[ Downloaded from necjournals.ir on 2025-07-31 ]

oWl )1 s

Yo VYAA Gliasli ¥o oyl VY Jlw

JoS 9 Sl g gd i J puS Sg> WO> (w9
g J s Sun b oSty oylgd @59 9

\ LI as V. . s
283slle waa g ¢ Ll Ll dans (el cadila pa 50

IaJuS.’-. >
ole 2 S3F MF e by cnp Szl (S e 4 SSlggigh ol dlis
57 09 onl ol 4By 115 55505 5 adllae gy 3y90 0digh oS sle 3
p‘b)?&d)wby)5)4;)9)u‘w5mdd)l.uu9.b5 ;&Jow»d.: ly
2 Ul o yblg |y pdisme g cutnS 5kl 5 51 Jsid J{lﬁ oy gl 0
5505 oslhn o & el S35 5 Sillggigh csla s g cslo il 539

Ailes

4 DC/IDC Juo ppizpan g oud (sludae Solggig sl Jilo DC iz o
2 LY (A Alo Gl 045 u}l).‘a 9 d)l.w d.u.w ;{ng}@S b).;)lS uo9.a.’>m d)).lo
Cou b By SSlggied i ob)b )3 W sk g Cuwl oo isu oyl
)3 0l o2 )154.: \9; ,SL\> Wby S (MPPT) _\N.»L ) u|9’ ,Sl» ub.))
5 45 d)3e g o Slady (PCC) ‘5)*“*" sS4 J5 sl s g
Lfl)'“s U’QB) uul.w‘); .))l.) JL.:.) L alags wl BRl ‘) )Us Cads 4 4.\_9)5 )‘)3 J.J.’?U
))BDML;B)M p[JWuI?A&AJQ)AB&W))P\/MJ}(Au&L&dJL@(MJ
AJgi blan oS 3aiod Haj 590 )S:{.)"b_\.il Lwly (ol 53 22g, ‘f)gﬁ)bﬂul&ubu
Sly Wy s g Sy onl B > dlie SUWgeB whunw bawgi 58y olgs
D98 (o Bixe PU (8 & ()

4.‘&0 a\g).b é’JU
MIYIYY
Wdlds B dy )
AMBIYE

(8IS Slls
JBgy S pie g8 i

Jobsp PU 8 Gy
5551, PQ Jso )l

OIS sladlaie 5y Fonals g (50 (it gt - (lpad sladlate 5 - ol 05 ol (8 eaSishy (N

Y) Maximum Power Point Tracking

v) Pont of Common Coupling
¥) Active Power-Voltage Control


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

< D> ol i) i

AN oLl ¥ olond VY JLw s

odlizl &y ax 55 553l o IS 5, b plojon (sl S lajls S (3L (Sogll I L i 08 Lol ]
Cogw 4 5L pae s 4 Slggd oddmy (5965w el o diws pp S3gll 5l g)le o (65, wlie
U 5 By i 5 (2 csln S M55 53995 3 oy 5l ol o il 428l 5 Sy

Gl 03 I dig o (ialS cps o

B iz 290 Cwgr Slediue daxie o iy cwlio JUg Las g (g5l bs edl ialEl sl y

Caa 29y JWs 0aiS Cuus o YU Wy pdaw ML DC/DC Juiwe Sidlpes diges SO [Y] 50 [Vo)] il asd)S
Slgeid gla pius a8l 51 it 38 Yoo ¥ Jlu 5l bl o (Byre Iy DC/AC Fogil (63959 53 o3litul
f‘y Lgl.m 4;9@; d))la.o ).) 9 ASM» )‘ J,ow.u.o )J._\) _\JJDU OJMS])J J«Jy é)l.m u.i,uol.u.) .))S.Lo.c 9 ;4»5).? )I)S dxma.o .))94
YW R L;)b)g oy I | N o) Lgl.mﬁ)lf 905 Jb 4 Ul ens o S yeas b gadyes - (ool
cuad sl s [F-F Al o e la)l (gl Joleio ng 2 hol Gun aS 558 o puiins 4 a0 5l i
>hb el Sloj sl 0)93 ;5 aSd Mg 908 Pl 5 e (gl LS 4 Fly gl Cunss Slge Jais
9 CutS oS5 ol cplpls Ngd e 3 seke 293 sla)l el p Slges (clo piamw 4565 cpl Widgr ol
Gy Ul bl L1805y Cato 13 ] i 03008 Bpaae & g oade e (gl Cillasl

sl i gllas Gl waats (LUl L L o8 logi L ol

SiPl g ald bl 4 4SSl 4 Jate Sullygd (e e s H 4 & S (o0 )5 4 i

O I8 a e b aSis 4 ate PV gt 0 plsl [V] )5 a8 (glaallas (5 )y cumen )l pdl amy 3 Lwd s
S slajgSB Ul jo8ha allie )3 o &) J5mS Jus 053 oo S5 ol S5 de 0 (2es ol
Stuetly S 4 s IS 03 aomyy and e B (38 02ys8 0 |, MPPT L s j58las Ol (255
g 8l ged B 35 558y Ll )P @ 4l p SBlae il (e ol DC ise s MPPT (ol &
sl Ko 3 odlital L 5 005 Ijme AC 5 DC it &5 o ] s etunl 018 plol [A] )3 Y5 Lo 5 oo

el 018 Jlosl 951 (5 3255 9 9219 Oy o pd & oliws iy Gl S5 20 0l it



http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

ol i) anpin L=

% VEAA bl ¥o oyl 1Y Jlo

Gills sl g 03905 gykae gile il s Sy jgan L) 98Ty g 0T Gl5 B2y [A] 3 VooV Jlo 55 ()05 0

