[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

W gl -yl o)lod —passh Jlo =G 5o (g Slindad (caads - ole ale

>l g55 (531 Bl S p oo (6551 Jlwo s i (>15b
IS bl (99 5w 5991595 (60b (98 DC ST 5Ly wlilwg pals

B gy e
Olpl ool ¢ codlul olyT ol&iils ¢ Bl axlg o3 0 (i 0aSiils ¢ Latiul
a_darvishfalehi@sbu.ac.ir

VEANVNR s pd b

VEVANY 2l o b

0955 395155 yrime yeite a6 oo (53 (55 pobed s 33 DC Sl 5Ly Slilusgs alS jgliin 4 allie (] TS
W blo @ Jato )L &5 (6551 55lwo S pimanns S 5l PMSG @ by po DC SS9 08800 431 o310 (bl
Oly oyl oudasd g &Sl &y 535 oylgh 50 ool ol Wllwgs sdls FESS ;I (6 08 )10 Bun .04 o0 solisiw! olxdiow i
9 PMSG 5 ;5o dguy G 0 )3y (o0 W yg00 A5l (395 3905/ S guions o0 4y FESS 1 (ylg5 <l jo/ Jluwyl & yb 51 a5 conl
9 Pl 508 ouics J 58 90 b Lo g andllae 0580 45 09 o0 dlgsuiioy 1 £45 (558 3laso cuiis o8 DC ST L9 J s
S 58 (5,18 0 s St 925515 9 92351 Olg lime JSUS Hebie Sl 4 et Juo S 0 1B | g6 (551 Bl
Gl 00 (65l MATLAB-SIMUIINK 13310 5 31 05lisewsl b (g8 liuiions poimms Saroli s Joko 39 o0 05lisius! 9>lg (4lgd

il y o0 SLST g 1y g0lgadian 00 J S cuwbio 8 3Kl sl ooy zulis g

Olb 32 6551 3w 0355 i (@510 (b liko (49 50w 5951555 (GOL 38 85! o a1 SIS g lg

sl 65 51 SoSI s3 g e o iz s il
2 S5l e el 5 plsr 5 T Sl el col anly
14last asls (g ot a) (S8 ol g qlio (e
Sz ol 53 goaxie 90 Sloim s GBS ol ()5S Ten
=3 byl il o )Shae olblB 2oli8l gz oS 05 )ls 992
Vgol [5logs oo solitul &yud g Sl sloJows 5 banygil 535
Ly oSl (6550 ol paite g 2ol e £95 90 50 (63b slogm )98
Ol &l (55909555 o0l slagym ;55 o3Il il 38l b aiS so 0o
E9 opl a1,z Canl 00,8 sl poiie S s g Cull Sy g6 5l
AV Sl 203k Sl Ce o Slagnysi b i )0 oy
17,6151

4 Comd 1 Lyl (59,50 (5o )53l 35 it (g3lilel; Jeo 4y
s OIS ()0 piile ey (6L (rys8 syl 55 Koo
Tk Do a Sul (See gl 55 cpl slad 518 az g 000

Yy

Il g5 538 Ghie oniis J s

doddo -

oS g Bras e alS saoy Sk anlr pol b
Sl o8l s )3 (gl 36 a5 Wilioe B 0P Cur hed
g b pediiee bL3 )1 j0 2lse g Of Ol &8ly 5o .ol atils
b oawlio jo (S0l slagionw [2,1]ail oo GlldS slayls
oo g Wilgs oo yieS (SOTL (6551 @l 3l (6551 (Sl S0
Oezeen 9 (S S (6551 a5l e SLAE Suliil s g5 L g
S5 (hed SlacS g Brae I (LIU (asme Ceny SN
ORI stz BB Ssar G oy Cur ndinaa 655l el
e oyt (S 2SI (531 s a3l e 53 O I ol iy
5 shed S e GalS S LS B ol o 5
drgs g pion 4 a5 b [Blal palS daows sy sla Sool]
B Orzed 9 Sl 5 (oS Glapts a4 bgy e b


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

0 el e e Ol dne JUSe 4 lites Gl S Joe
Dgd

S8 addllas 3,90 |, PMSG (g0l (pusye5 SO allie cpl sl pued 4o
&@QTDC&&IJML@MM@WJ&Q@
W Q‘-’“ o )()‘2.0 (FESS))LJG C).> 6))" )L.Jo),».}d W
oS Sl pile & Jate b F> Sl el ce s FESS
5 Olalllas la Lo ol (o 5o [18]as5 o solimal SLdS ol
Spianw 3l SIS pear 0 godxin rie Oliass
sl Lol et Glocuze 4 azg L]y kb gz jluopsd
&) canlio axe Gy Caplo g YU joe Job YU slacSwly
Sl oads oolatwl [Lb slag x5l g0l sloas ax 31 asleass
30 Ll 80,15 8,80 pamie sloco bl s a0 13 slo Lo o 9
Sopims a5 ol 0a2 gl .l ad, YU Ly g0l (65,1 B las
Lol casS” (g 5lwo pu3 1) (65,50 ailes co 2UeS e (gl Leus FESS
eai 3ol Gbln jo cdelaS (ol sbairm e sl oy Do
[19-21] el conlis 5 5 o

