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ABSTRACT

Reactive power compensation for solving voltage problems in PV farm based
upon IEC-61850 is presented in this thesis in order to find suitable reactive power
compensation method in grid system. This would be a part of substation in the
future. This thesis presents wireless connection between solar system and substation
compare with LAN connection. The speed of wireless connection and LAN
connection is show in this thesis. After that reactive power compensation is shown in
the experiment. The experiment compares open loop control and closed loop with
feedback control of reactive power compensation of solar inverter in order to
analyze advantage and disadvantage in controlling reactive power. The result of this
study can be used to design function of reactive power compensation for solving

voltage problems of grid system and to improve operation in substation
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wasulwilduinninlgansiwaarinduy Wwaakasefindvdnozueiladanoul

Iﬂiﬂﬁ%’]wszﬂauﬁwLwiugmﬂsmﬂLLazWammq%whﬂ81 wadoudutus fie duuis
llihlusanas Gyneenled) wundszana 2000 Sianseu Riduuisezaoiiiadanou
uUszan 6000 Ssansey (so8se pn) wazfiduuradalaiidiiunds (exgiiden)
wuUszaal 5000 Stamsey AmSuilduuiseriesiladaneutundndeisnsuendany
Aragraaunnlndin (slow discharge plasma CVD) léiwaduasonfindfiussansan

ANgAUIZIIN 6.7%

JUT 2.8 Wwaduaseniindvilnevueiiladaneou
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waduasoindivnandivhaineyueiiladaney funouniswan fll

1. yhasuenaanefineluau (Silane Gas) Iiluszuosiladaneu lngldgunsaifiFonda
\A383 Plasma CVD (Chemical Vapor Deposition) 1unisuiuntglataudnlulu
mauuﬁaﬁﬁ%ﬂw%mmﬁqq rlifausnaaeiadunaiaun wazernauves
Faneuazanasuug I sausuaaaianavegluaseuLi ieduiiduuissual
Au 1 luAseu (0.001 1.

2. vurfiwonaatsfvleay ssnauiienoaiunazlaluisudrluifuansiFeu e
asesesraiwudwmsulddulassaseveswaauaseiing

3. msvaalniia Srldtalninlusauasiivinean IO (ndium Tin Oxide)

' |
o =

Lezjaél,mmﬁméﬁmmﬂmsmé]’aﬁﬁuﬂ WU wnadey erswlud, waniloy waaelsa
Lazaauie?d sutien Tawalus Wudu Sfwdandniien (Single Crystalline) uasnan
571 (Polycrystalline) waduasanfindfivharnunaden erfilud aylviusednSangads
20-25% \gaanaseingviinaisusyneutespelivesdutnsulamialua (Copper
Indium (Gallium) Di-Selenide) tdutgaduasaindldarsnanves Copper Indium

i '
a o ¥

Gallium wag Selenium Tngdne9nly Cadmium Sulphide wazlaily Cadmium Sulphide

(% '
6

WudWiesTulwaduwaseriind dnsudandniien (Single Crystalline) wazuansiy
(Polycrystalline) Lwaduatefindvilnlidused@nsangs egiuseutas 20-25% uazd

s1egeign Fedenldlulasimseania wuluanfigusngeg

UM 2.9 waduaseniindvilaneuilesduine
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A157197 2.2 UsEandn s uasuaieindslanne

. 3 Usgandam | Ussdnsnw
UseLnnuesian lassasn .
URNERE Yolina
NgﬂLam(Single Crystalline Silicon Solar
Farou-kuuwan | Cell #39 Monocrystalline Silicon 15-24 % 10-14 %
Solar Cell)
TAMDU-UWUUNEN | WanIwa(Polycrystalline) 10-17 % 9-12 %
Amorphous Silicon
Fanou-ozuaTila | Amorphous SiC 8-13 % 6-9 %
Amorphous SiGe
18-30 %
GaAs,
b (GaAs)
d1susenaudu | CdTe, NA
10-15 %
CulnSe2
10-15 %

2.6 UselgvivaanisnanlWilinassnuasaiing

e ausaussudaalidinnaeaanslidunisiuidne IneasusendaaludTudarunly

nas Ul nwaduae1indnawnunsigliung

® aaraANIENUIINAIINFeNdUlatnaINNsRART MUl UUBUYY nIRERLHTn

NUNLY VIO 1UTAY TUYDNAWAAIULAIUYIIANYENINLINADUNITTTUYIRNIEY

'
aaa a o 4

o THndIuaINsIINYIR Av wase1fing Feaverauazuigns lineufise1nazinly
a 14 [ a
AWINRUTUNY
[d o [ ! a £ 1 1% ! 1o &

o Junsmdsuanuuassssunauiltedsfumwagliiifunualuanlani

o ausnihlUldiendandsnuliihlanniuiuulan wazlandsaulnildlaenss
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o lidpsldwamasdulausnainuasoiing Feluiinnsenludvazlinsalminuanineaiu

DINFLLAZUN

o Liinvdsanazluiiniswedoulmvaldau F9ldifauanneamudes

(%
Y 1

I fala o a as aa a ° P | a =
o Jugunsaiiifiansegiun lifvudulaninsndoulmivagyinnu slifinnisdnuse

Y

® Faan1IN1sUIFINwIen

% & a a =
L E]’]EJﬂﬁI‘?N’]UEJUEJ’]’JLLazUi%ﬁﬂﬁﬂ’W\lmﬂ

o Tuiniu ARI9E LARDUEIUAZAINLAZTIALS?
4‘ a I~ = v d‘ 24
° Luaamﬂmaﬂwmmﬂﬂu@a @50 UsENaUlARLYUIANADINTS

o Jryantyminisavanvednienied Tuussennia 1wy Asueuteusnlen, aiesie
I3 ¢ & & = & B

aanlan, lalasansuau waziiwlulasiaueanlen 181 Fadunaarnnisinludves

LWWRLNAITININUITY OIURY WAZAIYSITUINR AIULAILAFINANTENUADAILINADY

Anuffsenseunszan yililaniowliu ianunse wazernadudiy a2
2.7 gunsaldAgyuasszuun1snan lniangssnuueasaning

Wwaauasoindudnbiinnszuanss Jsdinseualuiluldldanizdvaunsallain
nszuanseinty windesnisthluldiugunsallidadildlninss uaadunsaiivas aundsaul 39

o

ol azealdiiuiugunsaldus 8n leesudnduszsuuindanszualnfianyaduacening

v IS

gunsaldfayT figtadd
1. unLwAAAseTNg (Solar Module) ¥inthilUAsundssuuaseiind i dundsnuluii
Fadulnihnszuanssuaeinmioduing (Wat) Snsiunaeaduaefindvane wad
usefudiuinaniedura (Solar Array) Litelildmaanulninldnumuiisosnis Tae
MsofunUuaunsY Aiiuusiulii waznisdoruLuvIuIY Agiiumdanulnii v
anuiidamnagimansunnsinediu fagiinaliuuamesriadondsugsgalundeiuli
Wity saudseamgiindinanonisaanaasulih mﬂqmmﬁgﬁu NINAANGIU
Infihezanas
2. 1A304MUANNITUTE] (Charge Controller) siwmiiiuszgnszualniinfindaldainuna
Wwaduasefindiinguunined uararugunnsUszanszuallfi iUz aniy
wummed Wedaegnisldauveanunned nufinisiienssudliiiesnanuunine’

My fal MIYNUYDLATEIMIUANNITUTEY Ae Wedssanseualrindguunmeiau
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Wud Aznganseann1susznseualiiln (waziinazlinuandflunisdanisdne
nszualnilviiugUnsallwii nediussfuvasnunmeianasie) ssuundsamnaseriing
wldinTesmunumstszanszualnitlunsdifinafundseuluihliluunmeivindy
Lumae3 (Battery) uhidusafundanulnifindsldanunaeaduacefinglildy
nadideants wu nandilifiuaseniing 1nainasdu viethluuszyndldsudug
uwuameitvansriauazvansualidenldnunmunmengas
iwsosutasnszudlii (nverter) vhnthiuwamdanuliiainnszuanss (00) Aindeld
Nnussaduasefing Wilundsnuliinssuaadu (AC) ielvianunsoldldtugunsal
Iniilnszuaady wiadu 2 4iia fis Sine Wave Inverter lgldiugunsalluiinssuaadu
nnvila uag Modified Sine Wave Inverter 1ldAugunsalluiiinszuaadudilaid
drudsznevvessinesuazvasngoaisamusifiiy Electronic ballast
szuutasdunun (Lightning Protection) ﬁmﬁﬁﬁﬂaaﬁ’umwmﬁwwﬁLﬁﬂﬁ’uqﬂﬂs

s

ol
I vseianswilerdwihlvianudedndas lussuumludnlaldgunsaldl
agldduiuszuvrurnlnguaziianudiAgLviiy sauisfesdss uuaiuaunil

Usz@NSn1neae

2.8 MsUszgnaldausadunaaiing

msthwdanuiatofindguiundinuansssumnAnnawunasugluuudug 1osu

Anvaulakazidunionsnndu aursadunldlminusslevtiograuinunelunissssdin sauds

Tdumsvinatedanindey

A15199 2.3 A5 LEULadLaIaing

UTUNNaIAY

SEUULEIEIN9NE LT, SEUULEIEIN9UDN
P (lawny, Tnlssmonsa waslalndadhu
‘@), gunsalluihvdingneg |, szuuite-Un
Usgatnu, seuuinwanulaendiy, ssuu
S¥UIEDINTA, Lﬂ%agufﬁ, \A309NTBIN WAy

Tndseenugniadu

STUUEULN

gulnn, ansrsadlng, Whsudesdnd,

winzUgn, hanw-ls, wiloas uasvausenu
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STUULLESEINN

Taulndhesawsd, glnsénd, dedsene,
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FTUUUIZUUALADS

Ildsedlildomandy, audusyuunmes
Usgdwgdtulusuunildiilnialg,
wiasdnglvldmsuldluasaSounazszuuuas

andluiunmslna

YINNISNEAT

STUUEUEN, WARNOUNANGANINITNYAT

LALLATRIUINY?
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GRNGIe

sruvau, ssuudneengauluteul (Uers

wazUaUan) wayLadlnAnIuLLAaY

AUy

Aiw/napsvhanuduiioiveuaz adu,
gunsallwilmnamsunmddmsumieeunde,

PUHLNNELARDUN Waran1Reaune

AUNUIAU

dygraniounisenis, IWuseamIsdu-ag
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Tuldyeyrautduauu, dygyiuasas, Taul
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andmudyaululasin, gunsal
InseuuAy, gUNIalFRaNTLUUNANT (1
INYFUNVBIMUIBNUUINTUAL VTS UdE
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wasnglndndnsutnuinainainieluiui
Welng, TLUUUTERUUANBTLUUNANIRAR
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2.9 AquUsaaUsEANS A TNvowadLEaIRNg

fanUsndfgyiiaruiiwaduasefindduszansaimnisvinnulussaz Nunaneiu

a o U a o 1 ‘3’{ ‘NI o o = o
wazdanudrfglunisiansaunhluldlunnasiun naensunisinlumuinssuunIsaIuIn

[

FIUIULAILAID NN NF DI LTI LA BZNUN Tnadl

1.

anudveuasaziludndinlnensetunseualil (Current) munerudndloruiduveuas
a9 navuafldaneaduasenfindfiargedu Tuvnsdussiulniwdohadunuaglsiuusluma
anuduveauasnniin muduvesaildindumaguie anudiveuasiiinuuiiy
Tanluanwennirasnluss UsiAannwamuenuas Snfistuimeialuanmiluasoningds
anfuiiulan Ssruduvesuasaviidwiiiu 100 Sadinsremsaeufiuns FeiAvinty
AM 1.5 (Air Mass 1.5) wawduaserfindvinus 60 samiuiiulanenuiduvesuas asdien
wihiuUszanas 75 fadTnssomsamuiiuns Selawidu AM2 nsdivesunswadiasondfing

Wuazlden AM 1.5 1unnesgrulunisiausyansamueaues

onmgilazidudndrilaensafuusasiuliin udezlidmadenszualnii Tuvasfiusasulaiin
wanauiogumnigedu dlasindeudamng 1 esaneaidea Mindu sgvilvuseiulain
anas 0.5% uazlunsdlvesuniivaduasonfinguinsgruildimunyseAnsamveauns
uaseindde o gamgdl 25 esmwaldea 1wy AmualiunauasefindTussiulilingisas
\Un (Open Circuit Voltage %38 V oc) 721V a aaumndl 25 psrwaidud NagvinenIui
usefulniifeglennuasuaeniing edslaladdedugunsallaiin a gamgil 25 oem
wayd iy 21 V dngaumgiigendn 25 esrieaida (WU gl 30 adAneaTed g
vhlsiussdulaiihwe sunauaseniindanas 2.5% (0.5% x 5 smwaies) fufe usafuvaILms
LR TIRdN Voc avanas 0.525 V (21 V x 2.5%) wideifies 20475V (21V - 0.525V) aguUld
1 dogangiiadu ussiulihiazanas Feuarlsmaslnigeanvowunsuaeniindanas
sy nderimunsanandiediu deudigliazidenldunsuatending azdesddfanuanda
voumsitszylTluumndazaiinse i Munnsgiueyls vienmsguildfaunndaiumiolsl
uunsriandaszyin Wisddluigeaald 80 Tod Aanuidunas 1,200 W e #3105 o
gaumil 20 earwalToa vuzRdnvlenisszyin Wiidalwihgeanld 75 Sad fnnmidy
Las 1,000 W 6o A3.1uA3 Wavgamgiisnnsgiu 25 ssmiwailos i agnuiussiissyinli
fdslaidh 80 W azlimdslalieiingy navndanan fiiagliunsdsdosdilsfedorimun

1 Q’lj A £ 1 a ¥
wandlunisidenldiaunazuingme
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3. N30 ALALARAILNIAITLDNUTFLUINAEIT99AUUTEANT AN N1SARRILKIILABIAILIUIN
a gj Yal % dy d‘ U v a QIJ a :’1 vV
WNIASALAARI LA AUTUNNNUNBIAbazTuntN R dlalasaldazindelrssuny
wialaaawaarulunieafidld Inedanudulssunad 15 99AIINNUAY) NISTALASRAAFILE
JuNan819uINFUTEANS AN AYIIUVDILNINT 99T ZUU a1AAA LURATANT DAINUTULN

nwulile Adslndandalanazanaslusgraun

4. WUATILAY WBNIINNITARFILANTIALNZANLAD LTUATIMR s wadluuNaIuATiNasD
UseANSANTAYTINYDINITLUUNIY bNS1ElAsdIuNINLAdTEUUNAR L WHI N NaI91U

A ¢ & & | I & & v v 1Y) A v
wage1findlaowkaleansigandzneiasdusuvoynsuwkslearswaditinieiy welvla
wsasueankuuly Weilanuisaiuuatinasuaunalesansiwadie AL et wnen il
nszualiihlussuungaluald dadunaeariaduasiulainnisfiensuraaslifisuauiuads

ATFULEIVDILAS AN TaR

2.10 S2UUMSHAANIEhaliaewadnaIaing

1. szuundanseualnihmewaduasefinduuudase (PV Stand-alone system): usyuu
win LW iflFsun1seenuuudmsuldeluiiufiuuniladssvuaneddui gunsal
sEUURdAUTENoUMOLHLTAALAIDTING gUNTAINUANNTTUTZIUUALABS LUALADS
LLaquﬂiﬂiwﬁlauizuulw%mssLLamﬂL*fJuVLV\Iﬂ'mizLLaaé’ULLUUSaiz FEUUNAN
nszudlrlindeiaduaseinduuudassuanasiagui 2.9

2. szuunaanszuabniislsgaduatefinduuusiaiusyuuIvuig (PV Grid connected
system): LuszuundnlififignoenuuudmiusaniaiiugunsaiAsuss vyl
nsvuansaduliihnszuaadu ihdssuuanedalninlaenss Mndalwilundes vie
fufifilszuusmdeluindiie gunsalssuuiiddyusznoufisunseaduaseniing
gUnsnidsussuulninseuansadulwinnssuaaduaiasie fuszuudimuiglwin
sruvillaidosddeilnasluthulfiusnndendfioda ssuulalsafised asdwandily
aausduiEy muidsdindeld snldlnnndiszuuTeansudeld alufdlnannig
Ty szuundanseualniiiiswaduateinduuudeiuseuuIminguansiagy

i 2.10
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Solar PV Panels or Array -@

Solar
Irradiance

Charge
Controller

D.C. +Vac -
Load =

(Lighting) u

12 to 48 volt
Inverter N Battery Bank

|solation
- Switch

I
&

~AC. J !
| Load. (TV. Stereo)

VBD

5UN 2.10 szuundanseualiinmsigaduaserinduuudase

Solar PV Panels or Array '-@

Solar
Irradiance

Eleciricity
Grid

7 High Quality DC to
AC Inverter and
Filter

Isolation

Switch
mic Electrical

AC Powy

Electric
kWh Meter

Household Sockets

JUN 2.11 szuundanszualniimeaduaserinduuusieiussuuimiieg
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|
s

DC|nv.
AC
WIND CELL H2 1 OAL
TURBINES ™™ o 1 v |
HYDRAULIC §
TURBINE W

AC GEN.

