanliiuuunszaed fe nisiedsuasdaliihvunaniigaguinansedvan lag

nswdnlniuensannauanugssnsiiugnAtasensaiiussuuI e i uae

(% [
Y

el WA TRTUNTINAN vurvesnandn Wi uunsEaefTfuRsEaUlaTan (kw) Ju
TJaudissziv 10 wangdnd (Mw) wiasdalniliuunszaredunuisaziluesdiuynnad
Wousatduszuvamune lnd1vesnisiiiy wrase@alndwuunszatedlonaaanulu

MnndsunyulsulusUuuingeg [15M6]

2.7 33n15AIUIUNS5 IMAaVBIN1aNNA
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n1sAuINNIsaresitastiiln (Load f low Calculation) Tusguulwilifindatiud
arwddaun Tenssuannsinetassatiungerinuresszuuliihidsuane ash
(SteadyNtate o peration) A1EUAIAINNITATUIINITIRATBINAIUHIENIIUNALRA VD
Arndslalihadsuazidalniihfiedesiudnliiihdedilulussuu sawdensgitmeney
wagidslaihgaderiomualussuulainigs msfinsudisneg madagdelignuny
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veesnvesszuulnilaenisadansdinazlselni 1 AinTuswlew191nN15TE18A 98
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(Constrain) wazvtinvesdawdasUanas nisunaunsiemaLssnulniuasyuvasdanieg
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933 5uilaeiinly 3 35 Fefite F3venfdlmia (gaussieidal Method) Safunaw
(newtonMaphson Method) wazWiaAAuila (fast decouple Method) wé a1 1121435

YDIUIRUNINFY

2.7.1 Nugunsinseinslvavesiaslui
2.7.1.1 MsaFsUanealiauaudiaunsng (¥p,s)
A3E519vALEANALAUTIUNGNY (Y, voslasstngluszuulnii
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ANA 2.13 Tasereszuulninmas

[

ANt 2.13 uanslasengvassyuulnin i aisautanmun n Ua wasda
Ta 7 z’Lﬁuﬁaﬁﬁumuagiﬁ’uﬁwmuﬁ’aﬁgmmimaﬁ

09 7, V; Ao Avainsywadslasenanta i WWadnede (@10 Slack bus)

Ao §,(Vi-V;) fio Amesnseuadsluaeenanta ¢ lUdda j

Ao g, (V,-V,) fe Aveinseuadslvasenanda i lUSuTa n

Y

Avasnszuatsluatan  (7;) aslimuidunselanlasonaintan i Aeiu

i = g, Vit 9y (Vie Vi) + o4 4in(Vi= V) (2.8)
7138
L=V T @Z/Vrvj) (2.9)
¥ia)
Eh)
L

L‘:Z}}:J %T/Z‘ '@z‘jT/J"""@m Vi 211)
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Tuhuesadeniudweinszuaiilvaitda n (1;) sgdidwiriu

FufleunenAvensyuareng Yalussuvindeuegluglvesuvzndiaglaceil

771:2;1:1 @nj Vn _@ T/]_ .. _@nn Vn (212)

[

_n _
Z @1] _Zli _@In
- =1 ~
[1] : : : : : [ 1]
| i ] - | i ]
| 7|: “Yis yz] “Yin I zl
| : | j=1 | : |
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2.7.1.2 sUaazUBNUUAYDIUE
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Usinaimuaulavsaimuale asludadediinsesnuialniivesgsgnivunli
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Tutagadrmaslnihaswazunaussiulnimseiondn “Uand (pv bus)” dmsu
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WAL ILADIATUIN

TuuansalussiulniivesasasiulialnihdldawnsauSudsurseniuay

1o wu lunsdirIesmilialuidrearmddnisueaiinieaiide Q) W3esu

1%

) Tuanzimsasnidalndaniirnua iy
Y

o w

AMagliinswanfindeming (Q

min
1 L2

TnganensasuaINIadl Nl SuoaRnNafine duwsssulnirvauniasnidaluii oy

(%
= [

Lianunsamuaulalaetuedivlassieg dniwasasnidaliluansndeniesu

Y

v

AasndSueafin  ARNe Tana

=) o a

soariullaliidesgorvarinrsaludaiian
(pQ bus) Taafuseaulnirvestaiinisivasunvasnivualaglassuglnii
dydnwalfltunuiaiiuansnanIng 2.14 Fauansliiuinasosniialnilnyiam

Tagdarindslniingds 30 wangdad (Mw) o ussdudl 1.05 wWaedele (p.u) [18]

pV bus

AN 2.14 Taniveaszuulnidinigs

drlugiuegduslan Ysunuideluihesuasidsliidueaivivesdaiifmie s
Wandudsidosinisantufinuazgnimualaeivan diuriuwssiusazyneslaiay o qo

iauluaniizasimile agfusgiudsunumadliinnguilaald laenilduailunis

o

AN e Tanalazansvuabidudadaiinnsienidslndnaswaz idslndrswansin

Y

ANVILEASAININT 2.15
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pPQ bus

‘ N

7
‘ 30 Mw + j20 MVar

NN 2.15 Uanmvesszuulninmas

i 2.15 aziiuindaluaniiiidslninadaradu 30 wanzSng (Mw) uaz
daliin3uandivl 20 wnngd (MVar) @slwasenainta Tunisiunnisivaiy fdsladi
voslvan u Yalvanazgnivualiudirsiviolnanusdafifuidalwinad dsen99:
LiBuatatanuaynnsd Salnanlaeillasdudaussiuluiigs Feazdondadfuia
wsaulndhsnSnsuneanedsdos (feeder) fatulnaniainatesiinnarswuuwnnaieiiy

ponlU 1wu Ianuewmes Ivanuasaing (Lighting) lnanvinAatuseau (Heating) TnanyvinAaw

(%
=] =

B (air Condition) Gslvanmariasiviinunisuilaamdslaihiunnseiu Ineduseiu
wssulwihanaseusiues fudunisiistmuavieauyilvialnanfufdsiniiasdidy
pradunisUsssnauiniiu manadnedravilsdstaglinnsyszanuiiiagndes o nnsdila
ansefuvsoutadlniindsannsaufusumisviedauseuvesaanld Wevihnmsvae
usaulwihuaenvssiunssiulaiimestalvanlifidesiidlofivanunnty wiioudaslwit
¥iiniizonin wieuladhiihgudily (Load tap Changer t ransformer) [18]
uannilunisfumnisivassdesiiniasfivuatassde (reference bus wie
Slack bus %38 Swing bus) iisnfsdudnuisia Inefussduliiuassmiravosussdiuli
vostatargnimuatu Tnehluudmsavoussuliihazgnimusliiawihduaud e
audrglunisiiasgiuasfinnsuyuawandassninada dadredsdasduladne

Maslifnieyaeanuuwandnsenitidelnidndnuas Adalnihguslan Javesszuy

TAAN S anfanIng 2.16 wazviavavesssuulndnmawanasinisen 2.1



Reference bus PQ bus

PV bus

AN 2.16 Vavesssuulninig

A15197 2.1 vilavavesszuuldnfas

vilpweada | P 8. 2 9.
\esriila 3R ABIMIAY Anuilo AOIMAY
i1 (Voltage DR < OgrmQma
Control bus 3R SAuilo ABanIen AOIMAY
%30 pV bus) Qg -Q™"
w39
Qg = Qmax
Ianda 3R 3 AOIVIAN AOIMAY
(pQ bus)
GLRNGN AOINIAN AOIMA 3R 3
(Slack bus
38
Swing bus)
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% o

2.7.1.3 9anasnudanuMIngu

[y

anesutdumMInFuduISnsRunlduA S e AR UNS aNALRAs YD

A A

AUNSNUNABNR VI LUS 1 617 LU
f(z)=0 (2.14)

Tnen

T A9 NNWBSTIUSLNUMEFILUST n 0

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

1

=) = i a s L
ialyusgluguveaumEndazle

— 0 T — ]
)] [ilamrtn)] [0

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

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

deouwnuaasiuus o adluaunsf (2.14) udwilinadwsves fa) Alddawindy
Aue fumneaudresiuls o du Wusneuvessenamasiiniiasives flz) wn
Ynarmveninmes z =" = (xl(”),...,:z:im),...,xfl”))T?’83Lﬂuﬁwféqmwlﬁmﬂﬂﬁﬂﬁzuﬂm
L?uéfw%mmzLumﬁ%ﬁﬂﬁmaé’wéﬁlé’ﬁﬁﬂﬂgﬂﬁmLLazLﬁmﬁhmmamwmm%aﬁmwhf“fu
nawed Az'” = (Azl" . Al Az )T wdifletendnUssanansudy ¢ = of?)
w¥ouarmuananuiedanndey Az(? unuaduaunisi (2.14) Razvinlinaiaas

Yosaun1stduase datuannisi (2.14) anunsaeulvllaseaunisi (2.17)

fla'” + A" ) =0 (2.17)
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disenaunsn (2.17) wndeulndleeldiSeunsuniass (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
dlalydfinsaunduduigeninduduiivile aun1sn (2.18) aunsileulviegluglvesuning 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) o) A
axl LI a:EZ .o /ax

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

2(0)
J(af ‘”):%:)

wn3nd J(z?) Fendn aladleuwn3ng (jacobian Matrix) @agnuszanaidn o 7

z=2(%) aun1s? (2.20) agiuimwasmseninemves fz?) fuammueaianaeu Az? &



36

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
TdaUsezunusuduvasinmas (% namasusamaaua lvddadnlndaasaweninmes oY

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

Aauannes =V aviluldlunisussnnunssludviomuiatiieniininesan
Auuanene Az uagAlnivesanmes = aggnAnamanasilegldaunisn (2.23)
nmsmwutuazidunisiuialudnvauziiuseu (Loop) fAtduaunisy (2.20) Feawnsa

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

1R8N 1 BNUASINNIDIBUNIUNITATUIN
TunrsAulauNalRasvanmas 27 22191lnAA19590n VUL DAIAILLANHS
vonmes Az luusiayseuresnisiuindiatesad N1sAILINIENYRaulad1uINgR

Y94 |Az| fientisuniaanuianainisensulaianinsaunisi (2.24)

<g (2.24)

max‘Ax(”

[

PuIUATIMTeIIUINTAUIUNTANN 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
mdsluiFueniivestaiAnazidelniaiwosiai venanidsdossmuaa
Amanafigeusuld (&) Sruauseuinndigaiiazanansamuiadld (r,,.,)

2.7.2.2 aSlonluaudlunsng (Y,

2.7.2.3 Auauamasniiess P;(z) vesUaimuazUaiinaziasluinseniiv

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 ANUIUNIAIANULANA1ITENIa N TN Aewilalude 2.7.2.3 way

sl s vunlilude 2.7.2.1 deaunsi (2.20)

P(l’)SChe - Pcal

sche ca (227)
Q(z )" — Q™

flx) =

'
1 a

2.7.2.5 1519@0UANANULANAIIIUTD 2.7.2.4 NAIANULANAINLAILINAIIATT
gausulaliAulnlumtenaly adetesninaiususulaliludaten 2.7.2.10 visean r i
ANAIAAIIUALY (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 ¥nmsudulgsAussiunagsmalyal (r+1) fsaunnsil (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 UAAIAINATNEURILTIIULAZYHYDNNY TanazAruinai1alniass

AaslnAdSwanAnluaediwrazidunasaudunau

2.8 Hguvaanssnulniinngvae

Tngiluudinislilonmiemdrfnanuvesussiulifivndivazdnadaalsl
Farusuilesnanmsfinsanvuauayszeznavesnainussiulniandvasveausas
uasgiudanuunndaiusenly diduindaddifnnnuauninggiues IEC wag
UINTFIUVOY IEEE

1A35g1U IEC 61000 - 4 - 30 (2003) na1231 wssdliandwae (Voltage dip)
Ao UsingnisaliusadiuanasainsziuunfedsiiufiiulaazAundugannzninnglu

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
LI UTaNa99Z139 0.1 9 0.9 p.u. INTZRULTIFY 1 MS (r oot Mean Square) n1elu
syazlaan 0.5 lalda o9 1wl [20]

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

Sovay 80 WWegiszruovay 20 V09ANTEULARIRININT 2.17

YUINVDWTIAY (r MS)
A

1 p.u.

Voltage dip
80E

0.2 p.u.

A
y Voltage Sag 20E

P 1381

A
\ 4

JEsags

AWl 2.17 enuves Voltage dip 80E wie Voltage Sag 20 E

eviinisidSyutfeuu1nssiusenans 1IEC 61000 M4 M30 (2003) waz

IEEE 1159M995 agidulumumisned 2.2

M1599 2.2 Genunssaulniandivaeanuuinsgiu IEC wag IEEE

Ay 1ATFIY

I[EC 61000 - 4 - 30 (2003) | IEEE 1159 - 1995

o Voltage dip Voltage Sag

w1 (p.u.) 0.0-09 0.1-0.9

srazan v L@@ — 2 919 3 Jundi v, loidAa — 1 w1l
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HeuwsedulniandivaenuunsgIu IEEE 1159 - 1995 58AUANTULIIVOY
wseaulniinndlrvaugazTuegivauin (Magnitude) wagszziIan (duration) veduday

WANI5al

2.8.1 fgnuvaunsanulwiiandvaslussuuamvuieluii
SnwazvaasinulnidiantivazUsenaunievuInuadwsInu Wi nn g

WaLI LAYk TIs U N and vy Fednwueiantvadsasulniinndrvuzazidu

(%
Y o

finsrAuausuLsIvaLssiulniantivagluusiazminni el

2.8.1.1 vwnvasusssuluiinndavaz (Magnitude of Voltage Sag)
yurnvesussfuliandivae fo vunvesusiuliiniimieny
(r emaining Voltage) iowinmnuianiostuluszuuliil Tnefinasruranidn
sumvaausssulniandrvardulnehluldnnsiuamuianiediiniulussuy

it Togvunvesussnulninndivagagiueg fuausnulninewina e

NTD9 FILNUIVDIAMURANT DI UTLANUDIAURANTDY 1TudU [21]

2.8.1.2 szazanvasussnulniiangavasz (duration of Voltage Sag)
syeslia1veInsiianssulniandiaug Ao Yisaiauineeg

LIIAULTUANAIIUNTENINAULIEA1UNR ToePgisaireantsiianssiuluinan

[
= [

FIUE LA TUTURY AUAINTERAAIIURANTDITINTINTVINUYBIUN 0
Joaiu Tnwgunsnilosnuudazfazigisarlunisvinauniniuwansieiuyinla

5282aU09 U INA RN DIV TR ULANFAIA Y
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2.8.2 fenuausenulnin dip Tuszuudming i
Annnluvaziiinnsdansaslussuudmielniilegunsaldadansasdn
szuulihfifinnsdnsaseenlurilissuuliiinastafesdisulnanaadluidefunie
aonlndindus lisunansenurliAnussiulniiinndavae (Voltage dip) FsiAuntos

[

TuagAnseuainRsLiInduAngsruvUnadlegUnsailesiudnssuunidymesnnly

2.8.3 auvguasnsiaussiuliiantdhvasluszuusiminglui
usssulninendrvauziinannsitinssualiinyunagaRaundlualuss vy
Telutneszozinandus ‘Vﬂﬂﬂi%LLaﬁﬁU%mﬂmiﬁQLﬁéﬁﬁlﬁaﬁhuauﬁLL@HﬂUi%UUlWﬂ’]
W Builwaudalefiumieduiunugrantowlasagyinliusiulnirnnaseulugunsal
wiehidengedsmaliusafulaomeiidelivasiicansasniunilutasssesnadug ey

nseualwih isivsinagavaniifinainanvgassialuil

2.8.3.1 NMIEMSNNBABIVUIALARY (Motor Starting)

1A89lUkAINSEWAYULRINISAASNUDLABDSHAIUTEUIU 6-8 191N

a

Yoenseuaiindnsvuamaiiazaeglussuulnindunaidssunm 2-3 Juniideu
semgly mnuewesTvuadlngunszuaanisvnas TuTuangadu uinuund
wausssulwiantvuziinannTansuNemes sz daualinindnuaaziivg
a v A o a a o o Y A a
szyzafinoudIsuIulioviinsIsuiisuiusssauliiinndrvugiiinein

ANuRansastuszuulndn [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 msaendsaulinundaudaslniln (Transformer Energization)
Ansaenaanuwsuaulriundewlasiniiagirldminnsewansiu

\WeudniiAtgelinuseua 10-50 Wiwednssuaunfvesmdeudadlnidamaliin

wsanulinnTIvasNTavesndawlaslniwazdalndifes [22]

2.8.4 wanszyuvasussdulninndrvalussuudvming i
wssiuliihmndavaganlussuulnihazdnansenusogunsaifisaulisde
usssulaiinandrvae (Sensitive: Equipment) @slafldgunsallufimnuszianiiaziiany
goulmadousaduliihnndrvuzundaiigunsaldnnarsuszandldlffunansznude
ussulaiipndauasndeginguy ssuuuasaine wissiinsouuasiaTesguih Hus 3
gunsalifamgeulmseussiulilihandavazudasUssinnagiinnuannsalunisvuse

w5IAUINANALANFA1 N ULEAIAINNTIN 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
pl C /I device 50-90 8-20
frequency Inverter 82 1.5
Variable Speed drive r ectifier 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 r elays 50-60 15-40
Medical Equipment 60 130
Servo drives 80 50
 aser Marker 90 100

gunsainlasuransgnunussiulnantivagluszsuulnin wandeniseit 2.3

Leun wewwasluiln gunsalusuausisevnewmes ssuufiauauaielulasiusisawes

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
Jagtulssnugramnssuiinsaivaunistuiniiouvesuanasinih

K1ugUnInidsunIMu5I59U (adjustable Speed drive) Fefiaauaiuisalunis

i
v w1

ruAunzaniunsldnudniadigislssndandsinu usegalstaugunsalusu
< ¢ ' ] Y, @ SN = =
AnaSveuLameiinussulmnslssiulniantvurnluiewiednnidle
AaussauliinntivaeduluseuuliiihiiiAanseuan seyinndivsunugslva
melugunsalusuanusiseu ftussuuauauvesgUnsallsuanusisouIsngn
o o a A < [ = d‘ a X =
n1svihnuiuiiieidunistesiuanudenieiionaagiinduannaneinszuags
Anunfidsnalinszuiunisnanildgunsaiusuanusiseunawaslasuaudens

vseveavedn [21]

2.8.4.3 szuviiaruaudaglulasiusuaives
desnlalasluswawesidugunsaliigeulmsensivdsunlases
usalwihddumnAnusaulniendivnzeorsrrdmalililasTusvawe fiinnis
Jiwn dewalinszuiunisudeildlulaslusivamesniuauerainadiuide

mele [24N25]

2.8.5 msauanusiulninndrvasTuszuudminglnia
n1sAuInssuliiiandIvaslaenill Ao n1sAwIamLssuvioat

(r emaining Voltage) Tusguulni
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2.8.5.1 anuRansasniaduluszuulnia
AnuRansesninvulusruulndihldausaNve seysiuiain ey

1e198AnTu a Ushavseswmdalalussuuladn [25]

2.8.5.1.1 NM3ANANURANIBINUH
AvuaWiszuulnihfidiwiu n Ja lnenanuiiansaaini
Y a v A o = [J o Ao ca 1 1
Ua fuazfiansanuseduinda m dadudanigunsaingeulnisienis
Wasuwlasveussrulniutousdooguanadanini 2.18 N15AIUINNT
wsanulniandivae a Jaleg Tussuulihaunsadwialalaglong ]

YOV (t heveninG t heory) wag s UaduRLALGLUAIAG (bus Impedance

Matrix Method)

suuavinglnih

Sensitive
Equipment AURNANTDY

NN 2.18 NISLARANURANTDINUE

2.8.5.1.2 N1SHNAAMUNANTDIUUENY

Muualissuulndndiauie n Ua lnenanuiansaaind

Ly

s f lasfansaunsasulnianda m fadudanieunsainseulnise

9

nsidsunUasvesussiulnieusoaguansfsning 2.19
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szuuIrUginin

r

Sensitive

Equipment

AN NG

AUNANTDY

ANA 2.19 NStARAURANSDsULasddlusUU LN

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

= &

Tngnsas1avadtasshinuszuulnin aaduszuulninFafisnuiudawinnu n+1 Ua 390fe

AsiLIUINTERNAANURANS DY (Ua D) Juun 1 Ua Tatussuulwiiwanasanind 2.20

pzy (1\)Z .

