[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

A Gl =5l o)lods —piiin Jlo =52 50 (g DLkl paas - cole alow

8L gne (oS 5 Tob S L G0 &8 Al Gl CudnS L]
o)yt (3 g g0 g Interleave pl> p o DVR-PV

A Y \
BLINT-NV S DUURIINE SIS I SRV S

karimi.hamid@miau.ac.ir .| ! «cisog o o oMl ol5T olKiils ccindg o axly ¢35 (owiigo 09,5 (5,550 (ggzils - )
MSiMab@miau.ac.ir .| ! oo g e ¢ oMol o131 olXils cusdg po Al €5y cmsdito 09,5 ¢ Loliwsl —V s
mnafar@miau.ac.ir «) ! «ocssg o o oMol ol olKsls «uing po axly ¢§ 1 (cmsdito 09,5 ¢ Loliwsl =Y
ANNYINO: 5y 70,6 RVVARYA R PR TR}

Sl &1 a2 ol Ay Sy S abl oo SWy (3lwil e Ol 3 (S (DVR) 5y (Saobss Sk Toduse
e DC s Swo S Glp oled o0 Soldggud 4.3.|)T 3 oyls (Ko OT JrS e ey gdo £4i g DC <o 5L
soliin! (Jgomo Camgy ply 9 31 55 390 DC 5Ll w49 SHWgea8 4l (29,5 5Ly (I3l (6l 0903 ooliiun! jugx
sl Z,b b 2yl 5l ooliiwl 00,5 o0 jludl pur 5Ly CodS LS cxgo Ly YU Jly oicbls cde &y a5 055 0
5ty (Suigoyld (glgime aziiye 9 DC S Wy Ul «Sulidagnd ] 5Ly Mul38l » ogdle wilgs oo dnterleave b
9 e () J PSS e 50 cewlio il Sl pg¥ 3o (6525510 aiaren a0 Bl 3 1) Ll e bawgd ()
(THD) U’ (Sign)lo glagel [inls (sl allio (ol )0 il o Sy CodeS Soute 3 (Sigoy b (glgizmo [idlS )d Wilgi (o0
Og¥ge 3l g sl DC S o Interleave cusg Jomo 51 )b 5Ly codaS Sguty azxaii)d 9 sl puzr s, 35 569
b oolrnbiny pomm (g3l 31 Jool> bl 9 39l o0 o0lisiwl (oo 5 Ll (nl (IS 2ok LS Lo )0 (g i
S50 b g lwdn 09l o0 dumlio (cwgipw g g g (Jeome Cangr Juno 2 (G (oS 5 bl I Jole guls

Sl o0 ol Matlab/Simulink i331e 5 5

5Ly (Sl G5l ) yimd aa¥ g dINterleave Juwo (PV) uldggid alyl (ol cudns 1 goudS saojlg
(DVR)

50 s 5ldy il g8y Ll i 0 s Kiws 1 DC S (655 doddio —)
S 50 G5l e B d ade 3925 pus D0, AR A
Sl s 5Ly JolS sl 5 Ll 4 jolS s ol [DC
S5 e b 5L i (655 sleo i3S wlie 655, nlnle
Ll DAVE] o [IWY]erul 6558 shadl oz ol sl 59
50l el o¥obae 5 Laily, 5 Joles o 5 (PV) Sslilgezs 4l
) oolai_wl O)g—0 Pg—w 0 DC-DC JM )Lol_.w ‘[YY—\ C\] g
Loogs0 il Jolis a5 Jae cpl sl 00 (3320 PV (29,5

owlie Slgal ols e 4y Custom Power L, s D-FACTS wlgol
a8 aloads (Byme (52 @8 Slapien OlF kS Lol cur
ol oo &SI [0-V] jo Olpugas ol 5l ooloms JLslo g 5909095
50 5Ly 09aS Mol g 515 bl sl a5 Slgal 5l egs SO
OVR)' 5Ly (Sealos wlajle 09,00 L 158 SLbpinm
el 00 Byme [11-0] 55 5Ll onl sl g addge sl oo

o ud 8 )b 4 g 9gueS (gLl S s ool cobld
et a1 . . P IO > 5 2 )9 090 Sl )0 R (R e
PV (29,5 5ty Gali¥l sl a5 conl (giwgy Joe w035 Lagjl>

Yo


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.4.1
https://jeps.dezful.iau.ir/article-1-251-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

s g Joe b Jiyenl DC S il ol 525 cnl i~
518 5098l 5 ¢ J S st ol 8L g gy ik (VSCY
[ e-0laslioo @51 jloe e 92ly 5 6o 32,5

o oyl & 6999 DC 5y (xileels e 9o DC 515
& Abwgay 0aB0all DC 3Ly Jias ¢ y00) (ol anly il
eblis sl bl e wilboe AC 5y 4 6550 0253
AR o Fy Cewd Ol S jo Las oS sBlge ;0 DVR 540
Seiseln clodilye Bi> gy seas gl yili osd o oslil
T S04 Fhsnl (o295 AC zae JSO o 9 b 58
by sods sy maw Rl Sl g w05 e oolatinl pwgin
5 go ool (6w 32,5 sl e y5auil 5 I DVR

