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Al ligSe A aSaally 3l (S (Web SCADA) 1 oK i iiall ail) (b aSaiilly 48)al) -
A Jadal lecdl ) ALYl Yl Jla) 4 s adse (5 o sl el B A Sadll
g )Saal) A dlatidy dig e (e Jim Lee o (@AY Cigailly alalgill aSaally

Aggaall LYY e cdipaall Jla¥) bz Ao (Web SCADA) dadail adias 1 Juaiy) allas st -
JolSll (e (Rasg yalgd) Ay il J& o Gueny Las $LadY1 i) ae JalSally 48U Sl
LAl dg )Saall Al ClisSa G Galad) Jualsilly

dac 1) alailly 53a) ey racdd 3 auagill ALE (Web SCADA) dakail e :A3g pally o sill AuLilal) —
5SS Bale] lilee ) Aalall (50 (9AY) dug Sl ISl 5anal

aldaill dyleat dastie Gl il Ll (Web SCADA) dadail zasi 1) Jual¥l i st -

(Li et al,2017) &g Soall Sl Aigine ga 3o Lo g 5SIY) Clanngil) ope

Gililess 2Ll (Web SCADA) gl sl 585 (Ecava IntegraXor) galiy e daad) 3a b acinia

g yaall dyg Sl ASAIL Sy 4.8 5l)

tAag Sl il aaill (Ecava IntegraXor) guabin alaiiu) -1-3-5-3-3
ShaY) aSaally ddhall dadail aseall derdied) mabll e (Ecava IntegraXor) gl s

i€ Caags cangll i e alaie Y 3l &3 (HMI) G ganyll aaticedd) cilgaly asaaily (SCADA)
cgaa) a3l 8 48D 8)shiie 48y dalai] ol ALlSa 3l

:(18-3 USall) fan LS dawasty el dan)l (e gralinall 138 (s

aliall BS (goan ) aladll e 83le 985 :INtegraXor Project Configuration File /Folder —1
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Jid (e (SAGE) (sSall dilia) 4d & jguall sl =aliy 5o (INkscape) :Inkscape SAGE-3
Sl ASatall o gyl Ailialy (9Sh axdiusll - Lawedl ellyg (Ecava IntegraXor) gelinl decad) 4S540

[(HMI) s\Slaall dgal;

e gsisy (SCADA) zalin Jduin e Jssddl exall a5 :IntegraXor SCADA Server -4

cdadill Gads galinll Cila ey SRy algall dllye i Calgal

Ecava IntegraXor Ecava IntegraXor

Project Editor Inkscape SAGE Run-time SCADA Server

@g @5
‘ Create/ Edit/ Save l |
graphics files

Create/ Edit/ Save Run SCADA based on
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File /Folder
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2el ) Yoy srmall dagite ililadl aelsd (e Teay Ulull aelgd (h dausdy Ao gene ae GG o
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sl algall Jaay . dg ySaal) A0l JuSiig Ay yaall dpalanl) Al ) &yl adgill - Lad) Loy JoSi
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B3l 305 Cas (e g )Saal) AN Hlod) L oaed (Fgua S Alge 2l e il gl ) il
o BN il 8 Asan¥) dag pall AileSl Jlaal) Jae dagyd dillae (e 2SEY il Cilyigs lasly
duag sale) die Bylal) eV o galial) dal e aaticeall Ziafpal) sUsil aseead a5 Jeadll 13
Aglaal) dadail maanaly dadal wy Jeadll 138 o uaY) Jiile el 8 L danadyl) A e g ol A0
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Dlekls (Web SCADA Ecava) gulin se 3hay) aSaall alail duagull dgalsl) aacal &b Juadll
e U n il Lgal] lial) dyall 8 e sians - g p3all SleSH alaal) clialliy 48hall cibles

gie

:MATLAB gl aladiul Z\f”sédt A dalai -1-4
nayad) Glaball (gas) e sl s as AGE L) S A G dsdal) ddes HLall
& ALaYL (750 KVA) lgelain) 4516 due i Jigas dasa (e 43556 .(Palizban et al,2011)
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Cldy Ldaalll Slal) 50l (e Alealls Abial) (5051) i) cibleall AU A<l oda & addid