Jlo b3l o Ll 1y omleo g b zaalS’ a8 ol 00 Jlosl olys 555 o 45 5 3,90 ol b ey ol
W) Pbu‘ L?‘/Jo u»L»‘ » [\'5\\]w| o C)Lw &JU99~9 L;Lh ot dlf L;»9L°.w UI)MS dLe(ug) YerA
koS s JWg 4 ()5 ol balpd ool )3 09 (0 (Bpme 4Sud 4l @i S plgis 4 SS9 e
)J&y&bduww[\"]p‘wwlwb&w)b]m‘)w&wwduSPCCbJM
fean Sba g gl PWM s b 5y50l YT o Yerh Jlo ) sl 85 S 5y5al lal 5 ok
IS slue y 5 yenl JiS ol PF] 13 b caos PCC 5 soly g o 4 b ol o ooliw] 4o 5Ud5 L
ol A5l o 5555 g5 A8 s Bm g ile o Bl S gd Jlasl s PCC 3y aSlo 3 .l oy

29 (g0 03l i 9355y (g5 5 Cd )b | Sy L 4y 4 gde iz Ll

lond sl i S5 Leled byl 1o 5,Skas gl guis8 oo 45 ST el [10] 15 ol atle Jlo 4 b

I sl oaSTy W gl caal b 058 (o )l Jb G & Cany Cons I glgs LI plod 3 4S5 ol
Wil (o s 1y 4S8 4 ol Bop (Ul GBS SBpae g aSud () acby « Slges (g A sl
S by il e W anles JymS Syt sS a3 1) (SpSUl sl yiall widbge 4t Slas
Cuow & 0dS Ty wlie 51 S gy ol gyl Jlein] aibl adls dgng ddaie gl S )0 (8g D) yg s
oS bulps ;3 PCC > Wy adlsl slgl 4 yoxie S5 (oo (olad slb jud )3 LogSae ol (5)L5 31 3939
9PV g sl disd 5 & o) ol ety Sl Ly S 45 5L 5 Cansy & Sy o 395 53k

les Caley gl cnl 1) Ol CasS lo 3)llial (S Cuml (0 B 3P G #B g ML (o0 Ay

Gy 45 3 iy e Sy oyt 4 Bsas PV (glb s 48,5 &0 0 plol lalllas 1 &5 (5590 5
i JpiS e cpl > oad Sleidy (J3ES gy Nsd o0 S esS] lg Mg Ban b L g oS
oyt PV ot )3 39250 ljaaas 5l Wy J 58 Jloel gliwly 53 adb o 5Wg cots Ban b 5)90] 9 Soldggid
Coles > & prled o W95 0 |y 93Ty Ol ST Ol 09 el (gl LSl )l (8,5 s ) L g b S
Sl )3 5 0nd (Byme s JS 1l bl 130035 (o w03 PU (e clyis 4 Sollysid (e oy (S
5 Syl JiS con a by b e 23)5 (oo (Byre 0 Jlosl (JuS ladyy 5 Bl glo o i
25 o dll gl st (JpS onl (giluesly


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

p =1 ol il s

VAA Gliasls ¥o 5yl VY Sl YA

Saalid 9 938 afiewais

5 7k« DCIAC 5551 DOIDC Juuo bl Sliers «Selygs slo Jyslo S| Silygigh pies
ol ol )3 Gioled 4 (V) JSKb 50 a8 295 (oo JuSi (1S (slaedtanms

Photovoltaic modules
P B
f———————======= B
m 1 Micro processor control R :
| i
| Y |
W O (o
]
converter, | DC/AC WY out
! T inverter N Filtr i :]—,—OB P
MPPT T J_ IGBT C AC
: Ll. 1 power
techniques |, Full | Comats) N,
Y S— | I '
o |
|
|
|

I :
|- DC power > € ACpowe —

&i kol sl g Sldggd prmw 1Y JS

& ol MPPT Lol S54.5500] JuS s MPPT L oles jiShis alads Qb o)l 5939 JyuS kb lo
CiS Cogib 5 PCC 3 3y 5 5651, ol U Jlael 5yl Jy5 o ool Silgg W 1 51an ol

A5 nlgs 033 prusel i jekay 45 A3l o 4SS 4 iy OlyS

dozg baasiie cpl )3 ogil; dall Wgs o Ly ypmd PV g 1V oo 93 gy (ciudyer slo 4l 5,Slae

Cap @sde sledyy 08U g 039 (P werSle (Bly dall plos & wleie iy ]y I 4l 9> 4 5l
Jitus a5 32> oo |y GGl pl PV &y oSS e Jlos! .ulaid Spb MPPTL gy iSlis dais b,y lgis
gy DIAJd W)l ) s (IS 035l 9 03508 Jas 5Wy 5 5k a1 s I Jiis 9 S yitia oS dlais ]


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

ol i) anpin L=

Y4 VYAA Gliasli ¥o oyl VY Jlw

Ol 905 e p Gl i (s Ko J) &S 23b e INC-CONA™ bl ga5 B9y i ol 53 00 (sjlumsly
P 82909 slyiebly @xye yolie i b gaye dbl Sl SBlodl gy ol 2 gdee S5 Sy b cuslie
U%9) ool [YY=VR] )3 oS wlons Ao 558U Ll cpl o &8 K00 susie sledsy 20,5 o ol PV sl g5l
5 s penySle abai 6,55 5 s &8 3, oblie e yesk 5l 4z3i8T PNO ey b duglie , bls, g
905 9y 5L [YE] 5o o bl cldlae gubo p [YO-YY] Wlales ()] 5l pubats dlai Jg> Sllugs Glo piman
Wy (g8 Sl JBaile Lulpd 13 5 035 il aee Lulyd )> Sl Son plRn ) a5 300yl (UL,
oored ) [VR g YAl aalye o SIMUIINK )5 (giluoand @l 5 (2bls) 903 by, 4 barye wiyeSl [YV ]
2ol 35 50 50l PWM S g MPPT (Sgligsi wius DC 5 3,8kas (talojl can )3 il
AW D)L.f:] é)l)n 5 .[Yﬂ 9\'/\] 50 (R P Fad D ol b oYlis Oy < asus 5 aS Gl o fbol u.)UUa.A
ol 3L g Wl )3 )13 (o)) 3,90 PV Jlise s )3 s g 6 )3 55 coligS Jlail 31 ol Sl s (165UsS 319
3 bkl aSus diges G 3 ok oad 35l cudyb i g S0 b oyl g bad camlus Wy Ldgp 5