O30 0lgs g )l 1, DC (55 0255 aily 55 slwe S 9oy
Eke 2979 pae Dyge y0 S (o0 el | gl sl Sl
) oas slaslly 3geaS Wlgi cas s ) DC S 55 (6551
DC goie S gl (sl il oo Sillgsd sl )T i (5Ll o
Ol Grized 9 Oog Slugt 4 azsi b oy, LI DVR s o)
8l o Sl @ azg by Sldsed Jobe (295 5Ws oo
35 bl cur DO S 5y ogzs 5l ot slaslds
1, DC St 5y oS joboas oaial Bl Joe cnl 092y I wdly e b
e g a4 az s b bl jo el (555,800 a5 (ol v o
Joe ol 5l 2l Joly b =55 DC 5ldg sl o Interleave
Do o o0l

2 DVR o DC S 55 0590 (65531 (0992 ooy o yskaie &
SiAl e Sl Ol s vl Slgn Ll )S Geimen g b b
Slgsss al,l asgezme b glse g (55l ol Glady 05053
Dges oolaiwl 1 ol Jowe g

(PV) S ggid Johuw Juno —Y

Joleo jlae a5 el PN suisn o930 S ol o Sl gex8 Joluw
DAY O]l oo sols L (V) S5 50 o] (g0920-5 Joe

—_—

it ] 1]

load v

[VA] s sk o 5l Jsleo e oY) JS5
(5588 o9 Ol e Olsie @ lpn el Jlow) PN ogyo D
@l sV oogloe gl WU 5 gl slos b cesline oud oy
Cuoglie Ry ool g002593 Jobo (95 Ol 5 35 oS
el S5 s5lge Ceaglie S R 5 (SzroS (L s
PV Jgile |-V sloaascion PN old dad So5d (Shg Gub p
DA sgs Sl iy abaly 5000 Sl oo

Y#

A Gl —p5lez o)lods —piiin Jlo =50 50 (g Slaeiod paas - cole alow

PV (o255 515 (ali3l slm Joe cnl 51 Logas 4251 055 00
a5 o9 lusi s s s O (29,5 5Ll5 (s 955 0 oolia]
by )3 55 lilpz DO S )0 5L &5,
25 Mg ool sl (rizran 5 039 (Sigela 5 o jLuil e
Sl Jows 5leslaiwl ales obsL 1y asd,) caws 5l 5kdg (580 9 JulS
, Interleave bl ol cowle Jislu L pl> L DC-DC
g 00l Al 8l 1) Lot ol (00351 Wl oo PV slaginns
Sy Jly cmlio o 4y Suldggid wl,1 5y (a3l e
568 1) Sl ez bags ()5 5y (Sga e slyine 3 DC (o295
Lodoe ol 5l ilides (s55lsnss cnoiz [YP-VY] Jo vms als

JON PRV N
S9eeS Dol o Sl cnl 0 Shes Gluo S ggdga 2 ogdle
Spe b Sl geVode g5 4 (B3 5y SudS 5 5By
la i s sln sl atily ol J5S s 5o oslizul
Sl yg5an 5l Logac DVR ;5 (VSC) 3lily e Jare (53504I8
5 (SPWM)' o ol ity OpemVoo yolis alisee
Sheolatel  [YV-YV]ogi oo oolitwl  ojytend  gewYgde
aF gy Gl g ool Siluosly Sde a4 e gV g
ook sl b allio ol 55 bl o SPWM ) s (g siemlie
St il o o o Sles ised qujy s Sy 4 soleiig
509500 5l g gy 0 Ol5 oS Sgae Ao g 51y 4 el
ob Wy &8s bk p edle soleiin ik &5 S9d e LS
Ooed Ay 9 WS o0 By ASeD 4 (5 (Sige)ls slyime
L) oaSbrae ls CuteS yiinn Sonte o)y S5 CokeS S

bls aalgs 5 g0

(DVR) 3laly Seolias Sl 3 Lo -

S el Bl CodsS dgnp Sl 5l (S Sy (Seelis Sk
bl @ g Slalazdl o) 5l 6 pSol 5 L clidlre sl
5Ly 0gueS Sl & DVR JLlasl 5 g 2058 o0 oolaw] b
PS5l @ RTsla Sel 5 0ad Mol S puay gl o 5l (26
PR 50 s (nl 035 o0 S5 lug 4 eles slayl o Shes
e 5y g Uas 51 s 5Ly e BMS o3lasl 4 (g5Ldg Uas 595
5DC (55,1 05055 a1 5Ls 8,90 5351 g5 s alges Ua>
92U 09990 13 1) b Caos 5Ly 5 O3S (oo B2y oo b 55T, g5
» DVR 5 s3edes [0]wlei o Laa> Uas 5 L3 Jlade yo

[0] el o0t sls oylas (V) JSCs

Sensetive
Vioad Load

[6] DVR IS (53550555 :(V) JSis


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.4.1
https://jeps.dezful.iau.ir/article-1-251-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

l

[v#] ABC) Interleave ¢y Jows Seslos () Jio

9 wew Wl Uy s ygaw 9o -0

.3 i (g gy g

Sl adg slp eolaiul o)50 slaggYsse 5l ogg g0
ol sl Gge¥goe DVR 0 (VSC) 55 pie Jowe (505
g oo Al e aae 90 pl o Slas 0gou Jloxl job 4y

o ol by pgew¥gne )-8

JESw oy sl ol qwgim b Sl GseVone )0
T kS.i l) 5)134....; & awdjao 6L®JL&W PWM L_S‘Ls'b
Hio zoe b (owgiow goe 2 gblE 5l g Wgd oo anlie Sl
Sl OsmYoro 3,Skes ulul (B) 5 (O) slaJSs .aily o)l
IPV]ses oo OLis 1) (gmgims b

sinewswe signal phase a

[YV] 5l pwgin (b Slige GomwYaie :(0) JSC5

upper swdten on

e

| owrer medtar o

[YV] s ol sl Ogem¥goe Sl ol sy Gl +(7) IS
g oo e (F) bl &j90a 5550 (29,5 5L
Veontrot > Viri = Vao = Vac/2 ()
Veontrot < Veri = Vao = —Vac/2
5y S VN g 2 o b cwgiw 7o 505 Sy Veontrol a5

