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ABSTRACT
This project presents a design and construction about transmission line system which

interconnect with Photovoltaic energy distributed generation. The scopes of this project is to
study a parts of the electrical power system such as power sources, overhead transmission
line system, and photovoltaic energy etc. Simulation of the distributed generation with
renewable energy, that is used by photovoltaic ( PV ) to simulation. Distance of PV
connecting to the transmission line is 20% (8km), 40% (16km), 60% (24km) and 80% (32km).
The result of simulation can be analyze, How connection of photovoltaic energy can affect
the distribution and transmission system. In order to develop the technology of distributed
generation (DG) to reduce power loss in the distribution system and distributed power
generation sources For security and stability to the system. The results showed that, Factors
that affect to reduce the percentage of power loss is injection renewable power into the
electric distribution system. The amount paid to renewable electric power distribution
system is inversely proportional to the percentage of power losses in the distribution
system. However, if the amount of photovoltaic energy rather than load, power loss is

increase.
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2.1.2 walulagvaauvasnidanasnulwiwuunszanedd wealuladvaewitie
a o 1 v o = A [ a = s a
NARLUUNTEANEFEINs LUy 3 Useinvvan Ap wieenudalwiuuudalasia, 1aTeq
Audaliiwuuszddasdavazdidnnseiindininessunesines

- idoaruiialwiinddasiia (Synchronous Generator) agldanTizegsa
(SteadyState) 1sinesasinnudndudndruiudnsdruvesmiuivenseualurnainens
weesiusurueaamaulvdn amukiiGeniimnudaddasta lumsvhaudesdulsnesly
iueaianed FaihiurdefudeunsiieSynchronize) Auanudavesauuuivdn
mpunTetulminfiAnannaindiamnes (Stator) fudautivdnuesisines (Rotor) itels
wiulwifsudatudianuda dueesiudalwinfiawnsaniuauie Susgdniam
numudelielauasiinisldenlneiiall

- w3astuiinlniiuuvezdlasivaniownisednda i vuimisn
(Asynchronous Generator or Induction Generator) ﬂixLLHIW‘NWLﬁmﬁ]”mmimﬁmﬁwad
aumwimdnmyurasuamnilsiesnssvinderaainiiainned Tasindeadidnlniheiadeed
A vesauLwimdnmuliviiuaiiddesvauaylihduidenlunisay  desand
fordevansUsznns 1y UssdvBnmeinismuauAusadugsenndt esndesdinsvaien
ndslidunnim msudalihnasesiiialiiuuussddasta laun fufui ndeseud
AaTInIw

. Sldnvseindinieddunesines (Electronic Power Inverter) wiag
nanlniuuunszefiidendeudetudunesnes  owwinmiiendnlniiuuunseaneda
aananldannsandenszudlninadula wu waluladves waduaseiing (Solar Cell) Fadpad
mswlasnszualvihesdlnidunszualufiaduioudiosildldou  Bilansefiindinaes
dunesinesaiinisguderdaluit udidenfe aunsandnlwiinldlunng aaud Snvisanunse
dsemndanullununmeslisnde

2.2 yiinvaswnasnidanasulninanwaseunauwny deeialuil

- WANTULAIDYIRE : Solar Photovoltaics (PV)

- WA¥UAN : Wind Energy

- Hydro Energy

- WANUIINAIUNRY : Coal Energy

- WANIUIINWAASTIUYIA : Natural gas Energy

- wduanigiu ; Petroleun (diesel) CHP

- WANWAA : Biomass (Plant material and waste)
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wasulwigede (Energy Loss) fim Mddlwihgande (Power Loss) Tutae
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Vo =V source

Vi= Vpe

ar = -R(Pep -P1) - X(Qoe- Q1)
az = -R(Pep -P1) - X(Que- Q1)
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3.1 nsfnnsgUnsalingg luynszuusiaes
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Y]

ar =l ]

Woumnanulselnindnunauny wuinifddwaadowindu 7.146 Seevsaiisudy 5.519

¢ - ¢ o 1l =
Wosldus Tnenisilmesnivanlisinsiuasuulas
P ") ¢ o @ ala P I a
4.2.3 nsailvantaands lun1sneasansaivaanas 18 Jne hilgaeusaiv
s A (3 1 v s Y ar A
WANUNALNUNAINENT 20 Weasidudvesaieds TnadnisTiussiuluiibedu ( Load ) aeii
< ¢ o - < ' v ) v oo ¢ & -
71 200 Than Wesnnuavessesunndslianunsasnuussulvai 230 Tasmliaunsiiduy
v ul: s 1 = & o 1 < 7 1 A 1 y s
NIBUMINTIAAMSEimeT 3 dumishie Hads yaieude wazilsiu Inemmaasdldnanis
e
NAFDIFRIUATIN 4.4
-=i d 1 o A=i ¢ o '3 1 s r's
AN 4.4 SEeEIAlaNRInANIUMaLUN 20 Weasldudvasnnuenaeds wandaaras

FEUUMMUIGUUY WilarSuwy ( Overhead )~ A27ue19d@8ds 40 Alawss
Base 5UUR3Y 115 kV 100 MVA
Base 52UUNAD4 400 V 150 VA
Load szuUd1a04 Vaaanunuwian 18 a6 1 9
d 1 o 1 s l::
oA TEUUUUE INHINA 1 UNAL U S8 20% %30 8 km
ATWITITINDITTUURI L:46.3768 mH C : 40.3768 pF
ATNNSTARSSEUUINARY  HEe 70 mH / 6 nF sio RaSU 280 mH / 24 nF
sk S P
ﬂ’ummn'li'mua., V l S P Q . I
A0TULNITHIUTDY p.f | AU | AUed
micro inverter
(Volt) | (Amp) | (VA) | (Watt) | (VAR) (VA) (Watt)
flou
250.74 0.294 74 7 71 0.09 73.718 6.635
147U
© iy
= 251413 0.297 75 -15 W1 -0.19 74.586 -14.171
geEn
wawinu | 250.82 | 0.293 73 5 71 0.06 73.490 4.409
flau
. 242.18 | 0.067 16 0 15 0.00 16.226 0.000
® U
&
a3 ey
® 243,00 | 0.113 27 21 16 0.75 27.459 20.594
= gedn
wavinu | 24238 | 0.072 17 2 16 0.11 17.451 1.920
fau
" 200.67 0.342 69 5 68 0.08 68.629 5.490
iU
= ¥inau
= 201.30 0.343 69 5 68 0.08 69.046 5.524
gdagn
wawiau | 20082 | 0.341 69 5 68 0.08 68.480 5.478

val <l <
ansagnamimsvaaedlaf MARIN ¥ JUN 9-13 i 9-18 9nAS T 4.4

= o =l = ] ol U s s 173 [ ) P 1=l
LQJE]Tﬂﬂ’IiL'lJ'iEJUWIEJU"U’JQ'V]llﬂ']‘i%’}ﬁlwa\iQWUIWﬁWQWﬂWﬁN’lUWﬂLtVlUL‘U’IﬁJ']‘[‘IJ‘S-‘ﬁUUﬂU‘U’NWIJJJJ
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N15TVWNAMIUNALNULTINUIN Bra7liiinsTrendsnuanl sl ndsaunawny dnns

Qs =)

o Y o € ol ¢ o ey W
Masgeyidewiniy 1.144 Yae wieaouilu 17.246 Wosidun usilediaudafulsaluii
WAL WMAUMY wuddiidsgadeviiiy 0899 Taavselisuilu 14.001 Wedidud Tae
WI935 UsRUlAn nszua Adelwi wazAmUsznaunids liiinisiwaeunyas

4.2.4 nsollvanviaanln 60 InR wazUaanan nisvaasinsallvian R-L 80
o ¢ = l « w o =l £ d ' - o a y
16 NIALYDURDAUNAITUNALNUNTZE 20 Wasiguruasdieds lnadinsivusaaulniiat
as v o4 aw 2/ Y] vl ‘¢ o P w
U ( Load ) USULAURANAUaInonUaduwseou 107 197 1iadviniu Wed9nuavewsssusnn
P ' ) o ) o ¢ - ol v < -1
Faldannsodnvuseaulvinei 230 Tadwilounsddueg lananisveassnunised 4.5 fail

= P [ @ = [ & [

A15147 4.5 spazdaouRondInunaLun 20 Wesluduaniueaeds Inanvasal
60 I0A waziaaan

SEUUIMUIBULUY WnilarSue ( Overhead ) A2UYEREY 40 Alalung
Base S¥UUI 115 kv 100 MVA
Base s¥UUdNa04 400 V 150 VA
Load 52uud1aad aanln 60 109 1 viaen warvaaianunuinan 18 Jas 1 i
= ' ° ' ar =
WausaszuuImng IH I nd L unaununsze 20% %39 8 km
ATNIIIARITEUURSY L : 46.3768 mH C : 40.3768 LF
ANNITSIMITEULRNARY ENEY 70 mH / 6 nF fle 895U 280 mH / 24 nE
o [] o S P
AU TinLay vV | S P Q : o
ANTUZATTNNIUTDY p.f AU | AU
micro inverter
(volt) | (Amp) | (VA) | (Watt) | (VAR) (VA) (Watt)
nouvina | 250.97 0.387 97 56 77 0.58 97.125 56.332
2 v
b 25043 | 0.340 85 35 76 0.41 85.146 34.910
= 3N
wiamineu | 250.82 0.382 96 54 77 0.57 95.813 54.614
fouvineu | 241.15 | 0.067 16 0 15 0.00 16.157 0.000
-I.'D
3 e
<& 241.15 | 0.112 27 20 16 0.75 27.009 20.257
& gedn
=
waswineu | 241.09 0.070 17 2 16 0.12 16.876 2.025
fowiney | 196.81 | 0.422 83 53 64 0.63 83.054 52.324
2 e
& 196.76 | 0.422 83 53 64 0.63 83.033 52311
= g
vawihew | 196.73 | 0.423 83 53 64 0.63 83.217 52.427

ansagnImnisneasdlan ManuIn n U n-18 flan-24  91nEnsIeR
Qll o =i 1 Ad 1 o s s 2/ s
4.5 wevhnsissuiigudiaiiinisaemdalvigaaaanndsnunaunudanlussuuiv

FaftlifinsTendanunaumudmuingeiliinssendanuanlsdw i s unauny
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fimsidsanydewiriu 4.008 Yad videdieudiu 7.116 Wesidus uiiileiifoudorulsslndi

wasumauny wuindiiidegydsniniu 2.855 Taaviotoudu 5177 Wedidus Tae
a ar o w s o ar ' < i

w1510 o5 useauludn nszua Adalwih wazAtdiUsenoudids danmeit luiinag

=
Lﬂaauwmﬁiwam

4.2.5 nsdilvanvasaly 120 Tas wazdaanas n1sveassnsaivan R-L 140 Jag o
deudefundanunaunuiisyes 20 Wesidudvesaneds Tnefinisliusedulniiiedu(
Load ) YSuiduiitnvesmiouasusesiu 167 189 Taasivintiu iesannuaveusaiunnidl)
annsashwusesiulined 230 Tadnilounsididug

= < i s < [ L3 |
A19190 4.6 IWYTYPALBUABNAN IUNALNUN 20 LU@%L%UG]‘H@GFDW:JEJ’TJB’]EJE‘N vanviaoaln
120 199 wazvaanasn

