[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

T gl 5 sl oot -z Jlo -3 8 g Slidod o - ol alona

oS &3 & a8 a5 4 Juaio DFIG 0L ¢pry95 30 LVRT L5 o
MMCC-DSCC b wizr Jowo y1 Siwo DVR

" S ol

akbari.ieee@gmail.com .l !« bl )05k ;98 g pole olSiils ¢ 5gualS § 5y  wdige saSisls -V

=0T GV lovily ol cpl e wibly oo by JIo 50 (53U (SLoolS'g i 13 43 gao 93 5931535 51 (5310 20 540 03930t 0N
omaF 0 Olegdge (o ke I (S bl oo 925515 9 9351 SlaleT JySS 50 (Le 3y Sllail g 1 yeil 55 ple 4 Comd L
by b s £9dg pla 53 (LVRT) (muly 5y 5l oue Coil® ((DFIG) 41di5 g 95 LW 931555 4 aemo g3 sl
s gg5 o LR 10 Al 4 Gudlgi woly uile Juaso 9 (ol SWg 31 Hoee yobio 4 LVRT Lo abl o aSoud (SLSU
abldo gy Julo 4 g wl oo Gl Heliwl gl Ol (oSl il jo as 95 (b 50 dgd o0 ok
999,50 ol 5 599 Byb yu8 STig Sl Jouw 9 5989y ammew 50 0Lz ol bl 9 599y M olw
b9y Jlesl b wsl azmii )0 gl g0 DFIG (s )5 5l 5l 9 599y Byb Jowo 9 3539) oG mm (e o] & ymio
3y 5l sgee ol dge Holio 4 Al (pl o .al a0l SIDFIG 9,5 9 ol Jouwo 9 5889, sl (s aone 5l glo 2o
2 &bl JLait boads j¥gue (b iz i y90! » (e (DVR) g (Suolad ©b5L 5IDFIG 4 540 630 (maygf ol
DVR buwgi 5y cdl gilugylms b coul oo solizw! (MMCC-DSCC) Jisd oyl JLail b Jobo pwi sbisblo arly
W byl 50 DFIG o )Sloc 4 azgi b .0gd o0 ol 8 (JLdg ) Uas £489 (e 10 DFIG (g0le o Sloc 0l (solpdion
W3 (o0 18 il Cod 1) i 0,5dos U9 w5 e (al381 135 0092 Corodl Flo sl DVR g ()5 5Ug Hlado
o 0oLl (PT) (ISl (oowlid Jy0S it 51 el £989 51 g il sl cobl ol 381 g JSio (] 28 jolio &
11438 55 0509 DVR ,Lis L ;0 MMCC-DSCC) b &z 57 y9s JIDVR iy 355 5Ly (sl Saign b (iblS cagr § o
s 536 g3l DVR 45 005 so Lis MATLAB/SIMULINK (513510 5 fauxa 55 U g 3budsss 31 ool cowsd & gl

5,15 DFIG 4 34200 600 (s1y95 LVRT 0gus 0 295

3] (LVRT) by 59 51 jaue cosls DFIG y o 50U comtyei Sy (Smalins ol3b g il 1 goudS Ololds
MMCC-DSCC

\Rg


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

A s 5 5mbmps o)lead —pjlez Jlo =3 )0 cny Slidies S5 - ol Al

fault clearance time

Voltage (%)

s .
o WM 100 g0 Time (e

Gilisen gla 528 4S5 oS (sl LVRT byl (¥) S

oSy 5o ooliitul 390 (3L slogr g (S ok
O 3 el S (93l g s g0 4 o3k la
A (ol sla g5l 55 a0 )5 oo e jiie Sae e (53
g oolw LBl 5 (39 Sug)lr W8l 5 o5 IS ane
Veoof Jlo 50 0,5 o0 8 oolamnl 0,50 yin 500 Ll
Gep a A Sl Lk (Aep sl Frosgee
Jbo iz (bl ooy e Sy 3L laygil
2l slaysil5 4 jeome ol slagm,s 5l ookl 3
e Slace o 50 0,Slee JJs & (DFIG) 6% g g0
allaz JyuS g Sl slopite e pelas Vb Gl
915 ¥ USs Bllae el il liEl 92351, 5 0351 Gl
e L8 W 515 So (DFIG) 4855 g g W1
55 Bk 31 0155, 5 peitiens sk 4 Ol jglil o5 cosl ons
oal Jale aSl 4y Cudy 4 Culy )08 S pSl Joe
S s e 5ol o RSC) g5, Cooms Joro oo
Ol 5 9tiS Glgise ol JAs b a8 el gz b oaigd
e 905 J5S ool Sl ok 4 1) 98155 95T,
oS Cas PWM 5y ate Jotse <S5 55 (GSC) aSds Caons
Sy iloaSs col g DC by 50251 lgs JUil ] aielss
393> 55135 ol J5S (slp oo ol oyl el )]
Jiss 38 0l 45 4l oo DFIG S codyls aoyo Yo 5 Y-
PR A Sy 4 Sy Oy 4 DC S (8 6 )b
Jlasl s 4 436 s 9o QW 155 load Jog
N oKd OWS] iy o a5t 4 gl peiene
D508 i 0 (L) obigS Jlasl £435 plSin .ol ol
Sy 8l sloml cacl il 595 ook (s Joee 5 ST >
35,5 o0 PCC) &508 o 4y (0L (98 Jlasl alas o
49 Wbos GlPl Hplnd Slagnpes ;0 Gl e )
ol gl 5 585, Slegnpes Gl (mablise @y Jdo
AL s s, Gk Jae s 5, sbgme 0 Ol
B O B R R
I¥lss 5 » DFIG