O3y (g g g0 — V-0

b e Sy S g9 S s Sy S5 S
ot e 3y ST (V) S il e 5l gl e

A Gl =5l o)lods —piiin Jlo =52 50 (g DLkl paas - cole alow

I(L+Rs/Rsh) =

=n,l,, —n I [ep{a/AT)V /n +IR)}—1

-V -n)/R, M

Seids culi K g (1.602%10™° C) 5,280l L waal, ol o

Silas A 5 el PV Jgsle v sles T «(1.38%107 j/°K)

ol sl mlie 5l pan 0 a5 el (A=1-5) 538y Jlowy) o yo

9 Sy D yg0d 0dd o sl ok slasd Ny ol oads B ,me

ol pogdle il oo Silae O ygods ond fate slasle olass Ny

T los bonds 1S3 5 50 of abaly o5 Tt osSne gl ooz
[YA]osS oo s

(T OEgep (1 1 ™
ISatilrr(T) e)<p{ KA (_I_r T)}

Tr 5 ool Egap= 1.18V) 158l el ol alols 65,50 Eqgap
Oz 2 abuly 50 oad Lo lpn el (gans j93 Johos a2 0 (slod
ool 5 5 oo s (slod liee sl oy caslite 5533
Si g obisS Jlasl 5l > slos i Ki colisS Jlasl b lsso &5

DA azlce WIME oy 55 s

S.
T2 D)
r)}1000

Iph:{lsso"'ki(r

Interleave g Jgoro cowgs plz jLsle —F
)LJ5 UM.:‘)B‘ e ).)l> L\ Cowgl DC-DC J..\.,.A ASJ )| oslazw
Sy oog Glog Cuple @ azg b Sullgeid ol (295

sled 5 b o Slpss G0 Slgsd Jsho (295
oolaw! Syg0 Po o )gl.’> )L,..>LM: [YY-\&]W‘ Lg)?)“o g.b...?bc

I¥ V] oas oles (F) UK o Soilidges slaayl,T sl

N

r L EARAS i

Lpy

T I 1 .i-
= Vv _|E# Cpm Ve
Cpv SW |

)

[PV 29,5 0 a8, IS pgus o DC-DC Juare jlislos = (F) JSi

oS Cl oY cplply 5 adbioe YU Sl e (sl Yoona Ll
Dg oalatuwl (6 wlio gl Jowo 3

[ve-Y¥] ,o Wl Jtsle a5 “(IBC) Interleave cawg Jowo
o s o5 dely 9 63959 Obr drly sls ens 4l
olas (F) U o Interleave cowgs Joww jbsle [YF]ow!
[Y?]w‘ ol ools

slegdsw Ly g Ly Lol slacales Jols Interleave coug Jo
o Doz 9 DOl @5):5 Lgl.mo%o 9 Co Q)L> 482 9 Sl L.SLD‘

2 doaee ol Jobee e g Jawe tnl 9j5e po i ol
ol 00 &1 [YF] o il (6,15 J>lse


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.4.1
https://jeps.dezful.iau.ir/article-1-251-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

55 pie 5Ly glaazd polie slie a5 0ge5 oslanwl "(SRFT)
Slanl (sl o alo il 5 A8 Wi IS b D) S5 5
.[V\C] Sl 00l o0ls olas g o0 Ls);o)‘l\.\ﬂ 61)....5

. e s P1

v,
v e
b LPF

v,

v, .
b [ Funda, |—2-Lo
Positive | Vs | abe
Vise | Sequence [V, d
Vi,
i l Cabe
i
iy, PLL x Hysteresis
T 56 costy Voltage
e\ Controller
li—il
To Gates of
the IGBT's

[FF] SRFT JysS ais &l o510 (3) JS5
IS w55 by PWM 55000 (sl gy 50 4w 5y S
ST 35d 0 By F skl Ly 5L 0,90 5Ly 05l e ag
2,0 855 ol @z e mhaw )0 )L 5Ls &5
JAS 6y S s L dgo o 5 PLL)' 56 Jas aal> |
D o o0l jludl o
o i 0-0-0 g o 0 ADC g yo DB 1 5Lg gl al> e o
sloslly b 5lea woly (cwsiow zoe S a5 sl PLL Jlas 052
5 0 loysme i 0,5 @ asly Cidi> o 058 oo oolinul Lol
Sodsi Gl 1y 5B aly alaxdie o g 0sdgeslnl PLL g
m 0 JAS s 4 55658 fagd O508 i b jlBee (5504
ADS
Sy sleslds (Lol adlge zlinl sl bas 55 g0 5l sk ol 5o
ol oas ool Ll (V) S j0 aS lien 95 o ooliiwl S

