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Research Title: Analysis of Protective Relay Coordination when DG
interconnection with Distribution System
Researcher: Asst. Prof. Dr.Chaiyan Jettanasen and

Faculty: Engineering  Department: Electrical Engineering

ABSTRACT

This research proposed the effect of protection device when 8 MW distributed
generation (DG) interconnected to distribution system of Thailand. Case studies are
simulated for 3 phase fault (3-P) and single line to ground fault (SLG) using digital
simulation and electrical network calculation program (DIgSILENT). The results of this
research are shown that fault current from substation will be decreased, when DG
installed into the distribution system, due to impedance of system is changed. Such a
fault can lead to the malfunction of the protective relays. In addition, the results of this
research can be used and created the suitable and fairness of the fee for both DG and

utility.

Keywords : Protective Relay, Distribution System, Distributed Generation
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2.3.1 Wesnasninasusauyminae (Medium Voltage Circuit Breaker)
AuauAmsinulnehluveagesinusninesussfuiiunans adeiuiges
Ansninesussium uandeiissduussiulfunasformunlumsidendrifafiunndneiu 3
wasguilifasaniuwesinusninesussdulunansita IEC 56
23.1.1 pudnwarvelgeiinuInna s sulnan
Taely Audnwuznmhaureseesinusninesussfuliunatias
gnAuAnmMsialag mheruaunsvhou fenauidldidu 2 Ussan fe
1. whemsvhaudmssuuudidnnsednd
whemsvhaudassuuudidnseindluiidanmiteusumiems
vhawdmassuuudidnnsetindveneeinusninedussiusm dafufildneandeadedneiy
2. 5ad
31ad fie gunsaitiostuingreaeumuRnUndvesszuylrihdsy
Winszuadnnees Tnefudygriunnmiowlanszud uaz/v3e wiswUaauseiu viefuani
#5793 (Sensor) Buq e iurmliaunAfidntudlorfaunitisssiuiiuiusly Sadesh
m3ddigunseifimaes fie wesimusnined inmsdndauiRaauAnunfisananssuuliti



Jadildlusruudesfuiduiinareussian viwlinlifesiinis
fadviumsvhauiugunseilioaiufdu 1y Siaduuunasina (Differential Relay: 87) wiodiad
AU (Pressure Relay: 63) daldnsaadumniinundnslushvsiaudanigiu Wusy wiutse
vinfedinszuadnisndudeyainnsandiud Wy Sndnsvuadunuuianuiuil (50 wie
wuumhana (51) _

2.3.1.2 madandfifaveageiinusninesussiuuiunans

AfifavensesAinusninesussfutiunans idesiarsantaglidoya
nsELadnD99s 198unnuInsgIu IEC 56 Tagluinendinusatuiiagiansan 2 Arde #in
NITUARMIRSHaTHARNITLATA993

2.3.1.2.1 MIANTEUARN995 () A AIANEANNTRLUNITANIITTUEY
wasinsninasrfinailagiluuanduguvesnssusaianas (Symmetrical Current) #4a1ngy
fi 3.8 uansguaRunsEULAdMsTIRatulswe SAmusnines dvhn s dnIssiums EE Fedl
FIMNUIIINGTT NTUAR9sIEilnsAUsENaY 2 du Ao

1. A1 RMS vasasrUsenaulwaduueinszuannaemg ()

2. Andasiiudvetasnusznoulinse (% iy Wesuiunszuadnisasludiuves
oeiUszneulvady o vaidwsnmihduda Suiesaenrassiunailunisiliniasainguil 3.9
o5ueliin duwesinwsninefussiuuunanaiinanlumslimaassgawiniu 40 fia@unii fn
Wesidudvasesdusznaulnnss (% i) Rweifnusninedmnandesamisaiuldasyiaiy 40
Wosigua

faog19lun1TRIITUNTDIARLUTALNDSUSIHUUIUAAIY @150
pnsegnaldidy ANsEuadnggeg () Arualdivind 27 kA uaze % iy @InAEIRUST
2.57) fidnaldiinfu 65% fafunssuadnisasuuveauanns (Asymmetrical  breaking
current) WU 27kA1 + 2(0.65)2 = 36.7 kA uazdgesnatusninasiinnalunsiniems
faawiniy 50 fadiuniiuda axlddarn % iy Aitmunszinfy 30% Fafudfidansdasasves
wasinusnineszRasula

Yodc
Iasym = lsym 1+ 2(—1;)2

| _ Iasym
Yodc, 5

142C50)
fau wesAnwsnineslunsdiiresdidiitadanes (ArRtavesgunsal
fumimusnazaglugua RMS dufusdeswannnssuadiaiseseaunas sdunseuada
WATANNINT) MARIMTeviniy 33.8 kA FarnfidiilndiAuaigaindu 40 kA
2.3.1.2.2 Afanszualiniens (yd) fe Rinnssuadnisasguanieasinusnines
gnunsavimsUmaasle daluwmsg (7] Idnandnilen 2.5 ihwesen RMS vesesduszneuln

adurafifianszuadnaeg (y) viseninsanliviiunsvuarieen (p) Ala



sty lunsdlveaweiiniusninasussduuiunans Sadidoyanszua
anaslunisidenarinanaiandlalunisien 2.1

=) v o o | A w ca ¢ )
177190 2.1 ?Jﬂi‘llﬂﬂ'izu,ﬂaﬂ’]\ﬁ}iLwam'itﬁaﬂﬂ’mﬂm‘daiﬂﬂwiﬂmaiuﬂ AuUIunNae

ATZLAdMRsIaNsIRanARNABIARIUSNNDSUIIRUUILNA1

AMARNITARNTZLAIA99T (1 )

AMAANTELaUR995 (o)

NITUAGAIDTEIEN

NITLATANTAGR

NSEUATANITEER

NITUAIAINRIAGA

lb, e

'p

2.3.2 #rdusasutuna1 (Medium Voltage Fuses)
MdusaiulunaniinanRndiefndusediui dandifosssiunssiuldon
Fotndusesuunasdifitausaduluta 1 kv fla 35 kv audnumznisvhauresiadusduiu
nanawmilauiuadusedusiiildasuneluridadadu
2.3.2.1msidenARnnresindusinuliunany
Afifinvesindusifuliunaneasddannunsgu IEC 282-1 [17] 3
ﬁwﬁﬁﬂﬁlﬁ?ﬁayamzLLaé’m'm'sﬁa]'rsmﬁs'fqﬁ
2.3.2.1.1 #fanszuadngens ( ) fe Anszuadnaeesdsihdannsai
nssnasidedasasy fuiuriavenssuaaneasilifasanmsiiumnssuadingegi
Alle 'ImUﬁagaﬂizuaé’mwﬁﬁwﬁmsmLﬁan%ét.mﬁuﬂmnmaLLamﬁ‘amﬁﬁ 22

WAy «

- [ ) < A A Y
A7 2.2 ﬂa%aﬂT3uaaﬂ'}qﬂﬁlwaﬂ75lﬁaﬂﬂqwﬂﬂwjﬁLL‘NﬂUUWUﬂﬂﬁN

w - - | av a ¢ )
NILLAARINITINENSIEEaNAMNANIALTIIUUUNENN

AMRAANITAANTELAAR995 (1) ANNANSELaUn199s

NITUAAANITEEN | NILUATANITAGR

NIPUAANNDTAEN | NIvLadnesian

l - - .