JUN 2.12 szuundanszualnfimelsaduaee 1 ingdwuunauHay
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syuukannszLaliinaeadiaIeinduuunaunay (PV Hybrid system): iusguy

Hanbu1ngnesnkuudiniurinnusuiuaunsaindnliindua Wy seuvead

WAIDIMRENUNAIIUAL LALLATDIBUAGTLTA STUUARLAIDIRRSAUNSINUaY waz bin

S @ v & (5% o (3 [d IS
Wa9UN LUUAY IG‘IEJE‘ULLUUi%UUﬁJSSU‘LIEJEJﬂUﬂ’]iE]@ﬂLL‘UUC‘]’]%J’J@ﬂﬂi%ﬂﬂﬂiﬂiﬂﬂﬂiLﬂ‘Uﬂﬁm

Y 9

laNE TEUUNEANTE LA NI ATLA D INSUUUNANNAURARRIUT 2.11

2.11 lwa159uLa9stnas

n1si1euveslearsiwadiy Junsaunsalvimtinuuasnduainuaseringlv

WAIUNANTUITUUANY 909971A15 Ul viselssouliaidulumussuuuni

e Buneiwesjuiuuseiusruui Mg (PV Grid connected system) iuduniesines

Anvastvannuaalearsaninnsewanseludulninssuaadu

nanetdundsaulnd lnendsunlsainwaleasswadazdundsnuliiinszuansausolu
DC A1nduszuvazgaesliinnssuansafilaunainuasianluiiugunsainaniienda Solar
Inverter TaguntinNvad Solar Inverter azhUaanasanuainnasaulniinszwanslinatady

Iinszuaadu Msildmudiuseurali wasilugunsaiwdnaldlunismivau Weounediu
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o Bunesmessuuuudast (PV Stand-alone system) Wudunesiivhnihiiuvadluain
wuaLees 12V, 2av, 36V, a8V TUfulniinssuaadu 110 V use 220 V fia1u1sn

WnldlgivgunsadlniiluduisildluginUseaniu

sala o

e BuneimesjunuuNaunay (PV Hybrid system) Lluduniesinesniinisuiivisa
Aoulvsaswegluesaufetuianansasuliinnuasleasiwauagrsoanieiu
auuarsatvayulihniinaneseseudtulnvseluihainnisinidienaild

Inanuunnesaudeuasduaradululdlnanlnatvayuuwnu

2.12 BUININI5IEN1a9 L alauvIssUUNAR INHAA28Na 9 UREIDI A

1892 tUN1599N UV UUNAA LT A8 WS 19UKEID NN AL ARNNAINARNFIdANTEUU

Y 9

o w a

anunsondnle Faids@ailiauisaviuelidumdidesanivaledadeNdamasemdndny
Ldanunsamanistiassmiinle wu dusn lwauat dundsmsenfinduasanniidwindey 1Uu

AU LUINANTUINIINAIAINARADTUVDITLUUNAR INAIA WA UREIDANIAITUN 2.13 9%

Y
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@ 1% a1 v ' PN a ¥ v a can vo a al 2 av
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Annaili o aduansausulvsunesiwesedlulmundieviesuiaulinatouansyuy

Ininle Feagvilvszuulnihiidiviesouatesnmuaasssulninnvule

SGM SOLAR POWER GENERATING: Monday, March4, 2019

1:00 AM
8:00 AM
9:00 AM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM

-3
<
o
o
~

2:00 AM
3:00 AM
4:00 AM
5:00 AM
6:00 AM
10:00 AM
11:00 AM
12:00 PM
8:00 PM
9:00 PM
10:00 PM
11:00 PM
12:00 AM

JUT 2.13 nsiidsnisudalnise Tuvesszuundaliviendaiiaiening
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2.13 unasy

= a

::l' 1 v Y d' t:’lj ¥ 1 % a G4 '3
AMninaNUITaUluung 2 4 lananteszuunaanlndindsnunasoning Uselesivad

s (% !

nsuanliisendaukaending aunsalddgldlussuundalnihmendinunaeniing @4

Juaruitugiulunisinideadull uenanidsldfnuiussinvvesssuundaluilingsau
wasefindviaguuuunaiuszuuimiie JULuLBasy uarjUkuuRanta1u Faduuuinislunis

sonuuuMmeaed Snmadiladnwileansdunesinessalugunsalddgyldlussuundandanuy
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3.1 unun

Jagdussuulnihinisnszedivesdldnuuazunaindnluiinuindu vinlvlunis
mvaumaslnfiilidanuadesnimnavinlaenvuguiu deduiauduinioun1saniuenuiu
annimn3nvesUszmAlnedalaiilasanisdiesdvases warnisiiiidruglinig (nvln.) Fadusy

o 1 (.Y

nsaidndmhgliivualugfejsimussuulniineihluglasanglwihdanses Sidwane

9

nsamuszuuneluanfldussasliduandluddaases 1eeanssuudealsvetaunsal

Y 9
<

vosan il lusfnagldszuveurdenlunisiearssemingunsal deazlimedngrudnau
un fenulsiudueulunisdedeya uaviianuardrlunisdeanslussuulosty fnasilvinng
yhsuvesgunsaidestuluanflaihiinisinuiiiawatn dafusuamnsdunisiani i
Faasoranldiednduoddeianinnuidgmnisauau ssuulnifdadu Taedaguzui
1msg IEC-61850 anldluandlaiiinthsuds Sadiuinnsgiunsdomsvesgunsalaeluanii
nlfingaa3es Tuuniasnanfmdiivesandlnihdiaies unsgiu IEC-61850 nsfoasuuy

2UNTY warM AT MnseAuLTITUAULAzLIIRUANME TEUUNER I ulaseTing

3.2 anillWin9anses

aniilifinganior amumIgIu IEC-61850 anunsasessunisiiensiedeaisteyaves
gUnsniiney iuedetneldinetuiarliTnd e Tneasvhansniudulaseiefsyuu anuns
Anseiuazudlatymunanisallaiindadodld sanss gnieswarutiug fadlgunsaiinnsgu
IEC-61850 vil¥gunsalszuumunauuarszuuiaatuialdosaduiusfuinntu aifnnis
Sanvasluszuudming fezdfuiliduiosatazarunsaldfleidul szanduesgunanissuy
muaumeluanflalin lunsleszfmaaiamadodades uasusnuesdmiidadesiueen
w¥ousdelinduinludiniilulniliedesaia Fensdamaunsallunisdeunss
thssfnmazmniumsizgunniudasnanfusiannsadendeuandsutoyatuldanis
msreldanslondaiuas sautsanfununisdamaevosuadluliniamn dmalinisdng

was i ivssansamuasduas aseanuweiulussuuliiunguseneunisaagsiauay
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AAgRanIsN pevauasusilutyminiidulisgsansa lnsazdeanlgmivan ludy
Inseniu Hroifivemsiuadunssielnii sesfunisveneiveaningsia granmnIsy uas
sviRaLTlen uaﬂmﬂfjé’ammmiaa%'uﬁuimamsizum%ﬁﬁwé’q%Lﬁﬂ%ﬁluamﬂmiugmwu
Y84N1159AN150AT9U 8 AU UL NEINEANTEI18AY %S0 Distributed Generation Resources
nnasunaunulugUuuua1e Wy lwaduaseing wasuan wasdauialaegisd
UsgansnmidsaziBunisaduayulvinissusedannisddesfiiniounsyan (Hulvegiadl
UsvAvidua szuvaniliifidaaiosshmhiiugiudsd

1. mslsuinislunsdnfedayanisszuulatitniaszeslnauaslng (Remote/Local) iiu
nsaevanuzgunsalliih ieuinseroutlunsfesvasszuutlesiu (Relay Setting)

2.n15AuANn1siiuglnsaldnelidilosyanauaslnessuudnludd
(Manual/Automatic Function) Vidluwmnisaiunfuarlaiund iwu mssnunsgdunsssiuli

3. nM3dannsszuvdeansteyasyninigunsaisnglniiiuas ssuumuaNve quidannsg
(SCADA: Supervisory Control and Data Acquisition) ﬁﬂmﬁ%’au‘jaﬁﬁﬂmmwLLazL%aﬁalﬁMﬂ
e

syvuanilniindeateosi3uduimuiuiain RTU (Remote Terminal Unit) uay
Protective Relay dudugunsaldidnnsedindiivssneuseyndudsdyannines uavezunden
(DI/DO/AI/AO: Digital Input/Digital Output/Analog Input/Analog Output) s1mveUsEneURe
flafdunisyhaudaduvensuas e ia aoiuz dyaiandou i’mﬁ%mmumiﬁwmmaa
gUnsaideluih uastiosfuniademevesgunsnilaih Tnedriauazanugsing 9 duasgndaly

Ly

§332UU SCADA Lﬁaﬂizﬂaumsé’fm%uiﬂunﬁmuquaqﬂﬂizﬁmif\h81‘1/\1‘1711514 9 H1usEUUADaS
foyaseluslameaioonuuuandmivauszuudaludalaoonts Tutlagiu RTU Sailldedng
unsvangluszvurnndnvdessuudilifiainududeugs @i Protective Relay singnldlunns
Auszuulasiuagume)
dmiuszuvnaigiduszuvanilnihsaadezsudniiunumsuidesainlaseada
waranUnenssuvesszuvanilniidrasesifunuunszarenti (Distributed Concept) 34l
mwmm%aﬁalé’qﬂmaamwﬁy’qisuwﬁz%m%mwhﬂ'13*1/‘1’1@1145@3@Lﬁuﬁ’u losnszuurhae
Tswawoivaned (Multiple Processor) d11n305833uuiifeanisnisnevauesfieninuia

a9 1wy eulaudelvanliilaednluds wie nussuudasiunslnih
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3.3 Tasead19vasszuvanilunnoanses

szuvandlnildeniesUseneudegunsaiBidnnsetinddenies (IED: Intelligence
Electronic Device) wang 9 Usziam viwtiiisnadusu ugunsaitieadiu (Protective Relay)
qﬂmmﬁ%ams%ayja (Data Communication Device) gunsaia3uAu (CU: Control Unit) 130
wiinseiass RTU IED (Remote Terminal Unit Intelligence Electronic) LLGiazﬁa%Qﬂaméﬁjamu
Tnssasrsvasszuuanidlniidandes Tusgfuniiuaznnsy uvesiu Tassadavessyuvanid
Inifihdeaiesldgninuiad 3 sei Tnsusassedulviindsd
1. seiuanil (Station Level) fntiillunisdedeyalsiszuy SCADA nsdan1sszuusmlusa
seauanll (serinegUnsalintudnIasIngy W seniaemdenlamds) n15dnn1sinsIen
ward5eatoya N19LU139MILLIATTENI199UNTal (Time Synchronization) N153nN15dey a0
Aou anuzuazmsudsunvasnigluaniides uaznismuaugunsnidslnimuszuy
ABNWIWBS (HMI: Human Machine Interface)
2. 5eaunud (Bay Level) finthillunmsdnnsszuusmuifseauudseninneluudifieniunie
nauALIAY WU ngunsielUasmafe Ity n1sistayaangunsaldnelniii (Data Acquisition)
n13dansNIsmuAuaUnIaidelill n1sdanisszuutosiugunsaianglnii
3. sgeulusiwa (Process Level) ﬁuﬁwﬁ%aumsﬁmmwmwwqiﬂﬁwmqﬂmgﬁaﬂwiﬂﬁwlﬂﬁq
STAULUY 11U anedygiuaInssLaanudenuasnszua (CT: Current Transformer), @edeyeyio
A1anuzeIgUnsaiangliin Wiy anusUanduvesiusnines aedyauaiuauaunsnidng
i 1wy anedyanaanusnines wazaedyaudeasteyadmiugunsaidnelwiasslnsl
751 IED vuadnisneludngunsaliangluil 1wy nifeutasnszuadanios (Intelligence Current
Transformer MN1ASF1Y IEC61850) n1sldanedyqyrnudoaisteyaszaruisnandiuiy
maé’ﬁyﬁgwmﬁmgqﬁlﬂuwaqLLm wasanunsaRnsszuvdaadluidaasesldlaede Su

\Wesnnanedyyadeastoyaneanisiuitlun1sinasioy

3.4 Uselavivasssuvdaniinnnoansey

Usglevuvassyuvanilningaasesarunsoiinszils 2 yuued fio N9augsia way
memunaialngluunanudaznanludnvaslagsiy lawn
1. iinuszans nwlunsldauseuulnin (Enhancing Power System Operation) Lilosa1n

seuvannilnihdaasevanunsadnisdeyaveuwsiazaunsallifin vinliiminsliiianansaiia
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AasavasiiargUnsallnfinlaase wazanusadwIumszesianuUaendy (Safety
Margin) vasusiazaunsallaegregnaes inlianunsaldenugunsallwiildmunsauivinaiway
ANHENNTAYDTY

2. unmAuvedteliuagaitudangulusgsuulnila (Increasing Reliability and

'
va a v

Flexibility) sguvaanfilnil1daasesiissuudalut@andnnisanaindndosnieluinvinlian

(%
%

sypghantniidu Jesdugunsallniisiangetisnduliewnannssuadniwnsvsoudnseiav

1Y

nsUanlnaailuddgiitesnuilnanndidgeill Asietnssioluil

3.5 41m337u IEC 61850

JEUURDEIMUNInSg U 1EC-61850 Tuaandges iy umaluladdearsiieades

a a

Auluslamea u1msgIu IEC-61850 augy1nlviiin1sdeasseninegunsainianiuy e gl

q

(Secondary Device) luamilgesuvuifiesyifies (Peerto-peer) Fsusazgunsaiazdansiv
deutu lasnsdeasssnanldnisuimsdeansiSonmamaiiain GSE (Generic Substation
Fvent) Bsaziiannaniguuaziinnudedieldifivmelumsiosiuauiioman nildudenum
dfnyianlunisuinsuun GSE ufe Yemnu GOOSE (Generic Object Oriented Substation
Event) uazifioayinanl sy Aansa iy

TudlagUuuinsgiudearsuuvaina dmsugunsaldiannseindninauniele

'
= =

aninuwinasuanilgeeluiangnitunldaruuiniga e u1msg1u IEC (International

Electrotechnical Commission) Tngdinilslusnsgiundrdyme IEC-61850 Faldgnineunsuagly

o

AuegnIreluFenisdens, ANuAmY wagsnisuanildeudeyanldnunigluand

Y RN 1

go8 wiod1alsinm 1nsgIu IEC-61850 WudnisuiuuasgudunouninAdodnduninsgu

a

Tnllpgdnisludmunendnde desnisvirlidulaladngunsalnesuymieginuiaindagugn

U

o |

au13avneusuiule (Interoperability) Tnstanigdinsuinnnisal n3ediaud (Event) il

(% 1

AudAYE WU sruutesiuvesgunsniiunininu Juwaea GOOSE axgnldlunisuaniufey

'
[ = o w

Joyadmsunundanuddygiumaiotieviediuuuudinesiin (Ethemet)
gunsainemuniegiluaniilges endiegraty Sddesdu lagniauisesunsiad
ddnwseiind wndugunsalBiannsednddaaies M58 IED (Intelligent Electronic Device) 7
Tgmnuanusaveslulasraulvsaaesadelmilunisdeansseninegunsal IED fedu dnanly
Y o aa o o o« aa ¢ @ 4 o o o = =~
wndaiiBnnalulagndrdny Aewaluladdmesidagadunumwanlunmsiauinisdeansluaniil
L4

goslnglanizoUunsalainddineside (Ethemet Switch) WUU Layer-3 394 MUEINITOVDS
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| Yy a

wseneviesiukuuaiion (Virtual LAN:VLAN) duiinadnandilunisdadeya wazn15nivaunis

' 1 o
e 1 a A d"LHJ U

Inadeyafiiduedaun awihlbidwesidanareidunalulagndedeldasuazmueiussuua

LUULIAN3 e

wmsg IEC-61850 Iflp3sunisuinmsdeansudadudesngundnseninausiasioufia
(Entity) neluszuvannigosdnlud® (SAS: Substation Automation System) lnenguusnazly
wannsleaatoudidsnlines (Client-Server) Fadunisuinismingaudunissesaumgnizal
(Reporting) wazn1saindsainszezlna (Remote Switching) Falsisjaiffunissuiuuuiiaiass
dwdunsuinsnguilaeslivdnnisuuuidiefyiies wangdunsdomsvossruunudisia
AngAvnadunm Wy nsdeansszndne IED tleszuulesiu viie stuusaluifauisigs sy
Lonans @ IEC61850-8-1 53131 GOOSE Hugnaunwilidsuuuusenmanuuuiatzaanguiiy
(Multicast) neluiasetheviesdiuld vilimdsduaruannsadelivals D vhaundouduld

gNAIBEIN NISYINIUVR9HaNYU CBF (Circuit-breaker Failure)

ACSI Services

ACSI Client ACSI Server
At N
/re’avuest AT a_ > 1O data
1

Application |1 LAN, WAN
I

res Se

GOOSE message
IED or Sampled values
N IED
multicast
IED l1/\163

\
' =

Application Application Application

1O data

L IED

|4

I I
| | i

/O data /O data VO data

5UN 3.1 usuan13uIng ACSI
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[
[ &Y

dandafiddyiiufeidnsdeudenuuladnidunsdeudenielugenduad fisendn
ACSI (Abstract Communication Service) %QLLamiugﬂﬁ 3.1 %QHMUQuﬁwwﬂa’li du
IEC61870-7-2 Faflenunisuinisfiugrudwiugunsal 1ED Tuannildos uarléfeny 2 nqunis
doansauuy Taaleudldnnes wasflofyifies dwiunisuinisuuy GSE duliienuduey
arudeialiuuunszasnneiadeyauuudunnnaziondng vullugiuvdnnisiuanged/
Fualasiuas (Publisher/Subscriber) g ULREITENINFHANNTAITHALETUNTAT TBN1IAINAT
afuayulunisudamgnisalluannildesuvunsznsliinnnimilsgunsaliiunslduinistad
madlazuTenmaRsEnIdstulaziu Taedl 2 sedumugu (Control Class) wazlasaaiiaves
wangafignienslusnsgiu Sufte Fem11u GSSE (Generic Substation State Event) fianunsa
deanuziuvanwuzaln (Bit Pair) hazlualga GOOSE (Generic Object Oriented Substation

Event) flansnsadstoyaludnunzyauestoya vio adien (Data-Set) Mfszifounuuunuuas
YoyaiunnitnazJagugnldaruunuil GSSE \Aeu 100% 10UlIAvT8INTAATA1NTY
11A5§1U IEC-61850 wagn1sieusennsladnavuansiintih 13 vesdiulonans IEC61850-1 Ty
Ifszyin nadensieuvulaind 8 gnlddmiunsuaniasudeyalaensasznitaud (fesy
%) useehslsfmumaes GOOSE Adsenagnldszninsgunsalivdlanadtvamduiana fauans
Tugu 3.2

IEC-61850 1Wusmsgiuanadmiunisdeansluaniidos faelvanansaysannisnsg
fosiu mimuau nMsiauazmnsaseuivmanieluanddosuaziifisnisdesiunisldony
anillwihgesainuiags nsldaiaseunquiaelianmnsasuiiadidrfuszvudosaans
Saludifves IEC-61850 wavlunanfeafuardrsliaiuise Wousreduniion1ssiuag ves
AnAnsnesiumetiansEuIuNg IEC-61850 35731871 ANNAYAINAUTBYBIBINesLTnId Ay
Uszansnmuazanuvaeassdadudeduduluanndlwirdesluiiantu Sadideldau EC-
61850 axfndanindisesiinuuurniliimeuniasBmesidaives lufdudasnisuenvie

o v Ao & Y a ¢ & | a ¢ a ¢
G]’JLLTJa\‘]GUQJ‘JJaVW']L‘UULLaSC‘\@QNQUﬂim Ethernet ll']WiiquLWWUULGUua']VlsULLaga']WﬂLﬂiﬂ
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Remote control Technical Services
wel @

STATION LEVEL FCT.A FCT.B

PROT. PROT.
Remote ~ Remote )
protection  HV Equipment protection  HV Equipment

5UM 3.2 Msnduveanisusnig ACSI

3.6 msﬁamnm‘uaqniu

[ 1

n1sdeanswuvaynsutuIflianudrdgaenisidaululasreulnsaaesuin inee

o

< a 3

grunsalrudufiunuasanninees PCLUudUNALaLLan

q

walunishnsensenluay
lulasmeulnsalaeimedyniaed ooy 3 LEWYNEY Ao @vdedmanu TX, aesudymi
RX wagane GND 8n31nsdadeya (Baud rate) wieminuiivesnissudedeya iudniudase

Aundiiu 300, 1200, 2400, 4800 , 9600, 14400,19200, 38400 ,56000 tHudu n1sidensnsINg