\:ah| abe /v Vdows  Vdpesk| o | it
- [ LPF | — Vi
L ¢ abe [ velf
1 AL
| ingl, e i i
iﬁ?gy L P 7, cost)

[¥F] Lol aidlgo coto Jlgs 2l Seial () ) JS
DVR-PV @il sguge oS 55 b 5 pl,SLo ol o(V V) JSCs o
Cloa el s )yt (ygew¥gae g Interleave pl> e

Interleaved
AT Boost —
Array Converter

Voltage
Source

Passive Injection

Filter Transformer

Inverter To Grid

G1..G6

Hystersis

PWM

I

Cantrol

System

wsitiee DVRPV il s5ugr s 5 b S o510 S5k 1) V) Ui
iy OgeYe s Interleave ple

YA

A Gl —p5lez o)lods —piiin Jlo =50 50 (g Slaeiod paas - cole alow

LYY=V oo o Lt 1y sl I8 ol o(A) U

Switching Pulses
V{nj ‘[E, witching Pulses

VI‘ef

¥V Gy i 5L 108 (V) S5

15
Vref ,-/r\\_‘_———" Vi
AR T

T AT UL Vo
- S LT
> 05 - AN
= 7 v
@ L
= 0|
° > A
= -0.5f /4

A i

15 0.005 0.01 0.015 0.02
Time (s)

[YV] s e 5Ly J )87 ol () JS
5 V) ol sgu> 3 Vo (29,5 55 o aulia Jolio IS ()l
O Vo (29> Wy oS ebole aloe Vier a0 55 Jo> (Vi
Pl (59l g wiboe VI (sl 9> 5 Vi (VL o>
Wy aS (oo ygee VL 0> 5l ()3 5y &S (elim 5 358 o
a9 b 9>l (29,5 g &5 (elm g Wb pBS (295
IrvIsbioe 8l (25,5 5Ld5 oS oo
2 3y ate Joe slagdgw (Si0lS Slaguly adg jeliie o
slosldy b ooud adys gz e 6 4w 5Ly b JuSew DVR
B o eyt S )3 Nabioe amlio DVR I 4w (29>
[¥V]os0 00 J 58 Joa j5ba
ke Wlgion jlail ez S35 piacn 0 HgmeVgie Gl 5 oslinal
205 7S J5 (Sigela glagel L L 5y bk 4
LFY.Y0] 5 o i ai 25 0t N(THD) S Siigolo close!

(2
%THD, =“=V—2x100%

1

(®)

JrS b -7

5y laie e g Ao dad jaskid addsy S g
B 5 o lp Ko ol ads 5 (g5ladl e sl 5L 0 se
I3 oy esgase jo wdss ae SWy aS Sl s sl 1) 5l
Sy JBlas a5 T 0 Sl a5 095 o S slisSa DVR )l
Oy im0 DVR caul o5¥ amo o &) 55 0908 (239
d“)]" di““" L ‘) AC )uj ‘-i‘ 9 sl uLwJ k)a.u.ﬂj US.M
095 gy DB (6565 3l Ol ebate cal sl [YY]wle


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.4.1
https://jeps.dezful.iau.ir/article-1-251-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

[VF] Soldggnd Joko lasein g b ial)l (V) Jgom
Cdle

Sl o L] el
1.602*10™"% e 098I 5L
1.38*10% JI°K K ROSCINGCN
5A on ¥ b
2e-4 A lo 3520 (gSas gludl )l >
0.001 Q Rs Jsbe 6y Conglita
20C Te Jsko g2 0 6,05 sles
160 V \Y al] 2,5 5L

[v#] Interleave DC-DC Jao lastin g o el )l (V) Jga

A Solasl cadle Sl
15puH L1 adgl s uiliS gl
15 pH L2 490 Galu puliS gl

14.78 uH M ey owlswl
160 V Vpv 69,9 5Ldg
500 V Vout 9> 5s
3 kHz fow Sizigas uilS )8
100 pF Co Joe 795 OB

DVR il 6‘}?‘ ).".OLaﬁ 9 Slasin :(V)de.?

lasie DVR ¢ I;>!
bV DC ps cod)bs
ST il G ool e
uk=7.1 - QUK) 1,5 il g uiliST,
IGBT VSI &8 slagisw £55
Yoo Hz 33elS S
b V56 4wy )90 oyl e
Sl Lo d g oal.005 proweggsiot

9 o) 4 3BT sllas €489 1Sy (5925w V-V
SBSS ol Jlasl sl o dis gie Ceom p3 el ol 4o

99830 ) 4l (lea Voo B adl (oo A (giloj 03l )0 (e @
ol ol (gilwans gl auiS o 81 Y 0 sgu 58 S 5l
Sloads oals Lz (VA) JHOVY) sl IS o g5l

V Source (V)

las 5l 50 5Ly 955 435 Cl> j0 mude Ceow 5Ly :(VY) S
O 4 SBSS ol Jlail

Y4

A Gl =5l o)lods —piiin Jlo =52 50 (g DLkl paas - cole alow

b Jloasl Ly DC 3y 4 (olitws psliaie & c(solgiien )b 5o
DC e 5isyge 35l omel 5 wpklae atals b g Juul, Jolosr
A Sl oals colazul Interleave pl> 5l ks  Salis SbjsL
by A5 Wy CodS dee b ! xS S el
Adbge )b ook oLk 5t og 5 sludl