doddo —

ol Gl g e Consy Bl 286 Coonl b o355l
@ ok 65 GRS S Sl se S e el Gl
FE b 5 slagsil mle ripee 5l S Ol
b 45 bgye Slalllas 5 eog Uiy Jb= 5o (glablisdlo
slagipl Gl )0l Al (29 BB Sy 5 Coenl
oo Shog olatl flaw Jbby ok 6550 rdyass
S5y ULl S glaigTay el 48,5 )18 gl 0 00 ylinn
oS ol 55151 e S (85 weps Yo XY Jlu b
Al @ by, pl Jlasl 0,90 50 dsdllas axl jo 0,5
398 cupe S b Dewl cosal bl 0508
b )9iS Sl ol w0 )ad Glaptas )3 o3k Slagm)s
0955 5 a5 W)l 1) g3 4 pease (Grid Code) acbpllas
maalipllas  coled i8S co oojllas a4l 4y (g0l (yuryed JLasl
3 Sebl raale (SLbIl Jolds (g3l )95 ogate sl
Sbelill g (558 J S sy J 5 (LVRT) Gy 56
3] Lasgs oy Byme oS 4y lgige 45 el _bilis
Jasl L 5l el &yle LVRT ol o,5 o L5l FERC
abl o 5ty cdl g ez 590 Sjg0 50 &S 4 o3k e
Lwg b sl & LVRT mie e DFIG gl
ol b p oo [Ylas 8,me Y20 Jlo ,o E.On Netz
oail 1 iy cdl g las gsdy plSin o (V) IS8 il
5B asl o aSs 4y sl o5y Jlasl abais s 3
Dogod g 2 e e 4 Jaite 0L o 05
&ly C 4>l 5y o3l a5 ()90 )0 wilaee (b Il
Gllae 2udls walgs 1) 4o 5l wlad o3l ool ol s 29
e Caimn oV 3y S8l ol By s
Y Sae o5l ol Jlds 4y 5 00,5 Jeos |y gl < /0 o
035 s LVRT lelyll s bl coiy s +/2 b al

Dl sai 00,57 (V) UKo 50 calisee sl oS asics

Vallage st FCC

v
W
AreaB
2%
L e : i
W5 o8 15 15 38 28 a8 18

re
[
Tuine [s)

Wgai a5 05 Sy (sl LVRT bl (V) U


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

AF Gl 9 mbmpsd o)lod —p)loz Jlo =3 3 (g liiow 5 - ole aloa

DFIG « jezme 53k slocesh omb W5 51,385 <ol

S o a4 Jaie DFIG @ jpze g0l e S
DVR ,oa> o0 LSS LVRT LB ¢ culs aid)s

-ﬁ).‘: Ja..:;u 5o L;al.e,......... DVR )50 la )L.S; 9 Lg.bl.e,w
Cowl o0l (g3lwacs MATLAB/SIMULINK (5,58
3O g odd duslin pa b 2l g0y (giluans C-‘L‘-‘u*‘*‘

Dgd oo 4310 (6 S A A p 5]
A e155 A e 60b mygi Y
QAR guwgd

(F) JSo 50 09,50 dG g0 o ;0 DFIG Jolee ,loe

Shge a5y 9 by Gl OYole ol oald ool lis
IVlag o ol 25

d
Vds = erds +E¢ds - C()SC()

qs
d o)
Vqs = erqs + E¢qs - a)sa)ds
d
Vo =R, + E 0, — (0, - wg—elec)%r
)
d
‘/qr = Rr[qr + E (e (@, - a)g—e[ec)¢dr

HFbl 5 558, slaslds Vqs s Vi (5 (1) gladlsles o
sy a Ry R, g, b Iqr5 1, «dq s
Slausly oS3 @ dq jema skl 5 5555, Saiuwslic
& D sPugr 5 559, Slusly W3 W,y i

il Hilisl 5 5555 Gn Sle)ls oS

wds = LsIdx + LmIdr

=LI +L,1I ™
¢qs — Mstgs + 'm” qr
Pyr =Lr11r+LmIs
q q q: (‘;)
wdr = LVI(IV + LmIds

ombline wiliSguil L5l jskane (F) 5 (F) slaadoles 5o
5t 5 458s, sl ulSsal cosa Ly L5 Sous
5551 g5 bl L sbial, Jym8 5l eslinal b axsl o
Lug j89, G jeme Ol sy el 5las b gkl