STUUTMUNBUUY WilarTwy ( Overhead ) AMNENIAIEEY 40 Alalmg
Base S2UU54 115 kV 100 MVA
Base 5¥UUI1ADY 400 Vv 150 VA '
Load s2uuUdasg viaaal 60 06 2 viaan warvaaldnwnuman 18 Sad 1
A7
d 1 o 1] af d -
WanmasruUIune INHand s UnauIUNS 28 20% %39 8 km
ATWITILABSTTUVDSS L : 46.3768 mH C: 40.3768 pF
AMNITITMDIITUUTIa0Y Eds 70 mH / 6 nF 6o He¥u 280 mH / 24 nF
. A S P
Aundeannsinnas V | S P Q ) a
A0TUTNITNIIUYDS p.f AT | AU
micro inverter
Volt) | (Amp) | (VA) | (Watt) | (VAR) (VA) (Watt)
fauvineu | 250.52 0.558 140 100 96 0.72 139.790 | 100.649
= el
= 250.00 | 0.496 124 79 94 0.64 124.000 | 79.360
i gagn
vawineu | 25252 | 0.552 139 99 97 0.71 139.391 98.968
nouvinu | 237.76 | 0.066 16 0 15 0.00 15.692 0.000
@
= U
- 238.89 0.113 27 20 16 0.76 26.995 20.516
& AL
g
wawinew | 23979 | o0.071 17 3 15 0.16 17.025 2.724
fiauvinau | 187.53 0.581 109 93 56 0.85 108.955 92,612
=] My ,
s 188.34 | 0.583 110 94 57 0.85 109.802 | 93.332
™ GG
wawineu | 189.03 | 0.585 111 94 57 0.85 110.583 | 93.995
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ansagniMnIsnaaadlen MANWIN ¥ JUN 9-25 B9 9-30 e

a4 o =t - 1 e ' o w Y u W .JvLa

4.6 \llevimsiSeuifisuganinisdredddiihanndasnumaunuidanlussuuiudeili

= ' s v ' 1 o ! s s

UM TTgnasnunauMuii sruy wudi Aaeliiinisdnendsauainlsslwiiwdsunauny
= o as =l 1 s = <l L3 P oW

fimsmdsgaydenindu 8.037 a viawouidu 7.985 Wesidud widisfideuserulsslvih

s =

wasnuauny wulliddsgademiniu 6.543 Snavseiiieuidu 6.552 Wedldud

o I s i
4.3 Sﬁﬂzﬂjﬂuﬂﬂ‘Wﬁ\N'\um@LLWUﬁﬂ']'\ﬂJU']Qﬁ'\U 40 % UP9ITUU

4.3.1 nsdilvanvasaln 60 Yad nsvaaesfinfeurondsrumaunuiisses
40 % e awds lnonsldivanvasalwauin 60 Sad laslviussiuilnanaai 230
had wiauian1siadmisiiines 3 mundsie Heds qaidouse uazilesu Tngldnams
NAABINTUATIT 4.7

d A 1 s CJ H o 3
A1590 4.7 YaitauiandIUMaunuTl 40 Wasidudrasanuemaisds Iuan 60 Ynd

FEUUTMUNELUY  WwitlorSwy ( Overhead ) AUENIdIgde 40 Dlalns
Base S¥UUR34 115 kV 100 MVA
Base S5UUA@84 400 V 150 VA
Load s¥UUIIA0q vaanln 60 YA 1 vasn
= ' ° " @ o o
Wa UMD T UUITMUIE WA I WS 11 UNaUNUNS ey a0 % v 16 km
ATNNSTNBTITUUIS L: 46.3768 mH C : 40.3768 pF
ATWIMBISEUUdNa0Y  H9de 140 mH / 12 nF @@ Hasu 210 mH / 18 nF
o 1] af S P
AurdanITInuaz v | S P Q 4 .
AOIULNITNITLUDY p.f AU | ATUIN
micro inverter
(volt) | (Amp) | (VA) (Watt) | (VAR) (vA) (Watt)
fauvineau 233.20 0.281 66 64 -4 0.97 65.529 63.563
Z ¥y
L 234,16 0.199 a7 43 -8 0.93 46,598 43,336
A GRGL
waavihew | 23411 | o272 | 64 61 -5 0.96 63.678 | 61.131
nouvinau | 233.52 0.064 15 0 14 0.00 14.945 0.000
_Gﬂ
2 e
-2 23557 | 0.112 27 21 15 0.78 26384 | 20.579
: geq
=
NAWINTUY 234.66 0.069 16 3 15 0.17 16.192 2,753
Aouvinau | 23061 0.263 61 61 -1 1.00 60.650 60.650
2 Vi
(i 23259 | 0.264 62 61 =4 1.00 61.004 | 61.404
R aedn
e | 23173 | o0.264 61 61 4 1.00 61.177 | 61.177




54

[P H < P
AN NNITMARDIlaN MANUIN U JUN v-31 G936 9NANSN
ﬂl o =i =1 1 -nld (] s s £ 2 as 1 A
4.7 Wavihmswseuiipudnaimsinendsnulwihanndanunaunuitnunluszuuduegied
LsifnsPendaunaunudinuit Taeiliinissiendsnuanlsaifing s unauwny nns
o a - | W o € i -l ¢ 3 | oA e o Y
mMasgademiiny 2.912 Yad wiawisudu 4.582 Wasidus uadlefieusaiulselui
s I =l o as =i 1oar @ € A =l [ - I3 o
WANUNAUMY WuTdliasgadsnindu 2,511 TnavTaisudu 3.296 Weosidud Tunisan
° - ¢ o w | w o w a1 M =
A lnevnniiwes nszua nnasduin wazAmUsenaunias datasnluiinisiwasuwlas
1 v ! P [l v - =
ilwan LmmLL‘imu"l,wﬁ'lﬁqm’uaumauasLﬁmulwﬁ'}ﬁ‘[wamﬁmiﬂimwaumuﬂismm 75
Tan

4.3.2 nsdilvanvasalv 120 T0d Msveassfigaidousendsunaund
sz 40 % vesmuenasds lagnsldinanvasaliouin 60 Yad 2 vasn Tagliusedui
Tnannsil 230 Tad niouviansinamnsfiaes 3 dumisda dds adense uariledy Toe
fnan1svaaeInun1Ted 4.8

o o ] a = ¢ ' Y
MN1919N 4.8 '55USQQL’UBMWBWENWUVMLLWUM 40 LUS%L%UG]‘UBQF]?WMEJ’]UHQU&Q Iﬂaﬂ 120 206

SEUUIMUIBUUY uiloASwy ( Overhead ) ANENEede 40 Alaluns
Base 52UV 115 kv 100 MVA
Base $2UUY1R4 400 Vv 150 VA
Load 52UUd1aaq naaln 60 190 2 viaan
d 1 o [ s l:! =
WanNmasEuUINLN IWHIWA LN AUNUN TS 8 40 % wso 16 km
AWM SIZUUIS L : 46.3768 mH C:40.3768 LF
AMNNIEMBSSEUULNaDY  Eledd 140 mH / 12 nF s 8aU 210 mH / 18 nF
R = S P
AN inuas \Y% | S P Q 4 o
A0TUENITNIIULDY 0.t AU [ AU
micro inverter
(Volt) | (Amp) | (VA) (Watt) | (VAR) (VA) (Watt)
fouvinu | 247.08 0.537 133 129 28 0.97 132.682 | 128.702
= it
£ 24751 | 0.453 112 109 22 097 | 112.122 | 108.758
e gedn
vasineu | 247.98 | 0.531 132 128 27 0.97 131.677 | 127.727
feuvinau | 238.96 | 0.066 16 0 15 0.00 15,771 0.000
aCl
3 iU
o 241.06 | 0.112 27 21 16 0.76 26.999 20.519
2 guga
=
wawvinau | 240.16 0.070 17 2 15 0.12 16.811 2.017
fouvinau | 229.85 0.526 121 121 -1 1.00 120.901 | 120.901
= e
e 231.85 | 0.529 123 122 A1 1.00 | 122.649 | 122.649
G #aan
wawiiu | 23101 | 0528 122 122 -1 1.00 121.973 | 121.973
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ansognsmnsvaaedléi n1Amuan ¥ JUA U-37 fe 1-42 21nmsait 4.8 levin
ﬂﬁLU‘%ULﬁwmqﬁﬁmﬁ'}Uﬁﬂé’ﬂﬂﬂ'}@aqﬂmﬂwé’amumLmuL%’wm'luwuuﬁu'&aaﬁlﬂﬁmi
Fnendaunaunudinudd gaedilifinstendanuanisdiimdunauny dnsids
geydoniniy 7.800 Tadt viawieuu 6.060 Wesidud wiillofideurerulsdlufindsau
vauny wuindideagdominiu 6.628 Tmdvseiioulu 5.127 wWesidus lunsAneuin
Tnewiiimes nszua fdslwih wazadusznauds faailidnmsasuulasiiivan

L s P dll J at =l a‘ e'fl [
LLmﬂ’!LLi&ﬁu‘LWWWﬂQﬂVUBNWBLLaELLiﬂﬂu‘lwﬁWﬁIWﬁﬂNﬂjiﬂixLWE’JJ.I‘UU‘L]?UQJ']QJ 1-2Tan

4.3.3 nsdiivastaaad lunsneassnsdidaaasd 18 Tnd Ngaidouseiundas
naunusEey 40 Wesiduiuasanads TnofinnsTRuseiuludinilasu ( Load ) sl 71 200 Taad
ilasnuavasussunnIdliannsadnwiusiilined 230 Tanmilounsdduq Wuanas
VARDIAINATTIT 4.9

= - | W < ofd Ur | w ¢
M1919% 4.9 S%Uzi;ﬂwaumawawmwmmuw 40 WaslgunuaIAIINEIEIUES Iwam‘uamam

FEUUMMUIBLUY  wilerSuwe ( Overhead ) ANENIEIwds 40 Alawns
Base YUUR39 115 kV 100 MVA
Base 5¥UUIADY 400 V 150 VA
Load 5¥UUIIADY Jaaadunuivan 18 Aad 1 ¢
dl ] o 1 ar A
WauraszuvImnglWAIna 9 UNaRIUns LYy 40 % w38 16 km
ANMISIMDITEUUDSS L : 46.3768 mH C: 60.3768 pF
AMNIEIMEISEUUTIARY  Hede 140 mH / 12 nF #ip 895U 210 mH / 18 nF
L . S P
AUV ST ALAY V S P Q 4 &
ANTULNITNITUYDY p.f AN | AU
micro inverter
(volt) | (Amp) (VA) (Watt) (VAR) (VA) (Watt)
fiouvineu | 250.70 0.298 75 7 72 0.09 74.709 6.724
Z Wiy
S 250.98 | 0.302 76 -14 72 019 | 75796 | -14.401
R G
waavineu | 251.74 0.300 76 7 73 0.09 75.522 6.797
fauvineu | 233.07 0.065 15 0 14 0.00 15.150 0.000
_ﬂ
5 1y
e 23438 | 0.118 27 21 15 0.75 27.657 20.743
< PG |
=
vwayina | 233.99 0.065 15 0 14 0.00 15.210 0.000
fauvinau | 201.60 0.344 69 5 69 0.08 69.350 5.548
2 vy
s 202.66 | 0.346 70 5 69 0.08 70.120 5.610
b dagn
nawinew | 20234 | 0346 70 5 69 0.08 70.010 5.601
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ansagnamnisviaaaldi manuan @ JUT 9-43 fla -8 9IRS 4.9 dle
v'hmnﬂ%aun,ﬁamhaﬁﬁnﬁaiwﬁﬂé’ﬂﬂﬂﬂqafcjmmﬂwé’amwmmum'hmluizwﬁuszf’aaﬁlﬂﬁ
159 ENSIUNaLNUIEINUY FeRiliiinnsanendanuanlsaladiindunauny ins
fdsgapdeniniy 1.175 ad wiawieudu 17.486 Wesidud wililofidandafulseli

[ | = o as = | [ - | =l &, ¢ ¢
wasUnauNY wuiimaegadewinnu 0.731 wwavsavguiu 11.539 Wosigue