-Q{' a ! A a ! 0 . o 1
AN 2.20 ANURNANTDINLAAUUAIYTENINUE K LS | 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
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p= L—‘"‘f (0<p<1) (2.31)

g Ly Ao avwevesaedduszuudmielniiseninada k feda f
Ly, fie anugmvesamedslussuudmielniisenineda k fada |
AatulunsAnamuRansesiiinduuuasddussuud g i saaua

16 1wy WwertunsiineuRanTasNTasenlananuIwal iy

2.8.5.2 UELANUDIAMUNANIDY
Uszinnuesanuinnsesfifiansuiwlseondu 4 Uszuan fe
AURANTosRUUMTuaasiu (Single Line to ground fault) AuARNSBIRUUIWA
datna (Line to Line fault) A uAansasnvutnanaWa@asau (double Line to

ground fault) wagauRansesduanuna (t hree phase fault) [26]

2.8.5.2.1 ANUNANTDIMUUNT I WEAIAU
ATURANIBILUUNTL LW @asAY (Single Line to ground

fault) tinduLilefiansdiuianelnaignievesssuuliiwuvanuaiin

[
P=1

ANURANTDIAIAU FIANYULWAAIAININT 2.21 ANURANTDIUSELANTAY
deraliinnszuanuianIeIniinuuLstesNgawdiilanainuinNgn

WatlSeuneunuauianTaIUssLanaus [26]
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y— V1
| —a

Z

Ground//////

NN 2.21 ANURANTDILUUNTLNARIAU

A1SLNAAIURANS DAL UUNLINFRIRUAIUITOA U IUNIN T LEAIIURANTDIANUUIN

[y

afuUaUkAEFAAUAUEAIaNN1TA (2.32)

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

LATAINITOATUIUNTELAAIURANTDUNE a W b hazina c LARIaNnN1SH

(2.33)NR.34)
a __ p
If = 3If (2.33)
Ym0
]f—[f—O (2.34)
Tned ]j? Ao nszuaANURANS e ULINEBnANLRANS B9 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; fin Buiiuauduasminuilianses (fault Impedance)
If AD NTTWAPINURANTDLNE a LaNaANURANSaINvE f
IJQ AD NSTLAMINUNANTBWNE b LoAAAIURANSDINUA f

=

AD NTTLAMINUNANSTDWNE C LDAAANURANSDINUA f

R

2.8.5.2.2 AANURANIDIUULN D&

ANURANSBILUULNAD S NE (Line to Line fault) LAaTU
‘ﬂl = L% o L U ‘2!1 a o ‘i! a o ‘ﬂl 1
dedlaneinialaguilanigluiasanunaiingniens Jadnvasnsdeuss

AIFTUARITINNT 2.22 [26]

g7 OF NV

—l—\—

aY/
L]

Ground//////

AN 2.22 ANURANTDILUUNED LN E
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ANSLAAAIURANS DILUULNADILNFFIUITOATUIUNINTEAAINURANTDIANUUIN

dduaularaiuaug LRsaunisn (2.35N.36)

] Vf ref
gl ey

If =0 (2.36)

WALAIUNTAANUIUNSEWAANURANTDUNE a td@ b hazid ¢ LALanInIduniIsa

(2.37)42.39)

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

~

Ij? AlD NILLAMINUNANS DI P UAULIBIAAANURANSBINUA f
]in h) ﬂizLLammE‘mw%aaﬁﬁU@uéLﬁaLﬁmmmﬁmwiaqﬁﬁ’a f
= %} 1 a a 1 d‘ LY
Vi pre AB WiSAURBUIARRAINMRANT OIS
Z]’Zf A9 UadUNLAUTLUATNGANPUUINDIN T and f
Zy i Taduiiwaudiussndarduauwai f vand f

Z; Ao Bufiuauduaninuilanses (fault Impedance)

If A9 NTLLAMURNANTDWIE a LBARANURANTDINTA |

3

a

I;? AD NSTWARNURANTDUNE b WiainANuRANIaInva

I§ A nszuanuRansosa c Walinmnuransesiva f
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2.8.5.3 AURANIaswuUInadandasnu

ANURANTDILUULAD SN EaIAY (double Line to ground
fault) iinTuilledlangininglaguianiglurasaumlaiindnisasasiu

ANYAUZNISBUADINATHAAIAININT 2.23 [26]

Nn T 9

44—
l—

Z

Ground//////

AN 2.23 AURANTDILUUNED LAY

ASLAAAITURANT DILUULNAD N ARIAUAIUITOAIUIUNINT L WARAITURANT D4

[y

SAUUIN aRuaUAzEIRUALELAAEINITT (2.40)-(2.42)

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

7P +
ff n z
fo(fo+3Zf)
_ P TP
" =— Vf,pref ffIf (2.41)
f n '
fo
_ 7P TP
111~ 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 AssuamURansssdIduUInEeRnmRaNS e TivE f

=3

A9 NTLLAPINURANIDIAWUAULLDIANANURANTDINUA f

I; fia nszuanuiansesdugueiileiinauilanseiiva f

Vi pres A8 USIUABUIAAAIURANTBINTE

Z Ao UABUNLAUTIUASNDANUUINLAIN f Nand f

Y =

Zjy i UeBuiiuaudiussndaduauunii f wdndl f

7 fie Uaduiiuauduiminddduauduani f wénd f

Z; fin duiiuaudvuesmnuransed (fault Impedance)

I} Aig nszlamulANTaLNa a dlofiannuRansesiiva f
Jﬁ Ao nszuamuRensaad b daineufinnsesiiva f

I7 fi9 nIguanNRansala c iaifinauinnsesiiva f

2.8.5.4 AUNANIDIRUUAIULWE

AAMURANTOILUUAINLINE (t hree phase fault) tAaTuLil®

angdruinarnanislulsasarnaiiainanieasiaenluidnwaue

o
v =

AUUIAT AIUUIILNITLSYNAURANTBIUTLLANT

1 AMURANTDILUU
a11195 (Symmetrical fault) H8nWULNISITDUADINATUANIAININGD 2.24
TAgANURANTDIUsLNNTT N AN ATULDE LAFINAINTLLAAIURANT DY

qﬁiqm [26]
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Ground//////

AN 2.24 AURANTDILUUANLNE

ANSLARAIIURNANTDILUUAINAAILITOAIUIUNINTELAAIURANTDIAIAUUIN

[y

afuaUkAEARUALELALARIAENNITT (2.46)-(2.47)

Y piores
RN
I;f = Ij’f =0 (2.47)

LATEINITOMUIUNTLLAAUAANTEY d a wd 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 VaduALAUTLUAS NGNS UUINLAINA f Ban? f

U a =

ATE ABufunuswnsndgasuauwaIf f wdni f

7, o Jeduiumudumindddiugudunii f wind f

Z; fin duiiuauduesmuRanses (f ault Impedance)

I{ fip NITUARURANTOLNE a dlofnAnuRansesiiva f
Jﬁ Ao nszuamRanseuva b dloinenufinnsesiva f

If A9 NITLAANURANTDUNE ¢ WaNaANURANSaanTa f

9nngufveunitukarIsUaduiinauduninduindeinisniaiwsaau i en
1Y) A o = o a va sala ! 1 v Y A ' '
TuaueUa f dadudanauudliigunsaindnnugeulmideussiulniandivusivousoat

anansauanslamsaunisi (2.51)<2.53)

Vm,postf 7 gl Avmf (251)
p C A ) P
mepostf ¥ Vm,pref 3 Ame (2.52)
n A n
I/TrL,postf =0+ Ame (253)
Tned Vi postf D LLiaﬁuIWWMﬂ%’TUmsé’ﬁu@uéﬁﬁ’a m oA ufiansasiiva f

Vi, vosty AB wssstulnlihandrvazddivuinida m leiinmaiinniasida 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 Maddsuwdasussiulniihdrdvauiita m ileiinaauiangesd

nswWasuwlasissiuaiuaud sduuIniarariuay Nda m iainANuRaNTead

Ta f annnsaruinldssaunisy (2.54)NR.56)

Tne

Tnen

AVE = -7 I} (2.50)
AV? =72 It (2.55)
AVE =2 I (2.56)

Zr, A0 ﬂ’a@mﬁLLmez?Lm%ﬂez?éwé’U@uéLLmﬁ m &N

Zy @9 Tadufinauduninddisuuinuaadt m nénd £

Zyy 010 Tabufiuaudiussndaisuauwail m wand f

[ o nszuannaiiandesidugudidloifinmnsiianseiva f
I fe nszuamRnngassRuLINdlodnauRansesiiva f

I} AD NTLLAAINURNANTDIAIAUAULIDNAMNUNANTDINTR 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 Wsssiultiandiaizadiuuaniiva m iledinnnuiiansesiida f

m

Vi posty A0 Wsaulnihandavagdrdvaunta m diaiinnnuiansesiiva f

2.9 wailan1suszaranamamasiniigadelussuudmiglui

o

Masliifigaide As nasungadowaziinfuluagdiesludszuy lagilila

wgluieawadsuaninainnasnuluiluidundaumnudeu lnsazendliagramadaay

v '
v a A

il Wsfmualvisyuunnansand 2 Ja asnuiamasiihagydslussuvazanunsadou

@ iEInIsh 2.58 [27]

VAH v,Z.0,
z£0
| P12 3 P21 l5q
12 n ~ff— >
- = r+j o m—
12 Qs Qy; Sa1
bus 1 bus 2

AT 2.25 1935 2 Ta

Feaursaweunseualnidrnluaanda 1 a2 o

, V48, -V, 20,

1 726, (2.58)




Maudetaunlvaainda 1 ludsda 2 A

Sip = Vzlezfm*

wariautegaunluaania 2 ludada 1 Ao

Sy =V, 20,1 ,

Y

aatiudsasnsadeumadliiusnggadsluameddlanadl

S :Szg +521

loss

Sloss = Ploss N ]Qloss

1y
;s A nszuailvaluanedsanta 1 ludsa 2 )
Iy fio nszuailvaluanedsannta 2 ludsa 1 )
R fp ArANaunuluagds (ohm)
X o Asuenuaugluanads (Siemen)
Stz fo  maslwihunngilvaluaedsainda 1 1Udeda 2 (va)
Py b aslniesedilualuanedsannda 1 Tusada 2 (w)
@, eh) masluiasiouiilvaluansdennda 1 Tuwa 2 (van)
Sor fo  mddlwihusinglualuaedsannda 2 Tudda 1 (va)
Py, Ao &sluihesefilnaluanedsannda 2 Tudada 1 (w)
Qy; k) mdslninateuilnaluaedsanta 2 ludwa 1 (var)
Vi Gk PUIPLTITUTITE 1 (V)
Vs A PUNARSIFUTTE 2 (V)
9, Mo yveLsINuTUE 1 (degree)

57

(2.59)

(2.60)

(2.61)

(2.62)

(2.63)
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0, Mo yveLTINUTIA 2 (degree)

05 fo wmesdufiwsudlumedaduiidesonnta 1 lda 2 (degree)
Sloss fo  malniusinggede (va)
Pioss k) maalniinaSegeyde (w)

Qs eh) madlniadouande (var)

Hadvfitnansenudmiuidslingydeluszuu amnsautsoonldiu 5 Yssavldun
1) sunauazsulafivinnsaasauasudaliiiuuunszaies
2) aunvealsunuaudeInsinitluszuu
3) BHALAYAI LYV IENYE
0) tupuaiwlaivhnsiindasaiu U
5) MsUSuAwAiUndauUas

Faluwmazinveiliseazdunsenaluil

2.9.1 ANSWIVUIABALALNLINTIIN1SAARIwraIn el WHILUUNSZA8# 2

AsAnsawrasnlalniwuunseaneadlulussuuinnutelwindudna

' o w

= o & £ a =2 o w a a =
ﬂi%ﬁ/lUG]@ﬂ’WﬁﬂlWﬁ']QiUvLﬁEJIUiZ‘U‘U‘\]']Lﬂum@ﬂW’ﬂWim’mfl“UU’]ﬂﬂﬁaﬂ NARNLUUIEHN LUBIN

¥
v A o W

mnandanAdedangaiuliagiiliiinslnavesirdslnihdoundulumuvasdnganni

'
a

Intiidsdamalisndaluihgydeiauiugedu [27]
Tuderesmnansindauvasudalnihuuunszaefuiieantdslifgyidel
szuulwihidazendogianesuglidaunndludenauisuieusdslnihgade
roukarndinsAnseunasdalniiuuunssarefdeluil
Ua 1 ﬁLﬂ%@x‘iﬁ%ﬁ@lﬂ/\fﬁ’]ﬁi@@gjLﬁuéf’mﬂ'ﬂ (Sending End) Wiedsrdslnilugedad 2
Fadususu (receiving End) lneillnansdesgyuin 100 winnzliadueud (Mva) lnglvidn
sruvadluandu 100 wnnzladuoud (MVa) fusznauiids 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 Lnngdnd (Mw) vinlilvanansivuin 59.16 unngliad

wautd (MVa)

V, =1£0° p.u. V, =0.85\W ZM1.52V8° 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 neunisAefsurasn e lwiuuunseanesi

[

Ingmaslihgadevasnisinnsunasindalniuuunsyaresiiiiandadl

B 120°-0.85714-11.5273"

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

I,,=1.166721/2.6308 p.u.
S,0=120 x1.16672.37.3692 =1.1667237.3692 p.u.

S,15=0.9272+0.7081 p.u. ¥30 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, = 14M.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 wasnisfadaunasilaliiinuunszanesi
Ineidsliihgadendinisinnsunasindaluiuuunssaeiiianl

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.
S15=0.8120-j0.0213 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
S1ss=(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 NUINNITAAGILMaIAEA N LUUNTZAefIaINIT0an

maalnfnaydelussuulnihidudlefalusweivavay

Tuidevesiunuinisindaunaaniilalniuuunszangdinoanmaslniges

=

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 wnnghiadueud (Mva) wagandan 2 Wweseludalan 3 Yallnansdesgvuin
100 wnngladweud (Mva) Inelddargiuassvandu 100 wanzlradueud (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) %39 (0.5 p.u.) laevinsadun1sinasdluasatsnazinaanda 2 uaylu

[
Y Y

ASINARIILRARRINUA 3

V, =1£0° p.u. V, =1ZM5\W63° p.u. V5 =0.85\ £NRW3026° 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.

e 50 MW

AN 2.28 seuulniia 3 Ua Feinsanrasnidaliliiwuunseanesinda 2

[

Tngidslwihgadeidiofnasuasiidaluiuuunseaedinda 2 fiaadl

120-12-15.7758

— =1.86554-2.1771 p.u.
0.2012.84.289/

VTES

L,,=1.36552177.8229 p.u.
S,5=120 x1.36552.1771 =1.365522.1771 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+587.29 MVar)+(2.72 MW+j27.22 MVar)

=6.45 MW+j64.51 MVar

V, =140° p.u. V, =0.92004£M6.4490° p.u. Vs, =14M\22.0148° p.u.

100 MVA
PF. 0.9 lagging

100 MVA
PF. 0.9 lagging

Bus 1 Bus 2

Sat Sas
-—

Bus 3

S32

|23

Z =0.2014 84.2894° p.u.

—p -+
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}5.34 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.

I5,=0.61082-152.9256 p.u.
S93=0.9200£-16.4490 x0.6108£-27.0744 =0.56192-43.5234 p.u.
S9y=0.4075-j0.3870 p.u. W38 40.75 MW +§38.70 MVar
S40=12-22.01/8 x0.61082152.9256 =0.61082130.9107 p.u.
S40=-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

n1sldlniunndeiuglddssinnlssnugnamnssunseeinsgsnainislelniauas

Aout Al LaNeluyItaNaiy diudriimiatingonalinisldaumgliUssinndues

'
= o o

a1fpaavrldlningdudinduisidaniieusznouianssusieg waziinisldaumlugs
=< o A 1 v % o ! 5 a a A v ¥
nawAnuaznarsTuliiiauinedeluszuudmiretudssuulaivsnuniudesnisld
Tnihgarindslnihasydeluszsuuivsdngenuluse [27]
nswSeuisuiaslnihaydevessyuuniusinannudesnisiniiuaneneiy 2
ARasalUll

'
LY = A (=Y A

¥a 1 feseaiuidnliihviasy dusinuds (Sending End) Wipdafdlulilugedad 2
Faudusdusu (r eceiving End) lneillnansdesgyuin 100 wnnzliadueud (Mva) lnglvidn
sruvasluandu 100 wangladuoud (MVa) fMuszneurids 0.9 lagging (0.9+)0.4359 p.u.)

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

Vi =1Z20° p.u. V, =0.85WM £M1.52V8° p.u.
Bus 1 By 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 szuulaiih 2 Ta Aflvansioaguuin 100 MVa

[

Ineidsliihgedediedlvansieaguuin 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,15=0.9272+4j0.7081 p.u. vi30 92.72 MW+470.81 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, =1£0° p.u. V, =0.9399ZN8.2280° 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+j0.21V9 p.u.

Al 2.31 szuulatih 2 Ua Aillvansestuuin 50 Mva

[

lneidalnihaaydeiiodilnandesguuin 50 wnngliadweud (MVa) deneadl

120°-0.93992-5.2280
0.201284.2894

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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3.T nsalAneIn1sAaszinsnulniinndavez (Voltage sag)
N3N 1 nsdliuguliinsiuUsnalvaniUala (ssuuunivsessuunady) Tussuy
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 Wugindaneleu WUnila)
. nsditugulifinsiuuiinalvaniitalan Gruuuniviessuusua)
I WisSinalnaniesay 5 Alviandannia
I, dinUSinalvandevas 40 Alvandaueda (115197 3.2)
N5 3 nsanraadessudnliiiwuunszaesirdandsnulaiainuaseniing
(M157971 3.1)
. nediugulifinsiunalvaniitalan Gruuuniviessuusufa)
I WsrSinalnaniesay 5 Mvandannia
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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
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I USuiasuainduuieian 39 1uainduisdruvudateunuunszans
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(51971 3.1) uaziiuTanalvandosas 5 Nviandanndanlvanannda
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Anaslihgededudvinddgdmsunisuseidiunmamedalunisseudiuniaesosinin
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6

fnnsnaunudanisiesosiudalsliuuunszaefmdsnunasenindidegsnnunilsdmiunisda
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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 usssiulniien/fiunuunnsgy IEEE

6§ 0o w

wsanulniendrulugiinainnisanisasiunsnaafie N1sansnaluLeLnasindags

aunsadanabinsssulnienlalanafaning 4.5

Amps

- regulated P,

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
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druveanssulninnuazidslniagyde Sufiweud (2] r + jX) lianasunnide r Svainegudn
WAZNISANANSLENLAUD X Wuilaituszarrnediii deluidsunlasmnuuuinsiui fetu dmsunis

Inanpaslduunadiiimungauign

4.4 uuudnaamsaninAanssidalnlalanian

nsudnliianndanuuasoniing (pv) ldwdsaumyuisuiilusssuma Jasade uas
afu ndaunaseniing Jugunsaiiuvasasuanduliinlasldmnuduvosuasenfing szuuns
wanlnlfanndanunasefindfilddmsulsaliimdsnuuaceriing (hiy) Srurusnideuderdy
n3ennil lnglanizogredalulssmaiiaminds [165] unudaveaszuunisudaluiinanndsay

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

syuulnliimanuuaionfindsiuiesruuensiss Ussneuseundeanseadnunaaunaiulud
wlasasarnaaerfindidulnin szuulnfmdsusasorindidunaandsnuiilisssun aunsald
fussuudunssiulafiuuulaudin (dvr) dmsunisdafundany ssuuiasdendsauliiy
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 szuulnindsanukasaing

4.5 wuudnaameAsinAEnsTuuImiginia

N 4.4 uansasgunsuliiianAfusasnnsgiu IEEE iasgudianadisida
mnuuagmsusaduliimn/Afu sraUssian Guiiviile day $1r510) szegnaiUnfuazaunn
7l wasaluszuuasisadlaadmsuiisnendeinlundsanusesiulniinnfuazeglugie

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

|74 -V
Sag(%)zw

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

nsAuwsssulninn (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 Muszneumaenszyliluatesdudaluiiuuunszaredanniuieulesnssuagnsn

9189MLATRIN AR LNALUUNTEAN6

A5 ATIzINIs avedluanlussuudInuiewuunseanesllasuniswa b lneldisnisivavas
aanal Ut antnkasdounds [168-169]