FeseS 7 kil sl Si0elS Gy ads sl (e
oolitul pyaye (cwgiew OgeYade Slrdr )i GoeeYsoe
A Cad @ gl pxaly g oeole (gilwesly es 45T oud
B Soso)le glosel i SalS 4 o ccwginn semYoe
-2 b eaddlol Sy CuhS phoy Sgup Azl g (B, 5Ly
20,8

ole sl 3y 2Lk 5o oleiin ik o Shas wn i 5
20,5 o 501 g &l o g slwans 5l Jols guli 5 oad (g5lwarcd

T g gilw ams -V

b cgolerin ik jpam b diged G g3 50 o S ol o
Ol 0,8kes 5 00305 (giloannds e Sidgars 58l 51 eolanal
5 Jolaze oS Jlasl (glallas 5 50 glajlily sgeeS Dol gz

235 oo WLl laand @l 5 35800 Jelod 5 (o Jolaiel
K850 55 b i b dges G 4l LS SS 6l 5L

Sl 00 o0l uLw.a AayY)

MV
MV
Load
2 LV
>
Load A1
A%
H > LV
Step down Load A2
Trans 2
Step down
Trans 1 Ly
Load B1
(.) DVR-PV
Step down =Y
rans 3 Load B2
1 rans 3 3

[Y5] andlas 5,50 diges 3, 4ol :(V V) JSCi

L ope Joleo jlae 5l eolatwl b cawo¥Wl a8l do g jlwacd jo
o sVl a503) Cansl s Joleo 5OHZ uils 3 5 20KV 5,
Voot Gkl mis byl yshedl s g lawgie L3S lal ()
20/0.4 sazals j5ileysauil i 50 B,k 5LV sla,b sl o 435
GO Jslaz jo (silwans ;o solitul 0,50 Blasin g oyl b
s D] 5 Saldasd Jsho Joo layelly ilonss cend (1)
oas 3551 [15] 51 DC Juwe ol slalall 4y bigypo (slo il L
S50 Ols 5 5Ly b canlie 5Ly (Sealins Ll byl il 5 ool
45 (5 sboay Cul oals QL aslllae 5,90 4l be glo)l LS
sl Joleal g Jolaio ayals lasldy cdl ZMlol 4y 08


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.4.1
https://jeps.dezful.iau.ir/article-1-251-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

o slal Il S sty ey 4SBT Gl S e
Cdl e ol 45 WS e Bl LN lpee 4 (T 5 Y s ) 400V
ol slp Sl 3 53,5 oo ol DVR lags by o 515
e WS (o0 35 piee @ Ol pY Ol & DVR L
Ty S5 Gy DVR o 008 S xSl wlgol Gigdgm
Al 4 Sigeyle (g)laie g 009 Al cwsiew Ll ()5
23,5 00 4 THD woys (iol3dl el a5 090 00 32,5
55 250 U5 (THD) S Soisale glosel ials sl Ll 5o
b oo 00l 2ol 5Ly Cud S Sy Ay g Ll )
OeYaae 3l g 5kl > DC S o Interleave cowg Jows
@l s el sud sslinad o) IS 2b LSl s ey
bl duglie (cwgiiw GarVode 5 (Joene Cwgy Jowo b alol>
oW
Xy 45 3ges oddliv g e sdel Cewdy milS)E slal
Sl 5l eoliul cdl o L G 0als ol 3y THD
FYAY (owgiom OgemVgde g (Joons Cogy Jdoo p (e (55
Sowgr Joo p (e (o5 5 bl Sl eslitul S8 g 00
o ol 5Ly THD Slade o gwgims s o INterleave
Ll 5l a5 alis o s wbise 20l IYNE 4 b o
iy OgeYe o INterleave cossy Joe (e (oSS
ol 5wl 2alS NPT 4 THD Jlade 59 oo oslinul
wiln s yiasllan Lalys 5o b a5 S

2 9 o) 4 jBaw gl £48g:90 (91 ,Luw —Y-V
GOy Sl 21,1

3B olisS Jlasl slas G adis aoe S )3 gy liw ol o
e KRR SRR I TR
S S jo gilwans mls wiS o 28l LY. sga> 438 ads

Ll eols UL'““" o) gs” )

V Source (V)

o 0.05 01 0.15 0.2 0.25
Time (sec)

Oy 4 B oS Jlas]

V injction V)

Time (sec)

3 B 3y o9eaS 58y Sl o jludl ez banags i35 5y (YY) U5
Oy B oS Jlasl sl

A Gl —p5lez o)lods —piiin Jlo =50 50 (g Slaeiod paas - cole alow

Vinjection (V)
o

o 0.05 0.1 o.15 0.2 o.25
Time (sec)

S B 5y 05aS 985 cll yo Ll Jawg ()55 5ldg :(VF) JSCo
O 4 BS5 oS Jlail gl

Viea ()

T )
Time (sec)

3 5L 5y SgeaS £98y o o (7 ) Jb Caa 55 :(10) JS
O 4 BT by Jlail (slas

DC-DC Converter Voltage (V)
IS
8
8
T

) 0.05 0.1 0.15 0.2 0.25
Time(sec)

Fundamental (S0Hz) = 540.8 , THD= 3.91%

Mg (3 of Funcamenta)

o 100 200 300 400 500
Frequency (Hz)

sl 5l ol Sl s b oad 2dlol 51y (il 5 il (V) S5

ooooooo

g OgYgde g (Joare Cavgy Joe p g (oS S

g5 f Fundament)