V] ol ous &1l as VY L IEEE
Al ol 55l 55809995

P Sl clalil J§ als s g 63)lpe 3 4l 4 Jate 5l 3 Slas  S)enl S (il aige

Sod @y Jate PV (gla s | 530500 el igo AC (i 4 DC ol 305 1 65> 295 b
LT 5 7V] 0tl ehaie sl g b b ye (slod )l p &S ol & el Jg B g5 g p s
1305 48 13l Lo IGBT L 5y gt yiygial <o cllio oyl 53 b, SIS0 5y9] (6599258 olgs s eyl i

ol (PCC) Syt g8 alaiis (> Wy yzals 4

Slyoss Blo b asl o S Caunnly oo DG 9> u‘}’%)‘”‘PV)‘ Sy oy s sl wlul 5
SaS Wy palas yol 3 Wles o 58Ty g ccunlio palals 5 J S Cygo )3 aSH0 abled e s p> dtwlgdl
ol S o 5551 Bl o 1 4y oo )5 5505 150y (59 3 (5 cpd i 2 oS ol gy Bl oS

byl 03gae )3 g Jhs Spgo & (29y5 STy Glg S 4 B )0l dbwly b eniSTy wlg gl ogad

V) Incremental- Conductance
Y) Perturb & Observe


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

< D> ol i) i

AN oLl ¥ olond VY JLw v.

M 9551y Qg gl o ped 33 Cadils dgaoe )3 4T g g5 53 GRaS gl c ol 4 alBl (e g

Dy J..b|9.’>u Aodgus 3 .)l)Lo d.b.b}' u‘y u»ﬁ).‘) UK\AI )JaJ )I oS d).aa.o dl)’ oS .)94.\)‘_5.0

Sl Sy 2 53 4 bled e A58 G gl cpptin b oS 03208 ol b 4K & e (5l e >
&3l ey Gilre ©yge a4 @390l Cudil cnlply iles o Jos dguomel (183l b (6] 0aS 030
slo g5l )b 5l e 3] 4 3l Jatue cans lad g5 5 assl wile woles Wl 1y o5l i Wl

23,5 0y g5 oo 003 155 (5551 Sile iy igd oo 5,08 SMlS 2l PV (lapine

Syginy S5 5l edlatl 5 o3l Ao polie (SIS 3 el &) lebpin s i Jsb

s yizmads 23905 0)L3l HVDC  TCSC SV C a5 g5 oo dar o) 1 sl 0308 L |y (bl yomaslise
SSSC .STATCOM _ysxen (GTOS, IGBTS) Lanb y5lineS (655955 i 4 FACTS elgol ayan
S BB PV s Lal 5,8 alie ol o) ] oo 63,8 JLa5 &y 5 00 cans VSC-HVDC 3 UPFC

3l o 5551, s 5 3Ws U8 e STATCOM ke ¢l FACTS gl jl aiges

Jdgn addlas b oS s (oo dloiy 1y (JyuS e By «28)5 515 oy 3y90 5w (pl 53 a4 dagi b

by hled o JWid Iy e Jlake (pyieS 4 mje Sl alS g jlre e3gie Wy el Bua Ly
3P Ol 90k (e G bl 0d caal Silggid wiu <y (0jg) SG) sl VY dalllas S o 2oy
lp &S i@y e I Wy CBloul LalS (gl s & dlawly 5y00] (293 95]) Ol sl 485 ploxl PV
Ol 4 429 b Wy goye palie o Cusline Gl ol 29 (o J S pasubie e (59) 2 Wy jlade Conts g il

Ngd (oo Al el pd Conli S 5l 3)90 90351,

S e g 3y (S e sl asile oS g jpate gl (oo |y glite JS e 93 PCC g yiy5nl s

PCC > awlssl sl 5Wy Lol (35 @ oo (293 ol Sl adndysd (b it connb Jd> @0l
bsly ol 2 09 (o Sblugs 5 3y Lol 4 ovie @il &Sud )3 b Oly cups R C)le 4 sl
SxS IS el 31l aSs 4 981y g 081 ol plgs oy A BB A sited (ole wiw ol S slaptins
Jlosl piline o5 al 0ad zyhae a5l ) gllae by )5 B b (IS by SS9yt Slges ($5olgisS
Slllas j) solas 3,5 o lis PV baugs 551 g5 o s ol 51 o8 asbie iyl & glye JS o



http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

Ol )P i L@

AR IFAA Ll Fe oyled VY Jlw

@ ly 58T le s a8 e 4 ol 9 )1 ASU S Yl 4y iy sl (g s S8 g dS Wdgnge Liod
[¥F]sles o 52y 55 aSud

PV 05 adg5 PV g (5051, ol g 4l (ol a2a> QroasPloar joolie b (Joxe jb o sl 5
a2l el e BB plie U o 4 5k 98Ty 5 0381 ol s cplplis D92 Sl 08T ol oS (el s
byl I sy Jalpd i )0 eimes 05 aals PV cual e (ol lg cops plals 4 e ol 5 cdl
@ e ooy ool 93)5 JUdl Brae o 4 )b 5l )90 58Ty ol JUl car cunl (oo @iy bolas
@ (V) S o il cudly aalgd Jlis a1 (Jlpde &7 598 (oo bolad )3 ¢35 2 )3 551, g5 g lals 28,V
2ol 2 Blas g odges Mgi ST olg (ol s U piamw dlie ol (odloiiin o oly p3 cowl o 00niS ygus
Poled (oo g5 55 981, plys PCC 53 5y J 85l ol

Gridasan
AC source

Qs=Qpv-Qioad

DC/DC

va converter

modules el e
= Inverter

!