lygeaial) ) Ailia) el s e Algaall Dlaal (64) Gleally ciuuall dsia)l (ailadl

FROM 52-5 0C8
RECEIMING STATIOM
SEE REF. Ow5, E102
3141, 15kV CABLES
10Zmm BUCT
'A.
{OUTDOOR SUB)
I_ SUB ‘A" AT 12.5kv: _l
| FULL CAPACITY LOAD + 354 |
MAX. MEASURED LOAD AUS '05 : - .
MAX, MEASURED LOAD NOV D5 : =
' |
| - ] 50751 .
| , WKE  ASEA |
MODEL: R1 .
| SETTINGS:  TIWE 2 |
! 750 YNER CURRET PLUG 8 _
| PDC-A AT 4B0V: 6.3/124v PRIARY T |
s e 76 (12) oS5 O Ame CROUND DETECTION FOR
NAX, MEASURED LCAD AUG 05 : B1A =3 .
! ‘- ] AN TRANSFORMER

| | wax. weasureD LoaD wov ‘05 - .———32———(:) M TR |
| POCA FY A COE WSIATA |
12004, 3 -1 | ¥ ¥ [ .
lm%{mllm biow Y200 100 - :
| o/® Iw (¥ » » ® o|F |
W ow 4004 4oh A B[R :

£
L b b |l __1__ A i

VA 4 M v
load5  Capbank Compressor Load 2 Capacitor Bank
25KVA 10KVA)

(Palizban,2011) il duc il ddasall aafsll Jaall Jabass 1(1-4) J<al
@ -2 e pSailly el Adandll b Bagasall Balil) Ciliagatll e Y 4l aled) Jaladiall (e JaaDls
pda 30y Wlla Aes ye Laca)¥) DUy adalsilly cVpaallS Alasdl)l Clane dlla lela) 401K ¢
AU (ol 3y I LASD g a0 S ) (B gy of Aasall o3g) (e Y Anmalls L Apainll 0Sugl)

Jidasall a3l Juady) Jal) IEC 61850 ducsbidll cilialsall e adine Cuna oSa3
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STl 3S5e ) Fpsbll ilagheall Jleayly Uy a5

RECEMNG STATON

T M o 15 KV Cables
S e 102mm Duct
Quidoor Sub ; mm Duc

750 KVA
12.5/0.4 KV
ONAN,
7=5.22%

- 1 =
L4 - v .

- 2C X o n :

H [ % . 64 )Ground Dctection for T ;

CT’T SRS | D & ViU 3 E Main Transtormer < V H
| |

l400A Laooa !l acoa Ji00a  LToo0a 1 a00a

Earthing Transformer

3P 3P 3p ) 3p
w @
= = 400 A
a &

.................. H

acitor Bank
10 KVR

! 25KVR | : :

Diesel Generator

IEC 61850 auiall ciliaalsall Caven U yighi aas el Aasall aalgll Jadl Takasa :(2-4) <Al
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&5 LS Al ganll 385 el (1500 1.p.m) ailyss deyus (670 KVA) deliinls Sulis e jlidl &

eal) (SgaseSl) Agall Ciliialga 1(1-4) Jgaall

uadl) (ga Sl Algal) cliialga
(LONGI LR-4-72 HP)
Pmax= 435 [Watt] aaal) el #slll Ao Uai
Voc=48 [V] dagisall 5yl aga
Isc= 11.39 [A] il
Vmp=40.9 [V] oabial) e UsiaY) die agal)
Imp= 10.64 [A] bl de Ui vie Lol
2 gl e Ugasal 151 sae
9 Jeledl e Ugeasal 21581 32e