MnTeazdeansideniiiafg 419Ru awnsaaguilinvenssud
a < v o o o v | avqyve = v 8 - | A « ")
dnnesidesdmnauiielfidenfifinldnmisnad 2.3 duiulumsdendriiinvesgunsaitieadu
FIATANUIUNTEUAAATAIVEAIVUATUATITIAINGTD SIUTIADINIAINTEUATADIRT
o v - )
AUMVIgUNSIUUAAAY



= L ar o 1 e | & « a
AN 2.3 aguveyanseuainlsasiieliiasanafiingunsailieaty

I aa L3 a 4 o
AAnagUnTaitasiunfisan

ATNAANTELARRAIT AMANANSELaTA995

gunsaitasiy - = ” -
nszuadn NSTLAAR NITUAEIR nIzuadn

WITEER | 199501gn WITPEA | 193gn

usesuluiigy (Faendn 1 kv)

- Wwoshausnnes ly . l, .
- ¥hd I . i :
ugwhulvinunans (1kv fa 35 kv) '

- [odnaluININGS

- ¥d lb s i = Iy B

2.4 MIATUIUNTZUGRANTB

muUnsyuulwinangds ssndauazdediondnuliiliundliludnuusiladifes
fuszuu 3 wdauga WeiinruAamses (Fault) Tuluszuy asiliiAnnsuainnioadasingen
ganhnssuaRdanatoui Fuegiudumisazaiinvesnisianses Yiuanseuaiiawsosi
Analldausmilldlunisidenfitavesgunsaitieatulwin Idedramunyvan amdnfis
aunsaAiuIMmINTELaRansasasavinla 2 35 e

2.4.1 asfwaidedie Teulduszuuiiligondudou 1wy stuumiiea (Radial)
aldmuiluluanuuszneumslulssnugramnssy wde Tuszuudmisvosnisivih

2.4.2 msfmnumereuianes Fateldiuminde Bus Impedance Method ms
Anumenauiimeilouldiusuuiiiinnugien Wy lussuu Network  wsifianunsaldiy
sruuithidudeuilenruavamnuassinga

dwmivlumAdsatuidonldnsinasensuinmeilagldlusunsy DIgSILENT
Power Factory {aAIuavamInNuaysInLs

2.5 Yssinnvaannuiansaq

EsawUlsTIAnTaIaAanses senlu 4 UszianAe 1. n15dn9asuUL 3
W (Three Phase Fault), 2. N158A995W@ - Au (Single line-to-ground fault), 3. M58A945
We - W4 (Line-to-ine fault), 4. N158A395WM@ - 1Wa - Ay (Double line-to-ground fault)
Tneivdnnisduadelui

2.5.1 MIARIATUUY 3 (Wal

muRansesssanilinatudleasining 3 wa vessruudniasnioudiy

uagtiosnnszuulniinduuuy 3 waanga 15191958nmufiansesUseianiiinisansaauy
au1195 (Symmetrical fault)
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Tunsaifananisgldtaulanusasamaluil

MIAMUIUIITUIINMIANTEUALIUNISTI8EU (Sequence Network) aunTg
AFIUNIAMUIARIUIINNATIY 2959w fall

laz=1ls0=0
= =2
Ak Zi+Zf

PIAINTELALUITTEERU Svnnseualunsasing vausiinauRanses Taaan

Ia 1 1 1 IaO
hl=11 & allla
I i 4 a* Lao

drunsslunasanuannsamlean

v, 1 1 11 Vao
[Vb =11 4% il
Ve 1 a a1V,

INALSIUlLRTAU zvussulunsazimaldann

2.5.2 N5an195IdE — Ay
= 1 A’ - ‘&l 4 a o d' a
, AMUHANTDY UTTantiiinTulile mamm’lﬂmwuq‘uaﬁxuu'l.wﬁ'lgnamws
a ! v oo a ' =
AAUMNTFULA AR AUAANTDI N 1Wd a

Vs = 0
Ib = 0
le = 0

nsAINIzisuIAmAnssLalulestieddy auntsildlunsauim

- 1 d s s 4’

Wﬁ]'ﬁm'm'!ﬂ'ﬂi]i.{u PWATVWAIMU AU

Iaf

lat = laz = la0 3?
Vg

o=
AT T+ 2y + 2o + 3%

nanszualy 29959edau smnseualuusasina vasifinnnuiiansas 1aa1n
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Io 1 1 1

-l 2

IC 1 a a2
WA L = lag + by + |y = 3y

1 al

Ioq

Iqo
druussnulnasardvanunsanwilaain

VHO 0 ZO 0 0 Iag
Vaz 0 0 0 Zylly

A suluesAy emusulundazialdann

Vi 1 1 411¥%a

Vel=11 a? a Va1

Ve 1 a a?llVy,
2.5.3 N5aA1TINE — 1WA - fiu

AmRawIes Ussnviliindudlomedini glaguilavesszuugndnisesasiu
v v = ' v <
wiouMy Fallusunwnsieusiensws MUl 3.4

la
Vb =
Ve -

Var = Vi = Vo = "‘3E

\
1 = T+ 320/ (Z, T 70 T 3Zy)
L, = Zlan+32)
o ¥ T+ 3%
_lal(ZZ)

a0 = 77, % 3%;

nAnszualuesTediy svvnseualuudazsiva vuziinanuiiansadddsnn
Ia 1 1 1 [(ZO
l=11 a® allla
I, 1 a a? Iao
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drunssnululsasdrduaiunsamléann

Vaol [071 [Z0 O O
Vel Lo i 9 &

PNATRYILRTERU smussiulunsazalaan

Va 1 1 171V
Vb g az a Val
V. 1 a a1V,

nnnguiifanandieiu selfidundnnsiuglumssunamsusdunasnszua
Rawsos Inglimsaataduiuaudaindvassyuunadeviuniite luldlunisduinainuin
windlugluuusneg wdhnsvuduazusaiuvaziianuiansesitldluldiansaini sie
Iwihduaneaufiandesvesgunsal o gaseq luszuunedeuiitethlugnismaanindedie
ol
2.6 MsAuIunTan9asiagld Zgys
msmmmn'ﬁuLLaamwﬂu'ivuuwmmﬂ'lmua]uﬂaummemn‘uwau (1999995
mMa@erafuining fdusndunmsienifierunnesieveduiwaudamnddutuming
WARINTABNUYBIIIDTTENINTAANY Uazdudnsaduiuaudludius1ag ves 19asinse Tu
nsainvadufiuaudiunindusznaudae 2 Sunsundniie n1stuanssEuy (System
representation) LAY MIAMUIUNTHUALATUITINURANTDY (Fault current and voltage) il
seaBundwioluil
2.6.1 NM3UUEAITEUU (System Representation)
mathuansszuulniiiga 3 wadidnwniglfianiazasi (Steady state) s
Ui 3.5 Tmﬂm‘lﬂumm'mnﬂmammmwa’luiuﬁuwmﬁwsumiﬁnmLsaam'iam«ﬁuummsn
muam‘lﬂmﬂuuumaawaﬁuuuamma Feannsauandlddagui 3.6 Tnvefoausigueluil
2.6.1.1 yhmsunuasesinsusariilussuuseundiineussiunsiidoagiusn
JueAuAuTuBNATEITNS
2.6.1.2 a¥la8 shunt connections, line charging
2.6.1.3 saioutasmniadedliil nominal taps
2.6.2 NTLUALBYUSINURANTDY
Tunsld Zgs avlﬁm'ma.mn'l,uLLa"naqm'iﬁ'lmmnsvuauavuﬂﬁuﬁmdwﬂu
nsnmﬂ'mm (Ground) ﬂnLaan‘lmUmmmqm (Reference) uasdafidnagrmilafae o Zgys QN
a¥etuan aundnly Zgys wawmsnmm'l'&‘lum'immmnsuLLaLLa.,uﬂﬂuauLuaqmnmmﬂw'sm
199 lilaanss
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mathuansszuuiiansesdl Ua p uanslddaguil 3.7 Tnsldnguivesnitu
(Thevenin’s theorem) fBufuaudniely (intemal impedance) asgnuvuiiedaduiuaud
wnindinuiueawudvenaiassdnadiluiie wavAuswuidniesasunudormusaiuda
ADULAANITHANT DY