S0P O 3 ey Sllags Jals pslare 4 FESS w0
S35 Slwo B w098 00 Al Ol AL eela g Al &
el lagle; 50 55 g phams (2U 3 Shos slagle) )3 o
5 [22] 058 Las e b b oS o coles 1) (0l Gy
S5l 3w 35 S (5 jlwo oS5 s ) BLaE G5 Lo
g U ogd so oolaswl ya8 aSl )0 (6oL a9 pinw 0 (Sl
3o wiley Bgasa lugi (ieS b dgs ol lais ;0 DC ST
Oetyy AiBee sla yidy (J S 65l qetag () hol OMSis
Il o5 556 slae oass Jus 5l 5kds Sllug als e 13 .ol
$ly FLC)3 Glhin slo ) iuS aids ans ;o 050 o0 oolaiul
(S RS e 525 et e Sl 5555 5T
910 (@Yl (Pl £33 g L pu A 009 oy (e (5]
Oy 0 ,Sdes ol G aS pgu e (slooaisS S b awglis jo
Soslatul b (el 00isS J S ol mudas S5 g, 5l g0l
3 Slae imlidl sly allie )l g o Ll | g55 (551 0aiss J S 5
35 03,8 Bio |y Kl 5 (ool oS S5l 53l
oads oolaiwl Il g4 (6518 glate 00usS J S o v (LoaSS iiucsns
Al el by g 5y Slleg aSol B el

sloadlge JyS g pedas g5 658 Glate ousS S cini> jo
delio g anlllas 3)50 45 5.5 0 oagm |, PMSG gilil b > dg
“JUSe 355 oo )3l g9 558 Bhae o P ) S o0 J S g0
Wy Hee o5 ouisS J S s (J S pianes o s slo
2 JlS LB el o8 5l aSeh 5,5,k Ll ples o 1, S

VI Glis; —p)laz ojlod ~eo03l Jlo =50 50 (ng Dlarizd paass - ole ales

YY

asle cmb ce o Slos aF 0l oais o LS le g odndais
SN 5 et 4 55T L Syl jpa pae Jdo 4 g
e ol Glg iSTas zl sl Cua baygil 5 £g5 ol 5o 8l s
A o g s walgs vezy JolS (g pdy J S @Sl 4 JLail
&5 ol Qlebl el 5 plonily il pl o pdy oo S50 o1 5l 58
0 S e Ly (69b raygd R0 b dnlie ;o ook e
[9]ast

Sk g ey @l ol slagmyss (295 Oly Sl 4 argi b
g 79 OlF b Ghyg S 385 (s Bl pas 5 009
o 1101l oy BB Jlane g0 5 a5 cal coakad pae g ls sobs
ot JB gle pl (295 Ol oS s ool e Jlaie sl
Sl ool g a5 liabsl Gl il Cua il oo GBS
aiojliol yB3s Lrals Hley Daw yo g BanS S pae L 0,90
gl sads Ol aziliz g0 (ol 3 peinnd 655 slajlue o3-S
033 o,k 5l les (6 S Hlade il yiaS Uil 550 lade 3 g0l
e a5 Ol o5 o 50 g g Wisdios el (555 slajls
03 50 sadgi Blal lgv ol oads cnien lade 5 iy g0l
oolaiwl 8,90 Bras Sy lagle; ;0 b onds 053 (65, slajlu
yga 30 (G5 R sbjlue pd o Slee (28,8 a0 JA) 0,5 I8
geite Zadle Jdo 4y e Koo 5lo gl Sl g ol ol mlee
Cwl sl laglug Cov g 5y (g0l mlie sades les
Gl 5y Cllugs als Cua w5 oS g, 5l eolil oS
[11-13] et ol Can

A 4 e Jits o (5551 oo s 2 14102 50 50
ol el 00l ) s mesSle JUl gz Gl iSTas s,
o 48,8 Las aSed 5 Jiiew PMSG (ool g oSy allis
lawgs oS Cewl iy adl> MPPL 508 piia 4 gome a5 ol
A o iy e g 025 b ] 29,5 ols J S lookup table
Dpdye e

Sl Jitee Oly oy gSlae gl o (18] gy jo
ST MPPL J 568 winns o5 0 Sloiinn 0L (6550 b (slapinneas
el 039 ()95 y951 35 datiiin 5 e (o) Y p e
5551 0I5 il Caz Gl ke Sysnl S [16] dlis o
b a5 4 e Sypa o] PMSG 95 0 slgii PMSG
J Al Comw Jduo 9 0091 (60930 LS ) 163l Coms Joue Joe

Lal 039y (6 g5 U (65 y90] D yg 5
g 3529 9 &S 0 &8l,) 0-0 S5 by S [17] &
Sgd oo bl PMSG (g0l (pmye5 oles piSTas alais Lo, mppt
bsgi soddgh 50551, 5 5055 Olgs Jis S8 ool 2 )1 0,8hos
by orizeen 5 dlbioo 0 50 slojsme b > bawg G0k s
©39;3 AC (b y> U8 5l ool b (s0b (my9 olgs S Tao alaiis


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

ls &l g5 oo 5 &g |y a8 a5 5l Jow

B = 1+1Tbs Bres *)
il Gloy ol Tog WY les SaS
2,5 S p Ojpa Gl ) o5 aly @2 e calple
Bo=-2 for ©, >0,
Pret = %(gt Q)+ for @ >0 A

oy 8 wil o Woy gz e b oadsl o8 aygly o alal, cul o
VUSE yo o8 aggly J S ptes pl,SLo Ssh 0gd 0 &8l a0

el 00 djl)‘
T
(L+Tps)t

p

e i e G
=D

PIS gl 58 i o5 S5k 1) S5

Ql-mes

10 (b liko (49 50w 599155 (g 3Lud o =YY

-ailge Bi> L .03l PMSG 6l g, (Seolins Joe S L Joe
Joe bl Sigale (28,5 iy lsr" 5 S e glroel sl
Lily) b ol barpe yoilial slagl 2 45 098 o0 Jol> ol ool
(28] wisi oo @61 5 (Seolio

dISd :i(vsd - Rsisd + L p-Qtisq)
at L,
diggy 1 . . »
:_(Vsq - Rs'sq - Ls thlsd - pgt¢a)
at L,

WO 3 o8l uaboliie Langi oals Wl [Li@a Hew s gl
55 sl e slaadlge onimo )Lt iy SU5SA (slo i 5
) Lbu]aﬁ ;A> OMOULMJ pr: ).»..J 9 ML)‘SQ )yLuw‘ QL}> 9
wole &Sl 5 O yga lei oo |y owadbliveg wSII jolies aslol jo .ol