sl ) e agall 280 (Boost Converter)agall ad)) akie ae JAsayeSl Agall 23 Jayy
Cadiy Aoy Seall AN ma el alsall Ja)l yshall D zyre alaiiad 5 s (1200 [VoIt])
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gen bus Synchronous generator
a com| :]'7 Igenerator
; A A a Phase A -
B A \ r‘mL Phase B
8=750 [KVA] it ¢ Phase C
12.5/0.4 [KY] /
I TN G A T _ $=670 [KVA|
A A Dl % é_ Nl . A N=1500 [r.p.m],P=2
I}—WW; BE e o cmlh Phase B
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A = =
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ahd
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lal) sy yaal) g Sl A g0 2(3-4) IS
cael gy ASalSual) de i) Jlas) (DL graliy A5€a b zpnall el gl z3sas by -
SSaill dilag o(4-4 JSAY) depudl aSaill DA (e LSalSeall AeUaia U aSanl il sy o3 Y

(54 JKA)) ugl) g

Wmech-ref mp—
Pm
<Rotor speed wm (rad/s)> A
Governer B

<
S

P iy
2 . s P (T
() ) (' Pl(2) 3 . Tm

<Rotor speed wm (rad/s)> oy Pm
’/ \\\ ,/
& 1
Wmech-ref | Kp=1400, KI=700 |

el gl ACalSoall Ao Ui Sl dils dnas 1(4-4) (<
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dabia 35 @l agy (PLL) alad yeg Jaal IS8 2350 pal oy Gus W A40L0eSl) A<4AN 215 e

call Bylad) A Julis Iy Jaas)) ole] dilee Sie yiea

ity ASA) a g Seal) ASa) Juarg ke Jaf (on ol G 24
Golee eha) A el Tagys e Yl (3aatl) Apeat ) AN e Ay Soal) A day Aless Laal) by
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:(Shi et al,2014) Jtul
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IEEE 1547 &5 Seall 42l Jla¥) sale) culilbiin 1(2-4) Jsaall

. . Ao giall dasal)
Ay 3R - o -
(%) %ad G2 (HZ) 298 @8 | sl el
(degree) skl
(KVA) acjsal
20 10 0.3 0-500
15 5 0.2 >500-1500
10 3 0.1 >1500-10000

sale) e lacal (SRF-PLL) Galiiall ampal) HUY1 il Tyla dlihall Zalal) oUsi plasied i 13)

L) alipy aladialy oUaill 13 Aadais el AN ga sy el g Saall ASul) Gald) JLsiy)

(6-4 J<a)
1] "
i o]y
pi theta Grid
b .
O/ pan peate
Vmaingrid | /980 n >
» Wimech ref

BB sl (SRF-PLL) Aaas 3(6-4) <2
C (adln Clagn)lnw 8ae (389 Al ASWEN aa dag Saall AN iy Bale] dalae il o Ladd 2)4

Lylaal
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Al AS1AY aa dug Saall AN Juag Bale) didee LA ilis —1-2-4

ddee Jslaty Ajra iy Al o Jgeabe el JgiaeSl) alsal) o By papi 1Y) LEAY)
dunayall daall 38T vie Jg¥) Allall ¢ tiae oills C OLERY) ()l aaly IS8 235 e dalall
Lol 5] ISy L AansY) Ao puadl (g5l A0 Lamn pa dad 3T die \giijlaag (PLL) (o ohsall deyud

- gl
Al b elldy Lg Kaall A (pan dgngal) el 2 gall R0l de pudd) il (7-4) IS8 zaasy
38 xie 4l J<all (e Aasdlal (Kay - duagll sale) Alls g daad)) ASA e Ly ,Seal) AN Juad
O35 b IS Al A ) g ySaal) ASil) L 30le) ddee i (PLL) e aliil) 3)L)
sl sple Al Gaas (PLL) alai sgag pae Jla 8 Lol caajil) il deyall B 850€ Cpas Cugan
(162 [rad/sec]) I (157 [rad/sec]) dsluall Galiill ey (pa Asall deyu yuaty Juasll sole] dulac