SEUUIMUIGLUULSHATA 2 UF LaRIRININg 4.8

Vk < 8k Vk+1<0k+1
R(i) X(i)
—\WA el 4
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

anualuszuudmhgliihaunsadnalalagnissaumasiiingaydeasasuaninvesavn

anuatuszuudvelndh Masliihgadenmaeaansadialalagaunisi (4.10)

no.of _branches

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

t=1

4.6 Masluigedeluszuudmigluva

Aaslnigeyidevesszvudmmiigluialagn1sinsginisieudefulsdlndindeanu

waveindsauiuluantussuuimielniaunsaseusaunisi 4.11

S,=Pr+jQ, 4.11)

I~ [

Toedi P, o matlnihesswadlvan uaz Q, fe MasliiiSueniinvesinan

N9 NLUUTI0952 UL INHITINAUNSIT D Ts UUNSNTULEIDNYRY HiFnensiva
geandauanlngandunmedueietisannnimsiulvaniusyuusmineiihuuududlddinig
Andaszuulnihmdsnuasenfing nszuailvadhdgmadiulnaniiszesisswinanidesuazdy
Tvian nszudlindilvaananifides fie nszualniiilnannsyuulniimdanusasenfind szeva
syindagosiundeuainszuuliinanuaseinduazsragrnsz I nnasuliiLaseing

uaulnan [151] sUsvuresssuuimiiglniiisiuiuszuulaihndsnuuatening uanefenin

4.9

=D
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BATTEry

A
|
|
Wind STor AGE
dG dG
3'J 8'J 10
| |

Substation

A M9 4.9 sUnuuressruudmgliihsudusyuulnindsnukasonfing

4.7 wan1snagaunsuuusansuszenaldlusivdussiulvivaddseluiindenuuaseniingly

seuvamnglnii

NAGNSTIY 3 NSAUWANINININT 4.10, 4.11 way 4.12 wsapulni1veavananuadnnsu

nsdiN 1, 2 war 3 Aeansbiiusserulnihvesdaldsunisusulsadisinsfaaaun3asnndalin

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

09l
1 4 7 10 13 16 19 22 2

8 61 64 6769

T P S B B
5 28 31 34 37 4

Bus

v b b b b by
0 43 46 49 52 55 5

N7 4.10 Wifnsinsaasasnudalndnuunszatealluszuusivung i
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1.05 e e e T T T T T T T
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 NsAeaaAsaInda bl kuunszatedi 5 Ja Tussuudmvdeladn

104 L B (N BRI IR LA BN LA BN BN N LA DL NI B LI I LA BN LN B LN B B
1.03 |- .
1.02
1.01
3 1.00
&
20.99
E
<;30.98
0.97 |- -
0.96 |- -
0.95 === m e e e e e e

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

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

e, R I | [
0 43 4

PRI B [
8 61 64 6769

L AL N
6 49 52 55 5

AN 4.12 nsaesaasasndalidnuunsgatedi 9 Ua Tuszuuarnungluin

dyuna

nMsnageviinauanisUuUsInsUsrgndldluslr dussduluivaslslaimdseny
waseiinsluszuusmeliihvinisnageuiussuusminglaiia 69 Ta eldsudunis 3 ndl
Saf nsal 1 Lifinsandaaiessudelniuuunsraresalussuusivne 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) naansdeyavesusduluindmiunsalin 1 waz 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
e SN
0.988 : :
1 4 7 10 13 16
Bus

| 1 |

19 22 25 28 31 33

A9 4.13 Feyavesusenulivhliinisianuesesindaliiiuunszaned

PENAIULAIMnglUsTUUI 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) Tuszvudmirglufidaondesunaseniing waznwil 4.14 Yeyaves
wsasulwihiifimsfindaedesiudaliuunseanefdondsnuuaofindlussuusmng i 3
mdanswanlndia 600 Aladad (kw) mdalninagydesin 9.5910 Aladnd (kw) Tuszuudmielndh
mendanuLareindausaanmaslihgaydelussuudmhelninadle

=

AN519% 4.1 mamumamimaauﬁﬁﬂw%ﬂqmLaaiuizwfﬁmmsﬂw% 33 Jd S7UAUNISANAILATD

o

AN AL UUNTZ A ERIIENS I ULAID AR

Case Vmin PV at bus Capacity Total Power
(p.u.) of dG Loss (kW)
1 0.95 M M 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 Uanariainisuanvadasesnidaliiltuunssanendanaaay

Bus 10 14 18 19 23 26 29 30 33
Capacity
100 100 100 100 100 100 100 100 200
of PV (kw)
dyuna

nsvaaeviiiauonisuiuugssdslniigadslussuudmingliiilaonsideuderi
Tsslwimdsnunasonfindnaaeumelaosunsuduioivesssuusiminglngi 33 3 delasnudunis
WA 4 nsdl fadl nsdld 1 lfinsResaaIestudalniiwuunssaneilussuus gl nsdli
2,3 uay 4 nsRndnaIeafidaluiiwuunszaefsuy 3.6 uay 9 1A3e9 luszuusmine i
AUANRU NUnsET 1 mnlaifnnsaadaadesdudalniuuunsyaedlusyuusivung Tl
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 NNty nedinnaiuySinm
N13531284 . . 3 .
. . InanTowas 59nUs  lnanTowas 40 ureUs
N3l @nunisal
- Vmin  Power Vsag Vmin Power Vsag Vmin Power Vsag
Tunsfinwn
(p.u.)  Loss (%) (p.u) Loss (%) (p.u) Loss (%)
(kw) (kw) (kw)
1 ﬂﬁﬂjﬁuiﬂu 0.9093 224.6392 4.284 0.9042 250.3484 4.821 0.9069 250.2329 4.536

ANAUR
a 6
ARy
3 @ffev dg
ANAUR
il @Indway

AR dg

0.9083 232.4750

0.9348 127.2097

0.9338 132.0253

4.389

1.600

1.705

0.9031 259.0892 4.936 0.9060 259.2881 4.631

0.9300 144.7903 2.105 0.9326 142.1365 1.831

0.9290 150.2882 2.210 0.9316 148.0664 1.936

1.01 -
1.00
0.99

0.98

Voltage (p.u
S e O
=] =l L=l
Ln {28 =1

S
o
E

0.93
0.92

091 F

0.90 Lt -
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 4.15 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) wazussiulifiihandrvarFovas 4.284

L D e e o B D BN s po e e e s e B e B B e e e e
1.01 :
1.00 - ]
&99»

0.98

=
L =R =]
S =

S

Voltage (p.u.)
<
&

0.94
0.93
0.92

0.91

&90- TR . WO, o anans 3. = PR P T
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 [Wuainduisdauuuimdsunuunszate (Unile) wagaind
winetay 70 71 72 73 Wuaindaelou (Unfle) Saudunsditugiuldfinisiinuiunalnan
nalag (szuvunfnieszuuanau) Tussuudmiielni 69 Ua

Wadrseiussiuliinntavue (Voltage Sag)

31na il 4.16 nsusuasuaindmineiay 39 1Wuaiadulsdruuusitlounuunszang
(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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a o

0.95 wWosydn (p.u) anasnisziunssduluiin 0.9083 Wesyiln (p.u) Tidslnihgande 232.4750

Aladnd (kw) wazhsssulninantvuysesas 4.389

|.02 R TR REL ) [ TR TR TN TR RS (EL TR TR PR AT B EE MU IS O [REL BN B 5w R TN TR TR B REL BT (LSS [ O T

1.00

0.94

0.93 | -

{].92 o1 1 o . t . & 1 , 1 , 1 o ¥ » 1 51 5 0 5 0 , & . & . ¥ o 1 5 1 . 0 o 1 5 1 5 1,
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 04 6769

Bus

AN 4.17 Fasaesasnidalndiwuunszanesviandsnuluiiainnasenfind (m1s199 3.1)
Judunsainuguliinmsiulsualnanivdle g (seuuinivsessuunudu) Tussuy

Swnglii 69 a ietinseiusssulnihandavas (Voltage Sag)

NN 417 Andaaiosdndalwfiiuunszareiedandsulniiianuasering
(519 3.1) Safunsdugulifiniafudiinulmedtalag Geuuniiessuudnu) Tussuy
Snheldh 69 Ta nsdlitldfinsiuSinaduaniivalag (Unfivdeidy) warndaasossuialuia
LuunsEefriandanuliiionuae fing $1uu 9 3o TnsRnsaiivavaneiay 19, 29, 36, 39,
49, 53, 59, 62 way 69 fM&N1sHAAT 300, 400, 100, 100, 100, 400, 100, 400 kaz 200 Alains
(kw) ALy Adeniswandasesanvoadesidalniiuuunsyaieds Ae 2,100 Alatad (kw)
Arguvadlnanlu 100 wnnzhaduaud (MVa) wazagiuuwsaiuluil de 12.66 Alalad (kv) 910
nMsfnsaesesrlalniuuunszmesviandnulninainuaeniing damalrsesuussiulaiins
ni1 0.95 Wesgdn (p.u.) anasundiszAunsadulaiin 0.9348 wWosein (p.u) Iidslnilgayde

127.2097 Ala¥ad (kw) wazusesulniihnndunzdesas 1.600
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o o
o o
-~ oo

Voltage (p.u.)
=
&

0.95

0.94

0.93 | -

0.92 PR SN (I (NI ST (S U U SN S (S T T S ST T ST S " N . 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

Al 4.18 YSudsuadnduanaas 39 Wuaindudsdmuuiidounuunszats (Unide) wazaing
wneaw 70 71 72 73 Wuainddneleu Undde) suusndaesestideliiiuuunsyaeiieie
nsendlaiainuasenfind (nedl 3.1) aufunsduguliinsfuuiinaiyan
fivelag (sruulniviesvuusuiy) Tussuuswhelndh 69 Ja

Wedmseiussuliiinntavas (Voltage Sag)

909 4.18 n1sUSuasuaEdngnuneiay 39 Wualinduisdruuuiitounuunssane
(Unidn) wazainduunetay 70 71 72 73 Wuaindanegleu (Unflln) saustsindandeasida i
wuunsznefiandsnuliininuaseriind (s 3.1) udunsdiiuglufnmdug o
Tnaniitalag (sruuuniviesvuuaaia) lussuusmnglndh 69 Ta nsdidlifinsdiudsinadvan
fitala (Wndveiiy) waralndaralou Unfde) swneias 69 70 71 72 73 (guainddnalouund
vidalin) ntuinnsteainddneloununoiay 69 wasiaaindvunoay 39 daduaiaduldiuuy
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) AUETY FNEINSKARRARITINTBLASES
Andalniinuunszateda fe 2,100 Alatnd (kw) Argruvesivasdu 100 wnnzladuend (Mva)

wazAg UL ssaulniinAe 12.66 Alaliad (kv) anmsusuilaeuainduasindaasosiniialniiiuy
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nszareiidandeuliihanuaeiinddnand daaliseduussiuliingindt 0.95 wWeseiln
(p.u) anasszAuwsaiulnii 0.9338 Weselln (p.u.) dmddlnihagde 132.0253 Aladnd (kw)

wazwsInulninngivaeSosay 1.705

0.91

090 g 1 5 8 » 1 5 | 5 8 5 ) 5.1 5 4] Py ) . ) ) o 4, ) o5 ¢ 5 ) 5 1 5 4 5 1 5 1 5 0,

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 4.19 nstinugulifinisiindinadvanndalas (szuuunivisessuunusy)

waziiinUSinailvansesas 5 Mvantannda luszuudmingli 69 Ua

Wedseiussulniaandavug (Voltage Sag)

NAMNT 4.19 LUuﬂimwuﬁmlmmsl,wuﬂimmiwammaimf] (spuuUnivEesyuURaLAL)
uaziiuUiinalvaniesay 5 Alnaatannda Tussuusmieliii 69 Ua nsddvinisfiugiunm
Ivandesas 5 Mnantanniannmsnvimuiussiuluiimnin 0.95 Waseiln (p.u.) Faanasuni
seauusaiulni 0.9042 Weselln (p.u.) Iiaslnigade 250.3484 Aladnd (kw) uazusssulnii

mﬂmﬁumziaaaz 4.821
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.02
1ol |- |
100 | {
0.99 |
098 |
S o097

oy
M’

g}OQﬁ_

0.95

Volta

0.94

0.93
0.92

0.91

0'90_|I|I|I|I1I|I|I|I|I|I|1|I|I11|I|I1I|I1I|I|I1I|

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 4.20 YSudsuaindvuneiay 39 Wuainduusdiuuushdeunuunszany (Undva) wazadind
waneway 70 71 72 73 Juaiadanglow WUnfidn) suumaiudsinaldvansesay 5 ilnandannia

Tusguudmelii 69 Ua iediaszviussnulninndivay (Voltage Sag)

N M 4.20 MsUduasuaindvaneian 39 Wualndulsduuuiateunuunseane
(WnAtln) uazanduneiay 70 71 72 73 \uaindeelon Unfda) suiaiuUGninaniesay 5
flmantannda lussvudmieluii 69 9a nsdidviinisifisTinalnaniesas 5 fnantannda
wazaindanelon (Unfde) vianewan 69 70 71 72 73 (guaindeloutnivieidn) andurhmsda
andenelounmnoiay 69 uazilinainduuneiay 39 Faduainduisdrmuuiidounvunszaieuny
nnmsUFuAsuainduayiiiiSinnivaniosas 5 Mvandanndadanan dwalvszduuseiulnii
A1 0.95 Wesydn (p.u) anasnfiszduussfulniii 0.9031 wWesein (p.u) dslniigade

259.0892 Alatns (kw) wazusaulniinandvasdevay 4.936
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TR T T e S T T e S o o o MMM
1.01 | -
1.00
0.99

’:2;‘0,93

0.97

0.96

Voltage (p

0.95

0.94

093 =

0‘92 I N T NN (SN N TR U U I 7.5 T [T N [ N T SR S N S

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

A9 4.21 faraesasnidalndwuunseanessiandsanuliinanwasanfing (m15199 3.1)
waziiiuUSunailvansesas 5 Mnantannda Tussuudmieli 69 Ua

Wiedasgiussiuliiiandavug (Voltage Sag)

Mnamd 4.21 Aaduesesdudalwiuuunszaemvdandiulniininuase ing
(397t 3.1) wasdivUnaivaniesay 5 Mvantannia lussuusmidnelidi 69 Ua nsdiivinig
WinUSunalnansovas 5 ﬁiuamﬁ’anﬂﬁ’auasamﬁqLﬂ?@qﬁwLﬁmi‘w%LLUUﬂszmaﬁwﬁmwﬁamﬂw%
Mnuasefind $1uau 9 1des IneRadefidavaneiay 19, 29, 36, 39, 49, 53, 59, 62 way 69 Hrds
n1sw@Rdl 300, 400, 100, 100, 100, 400, 100, 400 Wag 200 Alatad (kw) awady Mdanisuan
AnmasnveaAsasfLdalniiuuunszaned fe 2,100 Aladnd (kw) Argruveslwanidy 100 wney
Taadueut (Mva) wazAguussiulnihie 12.66 Alalaad (kv) nnisindaaiestudalniuuy
nszedvdandsnuliianuaseiinduaziinuinnalvaniesay 5 flvantannta dealvisziu
usafuludinganda 0.95 Wesgin (p.u.) anasuniiszduussdulnii 0.9300 wWesgin (p.u) &

Adsliigyide 144.7903 Aladnd (kw) wasussdulnihandrvasiosas 2.105



148

0.94

0.93

()1 Jo ) SEPU N N TSI SN U RN AU NPV S Y NP IR NAPU PR NN NAPRNN I SV S SR R O
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 4.22 YSudsuaindvuneiay 39 Wuainduusdruuusideunuunszany (Undva) wazadind
nuekaY 70 71 72 73 Wuaindaeleu Wndle) sauveinaaesesnnialiiinuunsyanesivie
AUl nuatefing (1157199 3.1) waginUSunalvaniosas 5 Mvandannda

Tusguudmuieluii 69 Ua iedpsizsussnulndnndivay (Voltage Sag)

g1na il 4.22 asusuasuainduinsiay 39 Wuadndulsduuusitlounuunssane
(Unilln) wazadnduuneiay 70 71 72 73 Wuaiedaneleu (Unfidn) saustsindandeasidnluidi
wuunszaesirdandsulniihonuaenfiod (mnssit 3.1) wasiinuSnalvandeas 5 fvana
yntfa Tuszuusmngluih 69 Ua nsdiivhnsfuiinalneniesas 5 Alnantanndauazaing

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

a 6 1

antaelaunuIeay 69 wazlaainduungay 39 F9.uaintuusdIuUUAITo UL UUNT BN

1%
Y

a < o a v a (% a & o = a & d'
LLag(ﬂWNLﬂiﬁNﬂWLu@l‘l/\lﬂqLL'U‘UﬂﬁS‘i]’]‘EJG]’J%U@WﬁN']UIW‘W’HﬂﬂLLﬂ\‘iEJ’WIG]‘EJ PUIU 9 LATDY I@]EJGWW]\W]

UAnuLa 19, 29, 36, 39, 49, 53, 59, 62 L.ay 69 ﬁﬁ'}é’amswamﬁ 300, 400, 100, 100, 100, 400,
100, 400 wag 200 Alaing (kw) a1uaisu MEIMSHARRASITINYBNAT DI AT wUUNSEANe 6
Ao 2,100 Alated (kw) Argruvestuandu 100 wnngladuand (MVa) uazAigiuuseiulniife
12.66 Alalaad (kv) :nnsusudsuaindsiuiinsaaiasindnliiiuunszaeiedandse

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

1.00
0.99

0.98

<
o
3

0.96

0.95

Voltage (p.u.)

0.94

0.90 T E PETE TR\ B C<I (/P e R T A
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 nsdivuguldiinisiindsunadnaniivalag (szuudnfvisessuunumiy) wagiiinu3uu
Inansavay 40 Nlvandau1ada (m131991 3.2) luszuudmnalniii 69 Ja
Wz iussiulniantavaug (Voltage Sag)

na i 4.23 Wunsdnugrulifinsiudsiulvannvale g (szuvunfivsessuuiumu)

v
o

waziiuUTinailvandesas 40 lnantauiada (113199 3.2) Tuszuudmingladi 69 Ja nsdiivi
nsiiinySinaluaniosas 40 filvandanuneias 11,12, 16, 17, 18, 21, 24, 26, 27, 28 Uag 29
awdy (mandaduuni) aannisnyinuiusssuliingingt 0.95 wWesede (p.u) Fsanasni
seauusaiulniin 0.9069 Wesedin (p.u.) Iiaslnfingady 250.2329 Aladnd (kw) uagisedulviih

ANTIVUTS DAY 4.536
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T S S S e T S
Lot .
100 |
099 |
098 |

u.)