Ten = PP, )

&b 93155 J S e (s5ludie =YY
g Sl VSWG s 5l 0000 pouiSle
cos VSWG IS S sl co s ids Jous
Sy 00tiS oS oS5 Gllas ol o @] ¥ JSE s anllas
Ol 4900 el s ()5 00l (5 S ojll sy

poaSle (b, o 5l Gl (b Gl Sl e s

VI Glis; —p)laz ojlod ~eo05l Jlo =50 50 (pg Dlarizd paass - ole ales

Yo

Oloy ey aS s lo |y Colild cpl azmen 5 lo o 455 jlore 00 guxe
ol 092y b ol ublite 05,50 5il35 ol s ilacel
pae b wilgi oo (538 oasS J S aST > ams &l)f 1) ewlio o Slos
S s i Sole i g Ol (g a5l (0L aSed lacialad
A 15 08 45 J S s 1y ki (sl S o

oo g (600 5o31 55 g lwdae =Y
5551535 w0l e il el aslllas jo cwlul LI S
2 a8 el g3l 35 0 ys8 5SS s (il blise 09,50

gl oo Ay g5 i GiSu )

L ()9 (g 3ludo =T

035 oo a8l 25 e & Vgone (63b ()5 585, (Seslusgnl Ol
23]

1
R =Ep7th2V3Cp(l,,B)

M

Mewr p Gunyg ged Rt KOMP s s lsa JE> p o] jo a8
Ol pd ailge G5 o 50 CP(LS) 5 MIS a0l ey V
O ) g8 (Senlusgpl o33l oS Sl ot latin 552 555,
St Aoy S5 2 s S rizman 5 g sl 4 45 5 o0
Lok e p g )59, 00 Sob wloe S pr o S bl 0l
123l ss oo 4l

™

Sl Gy SHle cepw Sl Quall, ol o

123]sls &l 5

T, =5 PRAVC,(1.5) )

25 Dygar 45 el g5 HolsS o po SSLWCHA) akal, cpl o
123552 o 1))
Cy(4.8)
C(4.8)=——

A
A 1y 5l55 4,8, 5l 65l s Jlal cad Sl Jae

ls djb‘ 2 S

M

dao
JT d_tt :Tt _Tem -

WS s palesS Sl i aTs gTem (Trakal) opl o
Bl oo MM 85 i ( Sasl 1gliiS g cucbolineg xSl
menmsrad?t s a8 ol a5y Slasl cull oo f

£, T, )

sk
A Ad itie Sk yao (Gl oolatil 0590 (g0b sloy e ST
oRlS jshate & ooy a5 apsly U558 cuz e Sl gl o


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

)|;D.l_wula):>3é>).cw)_wbj}u5%>4jund|)é¢\s
SloosiiS J 1S L S 59 o ol ll g5 (6306 slate oaisS | S
055 50 58 alie 3,50 | g3 (58 )08 5 P

PMSG | yoS powaw (6 3tadoo -Y-F

loadlse 585 0 aid (b o515 s 2 ullss (n et Sl S
S Iiome 00S 7S 90 5l b 5o .l PMSG g5kl L, dg
595l Olgiies (Solo e ulai oo ooliulisg sisdcslaleyr JysS
oolawl aylie (IS0l g (oolis gl el )by b JGh- by J s
o.)l.&.‘,‘...:'\/sq,refjvsd,refjus é.?l).a J.Jy Sy QL’)’ LgL:zstJ.';.;S )'| .0)5
Sy b 53,5 S8 opSnn S a5 oS 533
g o0l ol by sV Ssbojls (Unet sl Uwel) g o
T Gty Srzmdsms slo U

axie glool > Pl oaiS J 08 og pglie g (Solw 4 azgi b
Caound U"‘ )é .\))L) )..q |) AS.\.N K9y » 6)l..\fj.;.:l4 9 o\)}g LSJLM:}J
S5 oS w28 1) 688 b AT 0d e sl (31 S
445;“.: OAMSQA.AL isq jldenguLi)? w.a.]a.u u@?w‘ QSM
LI g5 5 1 s 53 slooasS S5 b (U3 i Pl sl )8
sl 00 43)1 ¥ JSM‘ ) as ..\.:5..‘1‘5@ U"Jil} G:LLo.A Cm‘

Process

FUZZY Type-II |4Y

anllan 550 (558 00isS J 73S Ssh 1(F) S

St 5 0k slallas (g3l Blate J S 53 3550 slacssg)s
Sless S8 ol slogzg s wibie Aegsheg Joli gl
S odlitul 550 (318 welgd aril AV Vsg (1S slaslds
©99)9 S3L dcgame a5 W35 o DLl ISy glunul al> e
roasS J S o ases LSis (BdsA8Y) cax o slila LU us
JEB 55 50 g, 5l s MaX-MIN b 5l gl al> o ) 0ads 5kas
580 03liiul (53luis e Wl )8 (sl

il sl ) bl e ST ggi 556 shate glaoass 28
P a8 gl nlbosn T eg (56 L alin )y 09,5 oo Dbl 55
395 onl o loms 45 il 5 o3ga5me Il Cuge i ]
=S (6355 sl 00 001 CUES 55 b 539,5 Caralsd pie g33
50959y S o @2yl A0 jome by @2 pe ke G llas oaisS
m oo dlne g3y el AG sl jgome (2 0ad (6505l e
i ez Jolo I g5 (5368 lare J 7S picns (ol LSl 250
b g gl Hgige wslgd ol (gilesle i il Lol
26,251 wles oo ciogi 1y 08 b3 oo 0aiiS o3 i
oolatul L) (s30e (6399 palie 0aiiS (536 (idu i35 (53 al> o
S8 slaynie & (63555 ooy 5 0ol oglley Cugae a5
638 acgomms 5l eolainl b 0,5 (53wl B Wl oo o