(52 [Hz]) Y 2ol ¢ sy s

™
: I
— With PLL
----Without PLL

n
%
158 N f\/“ i
= Ry
L - = T
] '
#1156 / i
—_ [ ittt e L L L T
i romsemmeees e P Loy 1 DASAN ) A Sl AN JuagBals]
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- A S .
I
= 152}

|

I

150 Grid Connected Mode Island Mode ‘ Reconnection to main grid
< > > T >
148 L l L i
1 2 3 4 5 6 7 8
Time[second]

Aoy Soal) AN Jasd die algall AaISaall Aoyl il 2(7-4) J<a
Qo) 53le] ey gt l) A e
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sl Aoy b Bulall lad) ) (PLL) 3sn pie e Lol dad s b ) (e -(0.6 [seC])
il sig oo cibide dadia By 90 g dog Sl A<l Jaad G LAl el e AN @lslag

(11-4)5 (10-4) JKEY) @i maagy (PLL) 3935 o Jaall dic g sl sale] U 4y ,Seal
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Z
o
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-
S
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<
=
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g 500 1
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S
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Bl ASal) o g Saall Al Jimg 3le] kil ualll lgall Gl e sgall £(9-4) <&l
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With PLL
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-200

Va maingrid & Va Microgrid
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At Al JV1 pshall figis g Seall Al JGV1 skl i :(14-4) J<a
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With PLL
T
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(49 HZ) 235 xie Juasl) sale] aanl ualiill algall 2N el gy il :(15-4) J<al
Jaall LaY dadall (38 i e Jasy Galaal) (SRF-PLL) s of ddlall i) ddilie P& (ha 22
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(18-4) JSa) 8 LS csadll S5yl Apalls dalall (PLL) s U8 (e el 235l T
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IED ( Multi Function [l
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750 KVA
12.5/0.4 KV

Ground Detection for '
Main Transformer :

Earthing Transformer

liooa  Lasoa L aooa
) 3p 3p 3p
400A Q3504

! Load i Cap Bank' compregmr Loj;.i"; Capacntor Bankt
H 25K H 10 KVR B
@ ®

PV
Diesel Generator

GohaliaW) dylead) Ui ke ey ds il dog Saal) AS0aN aalsll Tadl) Jakade 1(20-4) J<al
Fgyaall Lacill ddanal) Cpara
tdg paal) daedl) ddaaall Aaalad) dlaal) Al dadai —1-3-4

g s )] Jhaadl e Bleally Ll L5 (e Llea e (gging Apala) Aleall s of LS3 LS
(IED: Multi Function Protection System)a.s3 4 5 spgas (pana Gileall (o IS Jae Cilillag
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{2
discrete]

......

Time OverCurrent

Main Protection

Piscretd R
D lacrt Nersl 4 TrippngTime
seretd

Restricted Earth fault protection]

L) aling Canda sy paall Alanall dpali) dglaal) ol dadas 1(21-4) J<al

t ULl galip pladinls ) Jlanll (e dileal) d3kei ~1-1-3-4
)Y el G e Agnall Llea el A paall ddasall 8 ca)¥) Jlaal) (e Lleadl Casadiial

) BB LS e Algaall AN kY1 s goane Alie o Dleal) o3a dae Tane adiey

[(22-4) <4
Uglsa bl s3a ¢ Al GsSons dpanall dilaial 5l Jhae Gigan Ala ol dpaglal) Joall dlls 3
Cuaiciog bl o3 o (3 Lt (Usaall) doesall dadiiall Jals Jhe Sigon Jla b Ll il

cJhall Jie g adalsill Juads 5aY1 asiy all 13g) dilanl)