1%
=

detoyafuedfuvilnvasangdyyin, Teeema iasUSinudygIusuniuy JULUUNTERATTLUY

7] o

A a

aunsuilceiuey 2 wuu Aewuudalasia (Synchronous) wazluuaz@alasifa (Asynchronous)

nsdeanswuudslasavsiidyarauninududiiivus e nainisdsdeyasiuegiied nidu

wils Madudygrudoya degrudu nsdsdyyinainfduasa Wudu nsdeaswuvey

Y

Falastia (Asynchronous) Wunissudedeya Ineiiludndudedidygyiauniinisiuaie uwiagly

a1 W

Widhdawaydsuildnsdadayaiiviniu

o ! [y o

RS-232 lwmatindgygrusudsuuuasunou (Common Mode) dgeyraiudauunay

o

¥ '
= IS v

woutuaglddya1uns 1R (Ground Signal) WudiuSeuiiisu Jymaziiatuilessaudymiu
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YY) 1

NINMATDIRITULaYFd WA Y Basesuduaanana1aiuuinmils ASellnasanuRanaIn

e ]

Tun1s@ansuInT Uty LWiﬂzmiamm%maﬁ%’UL%flmd'lLﬁu@uéﬁaﬁﬁq%@mmséﬁ’umm

U

v o £

WANAsENINd NI 1R Udy atayanTun wasBadlodidya1usuniu d@eauwnsnia

a v

wluaedyaramnuinls Adeildnsienudygrailentaianaingaunds wsenuned

¥
=

seiuaERananlunsivdsteyaazgeluauliannsadeansiuld viedosanseiuanuisly
A5AeANTAIN

Rs-485 Junilslunnsgrunmsdearsuuueynsa (Serial Communication) fignimun
Junlasnduitusinsgaamnssudidnnsedndlulssimeansgoiuinn (Electronic Industries

Alliance (EIA)) \anauauadsionmAsenidauiidesnsweusegunsaiviae g fuutieae

'
=

Wweau Inefiszeynanisdeansitnadu waslinuiisudseyaniastu Wewfisuiuuinsgiu

Y

U £

Msdoans RS-232 winkaTin1sdedns wuu RS-485 anunsasudedyaadoyaldlnatunasi5ilu

A

w31z RS-485 Thmalladyyrasudanuuininetsuidea (Differential Mode) aglailddygie

¢ & [V 4 a A a = J PN J [ 1 [d o w o 4
N5 UUIEAUDIID9NIDLUTEULNEU LLG]"USQW@UWN@WQ%@QH%@WQA%@QQ&WUL‘Uua"lﬂm I

>

Jayrsesanuunnssvasdyaiunsinsenitnelnsaisuiazaunsaldmunly wmsielign

Ulgineds wagdnmnganenldsuasdyanaiuiudunisinssBdmalvidyyinsuniuain

Y]

neuenfigeaunnidunlugaisfavgnindneentulilaedis vihlinisdeansuuy RS-485 nusie

[ 1

dyausuniumeuenlags annsasudsdyaralalnalunazsivulewsauiisuiumailn

> Rg7)

Aty ey UA UUADLNDY

Msdoasuuy RS-232 Wumsidoudeidugadeqn (Point to point) Seazsegunsalds
fush$udeyaiiissgaidendaguil 3.3 uinnsdoansuuy RS-485 f8nwaznsidenserduuuy
na1899 (Multi-point) 138 Multi-drop #3307 3.4 n1sdeuuuvalsgadsinliaiunsoues

[ 3 LY o 12 . o a & A ¢l 1
anedyarantudaiidyaald (Signal Bus) 31uiumsuiianeivizegunsaliiaiunsnaguu RS-

485 Janflagnivualin 32 aunsal lunsdindeenisiiuagieslidiniudyyin (Signal

' ¥ '
v ] = =

Repeater) v3al4ds-Sudnyarauniduiiuaudgadu Jusionaiiuimiugaeusiedulate 128

A

0 AIUYIIVDIAYFY QY IUAULINTTIM RS-485 Uanunsaenilads 1.2 Alawns nsdeansay

o

1 1 4 % = [ v Y LYY A 14 = [}
Jusuvasamalidniouriu (Half Duplex) Aonisdstayanaziudayawuuaduiu ieonumile

Toya Sndnuniladudmsudeya lamsesuddunandeiuld
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Point—to—Point

gﬂﬁ 3.3 mn%amiaqﬂﬂiaiﬁamﬁ RS-232

T

g‘dﬁ 3.4 mn%amiaqﬂmmi?%ami RS-485

3.7 NMIWAUYMITEAURIINUAURAZKISFUANALTTUURARLWHINA S UKE I ing

wsarulninTn 5 UasuLUaINaanIaIn LA YA UL UaIue9US UL LT
Usinaunisaslifinluaneads nspivauvesaudaluaussuulnii waznsinmeaniulussuy

Hesangliluiadesnisinuninussnulniinnyadensndulunmuinaueiianas deiuiadu

' '
Y a a

wihvesgudnivaniagdetsnivauliusiuduluaudennas nsmvguusaiudutymves

Y 9

o

[ ' [
1 LYY

wrazufireiun1suidymIesiduiug TnedalviundsSudnemdsiniadiouldieae
diemuauusssulwilsldmuiifmun isaansafmundgmesnldifu 2 2 e FasUnduay
F9gnidu dmsuunasiuiieiianaiouw wuadu 2 diufe Static waz Dynamic ludiuves
Static 1A Shunt capacitor wag Reactor @3uvad Dynamic i w3asdilaluldin, SVC, OLTC
fnaulaesnlusi® 1Judu Jamaguimunudesiaideyafinauanuniesldauvesgunsal
wasidutunounismunu gunsallimnzantunissesiuluaniizUniuazanidu dserauilug

n3iiim Voltage collapse wag Cascade tripping @eagyinlsnaluauiduusiianing



37

wseulniluniislud@ianaunmlniiasiigldlndn nnsdsnszualuihanlselndag

aginglnavgilmfausaiulniagdsluaedann dwaliusaiunuatganedanasiindie

U1N351U N13AUANLIIFU LN lAra187T 1y n1sAIuANAIEaUNSAIAIUAN /ALY

usafulninde Capacitor Bank w3 Shunt Reactor n3AauAufiussfuidrveslsaluiiviiy
5¥UU Automatic Voltage Regulator (AVR) 1usu

nsAARs Capacitor Bank videdfuuszglnifiuunalugsuaumaneya fldouiudamn
Tuszuulin Fadugunsaiiadreidsluinadoulsifussuulnih nsun Capacitor Bank Wnld

uluszuulvinazasnalianidslndaiouiudy Jsanunsaiunsssulwdale wazlunia

(%
Y

nauiu mnassnsiiussiuliinluseuvenas agleisuan Capacitor Bank ®8ana1nsguy dnvia

o 4 d‘ Y ! 1

FIMNRUINUSUAILNILIBS

wilAa$ (Power Factor) wasszuuliidiAngatu 1iefiaglidoude
AFukazanmdsugadsluseuy dmdsznauniglu Capacitor Bank eUsznousegunsal
AUANAIFIUIENDUMAY (PF. Controller) fiatfiuuseqlniin (Capacitor) wazgunsaldnsofaiiu
Usqliln (Magnetic Contactor) Ingd1urunievuinven@inesiigosnisderdrfiuszuy
Inlfhastuegfumidsnuaiouiiiatulussuuluvniziu Ts Power Factor Controller agh
MsasainaesuAmesessEUULarasdIn s Maenetic Contactor Aevisauanaund
wosnnszuuitelldAmnesulawmesmudoss
Shunt Reactor Wugunsal gady Q wilanils n1siruildeuazdsnaliaidslni
adiouluszuulnihianas Feaunsaanseaussanulniile waglunenduiumindeanislv
wsstulyifinluszuuifiadu faunsavan Shunt Reactor aonainszuvliiin Feanaudfves
Shunt Reactor ag Capacitor Bank aisstmiu
Static VAR Compensator (SVC) L‘T;Juqﬂmajmqéhu Power System Stabilizer (PSS)
yianils gunsaivintifinuantAfienAeaingn Generate Q wag Absorb Q TuAszuuiionns
Uduugsrussiuliinle auaiBves SVC AevhamuiesnwiaiosnmvideifiuAnaiosninves
zuv Wieliszuufinuiuawnniy Tasesnuuugunsaimuamduuuy Solid State Shunt
Capactive U@y Shunt Reactor finvmanansaufuaidsiiinasioustusioidles iiugunsald
Paglkszuuiiauiiung gunsaidulseneude dufulsequuiu uasiuonmesaunu Tasd

Thyristor Switches tJusmuaun1saeiassuaniiv
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3.8 unasy

a Y 1 = A v a = o A A v ¢

unit 3 lanandsannllnihdaasesdeanunsasesiunisiwensiedeanstoyavegunsel

#1199 HULATEUIE MINLIRSFIU IEC-61850 Tngazvinnusiuiudulasaieiiszuy Fuduisly

nmsundgmszAuussiuiuuasusunnmessuunanliinndnunaseinglaegesinsuay
e o & ° Y Y] ' v & A | ] ~

wiug vstazdrannsasnanulddusuinidluniseonuuunsfensese nisaailni ey

n1sudnlninsrendsulatefing ieauauitdlninialiouvosssuundnluiingay

WAIDNRE



uni 4

N13DNLLUUNTIINAM AN

4.1 unin

Tudlagtufinisfindeszuundalnifondsnuuasorfindifudiuaumn uasdadifie
yansiadsiifiutudngae osnnszuunaaliihdendnunaseified dufiauduailunis
s wianigmitldnuthilussuulihiineunihdldndnaniufe wsadulnilussuulad
wadesnm uniumidussuulnihiussiudiiiniwnnsgw hldesdnsiiviiuiiiidming i
fiosfinsfingUnsaiunegafismdiluluszoy itelfsedunssdulniasdu Feanisemugussdy
w39 WEMENN15I0S Volt/VAR Control Aenisaauauuiiarsidsiwiliadoulussuuded
naviliseduusasuliiidnmaasuulas dsdudeluszuulnihinisfiadssuundalifae
nEauuasefingogudtu Sntseuaunsnlunismugunisdiemdsiiiaiiouvasleans

BULIBSLABS ?NLfluL%aqﬁmiﬁmimmﬂiﬁszuumémlvxlﬁwé’:]8wé’wfluLLaamﬁméﬁa§Lm'az

' £%
a

swisluanedsvasseuulni Prefumuauszaunssiiialnilussuulniiiadesamnnay 3q
Juiunvesnisveaesll Jeazviinismegaunisaivaunisdtenidsliitaiiousesleans
duneiwesidunusiuamaslniatiounluszuulnihdsdesnts Inonishsdeyaluiives

szuuNuan1 Tl

4.2 szuuran i drenadsunasefindfildlunisvaass
sevundnlilimdsnunasefindfinaasssznoumegunsaindnie waduasening
Lazdunesines lumsveaesidunissiassdnwnatiosnmasausssulnilluaondlui Tnonis
Tz uunanlrifinfengsunaseindinsane fagelninadioulisussuulnfiniiovae
trdsluinafoufiAntulussuu Inslugunsaivesszuulniimdsuuasenfingtu gunsnii
anunsademidsliiiatiouldifeleandunedines duiulunmnaesasldnisaunsleans
duneswaslulrunvesnisineiidaliduadowlundn Tunsveassazldszuunanluiinie
nSruusmeingiiinnssluaadluiihilng snaethlng Smiauasswdun faimdhaks
yosunslgansioad 5 kW Jauwunimnsideusevessyuulnimdsaunasorfingluaaiilndinc

ey uanedsguin 4.1
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DIESEL GENERATOR

SUBSTATION

SOLAR CELL SYSTEM

o
& _ gl
—

SUBSTATION LOAD

sUN 4.1 szvundnlnimendsnunasofindnlydlunisneass

yuunaalnihmendsnulaseindifessluanititalvg axdinishesuneleanisivas

IR 325 W $1u7U 16 wis wavldleansdunesines 5v%e ABB wu1n 10 KW 3P LLamﬁquﬁ 4.2

[ v

lngsuazldunnuanvasraeleansduesnes Aagun 4.3 wenaindlssuunaatifiinie

Y
4

wasafindwardsfiesaendalnidfwalilgnsailvidnainssuudrmheianiseuau yilssuu

LY [

Fatindaulndly Fadnannirsuastnidrveweseenndelididsawasssuundnluinae

PRI ULAIDN TG

UM 4.2 lgarsdunesinesililunismaaes
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Technical data and types

Type code PVI-10.0-4-0UTD-400 PVI-12.0-1-0UTD-400

Input side

Absolute maximum DG input voltags (Viaeaks) 520 %

Start-up DG input voltage [V 200V fadj, 120,350 )

Operating DC input voltage range Wasmin. .. Vacma:) 07 % Ve, 520 W

Rated DG input voltage (Vae) 345N

Rated DG input power {Pax) 10500 W H 12300 W

Mumber of independent MPPT 28

Waximum DG input power for each MPPT (Puretias) BE00 W

F?ﬂgF"r]IP;tt gi\xtage range with parallel configuration of 000 470V H oE( . ATV

DG power limitation with parallel configuration of MPPT Linear derating fram max to null (47 0V=Vierr=b20V]

A P oE00 W [ZE0VE =470 600 W SV <470

00 povetimimicnfor et MEFT il idependens | Bt chemnal = tooo oot chamal F s

fh‘ﬂa)(lrm;r'ﬂ D nput current {laome) / for each MPFT 450 Am:24.0 A 0.0 AM;:&O A
NPT,

Maximum input short circuit current for each MPPT 29.0 A

Mumber of DG inputs pairs for each MPPT 2

DC connection type Tool Free PV connector W / MGC4

Input protection

Reverse polarity protection ‘fes, from limited current source

Input over yoltage protection for sach MPPT - varistor 2

Photovoltaic array isolation control According to local standard

DG awitch rating for each MPPT {version with DG gwitch) B2 A//000V

Output side

AC grid connection type Thres phase 3W or 4W+PE

Rated AC power (Pwr@cozg=1 | 10000 W 12000 W

Maximum AG output power (Pammex: @cosd=1) 11000 W @& 12600 W @

Maximum apparent power (Smax 11100 VA 13300 WA

Rated AG grid voltage (Ve 400 W

AC voltage range 320, 480 V1

Waximum AC output current {lamss 16.0 4 I 15,04

Contributory fault current 2504

Rated output frequency (f) 50 Hz /B0 Hz

Qutput frequency rangs fuin.. frad 47. .58 Hz /57.,.63 HR

Mominal power factor and adjustable range = (.895, ad), £ 0.9 with P =10.0 KW ! = (0,995, ad), £ 0.9 with Pae=12.0 KW

Total current harmonic distortion <2%

AC connection typs Serew terminal block, cabls gland M40

Output protection

Anti-islanding protection Aacording to local standard

Waximum AG overcurrsnt protection 20.0 A

Ciutput overvoltage protection - varistor 3 plus gas arrester

JUN 4.3 Tgazidennadinyazveslyanidunesines
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Y
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fa, IAnssuuIvuY way 33'U‘UwﬁmiWﬂwﬁwwé’NmmeﬁméIumimaaﬁauﬂad’mﬁ%
ldhadoyairdelnirvesssuundalrilislondenuiatoniing uazdayavesszuulii
(substation) Ingazdinissuardeyavesnisldmdlniiatiou MAatuluszuulni Wothan
mugusTeidlniiiaiiou vesszuundaluliidiondinunaeriing Fadoyamalii
sywiesruuRdnlnlihfendiuuatening was @il duszldunannisideulsunsy
KU PLC (Programable Logic Control) n1sfsA1dayavesssuunanlninmendinunaseing

o
= a o 1 [

¢Fei1U Power meter insAnfeglvaiduiesines Awgun 4.4
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JUN 4.4 fumiavaen1sings Power Meter

DIESEL GENERATOR

i
o
SUBSTATION

P W Van v
Q VAR Vba v
SUBSTATION LOAD PF Ven v
Freg Hz a A
Vab v b3 A
Vbe v Ie A

Vea v

JUN 4.5 Amsliihiaginisuanananulusunsy
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anriliiinlvg uaandlndianndd 2 vessemalneiigniuasuinnisdearsves
gunsallusuuuueundensnidunuudinea Tasnsdeasvesgunsalluszuvaaniazld Protocol
EC-61850 ihusnasgilunissudsdoya Seanagiu IEC-61850 duiiiaruiluaziadosninly
nsdeansvesusazgUnsalluandilniinunn

duvastayamsliihvesanndlniazlaunannisisteyariu Gateway vasannillni
IngunAanniluidalng o.dhlng) 2.umssedun Aesdseauwserulninlussuvdsey 2 seau
#9115 kv uay 22kv lunsassmsdeidsliihiatiouvesleanidunedined lunsvasesd
wdenfstayavos wasluseiuusadulndh 22kv Fedrnusaslussduussdiulii 22kv dud
2410 2993 Inglunsvnaesaadagidonuminmsio 29937 1 lnen1sisdoyaduasfisdinu

GATEWAY Mvimihiilunmanmuuazsiudeyaniabiiivesisasi 1 luseuu 22 kv Asguil 4.6

- g
o= 22/01/2019

! 2 10:24:33
PRECISE

FROM B AR A

BAY LEVEL

?REPURI - Acknowledge All

gﬂﬁ 4.6 Gateway U933 UU 22KV 299591 1

Feluszuunagldlunisdearsteyaseninanfilni wavssuundnluimendasny

a o‘a’ljgj ¥ a NUEYEPN % P | [ 1 Aaa a ]
a9 ing il Avedannszuuildaselulagiu Aediulnguaiumisaniunininisinns
seuunanlnfindigndenuuaseindiuaglieglndaailndnanely vilinsdeanssening

aoilnihiuszuundsliihmendsnuuasonfind Sndudedddnisdeansvesdeyanedyayals
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NANURADITINEAIFUN 4.7

NAsNdeyan1sdeanssenitvanilniwas seuundaluinarendanunaseniing

wingauiagdoasiudiunenannnImuaedyaia dulunisieteyanialniives
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anilnitusziinnsiensgunsalsudedyaraingielalunsdeansiagun 4.8
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Solar farm .' K (i

', /) Substation

Solar farm
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PRECISE

BAY LEVEL

Acknowiedge All
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masluivedlgarsduiesivnes lunisneassligunsalviuinfife PLC(Programable Logic
Control) 88 SIEMENS Ju S7-1200 Fspsauaqusonisvinauluilsiduiuniaziindulunis
naesll Felaasunsunisdoanssenindearsduneswesiavanilluiy aldlunisneasiifagy

#ia9

—— =
CENTER |BUA YAl SUBSTATION [ : ser  zoum
— = ARG s 10:24:33

PRECISE

AL NGV | ZAVBUST 22KV BUSZ

STATION LEVEL F _
_—= —
}| P
x H g i
1 } A 1 i
e posii e Bt s T |
022 61 wiwaza |0 mwsms | | siasmm
| 2vreeoks LU v recoers  JUSE 22 6us secrion §