IDI oad— Ps+ va

A C T\ VYV EA S PR -C TR V) POV gy (V¥

2 iy gy S (igSe 4 g b ol o (S lagially 4S5 b b sy Slsls 53

S slacbsy 281 0588 b A5 03> o M apiliy ] (o Jlad 42 bl 5050 S POC S8 Ll


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

< D> ol i) i

AN oLl ¥ olond VY JLw vy

ol po Ll sl onds sl anly Jlade (g5) g s il a5 G by b S gl SOl gend (sl sy ail
9 20 o)Lal a4y S, Ll g S 98T g Sl Pl Ay 4 o el o alelly (g o)) G5
JFS s 5 IS 40395 o ol Sy S5 10 o5 08l o Sy U5 a0 555, 9 ol o
Casld [V.mlp )b Uiy Olawlre jo PO ool )LJ9 quwf_\a Jlesl b 5 PQ ool ol

slles 5kl oL ol diusly S 5018 i (J5iS do 5 4 Hld b b Jdo 4 (o0l s U Wy ol
Mo el > Juato PV lgs pilge ddl (oo (Son 5y Jidgp )5 classe 4 (pay Bam g 03L o £700 5y
b elple a8l asls (36 5Wg by p (osSan Oy a4 Wlg5 (0 S jb lolpd b (b e Slo b 5 YUl
Do (o ddlllas dn (50 )3 @jg8 Sl e > SEWggd g5 5y 86 PCC J s sl s 39, )]

PQ wo- o

P by b g oad 4B S Ly 55T) 5 0] ol culs polie b s e gt @ Ygeme oSy g8 aibie

g o By <ol PQ glo aid plsie 4 )b glo aid ygudly (s UBg) 3 Ngd o Byme lidgS
e & )l iy Slawbre sl J g8 Mg Oly 09 (o Juate )b 4 4 PV gt S (B cnlple
OlF @b & 25 (o0 Oygo gl W55 4 Vgame SIS 98 (o0 03938l g5 de )l (e 5 58S Olg5 et
Ll 1 1) (gdaste ML S8 0gud ol sl S 3900 )3 PV i lg5 o g 39800 W (55551,

A dalgs oylsl ol a8
PU w_ ~

5551y Okl ol )3 sl (ol oty dai G 5 Sldge el PCC 5y J s cids 0 ST

ook sy PU 558 a0 Jleel b (ygudly (o590 wipofll )3 29 (oo iyl o & Juate 45 baogs PV (295
basly cnl 53 335 (oo oy 90581, Ol (sl 039300l 9 298 (o0 s jlome 03935 13 (g3 Sy SSWggid
Sype ol gy adllas oS el &S (1) S 25 0 abld 4S5 Cob 955, Bl )5 by PV (2,5 5y
Ui b (oo Cudldy S 3l asslis Ll 0ud (il o3ly DIGSILENT 1381 55 15 oS cams 0 ol |y a8 )5
olor &5 (il Syl lse oge @ a5 eud JuS DC gl ate S b S8lge8 oiuns DC, MPPT

ool 00 Jao 2L 0 DC by 55



http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

y VYAA Gliasli ¥o oyl VY Jlw

oWl )1 s

External Grid

%

‘o.86 oa®
MW Mvar

-
\/; loading=10.000 %o

s - o Psum=0.759 MW
Qsum=0.048 Mval Qsum=0.074 Mvar
cosphi=0.900 cosphi=0.995

%7 10.00 %

General Line
Load

0.9974 .| i

Ter 5 ;

‘Irf Trf 20/0.4

Psum=0.4..
Qsum=0.1.. Ty
% cosphi=0.. —=

DIgSILENT ¥

- 0.3971 | Psum=0.100 MW
General L "'

< -T“

loading=53.661 %o
PSUm=0.357 MW @
Qsum=0.092 Mvar
cosphi=0.968
4
<
loading+=22.390 %
Psum=+-0.150 MwW
Qsuyn=0.005 Mvar
cosphi=-1.000

loading=0.000 %o

Psum=0.150 MW
Qsum=0.150_Mvar B Ter 7
cosphi=0.707 !

=7
Psum=0.200 MW

sum=0.097 Mvar

cosphi=0.900

1,35 Cdls Sl pbool Cga Sland s Y JSS

Qsum=0.048 Mvar
cosphi=0.900

Qsum=0.048 Mvar
Psum=0.100 MwW
L 5 cosphi=0.900

4.6

0.3868 ii 0.9670 p...

Dygl o dmg |y Mk (gl 0yl 4L Lisu Slusle 1 PV caas e aini sl ol PQ J S 1o Jloel

owd PCC )3 5y cos ca p3Y 5351, 0l G5 L ply 05 9651 Ol peaSle o)p Saa L PV Jpus

b 2 ) olg caps S8 g9 ol bles o (Byme b iy Cluslne 3 PU - o lsie 1y PV s Joxa
Sy e YU PV s e

Slyas cplply WBbo b 1) Sove SO Oygo 4 (293 sloyd il cublB sni S by e
DIGSILENT 581 p 5 5 o) (s39y9 > oo S b olgs o0 1) DC iy o cilisee (slacmdy ) (Salisd

sl (glsS 4 g 3950 g s )50 AC g5 4 DCIAC )0l 5 32k 5l o 0 DC g 35e5 o


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

< D> ol i) i

AN oLl ¥ olond VY JLw vE

VoKW ol olgs b Saldggs asly 6 les o PU - (08 G 4y ] 598 4 1 398 (o0 S8

Db (oo 4B)S Jlai 3 a8l 3 PV 8 gy 9 )35 Al clilllas cugr (295

oad S35 ol gie @3929 Ol g ool s> &y (9399 (e Ky Spgo ey G ite ol

Slllas Lulys asll )3 WS oo Cand GG Cumdg Sl (298 DC (lgs <o cnl 3 098 (o Jlosl g &
Toe 453 51 PV BLs)l g g )b St Slysss PV ol Jlse 5 53 oligS” Jlail el bl (ygoman ilise
el 035 ) 1,38 s Sldllas plool s okie elad aSud (1) S5 1 558 oo b ulos 390 ¢ ok
o253 SeyiS oo 51 alas ) 43T ol il 0 ol PV s gy ol o 40 40 V ojleds e
By 58 5 ol Wy Slxe ogaoe IV b SWy Gy S drgi b Sl pgd g AL (o0 4SS i I abal

!