Zig-zag
grounding
fransformer
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Slo eVl OOl by gecn Lleall oda dee AN dada (23-4)dSE mias
Dbyl Chli peana diam dalae sae o ojli) &5 ) il sy .(Matlab Function)
glaad) Jae Junisi o) 5l Lueitl (Enable) dases (Iground) )Y Jsll s (INeutral)assl
O WS L palgill gl s 1) Jaadl) 55L5) g8 il o Wl L Aglaad) dasa 52leY (Reset) daaeg

ang )l Lgleal) Sl aep) 2580 IS

27/06/24 11:20 PM .../Restricted Earth fault protectionl

function TrippingTime = fcn(clk,Enable, INeutral, Iground,Reset)
persistent RelayState Delay

if isempty(RelayState)
RelayState = 0;
Delay = inf;

end

if (Enable==1)
Idiff=abs (INeutral-Iground);

if (RelayState == 0 && Idiff>=0.00001)
Delay = clk+0.02 ;
RelayState = 1;

g <:" ===

end © B I
if (Reset==0) :}——————4—+nmbk
Delay=inf; | I
RelayState=0; In [ Diserete | INeutral 4 TrippingTime
> |_RMS | |
end - I
end [lgmund J’L’;ﬁ'] } Iground I
TrippingTime = Delay; —
Restricted Earth fault protectionl )
—— — — —

) dhall e dleall dae ge el UL w5 1(23-4) <)
sl alin aladials dpaall diajll LAl Bal) (e dileal) dadai —2-1-3-4

Lleal) 22 Lo A3)lke 4 2 UL alin G aali el DA e dplaall 23gd dadall didee el

agleall Janis Baanal) dail) (e ST L Al die L (IpicKUP) Ledaria o Y AaSIal) oo L5 G aa
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2000 Alslaall (pe creeny 53y LAl Aad pe L€ anliia i) il ey dlanll Jadl 1Y) Jly) e

I
(Ipickup)a

* TMS

:(Almas,2012)

Aleal) Al (alliad JAaiay (3%l 5 C o tdus

Aglaall Juad (13 2SSl TMS

Okl 53L) e Aleadl Jee Andetl L e o5lital 3 63 il (24-4) S riagy

11/10/24 10:10 PM Block: Protection fin.../Time OverCurrent 1 of 2

function [TripTime, OperatingTime] = fcn(cIk.Ennble.Irms.C'I'pn'.('Tscc.I’lugScl.TMS.c.u/

alpha, TDS,Reset)
persistent RelayState TT OT PickupTime

if isempty(RelayState)
RelayState = 0;

TT =inf.

OT = inf;

PickupTime = 0;
end

if(Enable==1)
CTR=(CTpri/CTsec);
IfullLoad= 34.64;
Ifault=20817.88;

MeasurmentCurrent = max(Irms/CTR);
Pickup = (PlugSet*IfullLoad)/CTR:
Iset=(Ifault*1.1)/CTR;
if (RelayState == 0)&&(MeasurmentCurrent > Pickup)
PickupTime = clk;
RelayState = 1;
end

if (RelayState == 1)&&(clk>(PickupTime+0.02))
if(MeasurmentCurrent > Iset)
OT=TDS;
else
PSM = MeasurmentCurrent/Pickup;
OT = ((c/((PSM"alpha)-1)))*(TMS):
end
TT= PickupTime + OT;
RelayState = 2;

end

if{Reset==0)
OT=inf;
TT=inf:
RelayState=0;

end

end

TripTime = TT;

OperatingTime = OT:

RMS
(discrete)

ey

g

2 0o

Enable

iCTpri

Tsee

PlugSet 4

fon
ITMS
e

OperatingTime —@
jalpha
ITDS
Reset
Time OverCurrent

Aonall a3l Ll 835 e ulaal) Jae ge ) DLl gl (24-4) <Al
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O L Rl (e Adaie IS0 deall iy ealill Ll Glesyy Alshoie Zlials hlie ) dhadl)
Ghlie Gaed () dlanall s Callay g aalll jshall Jalaial ey dusg paall Aandl) b plaill 138 (3l

(25-4) IS e LS Al

Zoned Zone5 (Microgrid)

Zonel ,------------mmm-mmo-e- o . emmmmm s
o~ o p w7 \
S| ! i 1
{ 1 |
! ' | | '
M1 M2 | | | i

- H 1 1

Main Grid CBL 4 ! e | pec |
\Bus1/ | " Bus 2,1; ! ! i
AR \_/Zone3 | '\ CB6 |
Yo e 4 4 ;