5 0.97
0.96

0.95

Voltage (p

0.94
0.93
0.92

0.91

U(;O i PO R W NN RO N AN NN T WU [ T N T MY W i s TN VTN (O Y TN Y TN (NN RN (N W (ST T NN WNNN GHNN TN O W AN
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 535 538 61 64 6769
Bus

29 4.24 YSudsuaiaduuneay 39 Wuainduusdiuuusideaulkuunszany (Unive) wazaing
ke 70 71 72 73 Wuaindaelou WUndde) sauvadivdsunalvansosay 40 Muandauny

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

9nandl 4.24 n1susuldsuainduuisiay 39 WWuaindulsdiuuusideunuunszang
(Un@dn) wazadndwuneas 70 71 72 73 Wuadndarelou (Unfitdn) sausaiinu3unalnan
Yovay 40 fvandaunsa (mseit 3.2) lusvuusmingluin 69 Ta nsdlidvinnisiinusunaivan
Yovay 40 filvantanuneian 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 uazlnadndunuieay 39 Jadudinduisduuiidounuunszaiy
Wy nnsUSudsuanduas iinusinalvandesay 40 Alvantavuieay 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) wazhsssulninantvussesay 4.631
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1.01 | -

1.00

0.99

)

; 0.98

Voltage (p.u
<o
3

b
O
o

0.94

0.93 | 2y

PO BRI (o e (ST ey A NNV NINNN G RENN NN RN GSNNUNN TN N T CETI
25 28 31 34 37 40 43 46 49 52 55 58 61 64 6769
Bus

0092 bt vt o111
1 4 7 10 13 16 19 22

MNA 4.25 Fasaniaanudalndinuunszaneiivdanasanuluiiantasanfiag (m1s199 3.1)
waztiuUsunalransosay 40 Alvanvauireva M19199 3.2) Tussuudrmigladn 69 Ja
Wedseiussuliirantgavug (Voltage Sag)
INNINT 4.25 Annala3aantanbndeuunszatedvianassuliidanwasaing

(M15199 3.1) wagiuUsSualvansasay 40 Anantau1auad (91571997 32.1) Tusguuiannuie

[ '
A o a

T 69 & nsdiivinnsiiuusualnansesay 40 Mvaavanuiowae 11, 12, 16, 17, 18, 21, 24,
26, 27, 28 way 29 snuasu (raadaeuuni) LazAnpaesasilalnfiuuunss Mefeendaeu
TWihannuaefing $1uau 9 wdes IneRndeiivanuneiay 19, 29, 36, 39, 49, 53, 59, 62 uay 69 il
f18INSHART 300, 400, 100, 100, 100, 400, 100, 400 Az 200 Alatns (kw) AuEIRU F189A1T
NARAARITINYLAT I dn LN LUUNSE 86N Ae 2,100 Aladng (kw) mgmmaﬂwamﬂu
100 wnngliaduond (MVa) uazenguussdulnifinie 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 (kw) wazusssuliiihnndivasdosay 1.831
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1.01 | il

1.00

0.99

S
el
o0

Voltage (p.u.)
S
i

o
]
>

0.95

0.94

0.93

0.92 1 o ' ., 0 , 1 - I - % , & , 1 o, 1 , ¥ , ¢ o 4 o, 1 5 ¥ , 1 o 4 - ¥ o ¥ o 9 o 1 o 1 5 )

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 \Wuainduisdmuuiiounuunszas Unidn) wasaing
vaneaw 70 71 72 73 [Wuadadenelou (WUnide) sausdnsaniosidelnfiwuunssanesaeie
warulihanuaseIfing (s1efl 3.1) waziiiuUSinalvaniosas 40 Fnanvauieda
(51991 3.2) Tusyuusuheli 69 Va iedaseds

usaulniihandavass (Voltage Sag)

NN 4.26 n1sUSuAsuadIaguuneiaty 39 wWuaiaduutdiuuusidounuunszaie
Un@ade) wazadnduuneay 70 71 72 73 Wuaiadanslou (UnAa) sruvafnsamsaenuia i
LUUNTE VDN INUINHAI1NLEIDRE (15199 3.1) wastiuuSunalviansasas 40 Alvanda

Y1908 (m15199 3.2) Tussuuanmdnelii 69 Ja nsaldvinnisiiiudsunalvansosay 40 Alvandd

6 1

Wneaw 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) audsy A1densuaninsesinveaniossuidalaliuuunszatsda fe 2,100

Alatmd (kw) Argruvesluandu 100 wnngliadueud (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

NsNAERULYIELaNITIATIETLSITUlNTANTIvME e UM LA DL LN SULEULREIURITEUU

o 1

$me 69 Ua Falddniunisuiuds 12 nsd wudinsdd 1 nsdfugiuldfinigidinlnaniie
fdslifihgapde 224.63 Aladad (w) uazifaussiuluiinaniesay 4.28 nsdiil 2 Avuaainduaslsl
fnsifinlvan dwalsiiaiaalningayds 23247 Aladad (w) waziinussiuliiianiesas 4.389
nsdiil 3 mafedaedestulalwiuuunssefuarifinadiluvan dwalmAnfddluihgode
127.20 Ala¥ad (kw) woziiaussiulninnfosay 1.60 nsdlf 4 nsinduedostudalniuoy
n3z1en Avuaainduasliifinsiiulnandsalifndidsliihgande 132.0253 Alatad (w) uag
Aausauliiinndosas 1.705 nsdiil 5 nsdiugrunisidiulnanfesas 5 Alvantaynda dawald
Aamdaliingade 25034 Alatast (kw) uaziAnusssulwiiandovas 4.82 n3didl 6 Amunaing
wazifinlvandevas 5 Alvantaynta dawalmAnddsluiigade 259.08 Aladnd (kw) waziin
ussulinndosay 4.93 n3dif 7 msfindaedesindaliiiuuunsznefuas fiulvaniosay 5
flnantannda dwalmAnmaslningads 144.79 Alatod (kw) 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,agL‘WﬁJI‘V]aﬂiaﬁJag 5 V]I‘Wa@‘UanﬂUﬂ

danaliinidslniraayds 150.28 Aladnd (kw) wazifaussiulninniosas 2.21 Nl 9 nsell

1 '
T~ a o w

Hugunsiidivansesaz 40 Nlvandauista dwalitindidelnigaide 250.23 Aladnd (kw)

waznaLsIsuliinnnsagas 4.53 NaIN 10 Mvusaindhaziiulransesay 40 MnandauraUa

o w (3

denaliiAnidelaifigades 259.28 Alafnd (kw) uaziiaussiuluiimniosas 4.63 nsdli 11

[ '
a o A [ a

nsRasAIeInlalidnuunsE1efmazinlansosay 40 Nvandaulala ddualyiie

o w

Aaalndragde 142.13 Aladtng (kw) wazinansspulniiansosas 1.83 NN 12 N15ANAILATOY

TR

A lndnuunszaneii Avuaaindwaziiulvanssuay 40 Nnanvau1eda danalminnidalnin

guide 148.06 Alaind (kw) waviiaussauliiinndosay 1.93 Fswaanslunstinl 3 awisoan

Y

o v

mdslihagdeuasSosazussulninnligeianausauanadunsim uwansdsnmi 4.27
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300
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< 200

|

[l

>

g 150
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=

@

@

«© 100
50
0

I ysoglvihenga (p.u.)
oo, o Inlihgeuda (kw)
—=t=3atazu596ulviihan

u diaduashifi DGsualif
Msilvan | a5 van

|} |

" |} |}

k ; :

" |} |}

| |

: . .

: . .

. |} |}

: . :

. : :

5 | | |}

. | | |}

. |} |}

L] | I ] N II | ] "
nsdifugiu  nsdidvua | nsdidnde i nsdifugin nsdidvue | nsdidnge nadirinnig
AsdlAuA ) P 5 o e ky AL A 5 gind e
o mMa d@InduanAN DGs WAL . M @IAAUAUAN DG WAL o
daduay . . | DGsURUT® | . 3 . DGs LAzl
fads pgs | UBNavaa Uhnalvan Uhinaiuan (1N Uanadvan Yainaivan | d3naiuan Janaiviae
walsfins saRy 5N faERy 59 samay 5 9 wuswmm,g sauay 4071 sauaz 401 sanay 40 ‘j;oL
il Tvandann  Tuaadann - Tuaadann wmm?ems Wiaafaine Tuandduny  Tuaadaun mmm?em !
wiiivian I I i vanifann T T i vanifaung

U U

0.93 0.9 0.9 0.93 0.92 0.9 0.9 0.93 0.93
132.02 250.34 259.08 144.79 150.28 250.23 259.28 142.13 148.06

1.7 4.82 493 2.1 221 4.53 4.63 1.83 1.93

[y
v

U0l

isanulnimn

LI

9

zisveulwilen
v

a8
a

AAINNITANEIILATT

¥

6

AN 4.27 WadnsSal
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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)

N13531894 — — —
. ATV 9 AINTUUELAY 36 AINTUUELAY 39
L aaunisad
N3 1 Vmin Power Vsag Vmin Power Vsag Vmin Power Vsag
U
- (p.u.) Loss (%) (p.u) Loss (%) (p.u) Loss (%)
NNSANGEN
(kw) (kw) (kw)
1 N30l
P 0.9161 194.8219 3568 09078 236.4111 4.442 0.9083 2324750 4.389
Wugu
2 v
and
. 0.9115 216.6276 4.052 0.9026 263.4790 4989 09031 259.0892 4.936
Tandann
Ua
3 §m§§ﬂdg
wavLiy
U3
4 0.9338 130.5309 1.705 09292 150.3547 2.189 0.9290 150.2882 2.210
nani
Tyaadann

o

ud
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[ N U, A -
101 | .
102 |
0.99 [

0.98

1.)

= 0.97
0.96

0.95

Voltage (p

0.94
0.93

0.92

091 | =

0‘()0 | PR T (ST N ST (NN N O VU R | T i e s S T SN U VNI AT TSN (NSRS (CHN VU ST TR MU S WD NN T
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 nstinuguliiinsiiudinalvanndalag (ssuuunivsessuunady) sufung
Ysuwasuainduuneiay 9 Wuaiaduisduvuditdauiuunseae (Unite) wazaing
nukaY 70 71 72 73 Wuaindaneleu WUndde) Tussuusmnglnia 69 Ja

Wedgiussiulaianntavug (Voltage Sag)

i 4.28 Wunsdituglifinaifisviuainaniidlay Gruuuniviessuudaiu)
Sufunsuudsuainduneas 9 Wuaindulsdiuuuiitounuunszans (Unida) wazadnd
vaneta 70 71 72 73 Wuaiedaneleu Wnide) luszuusimieluia 69 Ta nsdlildfinnsuia
Usnalnaniivalag (Undvieidy) uavainddnslou (UnAila) vianeias 69 70 71 72 73 (gUaind
selouunivioiu) anturnisdneinddreleunaneia 69 wazilaainduuneiay 9 dudueing
wUsduuuftounuunsEateuny 91nnsUsuWAsuaEIntsana danalrszsunsaiulniiising
0.95 Weosydn (p.u) anauniszduusssulaii 0.9161 wWesgdn (p.u) fdsluilgade

194.8219 Alatad (kw) wazusssuliiinndivasSosay 3.568
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I VJ22 o e S H A L B e B B B s B B B S B S
1.01 ; -
LUZ- !
Q99-
098-

2 0.97

u.)

0.96

Voltage (p

0.95
0.94
0.93

0.92

0.91

09() PO IR (ST U U T U SN N D (SN (S TS U N WA NI U S S W 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 4.29 nsdinugubifinsiindinalvasndalag (szuuunivisessuunasy) sauiuns
YSuasuainduuneiay 36 Wuaindulsdiuvudidounuunszans (Unala) wazaind
ey 70 71 72 73 Wuaindanslau Wndide) Tuszuusimielia 69 Ua

Wedassiussulnientdavug (Voltage Sag)

namit 4.29 WunsdlitugldfnsduTnainanivalay (ssuvundviessuunai)
$ufunsuudsuainduunaian 36 Wuadndudsdiuuusadeunuunszans Unidn) uazaind
vanetay 70 71 72 73 Wudndaeleu Wnide) luszuusmheliiia 69 Ta nsdliladfinisuia
Usnalnaniidalag (Undvdoids) uazaindanelou (Unidn) vuneas 69 70 71 72 73 (guaing
dnelouunfvdoiy) antuvinnisUnaindaelounsneay 69 wazilnainduunoway 36 Saduaing
wUsduuusatousuunsEaeuny nnsUsuasuaindsina 1 dwalisssunsesulafiainga
0.95 Wesydn (p.u) anasniszauusssulain 0.9078 wWesgln (p.u.) fdslwigade

236.4111 Alatad (kw) wazusedulnfimndnasdovay 4.442
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17 e
1.01 b i
1.00 |
099 |
0.98
097 |

0.96

0.95

Voltage (p.u.)

0.94
0.93

0.92

0.91

0_90-.|.1.|.|.|.|.|.|.|.1.|.|.|.|.|.|.|.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

A9 4.30 nssivugulifinisiindinalvasndalag (ssuuunivisessuunady) sauiung
Ysuiasuainduuneiay 39 Wuainduusdiuvudideunuunszaty (Undva) wazaingd
ke 70 71 72 73 Wuaindanelou WUndde) Tuszuudmvunglaia 69 Ja

Wodlasziussuliiinndiveng (Voltage Sag)

9107 4.30 Wunsdiiugulddnisiiuuiunalnanivalag (szuuunfivsessuuium)

sauAunsUSuAsuaIaTrLNEY 39 Wuadaduusdruuuditouluunszany (Uniave) wazaing

6 1

wnelay 70 71 72 73 Wuaindaneleu Wnada) Tusyuusmingluiin 69 Ja nsdiilainisiia

a s

Uinalvaniilialag (Undvdeliu) wazadndanelou (Un@dn) sanewas 69 70 71 72 73 (quaing
seleuunividedy) antuhnsdnaindareleunneian 69 waslnaindvansian 39 dadueing
wUsduuuiitounuunsEateuny annsusuUasuadadsanandinalissfunsesulaiingingd
0.95 Wosydn (p.u) anauniszduusssulaia 0.9083 wWaesgdn (p.u.) ffdsluilngade

232.4750 Alatas (kw) wazusaulniinandavusdeay 4.389
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L o o e o B L O B e S E i S S i e e M B e e
1.01 | i
L02_ _
099-

0.98

=
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Voltage (p.u.)

0_9{]‘.I;i.l.l.l;l.llI.I.IxI;IIIJIIJ.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

Al 4.31 Wnvsinadvandesay 5 Mnaavayndasiuiunmsuiuaeuaindnueny 9 (Wuaing
wussuuushteunuunssate (Undte) wazadndvaneiay 70 71 72 73 Wuaindanelou

UnAda) luszuusmdiglndi 69 Ta wiedmsziussiuliinndivas (Voltage Sag)

Rnamil 431 WsTinnilvaniosas 5 Alnantanndasuiunmsuiuasuaindmneiay
9 Wuainduusdmuuiteuuuunszate (Unite) waralndvaneiay 70 71 72 73 \Hudindaieleu
(Wnfda) Tussuudmgli 69 va nsdivinisdutiinninaniesay 5 flvandanniauas
Andanelou Unfln) ey 69 70 71 72 73 (guaindaisleudnindeidu) ainduiinisla
Andenelounineia 69 uazliadindnineian 9 duduainduisdrnvusidounuunszaouny
MnNMsUTuAsuainduas iiuUiinalvaniesay 5 Alvantanntasinann dwalvisyfunssiuludi
M1 0.95 Wesydn (p.u) anasnfisziuussiulnii 09115 wWesgin (p.u.) fdslnigade

216.6276 Alatad (kw) wazusarulnfimndrnazdevay 4.052



160

\“®2?-——rTT 7T 7T T T T T T T T T T T
1.01
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099-
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oS

Voltage (p.u.)

0.92

0.91

Lo o | o 1 o 0 o 1 o 1 o 1 o 1 a1 o 1 1 o 1.

0.90-|I|I|I.I|I|I|I|I.I| R S 1 L
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 4.32 Wndsunalviansesay 5 lvaatannUasiuiunisuiuibeuaindmnaiay 36 {u
AnduUsdrnuusidauluunsyane (Units) wazaindvuieiay 70 71 72 73 Wuaindanslou

Un@de) luszuusmhelni 69 Ua wiedmsziusssuliiinndivas (Voltage Sag)

NNAmA 4.32 iinalvandesay 5 Mvandanndasmiunsuiuteuaindnneias
36 1 uadnduisdruvumdounuunszais (Unida) wavalinduunsias 70 71 72 73 (Juaing
anelou (Unfide) Tussuuswihelnih 69 Ua nadlidvhmaifiuiinalnansosay 5 fvasiannda
wazainddnglou (Unfidia) vianelan 69 70 71 72 73 (guaindanglouunfviewdi) antuvinisle
aAndaneloununeiay 69 uazilaaindnineian 36 aduaindudsduuusteutuunszaneunu
nnmsUFudsuainduayiiiiinnivaniosas 5 Mviandanndasana dwalvszduusedulwii
#1171 0.95 Wefeila (p.u) anasnfisyfunsaduliiiih 0.9026 Wesyin (p.u.) fifdslnihgayde

263.4790 Alatnd (kw) wazusaulniinandvusdeay 4.989
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A7 4.33 WinUsnailvaniesay 5 NnaadaynUasuiunisuiuiaeuaindmuneay 39 {u
ApduUsdInuusdauluunsyane (Units) wazaindvuieay 70 71 72 73 Wuaindanslou

WUnidn) Tuszuudmelii 69 T3 Wiodmsziusaiulnimndivas (Voltage Sag)

namil 4.33 inhinalvandosas 5 Alveatanndasmiunsuiudsudindmneiay
39 Wuaiaduusdruuuimdeunuunszais (Unite) uazainduueias 70 71 72 73 Wuaindane
Tou (Wn@ida) Tuszuudminglalii 69 9a nadidvhnmafiuSnulnandosar 5 Anandanndaway
andanglou Unfla) aneiay 69 70 71 72 73 (gUaindaisleudnfvieida) aanduiinisla
andonelounoiay 69 uaznainduuieiay 39 Faduaiaduisdruuuideutuunszaouny
nnmsUFudsuainduayiiiuinailvaniesas 5 Mvandanndadanan dwalvszduuseiulnii
A1 0.95 wWesydn (p.u) anasnfiszdunssiuliiiii 0.9031 wWesgin (p.u) ffdslnigade

259.0892 Alatns (kw) wazusaulniinandvasdevay 4.936
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AT 4.34 Faraesaanidalndwuunseanessiandsanuliinainwasefing M15199 3.1) waz
WinUsunailvaniovas 5 NlvaataynUasiudunisuiulasuainduuneiay 9 Wusiaduusdin
vumdaukuUnTEae (UnNAUR) wazainduunetan 70 71 72 73 Wuaiadaelau (UnAide)

Tusguudmngli 69 Ua ediesiziussulniinndaves (Voltage Sag)

NN 4.38 AadaiaSestdaliiiinuunssanefiviandsnulniionuaseniing
(31971 3.1) wagiiinUnalvanienas 5 Mvandanndasiuiunmsuiviasudindmneiay 9 1y
gindulsdruvuiiteunuunseany (Unite) wavaindvunaay 70 71 72 73 Juaindaneleu (Uni
) Tuszuusmingluih 69 a nsdifvhnsifiudiinadvaniesas 5 Mnantanniaduiuaing

nglew (Unflln) manelay 69 70 71 72 73 (guaindinglowunivieiy) antuvhnsUnaindeng
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a Y
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o

wiossudaluiuuunssaefsidandulnihonuaiefing $auau 9 wies tnsRnseiida
w19, 29, 36, 39, 49, 53, 59, 62 LLay 69 ﬁﬁ’]ﬁﬂmiwamﬁ 300, 400, 100, 100, 100, 400, 100,
400 uaz 200 Alatad (kw) puddu Adinsrandasesuveneiasindelifiuuunssaied fe
2,100 kw Argmuvedivandu 100 wnnzbiaduenyd (Mva) uazagiuwseauluih fie 12.66 Alalad
(kV) 9nn1sUdudsuaindsiunadnsaaiestudalaiiwuunszaeseiandsulndian

waefinduaziiiuUsunaluaniesas 5 Nvantanndadinand daalvisedunseaulniifinds
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AN 4.35 Anraesasniudalndiwuunseanesmsiandsnuluinainuasanfing m15199 3.1) waz
WnUsnaduandosas 5 Nnasdanndasiudunisusunfeuaindmuneay 36 [Wuainduusdiu
vudtaukuunszay (Undte) wazadindvuieiay 70 71 72 73 Wuaindaeleu (WUnila)

Tusguudmuielii 69 Ua iiedasizsiussnulniinndivady (Voltage Sag)

INNNINA 4.35 AnfalaIaantidalndnuunszanedriviandasuliidianwasa e g
(15797 3.1) wagiinUsunalvansegar 5 inandannuasiuiunsuSulasuaindnuneay 36
Huadnduusdruvuditeuiuunseats (Unite) wazainduuigiay 70 71 72 73 Wuadndaneleu

Unfidn) Tussuudmieliin 69 Ja nsdiivinisimudsinalvandovas 5 Nvantanndasiuiu

a 4

aedanglou (Unfilln) vianeway 69 70 71 72 73 (guainddnslouunivieidia) nduvinisla

a s

1 a a s = a s ' ! Y
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Ao 2,100 Aladnd (kw) Aguvedivandu 100 wnnghaduend (Mva) wazargiuussiulinfe

12.66 Alalad (kV) 91nn15USulasuaintsiundnnanIaania lniwuunszanefmedanassny

A ¢ a

IfhnnuasenfinduaziiuUSunalvansosas 5 Nlvaadanndaning1n dwalviszauussiulniin

& a

n11 0.95 Wesgdn (p.u.) anasundiszdunsaduliiin 0.9292 wWesedn (p.u) Fidslnilgayde

Y

150.3547 Alatnd (kw) wazusssuluiinndivasSosas 2.189
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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