3kl 51V oylad JUays (Jlg> 5y jlade sl 0ad 03l iales gy cod a8 SWy i (F) S

I8 dulio g el 0525 PQ 5 PU (slime J8 s) 59 5 et PV (lgi G0y 51w a3l (oo 28 £/
5Ws Jedg ol dgpetio (¥) JS3 sl (et | sl ol 00l sy 33 PV 5 399 31 am 55 Jedg 5 85
S P9y 97 Awaliie b canl 4iB)S )18 SUly lpnss 5)lalinl e e3ga5te 3 g 4Bl dgue (5 Koz ojluil 4
Ohey 2 JyS 5 ol iy e gm0 1) g blgy (J)mS hgy 90 e aSil a9 b oS 0T e i 4y oty glite

38l o 3] g it e 4 3500 PU

1.000
Terminal |
0.988
5.006 Km
0.988 p.u.
0.975 |
0.963 +
V- PV

0.950 |

Woltage, magnitude without PV

SFoltage, Magnitude with PW-FQ control
0.937 ‘fo‘f?gP, Tlagnibide mrh_ PIW-P[WV] rontrof 1 H . A LV-PV :

0.00 2.00 4.00 5.00 [Eain] 2.00

PU 9 PQ J 58 sleiny b PV 905Uy Judg yy :F JSW



http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

ol i) anpin L=

0 VYAA Gliasli ¥o oyl VY Jlw

] aSid 5 Slas dgu0 > aliste Gline b 1) poldie ol (g, 93 p2 &5 amd (o0 (LS (JyS slo (59, Jlesl
@ peplgzn S1PU JS by alie 05Ty oly Mg pas g <ol PQUS s Jlasl &g o Lol S’ o
Syida 95551 e U pdles s DC 5w 3 PV Jg5le (6 ptden sl 3liad Cannls (o0 omnyr (Roliie Wy bil3g

Ol &8 49 ¥ omb cad)b b o5l bl Gl LS 15 gel ol )> (oolaidl Jlue (85 (a5 )5 590 52y

And o Ggw PU (8 de Ol a1y o a8 caasd

43,3 g asllae ol 5 a5l wle S99 (sl i ;> PU Jyi8 do Jlosl (slp (odloidin JyiS e

ol o0 03l inles (B) IS5 55

PLL Cos ref
measure ' Inverter
&; . control
control . P_I_fl n e
Vref sin ref mode

e N i
_/_ -
Pl- ctrl
P P _J—>—
.

PU wod S olgs 4 PCC J S ol ,SUd Soly 20 JSW

Oy qeie S (2905wl ogMe o il 4 09d o odd 035l (58 YU 4y e sl )l g
$Wy shy Jleel b S ke (oo Joo 55 98T (g5 oS ()l SO lgie ) andjon jgua pie plSin 3 (guS])

el 10y (o (S (2l (IS adls G (izren 5 @20 Ol 4

S5l s S

S s L gy (sLasliF = S

oo b > Sl (Sl sl el g a5 jla > ale kylyd aandyss Jb 4 barye slasly &) ddlllas (ol
g oad JyuS ol g @ Sl g pite lilyd gjlo Jao (gl Wl 4B S 18 crgi 3)90 PV

oS le il cami U (il il ol dgpaiie a7 jalaslon dgu o Jloe! (F) IS5 10 0dids 03ld iuled (6999 (ioxie

b (oo polis 4l 93 B g odd g9 jho dlad


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

< D> oMl P! agyihs

VYA Gl Yo oylads VY Jlo vs

T
1200 i k¥ 4 & & 0§ & ® 8§ & i
+ 1000 ! |
; : E g 1. # & 8 B
‘ 600 _ ................ ............... 1S— ........ — 7 ........
i é : [ N N A S
200 i | i | i . i | . | i
[ T TN SN TR SN NN N NN N

{1 0 | 2 ] | ) 6 7 N {1
Time (seconds)

(DU i ) rloo Baal oo (5 jludito (5132 (6399 (i 5 JSWS

P G popd 35 Cygo & b (293 SS9 sl ced )l Sl ool okl e il o3y Caa
i (5955 9551 Olg5 byl il 93 1) Jygul cudlls PV s 3 9281 Gl per Sl e sl Ll
IS b aSh) oud 298 god 4l 58T Gl e e Sl 985y Ol 3205 e S e e (o Sl
ol oo s 4 2ol PQ 58 s & Consd (500 ilpe 4 slo (29,5 5551, (g

ol 45 298 (o odaliie g o 03l ialed (JpiS e 93 8 (sl (639)9 Sy A s Gy (V) USS
Al o 030y iales (A) oyless JS5 55 55 DC b 5y @l i biled (oo Joo yiae PU JjS do (sl (29>

Cond (s pialio g yimpo J5iS & PU gy & JpuS b 4 29 (0 435 ol iz YU (ioxto & 4265 L
Olgis &0l (o0 a5 PQ e &) e 3V s > s 8l Ly 3 1) 5y (IS e ol g L ealss

sl § aslio PU 328 00 DC 5y 1 yige Sy ozl (gl aoess


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

oWl )1 s

Y IFAA Ll Fe oyled VY Jlw

0.20
0.16
0.12
0.08
0.04
-0.00
-0.04

PQ Control Mode

0.02
0.01
0.00

-0.01

2.50

PWM_PV: Active Power/Terminal AC in MW

5.00

7.50

Is] 10.00

-0.02

0.96
0.95
0.94

0.93

2.50

PWM_PV: Reactive Power/Terminal AC in Mvar

5.00

7.50

Is] 10.00

092 U

PQ Control Mode

0.18
0.15
0.12
0.09
0.06

0.03 ¢ |

2.50
LV_PV: Voltage, Magnitude in p.u.

PU Control Mode

5.00

7.50

Is] 10.00

0.00 &
0.00

2.50

5.00

———- PWM_PV: Active Power/Terminal AC in MW

0.16
012 H
0.08
|
|

0.04

20.00 |- be e e e e e = d

7.50

s] 10.00

0.00

———- PWM_PV: Reactive Power/Terminal AC in Mvar

2.50

5.00

7.50

Is] 10.00

| !