AUNNTENIINULVDITEUUTEWINUNANSAANTD9AD

'E-a,b,c _ pabc _Za,b,clra,b,c
BUs(F) — LBus(o) ~ £Bus IBusr)
AIARaTLSITUTILSlInsIUAT Ao
ab,c
EI(F)
pabc _ c'z:b,c
Bus) = | Epry
a,b,C
Evnir)

= s Fabc & g L a,b,c i
lngiianndnues Egy e Ao nAmaiveaseiu 3 wa Efypy lasf 1 =1,23...n

ar CJ o as 1 - 1 s D
I.']ﬂLﬂﬂ%uﬁﬂu‘ﬂL?’lﬂiﬂUﬂ’]ﬂﬂLﬁdﬂUﬂﬂUﬂ’]‘JNﬂW‘i'fN aum

rpab,c
1(0)
gane | b
BUS(0) p(o)
ab,c
\.En(())
s ol 1 ' ' a ™~ ' Y a0
I.'JﬂLﬂﬂ'iﬂ'ixLLﬂUﬂVIL?Wlﬂﬂi’]UﬂWiSWﬂﬂLﬂﬂﬂ'l‘iwﬂ‘ﬂ‘iﬂﬂ‘ﬂUﬁ p 4uAn
- 0 -y
0
I—a'b‘c _ Ia,b,c
BUS(F) — | p(F)
0
. . B 0
Uaduiuaudiumin 3 wa fian
a,b,c ab,c a,b,c
e . I .
pabc _ C'l:iJ,C abe | ab,c
BUS(0) — Zp1 ZmJ sz
abc .. F@bC .. gabc
an Z‘ﬂp ZTm

2
)

d ] - Vo
Tnef @nBnves ZE0S Ao windnduuna 3x3 aunns lavaunsadouaunisindladai

Fabc _ pabc _ Za,b,c Ia.,b,c

1(;“) - 1(2) 1pb p(g)
=abc _ pabc ab.cyab,c
Eawy = Ba) —Z2p " Io(s)
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=ab,c a b,c ab,cyab,c
Evtm = Epo) — Zpp " In(r)
e
Ext®y = Ento) —Znp " Inge)

ALABSYBILTINY 3 Wa o Vaiiinanuianges TalP) fi

a,b,c ab,cya
By = Zr"“Ipies
< 4 & a « a o v a a '
T.ﬂ&m Zg‘b'c AD DUNLAULLNATA 3 IWE dMTUNISLAAAITURANTD

Tufifasinnsaawynisianses 2 'iﬂLLUUﬁLVi1ﬁum1uﬁlﬁﬂdnli’{haﬁu 31
mMsANINNITanTiaell Zgs gniunlimidusedunaznseua o 9asneg variiinnisiin
wiaaguluszuumageumunsiinuidg Aldndnililuumi et luduamenains
vurasgunsailiestuudazirhdiaunsavinusiuiuedwilduuazgniomiel ey
inausilunisinduinuinagalvantussialiihiuniel fwailuliluntsdnasdiiam
Wadtelswoly Tnsavaviasnsiansaaiuy Line-to-line Fault

2.7 wavasnsievaatavsioulasiiiinernsuafiania

Fevlwardedeiulumsiifussnsasaunaiosudalwitudigszuusmineiniu
sgdpsiimsdorumisunasasilgunsaitestuviwihisuinveuludiunisviauesnilag
LilWdwaidemeseszuy Snuazmssovnaaiiunasiiuandsiusanluiinavilienszuaion
wiowwnminmwAansadludiuingg derinaiy eannnisdevaainludnuazaeg ili
Adufiuaudluasdiugud (Zero sequence network) Wasuwasly ualudnnasdiuuan
(Positive sequence networks) wa¥1935EIRUAY (Negative sequence network) &iag
wilouidn dfurnszuaiiinaniasddugudazunndneiu vldnssuasauildiidiaiy
pnly duli DG Asvunuihszuuiumifauwdaadni Ua N 1nq wavesmsdevaaauiouag
Tudnwawsineg il

NMTAayaaRUgudvesistamauUana agrareuasaad Ui

sansauUdnwusnsieviiaulaseanitu 3 guuuuldde

sULUU 1 mieulasiiiinisetnainuuy Me-iadn, 2easAu-118, Me-118a3RY,
IAAR1-18, IRART-ARGN UAY 218AIRU-IAaM

sUuuUil 2 wiBwlasiirevamauuy af-eashu

sUuuui 3 wibwasiirevnmanuy MeasAu-1eati

snuimleulasiifinsdernaanuuy Me-nad, Measiu-11e, M-y,
Iasi1-1g, MAR-AARN kay MeadRL-aa wiidduiuauddrugudlurasiinauiiawses
Aufeaiufie da wlfewasievamauuy nas-easiu ssfiddufuauddwuagusluouy
NAAMURANTBIRD Zy, WUUAY Zr  Lay wiloulasfineunainiuy 11gasiu-110adiy 9vi
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'm'smmuﬁuanavummﬂwaﬂ mumlamJamum'smmma'nmLLUmeaa'-u"umanwumummi
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Usy nau‘lumiﬂﬂn's-'Lzanmwsaﬂu‘s“uwmaaumunsmﬁnmmqq NNFULUUTRINITHOUARIN
wifaudas ilefnwinaAuand LAz HANTENUTIANIA
2.8 mMsaanuuuszuulasnu

nsUeaiusy Umwma'lwﬁ'ltLuut'iLﬂﬂaTﬂUwuﬁmuma U'S"ﬂﬂUlUﬂ’JEJL‘dE]SﬂG]LU‘iﬂ
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F1