A 4.36 Andapdasiidaliiinuuunssaessiandanulilihanuasenfing (m31ei 3.1) uas
WisFnadvaniesay 5 Mnaatanndasaudunsuiuasuaindvaneias 39 Wuaiadus
druvuiideuiuunsyaty Unite) wasadnduuieay 70 71 72 73 JWuaindanelou
WUnida) luszuusmthelnil 69 74 iiedinsned

wsasulriiandves (Voltage Sag)

NN 4.36 AndaiaIestflaliinuunszanefiviandseulniioinuaseniing
(397 3.1) waztiinUinadvaniosar 5 Alnandanndasmiunsuiudsuaindnneiay 39
Juadnduusdivuileuwuunszats (Unitle) wazainduuneay 70 71 72 73 Wuainddialeu
(Wnfda) lussuusmielidi 69 da nsdilvhnsfuiinulnaniesas 5 Alnaatanndasiuiu

aedanglou (Unfilla) vaneway 69 70 71 72 73 (guainddnslouunivieidia) nduvinisla

aindanelouvaneay 69 waslaaintvuneiay 39 Faduainduisdiuvuideuiuunszaiguny
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warAnnaAsaIn i A uUnsE e Tlands Ui LEIITAS WU 9 LATEI LRURAGIT
JaAnuaY 19, 29, 36, 39, 49, 53, 59, 62 way 69 AN1a9n1SHAAT 300, 400, 100, 100, 100, 400,
100, 400 wag 200 Alaime (kw) MIUEPU ANaINISHNARRRRITINYBLASIN Al LUUNSTINE @7

Ao 2,100 Alated (kw) Argruvestuandu 100 wnnsladuend (MVa) uasaigiuuseiulniife

(% (%
& U

12.66 Alakad (kV) 91nn15USUlasuaintsiundnnaaIaania i wuunssanefmedanassny

A ¢ PN

Tfhnuasenfinduaziiuusunalnandosay 5 Nlvaadanndaninan dwmaliszaunssiulniig
& Aa

11 0.95 Weeidn (p.u) anasunfiszfuussdulniin 0.9290 1Wedydn (p.u.) Iirdslwingyde

150.2882 Ala¥nd (kw) wazusesulnihnndungdesas 2.210

dyuna

nmageviithiauennaeunsdfinuimsiengiussiuliiandivnslneainddielou
naaeusglnerunsuIdUREIYRIsTUUSIVNG 69 Ta Bslddudunisiuds 9 nsdl wudnsdli 1
nsdifugruldfinisiulnansmiunsufuaindnaneiay 9 iafdslaiigayide 194.82 Alatnsd
(kw) wagiRaussfuliiinanosas 3.56 nsdlil 2 WaSnalvanilnastanndasmiunsuivaing
mnglay 9 dwalviiniaslnihgayds 216.62 Aladnd (kw) azuaziiaussiulniianiosas 4.05
nsdlf 3 nsfaruadestdaliiiuuunszeiuazifinalvaayndadiufunisuiuaing
naneay 9 daalviianidalniagide 130.53 Aladnd (kw) wagiinusasuliinneeas 1.70
ns3difl 4 nadiugiuldfnisdslnansiudunsusuaindunoiay 36 Badslifigyde 236.41
Aladad (kw) uaziinussdulalinaniesay 4.44 nsdld 5 iinvunalnanilnantanndasuiuns
USuaindvaneiay 36 iaddeluvhgaide 263.47 Aladad (kw) wazifaussiuliinniovay 4.98
n3difl 6 msfndaedestdaliiuuunszaefuasdnuiinulnanynvasiufunisuivaing
mneiay 36 dwalviiinriaslnihayids 150.35 Aladnd (kw) uaziiausaduliimniesay 2.18
nedift 7 nediftugilddinsdulnantanfunisusuaindmneay 39 Aamdslifigyds 232.47
Aladad (kw) uaziinussduluianiesay 4.38 n3di 8 WinuTunalvanilnantanndasmiuns
USuainduaneiay 39 danaliiaiidelniianyde 259.08 Aladnd (kw) wazuaziinussiulniinn
Yowar 4.93 n3dlii 9 nsfsaiaiessdnlniuuunszeuasfiuuinalvasyniasautuns
USuaindvaneiay 39 dewalviiaidslnihanids 150.28 Aladnd (kw) waziinusedulninnios
az 2.21 Ssnadwslunsdli 3 anunsnanmdaluigaidonazieazusasululihnnligeignaunsa

wanuns I uansRen g 4.37
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5.2.7 NMs\¥oNABUWnaINan AL UUNTEANIRILUUELNSNEAR (Smart City) Tussuuimuie

Tnlin
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System : faCtS)



170

LONESD19D4

Canada, a. H. Solar voltaic generation power plants: 1000 Mw to 10 kw photovoltaic
plant design and application guide for the pacific northwest. IEEE Conference, 1995.
ravindranath, adda and others. Solar voltaic generation power plants: 1000 Mw to
10 kw photovoltaic plant design and application guide for the pacific northwest. IEEE
Conference, 2013.

BN NUEUTY. NMIANYILALIATIEANANTENUNTURULLRLgaaLaeindluss vy
Wlalandn. GnentnusUsgerumTudn AnzlmnTsuamans suinetaswmalulags
WIARASYUS, 2557), vl 7A28,

f. S. Sarkar, and r. ramya, “Voltage sag and distortion mitigation in a hybrid power
system using FACTs device,” International Journal of Science and research, vol.4,
no.5, pp.311 - 317, May 2015.

155039 garad. msmurmadissnmdagluszuulniindhe tCsC nafnsanioulvddiu
nsvhauvessiadiestudmsuinieadudalnin. GuenfdinuduTyyrumsudin aue
AINTINANENT WINeIFEmNALLULAETINUPRSYUS, 2559), 11120M2.

Saudin \oornsal. (2507). meeeiszuuliinddadesdu difnfuiuieguiasnsal
UAINGEY (MU 23-24).

UNELLAT Yaunma. Msiemgsiussiumndavnlussuuliih ifiezesfudalwiuuy

s Y

n3g8f. (ednusUTygyrundadin Auglanssua1ans uIainTalunInends,
2557), min TNL7, 26182.

Piund vszauna. nsuiudsszuudestuivngaumesadosindaluiiuuunsganesa
Tngidafaussdiunndrvay wagssozinainisronduvesgunsaidosiulussuudmiine
T, (AnendinusuSyaruvUadio AueImnssumans QaInsaiuniveds, 2555).

Mozina, Cj. Impact of green power distributed generation. IEEE Standrad for

Interconnecting distributed r esources with Electric power Systems, 2008.



[10]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

171

barker, p.p., and de Mello, r .w. determining the impact of distributed generation on
power Engineering Society Summer Meeting, pp.1645M656, 2000.
lassnsdsiaseauannliivesszuulndh

Sundararam, a. power Quality Impacts of distributed generation, 2000.
nsluihauniane. sefesunslaiihduniing hdhetedmuansideuseszuulasetie
Tl w.m.2551.

¥ vewlan. nMsUsuilunsadunntivarlussuvanedafidunadandaliiwuunszans
. . (VNETNUSLINUUNN ALIAINTTUANERNS UNTINYIBLLNALULADTIVUIPANTZUAT,
2559), #1 16M7.

nshnfiuasrans. defmuanisideuseszuulasengliivesnisininuasmans, NTINN,
2563

nstiuamviads. seleunstiiiiuasmaie. nsunnumiues, 2558

wdy nulselasy. anlnaidanesiumeisiinusdusiuiuiuuinassedanyila
prdusesuldiduiBaduy. Auerdnusunidudn AmsidinssuAIans
UNTINYISUTTINANERS 2551).

w1 daeulseiasy, Wl 138, n1susulsilnanliaidanasfiusiuiuiuudiassvadivan
gannsdussaulaidudaduy. Anerdnusuniduda aurdAinssuarans
UNINYINYFTTUAIERT 2551).

IEC 61000MINAO. Electromagnetic compatibility (EMC) - part 4MO: testing and
measurement techniques — power quality measurement methods, 2003.

IEEE Std 1159 - 1995. IEEE recommended practice for Monitoring Electric power
Quality, 1995.

nslwtithunsuana. gileusswiunndrvaranmuaisdeatuudly.

LA1IANWAl A3FUNS. nansznuvetAsastudaliiiwuunszateneusaiunndivae.
(neinusUTya i Ungin augIrmnITIuAEns IaNIaumnIneIdy, 2553.)

t enaga nasional berhad. Voltage sag solutions for industrial customers, 2007

Saadat, H. power System analysis, 2004.

g3 augaasey. Ny Tesyuulniinings power System analysis, 2546.



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

172

a

Ugld Snlveasaan. frnsinsgissuulninnas. ngaunn: To.wansunudnd, 2560.
wiagud Amulnaa. n1saaiiaddnigaydelussuuimirenissuundalniigad
wage1iing laefiansansiuduyadunulszquazunundoulasiieisnismiaiugnssy.

a Y] a

(AnenlinusUsygrumdudin AngiAINTsuAIEns PaINTalunInendy, 2554),
Wi 23138

n. Hamzah, a. Mohamed, a. Hussain, "l ocating Voltage Sag Source at the point of
Common Coupling In Industrial distribution Systems", 2 0 0 5 International Conference
on power Electronics and drives Systems, 18 april 2006.

Mattia Marinelli, andrea Morini, f ederico Silvestro, "Modeling of dflg wind turbine
and Lithium lon Energy Storage System", 2 01 0 Complexity in Engineering (Co MpEng),
March 2010.

ali Saidian, Mehrdad Heidari, davar Mirabbasi, "Improvement of voltage unbalance
and voltage sag in radial distribution systems using dg", 2010 5" IEEE Conference on
Industrial Electronics and applications, 23 july 2010.

0. Ipinnimo, S. Chowdhury, S.p. Chowdhury, "Mitigation of multiple voltage dips in a
weak grid using wind and hydroNbdased distributed generation”, [EEE pES transmission
and distribution Conference and Exposition (pES t&d 2012), august 2012.

Ehsan nasrolahpour, Hassan ghasemi, Hassan Monsef, Ehsan khoub, "dg placement
considering voltage sag and losses", 2012 11 th International Conference on
Environment and Electrical Engineering, june 2012.

jiri jansa, Zdenek Hradilek, petr Moldrik, "Impact of biogas plant on distribution erid",
2014 14th International Conference on Environment and Electrical Engineering, june
2014.

n. a. yusof, H. Mokhlis, M. karimi, j. a. Laghari, H. a. Illias, n. M. Sapori, "underMoltage
load shedding scheme based on voltage stability index for distributionnetwork", IEEE

access, Vol.8, pp.109625M09638, june 2015.



[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

173

Mantyena Sriramulu, M. r aji rahul, " optimal placing and sizing of dg in a distribution
system for voltage stability improvement”, 2016 International Conference on
Electrical, Electronics, and optimization t echniques (ICEEot ), november 2016.
tackMiyun jung, giMlyeon gwon, ChulMiwan kim, joon Han, yunMik oh, ChulMHo
noh, "Voltage regulation Method for Voltage drop Compensation and unbalance
reduction in bipolar lowNoltage dC distribution System", IEEE access, Vol.§,
pp-109625M09638, april 2017.

fidelis galla limbong. Elsayed, t he use of neural network (nn) to predict voltage
drop during starting of medium voltage induction motor", IEEE access, Vol.8,
pp.109625M09638, april 2017.

abdellah bouakra, fouad SlaouiMiasnaoui, Michella rustom, Semaan georges,
"Voltage regulation of electric power network interconnected with wind energy
distributed generations", 2017 IEEE Second International Conference on dC Microgrids,
august 2017.

tasneim aldhanhani, ahmed alMurra, Ehab f. ElNaadany, "o ptimal design of electric
vehicle charging stations integrated with renewable dg", 2017 IEEE Innovative Smart
grid t echnologies Masia (IS¢t Msia), pp.1M, june 2018.

dionicio Z. naupari, yuri p. Molina, alex Coronel, "optimal Sizing of photovoltaic
Systems in distributin networks using particle Swarm optimization", 201 8 IEEE pES
transmission & distribution Conference and Exhibition Mlatin america (t&dMa),
october 2018.

yang Han, yu feng, ping yang, Lin Xu, yan Xu, frede blaabjerg, "Cause, Classification
of Voltage Sag, and Voltage Sag Emulators and applications: a Comprehensive
overview", |[EEE access, Vol.8, pp.1922M934, december 2019.

pan Hu, ding kai, yi wang, yimin Qian, yin i, "optimal implementation of SfCl for
Voltage sag Mitigation in power distribution System", 2020 12th IEEE pES asialpacific

power and Energy Engineering Conference (appEEC), 1 3 october 2020.



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

174

r odney kizito, Xueping L i, kai Sun, Shuai i, "o ptimal distributed generator placement
in utilityMased Microgrids during a largeNcale grid disturbance" IEEE access, Vol.8,
pp.21333\1344, january 2020.

C.C.b. oliveira, n. kagan, a. Meffe, S. jonathan, S. Caparroz, j.l. Cavaretti, "a new
method for the computation of technical losses in electrical power distribution
systems”, 16 th International Conference and Exhibition on Electricity distribution,
2001. part 1: Contributions. Clr Ed. (IEE Conf. publ no. 482), august 2002.

pettigrew, "Interconnection of a "green power" dg to the distribution System, a Case
Study", 2005/2006 IEEE/PES transmission and distribution Conference and Exhibition,
august 2006.

Cicero M. p. dos Santos, "determination of Electric power losses in distribution
Systems", 2006 IEEE/PES t ransmission & distribution Conference and Exposition: L atin
america, april 2007.

M. H. Moradi, M. abedini, "o ptimal multiMistributed generation location and capacity
by genetic algorithms", 2010 4 th International power Engineering and o ptimization
Conference (pEoCo), august 2010.

r eza karbalaei Hosseini, r asool kazemzadeh, "optimal dg allocation by extending an
analytical method to minimize losses in radial distribution systems", 2011 19th Iranian
Conference on Electrical Engineering, july 2011.

nimisha upadhayay, arvind kumar Mishra, "a method of determination of suitable
location and capacity of dg units in a distribution system", 2010 20" australasian
universities power Engineering Conference, f ebruary 2011.

florina Scarlatache, gheorghe grigoras, "t he influence of the dg sources in the
optimal operation of the electrical distribution systems", 2013 8 th IntErnatlonal
SyMpo SIuM on adVanCEd toplCS In ELECtrICal EngInEEring (atEE), September
2013.

yogesh p. patel, ashvin ¢. patel, " placement of dg in distribution System forloss

reduction”, 2012 IEEE fifth power India Conference, March 2013.



[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

175

Majid jamil Sheeraz kirmani, "optimal allocation of SpV based dg system forloss
reduction and voltage improvement in radial distribution systems using approximate
reasoning", 2012 IEEE 5 th India International Conference on power Electronics (IICpE),
february 2013.

Meng junxia, guo binging, liu fuchao, du peidong, "Study on power loss of
distribution network with distributed generation and its reactive power optimization
problem", 2 01 4 International Conference on power System t echnology, december
2014.

Mamun Mishra, " o ptimal placement of dg for loss reduction considering dg models",
2015 IEEE International Conference on Electrical, Computer and Communication
t echnologies (ICECCt), august 2015.

Huiting Xu, wenxia liu, lili wang, Meng Li, junpeng Zhang, "optimal sizing of small
hydro power plants in consideration of voltage control'G 2 015 International
Symposium on Smart Electric distribution Systems and technologies (EdSt),
november 2015.

kenan yang, yiyu gong, pu Zhang, Zhaoyan liu, "a reactive power compensation
method based on tracing the power flow and loss function of power system", 2015
5 th International Conference on Electric utility deregulation and r estructuring and
power t echnologies (dr pt), March 2016.

Morteza yarahmadi, Mahmoud reza Shakarami, "an analytical method to optimal
allocation of wind basedMg considering timeMarying load model in radial distribution
systems", 2015 2nd International Conference on knowledgeMoased Engineering and
Innovation (kbEl), March 2016.

karar Mahmoud, naoto yorino, "optimal combination of dg technologies in
distribution systems", 2015 I[EEE pES asialacific power and Energy Engineering
Conference (appEEC), january 2016.

prabhjot kaur, Sandeep kaur, rintu khanna, " optimal placement and sizing of dg

comparison of different techniques of dg placement’, 2016 IEEE 1 st International



[60]

[61]

[62]

[63]

[64]

[65]

[66]

176

Conference on power Electronics, Intelligent Control and Energy Systems (ICpEICES),
february 2017.

jaydeepsinh Sarvaiya, Mahipalsinh Chudasama, "Multi objective dg and r pC planning
of radial type distribution network considering economic Viewpoints", 2017 1 st
International Conference on Intelligent Systems and Information Management
(ICISIM), december 2017.

kavita yadav, Manbir kaur, "Investigation of optimal allocation of wind dg in
distribution system", 2016 7 th India International Conference on power Electronics
(IICpE), october 2017.

M. abdelMalam, M. th. ElNlohandes, E. Shaker, "pSoNbased performance
improvement of distribution systems using dg sources', 201 6 Eighteenth
International Middle East power Systems Conference (MEpCon), f ebruary 2017.
paschalis a. gkaidatzis, aggelos S. bouhouras, kallisthenis I. Sgouras, dimitrios I.
doukas, dimitris p. Labridis, "optimal distributed seneration placement problem for
renewable and dg units: an innovative approach", Mediterranean Conference on
power generation, transmission, distribution and Energy Conversion (Medpower
2016), March 2017.

bandi prasad, Shaik r iyaz Hussain, Shanmukh Srinivas, "Impact of addressing the power
demands through renewable sources at individual loads on Indian power sectorMa
case study at r gukt Muzvid", 2018 4 th International Conference on Electrical Energy
Systems (ICEES), august 2018.

Sarfaraz nawaz, Md. Imran, Sonali Singh, " a novel approach for multiple dg allocation
in distribution system of jaipur city", 2017 International Conference on Information,
Communication, Instrumentation and Control (ICICIC), f ebruary 2018.

nikola krstic, "r eduction of Energy and power L osses in distribution network using
Energy Storage Systems', 2020 55th International Scientific Conference on
Information, Communication and Energy Systems and t echnologies (ICESt), october

2020.



[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

177

asad wagar, umashankar Subramaniam, kiran f arzana, r ajvikram Madurai Elavarasan,
Habib ur rahman Habib, Muhammad Zahid, Eklas Hossain, "analysis of optimal
deployment of Several dgs in distribution networks using plant propagation
algorithm", IEEE access, Vol.8, pp.175546M 75562, September 2020.

Ehab E. Elattar, Salah k. Elsayed, "optimal location and Sizing of distributed
generators based on renewable Energy Sources using Modified Moth flame
optimization technique", IEEE access, Vol.8, pp.109625M 09638, june 2020.

Sirine Essallah. adel khedher, "optimal MultiMype dg Integration and distribution
System r econfiguration for active power [ oss Minimization using CpSo algorithm”,
2019 International Conference on Control, automation and diagnosis (ICCad), March
2020.

Zixin Li, yujie Hu, fangiang gao, Cong Zhao, fei Xu, ping wang, yaohua li, "l oss
analysis and Efficiency test of a 3 Mw 10 kV aC to +750 V dC power Electronic
transformer", 2020 IEEE 9th International power Electronics and Motion Control
Conference (IpPEMC2020MACCE asia), March 2021.

S. X. wang, wei Zhao, y. y. Chen, "distribution system reliability evaluation considering
deg impacts", 2008 t hird International Conference on Electric utility deregulation and
r estructuring and power t echnologies, May 2008.

S. Chaitusaney, p. pongthippitak, "Integration of battery for attenuating frequency
fluctuation due to wind turbine generation”, 2009 6th International Computer,
Conference on Electrical Engineering/Electronics, telecommunications and
Information t echnology, june 2009.

r. ahshan, M. t. Igbal, george k. I. Mann, john E. Quaicoe, "MicroMrid system based
on renewable power generation units", Canadian Conference on Electrical and
Computer Engineering (CCECE 2010), September 2010.

k Vinothkumar, M p Selvan[ S Srinath, "Impact of dg model and load model on
placement of multiple dgs in distribution system", 2010 5th International Conference

on Industrial and Information Systems, September 2010.



[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

178

yaser Soliman Qudaih, Syafaruddin, t. Hiyama, "Conventional and Intelligent Methods
for dg placement Strategies", 2010 asialacific power and Energy Engineering
Conference, april 2010.

yiwei Ma, ping yang, Hongxia g uo, "distributed generation system development based
on various renewable energy resources”, proceedings of the 30th Chinese Control
Conference, august 2011.