PU Control Mode

2.50

——- LV_PV: Voltage, Magnitude in p.u.

5.00

7.50

[s] 10.00

PQy PU 8 slhte o sdysd Gl 512 3y 5o sl 9 9551, ol 19681 olsd Y JSS


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

< D> ol i) i

VYA Gl Yo oylads VY Jlo YA

1.151

1.067

0.982
PQ Control Mode

0.897

0.813

0.728 I | I | I | I |
0.00 250 5.00 7.50 Is] 10.00

Control uDC: ubDC

1.01

1.00 =

0.99 |- PU Control Mode
0.98 -

0.97 -

0.96 -

0.95 I s \ s \ s \ s \
0.00 2.50 5.00 7.50 [s] 10.00

———- DC_PV: Voltage, Magnitude in p.u.

A 20 93 2 3 DC by jWg: A JSu

lise (gLa L (LA JuS g i gl yut ouil 920 PV plicwscs anlllas o
ol A3l e Sy J S bl s St Oy W5 Lol ea 58T Ol A 55 adlllae cul ool o]
L VL sla aysa a5 wie JLs STATCOM | SVC L FACTS sl ceas b ol 51 2 U s

s 40305 S5 53 32 30 Dl g 5ok (SEW 58 SIS 3 e o e b s 4 5
jaMuL&f‘Jb}&ﬁjwjﬂWf)ﬁ‘mjwj JJLSJAJLQ.C«\L CJ\{U\)J&‘)STATCOM

Ol 03 Bl el s G558 s Lo 5 5S1 Ol Gao ekl 4 s ole SOST adia



http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

Ol )P i L@

¥q VYAA Gliasli ¥o oyl VY Jlw

IS g i (a5 bl Ol b ol 53 e 5 as e slgtg b (SRS ) e ol
351015 mie 5 STATCOM ol 5 gm0 SO 5528 0t 3 5 opl 40 AL o o 0 s 55U
anlas Aoy 0 pate Coanb 8 S 50 b SO s8> Ses oL Glp bl o Jes
5,8 5 53 e b5 eSS e il S s e ol 0dd el iy ol YY
Sl bl Ll sdd sl Jhlad () USKE 53 Ll Jie ol 3L Lo 3 sSems Db b S5 4 el 03

Aok Lol L Je opl 512 PU 5 ClbPQ 8 dess 51 G s gl 4

Residential Load
Active Power

1.00

0.80

0.60

Residential Load
0.20 Reactive Power

0.00 L L L L L
0.00 5.00 10.00 15.00 20.00 25.00

X-AXis: TimeSweep: time in h
FCD: General Load, Active Power in MW
FCD: General Load, Reactive Power in Mvar

[35] (gSumo (5 yiubio (12 (2Blg Lo Judg 14 JSud
PV (s cusls PQ s w0 g o g5io jlo o (5t Sl 9 46 pleassen dalllas —)- o

95 5651 lgs s 5 oad wdail yao 65y PV bawgs M5 95Ty ol Oliee <l PQ (Jp8 e s 5
D9 o0

gl (1) U8 5 45 290 (o0 gyt il 5 PCC 5y sm0 42 i Sl 4 PV ) 581 ol 32,5
Lol 035 030> olés


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

ol ) s

VYA Gl Yo oylads VY Jlo

Y.
1.25 —
F Load Active Power (MW)
1.00 — e
N B‘./ ~~
FoN, /
0.75 —
7
L ————
Load Reactive Power (MVar)
0.50 ; /_______,—.__‘\
L — P
~ PEE———_ L
~. ~
0.25 — \ //
- ctive Power
T
0.00
PV Reactive Power (MVar)
025 ! ! ! ! !
-0.000 4.800 9.600 Time (Hour) 14.40 19.20 24.00
(1)
0.9875 B PV Power Injection Effect
0.9750 -
0.9625 -
0.9500 -
0.9375 Ligth Loading Effect
0.9250
0.9125 [ . 1 . 1 1 . 1 . 1
0.00 5.00 10.00 15.00 20.00 25.00
X-AXis: TimeSweep: time in h
LV_PV: Voltage, Magnitude in p.u.
(<)
092
088 |-
084 -
0.80 |- PV Power Injection Effect
0.76 |-
0.72 . l . l l . l . l
0.00 5.00 10.00 15.00 20.00 25.00

X-AXis: TimeSweep: time in h
Line 400 V: Power Factor/Terminal i

(z)


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

oWl )1 s L&)

¥ IFAA Ll Fe oyled VY Jlw
PV 1, PU riis uo g b sSeas b andllas V- o

125 —

L Load Active Power (MW)
w00 |- ——~———

. L’——‘/ =~

iy /

\ /
075 |- \ //
P —— ———

i \ // Load Reactive Power (MVar)
R AN pd P———

FOONG e S _

\ ~— //_——___— PV Active Power (kW)

025 - ~ _—

ST A~

PV Reactive Power (MVar)

L L
5.00 10.00 15.00 20.00 25.00

0.00 Time (Hour)
(<)
0.99 -
0.98 7 12227 hor7 "\ 7.342h 1.11.442 h 15.004 h Y = 0.980 p.u.
0.97
0.96 ight Loading Effect PV Power Injection Effect
0.95 |
0.94 ! ! ! ! !
0.00 5.00 10.00 15.00 20.00 25.00
X-Axis:  TimeSweep: time in h
LV_PV: Voltage, Magnitude in p.u.
(<)
110 |-
1.00