%
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Substation CB |_| @

F51 FS2 FS3
F2

LP1 LP2 LP3

< w ° i a
mwi 2.4 gunsaileaduluszuudmbsnuuisida

Ansanamil 2.4 ssuudmhelnitssneulufegunsailfestumdn 3 viia Aofind
weashnwsanasiunsaniflni vmihitdestumetouvdnlududunng wagviuiiidises
MIINLTsTlAadgaILaTATaNBIRTREAMIDTA ?Tﬂaamaﬁmmmmaﬂmqnmqmoawﬂau
ManmwmwﬂmnummLﬁamwmmﬂﬂauwaﬂua“Lwnﬂfnuwmwmmuumﬂﬁﬂ w3oa12598n
NnsruuT gl uazﬂm'mmwLﬂuqﬂmmﬂaanuﬁﬁawmmawLa'mmﬁﬂmmm d
aseweRThddieRaeTiaatouden vmihiitesiulnanlufdesvesszuy
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¥uUUUET (Fast Curve) wazavsientasndugannzund mmmwmwimmLnﬂwnnmaﬂaan
INsTULRBUTEIAaaYe 9 Un2995 a~m’lmc~ﬂmam LP2 uay LP3 mﬂlwﬁ’muuvumﬂsn U
mmmmmwmwLnﬂ'uumﬂqag'luiuuumwms‘lwﬁn Flraagesasvihnmsdasassnadidenis
auLuUEn (Slow Curve) aviiliigalvan LP2 uaz LP3 iialwihduuuun1as uasidlendsann
wmuﬁ‘l-ummwmwsaﬂmm '\N%vmuﬂsnmﬂ‘lwﬁﬁ'l.wnauaﬂham LP2 uay LP3 1¢
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Fapsn uAdhamaRawsesdnsaglussuudmitgliih asewediaddvend FS2 ez
wazviligalwan LP2 Lﬂﬂmmm'im"l.wmuw
msﬂmﬂusuwmwmﬂﬂﬁwuu uanﬂqnavmmaﬂnsmﬂamu‘lusuuumwmaumm
fosinisdndisunsinuvesgunsaiffeaiulussuudmingliiiauaeandesiuniy svuy
YeanuFzanunsavinulaegndivssdnsnm
2.9 n1sAnaRUANUSURUS TR sTTULTBIY
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'Lummwaﬂmmmﬂ’[ﬂamﬁuwﬂwsaq‘lmmuaﬂnimﬂaqnuwmwu’mLUuaUﬂsmﬂmnuﬁ'ﬁm
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avRsandail
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mssagruauduiusiaglénssuaiianses endendnnisiiinnseuaiianiacay
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2.9.2 Mmsdnanuduiuslagldina
msdarnudiniudlneldioe endendnnisiin ‘%Laémumuaﬂnsfﬁ{]aaﬁ’uﬁu 9
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2.9.3 msdaruduiudlaglitensuauaznan
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ﬂmaﬂnim"llma'l'umLLUUﬂ'i.,uaua.,t’Ja'\ Luaqmnmmm'i'lwsvuuﬂmnuummamwﬂumnw uay
am‘uaNﬂwmmwnmu‘hmamuawmmw Fnvilumsnaaeuaziinsdeuulasrunveanseuaia
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2.10 AruanUAvasszuutasiu
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Tnquszasd dafuszuutiestunisitdnuasedl
Reliability wunefis ansndefioldlurnuwiveuvesgunsaitlasiuluvasvhauiney
aunsnvinule
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wazazfenihnugniesdmiumiuiansamnuuudig Snvisfeaiheuldvasiigesnisliie
1y p1deheNgn q Auvane q adsludisnandu 9 wapenaneinuusiazlilavihaundy
FELHLIAUUANY
Security vanefi seuulesiudaslivihauiielifeinislivhay wu svdesls
vhanluannzivanund viaeannennuideudivus wiedeRnnufiansesueniunms
Uoariu FamsdmansTaglidniuavdmaidomaasvsia
Selectivity wineiis Security Aidriniuitliagluveundiiande lisrialuszuy
v FeluailiFonduannstiasiu (Zone of Protection) dsavifiunuusfn (Close) wislai
11in (Open) Ald wi3onanliin Selectivity Afemsiiligunsaiaatumsunielundidmunl’
ilnannveutvnnstlasiuiasiigunsaiiididyie wesimuseines wiouvassaiilviih uay
wiowlanszualiih Fueuwnnistesiuiasgnimuslnawilouasnsvuaiiuies
Speed szuudesiuazfiotanunsadimaasldvindmediazligunsaiing q Tussuud
Lidemedstaeviluuddahoudils gunseiferldsumiuasadiinniu wlumsvhe
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2.11 msudsduvasszuutaaiy
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gunseiflesiuluiuntiostusioimihiusndiensasiiiamuiianieseanainszuunis
aulgugiiavdevhausiiign wazuondnnsesliosiign ieliAsmudemetuszuy
Tagsuniesiian
2.11.2 mateaiuyfiegdl (Backup Protection) vanefismsldszuutiaatudnyanis
fifalumavhaindssuulgugl devimihiitestuseslunsdiimevhonuveaugugd
livha Fespasndiueriasesninnnitssuullesiudgugilunssianufianses ns
Uosfuugugiiuuald 2 wuudie
Local Backup Protection Aaszuutlesfuiiiadeudnanieaiussuugugd
Jeenaldgunsainasedasniuyavesszuutioafudgunfiviu wisuvainszua wumised uay
wosAnwsanes Wusu dnfusraiiansvheuianaavesgunsaiia 2 yald Srgunsafills
wnudens
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A3190 2.4 Anudemgvesglilniidauiimasuinvvesdldlni (umkw)

Usenmildlyidin i _ 'i::lsmm'l.ﬁﬁ'lﬁu

v nszwsu | 1undl [ 30w | toa | 29w | 4w 8 ..
UuaLody 0.00 027 |4.08 8.69 |19.05 |39.76 80.72
AansvunaLan 38.29 46.74 | 96.45 | 166.17 |288.47 | 591.75 1,054.21
fanswuanan | 3.29 785 |29.48 |[5501 |9265 |193.66 363.22
fansvualvg | 6.66 10.82 | 3431 |50.88 |79.71 |145.61 251.94
fanisiawizesy | 0.00 0.00 |053 1.89 4.04 |8.25 15.90
dusnis 0.28 6.10 |11.21 [2002 |2883 |40.175 50.94

aw -1 0w < v o l
lumAdeaduil imashdeyaainaed WiuszneumsAnuyarmudens
= o 3 & v o
\ieaanni iy (Expected Interruption Cost: ECOST) vianseiiniduwuudans waswuy
o3 laganunsadnnalianaunis

ECOST = Z LiYiC(ri)

eV

= - a a cu v .
lnghl L; Ao vualaniinmansaldaden i
¥i Ao BnsIN1IaUMAITBIMANISaltAdeq |
C(ry)  fe AmudsmesenitsvesdlilwidwsiiuiuszosnauasUssinmvely

R

Tunsiunyadmudsmedmivgllwihluudasyssinmiy nisuszinad
Tudhmazmsvsznadentissgmiuililunsdszeznanfifalwiduduegseuinadisnm
fismuelilunsed vieszezimiialrihduiinaiuundt 8 dlus wumnglalniuseinan
thuegordialiihduiduna 20 uiil aunsam ECOST Il

vindeyalunsned 2.4 szeznarfiAnliiiiiy 20 uit svagsewinadasnand
fmualumsiioan 1 uiil uag 30 uiil Fafushnistssanadilugag Tasanudemeves
fldlwihssiamegendedail

ssozmliiidu 30 wiil Aaduyari 4.08 vivkw
sspvaividy 1wdl Aadugad 0.27 vmkw

[
[V ) o

fanu dmsuseeziantnildu 20 uni

- , (4.08-0.27)x(30-20)
rAnuyarn 4.08 — = 2.766
v (30-1)
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2.13 MUAeinev04
a ad o a & = A oo oA
[1] diaueTBAmuAaRam uasauAYed DG Aminzay Waiuauindete Tae
149383 Mixed Integer non linear programming