BAY LEVEL

?REPORT TOPOLOGY Acknowledge All

5UN 4.9 lnezunsunisdeanssenindleanidunesinesuaraniilvin

SULUUNTADEN5UBIPLC waz GATEWAY dadufiiumavesteyavesaniilniinaing
214 Protocol ¥iln MODBUS TCP/IP 1unnsdoanslasazlsmassinu GATEWAY vty
Server uag PLC L0u Client Wiefl PLC aglufadoyamaluiiiarnanniliin wndszananaiitold
Tunsmugumsiauvesleasdunesinessely Tnafifdldann Gateway wansfagudi 4.9

walunIsnaassdldiesaiasindnatiouvaassuulniwingy
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TR

II"rI“I i 5
= T
hase AB Amplitude_(repeat1)| 6 22 Measurement
¢ Phase BC A -Grepeat)| 6 BT
IUca Phase CA Amplitude_(repeat1) 6 22 Measurement
AAm le_(repeatl) | 6 22 Measurement
1]Ub Phase B Amplitude_(repeat1) b | =22 Meastrement
C Amplitude_(repeat 6 | 22 Measurement
(repeatl) | 6. | 22 | Measurement
- (repeatl) : 22 Measurement

pitude iepeatt) | 6

= i e
L e o G e e e

gﬂﬁ 4.10 fsliiwesanilnilneasd 1 fifeléann Gateway

ndeyadrrdelwiafilaurarnanidlnilidaigsuszanas 500-1000kVAR 3
AsELnsansiremdliiiaiiouve daaridunedimesildlunisnaassiuiildussunn
5KVAR Wity ilinsmnassiidesandnaruvesirdslninaioudldananisasindd 1 ves
aondliag Inglunisnnassazanas 250 win Imm‘%aﬂ%aﬁﬂé’ﬂw%Laﬁauﬁgﬂawauaaﬁimj'jﬂ

Qscale1/250 wazlun1sneasidazinisifeulusunsumiatouan@AoIn1shanIuIbanduu L3

U

WIwesBneie fagun 4.11

EEEET s ) -
19216803024 ax o

SUBSTATION
ey [ r s aw Ven 12960
PGS0 W Q I VAR Via 13016
SUBSTATION LOAD P 09684 ven 12965 ¥
Q3n1s78 VAR Freq 4997 Hs L ssos A
. = w2498 noosest A
| Ve 519 e 957 A |
Qo VAR )
Ve 231V Qualel250 3608 VAR /

5UN 4.11 v 9suanNavessuUlsulusunsuiiui
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4.4 szuuaIuANNITTIRMa Wi aliauvasssuuNan i IfIewa N ULEIRTing

v
f v @A

n13AuANN1IReAdslifiiaiiouvesszuundalniisiendinuiasefind dunae

o fa s s a o v o 1 o w (% av v [
muANN1INuYedlgarsdunesines mimhideiumadliiussiunseuansimlaanivad
wasoindundunssnulniinseuaadu Nwsadu 400/230 50Hz 191858 UUIIMUIBTBITEUY
I ludszinalne Inguninihivanvesleaisdunesinesduasimindesiumdlniiats

(Active Power) iWhgszuulniiiieintgu weadusenauiaalnfndu 1 (Power Factor =

1) wilunrsnaaesdazilunismauaunsateartiadniiaiiou (Reactive Power) voslgans
duesnes Wduiusiuinumdslniiaiiou (Reactive Power) fignldassluszuulniives
an1dlvi nelulearsdunesinesuuasiidnnduainddei dufndnlunisuuasuseiulnin

nazuansandusaliiiinszadu Jsansafizysuyulunisadadlavinlianunsanuauuiuim

'
[y

)
Aaslifatiould degun 4.12 Fsanuausanazdemalniaioutuiuediuiidnuuin

Y

Mdavedlearsauesinesusayiu uwiazive

Block diagram of P¥|-10.0/12.0-1-OUTD

| 1

; 1
2. ) i

1 i
M1 z+)g]—(j

Standard version

= 2
e

i

H]

|
1c
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PLC PMU Solar Inverter

Analog Signal ~ —— Aurora Protocol

5UN 4.13 lppgunsunisdeanssening PLC Aulganidunesines

lun1sieasiiionivaunisinuredlsalsduniesnosvedve ABB twsliaiuise

=

WWAURDNISADEITIABNSITENIN PLC AUlgan58uLI956985 b AkIadann a0 uLe35:ne5v098718

(% '
s =~

Hazdoa1smie Protocol Ms8n3n Aurora Protocol @41 Protocol lni1guadnisussm ABB v

Tidasldgunsaliiienin PMU (Power Manager Unit) idusianatslunisdeanslneuas

v <

dyayrauezundenain PLC wnlu Aurora Protocol Lilefaga1unsnnIuau Ui N8 e

]

Reactive Power 184laa15aulasinaslasasun 4.13

Y

= v

Tunsmeassruaunisiteidaliiinaioureslsarfdunedines Jsfosmuguan
maslniaiioufitgesnunanleanssuneseesiniaiiumsdsninailioudioruaunain
aoniilnih Fsarndesrtnvedlsarsdunesmesfildnanundedulindrindiauanunsasngleua
Usguad 5 kVAR Fevibilunisaiuaunisdneinastiinaliouveslearsduiesinesavly
Qscale1/250 18upidalnilnadouildd1989(Q comman) lUNsdnsTedslnilnadoues

loansduesiwes lnadewdulaozunsulafgun 4.14
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Q command — PID —»| controller - plant Qout

Feed back <

JUN 4.14 lpazunsumsdeassening PLC du lea1sduiiesines

4.5 unagy

Tuunillananfenisneasusyuunisiemasiiiiadeulussuundalniinmendasu
waenfindiingseuuliih Wedisnsshuwiseduuseduvessyuuliihivsiafesamanay galu
g & = o ! o w A a 1% [
n13nnassnsiiliduiiganisdtassnisiremdsliinaiiousinssvundalniadiendeau
waveindnfiauinian wadlguwuunismaaesimleudussuufiezldase ATauAguYIAIUNIS
deansnieluaanlwihniluseuu 1IEC-61850 uazguuuumsauaunskaniadliiadouves

sUUNAR T NS I ULas AR g
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NaN13INAsEiay

5.1 Unun

Tuunfiagiaustananisnaaaunisatemasliilaiiouvesszuunaninisendsau

¢

wate1iing Aflnuduiusiuanudesnisidsluiinatioulussuuliin Tneazizuainnng
WisuLiisusuuuunsdeansdoyaseninsanilaiifugunsaiaivgu wuulianefud
anedyaas nsAsArdeyansiiinvesanillvin uaznisaruaunisIneidslniiaio
yosszuURanluifmdsaunaseniing elildmsuiisuuvunasisnisia Woduuumslu

AN UsEUUasIluAs1sall

5.2 n1snagaunisasasuuulianesendnsdatinninuszuunanlwiaaae

WAIUKEIDNNE

nsnaaestaulavimsdeasiuuldaedyaldunisdeans Jeyaneulanieile
msudyarunusuldengnissnnuaiaulandidsdygyralilianuraiisuvesloya

LY

= v < = g = |y | v d Y
idlosngemuasslunisdeansiy deyailnuardiluniserudszanaiesndi 1 ms ey
5.1 vasantwinisnaaessnsdeasinilagldnisdearsuuulfans wuiiteyaidaunlad

AURALNEUATUNTTUAAT wildlofiansandulunisausilunissudsdoyatiu tinaiu

a1dlun1sgruAtUseann 131 ms Aegun 5.2 nslusunsunisuansnavaaseuulniily

anndiliidsgui 5.3

icrosoft Windows [Uersion 6.1.76811
Copyright (c) 2089 Microsoft Corporation. All rights reserved.

ssUsersssuntichai>ping 192 .168.8.138

Pinging 192.168.8.138 with 32 hytes of data:
- th 32 t}me(ims

» 192.168.0.138:

= 4, Received = 4, Lost = B (Bx loss).

Hinimum = Bms. Maximum = Bms. Average = Bms

sUsersssuntichai’>

5UN 5.1 dayaanuartivesnisdeansiuuilangdoyn o
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Microsoft Windows [Uersion 6.1.76811
Copyright <{c> 28@? Microsoft Corporation. All rights reserved.

C:“UsersssuntichaiXping 192.168.43.7

Pinging 192.168.43.7 with 32 bytes of data:

Reply from 192.168.43.7: bytes=32 time=78ms TIL=64
Reply from 192.168.43.7: bytes=32 time=114ms TTL=64
Reply from 192 _.168_43_.7: bytes=32 time=146ms TTL=64
Reply from 192.168.43.7: bytes=32 time=166ms TTL=64

Ping stat ics for 192.168.43.7:

Packets: Sent = 4, Received = 4, Lost = B <Bx loss>.
Approximate round trip times in milli-—seconds:

Minimum = 98ms. Maximum = 166ms. Average = 131ms

C:~\Users~suntichai>

5UN 5.2 Toyarnuartivesnsaeasuuulianedaya o

DIESEL GENERATOR

v

i

SUBSTATION
SOLAR CELL SYSTEM A Hens A van 12961
Q 900 kKVAR Vba 13021 V
P 3418.603 W
SUBSTATION LOAD | PF 0.9665 Ven 12967 v
Q 3728.384 VAR | Freq 4996 Hz Ia 88.38 A
20 Vab 22499V 9624 A
Vbe 22508,V Ie 94.8 A
Qo kVAR
Vea 22433 V  Qualel/250 3600 VAR

5U# 5.3 WWsunsumsuansnavasseuulniluaan il

A

MnNNIegulsyUisuNsdeansuuulSansuazriians dygruseninsaailluiaiy

[
s

szuURAnlNANMIendIuwaIefinddu Tunisdeanswuulsatsduaziimnuaidnlunisda

1NNIINTAIUUT e dR 10
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5.3N15MAFBUNISAIUANNITIIEMEd IR EliauvasszuunanlWiaqe

WAIUNEIDNNRE

n1sNAdauUANEINITanIsINenalndatiouressruunanlninge

' '
o o = 1 o L2

WAL IngY Solar Inverter azFurdnduesidudiiionazdtaiaslnilaiion
muAdsUasiduiiug muguil 5.4 lae plant Tugudedsnaudnuauznisiigeanvesiadlii

lalauvad Solar Inverter Falunisnaassfnenisnnlumaves Solar Inverter tutadtivoazle

o

& ] & o P s & & ]
‘mi‘U’e]EJﬂLLUU%‘UUWAU@MI‘J“M@@U@@lU N19NAADIUILTNINITEIANUBILTUANITINGY

o w

Aasliaiioudaus 0 - 100 Wesigud iegmdtlniatoungninelae Solar Inverter

LLﬁ%LﬁUNﬁﬂ’ﬁ%ﬂaax‘iﬁ\‘Wﬁﬁ’N TunAwwin n

Percent_control —— plant A R out

JUN 5.4 leezunsunisdrgmaslihiatiowveslvaniduiesines

TunmsiutoyavzdinisiivArssminanesidudnisineiaalniiadoutuamdslni

& < & < ] o w a o a X oo & & o P
adlow lnglosidudnisdnemasiniialioussyinnisiinduiiag 1 wWesigua vinluleen
Aasliafiouignitveenundandisuwdatli anndeyanisiiuarmasivinadeudnign
31818 Solar Inverter aviinisdsanUesidusinisndnlaiSolar Inverter aziiuleingn
WeswusiunsdemadlniladiouvesSolar Inverter dufinsuniuiu deannnuiainea
dnwuzlanzaeSolar Inverter 8v%e ABB FadlothdoyafiivAilauimdennsmazlaniugy
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3UN 5.5 nswlamuduiusszmeiasiiiialiownigndtefuiesidunisatetastniaiou

A v @ a i °o w - = Y

islansudneaengAnssuveinisdteidsluilnatouneasSolar Inverteriiguiue
Wasiguilddinisuan aantuaziinisldssuuniuau (Controller) luluszuudsgun 5.6 1ny
Foyavndrvesssuunruauiuazduanaeliiialoud 1989 (Quommand) A19100NL Y

Wesi@unisdemasininaloudiudnuasvain1senuuuszuuaI AN sl UL UURNRY

o w s o |

fuszuunNIsIemMastnilialouresss uuNaa IR AN I9IULEIR MR NNIN1SNAARIN DU

o
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satusintetananslrilasadualunsazinulualmiuiveudusdelain

U

Zbe

N

allouikdnle druwwanalulesidunsitemasiniiaiiou agldnsindegui 5.7

Q commang — controller plant (o
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JUN 5.7 namenuduiusseninadesidunsiemadliinaiiouduidsninatouiignine

lun1snaaessiedntazmaunisvesnauduiusseniemiasliiialouigning

2nSolar Inverter fuAUasifunisatemasludnatiou Tnadunsnayldaunisidunsilunis

Uszanaunianudunusvesgatayansasstngsuuuunsmalanegun 5.8 Mlvldaunis
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140

120

1000 |

80

60

40

20

1000

y=-0.0242x +128.82

.|...9l...,,'0 ]
HESQL
LA
DN
.Hnjs.
l"\'.
&
<,

JUN 5.8 n9mlaunsidunseilannnisussananisaindeya



55

y = -(0.0242x) +128.82 (5.1)
o y fowesidunissnemasluiiaiou

x pamasiniiaiioungning
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g
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©
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=
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3G
& 1000 — maduiaiioudneda
500 —  fddrRateuiisneate
0 N o b
-500
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a1 (ui)

5UN 5.9 nsmauduiusseninmadiiialeuadsiumasliiliaiounangass

nldnsaunulagldaunisiduns

Weldaunisanuduiusvesyndayaundd innisldaunisiladnlulussuuaiuny
INUUILTINITAUAT Qeommand %8¢ Qo TR TUTBYRV T AT Toyar108n V0T VYN
naea1nnslassuuauaudily vilulansiideyaaiuduiusseninsmdalninadoungn

FngeananSolar Inverter fiu Mt adiowsede dagun 5.9
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y = -0.00001x* - 0.0005x + 100.6 (5.2)
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JUN 5.11 nymanuduiusseninmasiniiaioudideiumasiniiaiiounieaseanly
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PID

controller

plant

Q out

Feed back

UM 5.12 lpesunsumsaumsdemdalninaiiouveddeanidunedinesulinszuuin



58

PID Parameters

D Enable manual entry

Proportional gain: | 6.621458E-3 |

Integral action time: |5.114?35 ;|

Derivative action time: | 1314018 5 |

Derivative delay coefficient: | 01 |

Froportional action weighting: | 7.170551E-1 |

Derivative action weighting: | 00 |

Sampling time of PID algorithm: |‘!.999968E—1 s |

Tuning rule

Controller structure: | FID fv1|

g‘ljﬁ 5.13 ﬁ’]W’ﬁ’]ﬁL@@%sU@\ﬁSUUﬂ’m@ZJ PID

.«.:1' ] o v a 3 & 1
KanInaasaiionIuANn1sIeMatlninmeszuula 2NISAUAT Quommang %8
= & v P o Y | a & v
Quue B Tudoyaviduasdoyarieonvedszuy wiannstassuumuaussuulaidily
inlilansdeyaninuduiussenitemaliinaiiouiignitgeanain Solar Inverter i

Maabnfaiious1sde fsguin 5.14

5500
5000
A500

4000

(VAR)

3z00

lau

3000

2500

il

2000

g
[Tk

1500 masliluaiisudnega

1000 5w - o -
—  maslenaiioundiesia

o 2 4 6 8 10 12 14  1e 18 20 22 24 26 28 30
(i)
UM 5.14 nswlanuduiussevninmasliialoudsdeiumadddiiiaiioundngasa

nldnsaruAuuY PID



59
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Wesidudniuau Masluiaiion Wasidudniuau masluiiaiiou
(KVAR) (KVAR)
0 4908.765 22 4342.075
1 4836.993 23 4328882
2 4836.993 24 4255.583
3 4777.603 25 4203.505
4 4850.193 26 4249.695
5 4850.193 21 4117.715
6 4718.213 28 4130.909
7 4678.619 B25, 4183.708
8 4678.619 30 4038.528
9 4724816 31 4038.528
10 4724816 32 4051.728
11 4592.836 33 3965.944
12 4526.088 34 3972.541
13 4526.088 35 3952.086
14 4526.843 36 3893.354
15 4533.446 37 3827368
16 4474056 38 3892.706
17 4460.855 39 3892.706
18 4467.459 40 3800.974
19 4408.063 41 3741.584
20 4394.869 42 3800.974
21 4394.869 a3 3734987
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\Wesdudniuau masliaiiou Wesidudniuau masliaiion

(KVAR) (KVAR)
a4 3661.787 68 2778.149
45 3629.407 69 2599.545
46 3570.01 70 2613.172
a7 3570.01 71 2474.595
48 3569.422 72 2494.392
49 3569.422 73 2494.392
50 3398.443 7a 2540158
51 3398.443 75 2540.158
52 3405.04 76 2349.218
53 3279.663 iy 2349.218
54 3219.66 78 2349.218
55 3213676 79 2230.444
56 3213.676 80 2230.444
57 3240.07 81 2144.297
58 3186.745 82 2144.297
59 3186745 83 1933.494
60 3120.77 84 1933.494
61 3120.77 85 1933.494
62 3042.103 86 1860.897
63 2989.316 87 1669.255
64 2989316 88 1669.255
65 2922835 89 1669.533
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\Wesdudniuau masliaiiou Wesidudniuau masliaiion
(KVAR) (KVAR)
90 1504.556 9 1181219
91 1504.556 % 963.288
92 1445173 97 963.288
93 1445.173 98 633.5078
94 1181.219 99 633.5078
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Reactive Power Compensation For Solving Voltage
Problems in PV Farm based upon IEC - 61850

Suntichai Uaroon
Dept. of Electrical Engineering, Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand, 10520
suntichai_uaroon@hotmail.com

ABSTRACT-Reactive power compensation for solving voltage
problem in PV farm based upon IEC 61850 is presented in this
paper in order to comntrol voltage within acceptable range. The
Volt/'VAR control is used in solar inverter of PV farm to improve
power quality and also reduce the disconnection of solar inverter
caused by overvoltage. So, the owner of PV farm will get more
opportunity to sell solar electricity back to the grid. For Volt/VAR
control, solar inverter with PQ mode is used to control the active
and reactive power of the system. Electricity data from substation
are sent to PLC based upon IEC 61850, which is the standard
communication of electrical substation system. In this paper,
simulation result verifies that Volt/VAR can be improve a power
quality in a PV farm.

Keywords-Volt' VAR control; Reactive power; IEC 61850; PO
mode

1. INTRODUCTION

Nowadays, electricity demand continues to rise at a strong
pace related to high economic growth. Thus, in order to meet
increasing electrical demand, power plants are constructed from
variety generation resource, such as, natural gas, coal, fuel oil,
and renewable energy. Renewable energy is widespread
popular energy resource to provide electricity without giving
any CO; emission. The limitation of this resource 1s their output
fluctuate according to the real time availability. The fluctuation
can be predicted accurately only a few hours to days. The
complexity of this resource affect power quality of grid.
Renewable generation including photovoltaic (PV) systems can
have a significant impact on load characteristics in distribution
networks and also affect power quality residential distribution
networks. The most cited PQ problems that may arise due to
grid connected PV generation are overvoltage and fluctuations,
harmonic distortion, transient phenomena and reverse power
flow. These effects result in potential damaging of sensitive
electronic equipment and capacitor banks, overheating of
transformers and neutral conductors and additional losses in the
power system.