¢

434 nsallvaavasaln 60 e wazvaanad lunisvaasensiiluanR-L 80 ne il

P | ) " = ¢ | = v @ YY)
AFDUADAUNGIUNALNUTIAIINYI 40 Wosidudunsavds Tnafinnstiuseauludngadu (
& &l ¢ o Y =2 ' W s 2 pu| &
Load ) il 71 197 Thad ilesannuavesusasuanisliaunsainwusesiulaai 230 Lad

P ad v =
wilounstiduqlananisnen 4.10

P=| { ' @ o ¢ '
A5 410 SEEYAARUABWANIUNAWNUN 40 Wesidunvaiaueauds lran
waoalW 60 Taa wazlaanan

STUUIMMUIBWUY  tlarSwy ( Overhead ) ANUENEIgde 40 Alaums
Base 5¥UUS 115 kv 100 MVA
Base $2UUINAD4 400 V 150 VA
Load 52UUR1a04 nasali 60 Sad 1 nasn wazdaaraswnuindn 18 Tna 1 6
dl ] o [ as d =
WaumasuUINLe lHAI WA IUNAUNUNTLYY 40 % vse 16 km
AN TABITTUVRIY L : 46.3768 mH C : 40.3768 pF
AMMNS1IRDSSEUUTNane  Bedd 140 mH / 12 nF @io #adu 210 mH / 18 nF
ol 5 S P
AN Tauay \% | S P Q r 3
A0TUZNITVNNUUDY p.f AR [ AU
micro inverter
(Volt) | (Amp) | (VA) (watt) | (VAR) (VA) (Watt)
fiouviniau | 250.38 0.388 97 57 78 0.58 97.147 56.346
> ¥
S 250.55 | 0.339 85 36 76 0.42 84.937 35.673
= g3gn
a1y | 250.53 0.382 96 55 78 0.57 95.703 54,550
fouviau | 230.62 | 0.061 14 0 14 0.00 14.068 0.000
@
E ¥y
=C 232,03 | 0.115 27 21 15 0.77 26.684 20,546
. 48N
g
yaYNu | 230.95 0.065 15 2 14 0.13 15.012 1.952
nauvinau | 197.46 0.424 84 53 65 0.63 83.723 52.746
= v
= 198.54 | 0.427 85 54 65 0.63 84.777 53.409
e gedn
viaevinau | 197.68 0.425 84 53 65 0.63 84.014 52.929
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ansngnanIsMnasdldi MakuIn ¥ JUA 1-49 H19-54  nasa
4.10 dievihnswiouiisurieiiinissiemdsiwihgaevnndnunawmudnanlussuuiy
tailifinsiendinunaunudinuii daeitliinstiendeuannlssliindanunauny
fimsmdsaqdovitiu 3.600 e v3atieulu 6.389 Weofidud widlafidousefulselnii
wavunaununuIiidggdesindu 2810 Tadvsedisudu 4998  Wefidudlng
Wﬁ’lﬁmau‘ﬁLLsithLiaﬁu‘Mﬂnﬁqmr?i'amGiaLLazLLiqﬁu“lwv*hﬁTMamﬁmﬁnimﬁauﬁu 1 Than

4.3.5 nssllvaaviaealn 120 Ind uazvaaran lunsvaasansdillvan R-L
120 Yot Niigadausdosundnumaunuiinnuen 40 Wesiduduasansds Tnofinnsli
wsasulviiiladu ( Load ) madi 71 198 Taad Luaw1nua‘uaqLmmumﬂaﬂua’m*ﬁmm:nlmﬂu
T¥Asdi 230 Taadmilounsdidug Tiuanisaassdsil

a519f 4.11 '33axgmmamawﬁqmummum 40 Wasigunvssnuemavdilvanvasn iy
120 109 wazUaanas

szuudMmlienuy wierswy ( Overhead ) AMUEIEIEY 40 Alawng
Base SYUU54 115 kV 100 MVA
Base 5¥UUIAD4 400 V 150 VA
Load s¥uUUd1Ia04 vaaaly 60 06 2 viasn warvaaiasunuwan 18 Jad 1
A
- ' ° ' s o -
Waure Tz uUINUIY W WA T UNARNUNS Ze 40 % %38 16 km
AR TEUUDS L : 46.3768 mH C:40.3768 LF
ATWIIINMBIIZUUTIaDY  #e 140 mH / 12 nF e 845U 210 mH / 18 nF
o 1 ar S P
Auwmtanisiauas V [ S > Q 4 o
ANTUENITHITUUDY p.f AN | AU
micro inverter
(Volt) | (Amp) | (VA) (Watt) | (VAR) (VA) (Watt)
faunau | 251.45 0.565 142 101 98 0.71 142,069 | 100.869
= i
= 248.47 | 0.491 122 79 91 065 | 121.999 | 79.299
RS [RG[
waavinew | 24977 | 0.551 138 97 96 071 | 137623 | 97.7113
o Aouvinau | 225.88 0.063 14 0 13 0.00 14,230 0.000
5 My
o 22485 | 0.116 26 21 14 0.79 26.083 | 20.605
= gedgn
=
waswieu | 22470 | 0.067 15 3 14 0.20 15.055 3.011
fouvitau | 188.77 0.584 110 94 57 0.85 110.242 93.705
= vinau
= 187.84 | 0.581 109 93 56 0.85 | 109.135 | 92.765
i gaan
wawihaw | 187.78 | 0.580 109 93 56 0.85 | 108912 | 92.576
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ansagnainanaaedléd manwan ¥ JUR 9-55 Fa9-60  anA1sad
4.11 devnsissuiisurieiitinisdendanulwinanndnunaunudnunlussuuiugas
PlalfinsTnendsunaunudmuin daeiiliinissiendsauanlsslind e uny 3
msmdsgadowiniy 7.163 Tad wiawleudu 7.102 Wesidud udisleiidoudarulsdlih
wdumauny wuiilmdegadewiiu 7.139  dadvsaifludy 7.146  Wesidud lae
WI5003 nsrua Ml wazAdUsznouids Sanasiildiinsasuwlasilvan ws
ﬂ"1Lmﬁu‘lw%ﬁqmL%amiauazLLiqﬁu’LWﬁwﬁTwamﬁuﬁu 1 Than

o ' s o
4.4 F2YZIVIUNINANIUNALNUNAIIUYIIEIY 60% VDITZUU

4.4.1 nsadlvaaviassln 60 W
Pu| a f w - 1 £
MINAABINYALTDNREWEWIUNALNUAISEEY 60 % YBeANEMAIEE 1apnisly
Tnanvaaalvuin 60 Jas Ingliusaruilvanasi 230 Thad wioavanisiadmmimned 3
° ' ! ' 4] f Yo =
munisfe deds apude wazidu Taglananimaaesniunisiei 4.12

al = 1 ar =J L4 (2 [l s
f197199 4.12 ITYTYALTDUADWEITUNAUNUN 60 L'l.]@ﬁl.‘?fum‘llﬂﬂﬂ']'%ﬂiﬂ’]']ﬂqﬂﬂﬁiﬂﬁﬂ 60 AR

FEUVIMUUIBLUY  nilinATwe ( Overhead ) AuEEeds 40 Alans
Base 85UV 115 kv 100 MVA
Base 52UUNADY 400 vV 150 VA
Load s2UUF1a04 naoaln 60 106 1 iaan
- ' o ' v =]
WanAasuuIMUY IHHINA I UNAUNUNS Y 60 9% w38 24 km
AN ITEUUDTS L : 46.3768 mH C : 40.3768 pF
AMNNTIAMDTSEUUTIADY  ENSU 210 mH / 18 nF @o Hlad@e 140 mH / 12 nF
W S P
ANAUINTITIALLAS
i vV | S P Q : .
AULN TN p.f | MU | AU
micro inverter (Volt) (Amp) (VA) (Watt) (VAR) (VA) (Watt)
Aauniau 231.69 0.284 66 T 64 -4 0.97 65.800 63.826
-z Y19
g 232.26 | 0.203 47 43 -9 092 | 47149 | 43.377
el gegn
Hﬁﬁﬁ"lﬂﬂ 232.31 0.275 64 61 -6 0.96 63.885 61.330
nauvinau | 232.52 0.064 15 0 14 0.00 14.881 0.00
@
2 -
=1
12 e 23513 0.113 26 21 15 0.77 26.570 20.459
: gedn
g
naaiau | 233.54 0.068 16 3 15 0.17 15.881 2.700
flauvinanu | 230.68 0.263 61 61 -1 1.00 60.669 60.669
2 viu
= 23323 | 0.265 62 62 q 1.00 61.806 | 61.806
= g
wdwiieu | 231.68 | 0.264 61 61 -1 1.00 61.164 | 61.164
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awmmm‘jniwwmsmamlﬁﬁ AANUIN U gﬂ*ﬁ Y-61 9 9-66  INAT1T
4.12 dievhnsidSeuiisutieifinistiendanuliianndsaumaunudanlussuuiuig
Flaifinstendsnunaunudmuin Frefilifinssondsnuanlsslwimdsanunauny i
mardsgadewiiu 3.157 fad wiewioudu 4.946 Wedidud udlefideusterulselyih
wiunawny nuinfimdgadominiu 2029 Indvseifisuilu 3.179  wWeslgud lay
wisiimes nszua Maddwih uasAfUszneumas fidasiliinnswasuuasiinan wi
Ausailiifigadeudeuazussiulnihilvaniinisnseiondudszan 2-3 Tad

4.4.2 nsdllnanvasald 120 Tas nsvnaesfigaidoudowdsnunaunui
98y 60 % vsaruedwds Tasnisldivanvasalnvuin 120 a6 Tnsliussiuiinan
Asft 230 Taadt whesamsTadmasiiiees 3 dumisie Heds gadoude uazileiu Tasldua

<
NINPAABIAIUAITIIN 4.13
o | ' as | € 13 '
M19799 4.13 ITYLYALTDUADWAINUNALNUN 60 WaslgunUBIANNEMAYES Iﬁaﬂ'ﬁaaﬂ‘lﬂ

120 J0@

STUUINUIBLUY  WilarTuws ( Overhead ) AMNEIEIede 40 Dlawns
Base 5EUUDIN 115 kV 100 MVA
Base $¥UUYIADY 400 V 150 VA
Load 2uvaTaad waoaln 60 06 2 viaan
d 1 o . s d
WWaNAaTEUUIMUY WA NA 1 UNARNUNSSaY 60% w39 24 km
AMMITTABI TEUUISS L : 46.3768 mH C : 40.3768 uF
AMNNTIIMBsITUUIIaaY  HM5U 210 mH / 18 nF @i #ade 140 mH / 12 nF
SR, §. S P
AUNUINTITIALAS
. \ I S P Q 4 .
A0MUTM IV pf | a1 | AU
il wot) | (Amp) | vA) | wath | var) WA | watt)
fouvineu | 24588 |- 0.530 130 127 27 0.98 130.316 | 127.710
s U
5 246.25 | 0.447 110 108 18 098 | 110.074 | 107.872
e g3En
wawihew | 24632 | 0.522 129 126 25 098 | 128.579 | 126.007
flauvinau | 235.89 0.062 15 0 14 0.00 14.625 0.000
@
3 ¥inanu
- 239.24 | 0.111 27 20 16 0.77 26.556 20.448
. AL
g
ndavinu | 236.84 | 0.066 16 2 15 0.14 15.631 2.188
fouvineru | 23075 | 0.515 119 119 i 1.00 | 118.836 | 118.836
= iy
e 23403 | 0519 122 121 2 1.00 | 121.462 | 121.462
Tz gaEn
wawiew | 23169 | 0.516 120 120 -1 1.00 | 119.552 | 119.552
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mmmgnswﬁmmmaa\ﬂﬁﬁ AANUIN ¥ gﬂﬁ 67 {4 972 Ne5I9
4.13 dlevnsseuidisurniiiinsdendanuliiionndnunawnudhunluszuuiugag
Aldfinstendinunaumudamuin daiiliinssendruanlssiwdsnunauny 1
nsmdgadeniiy 8.873 Tad viewisuidu 6.948 Wesdud uddeiidensdedulsalui

as =l

@ ) | oas as < <l < 1 ‘
Wasumauny wuiifdsggdowindy  6.858 dadvsaisuldu 5344 Wesidus lag

u

= 0 ot c-l d’ 1 s i =1 dl' g
wisilmeiAuswiulwhnyaveudsuazusiulniilvasiinsnszivesdudssann 2-3