Mehrdad Eghlimi, Mostafa t avanpour paveh, Seyed ali banihashemi, "necessities and
suidelines for dg development in lran", 2 0 1 1 5 th International power Engineering
and optimization Conference, august 2011.

L uis arnedo, Suman dwari, Souleman Motapon, Vladimir blasko, "System level wind
turbine controls with seamless transitions between standalone and grid connected
mode", 2012 IEEE power Electronics and Machines in wind applications, october
2012.

t. lantharthong, n. rugthaicharoencheep, "network reconfiguration for load
balancing in distribution System with distributed generation and Capacitor
placement" world academy of Science, Engineering and technology International
journal of Electrical and Computer Engineering, Vol 6, 2012.

omid amanifar, Mohamad Esmaeil Hamedani g olshan, " optimal dg allocation and
sizing for mitigating voltage sag in distribution systems with respect to economic
consideration wusing particle Swarm optimization”, 2012 proceedings of 17th
Conference on Electrical power distribution, august 2012.

E. tom jauch, "Implementing Smart grid challenges of integrating distribution dg",
pES t&d 2012, august 2012.

Majid bavafa, "a new method of Evolutionary programming in dg planning”, 2011
International Conference on Energy, automation and Signal, f ebruary 2012.

Ehsan Mokhtarpour Habashi, Mehrdad tarafdar Hagh, "SingleNdhase transformerNess
buckNdoost residential fuel Cell based dg", CIrEd 2 0 1 2 workshop: Integration of

r enewables into the distribution grid, September 2012.



[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

179

jeffrey M. bloemink, timothy C. green, "benefits of distributionMevel power
Electronics for Supporting distributed g eneration growth", IEEE t ransactions on power
delivery, Vol.28, no.2, pp.911M19, april 2013.

Vikas Singh bhadoria, nidhi Singh pal, Vivek Shrivastava, " Installation of dg for optimal
demand compensation”, 2014 International Conference on Issues and Challenges in
Intelligent Computing t echniques (ICICt), april 2014.

Silvano Vergura, giulio Siracusano, Mario Carpentieri, giovanni finocchio, "a nonlinear
and nonMtationary signal analysis for accurate power quality monitoring in Smart
grids", 3 r enewable power generation Conference (r pg 2014) date of Conference,
September 2014.

Edris pouresmaeil, Majid Mehrasa, joao p. S. Catalao, "a Multifunction Control Strategy
for the Stable operation of dg units in Smart grids", IEEE t ransactions on Smart grid
(Volume: 6, Issue: 2, March 2015), december 2014.

Szilard liptak, ashley Stone, felipe Larrain, "power supply of a rural offMrid health
center Ma case study", 2015 IEEE ¢ lobal Humanitarian t echnology Conference (g Ht C),
december 2015.

Edris pouresmaeil, Hamid reza Shaker, Christian t. Veje, Mohammadamin
Shokridehaki, Eduardo M. g. r odrigues, joao p. S. Catalao, "Integration of dg sources
for compensation of unbalanced loads in the power grid", 2015 IEEE Eindhoven
powert ech, September 2015.

amirreza Hassani ahangar, Hossein askarian abyaneh, ¢.b. gharepetian, "negative
effects of cyber network (control, monitoring, and protection) on reliability of smart
grids based on dg penetration”, 2015 5 th International Conference on Computer and
knowledge Engineering (ICCKE), december 2015.

Shaoyun ge, Shiju wang, Zhiying lu, Hong liu, "Substation planning method in an
active distribution network under lowMarbon economy" journal of Modern power

Systems and Clean Energy, Vol.3, no.4, pp.d68M74, december 2015.



[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

180

ardiaty arief, Muhammad bachtiar nappu, "dg placement and size with continuation
power flow method", 2015 International Conference on Electrical Engineering and
Informatics (ICEEI), december 2015.

amol a kalage, nitin d ghawghawe, tushar V deokar, "optimum location of
superconducting fault current limiter to mitigate dg impact”, 2016 2" International
Conference on advances in Electrical, Electronics, Information, Communication and
bioNhformatics (aEEICb), august 2016.

beihua liang, yun wei Li, jinwei He, Chengshan wang, "a seriesM¢ based autonomous
islanding microgrid", 2016 IEEE applied power Electronics Conference and Exposition
(apEQ), May 2016.

rajiv. k. Varma, Shah arifur rahman, Vishwajitsinh atodaria, Sibin Mohan, tim
Vanderheide, "t echnique for fast detection of Short Circuit Current in pV distributed
generator", I[EEE power and Energy t echnology Systems journal, Vol.3, no.4, pp.155M
165, december 2016.

bonan Huang, yushuai li, Huaguang Zhang, Qiuye Sun, "distributed optimal coMultiM
microgrids energy management for energy internet”, IEEE/Caa journal of automatica
Sinica, Vol.3, no.4, pp.357\364, october 2016.

Syed ali abbas kazmi, Syed faraz Hasan, dongMyeol Shin, "Multi criteria decision
analysis for optimum dg placement in smart grids", 2015 IEEE Innovative Smart grid
t echnologies Masia (ISgt aSla), january 2016.

Ekow appiah kwofie, ¢ odfred Mensah, Emmanuel kwaku anto, "determination of the
optimal power factor at which dg pV should be operated”, 2017 IEEE pES powerafrica,
july 2017.

deepesh ramawat, ganesh p. prajapat, nagendra kumar Swarnkar, "r eactive power
loadability based optimal placement of wind and solar dg in distribution network",
2016 IEEE 7™ power India International Conference (pliCon), october 2017.

j. a. Sa@d, M. Quraan, Q. Samara, S. favuzza, g¢. Zizzo, "Impact of integrating

photovoltaic based dg on distribution network harmonics", 2017 IEEE International



[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

181

Conference on Environment and Electrical Engineering and 2017 IEEE Industrial and
Commercial power Systems Europe (EEEIC / I&CpS Europe), july 2017.

peng Li, Haoran ji, Chengshan wang, jinli Zhao, guanyu Song, f ei ding, jianzhong wu,
"Coordinated Control Method of Voltage and r eactive power for active distribution
networks based on Soft open point" IEEE transactions on Sustainable Energy, Vol.8,
no.4, pp.1430M442, october 2017.

panos C. kotsampopoulos, Vasilis a. kleftakis, nikos d. Hatziargyriou, "l aboratory
Education of Modern power Systems using pHIl Simulation”, IEEE transactions on
power Systems, Vol.32, no.5, pp.3992M001, September 2017.

Sheng Chen, Zhinong wei, guogiang Sun, ning L u, yonghui Sun, ying Zhu, "MultiMrea
distributed threelhase state estimation for unbalanced active distribution networks",
journal of Modern power Systems and Clean Energy, Vol.5, no.5, pp.767TM76,
September 2017.

wei liu, wei gu, Qiang Huang, liang Chen, Xiaodong yuan, "pinning g roup ConsensusM
based distributed Coordination Control for active distribution Systems", IEEE access,
Vol.6, pp.2330M339, december 2017.

awan uji krismanto, n. Mithulananthan, "probabilistic small signal stability analysis of
autonomous windMliesel microgrid”, 2017 IEEE Innovative Smart grid t echnologies M
asia (ISgt Msia), december 2017.

Hongbin wu, Chenyang Huang, Ming ding, bo Zhao, peng i, "distributed cooperative
voltage control based on curveMtting in active distribution networks", journal of
Modern power Systems and Clean Energy, Vol.5, no.5, pp.777M86, September 2017.
jie yu, Ming ni, yiping jiao, Xiaolong wang, "plughh and plughdut dispatch optimization
in microgrid clusters based on flexible communication", journal of Modern power
Systems and Clean Energy, Vol.5, no.4, pp.663M7 0, july 2017.

M.r . Siddappaiji, k. t hippeswamy, "Contingency ranking and optimal placement of dg

for line loss reduction in distribution system to enhance reliability" 201 7 International



[109]

[110]

[111]

[112]

[113]

[114]

[115]

182

Conference on Energy, Communication, data analytics and Soft Computing (ICECdS),
june 2018.

yuntao ju, Can Chen, linlin wu, Hui liu, "general t hreephase linear power f low for
active distribution networks with good adaptability under a polar Coordinate
System" IEEE access, Vol.6, pp.34043N34050, May 2018.

anjeet Verma, bhim Singh, "a Solar pV, bES, ¢rid and dg Set based Hybrid Charging
Station for uninterruptible Charging at Minimized Charging Cost", 2018 IEEE Industry
applications Society annual Meeting (laS), november 2018.

anirban Chowdhury, raniit r oy, kamal krishna Mandal, "Comparative Study of Single
and Multiple point r enewable Energy based dg allocation Considering Improvement
of Voltage Stability, Economic and Environmental f actors using jaya algorithm”, 2017
International Conference on Computer, Electrical & Communication Engineering
(ICCECE), pp.1M, november 2018.

renan H. furlan, Carlos H. beuter, rodrigo p. bataglioli, lago de M. faria, Mario
oleskovicz, "Improvement of overcurrent protection considering distribution systems
with distributed generation”, 2018 18™ International Conference on Harmonics and
Quality of power (ICHQp), pp.1M, june 2018.

a. ngaopitakkul, C. jettanasen, "the effects of multiMistributed generator on
distribution system reliability" IEEE Innovative Smart ¢rid t echnologies — asia (IS¢t M
asia), pp.1M, june 2018.

C. a. Macana, S. M. Mohiuddin, H. r. pota, M.a. Mahmud, "online energy management
strategy for islanded microgrids with feedback linearizing inner controllers", 2017 (EEE
Innovative Smart grid t echnologies Masia (IS¢t Msia), june 2018.

onyema S. ndukalbikash C. pal, "Quantitative Evaluation of actual loss reduction
benefits of a renewable Heavy dg distribution network", IEEE transactions on

Sustainable Energy, Vol.9, no.3, pp.1384M396, july 2018.



[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

183

umer akram, Muhammad Khalid, Saifullah Shafig, “An Improved Optimal Sizing
Methodology for Future Autonomous Residential Smart Power Systems”, IEEE Access,
Vol.6, pp.5986M000, january 2018.

bilal Hussain, Qadeer ul Hasan, nadeem javaid, Mohsen g uizani, ahmad almogren,
atif alamri, "an Innovative Heuristic algorithm for lot Mnabled Smart Homes for
developing Countries" IEEE access, Vol.6, pp.15550M5575, f ebruary 2018.

Mingshen wang, yunfei Mu, t ao jiang, Hongjie jia, Xue li, kai Hou, tong wang, "l oad
curve smoothing strategy based on unified state model of different demand side
resources", journal of Modern power Systems and Clean Energy, Vol.6, no.3, pp.540M
554, May 2018.

Shatakshi[ bhim Singh, Sukumar Mishra, "Economic o peration of pVMg Ndattery based
Microgrid with Seamless dual Mode Control", [ECon 2018 Maa™ annual Conference
of the (EEE Industrial Electronics Society, december 2018.

dawei Huang, Hongwei li, guowei Cai, nantian Huang, na yu, Zheng Huang, "an
Efficient probabilistic approach based on area grey Incidence decision Making for
optimal distributed generation planning", IEEE access, Vol.7 , pp.93175M3186, july
2019.

yalong Hu, Xiaoming wang, yonggang peng, ji Xiang, wei wei, "distributed f initeMime
Secondary Control for dC Microgrids with Virtual Impedance arrangement”, IEEE
access, Vol.7, pp.57060M8 7068, april 2019.

peng Li, Chuanchi Zhang, Xiaopeng f u, ¢ uanyu Song, Chengshan wang, jianzhong wu,
"determination of  ocal Voltage Control Strategy of distributed generators in active
distribution networks based on kriging Metamodel", IEEE access, Vol.7, pp.34438M
34450, March 2019.

Mohamed a. M. Shaheen, Hany M. Hasanien, S. f. Mekhamer, Hossam E. a. talaat,
"optimal power flow of power Systems Including distributed generation units using
Sunflower optimization algorithm", IEEE access, Vol.7, pp.109289M09300, august

2019.



[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

184

jiming Chen, Qianyu yu, Qiying Li, Zhuoran Lin, Chaolin i, "probabilistic Energy f low
analysis of MCE System Considering Various Coupling units and the uncertainty of
distribution generators", I[EEE access, Vol.7, pp.1 00 3 9 4 M100405, july 2019.
fengMhang gu, ShiueMer Lu, jianMing wu, ChaoMin kuo, ChiaMiung lin, ShiNaw
Chen, "Interruptible power Estimation and auxiliary Service allocation using Contract
t heory and dynamic game for demand r esponse in aggregator business Model", IEEE
access, Vol.7, pp.129975M29987, September 2019.

diptargha Chakravorty, jinrui ¢ uo, balarko Chaudhuri, Shu yuen r on Hui, "Small Signal
Stability analysis of distribution networks with Electric Springs", IEEE transactions on
Smart ¢rid, Vol.10, no.2, pp.1543M552, March 2019.

junjun Xu, Zaijun wu, Qinran Hu, Chengzhi Zhu, Xiaobo dou, "t radeMffs in Meter
deployment for distribution network State Estimation Considering Measurement
uncertainty" IEEE access, Vol.7, pp.66123M6136, May 2019.

Vivek narayanan, Seema kewat, bhim Singh, " Standalone pVNESMg based Microgrid
with power Quality Improvements’, 2019 IEEE International Conference on
Environment and Electrical Engineering and 2019 IEEE Industrial and Commercial
power Systems Europe (EEEIC / I&CpS Europe), august 2019.

Sambasivaiah puchalapalli, Shailendra kumar tiwari, bhim Singh, puneet kumar g oel,
"a Microgrid based on windMriven dflg, dg, and Solar pV array for optimal fuel
Consumption", IEEE t ransactions on Industry applications (Volume: 56, Issue: 5, Sept.M
oct. 2020), pp.4689 MA699, june 2020.

ritu jain, Vasundhara Mahajan, " Impact of Multiple dg penetration in Energy
Market"20 2 0 IEEE 1 st International Conference for Convergence in Engineering (ICCE),
december 2020.

Xu Ui, yuping Lu, "Improved amplitude differential protection Scheme based on the
frequency Spectrum Index for distribution networks with df Ig Ndbased wind dgs", IEEE

access,Vol.8, pp.64225M4237, March 2020.



[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

185

Haizhen Xu, Changzhou yu, Chun liu, Qinglong wang, Xing Zhang, "an Improved
Virtual Inertia algorithm of Virtual Synchronous generator", journal of Modern power
Systems and Clean Energy, Vol.8, no.2, pp.377N86, March 2020.

Hafiz abd ul Mugeet, aftab ahmad, "optimal Scheduling for Campus prosumer
Microgrid Considering price based demand r esponse”, IEEE access, Vol.8, pp.71378M
71394, april 2020.

panggah prabawa, daeMlyun Choi, "MultiMgent f ramework for Service r estoration in
distribution Systems with distributed generators and Static/Mobile Energy Storage
Systems", IEEE access, Vol.8, pp.51736Mi1752, March 2020.

Emad ali almabsout, ragab a. EINehiemy, osman nuri uc an, oguz bayat, "a Hybrid
l ocal SearchM enetic algorithm for Simultaneous placement of dg units and Shunt
Capacitors in radial distribution Systems", I[EEE access, Vol.8, pp.54465N4481, March
2020.

ChaoMing Huang, yannMhang Huang, Shinflu Chen, Sunghei yang, "a Hierarchical
o ptimization Method for parameter Estimatio of diesel g enerators", IEEE access, Vol.§,
pp.176467M76479, September 2020.

ahmed fathy, khaled kaaniche, turki M. alanazi, "r ecent approach based Social
Spider optimizer for optimal Sizing of Hybrid pV/wind/battery/diesel Integrated
Microgrid in aljouf r egion", IEEE access, Vol.8, pp.57630Mi7645, March 2020.

javad khodabakhsh, Ebrahim Mohammadi, gerry Moschopoulos, "pMSg Ndased wind
Energy Conversion Systems Integration Into dC Microgrids with a novel Compact
Converter", IEEE access, Vol.8, pp.83583M3595, May 2020.

Vivek narayanan, bhim Singh, "Solar pV arrayMES Integrated aC Microgrid with
Seamless t ransition to dg Set", 2020 IEEE 5™ International Conference on Computing
Communication and automation (ICCCa), november 2020.

anjeet Verma, bhim Singh, "Integration of Solar pVMWECS and dg Set for EV Charging
Station", 2020 IEEE International Conference on power Electronics, Smart grid and

r enewable Energy (pESgr E2020), april 2020.



[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

186

Ignacio HernandoMil, Zhipeng Zhang, Mike brian ndawula, Sasa djokic, "dg [ ocational
Incremental Contribution to grid Supply level", 2020 IEEE International Conference
on Environment and Electrical Engineering and 2020 IEEE Industrial and Commercial
power Systems Europe (EEEIC / I&CpS Europe), august 2020.

t otappa Hasarmani, r ajesh Holmukhe, abhishek g andhar, Shikha bhardwaj, "o ptimum
Sizing and performance assessment of Solar pvVMg Hybrid System for Energy Self
Sufficiency of jaggery Making units", 2020 IEEE bangalore Humanitarian t echnology
Conference (bMit C), december 2020.

reza bakhshillafarabadi, reza ghazi, javad Sadeh, "power Quality assessment of
Voltage positive feedback based Islanding detection algorithm", journal of Modern
power Systems and Clean Energy, Vol.8, no.4, pp.787M95, july 2020.

Vallem V. V. S. n. Murty, ashwani kumar, "o ptimal Energy Management and t echnoM
economic analysis in Microgrid with Hybrid r enewable Energy Sources", journal of
Modern power Systems and Clean Energy, Vol.8, no.5, pp.929M40, September 2020.
Xiangzhen yang, Haixi Zhao, Mengke duan, yan du, Haining wang, jian Zhang, "a new
distributed cooperative secondary voltage control in an unbalanced microgrid”, CSEE
journal of power and Energy Systems, pp.1M4, o ctober 2020.

bo Cao, liuchen Chang, Shuang Xu, riming Shao, "advanced Variable Switching
frequency Control for Improving weighted Efficiency of distributed renewable
generation Systems", IEEE access, Vol.8, pp.140643M40653, july 2020.

baojin liu, teng wu, Zeng liu, jinjun Lliu, "a SmallMCNignal InjectionNdased
ddecentralized Secondary frequency Control for droopMontrolled Islanded
Microgrids", IEEE transactions on power Electronics, Vol.35, no.11, pp.11634 M11651,
november 2020.

david alejandro Martinez, Eduardo MojicaMava, ameena Saad alMumaiti, Sergio
rivera, "a distortionNdased potential game for Secondary Voltage Control in MicroM

grids", IEEE access, Vol.8, pp.110611M 10622, june 2020.



[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

187

lingyu Ma, jiancheng Zhang, "an adaptive Hierarchical Control Method for Microgrid
Considering g eneration Cost", IEEE access, Vol.8, pp.164187M64199, September 2020.
Henerica tazvinga, oliver dzobo, "f easibility Study of a SolarMiogas System for offM
grid applications”, 2019 9th International Conference on power and Energy Systems
(ICPES), june 2020.

raimon bawazir, numan Cetin, Mustafa Mosbah, Salem arif, "Improvement of the
Voltage profile of the distribution network by optimal Integration of pVbased
decentralised Source", 2020 International Conference on Electrical (ICEE), november
2020.

Santhi Swaroop Chippagiri, Sumanth pemmada, n.r. patne, "distribution network
r econfiguration and distributed generation Injection using Improved Elephant
Herding optimization", 2020 I[EEE first International Conference on Smart
t echnologies for power, Energy and Control (St pEC), december 2020.

Chaonan liu, Zhiyuan pan, jinliang wang, Hongzhen fan, weiwei yang, Hao Zhang,
"development of distributed photovoltaic g¢ridMonnected Simulation System based
on StarSim platform", 2020 IEEE 3" Student Conference on Electrical Machines and
Systems (SCEMS), f ebruary 2021.

g. avinash Sravan gandhi, ram prakash, S. Sivasubramani, "o ptimal allocation of dg
for Minimization of power loss and total Investment Cost using an analytical
approach’, 2020 21°" national power Systems Conference (npSC), january 2021.
amedeo andreotti, bianca Caiazzo, alberto petrillo, Stefania Santini, "distributed
r obust finiteMime Secondary Control for StandMlone Microgrids with timeMNarying
Communication delays", IEEE access, Vol.9, pp.59548N89563, april 2021.

lucheng Hong, Mian rizwan, Muhammad wasif, Shafiq ahmad, Mazen Zaindin,
Muhammad firdausi, "userMefined dual Setting directional overcurrent r elays with
Hybrid time Currentoltage CharacteristicsNdased protection Coordination for active

distribution network", IEEE access, Vol.9, pp.6 27 5 2 M62769, april 2021.