VI Glis; —p)laz ojlod ~eo03l Jlo =50 50 (ng Dlarizd paass - ole ales

Al

9 05.».»(54 oolaw! PMSG foz )91...wf u,u.u [ (MPPT)U‘BJ

O oy a8 aygls il yiin (ob ke 5l ol oles 4,90 0
e 53 ol 5l e igd SRS Gy Cels e (Sl
‘JM 9 OJA1 [WUWRY) )yLMul LgLQQL’P & ).JQLAA sPMSGJrJ

DS o S5 1 it slagl o Pl slaonisS J S 5l skl L

Converter

KQtmes? Decoupling

seio s 0l 5531355 S s 1,518 S5l 1(7) S

B3> (smeabolisieg Sl j5liiS oS condlS VWG (g J 7S sl
Jaie OLl L glgice S, 058 dmslme Tem PMSG
51 eolazal b .o)51 Gy |y (gumrboliseg xSU1 55l « Tem refes 5o
Candy |y @ o (upbolisnng 1S )olisS (oo Oy ST o,

[24]0)5—‘
T _ PMPPT =K 2 \
em,ref _T - t )
t
5
pR"C
MPPT :$QF =K} QRD;
ZAOpt

b}wu’_a oalazw! Cp’maxcobﬁ' w}.a
omablise 09,50 53155 b o8 5l JS—iie PMSG izl
oolatwl DC S 4 Jlasl e e y5 MPPT  J ius g DC L)
as 009 (59920 )Lw 9.4».& JM LSJ )5.:‘)4) Cooms J..\...A G | 00
S o I MPPT 0 sl ol |, SssSy Sy 2
5 3B L 9Pl ooss s 5loslatw! LDC S (o gy Jouo
@4zl WS oo SRS ) 55155 S g g Jowe 0> 1T
)‘ u‘y M}SLQ Cl):d__.u‘ S woolazul 3590 9 )L»..'>L__.w

B o o3liiul Cawgy Jouw oaisS S

Machine +
AC to DC Rectifier

StepupDC-DC |+ Nework

Converter

Firing angles of

or D IGBT
—>©—>(Controller]—>©—>[00ntroller i
ot it 4

DC S gy Joe J 55 plShs S'sh (1) U5



https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

Flywheel Converter b s Converter
2 32 _
T @
T [P
uum; L
@ Network
converter
2 t: controller
7 fP fou
P
wed  fowe P05 5
Dynamic Pract
linearization  Jugc.mes
Vo] Poara

FESS-IM i JyusS (5352l o] Slo Ssbs 1(7) S

55 s Sy JS ) 5 o 1] S i
bog &5 IM (g5 azrpe izen 5 )b 22 237 ey
e (B Lz @z 0 Ol 010 098 00 03] (eSS 0aS ] S
@ &y 5l Al )0 0 25 oo 1,8 ool 5 )50 ()L > (f adlhe gz
d adlge b,z @ e laie anwg b g IM 955, Lo (rass jolate
Ol JrsS i 3590 )3 M5 Olowdgs 4 ) 50 095 oo ooliiul

Hb 52 3lwo s d ot (6 5budio - ¥ -
398 g0 Jos O ysanl 4 Sle cid g L F > g5l Joe g
b Fiz 0 odd 0 (65l attin owynl SOl 4 oS
25 Soyar o) ally &5 Wil (252 Cepe gy b el
1

Er == J70f

\Y
5 av

)L.Jo S5 Q.c)_..:ij kg.mzwﬁ us—"")';'i‘ Olewo ‘JfQ—\ o as
Oles gilwo pzd Sz 3Ls 3590 (5, lade 0 le‘snradlsw>ﬁ
Oz a8 90 O ;)L..c ‘.)5,;".\5@ ool QL'ASPnJMQ)}.Ag a5 M ‘Snlg
Ef =Rm4t Y
gl ee )l 5 Sygalloly o 65155 (lug (RalS jslate
25 g kb £z 5l 050 (ol OV) 5 (OF) Ll <S5 L
2P, _m 4t

‘]f R ——
2 2
Qf,max _Qf,min

Qhp;

ol 1) LG
Cs o ragize 9 oo iSLo JS0ko o 200 min g maxe abasly (ol yo
me Jae |y s (S cak el s a el Lb gy
do;
T
1,5 ool (g3lw e cuz Glg oo 5 0ol Jow 3l asles
bwgs Glgi oo 1) SedS ol S W1 5390 LS 5 o)l >
2o a5 & jgar SHL Jaw
Mp’ 1.,
¢rd + ' rq + ' Vsd
oL, oL
419)

o)

:Te'm - f1

di, R

Sr_ir
= 1

dt O'L; sd

+a>si;q +

M
O.l_S' LrTr

VI Glis; —p)laz ojlod ~eo05l Jlo =50 50 (pg Dlarizd paass - ole ales

Yy

SR EH O E- ojpa iy ol 045 0,5 o0 &5 00 gy
Uz grio)las ol s Ju&Kw gl +DE O DE- 4 las JUXew
S o slpead s )T b s slie g el odld ooly LS
Gl 0aiiS J 1S lacgng s cugae @l O S il - 0

a2 o slis [ e (g5

0 ‘ [ +

-1 -0.2 0.2

(A8) piis sl ol s g (€) puiiie (sl :(0) S
aclgd ol 4 axgl 5B Gl gl jgige glictul al>
lioe oty aelgd Jou

38 e 008 J1S 6l (536 wsls (V) Jgor

* B B0 E+

Ae
DE- - -0
DEO - 0o+
DE+ 0 + +

i g 45,5 S50 536 S pladl 1505 (530850t el
oy g oo oplle i Cugde wlgi jlosliiul b g oaisS (55 e
Z9> slade dl>ye cpl )3 098 (o0 frow conlie polie 4 (29>
29,5 00,5 o sue b ol (51 Jlade S a4y 0,bgo Wb