Taan

4.4.3 nsdimantaanast lunisneasensdivaanad 18 Yad Aflgaudoudeiu
waUMAUMURAIETY 60 Weidusvesanads Taefinslvusewuluihiladu ( Load ) medl
7i 200 Taad iflssmnuavesuswiunndsliansadnuusaiiliine 230 hadwmilounsdauy
WARIWALINTIRALLAL

o - ' v | G T ' ) ¢
AN9190 4.14 '33HZ?QL‘UaﬁJﬁawaQQWUWﬂLLWUﬂ 60 LUa'ﬁL‘ﬂum‘UE]Qﬂ'TINUTJaWUﬂQ Iwaﬂ‘uaa’mm

SYUUAIMWIUIELUY  niladSwe ( Overhead ) AUNENNEIEEY 40 Dlawng
Base 2UUR54 115 kV 100 MVA
Base 5¥UUINAD4 400 Vv 150 VA
Load s2uuidiasq vaanadunuwdn 18 a6 1 6
al ' o ' ) al =
WanmaseuuIMLe A Ina I uUNaunUn ST 60 9% w%s8 24 km
ATNTSITRDITEUUDTY L:46.3768 mH C:40.3768 uF
ANslimesssuudIany 45U 210 mH / 18 nF wia Hada 140 mH / 12 nF
o A\ S P
ﬁ'\Ll‘v’I‘L!»lﬂ'i'i’mLLﬁu V | S P Q % .
A01UZNITNNUTDY p.f | A | Ausd
micro inverter wolt) | (Amp) (VA) (Watt) | (VAR) (VA) (Watt)
fewinau | 250.84 0.302- 76 T 73 0.09 75.754 6.818
= ¥y
s 251.60 | 0.306 77 -13 73 -0.17 | 76.990 | -13.088
Tl gadn
wdwihewu | 24880 | 0.297 74 5 71 0.06 73.894 4.434
fiouvieu | 224.20 | 0.064 14 0 13 0.00 14.349 0.000
_(3
S yinau
= 22635 | 0.116 26 20 15 0.74 26.257 19.430
g geda
E.
wawihew | 22282 | 0.067 15 2 13 0.14 14.929 2.091
fouvinau | 202.65 | 0.347 70 5 70 0.08 70.320 5.626
= vy
5 204.49 | 0.350 72 6 71 0.08 71.572 5.726
= §49A
viasvinaw | 201.46 | 0.343 69 5 68 0.08 69.101 5.528
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mmmanstmswmaaﬂﬁﬁ AANUIN ¥ UT U-73 Be w78 anmsnedl
4.14 Wovhmasuiisudasiiinissiomasliiigeananndanunaumidunlussuuiu
Ffilifinstendiumawnudmud Faeiilifnnsirendsnuanlssnfmdsmaunu
finsidegaudomindu 1.192 Yad wioeudu 17.487 Wedidud udidlefidoudady
Tl wmdsnunaunu wudnfididegedenianu 0.615 Tadviadieuidu 9.712 Wesidua
Toew1sfines nsvua fdslnih wazandusenoumds Taredilifinsudsuwlasiilvan

' v | - ' ar = 5 ¢
LmeLLiamulﬂﬁ'mqm‘uaumaLLa::LL-saﬂulwﬁwﬁ‘[waﬂﬁﬂﬁmmwamuﬁixmm 2-3 Than

4.4.4 nsallvanvasalw 60 e waziaanas lun1svaasInsailnanR-L 60
ar 2 Aq d‘ 1 as as nl « L3 1 -l v
o NHaPounaUNS I UNALNUNAIINEIY 60 LUBSIFURYDIABds Tadinsla

as y ar q' .=| s d' ¥ =f 1 : as s
w59 lnHEe5U ( Load ) aed 71 197 12aa 1o nuaveausasunndsliaiuisasnwinsasy
v | ¢ < -~ o Il w a
Tvinadl 230 Ladmilaunsalduquaiumisnisinnadsl
= o ] as = ¢ o < 1

ATN7 4.15 STELanaudawd I UMALuT 60 Wasldudvasnuemansds Ivanuasalv
60 ne wazvaads

SYUUIMUIBUUY niladSwe ( Overhead ) AUENEIEEdY 40 Alawns
Base 5EUUN 115 kV 100 MVA
Base 5¥UUINADY a00 v 150 VA
Load s¥uudaad waoaln 60 T8 1 vaes wazUaaianunuwian 18 nd 1 ¢
d 1 o 1 as A
WaNADSEUUIMUNY WA IWATIUNA N UN T2 60 % w8 24 km
ATNN51TLADITEUURI L : 46.3768 mH C: 40.3768 pF
ATNNSEABITEUURNaDY  BNSU 210 mH / 18 nF ¢ie Hede 140 mH / 12 nF
oo\ S P
a -
A ll"r'ludﬂ"‘l,i'lﬂllﬁ V I S P Q / .
401UZNTNINUTDY p.f | aua | AU
micro inverter (Volt) | (Amp) | (vA) (Watt) | (VAR) (VA) (Watt)
fouvineu | 250.17 0.396 99 57 79 0.58 99.067 57.459
=z M
2 250.52 | 0.344 86 36 16 0.42 86.179 | 36.195
= GRG0
wasihae | 250.62 0.388 97 54 79 0.56 97.241 54,455
nauvinnu | 220.34 0.062 14 0 13 0.00 13.661 0.000
_(a
% 19U
-2 22266 | 0.119 26 21 14 0.78 26.497 | 20.667
= gedo
g,
vidaihau | 221.11 0.067 15 3 13 0.20 14.814 2.963
nauvinu | 197.67 0.425 84 53 65 0.63 84,010 52.926
= Yy
= 199.61 | 0.430 86 54 66 0.63 85832 | 54.074
= dedn
AN 198.31 0.427 85 53 65 0.63 84.678 53.347




62

mmsngnmvfmwmaaq‘lﬁﬁ AMANUIN U gﬂﬁ 979 f19-84  9MM15199

4.15 ilevhmaseuiisutheiinissrendanulwihanndsnunaunudiunlussuuiudag
Alaifinssnendsumaunudinudn Faeitlifinnsinendsnuanlsdwiwdanunauny i
msmdsgadewinty 4.532 dad vieiieudu 7.888 wWedidud uilefideusatulselnin
witumaunu wuhiiidgeyde wihiu 2.7888  Tmdvieidisuidu 4.903 wedidud lag
W1ERe3 nTzua Al wazAdlsznouiids danasiilifinsdsuulasilvan us
ffhLLsaﬁu"Lwﬁﬂﬁqu%amiauasLLs&ﬁu”LvJﬁ']ﬁTwamﬁmsﬂssLﬁanﬁuﬂixmm 2-3 Taadl

4.4.5 nydllnaaviasnld 120 s wazvaaidd lunisvnassnsdlvaavasaln 120
o uazaanas Aillandousadundsnunaunuiinninens 60 Wesidudvsansds lnsiins
Tusarulwiiniadu (Load )eeii #1188 Taad iilosnnnaveusaiunndsliannsadnuw
wsulvined 230 hanmilounsdlduquadiumiinisiangfs
19197 4.16 sreanTourandsunAMUT 60 Wasldusivaimmenaty Tnasvasnlyl
120 0 wazvaanan

FTUUIMRUIBLUY  LlledSwy ( Overhead ) ANUYIETES 40 Nlaluss
Base SYUUIN 115 kv 100 MVA
Base S2UUINADY 400 vV 150 VA
Load sEuvUaNaad vaoaln 60 794 2 nasn wasTaaiadLnuman 18 06 1 i
d 1] o 1 o d =4
L‘tjaamassuumvfu'\UlWﬂﬁwaaaﬂunﬂuwuwizﬂz 60 % %D 24 km
ATNN51TABITTUUIS L: 46.3768 mH C : 40.3768 pF
AMNNTIIAMDTITUUINADY AU 210 mH / 18 nF @® Heds 140 mH / 12 nF
- AN, S P
AU ] H
Ql'ﬂ.'i ALLE V I S P Q 4 .
A01UZN1TNUYDY p.f | AU | AU
IEKD Trwmier o) | (Amp) | vA) | watt) | (VAR) (VA) (Watt)
fouvinau | 250.80 0.57 143 102 99 0.71 142.956 | 101.499
2 e
b 251.50 | 0.497 125 82 93 0.65 | 124.996 | 81.247
= gadn
wawineu | 251.68 0.561 141 100 98 0.71 141.192 | 100.247
fouvinenu | 213.23 | 0.059 13 0 12 0.00 12,581 0.000
_(3
% N9u
™ 21645 | 0.119 26 21 13 0.80 25758 | 20.606
: e
=
wawihaw | 21442 | 0.065 14 B 12 0.20 13.937 2.788
fiouvineu | 188.55 | 0.584 110 94 57 0.85 110.113 93.596
P N
= 191.15 | 0.590 113 96 59 085 | 112779 | 95.862
R gagn
waeavineu | 189.53 0.586 111 95 58 0.64 111.065 71.081
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gnsagnainImaaedlen MaNwIn U JUR 9-85 §39-90 91Nl

a o - a 1 da ' o w o v Y
4.16 WevinsiSeufisudnninmssemddlwihguananndsnunaunuidnanlussuuiv
Freflaifinnsdrendsnunaunidanuin fanliinssendanuanlsdwimdsaunaun

o a a W o ¢ = fa ¢ A ad W
fimsmdsgadowiniu 7.902 Tad videiisuidu 7.785 wWedidud udilleiiieusdariulsalui
wdumauny wuinilidsgydoiadu 5991 Tedvieiisuldu 5882 wWedidud lay

N & w = - ' ) i - = & s
wisdimes Auswiuliihfigadoureuazussiulihilvaniinisnszieniiu 2-3 Tiad

= ' s =
4.5 524U UADWAIINUNALNUNANUYNEIY 80% UBITEUU

e ar = P i as =
4.5.1 nsdilvanwaald 60 a6 N1IAADINYALTBUABNGINUNALNUNSZ L
' @ ) W } P
80 % vpIANEEEdS lnenisidivasvasaldauis 60 Ins laglrisisunlnanaein 230
¢ v w a o 1o "I P 1 Y owr Y]
Tan wiouismstaAmnsiines 3 sunusde deds 1aouse wazilisu leglanans

-
NAFADINTUANTIN 4.17

é A 1 at ﬂ(‘ L '
19190 4.17 waquﬂlfuaumawaamuwﬂLmu'w 80 LUE)‘SL%UGI‘UENWN}JEJ’I’JWIH Iwawaamlw
60 0%