Degraded power quality entails additional costs for both the
electricity distributor and its customers. The purpose of this
paper is to find the solution for solving voltage problem in PV
farm. The investment on solar farm become popular because of
reduction electricity bills. A large number of connected PV
panels can cause overvoltage. These makes solar inverter

978-1-4673-9749-0/16/$31.00 ©2016 IEEE

Panya Khemmook',Surin Khomfoi?
12Dept. of Electrical Engineering, Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand, 10520
Kp.panya@gmail.com!, kKkhsurin@kmitl.ac.th*

disconnect from grid and affect the solar owner from selling
solar electricity back to grid. All PV farms are connected
together by a substation, which 1s an interconnection part of an
electrical generation  and distribution system.  Substations
transform voltage from high to low, or perform any of several
other important functions. Between the generating station and
consumer, substations generally have switching, protection
and control equipment and one or more transformers. Other
devices for power quality control such as power factor
correction capacitors and voltage regulators may also be
located at a substation. So the problem of overvoltage can be
displayed in substation. This paper presents Volt/VAR control
of solar inverter to maintain acceptable voltage at all points
along the distribution by adjusting reactive power in smart
grid.

The rest of the paper is organized as follow: Section 1T
briefly present related theory about Volt/VAR control, IEC
61850 standard, programmable logic controller, and solar
inverter. Section III show experimental setup including
specification of devices. Section IV shows experimental
result. Finally, Section V summarized the contribution of the

paper.
II.  RELATED THEORY

A. Volt/VAR control

Volt/ VAR control (VVC) is a fundamental operating
requirement of all electric distribution systems. The purpose of
Volt/ VAR Control is to maintain acceptable voltage and
acceptable power factor at all points along the distribution
feeder under all loading conditions, Volt/ VAR Control in a
smart grid is to improve efficiency through voltage
optimization. Volt/ VAR Optimization has been successfully
used to increase power system efficiency of utilities. Volt/ VAR
optimization system configuration i1s shown in Fig 1. This
system consists of DLA Master Station, Substation transformer
with load tap changer, Substation Capacitor Bank, Substation
RTU, Line Regulator, and Switched Capacitor Bank. Line
Regulator always measure and monitor load voltage.

If overvoltage occur at measured point, The DLA Master
Station would send the command to switched capacitor bank,
substation capacitor bank or transformer with load tap changer
to absorb reactive power from smart grid.
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Fig 1 Volt/VAR optimization system configuration

B. IEC 61850 Standard

TEC 61850is a standard for configuration of intelligent
electronic devices for electrical substation systems to be able to
communicate with cach other. A control model is divided
into GOOSE (Generic Object Oriented Substation Events)
and GSSE (Generic Substation State Events). These protocols
can run over TCP/IP networks or substation LANs using high
speed swilched Ethernet 1o oblain the necessary response [for
protective relaying. A format of GOOSE data is grouped into a
data set and transmitted within a time period of 4 millisecond.

C. Programmable Logic Control

A programmable  logic  controller (PLC) is  an
industrial digital computer which has been adapted for the
control of manufacturing processes. such as assembly lines.
or robolic devices, or any aclivity that requires high reliability
control and case of programming and process fault diagnosis.
PLC have been widely adopted as high-reliabilily automation
controllers suitable for harsh environments. PLCs can range
from devices with tens of I/O in a housing integral with the
processor, to large rack-mounted modular devices with a count
of thousands of 1/0. and which are often networked to other
PLC and SCADA systems. They can be designed for multiple
arrangements of digital and analog inputs and outputs (I/0).
extended lemperature ranges, immunily to electrical noise, and
resistance to vibration and impact. This paper use PLC to
receive GOOSE message from electrical substation system and
send a command o solar inverter (o operate PQ control.

D. Sofar Inverter

A solar inverter or PV inverter is used to convert the
variable direct current (DC) output of a photovoltaic (PV) solar
panel into a ulility Irequency alternating current (AC) that can
be fed into a commercial electrical grid. Solar inverters have
special functions including maximum power point tracking.
Solar inverters may be classified into 3 broad types. stand-alone
inverters, grid-tic inverters and battery backup inverters. This
paper focus on grid-tie inverters, which are designed to shut
down automatically during overvoltage of utility supply. Many
solar inverters are designed to be connected to a utility grid, and

will not operate when they do not detect the presence of the
grid.

PQ control in grid connected mode will be used to interface
between the grid and the inverter, PQ controller is designed so
that the inverter could control the active and reactive power of
grid from a small signal variations of the voltage magnitude and
its phase.

Fig 2 show Volt/VAR characteristic of smart inverter. The
graph show that solar inverter has 2 modes, which are inductive
mode and capacitive mode. If overvoltage occur in grid. then
the solar inverter will be in inductive mode to absorb reactive
power from grid. On the other hand, if under voltage occur in
grid, then the solar inverter will be in capacilive mode to inject
reactive power to grid. Solar inverter can also control power
factor to be not under 0.9 according to acceplable value of
electric utility.

-4

<

"% -

2

i} |

= Y%voltage T Inverter

g

< .

= |
\ Switch
Grid

1 Yavoltage

Fig 2 Volt/'VAR characteristic of smart inverter.

1. EXPERIMENTAL SETUP

This section describe an experimental setup. The connection
for PV generation is shown in Fig 3 In general. PV panel is
connecled o inverter to converl direct current produced by PV
panel into an alternate current. After conversion of current, this
generaling power is sent to grid. Moreover, this paper presents
the additional function of solar inverter, which is used to control
aclive power and reaclive power.

The clectricity data from the electrical substation system arc
sent to PLC in a form of GOOSE message. The PLC receives
the electricity data, which are vollage, current, vollage
harmonic, and current harmonic based on TEC 61850 or
communication standard of electrical substation system. Then
the PLC would consider only voltage data of that substation. If
the voltage exceed the acceptable range, PLC as a unit
processor would control the voltage by sending the command
to PMU, which is used to transform analog electrical dala to
digital in a form of Aurora protocol. This protocol is only used
for ABB inverter. After that PMU would send the command of
PLC to solar inverter in order to control reactive power in that
substation, Fig 4 show the experimental devices.
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Fig 3 The connection for PV peneration

I'ig 4 Experimental devices.

In the experimental setup, two strings connected in parallel,
There are 18 panels per string connected in series. The output
power of one string is 280W. The PV panels are connected to
10kV solar inverter. The electrical data from electrical
substation system is in a form of GOOSE message as shown in
Fig 5

The structure of GOOSE message consists of a fixed terms
of length, and lixed terms of content. The variable in terms of
both length and content chosen to be communicated. Firstly the
fixed portion of the message structure is examined and briefly
discussed. starting with the Preamble and ending at the
Ethertype. The Preamble and Start of [rame are performed at
the hardware level. The Destination address i1s a multicast
address consisting of 6 bytes. The Source address is also 6 bytes
long. As per IEEE 802.1Q, priorily lagging is used (o separale
time critical and high priority bus traffic for protection-relevant
applications.

Afler PLC receive GOOSE message, vollage data will be
used in reactive power compensation of Volt/VAR control. The
Volt/VAR control block diagram is shown in Fig. 6. Measured
voltages from electrical substation system is fed into slope
block to calculate for Qe This Qur will be an input of PI
controller Block to control reactive power of solar inverter. So
the voltage level will be in the acceptable range.

‘CONTROL
0 B g :
surements Protection Groups Inputs =
d ect D
te Index Type Value
time="1394638084 875298 Y Badken o
2 boolean False
P lengths"133: 3 boolean False
1 T81:01:01:90:30: 187256512 B1 00 5L
88:05:00:00:00:73:00:00:00:00:61:69:80 aaf | 4 boclean False
74:6 65:2F:4 3 5 boolean False
6 boolean Fabse
Goose Data

of Distance/.LM860SECoRl
timeAll e 209
e/LLN@SGOOSEY

X1

Fig 5 Section of the GOOSE message structure frame
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Prof ——s e
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; =3
1 5 o
LRI
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Tig 6 Volt/ VAR control block diagram

1L EXPERIMENTAL RESULT

- Nominal voltage

Voltage(V)
tvs
=

Time (min)

5000
2500

| Capacitive

Time (min)
-2500

Reactive Power (VAR)

Inductive

-5000

Fig. 7 The simulation of voltage in 'V farm without using Volt/VAR control
and Qref from control block diagram
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Solar inverter with Volt/VAR control is used to compensate
reactive power in order to maintain acceptable voltage at all
point of distribution system. Fig. 7 show the simulation of
voltage in PV farm without using Volt/'VAR control. The
voltage gradually rise and exceed nominal wvoltage of
distribution system. Qref in control block diagram is also
simulated at the same time in Fig. 7. The experimental result
show that Qref is in inductive mode to absorb reactive power
from distribution system. Fig. 8 show voltage in PV farm after
compensate reactive power. The simulation result verified that
solar inverter with Volt/VAR control can maintain voltage level
to be in acceptable value.

Nominal Voltage

Voltage(V)

Time (min)

Fig. 8 Voltage m PV [arm afler compensale reaclive power

1. CONCLUSION

Reactive power compensation for solving voltage problems
in PV farm based upon IEC 61850 is presented in this paper.
The experimental result shows that solar inverter can improve
power quality through voltage optimization of PV farm in
distribution system. Volt/'VAR control 1s used to compensate
reactive power during overvoltage. The experimental result
shows that PV farm with solar inverter could absorb reactive
power during overvoltage. As a result, the voltage level
gradually fall to nominal voltage. If distribution system is
connected with a large number of PV farms, so this solution can
reduce disconnection of PV panels during overvoltage and the

owner of PV farm would get more opportunity to sell solar
electricity. Moreover, the efficiency and reliability of
distribution system will be improved.
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ABSTRACT

Reactive power compensation for solving voltage problems in PV farm based
upon IEC-61850 is presented in this thesis in order to find suitable reactive power
compensation method in grid system. This would be a part of substation in the
future. This thesis presents wireless connection between solar system and substation
compare with LAN connection. The speed of wireless connection and LAN
connection is show in this thesis. After that reactive power compensation is shown in
the experiment. The experiment compares open loop control and closed loop with
feedback control of reactive power compensation of solar inverter in order to
analyze advantage and disadvantage in controlling reactive power. The result of this
study can be used to design function of reactive power compensation for solving

voltage problems of grid system and to improve operation in substation
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33 kv 34.7 kV 31.3 kV 36.3 kV 29.7 kV
22 kv 23.1 kv 20.9 kV 24.2 kV 19.8 kv
380 V 342V a18 v 342V 418 v
220V 200V 240 V 200 vV 240 V
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. Sunlight
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Front electrode( -)

Anti-reflection coating
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waakase1ingNvinainezuesiladdneu (Amorphous Silicon Solar Cell) dnwugtiu

v
o Y
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waduasoindivnandivhaineyueiiladaney funouniswan fll

1. yhasuenaanefineluau (Silane Gas) Iiluszuosiladaneu lngldgunsaifiFonda
\A383 Plasma CVD (Chemical Vapor Deposition) 1unisuiuntglataudnlulu
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Gallium wag Selenium Tagdvsinly Cadmium Sulphide wazlaily Cadmium Sulphide
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Wudvineslulwaduaeening dvevfiandninen (Single Crystalline) wagnansau
(Polycrystalline) wwaduate1findvilaldusyd@nsaings egiiuseuiad 20-25% uazdl

s1egegn Feeuldlulasaniseania wuluanfigasnge

UM 2.9 waduaseniindvilaneuilesduine
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A157197 2.2 UsEandn s uasuaieindslanne

. 3 Usgandam | Ussdnsnw
UseLnnuesian lassasn .
URNERE Yolina
NﬁﬂLam(Single Crystalline Silicon Solar
Farou-kuuwan | Cell #39 Monocrystalline Silicon 15-24 % 10-14 %
Solar Cell)
FAMDU-WUUNAN | WANIWA(Polycrystalline) 10-17 % 9-12 %
Amorphous Silicon
Fanau-ovuaiila | Amorphous SiC 8-13 % 6-9 %
Amorphous SiGe
18-30 %
GaAs,
b (GaAs)
@15Usenaudu | CdTe, NA
10-15 %
CulnSe2
10-15 %

2.6 Uselgyivuaan1snan linlanassnumasaning

e ausaussudaaluidnnaesansladunisiuidng lneasusendaaludnTudarunly

nas Ul nwadase I indnannunisteliung

® aANANTENUIINAWINFNdUITBNAINNINARLIANR s UL UUBUYY nIREnlTi

NUNLY VIO 1UTY TUVDLNAWNAN UL AIUYIIANYENINLINADUNTTTUYIANIEY

'
aaa a o 4

o THndIIuaINsIINYIR An wase1fing Feaverauazuigns lineufise1nazily
a 14 [ a
AWINADUUUNY
[d o [ ! a £ 1 1% ! 1o &

o Junsmdsuanuuassssunauiltedsfumwagliiifunualuanlani

o ausnihlUldiendandsnuliihlanniuiuulan wazlandsaulniildlaenss
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o lidpsldwamasdulausnainuasoiing Feluiinnsenludvazlinsalminuanineaiu

DINFLLAZUN

o Liinvdsanazluiiniswedoulmvaldau F9ldifauanneamudes

(%
Y 1

I fala o a as aa a ° P | a =
o Jugunsaiiifiansegiui lifvudulaninsndoulmivagyinnu sliinnisdnuse

Y

® {pan1IN1TUIFINYIAN

% & a a =
L E]’]EJﬂﬁI‘?N’]UEJUEJ’]’JLLazUi%ﬁﬂﬁﬂ’W\lmﬂ

o TuiniuN ARIIE LARDUSUAZAINLALTIALS?
4' a v I3 = ¥ d‘ v
° Luaamﬂmaﬂwmzmﬂu@a FannsaUsznaulanuILInife NS

o drgaatgyninisazauresiieniee Tuusseinia 1wy asusunauenles, danesle
I3 ¢ & & = & B

pantan, lalasansuau waziiwlulasiauesnlan a9 Fadunaannnisinlndves

WOLNAIIININUITU 81URY WAZAIYTITUIIR AIULAILAFINANTENUADAILINADY

Anufsenseunszan illanoutiu ianunsa wazornadufiy a2
2.7 gunsaldnAguuasszuunIsnanlwiIngssuuasaiing

waauasoindndnbiinnszuanss Jsuinseualndluldldanizdvaunsallain
nszuansevinty wndesnsiluldiugunsadlndiadldlwihnssuaadunsainvasaundsaul 3

[y

sl azdealdTiuiugunsaldus 8n Tnesudnduszuuindanszualnfiainsaduaceniing

v I

gunsaldfayT figradd
1. unaLgaduasefing (Solar Module) ¥inihiiasundssuuaseniindlidundsnuluii
Fadulnihnszuwanssuazimbhoduind (Wat) Snsthunasaduaefindvane wad
uetudunaniedura (Solar Array) Litelildmdanuliinldsmumuiisosnis Tae
Msviefuluveyn Ty agifinussulniin uasnsderunuurug afiuwdanuludih vn
anuiidamnagimansunnineiu faeiinaliuuesAiadendsugsgalunieiuli
wiriung saudseamgiindinasonisndanaasulih mﬂqmmﬁgﬁu NINAANGIU
Infihezanas
2. 1A304MUANNITUTE] (Charge Controller) siwmiiiuszgnszualniinfindaldainuna
Wwaduasefindiinguunined uararugunnsUszanszuallfi iUz aniy
wummed Wedaegnisldauveanunned nufinisiienssudliiiesnanuunine’

My fal MIYNUYDLATEIMIUANNITUTEY Ae Wedssanseualrindguunmeiau
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Wud Aznganseann1susznseualiiln (waziinazlinuandflunisdanisdne
nszualnilviiugUnsallwii nediussfuvasnunmeianasie) ssuundsamnaseriing
wldinTesmunumstszanszualnitlunsdifinafundseuluihliluunmeivindy
Lumae3 (Battery) uhidusafundanulnifindsldanunaeaduacefinglildy
nafideants wu nadilifiuaseniing 1nainasdu wiethluuszyndldsudug
uwuameitvansriauazvansualidenldnunmunmengas
epsuvaInszualih (Inverter) Mmifudamaanulnihannssuanss (DO) fiudnlé
Nnursaduaseiing Widundsnuliinssuaadu (AQ) ielvianunsoldldtugunsal
Iniilnszuaady wiadu 2 ¥l fia Sine Wave Inverter Mdlsifugunsalluiinssuaadu
NnYin uag Modified Sine Wave Inverter 1lddugunsalluflanszuaaduiilaid
EhuﬂizﬂamamaL@@%LLamaamwQaaLiawuﬁﬁL’flu Electronic ballast
szuutasduniu (Lightning Protection) ﬁmﬂwﬁﬂmﬁumwmﬁwmﬁLﬁﬂﬁ’uqﬂﬂﬁ

L3

ol
et vseiansmieadwilvianudedndas lussuumludnladldgunsaldl
aglddmiuszvvaurnlnguaziianudiAgLyiiy sauisfesdssuvaiuauni

UszAnSnneae

2.8 M3Uszgnaldaueaduaoning

msthwdanulaofindguiundnuansssumnAnnawunasiugduuudug 1osu

Avaulasazidunfenunniy auisatunldlmiadselevtdograuinuielunissiissdin souds

Taidun1svinaedanindey

A15199 2.3 ASEEUadLaIaning
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2.9 AUsaaUsEANS A TNvowadLEaIRng

fanUsndfgyiiaruiiwaduasefindduszansaimnisvinnulussaz Nunaneiu

a o U a o 1 ‘3’{ ‘NI o o = o
wazdanudrfglunisiansaunhluldlunnasiun naensunisinlumuinssuunIsaIuIn

[

FIUIULAILAID NN NF DI LTI LA BZNUN Tnadl

1.

anudiveuasaziludndinlnensetunseudalil (Current) munerudndloruiduveuas
a9 navuafildaneaduaseningfiargedu Tuvasiussiulnitwdohadunuasliuusluma
anuduvesuasnnin amsduvenasiliiadumnsgiuie Anadivesuasiiinuuiiy
Tanluanweniedasnluse Usmannuemuenuas infissdudmeialuan miluasoningds
anfuiiulan Fernudivseuasayiidwiidu 100 TadTasemsseufiuns eiAvinty
AM 1.5 (Air Mass 1.5) waeduaserfingvius 60 asmiuiiulanenisiduuesuas asdien
wihiuUszana 75 fadinssomsamuiiuns delanvintu AM2 nsdivesunswadiasondfing