Ded go J S (Q) aolas

3 3 L,
Ps :E(Vdsldx +V41J'I‘15) :_E L qulqr ®

s

d jome dilge by b jglinl 9351, Gles 3,k
Dgd e JS (F) aal, SS'L 659,

|4 4
L g
DEG | Grid
4%
I
RSC GSC B i
Vi | AN Coupling |
J_ I Transformerl
_I J | Filters |
I I
I -
1T MMCC-DSCC |

T

DFIG « o 6ok Gy yes (V) S

oad plxl LVRT sgur )3 (595 U il slagiag
5 oolitsl UL LVRT sgage omyp & [Y] g2 jo j0 e
4 STATCOM [#] g5 0 coul sais aislo, SVC
Cowl ool olgrig LVRT sae lp sloglpe laie
oyt LVRT 54 <> Crowbar cuglie 5 [Al a5
sl (eeme 5y (Seolias Ll 5l esliiul ol ais S
oas olgiiuy LVRT dguge g [V] g jo jo ((ddamgo
5s 31,5 Ul 45 6y FACTS lgal LIS sb 4y o
Sy 5l e Sobl e 0 sl LS W0 1) 6
"o oW 055 I DFIG 4 jeome ook glogms omly
Silye Dl b ST sl (598 4Kl aS (J)ge 0 aes
5L s Lialdl 1) bl ol unlys STATCOM L
wevar 3 (Jg gl oolaiul g i cod b L Slgal 5l el
Cewd i auleS @ 68 byl b (lgiee (s Dol
1 siiee (DVR) 5s Senliss sl 51 dlie ol o il
MMCC-) (gl Jlasl b oads Ygos ombans diz j5y5i]
CelilB o5 sl FACTS wlgol 51 6 lgie 4 (DSCC
Sl ool ooliiwl DFIG & jxe (g0b (po,e5 LVRT
el byl pals soleiia Sy (Seals Sl e
b 5y gslaw 5o 95 @Sl 4 (5 Sy Ssela
Slgol dy G a3 ¢ ojlsl mals (bl co LB ol8l
Sl bl ()l cbli> 45558 4 5l pae (slse
I, S5 LVRT el oS onts oo 13 51 g0l Cpuysd o6l
Ol 4 lie pl pgd Caand 0 bl oo ilodsas Sl
5 el nee DFIG @ jpome g0l oy o,8ee Jgol
Jlasl b oads Vg (ol diz 5550 LSl g Cond
s e Jl b sk o Jsle al ]
o sligy pemYsin 50lS 035 5 (MMCC-DSCC)
s ol ol ,s (MPSPWM) suss ool axdly 56 s
e (DVR) 3y (Soalis Sl oo laz Some 15 555
MMCC-) s Lasl Jlas b o Yge mbaw 4 3,50
sl g a5 PD) JISl - ool (J 05 (49, 5 (DSCC
50 oads Al 6,05 Eole w0l Caz o Ll o ol


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

AF a5 mbmpos ojled —p ke Jlo -3 )0 (g Slanios 5 - ole aloa

SM1 +
n sub- o H-upper
modules arm
SMn
L
A
B Ule
C
L L ) L
sub-
SM1 SM1 [
I: m module
SM2 E!a SM2
phase : - lOwer
module < SMn m SMn arm

MMCC-DSCC ;5! 5L : (8) US

33) o Jlail b alaeke slols o 5 el 51 aws )l
285 wblige S 2 50 hes g ar s (G35 Su s oS
moad Jate K00S0 4 ojbiw JLasl b 59l 51 aw o coles
Ol 1y sl Gl o a8, 6 sk JLSLe () Sl

DS (0

[T

MMCC-DSCC j5,55] ;5 a5, 55 Jobo ,Lslo «(5) IS5

2 o 4 bl slls MMCC  ow sz sl em)

WS oy (@YU Wy el Wlgiee jolid o3>
0dS dgdus O30 g il a4 Lo aSol e

A Ba> o el pl g AL e ;o LS

235 oo il ,5551, 5

SO, oo pled yo el o Slee ollg 4
(0,41) tn

YU olaebsl cobls g pleil, (¥
(Modular) picllasl g oads Yeao ksl (F
(dv /dt ) 5ty s I

53 ol sty Jols JSte bend J 58 5550] cnl e
OseYade 5 (JFUS pita QLI L &S aBb oo ok o