SLUUAMMUIBWUY  Wlar5wy ( Overhead ) AUENEIwds 40 Alalns
Base 52UV 115 kV 100 MVA
Base 5¥UU184 400 V 150 VA
Load sEUUI1@94 naoalW 60 99 1 viaen
d 1 o 1 s ‘i =4
wauﬂai:‘uumwmﬂ'lwﬂ'lwaqmuwmmummz 80 % w2 32km
ATNISTABTTEUURIS L : 46.3768 mH C: 40.3768 uF
AMNNSINADIIEUUINADY  H9E9 280 mH / 24 nF #@ B9SU 70 mH / 6 nF
T, S P
ALHUINTITIALAS
. V I S 2] Q . .
#01UZNTVNUTEY pf | A1uau | AU
micro inverter (Voit) | (Amp) | (VA) | (Watt) | (VAR) . (VA) (Watt)
Aouvnay | 230.23 0.286 66 64 -4 0.97 65.846 63.871
- M9
= 22991 | 0.206 47 44 -10 0.92 47.362 43,573
gadn
WA | 229.74 0.279 64 62 -5 0.97 64.098 62.175
nauwvinau | 231.90 0.064 15 0 14 0.00 14.842 0.000
_m
% MU
= 23464 | 0.113 26 21 15 0.77 26.514 20.416
i g
&
vwawnu | 23187 | 0.067 16 2 14 0.13 15.535 2.0196
fowvindu | 231.06 | 0.264 61 61 -1 1.00 60.999 60.999
> v
< 23377 | 0.265 62 62 -1 1.00 61.949 61.949
= FaEn
waswineu | 231.03 0.263 61 61 | 1.00 60.761 60.761
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mmmqnsﬂwmswmaaﬂﬁﬁ ANAHUIN ¥ gﬂ‘/’i Y91 f99-96 9INA15799
.17 flevhnmisSouiitoutheiitimssendrliiaandrnunaunudnalussuuiutag
Alifinsiendsnunaunudwuin dreilifinnssendanunnlsaiihwdsunauny
nsMasguydowiiy 2.870 Yad wiowisuilu 4.494 Wesidus uidlefiFousaiulsslnia
wasunauny wudnlimdsgadsvindu 2.039  Taevioioudu 3.187 Wesidud Tny
W5Emed nszua Maslwi wavAdusznauids deaibifinsdsuwasilvan us

' @ o | i W o &
mLmmulﬂﬁ’m'x]ﬂL“UaumaLLaxLLiamu"LwﬁwﬁTwamﬁmsmxLwau‘uuﬂszmt:u 2 - 3 Ta#

4.5.2 nsdilvanvaenld 120 Yad nmanaaesfignidourendunaunui
8z 80 % vasnuenawds Inamsliivanvasainauin 60 Ynd Tnelvussduilnanaeii
230 Taadt wiawiamsiarmanies 3 sundsie dids 9aideude uavisdy Taglduams
VAABIANANTN 4.18
M99l 4.18 szezgaiifausendinumaunuil 80 Wedidusueauenans Tnan 120 fad

LUUAIMIUIBLUY  ilaASwe ( Overhead ) AuENNEeds 40 Alawns
Base 5EUUDN 115 kV 100 MVA
Base sEUUII@DN 400 v 150 VA
Load 5¥uUd1any waoalW 60 InA 2 viasn
> —Q v, 3
WausszuuIMUIg NN IS s UL UNSSa Y 80 9% w39 32 km
ANT5INDTIZUUDZY L:46.3768 mH  C:40.3768 puF
ATNISITADITIUVUTIADY  19da 280 mH / 24 nF #i9 H45U 70 mH / 6 nF
T\, | S P
A1 n1379 H
WAL - ALLa V I S P Q % i
AWM ININUYES p.f | A | AU
micro inverter olt) | (Amp) | (vA) (Watt) | (VAR) (VA) (Watt)
nowvinau | 24546 | 0.548 135 130 " 30 097 | 134.512 | 130477
24 v
g 24312 | 0.464 113 110 18 0.98 | 112.808 | 110.552
g gedn
vasinau | 243.07 0.538 131 127 28 0.97 130.772 | 126.849
fouvineu | 232.96 0.064 15 0 14 0.00 14.909 0.000
@
3 My
- 235.41 0.112 26 21 15 0.78 26.366 20.565
& Fedn
E
waswiew | 231.27 | 0.067 16 2 14 0.14 15.495 2.169
Aauvinau | 230.78 0.527 122 122 -1 1.00 121.621 | 121.621
¥ v
s 233.18 | 0.530 124 124 L§ 1.00 | 123.585 | 123.585
= F9En
wawihau | 22909 | 0.526 120 120 1 1.00 | 120.501 | 120.501
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annsagnsmnvmaaedlan MANuIn ¥ JUN 9-97 fa 9-102  1nAI5199]

A o 1 d‘d 1 L2 s L2 as
4.18 Wsyinmswssuiisurafiinisnendsnulnihainndsrunaunuidnunlussuusy
Panliginstendsumaunudinudi 9 ldin59 el T NS U AUy

fimsmdsgadewiniu 8.855 Jad videiiioudu 6.787 wWesidud uadledidousorulselnii

=l 1 L] =

wasunaunu wudnlimdsgaydewiiiu 7.531 Sedvdedioudy 5744 WeiFud Tay

I e

- o s o s a1 dl [} C‘I A i
WA DS nszuaE naslnin warAnIUsEnauNIay llﬂ’lﬂﬂﬂlllﬁﬂW‘iLﬂﬁUULLUﬁQV}IWﬁﬂ 13

! s dl l:'; 1 s éj Ei’
ﬂ"nl,mmulvlﬁ’}mmLﬂaumau,axLtsmu"LWﬁﬂﬁimaﬂﬁminsmwamuﬂsxmm 2 -3 an

4.5.3 nsdifaanad  lunisvmeassnsddoatad 18 Yad Adyadoudedy

@ - P ' P v s a Pu|
WARUNALNUNAINEND 80 Waslduivaaaeds Tnesinastvuseaulniiniledy ( Load ) AN
's =

= ¢ o P ' a ) o a e
1 200 1ad (esnuaveausenunndsliaunsasnwussiulimei 230 haawmilounsdidug
LARILILINITIAALAY

= P ' a = fd ¢ W ¢
A1590 4.19 srereLlausenaIUnAUUT 80 Waslduduaimmeaty Tuantaanas

FEUUIMUNBUUY illarSue ( Overhead ) AMUEEIedY 40 Alawns
Base 53UUY54 115 kv 100 MVA
Base 55UUNAD4 400 V 150 VA
Load s¥UUIa84 Uaand@dunuivan 18 3¢ 1 én
- ' o . ar = =
LWaUADTEUUIMMUNY INHAINA T U AN U TS 8 80 % 43D 32 km
ATNNSELABTTEUUAS L : 46.3768 mH C: 40.3768 pF
ATNIINBTISULUINRRY  Eede 280 mH / 24 nF we #93U 70 mH / 6 nF
T\ S p
ml.muqn':‘mﬂua.. V i S P Q $ .
A0UZN1TNIUTDY p.f | AUl | AuIn
micro inverter wolt) | (Amp) | vA) | watt) | (vaR) WA | waty
fauvinaIu 250.56 0.303 76 7 T4 0.09 75.920 6.833
.. Wy
L 251.30 0.310 78 -12 75 -0.16 77.903 -12.464
s daan
wawinu | 24857 | 0.298 74 7 73 0.09 74.074 6.667
Aauyinay 214.44 0.058 12 0 12 0.00 12.438 0.000
@
E Y9
-2 21879 | 0.131 29 19 13 0.65 | 28.662 18.630
= gegn
&
wasiu | 212.89 0.058 12 0 12 0.00 12.348 0.000
fouvinau | 203.80 | 0.348 71 5 70 0.08 70.923 5.674
2 inau
s 207.73 0.353 73 6 72 0.08 73.329 5.867
e F4a0
AU 202.38 0.344 70 5 69 0.08 69.619 5.570




66

aunsagnsmnismaaodldi MAswIN v SUTA 9-103 fs 9-108 91nans1ad
4.19 dlevhnmsisuiisudaeiitinssendanulihmamdanumauudnarlussuuiugag
Alifinsiendinunaunudmuin dreilidnnssendanuanlsiimdnunauny 5
nmIfdsgadewiiiu 1.158 Yad visewoulu 16.926 Wesidud uadlefiGeudaiulsslyivih
warewmauny - wuinfifdegadeniniu 0.299 Tadvsawsulu 4.852 Wedifus Taw
w153 nszua Addlwih wavAdusznaumds fmailifinsdsuwlasiiivan s

1 ar QI df ] o { ﬁ‘f’
ﬂWLLiqmu‘LWﬁmmwaumaLLazLLsamulwﬂwﬁIwamﬁmsnmﬁamuﬂszmgu 4 Tan

4.5.4 nsallvanvasal 60 1ad waztaaas lunisneasansdllvanvassln
60 TR warUaanan ﬁ'ﬁagmL’i'j'auﬁiaﬁ’uwé’w}umwuﬁmmm? 80 Wesidudvoanuds Tnud
msliusadiuliingesu ( Load ) asil # 199 Taad tesannuaveeusesunndslilansnsnw
usestuliinadl 230 Thasmilounsaiduquamumianmsanaiy
A1519% 4.20 szorALTuRBNAINUNALMLT 80 Wosidusvasruenas Tuaavassly
60 106 wazaanan

FEUUIMUNBUUY  (NTlarSwe ( Overhead ) AMENENEEY 40 Alawns
Base ¥UURSY 115 kv 100 MVA
Base S¥UUIaB4Y 400 V 150 VA
Load 52uvinaad vaenll 60 10A 1 vasn wasUaaadunuuan 18 Jae 1 &9
= ' o ' ar =1 =
WaUAD TEUUIMUNY WHIWA L IUNALNUN S Ze S 80 % #I2 32 km
AT TN TEUURI L : 46.3768 mH C:40.3768 uF
ATWITITMBSSYUUTIAaDY  ENEN 280 mH / 24 nf fe HasU 70 mH / 6 nF
ﬁ"umﬂqn'lﬁ'mm: v I S p Q f S . P
A07ULNITINTUTDY ' p.f | A | Auau
micro inverter Volt) | (Amp) (VA) (watt) | (VAR) / (VA) (Watt)
AauUNIIY 250.82 0.402 101 58 81 0.57 100.830 57.473
Z 79U
~ 250.91 0.347 87 ar 76 0.43 87.066 37.438
R gaEn
vidwinnu | 250.63 0.396 99 55 80 0.56 99.250 55,580
fauiey 210.45 0.059 12 0 12 0.00 12.417 0.000
_m
% RERH]
w® 213.43 0.123 26 21 13 0.79 26.252 20.739
< gagn
g
VAW 210.69 0.064 13 2 12 0.17 13.484 2.292
nouvina | 199.26 0.429 86 54 66 0.63 85.483 53.854
2 W
bed 201.89 0.435 88 55 68 0.62 87.822 54.450
T GRGU
AU 199.45 0.430 86 54 66 0.63 85.764 54.031
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Taadt Wosarnuavewsadiunnisliannsadnwuseiulined 230 Thadwilounsdid ugus
FVUINTTINAALAL
A194fl 4.21 svovandaNranadIuMALNLT 80 Wesidudueimnuenas naavasaln

120 996 uazUaaian

FEUVIMUNBLUY  WmilorSue ( Overhead ) AMUENEIEEY 40 Alawins

Base 53UU3Y 115 kv 100 MVA

Base 5¥UUTIAD4 400 V 150 VA

Load s2UUd@04 naoaln 60 A 2 viaen uazUaanadunuuan 18 e 1 &2
Woudaszuusmung Indnasumaunuiissey 80 % %38 32 km
AMNISTINDITEUUTF L : 46.3768 mH C : 40.3768 pF