[2] Wisuiilsunansynuves DG fiinaseseiuusulwihiasuwadlussuing
DG Uszinn Combined Heat fiu Wind power generation Iagldlusunsu ERAC Power flow
analysis

[3] "diauenanszues DG HnadensRasaniiumiafitindaieasluszuulnia
Taamsdnasszuulnihmelusunsy ATP-EMTP

[4] Anwwansynuwes DG fiiide Overcurrent protective sensitivity 1ae
Wibuiigusansenusywin nged] Aumsdrasswielusunsy Matlab

(5] raesluna 25U vesszuulwitlulssmedude Anvmansenuiitiean DG #
ﬁmiﬁmuﬂqﬂﬁﬂﬁ.}dﬁ?ﬁ% Genetic Algorithm

[6] Yinnsfinwransznures Auto-Reclosing Devices AN DG Fauamsliiii
11 DG fuanesveziaivialiiAaliduniy

(7] wnenuiiAnuniledeiiinansznuannniadeusie DG Ainaredldlwiszan
Tsanugmamnasu uaziinede

[8] unAruiiUSeuifisunansimursaataslislwiusasssion Tnouandlyidiu
Fluedesindalwihuneiinflidmansenudessiunsuuadasastussuulwih uieisaiin
Ihunviinfifussiunssuadaaslussuuli

[9] YnausnansznuvasNTlanse DG Ysuanddlasifadivhliiin Voltage Sag lu
sruulviih wiesinaueidnsudlutgvdnan

[10] viaueIsmsannansevuivihliddunisienees FCL Saufugunsaitioatu
ana q Aawann Taeld Fault current limiter eanUsuanTzuadnIs

[11] uauananszvuiiiinaseannideieldvasszuuliihiiiaan DG uay
Fmsvmnaaidensia DG Taesjatiurmmnindetisldvessruulwindundn

[12] unmaiiuandviviuinile DG Weusefuszuulwiudrazdmayiligunsel
Uostuvihanufianann Fsmanszmuseauindeielfvosssuuluih

[13] unAaiiAnwnanseuiiinann DG fikadernuindedielfvasszuluih
wazgymanudululalunisidends 06 Wussuulwiauuy Istanding

[14] unarwihinauemsinynansemues DG Aiinadaszuuliuuusiva Te
wandliiiuinmsidensio DG iAUsEUUIMIhHaded FuN e vasgUnsaitiasty

[15] unarwiiAnwansznuresmnnidetsldvessruuluindiAnan oG way
muthanduil DG asvhnistensuualvinluang tstanding

[16] wianiidnunafiurnnideievesszuulwihideudesu 06 Tagld
automatic reclosing wazdrassszuulnielusunsy PSCAD
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[17] unanuiidauemsannigmusinsinuiianainsswineslaaawes qu
o ¢al o & a P o a
thdniiaduludseivaduinu e nuansznuiinain DG
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Uni 3
ANSNARDILAZNITIATIZVNANITNAGDY

X o

luunifssinauonanssvures 06 Mintufugunsalluszuusminglniindrasdlay
wWisuisunszualwihinnsesdudimansenusedidumsiauresgunsaitieaiuluaniiyi
ssuuliihidlensiaru DG uarliideudaiy
3.1 szuvimhglnihdnass
sruudmhgliihdrassiildvhnisine dussuulwihuvusiiiss Sadussuulvin
fifwadAnusaned fifulatun Slramseiindiegluszuusmelatun 3 90 uazifiing
usegaindanlaviuen wamsfanmil 3.1 TasivGinainaauoutadlwinAediluszuusaming

o W <
Iﬂ'ﬁ’]‘ﬂ’]ﬂﬂﬁuﬁﬂdﬂdﬂ’li’]ﬂﬂ 3

A - o d‘ o
2 3.1 seuularhdnasaivinnisAnw

m59ft 3.1 Usetanglal, Sunudldin uasuimailvaansioutasli

Aunialvan Uszinnlvan Yinalvan (kVA) | Srwudldii (51e)
1 thuilegend 530 156
2 thuilaged 90 15
3 AINMTTUIANAN 650 1
Thudtegende 425 120
4 Avn1srunadn 420 2
5 uitagede 190 36
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A13719i 3.1 Usstanglaln, Sunudldin wardSinalwaaudouadlii (va)

4 | R 420 kVA
A 650 kVA

R
L 6 7 8 9
A 1901va pmmmmm oo
11 1
A sowa x | D

! Biomass
12 _A i Capacity < 10 MW
2040 kVA 6I0KVA Lo

13| R | A 30KVA A i
IEI recloser
ul—f sowva

Aunslvan Usznnlvan Vinadluan (kVA) | gl (51e)
Yudtegende 150 25
¢ AsmsvunaLan 500 1
tuilegond 240 52
fAINIsTUIANa1g 1000 |
Thuitegende 150 21
10 AInsvuIaLan 650 1
11 AamsvunaLan 610 1
thuilagende 390 136
12 Aan1sruadn 650 1
fAIMsuUIANaNg 1000 1
13 thuflagend 540 238
" iﬁ]ﬂlﬁﬂ?’lﬂ:ﬁﬂ 315 1
tuiagoniy 355 218
% Substation
1A S0kVA
2 —A 0wva
3 A @swa

240 kVA LOOOKVA 150kVA

) | o i1 doae
AN 3.2 ‘isUU1Nﬁ1%'laaqaa’]qxﬂﬂﬂmn'ﬁﬁnm
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3.2 nansznuiiiidessAuusasului

Tunsvaaesiisrasmsnssrsinanvesszuylngh LaTnIADUTEAULTIAU WA
lngilSeuifisuseninszuudimingnihdlideudsedu D6 fuszuus g ihideusery
0G Usunndalasa vuim 8 MW Taarnuanssiassssuulwiuansisuinnisdoude DG
fuszuudmhgliihidsdimansenudosedunsssulviisumssing 9 Faa1nmsdsuntas
‘um'i.,sﬁ’umqﬁ’ulwﬁ'm'mmil,%mia DG Auszuudminglwiindeiiorsdanansenusenis
uJaEJuLLwaawumLan'lNﬂﬂ'lu'i"Uumwmu v3eavdmaviligunsallwiwesldluilasy
audsmeiidosningy sunsaiulviguiuly wu sariissuulibideuseiu 06 niaudas
Trifsiuniadt 13 U‘summﬂi*mmtmm 5 ibglglwilaSuussdulwiusioun 228 v
wazdlesruulwiudeusiony DG winliviinsususumisunuve wslawdaslniinluszuu
Yhezdaaligldiilasuuseiuluiaun 243 v i Hudy

d s U o ) o s o 1 1
AT 3.2 szauussiuliivessruus e liihidsdummising q

. seauusanuluii (kv)

R LiWeusioriu DG | Weusaiu DG
1 22.97 21.93
2 22.84 21.97
3 21.89 22.10
q 21.60 22.10
5 21.43 22.19
6 21.27 22.04
7 21.06 21.86
8 21.10 21.86
9 21.09 21.85
10 21.22 22.41
11 21.20 - 2281
12 20.92 22.11
13 20.76 2211
14 20.74 21.88
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2 3.3 Name Plate wilauwUasluihinaasldauluszuusivinelwin