Pyl —=9,5 g Ol—uwlxo -¥-)
MMCC-DSCC

L] oo ls (V) UK 50 onds @il Jlisle @ az g5 b

3 3L,
Qs 25 (Vqslds +‘/dslqs) 2_5 f ‘/‘Is (Ims _Idr) (9)

s

ol (FoiiS esblise by 1

¢

: 0
dq 9,5 gz 0 SB 0 DFIG Jos () JSo

O e (795 2551 Ol sole 9 Shee Ll o
S pes 0y Gl cu o iy Gl yao Jlade jo (g0l
Ol wds g 58T Gl S8 sl RSC a5 Gl 09
5L GSC s 005 o 03litsl SaiS ueblite 551,
g Uas £58y Ao 4 0o 0 &K ol 1, Sl DC S
20 B30 Lomdg i (J S (]l S o 5Ly
abl 5y e slp 1) 5551, oy GSC Jue 2>
Olg Wilg co3 GSC by 3ldy il sl jo 0S8 oo adg
@ lp) S oy 5y cdl lepler ln @it 55T,
@SS 6l RSC Y sl oy 955 jlne ol oy Se
S Sob ol sales JW 051, oy ady s GSC
o g e 5 00,5 arlons |) sllas 52351, (g5 eansS
S 5 Ol ez JWKw e &b 5l RSC,

RVSSUURRIINS ») 2 (cJVIts

MMCC-DSCC Jowo ;L —Y

kil Jlail g onds Vaae sl b xbaw wiz 550
(MMCC-DSCC) s o,k Jlail b s plos Jsbos asls
I¥las slpse, Marquartdt § Akagi Lawg Yoo Jlo jo
SRS (Frhans iz sla 550l 5l sax (s39ls MMCC
Al ks aldl iz gilke sl 5 4y a5 wuus (Cascade)
5 sk (s Jlail 5l eolinal L DSCO) 5ds55 cnl 5o
Sy Sy pda |y (a5 bz g 55 Olgee dC slogs
Sle Sz Gl e 2YL 55 Wi oo S3dng cnl
MMCC- s 45 550l Lele (0) UKo wles adg

Iflaas oo olas 1, DSCC


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

AF Jbias) 5 smbmpos o)led

m-) & 5Ly gl ML (o iz 5] So IS 5k &

Ty vz bl il aeaVaae 5 0yl Sl (e el ze (1

S s g Ll el e el clagge sobos ol

S5 S e Jolo o0 93 1 G (g S LSy Sy
23,10 0929 (VF) alal, o3lusl &

360
¢CV =
(m-1)

5 aelo b 6 dn swgiw zae o Ygaro Vg JiSw

Toe Amlis oo GlliSw ol el BB W8

Jyel W) JSs [ologs o sloml Jol> slagge b ogmmi¥one

Lo )3 eolrin jisnl Glp el by peeYsse

(Qh9)

MY

Time 5)

MMCC-DSCC 5! sl MPSPWM (5 ¥se :(A) JSC5
MATLAB 5

P2 om Az, fe B Sl slie zae id 4 a0
00l dlgae g WSl 4z 0 VAL L oo G g jobe i e 9o

o s cpl o Al g GlS 8 GewYade aslh el 5l

gl

mf f(‘r
’ (ﬂ' Hln)f.ln
. (10)
m,==>"-(6,-9,)
Vfr ¢
. [ .
5 kol lozse Wl S iy 4 msfm 5f”“5
A

olis g a Vo sV ooy dsse gge gl 5 Ggmsaa
0aiS by @dly o asals ewVeae asls aiias aills 5 Sy
CaeS 50 65 53l el g ail e DC Gl 5l oslial e
Sl Jobs sl ol 0wl b a4 (e gee SO
Wigd ool Wl Glajen jshay il slesbe wod o o IGBT
ol B o s SjudS Sow Job 5o 5ty a8 ol pess asels
52l emen 5 AV [dE ais palS 4y e aliew ol
LLs)l (V8) akly 00,5 0 BMID) ablieg 2SI 3105 sagay
bl yare Giuls (ul8 5 sl GialS WA o

o3 oo GLad oot 3ol adly 5 s Gl sl oY goe

Fovin = (=071, =P,) o er 09

S S e

di

se=mU, = Ri,~ L=t =U, %)
1
U di
~e=mU, ~Ri, —Lﬁ:UO )

L5 Ty o8y pilbSadly conglio iy L R

s YL slegil sy Uy s Uy ol s YU lagil ob>

W5 U, s DC 3y Uy 5 s ool S50l ol
ilp sl (3 5Wg Bl oo Jue 579>

e i ®
dl u-u
dU

Cb=omi, 09

Pl smly 5 YL sledsle 5 JS G5l cos )b C
ol 9 YL o3l slapl > ggemme (29,5 bz !
Sl ge 590!