Aibce— 9 0t wolgy gl oSy V- g 0 ) CriSp polie lls
9 0k llaz (55 0aniS S8 oad 0jlle i (639)9 sl it
o Il s 656 ghate ) Joor Lo 55 a8 b bon o] s
a jloolaiul b oasS (631 isn fawgi (6999 slo JUKmw 25gd o
gl JUiS IR B 0 E- opgan iy (e cogde &6
b olasl a4 (Uas grae)lhas o5 JUXw sl +DE 0 DE-

Ngbge s

Jbb &2 655 swe s d w55l =Y
Il etle Sy b ¢ Sy 5 FESS gt & U5 b allas
Tz 200yl ,olidS a8 ol oads LSaS oty 4 oy Joe S5 g
Gan 90 FESS ;1 eolictul S o J,uS |, o dobo g g b
551555 Sems 1 Ol ()L 0l 9 DC ol 5Ly ooy (o Lo

WS oo JLio ) ol g 5


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

Ll Slagl 2 S ojlal sl latgar LS a e QB S 0 )l
oolitul j5is, Sl (olad Jlop Cusbse e Sz 5y, Sy
Slr oetle Jol bl (Sealins cenlio Joo 5l eiizon 09500
s 4l 50 610 0 500 Kl B sl 00y oolazwl IM (g5l Joe

3l ol 8 Ls Jlade VL g 5 slacs o b LS

Silwad Jolxi' g i -F

ol 3525 oo 58 el 50 aalllae o s (53t L 3
Sasl @18 urblisie (9,0 558155 0L Gy So ol s
Jos WKV 5lls b colid ool 5 oSt @ JUil b Ly oS
A U 50 MATLAB l38le 5 0 (6 5ludands i 45 Cowl 00l
oy JFES 4 by e Slaptasns 2 uigred Sawl oad o3l ol
FBUSE al po IT g9 (536 Blare 0o 7S o e 05 gl

Ailwd odline

S

wr Duty_Cycle Duty_Cycle Pulse
Pmeassp| P s Boost_Pulse
- meas Pulse Generator
L] I Pitch (deg)
Pitch_angle

Speed & Pitch Control

Speed Regulator

IL ref
o-f  Jo=
T

Current Regulator

nnnnnnnnnnnnnn
O-pitoh_max

Pitch Compensation

ppppppppp

MATLAB l33le 5 50 oas (g 5lwdpnd i ((A) JSo
O 5 ISz (Voxd))+ -KW PMSG (sol; ae 50 Sy it (2]
50g Ve e KW S clgs as g +,8 olg5 ey b a8 ol YOKW 0 o5
4 55 el VYOMVA 55l j5anil 5 Lass 5 08 e adsi |, OVOV

VI Glis; —p)laz ojlod ~eo03l Jlo =50 50 (ng Dlarizd paass - ole ales

di; !
= _R_Sr,i;q _wsiéd + , ¢rq + M,p ¢rd +i,véq
dt ol olILT, 7 oL, Y ol
av)
d¢rd M H 1 '
=—lgg ——@q +\0s— P2 YA
dt Tr sd Tr ¢rd ( S p f )¢rq A
d¢rq M .y 1 ’
at :T_r'sq _T_r¢rq_(a’s_p-0f )¢rd (QRY)

Moasb sz 5555, 5 Hgilinl lauliS il o ulrgl's
btz 959, 5 Hplal S e GulSguil Sls
slocaglic i iRrg Riscwl ooile (SuSTy ops Sko
59, )L Oy d sleadlse ol idrgshrd oiwn 5y, 5 g5l
sl Gy Oy A leadlse i isq g I'sgoiina WD 5,
599l 55 05 0 sloadlye cod 2 Visq 5 Visdeaidly oo el o
b po0s. ] g glocdad iz slassP'acil s Sy s
Sy onebliiog 1Sl gl el ;3 s lAU/S ey 55l

s al)l 2j Sya g |y Lk 22 by

’ ! M Hi H
Tem =p L_(Isq¢rd _lsd¢rq) )

r

Ibb E 52 jlwo s S J 508 a6 3lad o =YY

Al ey 0L oy 4 Jhae Hlb 2z J5S el il o

e 1)) 1B 35 &g DC St 5l 595 oo

duge
dt

s @ e el o @] VS 50 DC SKid S (5l

Pag b VSWG Lasss (sass e 551 ol sPrer s 45 5,55

Sg oo 00ls ol

R-L Filter
Network
Udc-mes i
1—|— c —mA—an—
= 0 AA—AN—
i3 iz |iry
PWM

Dynamic

linearization Ve

Prref

Voare]  Nogrer 4_ <
Decoupling - L irgeret | irarer and irgurer | Qrore=0

DC Kl 5y 5 i ol s S5k ) IS5

5551 g3 58 n Prret e s a5 0l mols 51 lialsl jslate &
WDgad iyl 5 Oy | 4l g FESS (0 oas alole

Pt ret =Prrer — ng + AP (YY)
S5 (il 5 0092 Lol I iy (g0dgi (lg3 Prrer 20455 )90 )
Olgs ol Prref <0455 50,0 § 98 (g3lwo u5-3 FESS 15 Sl
FESS Ligs sl | 6551 09005 jlaie 5 035 Lol I a8 (g0


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

L)

DC

v

Prmse S8 9,5155 b ol Ve kKW

Voo 595155 ool 51 YOV
f 55155 o 58 #-Hz
Rs s3] Ceaglin Q-0
La ,?;fe;‘ PRy .o oSYOH
Fr S¥sey LS S )AYV.s
P loodad cax slaas £