3.3 uanssnuiiiirendnuliihiigydssnmsselnihuaznssudlniiseiinan

NNMIKHANITaeIN1sIeInanvesTsuuT MU WA 1aefivnsAnwLaA R

M5197 3.3 uay 3.4 Aeulesruusmmieliindendedu DG wdnaliiAnisvensualuii

Wasuwasly %‘qmﬂﬁﬁmquaz'd'%mm'uaqﬂ'isLLa'lwﬁ'aﬁLuﬁauu'daq‘lﬂﬁﬁwanwwu‘lﬂumwia

waslwihfigaudely ﬂzqﬁ”ﬁaﬁﬂﬁﬁwaﬁiadwwé’qmu‘lﬂﬁﬂwﬁa warAirvaanszualniife
Lidw@niniiues DG uay 2./ unisil DG WanseruszuuT gl

] v = < '
A3 3.3 wasnulwihiggdeiissninmsingivan

Ginamdsnuliilgayds
Liidausioru DG | 1@eudaiu DG
dslnihass 0.35 MW 0.31 MW

maslwiaiiou 0.59 MVar _0.50 MVar

wawlnvhgyde

26



< < vas o B3
M1919% 3.4 Usnnaunszualwihidngbinulwassumiseing o

s lﬁu?mj's:ua‘lw'ﬁl‘fmaﬂ (:f\)
Lileudenu DG | Woudadiu DG
1 212 16
2 197 35
3 185 q2
4 177 51
5 50 50
6 45 45
7 36 36
8 20 20
9 2 2
10 97 206
11 7 218
12 73 73
13 17 17
14 16 16

P> a [ ¢ o
3 3.5 VinunseudliiRansssUssinvina-nsmd fifn Fault Impedance vunn 40 Teviy

. USnanssuaana9as (A)
AUNUIAA299T = —
Lileusanu DG | (Weudanu DG
1 343 344
2 341 341
3 316 322
4 306 317
5 301 - ' 313
6 282 294
7 256 267
8 253 264
9 242 252
10 290 307
11 278 300
12 270 286
13 246 260
14 242 255
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3.4 NANTINUYEY DG ANNKARAINTTUATA2995v8952UUT e IHF L UUWE-N 5196

TunsnaaesifagyinmsdrneammnisaiRensesluszuusminglwiin lavhnisinu
nansznuiifieszuutlostuvesszuusminglii TnsudsudiouSnanseudlninianses
Usztanina-nsnae sewinsszuudmielwihideusedu DG Ausvuuswinglwiilddeuse
ffu DG Tasanasnd 3.5 wandliiuidlefnmuiiawseanuuima-nss Tussuusmune
Itiudrszninsssuudminglwihiidoudeiu 06 Ausvuusiminglwihildideusedu 06 i
mawdsunlasiosyn ﬁy’u‘fﬁ%%’aﬁﬁwaﬁan'ﬁLU?iUuLganmnszuaﬁ‘ﬂmwaaizu'uai"mﬁw
I Aednwuzvemifoudadwihidsiidendessuusmieliiiune  Fdlunisnaassily
denmiouwdadiwitiditilininesniuuy byo mudermuaesnsivihdrugiinig

et w v o '
3.5 wansgnuves DG ‘VlllNﬁﬂaﬂ']n'iﬂLlﬂﬂﬂ']\iQsﬂaQSSUUQ"I“‘U']HIWﬁ’IlLUU 3 wld

-] a 1
A15190 3.6 USinaunszualwifiansssussnm 3 wa

g g USununssuaaniaas (A)

PRI ideurodu DG Wausiafiu DG
1 4186 4968
2 3706 4512
3 1862 2898
4 1582 2793
5 1457 2639
6 1141 1757
7 874 1182
8 850 1152
9 767 1004
10 1264 2661
11 1136 2712
12 1006 1729
13 809 1217
14 778 1146

Tunsvnaasil Ivihmssassnsiamafiansacszian 3 madaduanufiandesd
liiAnnszualinwsennniign Tagazrhmsdasammnisaifiansemnlatiunvesszuud i
ihdaes denransasavamsaiuansiimsnd 3.6 fadlessuudmiglnihdeuse
DG Ayl nszudliiiiandesuszinn 3 wla fingadu TnevssananszuaRandesi
Wasuwaduasduagiuse INNTENINIARANTBIAUAUMUIYEY DG
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3.6 msdndiumannuvenUnsaitesiudumising 4 Tuszuusminglni

o ar o ar ' o - | a
3.6.1 aaumsinnuvawunsaidesiussuineilaadiwes dumiadl 4 duasew
ar -4 o . d
PIRAIFANDIARNA 65k sunsdl 11 uas 12 .
< - 1 £ o 1 al v o 1 ar
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Wanmualuslraaigesiunia 4 vieusiuduiadmuniad 11 wav12 ludnway Fuse
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° 1 ° v o
LENTURBUALAIY ANUTONMUUAAINITVINIULDSIAaAEDS AR 1R 3.7

=l I o s o ]
15199 3.7 AININNNUTRNSIARAR ALY 4

° i« da &
AWUNAARSI lAAEIYDS

AINISIIUA UL E

AINITHIIUAIUNGIIA

Pick up = 340 A

Curve TCC 1 = 105 Time dial 0.5
Curve TCC 2 = 116

Time Interval 1 = 55

Time Interval 2 =155

Reset Time = 120 s

Pick up = 100 A
Curve TCC 2 = 111
Curve TCC 2 = 165
Time Interval 1 =55
Time Interval 2 = 15 s
Reset Time = 120 s

P~ £ L f o | o o’-’! =y £a =oar
Tnef ATONLDIANIFAVIDAAUNUN 11 way 12 ﬂﬂﬂﬂﬂ']ﬁﬁ\"ﬁﬂﬁ"lm“lﬂﬂ 65k

0.1

001

W e g T T o e o
4 ? Relay Wodai
Form4- 116
j psel 340.00 sech
i b Tpsat 100 e
5] i
i X
L. e
i
fnmrosé P ;
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{pset 340.00 secA Do 3o +
: Tpset 059 e 1
! R
%
\
X
: \
| i iilii . : i
220009 1 10 100 1000 10000 Ay 16000¢

d o ar o 1 o ] li s o £y - v
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Relay Model !

[t e om 4- 165

{ ‘yumw.nn secA

i pset 1.00

100

10

0.1

0.01 s il S A T H i} L
2000 1 10 100 1000 10000 (2] 100000

4 o a o 1 a by £a 3 - el v
NN 3.5 A1NUNSNIINUTEWINSSLAaawed 4 fu fddsrvuafing 65k Auns1an

NNITNA 3.5 Uaz 3.6 LAYINNNT 3.4 uay 3.5 wanaliliiuInRInAINTg
Meslaadiweiiuwmisd 4 Fraawoiesvhausfuiaddumid 11 way 12 vuafisa
65K I mausitaensTuadmansn 218-622 A

3.6.2 MARNUMIIUSIING lRaawasiumih 4 fuilaaawefiwmiai 5

nd3alvanlussuvimielniiaiunised 3.4 fuanszuaiinndasly

SYUUTIMUNER AN 3.5 was 3.6 WAWNTOAMUAAINSINIUDIS LAaagas mumiah 5
deliaansavhausauiuileaaweiiumied 4 ldmumsedt 3.8

d 1 o &« o 1 H
A13197 3.8 ANNITYINNIUYESLAGAYDSIUNLAT 4 ua 5

Aunsiinnasilaadves AR AMFIUAIUNTIA
Pick up = 340 A ' Pick up = 100 A
Curve TCC 1 = 105 Time dial 0.5 Curve TCC 2 = 111
Curve TCC 2 =116 Curve TCC 2 = 165
4 Time Interval 1 =55 Time Interval 1 =55
Time Interval 2 = 15 s Time Interval 2 = 15 s
Reset Time = 120 s Reset Time =120 s
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AUNUINRAAIIlAaaIYDS