iy =i, +i, an
g GlF e ez il ]y (29 Aol coles o

i
Lq§+Rgi0=U0—Ug on

9y 3y ol STt e i 5Ll U 5 5,5
)I_.J3 oLit] bp—a.; ua)ﬁ LS}; 1) R wsLa.o 9 L qu.Ssul
b ool pln Loy 5heml (29>

mLUL - muUu

U, 5

n

(QAD)

Lo L) el (g5 sy bl adolas ()
AR (0 uLwA mu 9 mL quj.\n

Ii [
—
DC/DC
vorrs | ™% C o | 550 v
o v
. 1
L7
L io
s,/
o
L
Uoc/2 |+ R T i
o
C
Tty C DC/DC — ) wy

MMCC-DSCC ;55 ksl (V) JSs

5 agm] JymisS 9 (yga——m¥ g0 (g, - F-Y
MMCC-DSCC


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

AF Gl 9 mbmpsd o)lod —p)loz Jlo =3 3 (g liiow 5 - ole aloa

(DVR) Wy Swolus <Lk -F

4 45 ooy Custom Power olgsl 51 S5 DVR
S8l 5ep Pl 5 935 o0 Jale @i 4G 3 (S Djpe
anels ot @y law 5y 55 b e 50 31y
38kee ol S o S5 e (W55 5 5B Sl
lp sy P 590 &lge 55 5L5 090 55 &5 DVR
~s L,DVR 5 Shae IS joha [a]aisb o o) (s5looy)
5 standby mode :5gei (gabpeedl > g 4 Wil
590 poe b g0 Oyee 4o Jgl &l o . injection mode
b 3y sgmeS lg Cu (SzsS Wy s olaledd
pod Sl 50 39b e )5 Hplejgdudl s ST, Sl
4 5ty G5 4 DVR Gl lasdl ol Kol (o
kol 552 0 Jols DVR o s5ls 5 oo (185 850 (ulu> b
el 0as asine (VV) S 50 45wl e
e Lond

Transformer

Cantrol
systen

DVR
DVR _Soiles jlae :(VY) IS5

4 ol 4yl Eree & G GF plejsindls ()
ol oo oS 4y )T 456 qegpers 9 55 Jooo gio

SolS Cpz alie pl o a5 5l e Joe (¥
N izo b ojlil mals 5 55500 (29,5 5y Sigalo
il al s eopbil Jlasl b o Ve xbaws &5 5,50
JbYs & MMCC-DSCC) g ol Jlasl b Jobo oo
o5 Sl Szl glrssl b (25,5 55 alex 5l ool
9y 2 dgaze 5By oyl o8 Jlews Sy Sls £
el 0ol ool (5]9.0;@

oSl s il Wlgi oo a5 (g5l slooyesd aie (¥
&S asl pdiaass 65, mbe 5 ol 55,2 SMES (g5
Sl sl 4 9351 Ol g 03V SBg o el 61

Lowwdsﬁ)ww)ogww(f
Jedo a dlas ol o cwams pals 1, S50l sl Sise,ln
w50 Sijsnl sl 4 (xbhw wiz el 5l eolatl

AR

09,5 Jsbie MMCC-DSCC 55 ,lislo & x5 b
() US55 00 ol S 2,980 e DC (slagyjls sy
RO PUER R

curtent itor loop

W
Iy i -

Kﬁ&—;—nﬁ"‘
T

s 2 0535 5y (sjldasio s S8 gy ) U5

ipln 5B e 0 (B35 oy

i i L
u Pu " A
.2 Ay
; ; L
Lo = Uy + E
= izu = E(il’u + iNu ) (\A)

~py Lams 45 |, MMCC-DSCC jjsnl ,lisle (1+) S
amo s oLis MATLAB/SIMULINK 53

MATLAB ;s MMCC-DSCC kLo (V) US3

I, MMCC-DSCC ;5| 29,5 3B aw 5tdg (V)) S
A o sl

II,W.‘.IMI'!'i'ﬁ!l‘l‘% l'i.l‘I'%l.l'l.' |

MMCC-DSCC ﬁ)}%l 9 )L‘JS :(VY) JS.M;



https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

AF Gl 9 mbmpsd o)lod —p)loz Jlo =3 3 (g liiow 5 - ole aloa

0, 575V P
T=L0PL
DG

wmpE

Transformer Line-!