0.90

0.80

0.70

PV Power Injection Effect

0.00

X-AXis:

5.00 10.00 15.00 20.00 25.00
TimeSweep: time in h
Line 400 V: Power Factor/Terminal i

(z)

0195 g —5 PCC 5Wy — g a5 OIS — 0 s PV (s 5857, 9 90551 lg5 JoL5 il 1)) JSCd


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

< D> ol i) i

AN oLl ¥ olond VY JLw £y

S S daais

2l o SSWgs i 55l & PU Jyu8 so Jlael by PCC o 5y J5i8 4 aalllas (] (Lol o]

@l 4S5 L PU I8 ae opdle 4 sl (o Slidggs slb ol cami g S35 sl e by &
@ &S b PQ JymS de b amlie 5 (JymS by, cnl Ml (oo (sptumslio sl (hoy (g5l and el s
= 4 oS Gly ol ol sl 5 cuslie Cunl By by S 20 UL g 398 (0 Wy S, Ol
i S oS bl 39 o plosl FACTS @yl 5 slizal L 48 1L o STATCOM (655 (5 jbwjls ylon
Sloiig B85yl 55 e plsl Gldllae 4 da 55 b g Canl 9290 S 998 i Hi3lo ,> STATCOM
1y STATCOM s o b o oS 5 iy sl (6550 auie SS90 4 PV s 16205 o

23,5 (65155 0500 4SS ) cuwlin

aS 20,8 o ddlive o 1)l LUyl 0)lse 10 00 pawy sla e Slaiewd (S 0 &S pl K00 pre dSS

Pl (383 Jlen ©jgo 4 JWy S @35 (o ol by Wy g A (o e ST, Ol &5 (ol o390
4 ol odgae ;0 &S Cuwl Jb o pl gd o bas /AN DU il dbd (o, [ ol e g 295
JS sl (el cl ol ot Jals 1y 5y dgmt0 Cumdg i bl (o0 3929 4 955y Glg ol g Mg Cudgaome
39 (oo plsl it S8 Ml il 958y Olg5 Mg Cud)b anim g Camnygps 55T Ol B Wy e 5 38

23)5 gy Cal o s (o3laidl Plus sl andl a8

C._tl.'a.a

[1] M. M. Jovanovic and Y. Jang, “A new soft-switched boost converter with isolated active
snubber,” |EEE Trans. Ind. Appl., vol. 35, no. 2, pp. 496-502, Mar. 1999.

[2] C. M. C. Duarte and I. Barbi, “An improved family of ZVS-PWM active-clamping dc-to-dc
converters,” |EEE Trans. Power Electron., vol. 17, no. 1, pp. 1-7, Jan. 2002.

[3] R.J Wai and R. Y. Duan, “High step-up converter with coupled inductor,” |EEE Trans. Power
Electron., vol. 20, no. 5, pp. 1025-1035,May 2005.

[4] S. Kim, J. Jeon, C. Cho, J. Ahn, S. Kwon, Member, |EEE, “Dynamic Modeling and Control of
a Grid-Connected Hybrid Generation System With Versatile Power Transfer”, IEEE Trans on
Industrial electronics, Vol. 55, NO. 4, April 2008

[5] F. Vaencaga, P. F. Puleston, and P. E. Battaiotto, “Power control of a solar/wind generation
system without wind measurement: A passivity/ sliding mode approach,” IEEE Trans. Energy
Convers,, vol. 18, no. 4, pp. 501-507, Dec. 2003]



http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

ol i) anpin L=

£ VYAA Gliasli ¥o oyl VY Jlw

[6] F. Vaenciaga and P. F. Puleston, “Supervisor control for a standalone hybrid generation
system using wind and photovoltaic energy,” IEEE Trans. Energy Convers,, vol. 20, no. 2, pp.
398-405, Jun. 2005.

[7] Y. Huang, M. Shen, Student Member, IEEE, Fang Z. Peng, Fellow, |IEEE, and Jin Wang,
Member, |EEE,” Z-Source Inverter for Residential Photovoltaic Systems’, IEEE Trans on
Power electronics, Vol. 21, NO. 6, November 2006.

[8] J. Min Kwon, K. Nam, Member, IEEE, and B. Kwon, Member, |1EEE,” Photovoltaic Power
Conditioning System With Line Connection”, IEEE Trans on Industrial electronics, Vol. 53,
NO. 4, August 2006.

[9] K. Narender Reddy and Vivek Agarwal, Senior Member, IEEE, “Utility-Interactive Hybrid
Distributed Generation Scheme With Compensation Feature”, |EEE Trans on Energy
Conversion, Vol. 22, NO. 3, September 2007.

[10] A. Ch. Kyritsis, Student Member, IEEE, E. C. Tatakis, and N. P. Papanikolaou ,’ Optimum
Design of the Current-Source Flyback Inverter for Decentralized Grid-Connected Photovoltaic
Systems' , |EEE Trans on Energy Conversion, Vol. 23, NO. 1, March 2008.

[11] L. Hassaine a,b,*, E. Olias a, J. Quintero a, M. Haddadi b“Digital power factor control and
reactive power regulation for grid-connected photovoltaic inverter’a Power Electronics
Systems Group, Universidad Carlos Il de Madrid, Avda. de la Universidad 30, 28911
Lclagane's, Madrid, Spain b Ecole Nationale Polytechnique, Hassen Badi, El Harrach, Alger,
Algeria.

[12] R. Gonzdlez, E. Gubia, Member, IEEE, J. Lopez, Member, IEEE, and L. Marroyo, Member,
|EE,” Transformerless Single-Phase Multilevel-Based Photovoltaic Inverter”, IEEE Trans on
Industrial electronics, Vol. 55, NO. 7, July 2008.