A s neg

AINTTVNUAIUNSIIN

Pick up = 250 A
Curve TCC 1 =101
Curve TCC 2 = 116
Time Interval 1 =55
Time Interval 2 = 15 s
Reset Time = 120 s

Pick up = 80 A

Curve TCC 2 = 102
Curve TCC 2 = 165
Time Interval 1 =5 s
Time Interval 2 = 155
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STUDY OF THE EFFECTS OF PROTECTIVE DEVICE WHEN THE DISTRIBUTED
GENERATION IS CONNECTED IN DISTRIBUTION SYSTEM

S. Muangchareon A. Ngaopitakkul

Department of Electrical Engineering,
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang
Email: knatthap@live.kmitl.ac.th

ABSTRACT

This paper proposed the effect of protection device when 8 MW distributed generation (DG) interconnected to
distribution system of Thailand. Case studies are simulated for 3 phase fault (3-P) and single line to ground fault
(SLG) using digital simulation and electrical network calculation program (DIgSILENT). The results of this
paper are shown that fault current from substation will be decreased, when DG installed into the distribution
system, due to impedance of system is changed. Such a fault can lead to the malfunction of the protective
relays. The results of this paper can be used and created the suitable and fairness of the fee for both DG and
utility.

Keywords: Distributed generation; Protective device; Fault; Distribution System

1. INTRODUCTION

Wasteful usage of energy has caused rapid reduction of natural resources, emitted greenhouse gases into
the atmosphere resulting in energy and food shortages, which in turn have a negative impact on the environment
and our society. While energy sourced from fossil based fuels such as oil, coal and gas is being depleted, several
types of alternative energies can be sourced from nature and these are renewable. Dependence on non-
renewable fossil energy will cause an energy shortage crisis. Changing our attitude and behaviour is a good way
to conserve energy. The electricity consumption expects to increase in the near future. Nowadays, industrial
customers require continuous electricity supply. The employing of renewable energy resources is one solution
that may create favorable climate to energy supply side and environmental friendly. Distributed generation is
becoming increasingly attractive to the power industry. Several distributed generation technologies such as
wind energy systems, solar energy systems, biomass, and biogas are becoming economically viable. The
integration of distributed generation into large-scale power systems is an attractive proposition in terms of
diversity of energy supply, improved efficiency, and reduced pollution impacts.

The electrical connection of small power producers in the electricity industry are often required. Where to
connect the power system. And usually near the fuel source used to generate electricity in the main. And
sometimes break the connection to the electrical system. Result in equipment malfunction in the distribution
system. In the present study, the position of the link system is widely believed by most to be considered in terms
of the loss of a key. Which does not consider the impact it will have on the electrical system. The potential
impact of the link system. In electrical equipment such as The transformer, the voltage (AVR Transformer with
On Load Tap Change) with the electrical system. The effects on the electrical system when the generator is not
connected to a small power system.

Generally, the distribution scheme of THAILAND is a radial system, which the current flows in one
direction. However, with the employment of DG in to the distribution system, there are many issues [1-20] that
may cause the technical impacts to the system including magnitude and direction of power flow, electrical line
losses, enhanced utility system reliability, voltage profile, power factor, and fault level.

The optimal contract price of distributed generation is proposes in [1]. The proposes approach encompasses
I a single optimization problem the maximization of profits procured by the owner of the DG and the
minimization of the payments incurred by the distribution company in attending the expected demand. In [2],
this paper introduces a probabilistic-based planning technique for optimally implementing wind-based DG in
distribution systems. This technique guarantees the optimum capacity and allocation of wind-based DG units
for all possible operating conditions. The optimal location and size of a DG to minimize the power loss in radial
distribution feeder systems is proposed in [3]. The DG size is obtained via a heuristic curve-fitted technique
while the DG allocation is predetermined by the decision-maker. In [4], a new DG interconnection planning
study framework that includes a coordinated feeder reconfiguration and volt/var control to calculate the
maximum allowable DG capacity at a given node of th%distribution system is proposed by Sheng-Yi Su et al.



[4]. A new possibilistic framework for evaluating the effects of DG units on distribution network performance
is proposes by Alireza Soroudi et al. in [5]. The focus is on two indices, namely, active power losses and load
repression which is an index demonstrating the ability of distribution network in load supplying. The
uncertainties of installed capacity, the operating schedule of them, and also load behaviors are taken into
account. A fuzzy model based on extension principle is used to deal with the aforementioned uncertainties. A
hybrid ac/dc microgrid is proposed and comprehensively studies in [6] to reduce processes of multiple reverse
conversions in an individual ac or dc grid and to facilitate the connection of various renewable ac and dc
sources and loads to power system. In addition, the coordination control schemes among various converters
have proposed to harness maximum power from renewable power sources, to minimize power transfer between
ac and dc networks, and to maintain the stable operation of both ac and dc grids under variable supply and
demand conditions when the hybrid grid operates in both grid-tied and islanding modes. The impact of DG on
arcing faults is proposed in [7]. A solution for the short-circuit calculation in the network with the DG, which
takes into account the arc resistance existing at the fault location is presented by R. Ciric et al. [7]. The result
show that the arc increases the impedance measured by the protection device, whereas the DG increases the
fault current and decreases the arc resistance, decreasing the impact of arc on the impedance measured by the
protection device. A new passive islanding detection technique using the rate of change of phase angle
difference (ROCPAD) is proposed by Ankita Samui et al. [8]. The response time of ROCPAD is within one
cycle from the event inception, showing fastness of the proposed algorithm compared to ROCOF relays and
found working effectively in the situations where ROCOF fails.

In addition, distributed generation (DG) has more advantages than a large conventional generation unit in
some aspects. Many studies of DG impacts on power and protection systems are aimed at increasing the
reliability of power systems. [1]

The goal of this paper is to study the effect of protective equipment with the installing DG or VSPP into the
distribution system. The distribution system under investigations is a part of Provincial Electricity Authority
(PEA). Under this research, DG data that connected to the PEA distribution are used. The simulations are
performed using digital simulation and electrical network calculation program (DIgSILENT). DIgSILENT is a
computer aided engineering tool for the simulation and analysis of power systems and industrial. In addition,
DIgSILENT has been designed as an advanced integrated and interactive software package dedicated to
electrical power system and control analysis in order to achieve the main objectives of planning and operation
optimization.