Huazlden AM 1.5 1Wunaspulunisiaussansamusaunas

samgilasidudndrulaenssfuusasiuliin udeglidmadenszualnily Tuvnsausasulaiin
wanaudlegangiasiu Sulasadoudnng 1 esaneadea fifuiu v lvussiuladi
anas 0.5% uazlunsdlvesuniivaduatonfindunnsgrunldimuayss Aansanveauns
Lasenindfe o anmgdl 25 esmwaldea 1wy fwual i unauasefindTussiululingisas
WA (Open Circuit Voltage w39 V oc) 1 21 V au 9numgil 25 ssrnisaiea Aagmaneninai
wssfulniiieglennunsuaseriing edslaladeduguasallaiin o gaumgll 25 oem
aWed iy 21 V dngamgilgendn 25 esmeaidua Wy gl 30 asrneaTea g
vilsusasuliihvesunaseindanas 2.5% (0.5% x 5 aarnwaldua) Tufe usafuvoIuNg
LR TIndR Voc azanas 0.525 V (21 V x 2.5%) wiltaifies 20.475 V (21V - 0.525V) aguUld
1 dogangiigatiu ussdulwihAaranas Fenarlsmdslnihguanvowunsuaeniindanas
#e nderimunsienandissiu Aeudigldayidenldussuatending azdesddfanuanda
voumsitszylTluunndazaiinsed Munesgiueyls vienmsguildfaunndaiuniolsl
uunsriandaszyin Wisddluiigeaald 80 Tod Aanuidunas 1,200 W ie #3105 o
gaumil 20 earwalToa vuzRdnvienisszyin Wiidalwihgeanld 75 Sad fnnmidy
Las 1,000 W 6o A3.1uA3 Wavgamgiisnnsgiu 25 ssmiwailos i agnuiussiissyinli
fdslaidh 80 W azlimdslalieiingy navndanan fiiagliunsdsdosdilsfedorimun

1 Q’lj A £ 1 a ¥
wandlunisidenldiaunazuingme
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3. N30 ALALARAILNIAITLDNUTFLUINAEIT99AUUTEANT AN N1SARRILKIILABIAILIUIN
a gj Yal % dy d‘ U v a QIJ a :’1 vV

WIS AARI LA AUTUNNNUNBIAIbazTuntN R dlalaeldazindelrssuny

wealaaawaarulunieafidld Inedanudulssunad 15 99AIINNUAY) NISTALASRAAFILE

JuNan819uINFUTEANS AN AYIIUVDILNINT 99T ZUU a1AAA LURATANT DAINUTULN

nwulile Adslndnndalanazanaslusgraun

4. WUATILAY WBNIINNITARFILANTILALNZANLAD LTUATILR s wadluuNaIuATiNasD
UsEANSAINTAYTIUVDIMITLUUNIY WIS ASAIUNINLAITTUUNERLWHI 1IN NEI91U

A ¢ & ¢ | I & & v v 1Y) A v
Lage17indlaewkIleansieandvneisasidukutoynsuskelealswadi sy welila
wsasueanLuuly WeilanuisaiuuaTinasuaunalgansiwadine AN e waen L vin T
nszualiihlussuungalnala dadunaeariaduaisiulainnisfensureaslifisuauiuads

AFTULAIVDILHS AT Taa

2.10 STUUNSHaAANSEhaliaevadnaIaning

1. szuunasnseualiisewaduase1induuudase (PV Stand-alone system): 1usguy
wanliihilasuniseenuuudmsuldnulufiuiivuunilfissuuasasialii gunsal
spUUNdAUTENoUMBILHLTAALAIDTING gUATAIMUALNTTUSEIULUAADS LUALADS
LLEWQUﬂiﬂjLUgﬁJ‘HiSU‘Ul‘V\lﬂﬂﬂizLL?IG]SQL‘ﬂulWﬁ’mizLLﬁﬁéijUuaﬁiz FEUUNGA
nszudlwiidhelwaduaseiinduuudassuanafasuil 2.9

2. szuunaanszualniisigigaduatoninduuusieiussuuiimiig (PV Grid connected
system): L1uszuunanliiifignonuuudmiunaaluliiuguasaiiudsuss vyl
nszuansudulniinssuaadu wWgssvvaneddilaense IWndaluilundies vie
fufififiszuudmngluindiie gunsalssuuiiddyusznoudsunseaduaseniing
gUnsaliAsuszuulninszuansaduliihnssuaaduriindedusz vudiminglyiii
sruvillidosddeilnasluthuldoumndondioda ssuulilsafised asdwandile
aausduinEy muidsdindeld snldlnnndiszuuTeansudeld alufdlnannig
Ty ssuundanseualviiiiiswaduasefinduuusdeiuseuudminguansiagy

i 2.10
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Solar PV Panels or Array -@

Solar
Irradiance
Emmmmm Charge
Controller
=
D.C. + Ve _‘;d c
Load = =
Fuses
(Lighting) u T l
- +
12to 48 volt
Inverter Battery Bank

Isolation
Switch

Ta
[

(TV. Stereo)

Solar
Irradiance

Electricity
Grid

High Quality DC to
AC Inverter and

Filter
Isolation
Switch
g Electrical
AC PO\AV
Electric
kWh Meter

Household Sockets

JUN 2.11 szuundanszualniimeaduaserinduuusieiussuuimiieg
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PV

PANLS & BaTTERIES [

DC LOAD

|
s

| = DC|nv.
FUEL
WIND CELL  H2L0AD f ‘
TURBINES P <
HYDRAULIC . .
TURBINE

AC LOAD
AC GEN.

JUN 2.12 szuundanszualninmelsaduae inguuuNauHay

3. syuunannsehablidsmadiaieinguuunaunaIu (PV Hybrid system): iusguy
wanlwiihfigneenuuudmivsaudinfugunsalndnluiindus 19y szvuivad
uasefindiundanuan uazinteseudiiea szuvwaduao T ndTundssuan wazlylih
wiatn udu TnssUuuuszuuaziuogiuniseenuuumuinguszasdlasaniadunsd

Y 9

e SEUURaAnsELalNTMYATLATTINSLUUNANNENULARRgUT 2.11

2.11 19a159us295tnas

nsvireugeslsarisieadiu dunsgunsalvimiifuvamdsruanuasenfingli
naneLdundssulnin Tnendenuildannunslearssiwadenfundanuliinnssuansaniolyl
DC 9ntuszuvazdosiliiinszuanseiildaranuamanluinuguniaindndiFondn Solar
inverter Tngntifivas Solar Inverter azudasndsauainndasuluinnssuansalinaioidu
IWfnszuaady Msldnuduiouinly wazilugunsaindnililunismuay WWessefy

WAIUNANTUITUUANY 909971A15 Ul viselssouliaidulumussuuuni

e Buneiwesjuiuuseiusruui Mg (PV Grid connected system) iuduniesines

Anvastvannuaalearsaninnsewanseludulninssuaadu
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o Bunesmessuuuudast (PV Stand-alone system) Wudunesiivhnihiiuvadluain
wuaLees 12V, 2av, 36V, a8V TUfulniinssuaadu 110 V use 220 V fia1u1sn

WnldlgivgunsadlniiluduisildluginUseaniu

sala o

e BuneimesjunuuNaunay (PV Hybrid system) Lluduniesinesniinisuiivisa
Aeulvsasweglusaufytuianansasuliinnuasleasivauasrsoanieiu
auuazsatvayulihniinaneseseudtulnvseluihainnisinidienaild

Tnanuunnesugewasiuszadululdlnanlwaivayuuwnu

2.12 BUINI9INITIENIae WAl auvaIssUUNAR WA A28wa 99 UREIDI R

1892t UN1599NWUUTEUUNAA LT A NS I9UKEIDI NS AL AN A AINARNFIAANTEUU

Y 9

o w a

anunsandnls Faidsdailiaunsaviuelidrmtiiesanivaledadendiasemdndny
Ldaunsomanishiasminl i dusn weuads duniansenfinduazaugidwndey Wu

AU LPUINANTUINIINAIAINARADTUVDITEUUNAR N AIA8 NI ULEIDANIRISUN 2.13 9%

Y

v

@ 1% a1 v 1 ~ a 1% v a sy v o a 4 2 av
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Tninle Feagvilvssuulnihiisiviesesadesnmuaasssulninavule

SGM SOLAR POWER GENERATING: Monday, March 4, 2019

1:00 AM
8:00 AM
9:00 AM
1:00 PM
2:00 PM
3:00 PM
4:00 PM
5:00 PM
6:00 PM
7:00 PM

=
=
=]
=]
~

2:00 AM
3:00 AM
4:00 AM
5:00 AM
6:00 AM
10:00 AM
11:00 AM
12:00 PM
8:00 PM
9:00 PM
10:00 PM
11:00 PM
12:00 AM
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2.13 unasy

= a

::l' 1 v Y d' t:’lj ¥ 1 % a G4 '3
AMninaNUITaUluung 2 4 lananteszuunaanlndindsnunasoning Uselesivad

s (% !

nsuanliisendaukaending aunsalddgldlussuundalnihmendinunaeniing @4

Juaruitugiulunisinideadull uenanidsldfnuiussinvvesssuundaluilingsau
uasefindviaguuuunaiuszuui e JULUUBasy uarjULuuRaNsa1u Fuduuuiniglunis

sonuuuMmeaed Snmadiladnwileansdunesinessalugunsalddgyldlussuundandany
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3.1 unun

Jagduszuulnihinisnsznedivesdldnuuazunaindnluiinuindu vinlvlunis
mvaumaslniilrdanuaissamiavinlaentuuiu daiuwauduinioun1saniuenuiiu
annimn3nvesUssmalnedalaiilasanisdiesdansey warnisiiidugiinig (nvin.) Fadues

o 1 (K-

nsaidndmhgliivualugdufimuissuulniineinluglasengliihdanses Sidwane

9

nsauszuuneluandliidussasliiduandluidaases Weeanssuvdsaisvetaunsal

Y 9
=3

vosaanilwiiluefnagliszuueundealunsieansseninsgunsal deazldmedngrudmau
un fanulsinvueulunisdadeya uaziimnuarirlunisdoanslussuudostu fwasilvinng
veuvesgUnsaiffesiuluandlwihinsheuiitanain feduunamislunisianidladi
Faasuzanldiednduogndeiasniunuidamnisauau ssuuliihaddu Tnetaguzui
sy IEC-61850 anldluaniflviiithauds Saduinesgiumsdeaisvesgunsalangluanii
ulihdaa3ey luuniananfadiivesaondliihsiaios unigiu IEC-61850 nsdoasuuy

aUNIY kaN1HATYMTEAULIITUANKAELIIRUANMIBsTUUNER T NG s ULaTR 1 ing

3.2 aaillnf19ansey

anfilufindanTey muuInsIu IEC-61850 anansasesiunisilensodeansteyaves
gUnIniiney uedetnelfinetuuarliTadie Tneasshansuiudulasmiefssuy anmns
Anseiuazuiladymmanisallaiidadodld sansa gniesnasutiug fdgunsaiinnsgu
IEC-61850 vilgunsaiszuumuauuarszuuiastuinauldosduiusfuinntu afnnis
Sanvasluszuudming fezdfuilndulosasazanunsaldileidul szanduesgunanissuy
muauneluandlulin lunsleszfmaaiamadodades uasusnuesdmiidadesiueen
w¥ousdelinduAnludiniilulniliednesaia densdamaunsailunisdeunss
thssfnmazmniumsizgunniudasnanfusiannsadendeuandsutoyatuldanis
msreldanslondaiuas sautsanfununisdamaevosuadluliniamn dmalinisdng

was i ivssansamuasduas aseanuweiulussuuliiunguseneunisaagsiauay
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AAgRanIsN pevauasusilutyminiidulisgsansa lnsazdeanlgmivan ludy
Inseniu Hroifivemsiuadunssielnii sesfunisveneiveaningsia granmnIsy uas
sviRaLTlen uaﬂmﬂfjé’ammmiaa%'uﬁuimamsizum%ﬁﬁwé’q%Lﬁﬂ%ﬁluamﬂmiugmwu
Y84N1159AN150AT9U 8 AU UL NEINEANTEI18AY %S0 Distributed Generation Resources
nnasunaunulugluuuae Wy iwaduaseniing wawuan wasdiiuialaegisd
UsgansnmidsaziBunisaduayulinissusedannisddesfiiniounsyan (Hulvegiadl
UsvAvidua szuvaniliifidaaiosimiiifiugiudsd

1. mslsuinislunmsidhdadeyanisszuulaiifasseslnauaslng (Remote/Local) iiu
nsaevanuzgUnsalluih vieuinserautlunsiervasszuuilestu (Relay Setting)

2.nsAvaunIsiiuadnsaldtelidlosyrnauasinessuudnludd
(Manual/Automatic Function) Vilummnisaiunfuarlaiung iy mssnunssdunsssuli

3. M3dansssuvAeansteyasyninigunsaiarelufinuas szuumunuve quidannsg
(SCADA: Supervisory Control and Data Acquisition) ﬁﬂmﬁ%yjaﬁﬁ@mmwLLazL%aﬁalﬁMﬂ
e

syvvandlnii§antosisuduimuiinain RTU (Remote Terminal Unit) way
Protective Relay dudugunsaldidnnsedindiivsznouseyniudsdyaanines uazezunden
(DI/DO/AI/AO: Digital Input/Digital Output/Analog Input/Analog Output) sauveUsEneuie
flafdunsvhaudaduvensuas e ia aoiu dyqiaiou s’mﬂu’qmwmmiﬁmwaq
gunsaianalnin wazdesiunisdensvesgunsailniin Tnarninuazaniugsing 9 ﬁ?uwgﬂdaw

Ly

fa3zuU SCADA ifteusgnaunisinaulalunismuaugunsainisdrelaiing q duszuudoans
Toyamelusinnoafioonuuuandmivauszuusalus@laeianiy lullagtu RTU Sailldeens
unsvangluszuvvnndnvdessuudilifianududeugs dau Protective Relay singnldlunns
puszuulasiuetemen
dmiuszuvnnaivgiuszuvanilnihsaadozsudnfiunumsuidesainlaseasa
waranUnenssuvesszuvanfiniirasosifuwuunseaenthi (Distributed Concept) 34il
mwmhL%'aﬁaléfqﬂmaamwﬁy’qisuwﬁz%m%mwiuﬂﬁv‘hmuﬁqqLﬁuﬁu iflosanseuurhanse
TUsiwaiwesvianesa (Multiple Processor) @11n3a58s3uuiideanisnisnevauesiieninuia

a9 1wy eulaudelvanliilaednluds wie nussuudasiunslnih
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3.3 Tasead19vasszuvanilunnoanses

szuvandlnildeniesUseneudegunsaiBidnnsetinddenies (IED: Intelligence
Electronic Device) wang 9 Usziam viwtiiisnadusu ugunsaitieadiu (Protective Relay)
qﬂmmﬁ%ams%ayja (Data Communication Device) gunsaia3uAu (CU: Control Unit) 130
wiinseiasa RTU IED (Remote Terminal Unit Intelligence Electronic) LLGiazﬁa%Qﬂaméﬁjmm
Tnssasrsvasszuuanidlniidandes Tusgfuniiuaznnsy uresiu Tassadavessyuvanid
Inifihdaaiesldgninuiadu 3 sei Tnsudagseduliviinfised
1. sefiuannil (Station Level) Intiillunisdedeyalsiszuy SCADA nmsdan1sszuusmlusa
seAuantil (s¥nI19gUnsalfinuguTeseNgN 1Y seninvaemdauladings) N15Inn1sIATIER
wazd1sestaya N1sid1danmighianseninegunsal (Time Synchronization) N153ANTSdeyey 0
Aou anuzuazmsdsuntasnsluaniides uaznismuaugunsaisglwikuszuy
ABNMIMBS (HMI: Human Machine Interface)
2. 5usuLud (Bay Level) fnthillunmsdnnisszuusmuifssiuudseninuneluudifientunie
nauALIUY WY ngunsienUasmdfe iy n1sisteyaaingunsaldnelniii (Data Acquisition)
nsIansNIsAuAuRUnIaianaliiln nsdanisszuutesiugunsaianalnii
3. szulusiwa (Process Level) ﬁuﬁwﬁ%aumaﬁ’ﬁgz:gwmma"LWﬂwmnqﬂmzﬂaﬂwlﬂﬁwlﬂs]”q
STAULUY 1TU anedygmAinssuaanideiuasnszua (CT: Current Transformer), @edeyeyio
ArEnuseIgUnsalaneliin Wy anusUanduvasiusnines aedyaiumuntaunsnidng
i 1wy aedyanananusnines wazaedyaudeamsteyadmiugunsaiaelwiasslnl
751 IED vuadnilsngludagunsalangluily Wy nifeuvasnszuasanios (Intelligence Current
Transformer MN1ATFIY IEC61850) nsldansdyqyindoaisteyadzaiuisnaniiuiy
maé’ﬁyﬁgwmmmgqﬁtﬂumqLLm wazanuisaRnsszuvaandlaiidansesldlaede Su

\Weunnanedyyindeastoyaieanisiuillunisinasioy

3.4 Uselavivasssuvdaniinnnoansey

Usglevuvessyuvanilningaasesaiunsniinsnzils 2 yuued fio N19eugsna way
memunaialngluunanudaznanludnvaslagsiy lawn
1. iinuszans nwlunsldauseuulnin (Enhancing Power System Operation) Lilo3an

seuvannilnihdaasevanunsadnisdeyaveuwsiazaunsallifin vinliiminsliiianansaiia
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AasavasiiargUnsallnfinlaase wazanusadwIumszesianuUaendy (Safety
Margin) vasusiazaunsallaegregnaes inlianunsaldenugunsallwiildmunsauivinaiway
ANHENNTAYDTY

2. unmAuvedteliuagaitudangulusgsuulnila (Increasing Reliability and

'
va a v

Flexibility) szuvanniiluindaasveiszuudnludfninnisanindndesnislniaviilvan

sypghantnilidu Jesdugunsallniihsiangetinduliewnannssuadniwsvsoudnseiav

1Y

nsUanlnaailuddgiitesnuiluaanddgoll fsdeteassioluil

3.5 41m337U IEC 61850

FEUUADEIMUNINSgIU 1EC-61850 Tuaandgoasluilniu umaluladdoasiiieades

a a

Aulusinpoa U1msgIU IEC-61850 augy1nliin15deanssenineaunsainieniuy el

q

(Secondary Device) luanilgesuvuifiesyifies (Peerto-peer) Fsusiazgunsaiazdansivi
deuiu Tnensdemssenanldnsuinsdearsmionnamaiinin GSE (Generic Substation
Fvent) Bsaziinnausagauasiinnudedieldifivmelumsdesiuanuiionan nildudenum
ddnyfianlun1suinisuuy GSE tufe Yeanu GOOSE (Generic Object Oriented Substation
Event) uazifioagyinanuldiiusy Ansn iy