Lleall 3halic dasle Taiage dusgyaall Zo jill Alaall aalgll shall Jalada 1(25-4) IS
dainge Cliall il shliall (e dilaie Sl Loy Laalal) lall Glea 23 dadall doleas el Jd
:(3-4) Jsaall

Llalall ghliall =Sl Ly dasdl Lo 1(3-4) Jsasd)

Zonel Zone 2 Zone 3 Zone 4 Zone b
Idiffo=
Idiffo=900 Idiffo=400 Idiffo=600 Idiffo= 120
21.042
Ireso= 48.084 Ireso=600 Ireso=1300 Ireso= 3000 Ireso=600
Cx =14 Cx =15 Cx =14 Cx =15 Cx=1.4

K1=0.5, K2=2
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i Ires BuslPhaseA
Ires =

lop_BusiPhaseA ‘ M2

Top

M2 |
Q lop lop_BusiPhaseB ® > Ire Ires BusIPhaseB
¢ Top_Bus1PhaseC
M3i Top

;\M—K Ires Bus1PhaseC
Ires =

(Zonel) dlalil dakaiall eSH Jlig Joall i s <Y alea dndai 1(26-4) J<&)

(274 JSall) Lleal) Jae dag i dada2

Top_Bus1PhaseA
Ires BuslPhaseA E’_l_‘
X ¥

kl
Ires_Bus!PhaseA n
<
=] — o
Irest0 . - @
fop_BuslPhaseA > N § l

AND
Ires BusiPhaseA l
_ ” lop BusIPhaseA
Ires_Bus|PhaseA .

204 , lop_Bus1Phase .

Top0

Th @.

(Zonel)dlalall dakaiall Jac dag yd dadas 1(27-4) J<all
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Transformer OR > t

AND aMﬂ—(% CircuitBreakerl
AllSubstation _>—»| - 05s

ransformerAndBus:

CircuitBreaker4
Bus3

t
AND -—»{ double gl 1

055 |_> CircuitBreaker5
AllSubstation

ransformer
] t
Bus2 OR » doutle » | { »<_CircuitBreaker3
L 055

AllSubstation

Bus3

i 1 1

L) adalgall Jeadl) palgl Jlus) Alee dadai 1(28-4) ISl

duc @) dbaal) b daulud) Lleal) oty (SABP)dskaliay) dsleal) sl jLid) —1-2-3-4
:ZL«.UJN‘
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Main Grid
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Outl

double ircuitbreaker6
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Outl
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Region (2) Transformer Protection

Outl

Outl
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Outl
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\ 9

Region (5): Microgrid
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Abstract

The development of the electrical system into a more intelligent system necessitates
updating its components to align with the advanced operational requirements of smart
systems. Smart substations and microgrids play a vital role in enhancing the efficiency
of modern energy systems. Smart substations are considered the heart of the smart
energy system and the cornerstone for creating smart networks, as they allow
significant improvements in the field of monitoring and control through a set of smart
electronic equipment and communication technologies. This establishes the
foundation for creating microgrids that contribute to enhancing the flexibility and
efficiency of electric power distribution through the optimal use of renewable energy
sources and energy demand management via the Microgrid Control Center (MGCC).

This research presents the architecture of electrical substations, their components at the
distribution voltage level, and their protection systems, as well as the necessary updates to
accommodate the operation of smart microgrids. It also covers the automation system of smart
substations based on IEC 61850 standards and the integration of this system's functions with
the MGCC to improve operational efficiency and reliability for both microgrids and all

elements of the power system.

Furthermore, this research includes a study and modeling of a reference microgrid using
MATLAB software, and the implementation of a system to ensure its synchronized
reconnection with the main grid. Additionally, a microgrid control center was established,
attached to the studied substation, with a graphical interface formed using ECAVA software.
This interface displays the information of the substation and microgrid, handles the
synchronization system and the backup protection system (SABP), and facilitates real-time

monitoring and control of the substation and microgrid.

Key Word: Smart Substation — Distributed Generation — Microgrid- Web SCADA- ECAVA.
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