Val0pu

Gear :
i Grid
Box P bz
Wind
Turbine
s Fault
: g, Dmamic Valtage Restorer o poine i
G oo wsaiceDsc Sk 09MVABue
(RSC) (GSC)
axdllas 050 v :(VF) IS
DFIG (sl yiol )l (V) Jgo
b ol LA MW 285 oS gl 950908
pu
b 5y NI oS gl YA pu
et S S eblise
o, o- HZ il el 80-F s
Coglin oo FAA SEhol g0 «.\YS
et pu
49y Cwglie | e -OFQ ob ce V. m/s
pu
LR -.-avy DC o 5t Wa- vV
et pu

O jLdg cél byl i yo DFIG S ySloc —0-)
6'5"&*‘“*’ DVR s>

Ssuge 5o (golgiiy DVR Cgllae o, Slae L3l (6l y

5y cdl glas G DFIG & je5e s0b (ywys8 LVRT
S5 b a4l JF Coe g p 10 Ges b ()l jlan
oot ol a5 & DFIG Jlasl oo jo \ S 45t
E395 b sl /2 b agh -1 Sloj o5l 0 wiemms 58, e
asb <Y B agl /Y gloj o3l jo oy late jBan 5Ly sgeS
3 s 3,8lae (V0) Sl a8, 1,3 dalllas 550
DVR jga> oo 1) oilite jlaw 5ty ) Lalys
Ol ol a4y yov ) slasgly ce g e o las (solpiiny
blinag iSI1 5glss s DC S (515 5y 5 ol sty
Wl daglpd ol ilosd (G Sl e Slars SilSo
$9y S 508 Sg Sl Jae g (Sl penn @
s S K ] (asge) 5551, ol iy oo RSC
39 a8 5y o LAl coge Wl oo Joo o oS 0g
s Jg8 b8 AEEE-1547) waz sles lalinl yo 4
Sad 4 Al cpl o a4l a4 AP (k) 95T ol
€589 Ol 5o L899, 9 Heill ool g ol ally rals

Yy

Gl e ol (pl oS il alS Loy 2l ple (Jges
88,5 o ol ol anje g DVR ojlail

il DVR o Shee )3 (cotee 2 oS 5351l O
g assly 9 o3l e b (Tl cnl yo &8ly 5o 08 e
SRF 9 ez s ol @ g eSSl 5y alacdl
D58 e

@ osdbe i Jlojl S5 g Sua
Vb azms jo g eitial slaailly 5Ly 9 YL sl DVR
il o @8y Gl ombliieg SSUL bt 5
5 &z o JWy IS5l (8L s sllas JUSeew J 1S 63959
sl e JuSew Gl el il eitial 5y Sae e
o1 gl @i b s cnl 5 0900 0)ls PT s
Seop e 4]y s JLSw el sboceS 6ln il
a lagl,> 5 sty Jlsl ly @lie ol o [Y]as
2 el 00 oslitul abe 1dq0 Jos 5 g0 sl
30 g 00y wy).avq ZOBVd ZlﬁaL&n Joleie Lyl
Loz 50 )8 walyd ot 5y 8l G s 550 &9
Ol (3o a2 o slaglids b Laslidy (ol sl
ez JuSew g olo panseits |) pla 5 5Ly <81 g3
&3lS el e sl PL IS Sl e 51 g

Iy PT S i Sl (OVF) S5 5,8 solel sllas

A o sl
O Vi O
i
Ve [3/H—0H
= TIHH wiceasee
g ?‘
— Kmui Vn
J,:,: K&

Pl /155 s o510 S5l 20 V) S
S ibw dds LG -0

5 golgaiy DVR o, las Julow gz dllie ol jo

&S ot 5| DFIG & om0 (60l om,68 LVRT 40
b el )bl 0030 )5 oolaiwl sads eoly las VE S o
Lise o lagjloand .l oo 0351\ Jou> ,0 DFIG
s w90 .0 MATLAB/SIMULINK (613300 5
DVR L %s o> 5 solgriy DVR 50 o>
oads pleil (V) S oSl oS bl 4 a9 b sl


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

His

sk

[
Ty

())

AF Gl 9 mbmpsd o)lod —p)loz Jlo =3 3 (g liiow 5 - ole aloa

Sygo o ladly o8l ad 4 )l jBas skl cal
5 &S ood slo,l 1) LVRT &Ll DFIG ((g5luy) o pos
Ol ol o ol ol a5 cciils aalss gllacl o Slec
gy ezl 6Tl Cux alpl 20 S (o0 A
(DVR) 5y Solos sk 5l allie cpl jo @Sl (o
2 Gkl Jlail bosds Yaae (b & psnl p e
MMCC-) g oy Jlasl b Joko oo Jlsle al
azgi b aalol o a5 laud 5o g0 PI J S g, L (DSCC
DVR Gollae o8kee giluoad 51 Jol> @l 4
DFIG « 320 5oL (98 LVRT sgn o (solpsiny

28,5 oo ol

o

|

Ty
(A
"
-
-
e
LR
H
NS
a
-
e
e
| | | |
[ [ L L Ly f LY [ L]
el
(<)



https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

A s 5 5mbmps o)lead —pjlez Jlo =3 )0 cny Slidies S5 - ol Al

39> sole 5,Sloc 4, DFIG ez 435 L ;0 a5 slassS 4

XK

I

i
A

e

13
Tl
(<)
@
émf
i
()

Y¥

)
l, 1 |
;wﬂqw*MMM\m VAN
?MmVQMMWW\ V@\uﬁ
:J, \J\/ \/\,/ WV» ku\Jl '\h UY\: \/’. »../')\/ \/\/