TudlagUuuinsgiudearsuuvaina dmsvgunsaidiannsedndfinaruniele

'
= =l

anmuinasuaniigeglufiaignirunldaruniniga fe u1msgiu IEC (International

q

v A

Electrotechnical Commission) Tngdinilslusnsgrunddyme IEC-61850 Fslagnineunsuazly

o

o v

AuegnIevelulFeinsdedns, ANuAmY wagdsnisuanidsudeyanldanunigluand

£ 1

o8 wing9lsfnu 1 msgIu IEC61850 Uudnilpuiuuiasguduneuntnnfoinluuinsgu

a

Tnllpgdnisludmanendnde desnisvibidulaladngunsalniesuyiegiinuiaind e

U

o 1

au13av191usuiuls (Interoperability) Tagian1gdinsuinnnisal n3ediaud (Event) il

(% 1

AUEAYE WU sruulesiuvesgunsniliiyininu Jauwaea GOOSE axgnldlunisuaniufey

'
[ = o w

Joyadmsunundanudfygiumaietiaiediuwuudinesiin (Ethemet)
gunsainemuniegiluaniildes endiegraty Sddesdu lagniauisesunsiad
didnwseiind wndugunsalBiannsednddaaies Mi38n71 IED (Intelligent Electronic Device) 7
Tgmnuanusaveslulasraulvsaaesadelmilunisdeansseninegunsal IED fedu dnanly
Y o aa o o o« aa ¢ @ 4 o o o = =~
wndaiiBnnalulagndrdny Aewaluladdmesidagadunumwanlunmsiauinisdeansluaniil
L4

goslnglanizoUunsalainddineside (Ethemet Switch) WUU Layer-3 394 MUEINITOVDS
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| Yy a

wseneviesiukuuaiion (Virtual LAN:VLAN) duiinadnandilunisdadeya wazn15nivaunis

' 1 o
e 1 a A d"LHJ U

Inadeyafiiduedaun awihlbidwesidanareidunalulagndedeldasuazmueiussuua

LUULIAN3 e

wmsg IEC-61850 Iflp3sunisuinmsdeansudadudesngundnseninausiasioufia
(Entity) neluseuvanilgaednluii® (SAS: Substation Automation System) lagnguusnagld
wannsleaatoudldvlines (Client-Server) Faidunisuinsimingaudunissesaumgnizal
(Reporting) wazn1saindsainszezlna (Remote Switching) Falsisjaifunissuiuuuiiaiads
dwFunsuinisnguitaeslindnnisuuuidiefyiies wanzdunisdomsvossruunudisia
AngAmesunan 1y Msdeasszning IED ilesyuutlestu vie ssuusaluifauiiigs snu
LoNans @31 IEC61850-8-1 Sw1yi1 GOOSE tugnoun wlidsuutusenmaduuuiazaanguisy
(Multicast) nelui3ateviesdiuld vilimdsdugmasnsadslivats 1D vhaundouduld

gNAIBE1Y NNSYINIUeeHaNTU CBF (Circuit-breaker Failure)

ACSI Services
ACSI Client ACSI Server
> 10 data
Application
— 10 data
IED
IED
Application Application Application

|4

I I
| | /

/O data /O data VO data

5UN 3.1 usuan13uIng ACSI
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[
[ &Y

dandafiddyiiufeidnsdeudenuuladnidunsdeudenielugenduad fisendn
ACSI (Abstract Communication Service) %QLLamiugﬂﬁ 3.1 %QHMUQuﬁwwﬂa’li du
IEC61870-7-2 Faflenunisuinisfiugrudwiugunsal 1ED Tuannildos uarléfeny 2 nqunis
doansauuy Taaleudldnnes wasflofyifies dwiunisuinisuuy GSE duliienuduey
audeielduuunszasnneiadeyauuudunauaziondng vuilugiuvdnnisiuansed/
Fualasiuasd (Publisher/Subscriber) g ULREITENINFHANNTAITHALETUNTAT TBN1IAINAT
afuayulunisudamgnisalluannilgesuvunszaeliinnnimilsgunsaliiunslduinistad
madlazusenmaRsEnidstulaziu Tnedl 2 seduniuau (Control Class) wazlasaaiiaves
wangafignienulusnsgiu Sufte Fema1u GSSE (Generic Substation State Event) fianunsa
dvanuzuudnwuzaUa (Bit Pair) hazlualya GOOSE (Generic Object Oriented Substation

Event) fianunsadedoyaludnuaizgnvesdoya vie adien (Data-Set) szifiounuuunuuas
Yoyafiuinnituazdagtiugnldaruunuil GSSE 1oy 100% veulwnvesnIseaIsd1n3Y
1A51U EC-61850 waznsideudemaladnasuansiingi 13 vosdruenans IEC61850-1 Tag
1észyin msibenseuvuladni 8 galddmsunisuaniasudeyalnensiszuinauud (e sy
ivd) useeslsAnumalea GOOSE Adsenagnldsyminsgunsalivdlanadvamduiana fauans
Tugui 3.2

EC-61850 tHusnasgruanadmiunisdeansluaniidos faelvannnsaysannisnsg
fasfiu mimuay mMsfauazmsnsiasouiavuaneluandgesuaziiisnisdesiunisldony
anillwihgosarmiiigs nsldiuiiaseunquiieliaunsasiusiadiinfuszuugosaans
SalusiRvas IEC-61850 warlunanfuifuastisliauise Weudeduniion1ssuang ves
AnAnsneriiumatanseuIug IEC-61850 F35731071 AvaYAINaUIsvesdinesidnidiiy
UsgdvBnmuazanuvasadsdadudsdnduluandlnideslutiagtu Swdideldau EC-
61850 axfnmanindisesiinuuurniliimeuniuasBmesidaives lfifudasnsuenvie

o v Ao & Y a ¢ O | A a ¢
G]’JLLTJa\‘]GUQJ‘JJaVW']L‘UULLaSW'@QNQUﬂim Ethernet lﬂWiﬁquLV]WUULGUUﬁUVlsULLaga']WﬂLﬂiﬂ



34

Remote control Technical Services
wel @

STATION LEVEL

BAY LEVEL
PROT.
Remote e Remote T
protection  HV Equipment protection  HV Equipment

5UN 3.2 Menduveanisuinig ACSI

3.6 msﬁamm‘uuaqnsu

[ I

n1sdeanskuvaynsuluIlianudrdgsenisidaululasreulnsaaesuin ines

o

< a (3

grursalruduiuniazanninees PCLUudunmwazian

q

walunisfndevionluny
lulasmeulysaeeimedyniaedsosifioy 3 @ity fe aededyann TX, @esudym
RX wagane GND 8n31nsdadaya (Baud rate) weainuiivesnissudadeya iudniudase

Aundiiu 300, 1200, 2400, 4800 , 9600, 14400,19200, 38400 ,56000 LHudu N1sidensnsINIg

1%
=

detoyafuedfiuviinvedangdymyi, seeema lasUSinudyaIusuniu JULUUNTERAITLUY

7] o

A a

aunsuilceiuey 2 wuu Aewuudalasia (Synchronous) wazluuardalasifa (Asynchronous)

nsdeanswuudslasavslidyqrauninududiiivus e nainisdsdeyasiuegiied nidu

wils Maiudygradoya degrudu nsdsdyyinainddussa Wudu nsdeaiswuvey

Y

Falastia (Asynchronous) Wunissudedeya Ineiiludndudedidygyiauniinisiuaie uwiagly

a1 W

Widhdawaydsuildnsdadayaiiviniu

o ! [y o

RS-232 lwmatindgygrusudsuuuasunou (Common Mode) dgeyraiudauunay

o

¥ '
= IS v

woutuaglddya1uns 1R (Ground Signal) WudiuSeuiiisu Jymaziiatuilessaudymiu



35

YY) 1

NINMATDIRITULaYFd WA Y Basesuduaanana1aiuuinmils ASellnasanuRanaIn

e ]

Tun1s@ansuInT Uty LWiwﬂ’ﬁamm%maﬁ%’UL%flmd'lLﬁu@uéﬁaﬁﬁq%@mmzﬁumm

U

v o £

WANAsENINd NI 1R Udy atayanTun wasBadlodidya1usuniu d@eauwnsnia

a v

wluaedyaramnuinls Adeildnsienudygrailentaianaingaunds wsenuned

¥
=

seiueERenanlunsiudsteyaarasduanliannsadeansiuld viedosanseiuanuisly
A5AeANTAIN

Rs-485 Junilsluunsgrunsdeasuuveynsa (Serial Communication) fignimun
Junlasnduitusinsgnamnssudidnnsedndluszineansgoiuinn (Electronic Industries

Alliance (EIA) tianauauadsionudesnsidauideiniswenseaunsaiviais g fuuteay

'
=

Wearu Inefiszesnnanisdeansntnatu wazlinusisudsdeyaniasiu Welfisuiuunsgiu

Y

[ v

NM5&0a15 RS-232 winkalin13deans wuu RS-485 anunsaiudsdyandeyalalnatuuasistu

g7 U

W31 RS-485 Thmallady s udanuuininelsuidea (Differential Mode) azlailddygie

¢ < v Y a A = a J PN J [ 1 3 o w o 1%
N5 UUTENUDI19DINIDLUTEULNEU LLWDSQﬂﬂﬁﬂﬂmﬁﬁmﬁﬂﬁmmﬂﬂmﬂﬂQE“HEJL‘UL!&"I?W@U WA

>

Jyvisesanuuanigvesdyniininsenitnelnsaisuiazgunsaldamualy wsielign

wnnldineds wazdmnganenldsvasdyanaiuiudunisanasBdmalidygnsuniuain

Y]

mMeuenfiaeaunsnidnulugaiefargnitdneentuldlaedis villinisdeansuuy RS-485 nusie

LY (Y]

dyarusuniuneuentaas annsasudsdyaralalnatuwazsitulewseuiisuiumaila

g7

YT UA UUAD LY

sdoasuuy RS-232 1WWumsifeudeidugadeqn (Point to point) Seagsegunsalds
fussudoyaifissyaifeddagudl 3.3 udnisdeaisuuy RS-485 Fdnvugnisidendelduluy
na1899 (Multi-point) 38 Multi-drop #3307 3.4 n1sdenvuvalsgaisiliaiuisoues

[ 3 Y o o 14 b, o a & A ¢ 1
anedyarandudaiidyaala (Signal Bus) 31uiuasufianeiviogunsaifiaiunsnaguu RS-

485 Uanilagnimunlin 32 gunsal lunsdindeanisiiiuvsdeedifaniudyyins (Signal

' ¥ '
v a = =2

Repeater) v3al4ds-Sudyaruniduiiuaudgadu Fusionadfiuduiugaeusedulate 128

T o

0 AUYIIVDIAYFY QY IUANNINTFIY RS-485 Uanunsaenilads 1.2 Alawns nsdeansay

o

1 1 4 % = [ v Y LYY A 14 = [l
Jusuvasanelindouriu (Half Duplex) Aonisdstayanaziudayauwuuaduiu ioniumile

Joya Sndnuniladudmsudeya awmnsesuddunandeiuld



36

Point—to—Point

gﬂﬁ 3.3 mn%amiaqﬂﬂiaiﬁamﬁ RS-232

T

g‘dﬁ 3.4 mn%amiaqﬂﬂsai?%ami RS-485

3.7 NMIAUYNITLAURIINUAURAZ LI UANABTTUUNARIWHINA S ULE D ing

w59ou N5 YA UL YAINABMLIAIANNANLL YA UL UaIURaUS U N5 LT LN
Uinaunsdslviinluaneds nismivauvesaudaluaussuulnii waznsiiamsaniulussuy

Hesanglilwihdesnisinuninussdulninyadensidulunuinaeifianas deiuiadu

' '
Y a a

wihvesgudniuguiazdesnrvauliusiuduluaudennas n1spivguusaiudutymves

Y 9

o

[ ' [
1 LYY

& A o =~ v v A A ) vy W o w a v o
wraziunsiun1suAamenesundunud lnedalntiunassuanemasinidnaiouliiieme
iepuAuLssuliildauidvun nansadmuadysenlaidu 2 939 fie Hraunfuas
1 a o o -7 | o w = 1 [ 1 I . . |
¥3399n18u dwfuunasfuanediduaion wialu 2 daufie Static wag Dynamic ludiuves
Static ek Shunt capacitor Wag Reactor @uve9 Dynamic LU t3esnialili, SVC, OLTC
Mieulaednlud® Wudu Famngudmuaudednindeyainauanunieyldiuvesgunsal
wazilgutunaunisaIual aunsallvivunzauiunissessuluannsuniuazaniu deonauilud

n3iiim Voltage collapse wag Cascade tripping @eagyinlsnaluauiduusiianing
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wseulniluniislud@ianaunmlniiasiigldlndn nnsdsnszualuihanlselndag

aginglnavgilmfausaiulniagdsluaedann dwaliusaiunuatganedanasiindie

U1N351U N13AUANLIIFU LN lAra187T 1y n1sAIuANAIEaUNSAIAIUAN /ALY

usafulninde Capacitor Bank w3 Shunt Reactor n3AauAufiussfuidrveslsaluiiviiy
5¥UU Automatic Voltage Regulator (AVR) 1Jusu

nsAARe Capacitor Bank videsdifuuszglniiuunalugsuaumaneys fldouiudamm
Tuszuulin Fadugunsaitedamdslniasdoulsituszuuliih nsuh Capacitor Bank Wnld

uluszuulvinagdsalnanidelndadiouiudy Jsanunsasiunsasulndale wazlunia

(%
Y

nauiu mnasssiiussiulnilussuvanas agleisUan Capacitor Bank ®8na1nseuy dnvia

o 4 rd' [ ! 1

FIMNRUINUSUANINILIDS

ueLnos (Power Factor) vasszuuliiiangetu ilafiarlaifoude
AlFunaranmdsugadeluseuy dwdsznauniglu Capacitor Bank euszneusegunsal
AUANAIFIUTENOUMAY (PF. Controller) fakfiuuseqlniin (Capacitor) uasaunsaldinsosaiiu
Uszqlin (Magnetic Contactor) Ingd1uaunievuinvesnrdimeidesnisderdafiuszuy
e tuegiummdsuatioufiiatulussuuluvneiiu Ts Power Factor Controller agh
MInsainamInesulameseITEUULarasdIn ST Maenetic Contactor devisauanaund
wosansruuielildrmnefurawmenudenis
Shunt Reactor 1dugunsal gadu Q vliands msthunldemazdanalsidddalndi
atieuluszuulnihianas Feauisaanseduwsasulniile uaslunendudumndeanislv
wsstuliiiluszuuifisdu farunsavan Shunt Reactor aona1nszuyl %q@mauﬁ’a%aﬂ
Shunt Reactor wag Capacitor Bank As3713Au
Static VAR Compensator (SVC) L‘ﬁuqﬂﬂﬁiﬁwwﬁﬂu Power System Stabilizer (PSS)
yianils gunsaivdnifinuantAfieAeaningn Generate Q uag Absorb O TuAssuuiionns
Uduugerussiuliinle auaniBives SVC AevismufliosnwiaiosnmvideifiuAnafiosninves
zuv Wielfszuufinuiuawnniy Tasesnuuugunsaimuamduuuy Solid State Shunt
Capactive U@y Shunt Reactor finvmanansaufuaiadsiwiasioustsioidles iugunsald
Paglkszuuiiauiiung gunsaidulseneude dufulsequuiu uasiuonmesaunu Tasd

Thyristor Switches tJusmuaun1saeiassuaniiv
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3.8 unasy

a Y 1 = A v a = o A A v ¢

unit 3 lanandsannllnihdaasesdeanunsasesiunisiwensiedeanstoyavegunsel

#1199 HULATEUIE MINLIRSFIU IEC-61850 Tngazvinnusiuiudulasaieiiszuy Fuduisly

nmsundgmszAuussiuiuuasusunnmessuunanliinndnunaseinglaegesinsuay
1 o :’/ dy o % [ 1 Y d‘ 1 | )=

wiug vistazdrannsasnanult dusuinidluniseonuuunsfensese nisaailniney

n1sudnlnindrendsulatefing iearuauitdlniniadouvosssuundnluingany

WAIDNRE
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N13DNLLUUNTIINAM AN

4.1 unin

Tudlagtufinisfindeszuundalnifondsnuuasorfindifudiuaumn uasdadifie
yansfadeiifiutudngae osnsruundnliiihdendnunaseifind dufiauduailunis
sy wianigmitldnudlussuulihiineumihdldndnaniufe wsadulniilussuulad
wadesnm uniumidussuulihiussiudiiiniunasg hiliesdnsiiviiiiridming i
fosdinsingunsniunegafisdnluluszoy itelfsedunssdulnigadu Sinsemugussdy
us9fuELFEMANN13T0 Volt/VAR Control Aenmsaauauuiunarsidsiwiladoulussuuded
navilszduusauliihinisasunlas ddudelussuulnihdnisindassuundalifae
nEuuaseingogudatiu Sntseuansolunisemugunisiieidsiniiatiouvosleans

BULIBSLNBS ?NL‘fluL%qﬁmiﬁmammﬂiﬁﬁzuumémlWﬁwé’:}awé’qmuuaamﬁméﬁagjLm'az

' £%
a

swmisluanedsrasszuulinih Prefumuauszaunssiiilnizlussuulnfivadesnmnfay 3q
uiuvesnisveaesld Jeazviinismegeunisaivaunisdteniasiinaiiounssleans
duneiwesiidunusiuamaslniatiounlussuulnihddanis Inenishdeyalnives

szyuNuan1 Wi

4.2 szuurannindrenasunasefindfildlunisvaass
sevundnlilimdsnunasenfindfinaas ssgnoumegunsasindnie waduasending
Lazdunesines lunsveaesidunissiassdnunatosnmasusssuliluaondlui Tnonis
Tz uundnlrifiamendsunaseindinsats drgeluinadiouldtussuulnfiniiovawe
tdsluinatoufiAnduluszuu lnslugunsaivesszuulniindsnuuasenfingtu gunsnii
anunsademidsliiiatiouldifeleanBunednes duulunmnaesarldnisaunsleans
dunesmaslulvuaveanisineidalnilaiowdundn lunisneaesarldsyuundaludne
nSruusmeingiiinnssluaadluiihilng snaethlng Smiauasswdun faimdhaks
yosunslgansioad 5 kW Jauwunimnsideusevessyuulnimdsaunasorfingluaaiilndinc

ey uanedsguin 4.1
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DIESEL GENERATOR

SUBSTATION

SOLAR CELL SYSTEM

o
& - gl
=

SUBSTATION LOAD

JUN 4.1 ssuundaliiimendsnusaseingfnldlunismaaes

syuunanlnhmenasulaseingnaessluanitvalng axdnisfesiunleaiisivas

YR 325 W $1U7U 16 uns wavldleansdunesines 5ve ABB wu1n 10 KW 3P LLaméﬁ’quﬁ 4.2

o v

Ingsvazldunnuanwuseasleasduesines Aagun 4.3 uenaindissuunanltifiinie

Y
4

waspfindwandsiiesasntdalidfwalildnsailudnainssuudimhenaniseuau vinlseuu

v [

fndeunddly Fainannnisedalndiveaesass s lndfwarazszuunanlnidiaie

PRI ULAIDTINE

UM 4.2 lgarsdunesinesililunismaaes
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Technical data and types

Type code PVI-10.0-4-0UTD-400 PVI-12.0-1-0UTD-400

Input side

Absolute maximum DG input voltags (Viaeaks) 520 %

Start-up DG input voltage [V 200V fadj, 120,350 )

Operating DC input voltage range Wasmin. .. Vacma:) 07 % Ve, 520 W

Rated DG input voltage (Vae) 345N

Rated DG input power {Pax) 10500 W H 12300 W

Mumber of independent MPPT 28

Waximum DG input power for each MPPT (Puretias) BE00 W

F?ﬂgF"r]IP;tt gi\xtage rangs with parallel configuration of 000 470V H oE0 . ATOV