100 200 300 400 500 600 700 8OO 900 1000
Frequency iz

Sl 5l oslazwl cdl> o )L ous C)Lol 5y owilS 3 ads :(VA) IS

Mg (4o Funtamenta)

oS 5 5kl leslaul cdls o b 5y sl B ads : (V) IS

)y yaanY g g INtErlEAVE gy Joue p e


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.4.1
https://jeps.dezful.iau.ir/article-1-251-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

> 0w Cews Interleave cangy Jow 65,0 cd> o

F a8 aulrd jo g wdlige oS (Jyome Sy Jome 65,5

9 039 LSJJJTO\.\.}" Corog 6‘)|o Hb 5kl D¢ oo Y 300 PR SOV

Szl sl Jolax (bl g Jolate pwsiw JS5 @ Loy

A.wlau;o U""b )L..m; s)Lg 03 C)Lé‘ )Uj (/THD)

IS o IS Al o b 5y THD sy oF) Jgas o
L)L 5ty (THD) S (Ssigajla glogel o ys alio (F) Jooor

il glogysewYsse g b o (655,55
ooliiwl 5590 ygrmYgie £55 g DC-DC Jows g4

S Joee | Casgr Jae | S Jae
3 Interleave Interleave 5 Joaxe Jlasl glas g4
IRVt e oligS
1.63% 2.16% 391% by sl s
Oy 4 BT
1.73% 2.83% 4.49% olisS sl sl
e 4 B

S5 Az —A

2 e Uy (Senlos pbjb (oS 5 sl ik @lie Gl o
&1l 5Ly sgaS PMal 5 (g5luil > (o1, Interleave Joo 4 PV
) o GYsb 5y Sllug Wgion o3 L ul oS
Wy (THD) S (Seiga)lo glrsel 2als sln iled (s3luil e
Sk oad Mol 5Ly ColeS dgnge 4y g bl (S
O3eYsoe 5l g slasl> DC S o Interleave oy Jouo
g 235 oslitul il pl (JyS b Jlle 50 () e
el s b eoleiiny phun Siluand §l Jol> wls
g OgmYgde g (Jgere Sy Joe p (e Sladli
S9aeS el 5 (Dbl 4 0B oo (golorin ik oS Amlia
hel 5 bk 4 3B wa g o)l glalkas 5 26 slasldy
et @l il il bl 5 A by ssreS
Sl (s Sse jeka Wlgoe oleriny e &5 S LA (s5le
Oilply wes mll 1) DVR-PV S5 ob il
s (Seals (2Ll o Shes S 2ol oleiny he) 650
slal 5y CodS Sene 9 3l ez 50 ke Cnl SbB g 0nd

Sy s Sgnte 1) Laglily 9908 489 Ll 5o ol

A

A Gl =5l o)lods —piiin Jlo =52 50 (g DLkl paas - cole alow

V load1 (V)

Time (sec) ‘
Oy 4 jBan obigS Jlasl sl

FFT analysie

Fundamental (50Hz) = 540 , THD= 4.49%

Mag (% of Fundamental)

o 100 200 300 400 500 600 700 800
Frequency (Hz)

200 1000

sl ez 5 oslitad Sl 55 b sud 2dlol 5Ly (lS )3 il (YY) U

g OgeYgde g (Jgere Cavgy Jde p Sl (oS S

FFT ansiyals

Fundamental (S0Hz) = 543.2 , THD= 2.83%

0.9

Mag (% of Fundamental)
o o

) 100 200 300 400 500 600 700 80O
Frequency (Hz)

900 1000

el 5l ol Sl s b sad 2ol 51y (dlS 3 il (YF) S5

Fundamental (S0Hz) = 550.2 , THD= 1.73%

o 100 200 300 400 500 600 700 80O 900 1000
Frequency (Hz)

sl oz 5 oslitad Sl 55 b sud 2dlol 51y (il 3 il (Y0) Ui

Oy s Y gae g INETlEAVE Sy Jowo (e (S 5

b ogd e amily a5 <ol interleave cowg DC— DC Jowe 4
b 5 | Sae SYsb slaole; b sl s5eeS Wil DVR
b owbloe BT 3y 9meS a5 Slej iled Mol 5 (s3luil e
s 3y ogllas 031l b 55 G055 5 sl b 60
55k zse JS5 51 o5 4igSilen ag3icn sl Jlo s e3gasma s b
IS (Seigaln zlrgel 2oy 355 g0 oanlie (udlS b i (slyina


https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.4.1
https://jeps.dezful.iau.ir/article-1-251-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

Using PI Controller”, International Journal of Electrical
Power and Energy Systems, Vol. 36, pp. 51-59, 2012.

[14] Altas, 1. H., Sharaf, A. M., “Photovoltaic array
simulation model for Matlab-Simulink GUI environment”
International Conference on Clean Electrical Power, Capri,
Italy, pp. 341 — 345, 21-23, 2007.

[15] Liu, X., Wang, P., and Chiang Loh, P., “A Hybrid
AC/DC Microgrid and Its Coordination Control”, IEEE
Transactions on Smart Grid, Vol. 2, No. 2, 2011.