AMMNlmessTuUSIans  Hede 280 mH / 24 nF do 895U 70 mH / 6 nF

o i a 3 S p
ATEUUINTTIALLAY
. \ | S | Q . .
A0TUZNTNNUVDY p.f | Al | Auaal
THREESIEAS olt) | (Amp) | (vA) | (watt) | (vAR) 1 wa (Watt)
fowvu | 25053 | 0.576 144 102 100 0.71 144305 | 102.457
= Vi
= 250.70 0.498 125 83 91 0.67 124.849 | 83.649
s gagn
wawinu | 25042 | 0.568 142 100 99 0.71 142.239 | 100.989
Aouvieu | 200.99 0.057 11 0 11 0.00 11.456 0.000
2 -
= NNNU
e 205.18 | 0.122 25 21 12 0.82 25.032 20.526
z geda
&,
wawihau | 201.43 | 0.061 12 2 11 0.18 12.287 2.212
nauvinau | 189.20 0.585 111 94 57 0.85 110.682 | 94.080
2 vy
s 192.95 | 0.594 115 97 60 0.85 114,612 | 97.421
g gagn
WAt | 189.58 | 0.586 111 95 58 0.85 111.094 | 94.430
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4.6.1 n3dilnanvaonld 60 Tnd MveaesfiyadourondtunaLnuisyey

i @ & v o =
60 % VYIAUENMEIEY laenisivanvasalnuuin 60 Taa laglvusssunlnannai 230
Tad WiaunIN1sinAIAsIimes Saunusie Afidalwiaiandsaunaunudiglifussuy

al ar & ot 13 at I3 s o & v d‘
N 006, 5306 , 10 991, 15 706 way 20 Ian lnelananisnaasaniunis1ei 4.22

o ' o as s 1 U LY
A19199 4.22 Msun1sTwmasliiwasunaunuLAaz Al Iwawaamlw 60 19/

FEUUIMUNBUUY  WillerSwe ( Overhead ) ANEEedY 40 Alalng
Base §YUUIN 115 kV 100 MVA
Base s¥UUINADY 400 V 150 VA
Load s8UUd1a89 viaenln 60 YR 1 viaen
Woudaszuus gl anunaunuiiszey 60 % w39 24 km
ATHIIILADITEUURS L : 46.3768 mH C:40.3768 pF
Anfinessruudians  Hede 210 mH / 18 nF 6o Hedu 140 mH / 12 nF
Anadlvidiwasey Vv I g p 0 i 2 . 3
VALNULAZAT LU p.f A AU
ms3in wott) | (Amp) | va) | watt) | vam) VA | wato
Hlads 231.77 | 0.284 66 64 -4 097 | 65823 | 63.848
Ow | yadlewsie | 23262 | 0.064 15 0 14 0.00 | 14.888 0.000
E-']Q;‘U 230.77 0.263 61 V 61 -1 1.00 60.693 60.693
Hads 23230 | 0264 | 61 59 -6 096 | 61327 | 58.874
5w | yadleuda | 233.77 | o0.om & 5 15 032 | 16598 | 5311
IE']Q'.SJU 231.92 0.264 61 61 -1 1.00 61.227 61.227
Hads 23207 | 0.244 57 54 5 095 | 56625 | 53.794
10w | yadausio | 234.05 | 0.083 19 10 15 052 | 19.426 | 10.102
F‘.JQ‘%"U 232.18 0.264 61 61 -1 1.00 61.296 61.296
fj‘!fh 231.96 0.224 52 49 -8 0.94 51.959 48.842
15w | amdousie | 23425 | 0.095 22 15 15 0.68 | 22254 | 15.133
f‘:]Q%"U 232.34 0.264 61 61 -1 1.00 61.338 61.338
Hads 231.98 | 0205 | 48 a4 -9 092 | 47556 | 43.751
20w | ymwdouds | 23474 | 0111 26 20 15 0.77 26.056 | 20.063
ﬂai“u 232.84 0.265 62 62 -1 1.00 61.703 ‘ 61.703
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4.6.1 nstllvaavaanln 120 Tnd MsnnaInnfiousenaIunaLNUTTOY

gy 60 % YadAuLMawds lnensldivanvasnlauin 120 Tad lneliusesuiilvannad

& W & v a o I o ' s
230 I'Jﬁﬂ Ws@l]ﬂ\jﬂqi'ﬂﬂﬂ']wqi’]ﬂlﬂag 5 ALLWUIAD 'Vlﬂ'laﬂﬂﬂ'ﬁ]']ﬂWﬁ\‘N’]UVW}LL'WUQ']EﬂMﬂ‘U

] v ¢ o« w ) ) v <
FEUUN 0 WA, 5396 ,10 06 ,15 T0n waz 20 nd laglacanisnaaniniunisin 4.23

d U o s st 1 1 s
A15719% 4.23 A1519N15AAHAINS N UNALNULARZ AN I‘Vlaﬁ‘ﬂﬁﬂﬂlw 120 an

JTUUIMUIELUY  WileASwy ( Overhead ) AMNYEWHY 40 Alalums
Base 5¥UUTTY 115 kV 100 MVA
Base s¥uudTaDs 400 V 150 VA
Load 5¥UUTIa04 waeal 60 06 2 viaen
Wouraszruusmtg Wi wdsunaunuiiszes 60 % %Io 24 km
ATNI5EILABITTUUS L : 46.3768 mH C:40.3768 pF
Amnfinadsruudtans  Hede 210 mH / 18 nF sie #e¥u 140 mH / 12 nF
Araslvmdsanu Vv S p Q . . . d
nAULAZAUMLA pN| (AHRY AL
"7 (Volt) | (Amp) | (VA) | (Watt) | (VAR) (VA) (Watt)
Hads 24584 | 0531 | 130 127 27 098 | 130541 | 127.930
Ow | ndeude | 23584 | 0.061 15 0 14 0.00 | 14386 | 0.000
5'14%'11 230.70 0.515 119 119 -1 1.00 118.811 118.811
Hads 24632 | o511 | 126 123 24 0.98 | 125870 | 123352
5w | ydeuds | 237.13 | 0.069 16 5 15 031 | 16362 | 5072
I“:h‘;"‘i.l 231.99 | 0.517 120 120 -1 1.00 119.939 119.939
Hada 24623 | 0488 | 120 118 22 098 | 120.160 | 117.757 °
10w | ymWleude | 237.68 | 0.081 19 10 15 0.54 19.252 | 10.396
ﬂa%’u 232.50 0.517 120 120 -2 1.00 120.203 120.203
Hada 24621 | o468 | 115 113 20 098 | 115226 | 112922
15w | ynidlewdin | 23836 | 0.094 22 15 15 0.68 | 22406 | 15.236
fh%’-u 233.14 0.518 121 121 -2 1.00 120.767 120.767
i‘]ﬂ'{ﬂ 246.27 0.447 110 108 18 0.98 110.083 107.881
20w | ydlouda | 239.20 | 0.111 27 20 16 078 | 26.551 | 20.710
5.14%'1.1 233.99 0.519 121 121 -2 1.00 121.441 121.441
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¢ ada o

4.6.3 nydilwanUaandan lunisvaasansdivaarad 18 Ind Nilgalaunonundau
naunufine 80 Wesidusvesansds TnefinsTiusaiulniliiledu ( Load ) mefl 1 200
Taad flosmnuavesuseiunnddlianunsadnuuseiulined 230 admilounsdidug wiou
IR Tiaes 5 dundeie Amaslniiannndsunauuseldiiussuuit 0 Yad,

as s s s 3 s L2 c'l
5906 ,10 Ya@ ,15 Ta6 waz 20 Tad Tnglananiivmaasiniunisnen 4.24

d U o s s 1 1 s L3
A15199 4.24 m51ansena i Ind s unaALNULAazaAl Uaanaa

FEUUIMUNBUUY (ntlorTwy ( Overhead ) AuEEwdY 40 Alawms
Base ¥UUI 115 kV 100 MVA
Base §¥UUINADY 400 V 150 VA
Load s¥uudaaq Vaanadunuinan 18 1aa 1 i3
Woudasruusmthelnfwdsumaunuiisvey 60 % W39 24 km
ANNISTLABITTUVI L :46.3768 mH C :40.3768 pF
Awriinesszuusians  Hade 210 mH / 18 nF sla B93U 140 mH / 12 nF
maslvidanasanu Vv I S P Q g ¥ . £
NAUNULAZATUMS @ Y Rl
nhin wol) | (Amp) | var | watt)y | war) va) | (watt
Had 25090 | 0.302 76 7 73 009 [ 75772 | 6.819
Ow | ymdeusie | 224.26 | 0.064 14 0 13 000 | 14353 | 0.000
Hefu 202.70 | 0.347 70 5 70 008 | 70337 | 5.627
Hada 24857 | 0.296 74 2 71 0.02 | 73577 1.472
5w | ydeura | 22276 | 0.071 16 5 13 031 | 15816 | 4.903
Hefu 20139 | 0.343 69 5 68 008 | 69.077 | 5.526
Hads 251.22 | 0.309 78 3 74 -0.04 | 77.627 | -3.105
10w | yndlewde | 22598 | 0.114 26 10 16 0.37 25.762 9.532
Hasu 204.04 | 0.349 71 6 70 008 | 71210 | 5.697
Hada 251.42 | 0.305 7 -8 73 <011 | 76683 | -8.435
15w | yadousio | 226.00 | 0.100 23 15 14 0.65 22.600 14.690
Hafu 20420 | 0.349 71 6 70 0.08 | 71266 | 5.701
Hada 251.61 | 0.307 77 -13 73 017 | 77.244 | -13.132
20w qm%auﬂ'a 22634 | 0.117 27 20 14 0.75 26.482 19.861
Hasu 204.48 | 0.350 72 6 71 008 | 71568 | 5725
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4.5.4 nsilnaavaonln 60 ad wazdaanad Ailgaidonsoriundsnunaunuiiani
57 80 Wasidudunsanuds Tnesinnsliusaiulniinilesy (Load ) asit 7 199 Taad 1ileaan
navosuseuandaliansadnuusesuldad 230 Taaduilounsaluq nFounanisin
Asiieed 5 dundsie Amdslnihanndsunaunudiglitussuud 0 ad, 5 Sad |
10§07 , 15 36 uaz 20 Jas Tnglanan1snaaamiunsned 4.25

‘J 1 o as at ! 1 o < s
A9 4.25 mswmsmumad‘lwﬁwwmqmwmmuumazﬂwaam‘lwuasuamam 80 nn

SEUUIMUIBLUY  IntlaATue ( Overhead ) ANMUEIEIEds 40 Alawumsg
Base YUV 115 kv 100 MVA
Base §¥UUIIADY 400 V 150 VA
Load s2Uudand vaanln 60 Tf 1 vaen warUaaiadunumdn 18 Jaa 1
M7
Foudaszuusmiinglindsnunaunuiiszey 60 % w30 24 km
ATNNINMRSSEUURSY L: 46.3768 mH C:40.3768 uF
Aasnliwessruusians  Hade 210 mH / 18 nF s Ha¥u 140 mH / 12 nF
Araslviwaay S P
NALNLLAZFURLA ke l 9 \ P p.f | Awaad | Aruan
30 (Volt) | (Amp) | (VA) | (Watt) | (VAR) (VA) (Watt)
Hads 250.18 | 0.396 99 57 79 058 | 99.071 | s57.461
Ow | qadeusie | 22034 | 0.062 14 0 13 0.00 13.661 0.000
GRS 197.68 | 0.425 84 53 65 063 | 84.014 | 52929
Had 250.59 | 0.384 96 53 78 055 | 96227 | 52925
5w | yndousio | 22120 | 0.069 15 5 13 030 | 15263 | 4579
GREY 198.37 | 0.427 85 53 65 0.63 | 8a7oa | 53364
Hada 25047 | 037 93 a7 77 051 | 92674 | 47.264
10w | ymidfeuds | 22162 | 0.082 18 10 13 0.55 18.173 9.996
sy 198.75 | 0.427 85 54 66 063 | 84866 | 53.466
Hads 250.44 | 0.356 89 42 76 047 | 89.157 | 41.904
15w | yndeudie | 22213 | o098 | 22 15 14 | o70 | 21769 | 15.238
Hedu 199.20 | 0.429 85 54 66 063 | 85457 | 53.838
Hada 250.15 | 0.344 86 36 76 042 | 86.052 | 36.142
20w qm%aun‘a 22232 | 0.118 26 20 14 0.78 26.234 20.462
Hasu 199.30 | 0.429 85 54 66 063 | 85500 | 53.865
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EXPERIMENTAL DISTRIBUTION SYSTEM WHICH INTERCONNECTION