[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

188

Muhammad usama, Mahmoud Moghavvemi, Hazlie Mokhlis, nurulafigah nadzirah
Mansor, Haroon farooq, alireza pourdaryaei, "optimal protection Coordination
Scheme for r adial distribution network Considering on/of f Mrid", IEEE access, Vol.9,
pp.34921N84937, january 2021.

Soumya das, olav bjarte fosso, giancarlo Marafioti, "a new r eliability and Security
oriented technique for optimal dg placement in a practical distribution network’,
2021 IEEE Madrid powert ech, july 2021.

gopal krishan t aneja, gaurav Modi, bhim Singh, ashu Verma, "Islanded Solard pVNOESM
dg Set for r emote areas, 2020 IEEE 7% uttar pradesh Section International Conference
on Electrical, Electronics and Computer Engineering (upCon), March 2021.
diambomba Hyacinthe tungadio, yanxia Sun, "Management of load demand
considering a dg working on islanded mode", 2021 1% odisha International
Conference on Electrical power Engineering, Communication and Computing
technology (odICon), May 2021.

J. S. Savier, and D. Das,“Impact of network reconfiguration on loss allocation of radial
distribution systems,” IEEE Trans. on Power Delivery, vol.22, no.4, pp.2473N480,
october 2007.

j.a.M.rupa, and S. ganesh,"power f low analysis for r adial distribution System using
backward/f orward Sweep Method", International journal of Electrical and Computer
Engineering, Vol.8, no.10, pp.1628M632, 2014.

g. w. Chang, and n. C. Chinh, "Coyote optimization algorithmNbased approach for
Strategic planning of photovoltaic distributed generation”, IEEE access, Vol.8,
pp.36180M6190, f ebruary 2020.

f. Sarkar, and r. ramya, "Voltage sag and distortion mitigation in a hybrid power
system using faCts device," International journal of Science and research, vol.4,

no.5, pp.311 M317, May 2015.



[165]

[166]

[167]

[168]

[169]

189

S. aarif, and Er. r. k. randhawa, "lImprovement of power quality using photovoltaic
dynamic voltage restorer", International journal for research in applied Science &
Engineering t echnology, vol.5, no.9 , pp.7 0 3 M 0 8 , September 2017.

a. kiswantono, E. prasetyo, and a. amirullah, "Comparative performance of Mitigation
Voltage Sag/Swell and Harmonics using dVr MESNOV System with Mppt Muzzy
Mamdani/Mppt Muzzy Sugeno', International journal of Intelligent Engineering and
Systems, vol.12, no.2, pp.222\235, april 2019.

n. M. nor, a. ali, t. Ibrahim, and M. f. romlie,"battery Storage for the utilityNcale
distributed photovoltaic generations”, IEEE access, Vol.6, pp.1137M154, november
2017.

y. wang, n. Zhang, H. Ui, j. yang, and C. kang,"linear threedhase power flow for
unbalanced active distribution networks with pV nodes", CSEE journal of power and
Energy Systems, vol.3, no.3, pp.321N24, September 2017.

r. Han, Q. wang, t. wang, y. Zheng, and Shaoping g uan, "r esearch on power loss of
distribution network with photovoltaic access", the journal of Engineering, Vol.2017,

no.13, pp.2257\2260, october 2017.



190

AMARNUIIN N

dayaluanuazaredauvaiuuuinaasszuudmiiglnii 33 Ja



191

DG,
100 kW
DG
@3—— =) DS
oG, 18 T 400 KW
100 kW
R eI | | —+®
Yo [ Grid supply point 15
@ 17 1—:[ @ 13 _Tl
¥
—1T1® 2 —T@
@ Al
11E=A
|
| 100 kKW —@
| @ DG, Tl
T_@' @
| : — 4 T T® 400 kW(jJB ¥
|
| |
I s
| ot |
: X3 & s |
| i3 |
| | [ |
I L —{3 ————— .'T 6 ® Yz @ 36|\
I Ekw
I 32 T @ l
| T 1T-@ |
| 7 T DGG 28 I
| 100 kW |
| T2 T©® ® _:
| DGs ), [ 29
| 200 KW |
| |_—<: :) DG
| A M/A T @ | T @™ a0 kw
_____ 35 34|K
— @ |
DG; 10
| —
300 KW | (3 @
— Load TLE@ _ |
— —Tie switches :
Sectionalizing switches ™| > @) 37\
@ Distributed generator ® :
= |
Tl_ _______ |
AME .1 nuushassszuuswdng i 33 Ja
M597 .1 Joyalvanvewuudnaessyuudminglui 33 Ja
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Number (kw) (kvar) Number (kw) (kvar)
3 2.60 2.20 20 24.00 17.00
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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 P. Q bus P Q
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 57 34 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




M5 .2 Teyaaedouvesiuudtasssuuimiglui 69 Ua (de)

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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Abstract—This  paper  presents an  application
improvement of voltage profile by photoveltaic farm on
disiribution sysiem. The improvement for the sag

The DGs placement n distribution system to vollage prolile
improvement by photovoltaic farm on distribution system
under the technical conditions, power flow equation, line
voltage is a factor in the efficiency of the power  capabilitv. The experiment with the model of distribution
distribution system. Under technical constraints such as  system 69 buses was evaluated to find the answer with the
power flow and bus voltage limits. Modeling solution proposed technique.
that uses the radius 09 bus distribution system with

distributed generators (DG). It is therefore proposed in

this paper to solve a solar power plant into the power

distribution syvstem problem based on a power flow : ] ]
algorithm. The results show that solar power plant can The sag voltage is defined as reducing the rms voltage
be improvement for voltage sag on distribution system. between 10-90% which continues from half a cycle to one
minute shown in Tig, 3,

II. VOLTAGE SAG

Keywords— Voltage Sag, Photovoltaic, Distribution

System Event Magnitde
F'y
I. INTRODUCTION |
B = . - | & Voltage Swell Over Voltage
Distributed generation 1s an approach that employs small- B

: N 110% - .
scale technologies to produce electricity close to the end Normal Operating Voltage

users of power. DG technologies often consist of modular

Under Voltage

._E.
(and sometimes renewable-energy) generators, and they 2 Valtage Sag
offer a number of potential benefits. For example, of DG 5 Sustained intauption
p u 100y 2

such as wind, solar. fuel cells, hydrogen, and biogas show m % I inmantataos [ Momentary | Temporary
Fig. 1. a 30 v d - - e

= 0.5 eycle 30 cycle 3sec I 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.
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Figz 1. Type of distnbuted generation.
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The maximum and mummum values ol voltage at the
consumer cnd are prescribed in LE. Rules, 1936, 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. ITowever, use of a conductor above
a certain size vields dimmishing returns in terms of voltage
drop and losses. Tmpedance (7R + 7X) does not drop much
where R is already small and further reduction in reactance
X 18 a function of conductor spacing, which does not change
with conductor size. Therefore, for anv loading an optimum
conductor size is desirable.

TIT. PHOTOVOLTAIC

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

Ipv

MTTF

Yy cantral

D Bus

Switched mode

prwer coverier Inverter

:—4 Lead

DI baost
converter

FYV Generator

Battery
Tank

Iig. 5. Schemate diagram of a PV system.

Photovoltaic svstems include PV array svstem which
consists of two or more solar panel that converts sun light
mto electricity. Photovoeltaie system 1s a non-conventional
source of energy like wind turbine ete. It is used with
dynamic voltage recover (DVR) system for energy storage.
This system will provide energy to de source which is used
by inverter svstem to convert de energy mto ac energy for
{urther apphications of DVR system. The equivalent cireut
model of photovoltaie cell is shown in Fig.6 [2].

Inverters Transformer

PV Panels

S ——————
a
AT 400V

[

Power Meter

Switeh Gear

Transmission Line

Fig. 6, Photovoltaic systems.
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IV. MATHEMATIC AL 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
15 in the range of +/-5% from the nominal of wvoltage
swell.[3]

5({(;(%) - l’";:re sag L';ag
: Vo (1)
pre sag
Swell (0,.} — [Vpre swell — 1"".sw’eu] 5
(%) = 2
I’;ure swell (b}
There are two methods for voltage drop (VD)
calculations.

; Sum of kVA rating of distribusion transformers
Maximum demand = - (3)
Diversity factor

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

% VD = 4
Diversity factor )

e e B 172w kY maximum demand z
B e = T Of KVA Tating of distrIDUEion transFormers )
Y% VD = VD per km.kvA % (total km kvA4) x demand factor  (6)

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

Q; = Pgtan(cos_‘ (an)} ™

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

V. CASESTUDY

[or the studv. improve the voltage profile using 69 buses
distribution svstem model with DG as shown in Fig.7. The
nine DG umits are located at buses 19, 29, 36, 39, 49, 53, 539,
62 and 69 have the capacitv of 300. 400, 100, 100, 100, 400,
100, 400, 200 and 200 kW respectively. The lotal installed
capacity of DGs is 1,000 KW, The system base 100 MVA
and voltage base 1s 12.66 kV.

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

The switch number 1-68 is sectionalizing switches on a
distribution feeder (normally close) and switch number 69-
73 1s tie swilches (normally open). The total load for this
test svstem 1s 380189 kW and 269410 kVAr The
voltages all buses are set at 0.95 and 1.05 p.u.
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1 I
: : — = A=
| I4Ts & T ) . . .
! e =@ 1 The numerical results for the 3 cases are shown in Fig. 8.
LT G@_b; “STEE :\ 9 and 10 the bus voltages of all buses for cases 1. 2 and 3.
! @ _-FE@ =g ": As can be seen. the bus voltages are improved in the
= e, =@ 2
I @ TE@ | Be @ presence of the DGs.
L 6 Tw® | =8
- *-‘:Eoiir"r:g @T}?—'
Tl = e
e® ;—%g ® ps. VIL CONCLUSION
DG, (0" [ & F=@ ™ 00w . L .
W0LW ;-}@ e This paper presents an application improvement of
;?:}(%— e o voltage profile by photovoltaic farm on distribution system.
e = T: Tested with a single-line diagram of 69-bus distribution
= ~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.
Case 2: Installation DGs 5 buses in distribution system ACKNOWLEDGMENT

Case 3: Installation DGs 9 buses in distribution system The author would like to express his sincere thanks to the

Rajamangala University of Technology Phra Nakhon
VI RESULTS (RMUTP). Thailand for supporting.
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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 presemis the case study of the operation of small
distributed solar power plant. Practices of small distributed solar power
plants using PVSyst and [EC 61724 mathematical eguations to swudy
the % performance ratio Therefore, this article s proposed as a case
study of the operation of small distributed solar power plants. The
resulis of the study show that the operation of small disiributed solar
power plants increases the efficiency to be able to produce the

maximum electricity and continuously.
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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 {low
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 cyele to one minute shown in Fig, 1.

Event Magn itude
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>
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Fig. 1. Voltage Sag/Swell of [EEE 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 wvoltage sag is able to be removed. The voltage
swell is an increase in source rms voltage in short time
intervals whose value ranges [rom [.1 p.u. to L8 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
{(VSDs) 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 al 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 stutfs 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 uwsually need conversion to
certain require voltages as alternating current (AC)
voltages by using an inverler. 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.
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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 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 broeeteny

Teanmdichon Line

Posnd 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 1,000 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 pu.

000000000
AR AT T IS o

wym————

Fig 4. Single-line dizgram 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 1S demonswrated 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

Keywords— Voltage Sag, Ph
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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 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.

Index Terms—Voltage Sag, Photovoltaic, Distribution System.

[ 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 lo 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 technigue,

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].

Papon Ngamprasert is with the Department of Electrical Engineering,
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Fig. 1. 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), ete. Here's how the supply work: a bridge rectifier
feeds pulsed DC current 1o a bulk electrolytic capacity. A
Distributed system with DGs installation as show in Fig. 2.
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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.

II. 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 Magnimde
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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
cnergy that is natural, safe and sustainable. PV is a device
that converts sunlight into ¢lectricity using the intensity of
solar [4]. PV systems used for many photovoltaic farms
connect to the grid everywhere, especially in developed

29
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countries with large markets [1]. A schematic diagram of
solar photovoltaic (PV) system as show in Fig. 5.

Switched mode
power comverter |

Battery
Tank

E-

PV Generutor

Fig, 5. Schematic diagram ol 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 ete. 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].

Il-'ll_|_|~~/

PV Panels

String Box

Inverters

Transformer

AC 22KV

Transmission Line Switch Gear

Power Meter

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,_,[ex;{ﬂ)-l] (1)
o

Where 1 is load current
L 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 after sag/swell disturbance is in the
range of +/-5% from the nominal of voltage swell [9].

K:rr sag — me

Sag(%) =
4 l’;:re sag (2)
Swell(%) = [Vpre swell = chul 3
Vprc swell ( )

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

_ Sum of kVA rating of distribution transfarmers
= Diversity factor

demand (4)

30

VD per kem.kVA x (total km.kVA
%VD = — ¢ J (5)

Diversity factor

1732 x & x maximum demand 6
Sumof kVA rating of distribution transformers (6)

Demand factar =

% 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;)) (8)

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 scarch
space: §; € 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 solulion:Sba =S,

Step 3:

Step 4:

and Sy =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.

Calculate the aspiration level of Spq:fiy =

Step 5:

f(Speg ) - The aspiration level is the sum of L and a
penalty function

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
Sna‘grbor 4

Calculate the aspiration level for each member of
Sieighbor - and choose the one that has the highest

Step 9:

aspiration level, Sna’g'bor b est-

Check whether the attribute of the solution obtained
in step 9 is in the Tabu list. If yes. go to step 11, or

else Syyrent = Speighbor b est and go tostep 12.

Step 10:

Step 11:  Accept Sneigmbor b est if it has a better aspiration level
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than fooy and setSy oy = neighbor b est + O else

select a nexi-best solution that is not in the Tabu list

lo become the current solution.

Update the Tabu list and set m=m +1.

Repeat steps 8 to 12 until a specified maximum

iteration has been reached.

Step 14: Repeat step 5 and report the optimal solution.
Distribution system with DG as show in Fig. 8.

Step 12:
Step 13

Fig. & 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 1000 kW, The system base 100
MV A and voltage base is 12.66 kV.

i
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Gl supphy: paint
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—= Land
= =Tir switches
—— sectinnaliving switches

() Distribeted gencatur

Fig. 9. Single-lne diagram of 69-bus distrbution svstem.

3

Each branch in the system has a separate switch to
reconfigure. The data loaded in the Al table and Al table
provide branch information [11].

The switch number 1-68 is 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 is 3.801.89 kW and 2.694.10 kVAr. The
voltages all buses are set at (.95 and 1.035 p.u,

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

Case 2: Installation DGs 5 buses in distribution
system.
Case 3: Installation DGs 9 buses in distribution
system.

VII. 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. 10. Without in distribution system.

g | o T PR

Fig. 12. Installation DGs 9 buses in distribution system,

VIIL

This paper presents an improvement for voltage sag with
photovoliaic performance on distribution system. Tested
with a single-line diagram of 69-bus distribution system,

CONCLUSION
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which has performed three cases is examined as follows,
Case |: Without in distribution system, Case 2 Installation
DGs 5 buses in distribution system, Case 3: Installation
DGs 9 buses in distribution system. It was found that Case 1:
Without in distribution system does not improve distibution
systermn. But Case 2: Installation DGs 3 buses in distribution
system, Case 3: Installation DGs 9 buses in distribution
system.
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APPENDIX
TABLE Al
LoaD DaTa OF 6%-BUs DISTRIBUTION SYSTEM
Bus i, O Bus P o]
Number (kW) (kVAr) Mumber (kW) (kVAr)

6 2.60 220 37 26.00 18.55
T AlAD 30,00 39 24.00 17.00
& 75.00 54.00 40 2400 17.00
9 30,00 22.00 41 1.20 1.00
10 28.00 19,00 43 H.00 4,30
11 145.(H} 104 00 45 302 26.30

TABLE Al{CONTINUED )
Bus Py Oy Bus P o
Number (kW) (KVAr Number (kW) (kWA
12 145,00 104.00 46 39.22 26.30
13 8.00 500 48 79,00 36,40
14 §.00 5.50 49 38470 274.50
14 8.00 5.50 49 38470 274.50
1o 45.50 3000 50 384T0 274.50
17 60,00 35.00 5l 40.50 28.30
18 G0.00 35.00 52 3.60 270
20 1.00 060 53 4.35 3.50
21 114.00 100 34 26.40 16,00
22 500 3.50 55 24.00 17.20
24 25,00 20.00 39 100L00 T2.00
26 14,00 10,00 6l 1.244.00 RER.00
27 14.04 100 62 3200 23.00
28 26.00 18.60 4 227.04 162.0
29 26,00 15.60 (58] 59.00 42.00
33 [4.00 100 fafy 18.00 13.00
34 19.50 14.00 67 18.00 13.00
35 6.00 4.00 68 25.00 20.00
16 26,00 18.58 2] 28.00 20,00
TABLE ATl
BRANCH DATA OF 09-BLS DISTRIBUTION SYSTEM
Branch Sending Receiving F X
Number end bus enil bus (£2) (€3}
1 1 2 0.0003 00012
2 2 3 0.0005 00012
3 3 4 0.0015 00036
4 4 5 0.0251 002594
] ¥ [i] 036060 01864
6 [} 7 0.3811 01941
7 7 8 0.0922 0.0470
8 3 9 0.0493 0.0251
9 9 10 08190 02707
10 10 11 0.1%872 00619
It I 12 07114 02351
12 12 13 1.0300 0.3400
13 13 14 1.0440 03450
14 14 15 1.0580 03496
L5 15 16 0.1966 00650
6 13 17 0.3744 01238
15| 17 18 0.0047 00016
18 18 19 03276 01083
19 9 20 0.2106 0.0690
20 20 21 03410 0.1129
21 21 22 00140 00046
22 22 23 0.159] 00526
23 23 24 0.3463 01145
24 4 25 0.7488 02475
25 25 26 0.3089 o102
26 26 27 0.1732 0.0572
27 3 28 0.0044 00108
28 18 23 0.0640 0.1565
9 20 30 0.3978 01315
30 ki 31 0.0702 00232
31 31 32 03510 01160
32 3z 33 0.8390 02816
33 33 34 1.7080 0.5646
34 34 35 1.4740 04873
15 3 36 0.0044 00108
16 i6 37 0.0640 0.1565
37 37 iR 0.1053 01230
38 i8 34 0.0304 00355
39 9 40 00018 00021
10 Al 11 0.7283 08509
4l 41 42 03100 0.3623
42 42 43 00410 00478
43 43 44 0.0092 00116
44 44 45 0.1089 0.1373
45 45 46 0.0009 00012
46 4 47 (.0034 00084
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TABLE All {CONTINUED)

Branch Sending Receiving R X
Number end bus end bus () (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 03319 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 S8 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 6l 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 1 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 1] 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 63 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

Svstem
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.

HY ROPFOWER

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
maodel 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.

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 led into the grid lines.

For photovoltaic (PWV) 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 bax. 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 afier 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).

3 P ¢ Sun
-,{;:\\lph.summ'm Utliew
\ i v Ullaéc

I E i AC Transfarmer
e é Switch : :
D AC

Tnverte

(Fuse, Recloser, Ete.)

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.

1. POWER LOSS

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

Sp=P +,Q; (1)
where P is the active power of the load and O 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 1 2 3 4 5 & 7 & 9 llll

=S,

DG

SOLAR

Fig. 4. Model of distribution system synergy photovoltaic,

[II. 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
photoveltaic (PV) system as show in Fig 5.

Switched mode
POWEr converter

s
DO boost J
converter

ke

Tank

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 de energy into ac energy for
further applications of DVR system. The equivalent circuit
maodel of photovoltaic cell is shown in Fig.6 [5].

PY Panels String Box

D
g‘;n

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
satisty 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 svstem 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].