[16] Mousazadeh Mousavi, S. Y., Jalilian, A. R., Savaghebi,
M., Guerrero, J. M., “Power quality enhancement and power
management of a multifunctional interfacing inverter for PV
and Dbattery energy storage system” International
Transactions on Electrical Energy Systems, Vol. 28, Issue 12,
€2643, 2018.

[17] Besheer, A. H., Kassem, A. M., Abdelaziz, A. Y.,
“Single-diode Model Based Photovoltaic Module: Analysis
and Comparison Approach”, Electric Power Components and
Systems, Vol. 42, No. 12, pp. 1289-1300, 2014.

[18] Kuei-Hsiang, Ch., Ching-Ju, L., Sheng-Han, H.,
“Modeling and fault simulation of photovoltaic generation
systems using circuit-based model”, 2008 IEEE International
Conference on Sustainable Energy Technologies, Singapore,
pp. 290-294, 2008.

[19] Mary, S. S., Kumar, S. S., Poluru, S. P., Bharata Reddy,
M. J., “A Dual DC Output Power Supply for a Stand-alone
Photovoltaic System,” Electric Power Components and
Systems, Vol. 43, Nos. 8-10, pp. 939-950, 2015.

[20] Datta, M., Senjyu, T., Yona, A., Funabashi, T,
“Photovoltaic Output Power Fluctuations Smoothing by
Selecting Optimal Capacity of Battery for a Photovoltaic-
Diesel Hybrid System,” Electric Power Components and
Systems, Vol. 39, No. 7, pp. 621-644, 2011.

[21] Ameur, K., Hadjaissa, A., Cheknane, A., Essounbouli,
N., “DC-Bus Voltage Control Based on Power Flow
Management Using Direct Sliding Mode Control for
Standalone  Photovoltaic ~ Systems,”  Electric =~ Power
Components and Systems, Vol. 45, No. 10, pp. 1106-1117,
2017.

[22] Kamatchi Kannan, V., Rengarajan, N., “Photovoltaic
Based Distribution Static Compensator for Power Quality
Improvement”, International Journal of Electrical Power and
Energy Systems, Vol. 42, pp. 685-692, 2012.

[23] Samavatian, V., Radan, A., “A novel low-ripple
Interleaved buck-boost converter with high efficiency and
low oscillation for fuel-cell applications”, Electrical Power
and Energy Systems, Vol. 63, pp. 446-454, 2014.

[24] Mirbagheri, S. Z., Mekhilef, S., Mirhassani S. M.,
“MPPT with Inc. Cond method using conventional
Interleaved boost converter”, Mediterranean Green Energy
Forum (MGEF-13), Energy Procedia, 42, 24 — 32 ,2013.

[25] Saudi Samosir, A., Taufig, Shafie, A. J., Mohd Yatim,
A. H., “Simulation and Implementation of Interleaved Boost
DC-DC Converter for Fuel Cell Application”, International
Journal of Power Electronics and Drive System (IJPEDS),
Vol. 1, No. 2, pp. 168-174, December 2011.

[26] Gu, Y., Zhang, D., “Interleaved Boost Converter with
Ripple Cancellation Network™, IEEE Transactions On Power
Electronics, Vol. 28, No. 8, August 2013.

\al

A Gl —p5lez o)lods —piiin Jlo =50 50 (g Slaeiod paas - cole alow

&=l

[1] Rohani, A., Joorabian, M., Abasi, M., Zand, M., “Three-
phase amplitude adaptive notch filter control design of
DSTATCOM under unbalanced/distorted utility voltage
conditions”, Journal of Intelligent & Fuzzy Systems, Vol. 37,
No. 1, pp. 847-865, 2019.

[2] Singh, A., “Performance Evaluation of Three Different
Configurations of DSTATCOM with Nonlinear Loads”,
IETE Journal of Research, Vol. 56, No. 6, pp. 313-326, 2010.

[3] Yunfei, X., Xiangning, X., Yamin, S., Yunbo, L.,
“Voltage Sag Compensation Strategy for Unified Power
Quality Conditioner with Simultaneous Reactive Power
Injection, Journal of Modern Power Systems and Clean
Energy (MPCE)”, Vol. 4, Issue 1, pp. 113-122, 2016.

[4] Patel, A., Mathur, H. D., Bhanot, S., “A New SRF-
Based Power Angle Control Method for UPQC-DG to
Integrate Solar PV into Grid”, International Transactions On
Electrical Energy Systems, Vol. 29, Issue 1, e2667, 2019.

[5] Torabi, S. F., Nazarpour D., Shayestehfard, Y.,
“Compensation of Sags and Swells Voltage Using Dynamic
Voltage Restorer (DVR) During Single Line to Ground and
Three-Phase Faults”, International Journal on Technical and
Physical Problems of Engineering, Vol. 4, Issue 12, No. 3,
pp. 126-132, 2012.

[6] Zadehbagheri, M., lldarabadi R., Baghaeinejad M.,
“Modeling and Simulation of Dynamic Voltage Restorer for
Voltage Sag/Swell Compensation in Power Distribution
Networks: A Review”, International Journal of Mechatronics,
Electrical and Computer Technology, Vol. 5, No. 16, pp.
2258-2275, 2015.

[7] Ramasamy M., Thangavel, S., “Optimal Utilization of
PV Solar System as DVR (PV-DVR) for a Residence or
Small Industry”, Journal of Applied Science and
Engineering, Vol. 16, No. 3, pp. 295-304, 2013.