Coc DC i o35 2yl 3. mF

Voe b DC s 3l AR
Hs eP syl Sl £XYs

Sy JyuS o oleiian iy 25U BB owin e bl o
Sgio oo 48,5 450 lmoassS J S s dslie axlllas )90 piia

g oo ALyl 3y aS

Pl succs
Slwgs b (i3g Jal i o dslllae o 508 picw (Caomd ol jo
gl S oo e A US55 B 55 ol e 8,5 0 18
o &l Ve S o L # 2 slwe 133 e DC ST 5l

17
145
14 -
0 05 5 2 25 3 35 4
Time (s)
ol g o Ol s () G
1150 — -
1050 !
0 0.5 1 15 2 25 3 35 4
Time (s)

Wl udolise 149,50 551,55 DC S 5kdg () +) Y

oIy e bl 252 655 jleo S e 5l ssliinl Sus
o bl b sales ;0 DO 51y (o lauly b S 4 1535 )5
15 5ldy 2l 5 s oy gl FESS el mietio S b 45 il
om0 05 a5 23 1100 (s, 1, DC ubs 5ty ol il aSiu
S5 S iy oy ade o5 S 0Ll 5 g5, ollind s
Sy Sy ol wiz e wledoe dlml ) (Bl g S 9 935 (e olox]
odnlin (lgi so el g 10 51 e 5 Cewl loxe 03gume 4o 5Ly
oaile b Ly a5 culilazel g ol s 9529L DC s 5Ly 4S 5505

S|

VI Glis; —p)laz ojlod ~eo05l Jlo =50 50 (pg Dlarizd paass - ole ales

Y4

L 5 tasheS ¥ JUil b bags s 5 95300 pss YOKV 5l
s ol a5 ol 00 e YOKV a5y &y (T _Joro) bamsgio Joio
Joos VWKV sty a0 1, YOKV 5Ly 500 (5,95l yainil 5 dags
Colde b g 8ot a4 aily b Joo b b S Lasgs g 03505
Ol b ey sileyshadl 3 S G Cal 50 093 Jate VYKV
Soo ahais g Jlgg Jlasl g ooy Jate YOKV b & V- -MVA
4 sildy <Ol V,0 1S alasd (o aSil ol j0 .aiS o Cusl | Al
Job +,18 Saw a5 weo o 7, A0S o s ST s - YPU ojladl
P15 Emme 50 Ol sl sl carge jWg S8l (pl sl o
oS 3500 Vb 0l sz 3,3 Jdoe DC S 5ldg Gialidl ams jo
Ol 32,35 ssbae 4 991,35 DO S 5l J s eallas 5l Bas
el eile e FESS il o] apdis g a5es a4 b
b e Joon o tbgn b £52 4 005 s (ol i
s Sl o0 @l B 1, ASCA L 95T, 9 9255 les Jols (Bl astes
J5S o5 53515 5 555 o 6 b Jos sl sy 58
Sl loand 03,5 o po s a2y 55 o pd )3 o5l 55 5 ond
g oxd plowl piie ok A9 Laulpd 5o adlllas Cou slaouis 50
Jgoz 0 anlllas s & 508 g sl el b .08 5 o a8l T s
ey b Jloy Lyl 0 PMSG (ool (ys o5 &l Y
Lug 5y ol &5 wS e odg 1, OYOV skdy YAm/ssl
A5 o1 5 o 005 se s YOKV 55 4 (e j5iley5ansl 5
AYKVIYOKV o5 G b (5,95l0 50l 5 4 PMSG g0y
ol o ogdice s VYKV sy« Ll o g et Jazie
VYKV oSt 4 ¥oKM 5 YOKV juid Lawsgs |, olgs gile g
Sed Salde b (ob B 5 3y e leioe Jie

A3l e VYKV 4 £ HZ j0lie gl os

Glwdnds 10 oolaiwl 8550 sl el )l (V) Jgu

sles CoeS Slade
oYl Al
Vp-p (RMS GB a5 las 5kl VY. kv
ws S slagly GwilS )3 TYxs+« Hz
Shase Lo olgs Yo -MVA
b 0z 6551 3lwe e s
Psc Sl aile b s £ KVA
Vsc sob 5Ly AV
fsc b iS58 O0+Hz
J el (ol plos ggome 0+ -kg.m?
P ladad i ol Y
S il sl -0
zs Sl piged oo 1ps
fs Sy 5 6 oy Se YeoooHz
ol ebline (9,50 55155 ol ey
e g g9 111 N.m 560Vdc 3000 RPM-126 N.m
J S0 oyl oo +,+\\ kg.m?


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

L..u)_ru Slalace! 9 s.").».».u »)5}3[4 DC U’”L )U3 as »)5.‘04 IRV-Y N u‘y
Sl yap 4ty Yogg 556 late oaiS JpuS el odile culs
o33l 5l g wles Bpae jLbs F 2 slue ;33 piugw lawgs |, 8LS]

S (55 sl Dl a4 gl § DC S 5

S S A =0

18 et (39S 555155 Jol 08 s 5 allie () 53
Oedlo b g8 b 7 jlueyesd s Sy 4 I DO o8
Baw 0,5 (o0 )1 alllas g wyp 090 Sel (plomiw i I
aSed @y () olt o eads jalls wlilugs (Lals FESS 5 65,15
2 FESS ) olys il )9l ol 31k 51 o5 ool ol )L elas
Sz sbie (i 900 Dyge A g dgeSTogiey ple
S PMSG jglisl b,s (JrS a5 00 sloddlge J oS
3 ooliial Gas . Cawl o0 03 080 1 g5 536 Blate ouS ] S
s J5 5 PMSG s Shec spmgy Il g5 (5316 3hase oassS |5
| £55 518 shate 5 Pl ouiss J,S 90 b Ldlate a5 ool DC S
Sl ools ylis (g3lwand gl woles 10 0,5 0 8 Al 090

5y Sllugs rals jo oYL cds Il g4 (631 Blate oaisS JiuS oS
Sl 1, DC S

&=y
[1] L. Tian, Q. Ye, Z. Zhen, “A new assessment model of social
cost of carbon and its situation analysis in China”, Journal of
Cleaner Production, Vol. 211, 2019, pp. 1434-1443.