V. MATHEMATICAL MODEL

The load fMow 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<Bk+1
Rii) Niiy
{000)
Bus k Hi} ampere |
Bus k+1

Pp + Qo

|—) Branch i G—I

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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PEg+QF

Prus.v(i) = R{l’} % |Vk+1 |2 (2)
Pl + 0k
Quoss () = X X ——4L (3)

Vs l?

where, Ploss(i) and Oloss(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
Pfass _total = Z 'Dfos:(l'] + Qioss (i}

fem]

(4)

V.  CASESTUDY

The study, enhance power loss using 33 buses distribution
system model with PV as shown in Fig.&. 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 AT and Table AII
provide branch information [9].

DG
1o KW
L G,
e L@~ souiow
LU
@}: @ 0 G suapply puint = O
L e tho . @
e _ o
@
@

DG,
400 kW

L |
! i
! |
1 b 1
{ |
! 5T e
! 1
! 1
X =@
1 E @ 1
! 1
{ = |
i i
1
| ( J L
DGy
L @ o
—3@
—= Load i
1
— Sctivmlizing switchies ™7 & AN
[ T T pE——— :
@ ¥
e \ - i

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 (ie 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
The numerical results for the 4 cases are shown in Table I
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.

RESULTS

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

Case  Vmin PV al bus Capacity  Total Power
(p) of DGs Loss (kW)
1 095 - - 13.2316
2 0.95 10,14, 18 300 10.4515
3 095 10, 14, 18, 19,23, 26 600 93910
4 095 10,14, 18, 19,23, 26,29, 30,33 1000 5.6347

TABLE I1. BUs anD CaPACITY OF DGS AT BUS TEST

Bus 10 14 18 19 23 26 29 30 33

Capacity
of PV
(kW)

10 100 1K) oo 100 100 100 1 200

1002 T T T

1000 ==

\ e T

0.598

(N}

Z0.5%
i
E09M
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0902 1
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0,568
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1 4 T w0 13 16 " 12 as 28 n »n
Bus

Fig. 10 Veltage profile with PV in distribution systeim.

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 k'W.
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 I:
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 |: Without in distribution system does not improve
distribution system. But Case 2: Installation DGs 3 s
number of DGs installation in distribution system, Case 3:
[nstallation DGs 6 is number of DGs installation in
distribution system, Case 4: Installation DGs 9 1s number of
DGs installation in distribution system.

CONCLUSION
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APPENDIX
TABLE Al
LoAD DATA OF 33-BUS DISTRIBUTION SYSTEM
Bus Pe O Bus PL O
Number (kW) (KVAr) Number (kW) (kVAr)
3 260 220 20 24,00 17.00
4 T5.00 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
T 145,00 104,000 24 39.22 26.30
8 00 5.00 25 38470 274.50
11 114,00 81.00 26 38470 274,50
13 14.00 10.00 27 3.60 270
14 26.00 | 8.65id 29 4.35 350
16 14.00 10.00 30 24.00 17.20
17 6.00 4.00 31 100,00 T2.00
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 ) 1y
1 1 2 0.0015 0.0036
2 2 3 0.0251 0.0294
3 3 4 03811 01941
4 4 5 0.0493 0.0251
3 3 6 08190 0.2707
(i i3 7 07114 0.2351
7 7 8 1.0300 0.3400
8 5 9 1.0440 (.3450
9 9 10 01966 00630
10 10 11 0.2106 0.0690
11 11 12 00740 00046
12 12 13 0.3089 0.1021
13 1 14 0.0044 00108
14 14 15 03978 0.1315
15 13 16 0.3510 0.1160
1o 1o 17 1.7080 0.5646
17 1 18 00044 00108
18 18 19 0.0640 0.1565
15 19 20 D.aools 00021
20 20 21 03100 0.3623
21 21 22 0.0092 00116
22 2 23 0.0034 0.0084
23 23 24 00822 0.2011
24 4 25 00928 0.0473
25 il 26 01740 00886
2o 26 27 0.2030 0.1034
27 29 28 02813 0,1433
28 28 29 0.7837 0.2630
29 29 30 03861 01172
30 30 3l 01450 0.0738
3l 6 32 0.2012 00611
32 7 33 0.7394 0.2444
Tie line
33 L] 21 0.53000 0.5000
34 8 11 05000 0.5000
35 9 22 1.0000 0.5000
36 24 29 2.0000 1.0000
37 13 31 10000 01,5000
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Abstract

This paper presents an evaluation of the potential of direet current
(DCY power supply from solar power plants in power distribution
systems. By using the prineiples of measuring direct current. With
mathematical models, including principles, standard 1est conditions
{STC), Thermal inspection (Infrared scan) and current-voltage curve (1-
V Curve). With the abjective of evaluating the potential of DC power.
Therefore, this paper is proposed to assess the potential of direet current
power from solar power plants in power distibution systems. The
resulis of the siudy show that evaluating the potential of direct current
power can know the efficiency and current gemerating capacity.

Maximum power and continuity.

Keywords:  Assessing  Potential, Power Distribution,  Photovoliaic

Fower Plants, Distribution System
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Tra Il uwadumanriad (PV power plang [1] 1 Huazuundalid

misUszguammisnudranssullih ASIA G0 | BE - co ga1Au BEDO URAINETEBUISFIS
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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 systemn of the
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Provincial Electricity Authority, voltage level 22 kV. Test results show that evaluating the

potential direct current power egeneration 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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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 lichtning 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 electroamagnetic 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 S and 0.25/ 100 HS.
The results showed that the size of the structure supporting the solar panel and the point of
lightning current influenced the generation of induced wvoltage 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 rmodeling program of PVSyst and IEC 61724 standard, The
rnain 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 energy 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, Iradiance, % Performance Ratio, Power Generation Capacity
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Abstract

This paper presents a techniques for reduction power loss in
distribution system synergy photovolaic power plant. Reducing power
Joss 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 foad group. Therefore, this paper is
presented o solve the problem of power loss in the power distribution
system  synergy photovoltaic power plant. Through mathematical
maodelling of a 33-bus distribution system and a power flow algorithm
in conjunction with a distributed senerator. The results showed that
connect photovoliaic power plant can improve the power loss in the

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

This paper presents a mathematical simulation tc 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 Autherity, voltage level 22 kV. Therefore, this paper
is presented as a mathematical simulation compared to operations a small distributed phaotovoltaic
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 §,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; lrradiance; % Performance Ratio; Power Generation Capacity
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March 1722 72.70 28.66 181.3 175.1 863.1 8277 0.761
April 170.7 79.93 29.93 169.6 163.5 806.7 7732  0.760
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Legends: GlobHor ~ Horizontal global GlobEff — Effective Global, corr. for IAM and
irradiation shadings
DiffHor Horizontal diffuse EArray Effective energy at the output of the
irradiation array
T Amb Ambient Temperature E_Grid Energy injected into grid
Globinc  Global incident in PR Performance Ratio
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The Analysis Harmonic for Connect Grid
Photovoltaic Rooftop Synergy
Distribution System

Papon Ngamprasert,
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Faculty of Engineering
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Phra Nakhon. Bangkok, THAILAND
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Abstract—This paper presents the harmonic analysis for
connecting grid photevoltaic 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 curreny, flicker, and load in
the photoveltaic roaftop system. Therefore, this paper is presented
to analyze the harmonics prablem in the power distribution system
Srom the photoveltaic rooftop by measuring unbalanced current,
Slicker, and harmonic photovoltaic rooftop synergy distribution
system. The results showed that neeasurement points af 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 1EEE-
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 PLC for DG protection. Harmonics studies were
conducted on PV plants In 2019, solar PV harmonics were
studied [3], focusing on total harmonie 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 THI 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.

4G INFEED FAULT
CURRENT ROHAAL BONE OF PROTECTION

FI EONT. OF PROTECTION

FALLT
REDUCE FAUL
FROM SUBSTATION
Fig. I.
In 2021, the threg-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
Muctuates 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 io the unbalanced RS injection
capability and unbalanced load. The proposed control strategy
is to use the single-phase 'Q 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
transtormer 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,

The scope of work of protective equipment

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 waveform.
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, Is 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).

_-—
Jl% i 1% + Ii +...

THDI(%) = I
!

100 (n

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.

o3Ffs=

Fuse

Fault

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

11, PHOTOVOLTAIC ROODFTOP

Photovoltaic is a method of generating electricity directly
from solar energy using semiconductors. With clectromagnetic
waves in the light wavelength using the photovoltaic
phenomenon. Solar energy is natural, safe and sustainable. PV
is a device that converts sunlight info 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 cireuit of the photovoltaic cell is shown
in Fig. 4. [8]-[9]

A
R T g
:
Y 0.4 KVA0 kY

Fig. 4. Photovoltaic rooftop system

IV, CONNECT GRID

A. In the case of connecting to a 230/400 volt svstem

A rooftop solar power generation system for residential
homes can be connected to the grid system if the installed
capacity does not exceed 3 kilowatts. If multiple single-phase
power generaling 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 ol 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 kilovelt-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
connecled to a 12 or 24 kV system as shown in Fig, 5.

12 0 24 BV MEA GRID

MEAS PROPERTY

et T

TRANSFOR |

CUSTOMES CUSTOMER
wer  i0an

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, @

THD, 3)

I

Where V}, is the RMS voltage at harmonics frequency.,
hax is the maximum harmonic order and V| 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
I Unbalance Current
2 Flicker
3 Hammonic

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

VIL RESULTS

The value of each harmonic current limit is based on a
calculation method in accordance with IEC 6 1000-3-6 (2008).
The ripple voltage limit is based on a calculation method in
accordance with IEC 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)
I 101.90 - - 26 004 02 pass
2 7.79 27 notpass 27 007 02 pass
3 091 35 pass 28 003 02 pass
4 321 11 notpass 29 0.3 0.1 pass
5 4.32 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 32 002 0.1 pass
8 1.00 05 notpass 33 0.04 0.1 pass
9 0.21 0.7 pass 34 002 0.1 pass
10 045 04 notpass 35 0.09 0.1 pass
11 1.19 26 pass 36 001 0.1 pass
12 0.04 04 pass 37 009 0.1 pass
13 0.63 22 pass 38 002 0.1 pass
14 0.08 03 pass 39 004 0.1 pass
15 0.17 03 pass 40 003 0.1 pass
16 0.08 03 pass 41 0.07 0.1 pass
17 042 1.6 pass 42 002 0.1 pass
18 0.04 02 pass 43 008 0.1 pass
19 0.25 0.7 pass 4 003 0.1 pass
20 005 02 pass 45 006 01 pass
21 0.13 0.2 pass 46 0.04 0.1 pass
22 0.04 0.2 pass 47 0.0 0.1 pass
23 0.25 09 pass 48 003 0.1 pass
24 0.02 0.2 pass 49 009 0.1 pass
25 0.17 02 pass 50 004 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 4™
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.
8
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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 100
harmonic power at connection point

VI 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 roofiop
system. The results showed that the measured negative
sequence current was 1.67 A, the Py was 0,29, the Py 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 22 e, Enhance for Voltage Sag Synergy Photovoltaic
A\ 2 . . .
{ 1\% Y Performance on Distribution System
3 !
",% = Papon Ngamprasert and Nattachote Rugthaicharoencheep”
o

Abstract— This paper presents an enhance in the performance operating photovoltaic in synergy with voltage sag on
distribution systems. Vollage sag optimization is a factor that affects power distribution systems. Power fluctuations
and supply faults tvpically 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 systent.

Keywords— Voltage Sag, Photovoltaic, Distribution System.

1. INTRODUCTION

Distributed generation is an approach that uses small
technology to produce electricity closer to the end user.
DG technology usually consists of a modular generator.
(And sometimes renewable energy) and has several uses.
Examples of DGs such as solar, wind, hydrogen, fuel
cells and biogas as shown in Fig. 1.

HYDROPOWER

SOLAR WIND

Fig. 1. Type of distributed generation.

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].

Papon N 11s with the Dep of Electrical Engineering,
Faculty of Engineering, Rajamangala University of Technology Phra
Nakhon, Bangkok, 10800, THAILAND. Phone: +66-89-059-3970:
E-mail: papon(@icee.org

“Nattacl Rugthaich heep (¢ ponding 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@mmutp.ac.th

This type of disturbance is typically by a short circuit.
or fault, on the power distribution grid. A distributed
generation system with DGs installation as show in Fig.
2. 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.

Fig. 2. Distributed generation system with DGs installation.

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), ete. 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.

Transformer

-
lid T -y

: G]__ sﬁ HYDROPOWER
‘in_T DG
S

Fig. 3. Distributed system with DGs installation.

297



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

These capacitors are generally available only in certain
discrete values-try the slider. A regulator then ensures
that the outputl 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, photoveltaic-oriented nodal analysis
(PVONA) generated local current and voltage maps of a
madel with 316 % 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 PYONA 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
maodeling the sun as an amplified light source, paying
special attention to the radiation surrounding the sun. An
impravement of the standard amplified light source solar
power profile model is presented based on the improved
circumspectral irradiation parameters [6]. Effects of a
centralized p]lotuvuhuic (PV) system with nluliip]c
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
madules [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
maodules 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 coelficient 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. [IEC 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 1o 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  systemn
problems using energy flow algorithms,

2. VOLTAGE SAG

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

Event Magn imde

h
B
- .
E Voltage Swell Over Voliage
=
Norm Operating Voliage
= Under Vollage
E
E Valtage Sag
= Sustuined miaruption
]
10%] §
Z | Instantaneons | Monsentary | Temporary >
0.5 cycle 30 cycle 3sec 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.

298



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

3. PHOTOVOLTAIC

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

“? . ..\““PI Aiaic
™ ,\\:\\ o!awlll\

[
: Uility

Voliage

Transformer

Switch
iFuse, Hecluser, Etc.p

Fig. 6. Photovoltaic power generation system.

PV is a device that converts sunlight into electricity
using solar intensity [15]. Schematic diagram of a
photovoltaie (PV) system as show in Fig. 7.

DO Bus

I Inverter H Laoadd l
| |

Snitched mode
P er comverter I

generators will fully generating. If the battery pack is
able to meet the load requirements, the load is chosen by
either 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 ol 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].

._'_/\/\/\/

# Rs Ish
IL

U Rsh SZID C)

DO/ banst
camverter

Batrers
Tank

PV Generator

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 photovoliaic
system connected grid with Provincial  Eleetricity
Authority (PEA.) of THAILAND is shown in Fig. 8. [16].

/[

PV Panels String Box

AC 22KV

'!a‘-_" : .

Power Meter

Transmission Line

Fig. 8. Photovoltaic svstems.

The hybrid power of the diesel photovollaie generator
will be programmed as an isolated island operating
mode, which has maximum access lo 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 {/ and the
load current can be formulated as follows [19].

'f:".r._‘frJ=‘fr.“‘rfJ.¢"P[ﬂ]"]:| (1)
L o
Where ! is load current

Ir is current photo

Io is saturation current

(! is output voltage

Rs is series resistor

o is voltage lemperature

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 afler sag/swelling ranges from
+/= 3% from the nominal of voltage swell [20].

F pre sag I'.m_v:

pre sag

Sag(%) = (2)

There are two methods to caleulate voltage drop (VD).
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M Bl Sun of kVA rating of disirthution transformers (3)

Drversity factor

VD per km. kVAx(total km. kVA)

%VD = TR
Diversity factor

(4)

1,732 < &V < max b demand (5 )
Sun of kVA rating of distribusion transformers

Demand factor

WVD=VD per km. kVAx(total km. kVA)xdemand factor — (6)

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

Q; =E; lan(cus’](lfﬁ,)) ™

where Pl 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.

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.

Processer 1 Processer 2
o — T a——
olelolo] © 0 © © m@@o
PP SR YO T Y T ) Sudctatine ¥ S 6 v F

Subaeighborhood 1

/wh-dghlmrb«l 2

[olslololololelo]
Ortginal Nezghborhood

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 !

:}}1

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 1. Bus and Capacity of DGs at bus test

Installat 1o 29 36 39 49 53 59 62 69

Bus
—

Capacity

of PV 300 400 100 100 100 400 100 400 200

(kW)

PeOeRRERe

— Lind
—_—— i
— Sathaa g ke

FB O vt it

oar

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

Lot oy !

14 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 SS K61 64 &7

B

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

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

PN N IO R S 0T 34 3T 10 A% A6 a0 33 S5 Sk 81 1 e7e0
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.

I

L8

e ——— B

1o o/
- 4,-/ LA =4 a3 f

- ] G L \———

s \ f
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14 7 1013 ta 1v 22 28 2 31 33 57 40 45 46 & 2 85 53 ol B4 6360

Bus

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 .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)  (KVAr) Number (kW) (KYAr)

6 2.60 220 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 6.00 430

1 14500 104.00 45 3922 26.30
12 14500 104.00 46 3922 26.30
13 8.00 .00 48 T9.00 So.40
14 8,00 5.50 49 IBT0 27450
16 45.50 30.00 30 384.70 27450
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TABLE Al (Continued)

Load Data of 69-Bus Distribution System

TABLE All (Continued)

Bus PL 0L Bus PL 0L
Number (KW} (KVAr) Number (kW)  (KVAr)
17 LKV 35.00 51 40,50 28.30
18 60.00 35.00 52 .60 2.70
20 100 060 53 435 3,50
21 114.00  RLOO 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 1000 6l 124400 88800
27 14.00 10,00 62 3200 23,00
28 26.00 1860 64 227.00 162.0
29 26,00 18.60 635 39.00 42,00
KX] 14.00 10,00 66 18.00 13.00
34 19,50 1400 a7 1800 13,00
15 6.00 4.00 68 28.00 20.00
16 26,00 18.55 ] 28.00 20,00
TABLE All
Branch Data of 69-bus Distribution System
Branch Sending Receiving R X
Number end bus end bus (L3 (£3)
1 1 2 0.0005 0.0012
2 2 3 (LDS 00012
3 3 4 00015 (L0036
4 4 5 01,0251 (,0294
5 3 6 0.3660 0.1864
6 6 7 0.3811 0.1941
7 7 8 0.0022 0.0470
8 8 9 0.0493 (.0251
a9 v 10 GR150 02707
10 10 11 0.1872 0619
11 11 12 07114 (12351
12 12 13 1.0300 013400
13 13 14 104440 01.3450
14 14 15 10580 ,3496

Branch Sending Receiving R X
Number eni bus end bus () (£2)
15 15 16 0.1966  0.0650
16 16 17 03744 01238
17 17 18 0.0047 00016
18 18 19 03276 0.1083
19 19 20 02106  0.0690
20 20 21 03416 01129
21 21 22 0.0140 0.0046
22 22 23 0.1591 0.0526
23 23 24 03463 01145
24 24 25 0.7488 02475
25 25 26 0.3089 0.1021
26 26 27 0,1732 0.0572
27 3 28 0.0044 0.0
28 28 29 0.0640 0.1565
29 29 in 0.3978 01315
an 30 3l 0.0702 00232
31 31 32 0.3510 0.1160
32 32 i3 1.8390 02816
33 33 34 L7080 0.5646
34 34 3s 14740 04873
35 3 i6 0.0044 00108
36 36 37 00640 0.1565
37 37 38 01053 01230
38 38 39 0.0304  0.0355
39 39 40 00018 0.0021
40 a0 41 0.7283 08500
41 41 42 03100 0.3623
42 42 43 00410 0.0478
43 43 44 00092 00116
44 44 45 0.1089  0.1373
45 45 A6 LENNIN 00012
46 4 a7 0.0034  0.0084
47 47 48 0.085] 02083
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TABLE All (Continued)

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

TABLE All (Continued)

Branch Sending Receiving R X Branch Sending Receiving R X
Number end bus end bus (1) (1) Number end bus end bus (£2) )
48 48 49 {1, 2898 07091 62 62 63 0. 1450 00738
49 49 50 0.0822 02011 63 63 64 07105 03619
50 8 51 0.0928 0.0473 64 64 65 1.0410 0.5302
51 51 52 0.3319 L1114 65 11 [iT4] 02012 00611
32 9 33 0.1740 (LERG Gl (i) a7 0.0047 0.0014
53 53 54 02030 0.1034 67 12 68 07394 02444
54 54 35 02842 0.1447 68 68 69 00047 0.0016
55 55 56 02813 0.1433
Tie line
56 56 5T 1.5900 0.5337
37 57 38 0.7837 (0.2630 UL 11 43 (.5000 05000
58 58 59 03042 01006 70 13 21 05000 0.5000
59 59 a0 0.3861 0.1172 71 15 46 10000 05000
Bl Bl 6l {.5075 (),2585 72 50 30 20000 10000
ol ol 62 0.0974 01,0496 73 T 65 10000 0.5000
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