WITH RENEWABLE ENERGY

ar d s ar < a
alguun Wutila aignad Fusna o

a

gwa s13gafall uazaigae Yuiuas

mnInImnsatiih aazdmnssumani andumalulaivszoound udInammIMmansLi

unfngo
ﬂ%‘m“ﬂpﬁwuﬁ'a'u'"uﬁvﬁuﬁuamwanuuuwnanm
Aouraszuus i Wihdenrumanmy Wumssraslaoi
m?amﬁﬂNﬂwaﬁuﬁamﬁmfm&immmm‘msai Awriialunig
1M PV wegiiszur 20% (8km), 40% (16km), 40% (24km) UAE80%
(32km) naﬁ'lﬂ”mnmsﬁ"l:1aqm@n1snfﬁ1n1snﬁ11ﬂ31ﬂs1zﬁi1 3
1-?";5mia'l'rlﬂmﬁ'munmmuﬁnaadn‘lsﬁuszuu\i‘mdw 1AM
MsNARBUWYN ﬂnii”uﬁﬁnaﬁﬂﬁlﬂas':%uffﬁﬁqNirhgtuut?ruaﬂm
fie nisswiids IWflmdamanmudigssunsnniomd i
S namd ihma e mammuiiswldsuszuus e
wlsanduunlefidudiids Idihgadolussuusinie uad
Pnumdd i wdsaumaumnnaniTnaan fezildine

o a

¥
mda lfhgeonnvua Ty dae

oo W

MaAY: szuudmidifhuuunszoe

Abstract

This project presents a design and construction about
transmission line system which interconnect with Photovoltaic energy
distributed generation. Simulation of the distributed generation with
renewable energy, that is used by phatovoltaic ( PV ) to simulation.
Distance of PV connecting to the transmission line is 20% (8km), 40%
(16km), 60% (24km) and 80% (32km). The results showed that, Factors
that affect to reduce the percentage of power loss is injection renewable
power into the electric distribution system. The amount paid to
renewable electric power distribution system is inversely proportional
to the percentage of power losses in the distribution system. However, if
the amount of photovoltaic energy rather than load, power loss is

increase.

Keywords: distributed generation
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Awmmum CONDUCTOR

AAC

ALL ALUNMINIUM STRANDZD CONDUCTOR

Constniction

i AN TSk O T O A

1o Conckucior & Shanted harekarawn chuminkin ikas

Reference Standard *
115 8% » 2542
{ Roferancea 1o 115 85 - 2570)
Applieation

® For cmticd powes fransmision ondl dishibitian Tre.

s

AR U E
115 kV dmniuuu AAC
400 mm

1 f 0
A1 0.0742 —
km

E S EEEE 85T

a
‘U’Vl U-2 m’:‘wmmmmmumumnuswwwwam

MIuAALMted Wi (L)

GMD

7
L =2 %10 lnGMR

GMR

GMD

H
— / phase

0.7788 xr
0.7788 x 0.012825

0.009988 m

=3¥DxDxD

=3Y25x25x%x5
= 3.1498 m



L =2x1077 In=22 2 /phase

0.009988 m

= 1.1507 x 107° % / phase

= 1.1507 x 107% x 40 x 1000

= 46.028 mH/ phase

nsvAANglnin (C)

C = % L toneutral
nZwy J
GMR =r
= 0.012825m

GMD =VDxDxD

=% AT T4,
=3.1498 m
o
(\= _% £ to neutral
36mxIn m

0.012825

=1.00942 x 107> -l;—f / phase

= 1.00942 x 10™° x 80 x 1000

= 40.3768 nF/ phase
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Elgar ETS TerraSAS

TkW-1MW

Standalone TerraSAS Photovoltaic Simulator

+ Low output capacltance
* High bandwidth up to 30kHz

« High resolution [-V curve simulates static and
dynamic conditions

Der.l?d"g b PPl%h speed Maximum Power Polnt

« Can be iﬂtegmed into a multi-channel system fo
higher power testing w g
« Energy Harvest built In. *

* Low voltage, high bandwidth version for DC Power
Optimizers

¢ EN50530 support

For microgrids, energy storage, and inverter test
applications, the TerraSAS™ series photovoltaic
(PV) simulators are spedifically designed to
emulate the dynamic electrical behavior of a
terrestrial PV solar array. They offer low output
capacitance and high dosed loop bandwidth to
keep up with the advanced Maximum Power
Point Tracking (MPPT) algorithms used in today’s
grid-tied inverters.

The Embedded TerraSAS (ETS) is a high
performance solution in a small form factor
that combines an agile power supply with
an innovative |-V curve generator in a single
standalone unit.

« ETS 600/ 1000: For isolated and non-isolated
string inverters up to 1000Vdc Voc.

« ETS 60780/ 150: For use with micro-inverters
or DC optimizers up to 150Vdc Voc

Application

Many solar inverters generate AC ripple on their
DC input, which is connected to the photovoltaic
array. For single phase inverters, the frequency

of this ripple is twice the line frequency (120 Hz
for US models). The simulator’s power supplies
must not suppress this ripple as a function of
their regulation loop. An increasing number

of inverters {and virtually all micro-inverters)
accurately measure amplitude and phase of the
ripple voltage and cumrent to quickly track the
MPP of the array. This approach allows tracking
the MPP at a much higher speed when compared
to conventional dithering techniques (also called
perturbate-and-observe). Faster tracking of the
MPP results in a much higher overall efficiency

in cloudy conditions, where the irradiance is
constantly changing. It is likely that all solar

60-1000 V

2

208 | 400 | 480

115

inverters will use this approach in the near future,
since end users are very sensitive to the overall
efficency of their solar energy installations. To
satisfy this requirement, the PV simulator must
be capable of reproducing the voltage / current
behavior of a solar array at the ripple frequency.
Most standard switching power supplies employ
very large output capacitors and inductors in
their output circuits and are unable to deliver the
required performance - regardless of the response
speed of the |V curve controller. Elgar’s TerraSAS
line of PV simulators are based on high speed
versions of our standard products, where output
capacitors and other speed-imiting components
have been adjusted. This results in a speed
improvement of 10 times or better.

Proprietary features built into the PV controller
hardware and firmware, combined with our

high speed power supplies, deliver the required
performance. This technology was extensively
tested on micro-inverters and is ready to test

the next generation of inverters. The required
performance is delivered by high speed switching
power supplies and advanced Digital Signal
Processing techniques. In some conditions
traditional DC power sources using IGBT
technolegy do not meet MPPT response speed
requirements, depending on the MPPT principles.
Qur power supplies use Power MOSFETs,

which typically switch ten times as fast as the
most recent IGBTs. Higher switching frequency
translates to smaller output capacitors and
inductors - which is the key to a successful high
speed power supply design

AMETEK

Programmable Power
9250 Brown Deer Road
San Diego, CA92121-2267
USA

AMETEK

PROGRAMMABLE POWER
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Elgar ETS TerraSAS

TkW-1TMW I’

Specifications

Model Number' ETS60X14C ETS80X10.5C ET5150X5.6C ETS80X15C ETS600X _ _ ET51000 X10
Output voltage, Voc (V) 60 80 150 80 600 1000
A output voltage (V) 66 88 165 88 660 1100
Output current, Isc (A} 14 105 56 15 8.3,16.7,25 10
Output power @ 0.85FF (W) 714 714 714 1020 4250, 8500, 12750 8500
MPP traddng speed (Hz)' 150 250 250 120 200 200
|-V curve resolution (# of pts) 1024 1024 1024 1024 1024 1024
< 10nF < 10nF < 10aF < TOuF < J0uF < 3uF
Output Isolation (Vpk) 21000 +1000 =1000 * 600 % 600 = 1400
Available 110 Ethernet Ethemet Ethernet Ethemet Ethemet Ethemet
Remote sense v il v v v 1V
AC %gv 85-264VAC 85-264VAC 85-264VAC 100-130VAC low € 187-242VAC C: 187-242VAC
(max, range) 170-230VAC high D:342-440 VAC D: 342-440VAC
E: 396-528 VAC E: 396-528 VAC
Input frequency, Hz 47-63 47-63 4763 47-63 4763 4763
Power factor > 0.99 typical > 0.99 typical >0.99 typlaal | > 0.7 typlcal > 0.9 typical > 0.9 typlcal
Output voltage nolse <035Vpp <035Vpp < 0.6Vpp <1Vpp <0.6Vpp <0.6Vpp
Mazsured 3a055 3 1JF Qpadtor 3
tha end of a 1.8mdsk) hne at ful
20MHZ
Output current nolse <60 mApp < 60 mApp <60 mApp <100 mApp <200 mApp < 200 mApp
Maasirgd with hall effect sensar, !
BW = 650KHZ
Operating temperature 0-40 degs C 0-40 degs € 0-40 degs C 0-50 degs C 0-50 degs € 0-50 cegs C
Physical dimensions 26x17x190In | 226x1.7x190k | 226x1.7x19.0/n | 204x1.7x190In | 255xS53x19.0/n | 283x53x19.010
ST4x43.6x 483 mm | 574x 436X 483 mm | 574x 436 x483 mm | S18x43.6x483 mm | 64.7x133x 483 cm | 71.8x13.3%x 483 om
205 (9.5kg) 211bs (95kg) 21 s (9.5 kg) 231bs (10,5 kg) Skw 401bs (18 kg) 1M50hs(21kd
; 10kW 60ibs (27kg)
15kw 80kbs (36kg) 28
lugdauuy Certifled to UUCSA 61010 and (EC/EN 61010-1

1 mmmhu hmdmmn
2 m

of the Inverter under tast. (MWMMW!M;U(:

Model Number | Outputiclolation (V) | Output leakage capacitance (nf) Power rating | Input Voltage (AC) | MPP Update Rate
ETSE0X14C-PVE £1000 45 60 14 B40W 100-240VAC U 250Hz (%)
ETSBOX10.5GPVE +1000 I3 % 105 B4OW 100-240VAC 25062 (*)
ETS150X5 6C-PVE 1000 & 150 56 BOW 100-240VAC 250Kz (")
ETSBOXISCAVE 600 30 ) 5 12000 TI02200AC Tion
ETSG00XBC-PVE 600 0 ) &3 SkW 28R 2000z
ETSG00XBD-PVF <600 0 500 83 5w A00VAC 7000z
ETSG00XEE-FVF 500 0 500 83 SEW BWAC 2000z
ETSG0XTTCAVE 2600 0 50 167 106N F0BVAC 2008z
ETSG0OXITOPVE 600 ETT) 500 167 T0kW 200VAC 2008
ETSO00KITEPVT 600 T 50 167 10kW EBOVAC 2008
ETS00aCAVE 50 0 50 % T5kW 208VAC T
ETS6000250-PVF +600 0 600 % T5kW 400VAC 20002
ETS600X25EPVE 600 0 ) % 15kW “4GOVAC 00
ETST000X10C-PVF 1400 I 1000 10 10k 206VAC T 20082
£TS1000X100-PVE +1400 15 1000 10 100w 300VAC 2000z
ETS1000XT0E-PVE 1400 5 1000 0 T0kW 480VAC 200Hz

{*) these models also support power optimizers. Not intended for spacecraft or high frequency shunt switching regulators. Consult factory for this or any ather special application.
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AT IUlUsINSY TerraSAS

nsl4TUsunsa TerrasAs TunisfanuadA1A3asgnans Photovoltaic Simulator

TerrestrialSolar Array Simulator ( TerraSAS ) ulusunsuildlunistmvundinis
Srurhdslnihuaaeiasiiass Photovoltaic Simulator sumnianiRusawaduaeiindiidivun lag
ihdeyaunaeadaanguanutiouadulusunsy ueiesdiaes Photovoltaic Simulator iifirinly
nseiddlningeanliiiu 5 kw (600 V8.3 A)

AN LUSWNTY TerraSAS
o i o ? - ' a " A - v
999N 991889 Photovoltaic Simulator 318usenuaaanlalaiiu 600 V 33m04

YyooA
O

= o | o = = o, ' v oo v o W

finsimuavaulunvesdl OVP Taedaailin 500 vV dudumussiuinsiliiiaanudasnsds o
v a ' ) < o s N ] o o a
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'MICRO-0.25/0.3-1-0UTD-1S-208/240 - QUICK INSTALLATION GUIDE

This Quick Installation Guide is offered in
addition to the full Technical Manual which
can be found on the Power-One Renewable
Energy website at: http://www.power-
one.com.