[13] R. J. Wai, Senior Member, IEEE, and W. H. Wang ,” Grid-Connected Photovoltaic Generation
System’, |EEE Trans on Circuits and System regular papers, Vol. 55, NO. 3, April 2008.

[14] J. Selvarg) and N. A. Rahim, Senior Member, IEEE,” Multilevel Inverter For Grid-Connected
PV System Employing Digital PI Controller’, IEEE Trans on Industrial electronics, Vol. 56,
NO. 1, January 20009.

[15] A.Canova, L. Giaccone, F. Spertino, Member, IEEE, and M. Tartaglia, Senior Member, IEEE
,“Electrical Impact of Photovoltaic Plant,in Distributed Network” IEEE Trans on Industrial
Applications, Vol. 45, NO. 1, January 2009.p.341.

[16] standard EN 50160.

[17]Z.D. Zimmerman, "Comprehensive Distribution Power Flow: Modeling, Solution Algorithms
and Analysis,", Cornell University, Agust . 1998.

[18] S.M.Primen, ” Power Quality Problems and Renewable Energy Solutions' ,Analysis of the
Prospects for Renewable PQ Solutions, in Massachusetts’ 2006.

[19] E.V. Solodovnik, S. Liu, “Power Controller Design for Maximum Power Tracking in Solar
Installations,” |EEE Trans. Power Electronics, Vol. 19, No. 5, pp 1295-1304 Sep. 2004.

[20] E. Koutroulis, K. Kalaitzakis, and N. C. Voulgaris, “Development of a microcontroller-based,
photovoltaic maximum power point tracking control system,” |EEE Trans. Power Electron.,
vol. 16, pp. 46-54, Jan. 2001.

[21] C. Hua, J. Lin, C. Shen, “Implementation of a DSP-Controlled Photovoltaic System with Peak
Power Tracking,” IEEE Trans. Power Electronics, Vol. 45, Feb. 1998.

[22] E.V. Solodovnik, S. Liu, “Power Controller Design for Maximum Power Tracking in Solar
Installations,” |IEEE Trans. Power Electronics, Vol. 19, No. 5, pp 1295-1304 Sep. 2004.


http://necjournals.ir/article-1-63-en.html

[ Downloaded from necjournals.ir on 2025-07-31 ]

< D> ol i) i

AN oLl ¥ olond VY JLw ¥

[23] K. Hussein, |. Muta, T. Hoshino, and M. Osakada, “Maximum photovoltaic power tracking: an
algorithm for rapidly changing atmospheric conditions,” Proc. Inst. Elect. Eng., vol. 142, no. 1,
pp. 59-64, Jan. 1995.

[24] Kasa, N.; lida, T.; MAjumdar, G.; “Robust control for maximum power point tracking in
photovoltaic power system,” Power Conversion Conference, 2002. PCC Osaka 2002.
Proceedings of the, Vol. 2, pp. 827-832, April 2002.

[25] Chihchiang Hua; Chihming Shen; “Study of maximum power tracking techniques and control
of DC/DC converters for photovoltaic power system,” Power Electronics Specialists
Conference, 1998. PESC 98 Record. 29th Annual |EEE, Vol. 1, pp. 86-93, May 1998.

[26] Hussein, K.H.; Muta, 1.; Hoshino, T.; Osakada, M.; “Maximum photovoltaic power tracking:
an agorithm for rapidly changing atmospheric conditions,” Generation, Transmission and
Distribution, |EE Proceedings-, Vol. 142, No. 1, pp. 59-64, Jan. 1995.

[27] C. Hua, J. Lin, C. Shen, “Implementation of a DSP-Controlled Photovoltaic System with Peak
Power Tracking,” |EEE Trans. Power Electronics, Vol. 45, Feb. 1998.

[28] M. Hashemi Nmain, S. Afsharnia,” Controlling Grid tied photovoltaic system, concerning
maximum power point tracking & PCC voltage control ", EPE-PEMC 200813th International
Poawer Electronis and motion control conference, , |EEE, Poznan, Poland.

[29] M. Hashemi Nmain, S. Afsharnia,"Grid-Connected PV with Maximum Power Point tracking
techniques implemented in Real case study of variable radiation”,Eleventh |IEEE Workshop on
Control and Modeling for Power Electronics COMPEL 2008), Zurich, Switzerland.

[30] M. Hashemi Nmain, V. Salehi, S. Afsharnia,” Large scale Photovoltaic power generation
Modeling, Control method and Analyzing “ ICCEP 2009, International Conference on Clean
Electrical Power ,Renewable Energy Resources Impact, Capri , Italy.

[31] M. Hashemi Nmain, V. Salehi, S. Afsharnia, “Novel control methods for grid connected
photovoltaic system” , 34 th PVSC , photovoltaic specialist conference, Philadelphia, USA,
20009.

[32] IEEE 929-2000 Standard—IEEE Recommended Practice for Utility Interface of Photovoltaic
Systems.

[33] IEEE 1547 Standard for Interconnecting Distributed Resources with the Electric Power
System.

[34]H. ZELAYA DE LA PARRA, |.J IGLESIAS, O. GONZALEZ, JM. SOLANA, J
TAMARIT, "Modulation and Control of Current Sourcg Converters for high dynamic
Performance of Induction Motors’, Proceedings of the 7" European Conference on Power

Electronics and Applications (EPE 97), Trondheim, Norway 8-10 September 1997, pp. 3.756-

3.761.

[35] Adedamola Omole, Analysis, Modeling and Simulation of Optimal Power Tracking of
Multiple- Modules of Paraleled Solar Cell Systems, The Florida state university college of
engineering, Master of Science, Fall Semester, 2006.

[36] S. Golder,Photovoltaic Generator Modeling for Large Scale Distribution System
Studies’ ,Master of science Thesisin Electrical Engineering, Drexel University, October 2006



http://necjournals.ir/article-1-63-en.html
http://www.tcpdf.org