[Y]L. Pereira, 1. D. Posen, “Lifecycle greenhouse gas emissions
from electricity in the province of Ontario at different temporal
resolutions”, Journal of Cleaner Production, Vol. 270, 2020,
122514.

[¥]A. D. Falehi, “Half-cascaded multilevel inverter coupled to

photovoltaic power source for AC-voltage synthesizer of
dynamic voltage restorer to enhance voltage quality”,
International Journal of Numerical Modelling: Electronic

Networks, Devices and Fields, Vol. Y¥, No. o, pp. e2883.

[f]D. Maradin, L. Cerovié, A. gegota, “The efficiency of wind
power companies in electricity generation”, Energy Strategy
Reviews, Vol. 37, 2021, 100708.

[6]T. R. S.de Freitas, P. J. M. Menegéz, D. S. L. Simonetti,

“Rectifier topologies for permanent magnet synchronous
generator on wind energy conversion systems: A review”,
Renewable and Sustainable Energy Reviews, Vol. 54, 2016, pp.

1334-1344.

[$]A. D. Falehi, “An innovative optimal RPO-FOSMC based on

multi-objective grasshopper optimization algorithm for DFIG-
based wind turbine to augment MPPT and FRT capabilities”,
Chaos, Solitons & Fractals, Vol. 130, 2020, pp. 109407.

[v] A. D. Falehi, “An optimal second-order sliding mode based
inter-area  oscillation suppressor using chaotic whale
optimization algorithm for doubly fed induction generator”,

VW gl -yl o)lod —passh Jlo -G 5o (g Slindad (caads - ole ale

=58 ygas b O a8 e 0 Slos U5, -F-Y
|853 3L Bl cusss
P a5 5 0y 0l Logh o5 i oS J 255 cand gl

IS5 53 b &2 Sl s DC S 31y gl 05500

1150 — -

1050 — |
0 05 1 15 25 3 35 4

Link V)

DC

v

il bl 9,5 )53‘;;“30 S 5y (V) s

g oz 3529l JLb £ 52 jlue S s Sanl paseine JS5 Bllas
2Jg 1100 59, 1, DC b 5kdy cosl arwiles aslis jo 5kdg
£33 Joov oo o5 s oL 5 5,5 llisd 4o 5 08 L
wz e aiS oo bl ) (Sl Sy g 005 (o0 ol (2,5 SLSU
oo 23l o OV 5l a8 g sl e o0gazma 4 5Ly 2l 5 Sy o]
Lo, lilazil 5 ol i 535 DC by 55 45 Sge ssalie g3
395 Ob b g b g Saw p edle atdl el suile 2o
Ol leslaul b iV-ge5 (5318 slate ouisS J a8 5l ool by gl
M 58U et o5 DC S 515 5 358 sladss b s
o e e V=898 (36 IS Sl ooliinl b s salys e
5l g dled Byme FESS Lawgs |, 8lol (6550 g atudlss g 0040

S (S gl Sl 4 gl g DC S 5l a3

=J 5SS yean b a8 i o Slos b 5,l-F-Y
g g 55 o oaiis
oA....SJ).»_.S u.:;;l?“& d)bgj-l‘*""-\JJ)l..S‘ . u-:‘ »

el o &l (1Y) S8

1150 — ol
S
F {1 bbbl L
Ef , o NS
8
UL‘UL -
0 0.5 1 15 2 25 3 35 4
Time (s)

0 eblis (39,80 551,35 DC S 5l 0 Y) U
3575 Sk &7 Sl oS s o sl Llitial b5 JSE ol
110054, 1, DC b 5ty cosl il aSlss yo 5L il g Uas
€999 Jdo lade a5 llas bl 5 900 Dl o L waie Lai> 2y
2z e wleige bl 1) (S8 5 Sy 5 905 (o0 olml (2],35 SLSU
oo ibce YV 5l 5aS g el jlne o0gasme yo 5Ly cdl g Sy oyl


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

generation costs using a Multi-Contingency TSCOPF with
nonlinear loads”, International Journal of Electrical Power &
Energy Systems, Vol. 104, 2019, pp. 69-77

[v\]S. Karrari, G. De Carne, M. Noe, “Model validation of a
high-speed flywheel energy storage system using power
hardware-in-the-loop testing”, Journal of Energy Storage, Vol.
43, 2021, pp. 103177

[YY]W. Chen, T. Zheng, D. Yang, X. Zhang, “Control of wide-
speed-range operation for a permanent magnet synchronous
generator-based wind turbine generator at high wind speeds”,
International Journal of Electrical Power & Energy Systems, Vol.
136, 2022, pp. 107650

[v¥]A. Fathy, A. G.Alharbi, S. Alshammari, H. M.Hasanien,
“Archimedes optimization algorithm based maximum power
point tracker for wind energy generation system”, Ain Shams
Engineering Journal, Vol. 13, No. 2, 2022, pp. 101548
[Yf]E. M. Youness, D. Aziz, E. G. Abdelaziz, B. Jamal, E. O.
Najib, Z. Othmane, M. Khalid, B. BOSSOUF], “Implementation
and validation of backstepping control for PMSG wind turbine
using dSPACE controller board”, Energy Reports, Vol. 5, 2019,
pp. 807-821

[valA. D. Falehi, “Robust and intelligent type-2 fuzzy
fractional-order controller-based automatic generation control to
enhance the damping performance of multi-machine power
systems” IETE Journal of Research, Vol. #A, No. ¥, pp. 2548-

2559.