()
3B stdg cdl Lyl i o DFIG 0 Sas :(V0) JSS
DFIG Jlw 5 569 () golorins DVR oo g0 ) lie

565515 5 5551 0ls8 (@) esolenies DVR (i35 515 +(0)
;) DC S 5W5:(3) <553, slasgly e s () DFIG

mdus 5oyl > 1(5) ¢ cmblisieg xSI 5 glesS 1(5) o Seilse gls
559y 3Ba slap b, () it 56

L 5Ll <ol Lyl pé 50 DFIG 5 ,Slos ~A-Y
&3keiins DVR 98>

3w sy cdl bl i o ] e 0 Slee (VF) USSS
gy Uas aseid 1 aw albldd solpiins DVR aes o
20 5t Sl ameil )0 WS e (gileyl e Sy adgi 4
) sobe X,y 559, lugly Saepms 03,5 oo Lad> (ol oo
S 3l skl pe glalasde BB s 5 S e JLss
S 5Ly Sl il e 4 eud 30,5 4Sd 4 lizen
9 0395 lowgs s (gublie uSUl olias oS loisy
slenl,z o il o Ol s w8l 50 Sl jglins
JHB S 05 b oo onalie (Sim las i) 58, 5 55l
35,5 o odalive gLl 5l a5 jshiles .ail oo chgpmis
5Lds 5l 08 ol psllae g5 4 anuilys golgaiy DVR
aises dguts |, DFIG @ j4xe (60b yy05 (LVRT) 0L


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

AF Gl 9 mbmpsd o)lod —p)loz Jlo =3 3 (g liiow 5 - ole aloa

¢
| I
VU 1
B |
i [} [} L'} [ '3 [y “ w
Time )
(Lf")

ose jBas 5y ! Lyl % 40 DFIG o Slae (1) JS
55 «(0) DFIG Jlpe 5 55 () g0lgiiy DVR g |
5551 0lgs «(3) DFIG g5kl 515 :(z) esolerig DVR ()35
DFIG 551, 5 5251 5:(3) esoleriay DVR ()5 02351,
5965 :(5) DC S 5516 55555 lazgly o oo ()
3B glagyl 2z ((5) (gmrbliseg S jslitS (o) o SlSe
59595 S8 slagl 2 {e) gl

S dzl -F

(LVRT) ol 5ds 51,35 ol ooy dllie ol 5l Ban
Seolizs bl sl eslaiwl b DFIG a0 jgome o0l ooy
@bl Jlail b oad Voo (xaws &5 5,50 5 (e 5
MMCC-) 9o o)l Jlasl b Jokos o Jisle 4l »
oS bl s LVRT oIyl 5lls Ldg s ) oliiss 5 DSCC
Oey® s a5 0D ol ol sl oo (V) S5 aSis
Ol 4y 50l sl 5l eolaiul ygas DFIG a4 jgoxe (g0l
S0l Sl p3Y Azl )0 s Ll 5590 LVRT Gl
oo DVR dlie ol jo wod adlol puww 4 5l
oad olpiny Wy kgl olee 4 MMCC-DSCC
iy eobio iz 5L b 5yl 5l oslirad Lo &
oyl (pl 45 ALBLS (oSl (Sigale glagel (29>
38 Skl (Rl s 9 (29,5 LS ple S
Sl wgis DVR ol anje ol 5 YL 5ldy sl
melS RS ey Sl et @ Gy Wy JS
3o (IS i ol sl 00 oolawl DVR o JI Sl
DVR s I, slhas ik 3y (sl Jifw il o
@yt 1y 5s < g DVR b S o ol ool
oS shiles 05 85 e LVRT 0900 5 3lagl
DVR Jlail jame 4 068 0 cdnliv sjluacs mbs
4 st 53 omrys LVRT Ul i & (soleity
Obzmes s £485 b ,o ol DFIG 5 o ol DFIG
Wb laz a5l Aol (jgas oo aslsl vg5 sole o Sloe
bl sge 50 1) s3kiing DVR Cgllao 5 Sloc ol (]

Yo

)
()

I I I I
T
. | AT (A
I A
“ |,‘\H ’H ’ ’ H}H\b
i )”J Bl
—_— ]

(6))


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

A s 5 5mbmps o)lead —pjlez Jlo =3 )0 cny Slidies S5 - ol Al

DFIG 4 e 3L ey LVRT) ol 5y 1,38

&l -V

[1] Tsili, M. and Papthanassiou, S. (2009),“A Review of
Grid Code Technical Requirements for Wind Farms,”IET
Renew.Power. Gener, Vol. 3, No. 4, pp 328-336.

[2] Baqi, O. and Nasrt, A. (2012),“ A dynamic LVRT
solution for doubly fed induction generators,”IEEE Trans
Power Electron, Vol. 7, No. 2, pp 1045-1053.