[8] Sharma, G., Bhatia, V., and Chakarvorty, J., “Voltage
Sag and Swell Mitigation Using Dynamic Voltage Restorer
(DVR)”, International Journal on Future Revolution in
Computer Science & Communication Engineering, Vol. 4,
Issue 3, pp. 195-204, 2018.

[9] Sharma, G., Bhatia, V., Chakarvorty, J., “Voltage Sag
and Swell Mitigation Using Dynamic Voltage Restorer
(DVR)”, International Journal on Future Revolution in
Computer Science & Communication Engineering, Vol. 4,
Issue 3, pp. 195-204, 2018.

[10] Jeevitha, V. M., Mythili, A., “Improvement of Voltage
Sag Compensation Scheme for Dynamic Voltage Restorer”,
International Journal of Scientific Research in Science,
Engineering and Technology, Vol. 3, Issue 1, pp. 383-388,
2017.

[11] Patel, D., Goswami, A. K., Singh, S. K., “Voltage Sag
Mitigation in an Indian Distribution System Using Dynamic
Voltage Restorer,” Electrical Power and Energy Systems,
Vol. 71, pp. 231-241, 2015.

[12] Kamatchi Kannan, V., Rengarajan, N., “Photovoltaic
Based Distribution Static Compensator for Power Quality
Improvement”, International Journal of Electrical Power and
Energy Systems, Vol. 42, pp. 685-692, 2012.

[13] Ramasamy, M. and Thangavel, S., “Photovoltaic Based
Dynamic Voltage Restorer with Power Saver Capability


https://content.iospress.com/journals/journal-of-intelligent-and-fuzzy-systems
https://link.springer.com/journal/40565
https://link.springer.com/journal/40565
https://link.springer.com/journal/40565/4/1/page/1
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Patel%2C+Ashish
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bhanot%2C+Surekha
https://onlinelibrary.wiley.com/toc/20507038/2015/25/12
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4272346
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4272346
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mousazadeh+Mousavi%2C+Seyyed+Yousef
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jalilian%2C+Alireza
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Savaghebi%2C+Mehdi
https://onlinelibrary.wiley.com/toc/20507038/2015/25/12
https://dor.isc.ac/dor/20.1001.1.23222468.1398.8.4.4.1
https://jeps.dezful.iau.ir/article-1-251-en.html

[ Downloaded from jeps.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.23222468.1398.8.4.4.1 ]

Journal of Novel Researches on Electrical Power - VVol. 8-No. 4- Winter 2020

3o ool (g lpsdled ailowe Juass 4 Joidon Cubog e
il pdhasass sla 65,50 5 ol cuaS FACTS Slgol aie;

OYF) ol adgie o L8l o Olosw yumxo
a—tis ol 005 2 _zils Oz
ol isle 5l jad- 5 i (bl )lS
5 o)) b8 s (VWAY) olg8 5o ol
Cam i oKals 5l 50 (oudips (pmaSS (550
5 VWAL Glodlw ;5 i 5 a) Gled oy
oSl s 05,5 ol ole b ) s el 03,5 (6 pees (VYAQ
25 Ol (g% laidled ailos cbiogpe wly (oSl Sl
Lo i Gliebol Sl ()08 sl s ()10 2 00 e

bl 3y 2258 Sl o2l g )08

OYOA) 0l adgie Codidgye 4oy (G40
a—hic ol 05> B _uils OM—ass

olBils 5l o d- 5 g el IS
] Ayl el )5 g (VWAY) (o S el
5 OYAY) (s oy S o8l 5008 -3 (pooiiter
Sladss g pgde a>ly oDl ol oBiils 51 Gy caass 5,5
Gy 09,5 Hboliwl Lols s o g Casl 00,5 (6w (VTR2) ol 08
il ctmgh slerdlad ablae Cubogye axly ol ofjT olKiils
Gl Ay g daclo cbla> (D08 i 51,35 OV a0
Al D08 o e

1 voltage Sag

2 Dynamic Voltage Restorer (DVR)
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" Hysteresis Voltage Control

8 Total Harmonic Distortion (THD)
® Synchronous Reference Frame Theory
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Abstract: Dynamic Voltage Restorer (DVR) is one of the voltage compensation equipment. Voltage
quality injected by of this equipment depends on the quality of DC link voltage and the type of control
system modulation. The photovoltaic array can be used to store the DC link of this equipment. To increase
the output voltage of the photovoltaic array to the required DC voltage level, a standard boost chopper is
used which reduces the quality of the compensator voltage due to the high voltage ripple. Using well-
designed choppers such as interleave can in addition to increasing the photovoltaic array voltage, reduce the
ripple DC link voltage and thus the harmonic content of the voltage injected by the compensator. Applying
appropriate pulse bandwidth modulation to the control system of this equipment can also be effective in
reducing harmonic content and improving voltage quality. In this paper, in order to reduce the total harmonic
distortion (THD) of the compensator injected voltage and consequently to improve the load voltage quality,
the interleave boost converter at DC compensator link and the hysteresis modulation in the controller scheme
of this hybrid compensator are used and the simulation results are presented. The result of the proposed
system is compared with the results of the hybrid compensator based on conventional boost chopper and
sinusoidal modulation.The simulations are done using Matlab/Simulink.

Keywords: Power Quality, Photovoltaic Array (PV), Interleaved Converter, Hysteresis Modulation,
Dynamic Voltage Restorer (DVR).
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