2. Simulation

Digisilent powerfactory was employed to simulated and analysed the affect of protective device when
distributed generation (DG) was connected with 22kV distribution system as shown in Figure 1. The scheme
under investigation is part of Thailand’s electricity distribution system. It can be seen that there are 14 nodes
from substation and load of each nodes that is connected between distribution lines. In addition, recloser which
installed at node 4 is only considered the effect of protective device in this paper. Simulations were performed
with the following changes to the system parameters:

- the location of DG is considered for two cases that are the system without DG and with DG at node 4

- the size of DG is 8MW that is connected at node 4

- the types of fault are single line to ground fault and three phase faults

- the recloser which were installed at node 4, node 5, and node 13
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Figure 1. A simple radial system with DG connected at node 11

From simulation, the current of the load transformer which installed in each nodes and to take into
account the value of the minimum and maximum current of protection device in power system with the
correlation between the magnitude of current in each nodes as shown in Figure 2 and 3, respectively.
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Figure 2. Example of simulated load current signals for each node in case of without DG in distribution system
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Figure 3. Example of simulated load current signals for each node in case of DG 8MW connected to the
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3. Results

The objective of this paper is to consider studies of the effect of DG for operation of protection device, the
recloser of the case of without DG and with DG are compared. From Figure 1, it can be found in the recloser
node 4, which can often malfunction as a case study so that recloser which installed at node 4 take into account
the effect of protective device in this paper.

3.1 the case of without DG and three faults occurring

The short circuit current of three-phase faults to take into account the value of the minimum and
maximum current of protection device in power system with the correlation between the magnitude of current in
each nodes as shown in Figure 3.
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Figure 4. Example of three phase fault current signals in case of without DG in distribution system
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Consider the protection of the distribution system.

From Figure 2 it is seen that, the recloser is installed in node 4, this position will have the current of the
load transformer installed over 280 A and the Safety factor at 125 percent will make it possible to configure the
recloser in this minimum is equal to 350 A. Considering the current of unbalance load is 25% of the load
current transformer installation can be configured to perform with the ground is less than 88 A. From Figure 3,
it is seen that, the recloser protection zone is installed in node 4, node 14 has the lowest short-circuit currents.
Due that the recloser in node 4 acts as a backup recloser with recloser in node 12 and can be configured to
perform in each phase with recloser in node 4 so the maximum current is 389 A, which can be configured to
operate the protection device are shown in Table 1 and Figure 5.

Table 1 shows the operation of

protective devices in the electrical distribution system.

Protective device (‘.? gg:: CT Ratio The operation of the device.
Over-current relay 50/51 600:1 Curve=S8I (ANSI), Is = 1xIn, TMS=0.8, INS = 10
Substation) 50/51IN Curve=VI (ANSI), Is = 0.3xIn, TMS=1.9, INS = 10
50/51 . DT =0.3,Is = 0.5xIn, INS = 10
Over-currentrelay 0G) | soysinv | 69931 | 1.3 - 0.15xIn INS = 10
. @ =350 Curve 1 =105 Curve 2 =116
e ) 10001 | G=88 Curve 1= 111 Curve 2 = 165
| 0 =140 Curve 1 =101 Curve 2 =116
Recloser (Node 5) - 1000:1 G =35 Curve 1 =102 Cuive 2 = 165
Recloser (Node 13) . 10001 | 27140 Curve1=101 Curve 2= 116

G =35 Curve 1 =102 Curve 2 = 165
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Figure 5 the sequence of protection in case of without DG in distribution system.

From Figure 5, it is seen that, when the three phase fault occurring in the node 13, the short circuit current
of recloser at node 4 can be read with 326 A. The functions of the protection device as shown in Figure 5, when
the three phase fault occurring in the node 13, the protection device of the node 4 does not operate because of
the short circuit current of the device starts higher than the short circuit current in the node 13 as shown in
Figure 6. The protective device order is shown in Figure 6, it can seen that the short circuit current at node 13 is
90 A.

Figure 1-6 shows that the distribution system which has not been connected to the DG of devices will
work correctly in all positions of power. But when the power is connected to the Distributed generation
protection devices will not work on a circuit node 12 in the event of such equipment may result in system
malfunction. :

3.2 the case of without DG and single line to ground faults occurring

From case study 1, when taken into account the short circuit current of single line to ground fault, the
ground current of the recloser to setting is 88 A. The operation that function properly due to the short circuit
current is equal to the minimum of 179 A.
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Figure 7. Example of single line to ground fault current signals for each node in case of without DG in
distribution system
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3.3 the case of with DG 8 MW and three faults occurring

From simulation, when the distribution system is connected to DG § MW, the magnitude and direction
of the current changes is shown in Figure 8 and Figure 9.

The current of the load transformer which installed in each nodes and the short circuit current of three-
phase faults to take into account the value of the minimum and maximum current of protection device in power
system with the correlation between the magnitude of current in each nodes as shown in Figure 2 and 3,
respectively.
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Figure 9. Example of three phase fault current signals for each node in case of DG 8 MW connected to the
distribution system

From Figure 5, it is seen that, when the three phase fault occurring in the node 13, the short circuit current
of recloser at node 4 can be read with 326 A. The functions of the protection device as shown in Figure 5, when
the three phase fault occurring in the node 13, the protection device of the node 4 does not operate because of
the short circuit current of the device starts higher than the short circuit current in the node 13 as shown in

Figure 6. The protective device order is shown in Figure 6, it can seen that the short circuit current at node 13 is
90 A.
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Figure 6. The operation of the ffrotection device at node 13



3.4 the case of with DG and single line to ground faults occurring
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Figure 7. Example of single line to ground fault current signals for each node in case of DG connected with
distribution system

From simulation, when the DG is connected to the distribution system, the short circuit current is
increased, but the distribution system to inject the short circuit current decreased. The setting of protection
device is 88 A as shown in Figure 5, the setting of the recloser at node 4 is appropriated due to the lowest short
circuit current of single line to ground fault is 127 A.

3.5 the case of with DG and coordination between recloser and drop out fuse cut out in distribution
system

In this case study is study the effects of a generator into electrical energy to affect the sequence protection
device of the recloser and drop out fuse cut out.

From Figure 1, when the location of single line to ground fault that fault occurring between node 12 and node
14, the drop out fuse is installed at node 12 to as the protection device so the current that measures between
recloser at node 4 and drop out fuse at node 12 is not equal as shown in Figure 12. The short circuit currents that
flows through the node to drop out fuse 12 is higher than the recloser in node 4 is 267 A and 184 A,
respectively.
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Figure 12. Example of single line to ground fault current signals for each node in case of DG connected with
distribution system

From Figure 12, the short-circuit current of the protective device has different values. As a result, the

sequence operation of more complex protection device. Alternatively, the system is designed to allow them to
drop out fuse is melted by the recloser does not fast curve.
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4. CONCLUSIONS

This paper proposed the effect of the distributed generation (DG) is connected with distribution system,
then, resulting in protection of the electrical system malfunctions. The current load and the short circuit
current of the distance to the farthest zone of protection of recloser in node 4 is similar and when the DG 8
MW is connected to the distribution system to the Substation to inject short circuit current is reduced as
compared to the distribution system without DG connected protection device has resulted in the current
start is higher than the short circuit current. Such problems can be resolved by considering the
configuration of the power system as well as the distribution system is connected to the DG and not
connected to the DG, as can be seen that, when the DG is connected to the distribution, magnitude current
of the substation will be installed at a lower magnitude due to DG will supply current to load. The power
system can reduce the magnitude of current from the recloser in node 4. However, when the utility power
system does connection of DG, the current of protection devices in each nodes have different magnitudes
depending on the location of the installation of the protection devices and the location of a DG. This
problem may cause the protective device does not coordination consistently. As a result, the setting
protection device of distribution systems with DG connected to a thorough study of the fault to the system
will be setting protection device to operate properly coordination.
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