[3] H, Fujita. and M. Hagiwara, and H. Akagi.
(2012),“Power flow analysis and dccapacitor voltage
regulation for the MMCC-DSCC,”IEEJ Transaction on
Industry Application, Vol. 132, No. 6, pp 659-665.

[4] H, Akagi. (2011),“Classification, terminology, and
application of the modular multilevel cascade converter
(MMCC),”IEEE Trans. Power Electron, Vol. 26 , No. 11,
pp 3119-3130.

[5] H, Akagi, M. Hagiwara (2011),“control and analysis
of the modular multilevel cascade converter based on
double-star chopper-cells (MMCC-DSCC),”IEEE Trans.
Power Electron, Vol. 26 , No. 6, pp 1649-1658.

[6] Christian, W. and Fabin, G. (2013),“STATCOM to
allow LVRT for a DFIG Wind Turbine,”IEEE Trans.
Power Delivery, Vol. 23 , No. 13, pp 1185-1194.

[7] C. Wessels, F. Gebhardt. (2014) “ Fault Ride-
Through of a DFIG Wind Turbine Using a Dynamic
Voltage Restorer During Symmetrical and Asymmetrical
Grid Faults,” IEEE Trans. Power Electron, Vol. 32, No.
5, pp. 3456-3463.

[8] . Joshi, M. and Pota, R. (2013),“Nonlinear control of
the doubly fed induction generator in wind power
systems,”IEEE Trans. on Energy Conversion, Vol. 25 ,
No. 1, pp 876-885.

[9] Ibrahim, T.Nguyen, D.Lee, S. Kim. (2014), “A Fault
Ride-Through Technique of DFIG Wind Turbine
Systems Using Dynamic Voltage Restorers,” IEEE
Trans. Energy Conversion, Vol. 26, No. 3, pp 3454-3463.

4093)
odd Mgle 3,79y ;0 G| ylws]
2¢5 2Ll D Mazs (VYFF) col
"3 e (oA e s ],
OYAD Ll oRadls 5l &,a8
O -G ewiige w8
OYAV)Ghaiske a8 o pole olKasls
B UL..J‘ Lg.\...cdﬁy& 9 QS‘“‘QBJJ LgL&bs.,uJL!ﬁ Caw OO; & o
Sy, oS g cwas FACTS wlgel acs;

ouSTy wladey 5 &yud slapiuaw j0 o 0,5 5 &y08
.J.»ial..:sA


https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.3.8
https://jeps.dezful.iau.ir/article-1-105-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-12 ]

Journal of Novel Researches on Electrical Power - Vol. 4 -No. 1- autumn 2015 & winter 2016

[ DOR: 20.1001.1.23222468.1394.4.2.3.8 ]

A s 5 5mbmps o)lead —pjlez Jlo =3 )0 cny Slidies 5 - cole ala

Realization of LVRT requirement in DFIG wind turbine connected to

power grid using of DVR based MMCC-DSCC
Ehsan Akbari'

' Department of Electrical Engineering, Mazandaran University of Science and Technology, Babol, Iran.

Abstract

Today, the use of a Doubly-Fed Induction Generator in wind farms is expanding,
due to their high efficiency compared to other generators and their flexibility in
controlling active and reactive power. One of the most important topics in wind
turbines is the DFIG, Low-Voltage Ride-Through (LVRT), in the event of an fault, or
a sudden voltage sag across the grid. The requirement for Low-Voltage Ride-Through
to cross the low voltage and to connect the unit to the grid is considered when any
fault occurs. During the electrical grid fault, the current of the stator windings
increases. Because of the magnetic coupling between the rotor and stator routers, this
current also appears in the rotor coil rotors and the electronic converter on the rotor's
side. Causing damage to the rotor's and rotor's coils and the DFIG's outgoing circuit,
thus preventing damage to the rotor circuit and its converter and the DFIG output
from the network Became. In this paper, in order to improve the Low-Voltage Ride-
Through, a DFIG-equipped wind turbine has been utilized from a Dynamic Voltage
Restorer (DVR) based on a modular multi-level inverter Modular Multilevel Cascade
Converter Double-Star Chopper -Cells MMCC-DSCC cascade connection. By
compensating for the voltage sag by the proposed DVR, the normal operation of the
DFIG during an error (voltage sag) is provided. Due to the DFIG performance in fault
situations, the value of the injected voltage by the DVR is very important because
over-voltage rise affects system performance. In order to solve this problem and
increase the stability of stay after failure, a proportional-integral control system (PI)
has been used. In order to reduce DVR injection voltage harmonics, a multi-level
inverter (MMCC-DSCC) is used in the DVR structure. Let's go the results obtained
from simulations in the MATLAB / SIMULINK software environment indicate that
the proposed DVR has a very good effect on improving the LVRT turbine with DFIG.
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