[v#]. K. Shukla, P. K. Muhuri, “Big-data clustering with interval

type-2 fuzzy uncertainty modeling in gene expression datasets”,
Engineering Applications of Artificial Intelligence, Vol. 77,
2019, pp. 268-282.

[YV] A. Rupp, H. Baier, P. Mertiny, M. Secanell, “Analysis of a

flywheel energy storage system for light rail transit”, Energy,
Vol. 107, 2016, pp. 625-638.

VI Glis; —p)laz ojlod ~eo05l Jlo =50 50 (pg Dlarizd paass - ole ales

Y

International Journal of Numerical Modelling: Electronic
Networks, Devices and Fields, Vol. ¥4, No. Y, pp. €2963.

[AIN. Giiler, E. lIrmak, H. Gér, E. Kurt, “An inverter design for
a new permanent magnet synchronous generator”, International
Journal of Hydrogen Energy, Vol. 42, No. 28, 2017, pp. 17723-
17732.

[4a]H. H. Mousa, A. R. Youssef, E. E. M. Mohamed, “Optimal
power extraction control schemes for five-phase PMSG based
wind generation systems”, Engineering Science and Technology,
an International Journal, Vol. 23, No. 1, 2020, pp. 144-155.

[v-]. Wang, D. Bo, X. Ma, Y. Zhang, Z. Li, Q. Miao, “Adaptive
back-stepping control for a permanent magnet synchronous
generator wind energy conversion system”, International Journal
of Hydrogen Energy, Vol. 44, No. 5, 2019, pp. 3240-3249.

[V1]. Hosseini, E. Aghadavoodi, L. M. F. Ramirez, “Improving

response of wind turbines by pitch angle controller based on
gain-scheduled recurrent ANFIS type 2 with passive
reinforcement learning”, Renewable Energy, Vol. 157, 2020, pp.
897-910.

[v¥]. Lihua, L. Min, M, Li, A. Baziar, Z. M.Ali, “Hybrid RNN-

LSTM deep learning model applied to a fuzzy based wind turbine
data uncertainty quantization method”, Ad Hoc Networks, Vol.
123, 2021, pp. 102658

[V¥]F. Tooryan, H. HassanzadehFard, E. R. Collins, S. Jin, B.
Ramezani, “Smart integration of renewable energy resources,
electrical, and thermal energy storage in microgrid applications”,
Energy, Vol. 212, 2020, pp. 118716.

[Yf]H. Matayoshi, A. M. Howlader, M. Datta, T. Senjyu,
“Control strategy of PMSG based wind energy conversion

system under strong wind conditions”, Energy for Sustainable
Development, Vol. 45, 2018, pp. 211-218.

[YolR. Kumar, H. P. Agrawal, A. Shah, H. O. Bansal, “Maximum

power point tracking in wind energy conversion system using
radial basis function based neural network control strategy”,
Sustainable Energy Technologies and Assessments, Vol. 36,

2019, pp. 100533.

[Y#IM. M. Bajestan, H. Madadi, M. A. Shamsinejad, “Control of
a new stand-alone wind turbine-based variable speed permanent
magnet  synchronous  generator using  quasi-Z-source
inverter”,Electric Power Systems Research, Vol. 177, 2019, pp.
106010.

[VV]D. R. Lopez-Flores, J. L. Duran-Gomez, M. I. Chacon-

Murguia, “A Mechanical Sensorless MPPT Algorithm for a
Wind Energy Conversion System based on a Modular Multilayer
Perceptron and a Processor-in-the-Loop Approach”, Electric
Power Systems Research, Vol. 186, 2020, pp. 106409.

[VAlJ. 1. Sarastia, G. Martinez-Lucas, M. Lafoz, “Analysis of
alternative frequency control schemes for increasing renewable
energy penetration in El Hierro Island power system”,
International Journal of Electrical Power & Energy Systems, Vol.

113, 2019, pp. 807-823.
[Ya]B. Thormann, P. Puchbauer, T. Kienberger, “Analyzing the

suitability of flywheel energy storage systems for supplying
high-power charging e-mobility use cases”, Journal of Energy

Storage, Vol. 39, 2021, pp. 102615.

[v-]. Arredondo, P. Ledesma, E. D. Castronuovo, “Optimization
of the operation of a flywheel to support stability and reduce


https://dor.isc.ac/dor/20.1001.1.23222468.1401.11.4.3.1
https://jeps.dezful.iau.ir/article-1-447-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-25]

Journal of Novel Researches on Electrical Power - Vol. 11 -No. 4- Winter 2023

[ DOR: 20.1001.1.23222468.1401.11.4.3.1]

VW gl -yl o)lod —passh Jlo -G 5o (g Slindad (caads - ole ale

Designing an energy storage system based on type Il fuzzy logic
controller to reduce dc-link voltage fluctuations of permanent
magnet synchronous generator wind turbine

Ali Darvish Falehi
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University, Shadegan, Iran

a_darvishfalehi@sbu.ac.ir

Abstract: This paper aims to reduce dc-link voltage fluctuations in variable speed wind energy
conversion system based on permanent magnet synchronous generator (PMSG). A flywheel energy
storage system (FESS) which is connected to a squirrel cage induction machine is used for dc-link of
PMSG. FESS has been applied to reduce the fluctuations of the injected power into the network and
to regulate the power flow, which has been carried out by sending/receiving power from FESS when
there is an excess/deficiency of the network power. Type-Il fuzzy logic controller is proposed to
improve the PMSG performance and dc-link voltage control, that its performance has been compared
with PI controller and type-1 fuzzy logic controller. The grid connected converter is used to separately
control the active and reactive power for achivement of unity power factor. The dynamic model of
the proposed system has been simulated using MATLAB-Simulink software and the obtained results
prove the effective performance of the proposed controller.

Keywords: Energy conversion system, wind turbine permanent magnet synchronous generator,
flywheel energy storage system, type Il fuzzy logic controller.
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