The installation is to be done by a qualified
installer, normally a licensed electrician or

contractor, according to the applicable local
code regulations (National Electric Code
(NEC), Canadian Electric Code {CEC), and
other).

SAFETY WARNINGS

The two models of the MICRO are delineat-
ed by the maximum output power {0.25 kW
or 0.3 kW). Each version is also available in
either a 240Vac split phase or 208Vac single
phase AC grid connection.

This document applies only to the inverter models listed below. All model dimensions are 15.0"H x
9.7°W x 1.377D and weigh 3-1/2 Ib (1.65kg).

. MICRO-0.25-1-0UTD-US-208/240 - 250 Watts Output power

@ MICRO-0.3-1-OUTD-US-, 240 - 300 Watts Qutput power

The nameplate shown below is affixed to the inverter and provides the following information:

Product Origin
Model Name

Environmental Serial Number
MAC Address

LABELS AND SPECIFICATIONS

AURORA MICRO ® Inverter Auroca CDD is necessary for Aurora Easy View Weh Portal
the Micro monitoring and provides remote access via inter-
data coliection ) net for system monitoring.

o

The AC-TRUNK-BUS cable available in three configurations depending on
the type of installation and use of the PV panel. The installer may cut the cable to the length needed
for the specific installation.

SYSTEM COMPONENTS
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IMPORTANT SAFETY INSTRUCTIONS

SAVE THESE INSTRUCTIONS-KEEP IN SAFE PLACE!
This Is a list of special safety symbols used In this guide that highfight potential safety risks
and/or useful information. The symbol usage Is described below:

A WARNING: Indicates directions which must be understaod and followed in entirety in order
to avoid potential safety hazards, including equipment damage or personal injury.

CAUTION: The reader should stop, use caution and fully understand the aperations ex-
plained befare proceeding.

A ' DANGEROUS VOLTAGE: The product works with high voltages. During inverter operation,
parts will be energized at voltage levels. HOT TEMPERATURE: Some surfaces may become
hot. Do not touch the product while it is in operation.

SAFETY WARNINGS

s R. UL 1741 Standard far Safety for Inverters, Converters, Cantrollers and Interconnection Sys-
tem Equipment for use with Distributed Energy Resources. CSA-C22.2 Na. 107.1-01 - General
c US Use Power Supplies.

EQUIPMENT SAFETY WARNMINGS:

@ Systemn earth canductar (main grounding pratective earth, PE)

AC Value

~— -y DC Value a Phase =-I Grounding {earth)

ELECTRICAL CONNECTION WARNINGS - This grid-tied inverter system aperates only when praperty
connected to the AC distribution netwark. Bafore connecting the AURORA MICRO to the power
distribution grid, cantact the local power company to get appropriate appravals.
Itis the respansibility of the installer to follow NEC and ANSI/NFPA 70 methods and re-
quirements and any other local regulations when installing the required external discon-
nects and overcurrent protection devices, making electrical connections (conductar termi-
nations, fuse, ground connections), and when installing the system grounding.
Connect only to a circuit with maximum branch OC protection of 20 Amps, The AC output neutral
Is not bonded to ground. Nate input and output circuits are isolated from the inverter enclosure.
Voltage and Frequency Tolerances are as follows:

WARNINGS

L&)
- Utility Interconnection and Valtage and Frequency Trip Limits and Trip Times
g Simulated Utility Source Max.time (sec) at 60Hz be-
g‘ Bt . fare cessation of current ta
Volteen P the simulated utility
A ¥< 50% Vnor (Not Adjustable) Rated 0.16 sec (Nat Adjustable)
B | 50%Vnors V< 88% Vnar Rated 2 sec (Default) (Adj. Set
Adjustable Set Points 55% to 88% Paints 0.16 to 5 sec)
C| 110%Vnars V< 120% Vnor Adjustable | Rated 1 sec (Default} (Adj. Set
Set Points 110% to 118% Paints 0.16 to 5 sec)
D| V2120% Vnor (Not Adjustable} Rated 0.16 sec (Naot Adjustable)
E | Rated f > 60.5(Not Adjustable} 0.16 sec (Nat Adjustable}
F | Rated f<59.3 (Default)(Ad]. Set | 0.16 sec (Default){Adj. Set
Points 59.8 Hzto 57.2 Hz) | Paints 0.16 to 300 sec)
G| Rated f<57.0 (Not Adjustable} | 0.16 sec (Not Adjustable)
NN N AV MR SR |




B istallation of the equipment Is based on the system design
and the place in which the equlpment i installed. When
choosing the place of Installation, comply with the following
canditions: nstall MICRO Inverter underneath the photovol
talc modules In the shade, otherwise the lnverter could ua-
dergo derating, Malntenance o replacement of the device
tould requlre the technictan to dismount the photovoltale

i module mounted on the top of the MICRO lnverter, ensure &
distancs ar corectfocnormalcontro and antenance. 273

the AC<TRUNK cable as follows:

«Flt the ring nut and gasket around the cable to terminate.
+Strp 50 mmy2" of the extecnal inculation and separate each

conductor.

«Insert the conductors Inside the cap to bloek them.
«Insert the gasket inta the cap with slight pressure.
«Tlghten the ring nut to the correct pressure on the gasket

{max.2.45hm/1.8 fi-Ibs).

+Secure the section of the terminated cable to the frame with

cable ties.
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Fit the apprapriate AC-TRUNK END CAP on the unused ends of

B un the AC cable along the frame structure provided for 5

[nstalling the photovoltaic modules. Secure the MICRO lnverter to the photo-
5 veltale module frame with the logo slde faclng dewnwards.

The Inverter and photovaltalc modules must be connected to an equipment
groundlng conductor,

The Inverter must be earth grounded using the correct clamp secured to the
chassls . There are two possibla configurations for grounding the Inverters
shown below.

Equipment grounding conducter coupling allthe | Equipment grounding
MICRO Invertes: The conductor musthavea | (hrough facking system: Conductorking assem-
) bly to the grounding ditribution structure must
finlmum cross section of 6 AWG (RBAWG i eane be atleast BAWG. The eondctor bonding the
dults. MICRO to the structure must have a minimum

Connect the AC-TRUNK eable/s comlng from the
MICRO Inverters to the jusction box of to the AC
dlstribution panel.

Use the labels affixed to each inverter to create
the system map. Place the adhesive abels on
the dlagram found on Page 2 of this guide.

ASSEMBLY AND INSTALLATION INSTRUCTIONS

qume) DONOT EXCEED THE MAXIMUM NUMER OF USE A RACKING SYSTEM CERTIFIED FORUSE AS
MICAQ INVERTERS PERMITTED FOR INSTALLATION AGROUNDING STRUCTURE

asten the AC-TRUNK cableto the rame usng | Remve temporaty capfrom AC-TRUNK cable
cable tles rated for usein the Installation location. connectors and connect MICRO lnverters. The

Plug the DC cables Into the correspanding lnputs
on the MICRO inverters and install the phatovel
tale modules.

Ahd\ module must be connected to the MICRO Inverter with a OC cable kength of less than 3mm.

Keep the connectors In a position accessible to mmh::m;wdmmxm
the AC-TRUNK cable coming from the MICRO. are heard. Keep un X
y MDA 9 connectors watertight by fitting the ACTRUNK

PLUG CAP on them.

DISCONNECTING TOOL

The AC-TRUNK UNLOCK TOOL ks used for the disconnection of the AC connect or MICRO Inverter and
for the removal of the AC-TRUNK PLUG CAP from the connectors on the AC- TRUNK cable,




PROTECTIVE EQUIPMENT.

L
o
A
)
<[
o
}-.m
e
o
| o
.
it
=
=
O
J

MICRO-0.25/0.3-1-0UTD-US-208/240 QUICK INSTALLATION GUIDE = ©*
LOAD PROTECTION SWITCH (ACDISCONNECT SWITCH) - To pratect AC cannection lines of, it is
required to install a device for protection against aver current with the foltowing characteristics:
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Protection breaker rating 64 104 164 20A
Max nurnber | MICRO-0.25 4 7 12 IS
of Inverters

B40VAC | Micio 0.3 3 [ ] 12
Max number | MICRO-0.25 4 6 10 13
of inverters

SW8VAC | MICRO-D.3 3 5 8 11

Dimensions of the thermal-magnetic circuit breaker is determined by the number of MICRO inverters
connected to a single AC line. & 20A thermal-magnetic circuit breaker represents the maximum value
permitted for installation in a single AC line, based on the AC cable cross section (10 AWG).
It is the installer’s responsibility to adequately size the overcurrent protectian, based on the
& number and types of MICRO inverters in the system. The inverter shall be cannected only to a
dedicated branch circuit.
INTERFACE PROTECTION SYSTEM AND DEVICE DOWMNSTREAM OF THE INVERTER - The inverter does
nat include any electramechanical devices {relays, contactors, etc.} for autamatic disconnection from
the power grid. The system must be provided with external protection for the physical disconnection of
the MICRO inverters fram the grid, typically composed of an interface protection system that analyzes
and controls the grid parameters and sends commands to the interface device in charge of physically
disconnecting the PV installation MICRO inverters line.
To reduce the risk of fire, connect only to a circuit pravided with 20A maximum branch circuit
. overcurrent protection in accordance with the National Electric Code [ANSI/NFPA 70}.
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The Power-One AC cables coming from MICRO inverters must be joined inside a junction box. A single
line cable must form the connection to the distribution grid. The AC cable used is quadrupole and
grounding is obligatory. Line cable [nat supplied from Power-One) runs between the junction box and
the load distribution panel. Pawer-One AC cables from the MICRO inverters have four conductors shown
belaw. Close the junction box after the wiring is complete. Ensure that the seal is tight.
To prevent electrical hazards, all the connection operations must be carried out with the dis-
connect switch downstream of the inverter (grid side) open and locked.

The Power-One AC cables coming from MICRO inverters must be joined inside a junction box. A simgle
fine cable must form the connection to the distributian grid. The AC cable used is quadrupole and
grounding is ohligatory. Line cahble {nat supplied from Power-One) runs between the junction box and
the load distribution panel. Pawer-One AC cables from the MICRO inverters have four conductors shown
below. Close the junctian box after the wiring is complete. Ensure that the seal is tight.
Ta prevent electrical hazards, all the connection operations must be carried out with the dis-
\ cannect switch downstream of the inverter (grid side) open and locked.

ftem code Description
L1 AC-TRUNK SPOOL-4finches-Hplugs AC cable (4 conductors):
red . , 10AWG;
I&Wﬂ = % p— wheelbase 41°
L2 50 connectors
bhack ACTRUNK SPOOL67inches-32plugs  ACcable (4 conductors):
. 10AWG;
IW 4 i wheelbase 67"
Wil 32 connectors
Ground AC-TRUNK SPOOL-8linches-27plugs ACcable (4 conductors):
green - 10AWG;
— wheelbase 817
27 connectors

 The installation technician is responsible for selecting a junction bou with the appropriate
‘ﬁh dimensions and insulation. Do not to reverse the phase with the neutral!