DG power limitation with parallel configuration of MPPT Linear derating fram max to null (47 0V=Vierr=b20V]

A P oE00 W [ZE0VE =470 600 W SV <470

00 povetimimicnfor et MEFT il idependens | Bt chemnal = tooo oot chamal F s

fh‘ﬂa)(lrm;r'ﬂ D nput current {laome) / for each MPFT 450 Am:24.0 A 0.0 AM;:&O A
NPT,

Maximum input short circuit current for each MPPT 29.0 A

Mumber of DG inputs pairs for each MPPT 2

DC connection type Tool Free PV connegtor Wh / MC4

Input protection

Reverse polarity protection ‘Yes, from limited current source

Input over yoltage protaction for sach MPPT - varistor 2

Photovoltaic array isolation control According to local standard

DG awitch rating for each MPPT {version with DC switch) 22A 000V

Output side

AC grid connection type Thres phase 3W or 4W+PE

Rated AC power (Pwr@cozg=1 | 10000 W 12000 W

Maximum AC output power (Paomx: @cosg=1} 11000 W & 12500 W@

Maximum apparent power (Smax) 11100 WA 13300 WA

Rated AC grid voltage (Ve 400 W

AG voltage range 320, 480 W

Waximum AC output current {lamas 1604 | 18,0 4

Contributory fault current 25004

Rated output frequency (f,) 50 Hz / B0 Hz

Cutput frequency range (fuin.. fred 47, .53 Hz /57, .63 HzW

Mominal power factor and adjustable range = 0895 ad). £ 0.9 with P =10.0 KW ! = 0,995, ad), £ 0.9 with Pae=12.0 KW

Total current harmonic distortion < 2%

AC connection type Serew terminal block, cabls gland M40

Output protection

Anti-islanding protection Acgording to local standard

Maximum AC overcurrent protection 20.0 A

Dutput overvoltage protection - varistor 3 plus gas arrester

JUN 4.3 seazidunnnanuazvadloaniounesines

4.3 1158981552192 UUR AR NI A8 aIULE RSN Uaa 1T IWAN

WNUN NS TeNRRBsE UUNAR TSI uLase ng luaandluinthlng agiiulaan

[y

undsirevesszuulninesivasluandlnitalng) Togseiu 3 undsde in3esiudalii
fa, InssuuIvuey way 53UUNSWVLW%(%EJWé’mmmmﬂmé1umimaaﬁauuaei’mﬁ%
ldApdoyairdslnirvesszvundnlrilsiendiunatoniing uazdayavesssuuluii
(substation) Ingazinissuardeyavasnisldmaalniiatiou MAatuluszuulni Wothn
muguseiddlnfiiaiiou vesszuundaluiidiondinunaceriing Fadoyamalii
sywiesruuRdnlnlihfendiuuatening was @il duszldunannisideulsunsy
KU PLC (Programable Logic Control) n1sfsA1dayavesssuunanlninmendinunaseing

o
= a o 1 [

¢Fei1U Power meter insAnfeglvaiduiesines Awgun 4.4

Y
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JUN 4.4 fumiaesn1singa Power Meter

DIESEL GENERATOR

[
T
SUBSTATION
—
SOLAR CELL SYSTEM . o Vaa =
S =

& = Q VAR Vba v
SUBSTATION LOAD FF Ve v
Q VAR Freq Hz I A
® kw Vb v 3 A
Vbe v Ie A

Q KVAR

\_ Ve v

JUN 4.5 Amsliihiaginisuanananulusunsy

/
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WisuLiisusuuuunsdeansdoyaseninsanilaiifugunsaiaivgu wuulianefud
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AshNUsEUURsIluAs1sall
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WAIUKAIDNNE

nsneaestiuilavimsdeasuuuldaedyalunisieas Jeyaneulanaile
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= v < = g v = |y | v { Y
ilesngemuaslunisdeansiy deyailauardiluniserulszanudesndi 1 ms dagy
5.1 vasantwinisnaaesnsdeasinilagldnisdearsuuulfans wuiiteyaidaunlad

ANURALNEUATUN T UAAT wildlofiansandrulunisanusilunissudsdoyatiu tinaiu

a1tlun1sgnuAtUszann 131 ms Aegun 5.2 n1slusunsunisuanenavaaseuulniily

anniiliihdsguil 5.3

icrosoft Windows [Uersion 6.1.76811
Copyright (c) 2089 Microsoft Corporation. All rights reserved.

ssUsersssuntichai>ping 192 .168.8.138

Pinging 192.168.8.138 with 32 hytes of data:
- th 32 time{lims

& = H 32 time<ims TTL=128
Reply from 192_168_8.138: bytes=32 time<ims TTIL=128

Ping statistics for 192.168.8.138:

Packets: Sent = 4. Received = 4, Lost = @ (Bx loss).
Approximate round trip times in milli—seconds:

Hinimum = Bms. Maximum = Bms. Average = Bms

sUsersssuntichai’>

5UN 5.1 dayaanuartivesnisdeansiuuilangdoyn o
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Microsoft Windows [Uersion 6.1.76811
Copyright <{c> 28@? Microsoft Corporation. All rights reserved.

C:“UsersssuntichaiXping 192.168.43.7

Pinging 192.168.43.7 with 32 bytes of data:

Reply from 192.168.43.7: bytes=32 time=78ms TIL=64
Reply from 192.168.43.7: bytes=32 time=114ms TTL=64
Reply from 192 _.168_43_.7: bytes=32 time=146ms TTL=64
Reply from 192.168.43.7: bytes=32 time=166ms TTL=64

Ping statistics for 192.168.43.7:

Packets: Sent = 4, Received = 4, Lost = B <Bx loss>.
Approximate round trip times in milli-—seconds:
Minimum = 98ms. Maximum = 166ms. Average = 131ms

C:~\Users~suntichai>
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Q 3728.384 VAR Freq 4996 Hz Ia 88.38 A
PO kW [ vab 22499 v 9624 A
Vbe 22528V Ie 94.8 A
Q KVAR
Vea 22433 V  Qucalel250 3600 VAR
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y = -(0.0242x) +128.82 (5.1)
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PID Parameters

D Enable manual entry

Proportional gain: | 6.621458E-3 |

Integral action time: |5.114?35 ;|

Derivative action time: | 1314018 5 |

Derivative delay coefficient: | 01 |

Froportional action weighting: | 7.170551E-1 |

Derivative action weighting: | 00 |

Sampling time of PID algorithm: |1.999968E—1 s |

Tuning rule

Controller structure: | FID [71
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Wesidudniuau Masluiaiion Wasidudniuau masluiiaiiou
(KVAR) (KVAR)
0 4908.765 22 4342.075
1 4836.993 23 4328882
2 4836.993 24 4255.583
3 4777.603 25 4203.505
4 4850.193 26 4249.695
5 4850.193 21 4117.715
6 4718.213 28 4130.909
7 4678.619 29 4183.708
8 4678.619 30 4038.528
9 4724816 31 4038.528
10 4724.816 32 4051.728
11 4592.836 33 3965.946
12 4526.088 34 3972.541
13 4526.088 35 3952.086
19 4526.843 36 3893350
15 4533.446 37 3827368
16 4474056 38 3892.706
17 4460.855 39 3892.706
18 4467.459 40 3800.974
19 4408.063 41 3741.584
20 4394.869 42 3800.974
21 4394.869 a3 3734987
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\Wesdudniuau masliaiiou Wesidudniuau masliaiion

(KVAR) (KVAR)
a4 3661.787 68 2778.149
45 3629.407 69 2599.545
46 3570.01 70 2613.172
a7 3570.01 71 2474.595
48 3569.422 72 2494.392
49 3569.422 73 2494392
50 3398.445 74 2540.158
51 3398.443 75 2540.158
52 3405.04 76 2349.218
53 3279.663 7 2349.218
54 3219663 78 2349.218
55 3213676 79 2230.444
56 3213.676 80 2230.444
57 3240.07 81 2144.297
58 3186.745 82 2144.297
59 3186.745 83 1933.494
60 3120.77 84 1933.494
61 3120.77 85 1933.494
62 3042.103 86 1860.897
63 2989.316 87 1669.255
64 2989316 88 1669.255
65 2922835 89 1669.533
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\Wesdudniuau masliaiiou Wesidudniuau masliaiion
(KVAR) (KVAR)
90 1504.556 9 1181219
91 1504.556 % 963.288
92 1445.173 97 963.288
93 1445.173 98 633.5078
94 1181.219 99 633.5078
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Reactive Power Compensation For Solving Voltage
Problems in PV Farm based upon IEC - 61850

Suntichai Uaroon
Dept. of Electrical Engineering, Faculty of Engineering
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand, 10520
suntichai_uaroon@hotmail.com

ABSTRACT-Reactive power compensation for solving voltage
problem in PV farm based upon IEC 61850 is presented in this
paper in order to comtrol voltage within acceptable range. The
Volt/'VAR control is used in solar inverter of PV farm to improve
power quality and also reduce the disconnection of solar inverter
caused by overvoltage. So, the owner of PV farm will get more
opportunity to sell solar electricity back to the grid. For Volt/VAR
control, solar inverter with PQ mode is used to control the active
and reactive power of the system. Electricity data from substation
are sent to PLC based upon IEC 61850, which is the standard
communication of electrical substation system. In this paper,
simulation result verifies that Volt/VAR can be improve a power
quality in a PV farm.

Keywords-Volt' VAR control; Reactive power; IEC 61850; PO
mode

1. INTRODUCTION

Nowadays, electricity demand continues to rise at a strong
pace related to high economic growth. Thus, in order to meet
increasing electrical demand, power plants are constructed from
variety generation resource, such as, natural gas, coal, fuel oil,
and renewable energy. Renewable energy is widespread
popular energy resource to provide electricity without giving
any CO; emission. The limitation of this resource is their output
fluctuate according to the real time availability. The fluctuation
can be predicted accurately only a few hours to days. The
complexity of this resource affect power quality of grid
Renewable generation including photovoltaic (PV) systems can
have a significant impact on load characteristics in distribution
networks and also affect power quality residential distribution
networks. The most cited PQ problems that may arise due to
grid connected PV generation are overvoltage and fluctuations,
harmonic distortion, transient phenomena and reverse power
flow. These effects result in potential damaging of sensitive
electronic equipment and capacitor banks, overheating of
transformers and neutral conductors and additional losses in the
power system.

Degraded power quality entails additional costs for both the
electricity distributor and its customers. The purpose of this
paper is to find the solution for solving voltage problem in PV
farm. The investment on solar farm become popular because of
reduction electricity bills. A large number of connected PV
panels can cause overvoltage. These makes solar inverter
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disconnect from grid and affect the solar owner from selling
solar electricity back to grid. All PV farms are connected
together by a substation, which 1s an interconnection part of an
electrical generation  and distribution system.  Substations
transform voltage from high to low, or perform any of several
other important functions. Between the generating station and
consumer, substations generally have switching, protection
and control equipment and one or more transformers. Other
devices for power quality control such as power factor
correction capacitors and voltage regulators may also be
located at a substation. So the problem of overvoltage can be
displayed in substation. This paper presents Volt/VAR control
of solar inverter to maintain acceptable voltage at all points
along the distribution by adjusting reactive power in smart
grid.

The rest of the paper is organized as follow: Section 1T
briefly present related theory about Volt/VAR control, IEC
61850 standard, programmable logic controller, and solar
inverter. Section III show experimental setup including
specification of devices. Section TV shows experimental
result. Finally, Section V summarized the contribution of the

paper.
II.  RELATED THEORY

A. Volt'VAR control

Volt/VAR control (VVC) is a fundamental operating
requirement of all electric distribution systems. The purpose of
Volt/VAR Control is to maintain acceptable voltage and
acceptable power factor at all points along the distribution
feeder under all loading conditions, Volt/ VAR Control in a
smart grid is to improve efficiency through voltage
optimization. Volt/ VAR Optimization has been successfully
used to increase power system efficiency of utilities. Volt/ VAR
optimization system configuration i1s shown in Fig 1. This
system consists of DLA Master Station, Substation transformer
with load tap changer, Substation Capacitor Bank, Substation
RTU, Line Regulator, and Switched Capacitor Bank. Line
Regulator always measure and monitor load voltage.

If overvoltage occur at measured point, The DLA Master
Station would send the command to switched capacitor bank,
substation capacitor bank or transformer with load tap changer
to absorb reactive power from smart grid.
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Fig 1 Volt/VAR optimization system configuration

B. IEC 61850 Standard

TEC 61850 is a standard for configuration of intelligent
electronic devices for electrical substation systems to be able (o
communicate with cach other. A control model is divided
into GOOSE (Generic Object Oriented Substation Events)
and GSSE (Generic Substation State Events). These protocols
can run over TCP/IP networks or substation LANs using high
speed switched Ethernet 1o obtain the necessary response [or
protective relaying. A format of GOOSE data is grouped into a
data set and transmitted within a time period of 4 millisecond.

C. Programmable Logic Control

A programmable  logic  controller (PLC) is  an
industrial digital computer which has been adapted for the
control of manufacturing processes. such as assembly lines.
or robolic devices, or any aclivity that requires high reliability
control and case of programming and process fault diagnosis.
PLC have been widely adopted as high-reliability automation
controllers suitable for harsh environments. PLCs can range
from devices with tens of I/O in a housing intcgral with the
processor, to large rack-mounted modular devices with a count
of thousands of 1/0. and which are often networked to other
PLC and SCADA systems. They can be designed for multiple
arrangements of digital and analog inputs and outputs (I/0).
extended lemperature ranges, immunily to electrical noise, and
resistance to vibration and impact. This paper use PLC to
receive GOOSE message from electrical substation system and
send a command (o solar inverter (o operate PQ control.

D. Sofar Inverter

A solar inverter or PV inverter is used to convert the
variable direct current (DC) output of a photovoltaic (PV) solar
panel into a ulility Irequency alternating current (AC) that can
be fed into a commercial electrical grid. Solar inverters have
special functions including maximum power point tracking.
Solar inverters may be classified into 3 broad types, stand-alone
inverters, grid-tic inverters and battery backup inverters. This
paper focus on grid-tie inverters, which are designed to shut
down automatically during overvoltage of utility supply. Many
solar inverters are designed to be connected to a utility grid, and

will not operate when they do not detect the presence of the
grid.

PQ control in grid connected mode will be used to interface
between the grid and the inverter, PQ controller is designed so
that the inverter could control the active and reactive power of
grid from a small signal variations of the voltage magnitude and
its phase.

Fig 2 show Volt/VAR characteristic of smart inverter. The
graph show that solar inverter has 2 modes, which are inductive
mode and capacitive mode. If overvoltage occur in grid. then
the solar inverter will be in inductive mode to absorb reactive
power from grid. On the other hand, if under voltage occur in
grid, then the solar inverter will be in capacilive mode 1o inject
reactive power to grid. Solar inverter can also control power
factor to be not under 0.9 according to acceplable value of
electric utility.

Capacitive

Y%voltage T Inverter

g

\ Swilch

Grid

% Available VAR

Inductive

1 Yavoltage

Fig 2 Volt'VAR characteristic of smart inverter.

L EXPERIMENTAL SETUP

This section describe an experimental setup. The connection
for PV generation is shown in Fig 3 In general, PV panel is
connecled lo inverter (o converl direct current produced by PV
panel into an alternate current. After conversion of current, this
generating power is sent to grid. Moreover, this paper presents
the additional function of solar inverter, which is used to control
aclive power and reaclive power.

The clectricity data from the electrical substation system arc
sent to PLC in a form of GOOSE message. The PLC receives
the electricity data, which are vollage, current, vollage
harmonic, and current harmonic bascd on TEC 61850 or
communication standard of electrical substation system. Then
the PLC would consider only voltage data of that substation. If
the voltage cxceed the acceptable range, PLC as a unit
processor would control the voltage by sending the command
to PMU, which is used to transform analog electrical dala to
digital in a form of Aurora protocol. This protocol is only used
for ABB inverter. After that PMU would send the command of
PLC to solar inverter in order to control reactive power in that
substation, Fig 4 show the experimental devices.
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Fig 3 The connection for PV peneration

TFig 4 Experimental devices.

In the experimental setup, two strings connected in parallel,
There are 18 panels per string connected in series. The output
power of one string is 280W. The PV panels are connected to
10kV solar inverter. The electrical data from electrical
substation system is in a form of GOOSE message as shown in
Fig 5

The structure of GOOSE message consists of a fixed terms
of length, and lixed terms of conlent. The variable in terms of
both length and content chosen to be communicated. Firstly the
fixed portion of the message structure is examined and briefly
discussed. starting with the Preamble and ending at the
Ethertype. The Preamble and Start of [rame are performed at
the hardware level. The Destination address i1s a multicast
address consisting of 6 bytes. The Source address is also 6 bytes
long. As per IEEE 802.1Q, priorily lagging is used (o separale
time critical and high priority bus traffic for protcction-relevant
applications.

Afler PLC receive GOOSE message, voltage data will be
uscd in reactive power compensation of Volt/VAR control. The
Volt/VAR control block diagram is shown in Fig. 6. Measured
voltages from electrical substation system is fed into slope
block to calculate for Qe This Qur will be an input of PI
controller Block (o control reactive power of solar inverter. So
the voltage level will be in the acceptable range.

i
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time="1394638084 075298
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M < a4 booiean Fabe
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gol! 5* BK1

Tig 5 Section of the GOOSE message structure frame
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Tig 6 Volt/'VAR control block diagram

1L EXPERIMENTAL RESULT
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Fig. 7 The simulation of voltage in 'V fanm without using Volt/VAR control
and Qref from control block diagram
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Solar inverter with Volt/VAR control is used to compensate
reactive power in order to maintain acceptable voltage at all
point of distribution system. Fig. 7 show the simulation of
voltage in PV farm without using Volt/'VAR control. The
voltage gradually rise and exceed nominal wvoltage of
distribution system. Qref in ¢ontrol block diagram is also
simulated at the same time in Fig. 7. The experimental result
show that Qref is in inductive mode to absorb reactive power
from distribution system. Fig. 8 show voltage in PV farm after
compensate reactive power. The simulation result verified that
solar inverter with Volt/VAR control can maintain voltage level
to be in acceptable value.

Nominal Voltage

Time (min)

Fig. 8 Voltage in PV [arm after compensale reaclive power

1. CONCLUSION

Reactive power compensation for solving voltage problems
in PV farm based upon IEC 61850 is presented in this paper.
The experimental result shows that solar inverter can improve
power quality through voltage optimization of PV farm in
distribution system. Volt/'VAR control 1s used to compensate
reactive power during overvoltage. The experimental result
shows that PV farm with solar inverter could absorb reactive
power during overvoltage. As a result, the wvoltage level
gradually fall to nominal voltage. If distribution system is
connected with a large number of PV farms, so this solution can
reduce disconnection of PV panels during overvoltage and the

owner of PV farm would get more opportunity to sell solar
electricity. Moreover, the efficiency and reliability of
distribution system will be improved.
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