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Direct Power Control in Doubly-fed Wind Turbine Induction
Generators using Fuzzy Controller

Farhad Bahadori-Jahromi®

! Department of Electrical Engineering, Fasa Branch, Islamic Azad University, Fasa, Iran
Bahadori.fr@gmail.com

Abstract:

Wind is a convenient and powerful source of energy. Power generation in a variable speed wind turbine is an interesting
topic; since in wind energy converter systems, maximum utilization can be achieved at any speed. But this system needs
its parameters to calculate the optimal speed of the turbine. In this article, a control method for tracking the maximum
power point in the wind energy converter system is presented, which has been used for simulation and design along with
fuzzy control by Mamdani method. In this article, the wind energy converter system is a two-fed induction generator,
which is connected to the grid with a rotor and a stator. The input of the control system is the difference between the
desired speed of the generator and its actual speed. The optimal speed is the rotational speed at which the generator
receives the maximum power from the wind turbine. After conducting simulations and designing a suitable fuzzy
controller for the system, it was found that the incorrect selection of a parameter has an adverse effect on the control
process of a system.

Keywords: Wind Energy Conversion Systems, Variable Speed Wind Turbines, Doubly-Fed Induction Generators,
Maximum Power Point Tracking
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4 Hill Climb Searching

oz Sl 6ol g Sl gl il 0 (g eediase J 7S

doddo —)

S olsie 4 (WECS) ol 55l hiass slapiasms 09,
Omed & e 4295 0 )90 lend GlacSsu sln clie (2
sr o Jwoa g ok 550 5l a5 sl gyl ek Jeo
S8 aslllas 5550 o0 £9:090 o Gloie 4y 0l (6551 Joare (bt
ey b 63k b8 Jold Bes «Jowe slaptnns (nl ailaid 5
Sy b 60l 55 Slaptanas 4z ST atin T(VSWT) iz
"DFIGS) ailSge wdxs b oWl sla,glss al » Yoors e
55l 2500 5 e Olyea ok @5Hl W] asis
o G5 (2 pragen [Y] sl o a3t VY 3 50 pdhasacs
Wlgien 6ok g Sy abloe Wga b 51 (S 55 oy
ooy Al oS e il e b cob-ce o Djgod
uitom e oo S50 Lol il g LSS 0)lg0n 58 a2l
dlin 0 [¥] WS oo i ol e po 41 4255 b 555, 2352 ety
Ol a5 Jod 5l o je piiom e Sl iiobole o S L
hadlogle ydew 6)lwl mizme g 5L (60 Shas 03guze ¢ yidey
4 Gl Gl g s (Slsesly 5 (b Sz oo )kl
5 el Sl Sl el e St Sl 6,
~Ee o 18 e (092 polie 5 09 )l S (SYob yee (iznen
LF] 02l oo it i s 51 i 2
5SS g il ane) o ilide Olalhe 5 oow)
iy by i LV GF] jo el oas bl (6ol w95 (sbpian
Gy g 0D Byme 4085 g oWl Wge b g0l e ,e5 MPPT
ol 00l dwlore by sy b bad o oy Ay 4 dge Jlye0
ALzl ipias Joo 55 55,k sl ST oVle )l 5 0925 cnl b
OSan Judo ped a4y el oais Bl slen g o Laylyd g ol o
s 4 (a3l iy S dbal g 03,5 oS ulps ol
Al alnto Ol alall 53, pae o a4 9585 (Byee 1S
ol a8 MPPT iy 8 s, T ol b alilie sl 58
695 Jubowi .l oas @ilf [0] jo ol TS o (g9
w3 )5 )3 gy 090 [F] 30 01355 guge Sl Woe (Solins 53,
@l g oads (B yme [V] 50 jgmaics (ygay alysS'o (J5S By, S e
s S [A] o o)l goleiin By, w95 0,Shas 5l olsS alol>
S sz by, a5l g el gilwesky JolS 63l (s Ve
~JS (b a4 [8] o sl oas oslinl s J 58 gz s
ool Cundy 1o 5ok s U5 sl o 9 8kes ()2 g 00k
oozl eSS slo g, 51V -] o ol ool axsls p agas
ol o ool idas LQG 35S g, 5l [VI-VY] jo g o
b g JAS Cazr Gl S5 Gy, 5 DF] e eizen

YA = 10T ol — 093 ko — Jgl Jlus — B ilobos g o 2315l e Juloss oo \}\\',



aAlgo adsi oWl Heil 5 (2ol Jow -Y
B,b 4 Cad) 3,5 lue 0 |, DFIG Joleso Sl (V) S
Wb o ) Sy 358 Jlae p @Sl Laly) e e lid (gl

dgr .
VS =R, +—+ jo.f
S S$°S dt J S¢S

VrS:Rr|:+dd¢:r +j(a)s_a)r)¢rs )

¢ss :lesS +Lm|rs
¢rs :Lmlss +Lr|rs
9“"51 6L“’ul9’ ! I‘r = La‘r + I-m 9 Ls = Lz)‘s + Lm 093 4.]9.;‘) »
i lse Cusody 5 alal, 5l oo (slalixd 5251,
. 3
P, + jQ, :—EVSSISS )
wl.a a&.m} JTOAJ‘ Lng)LJS )é )5.:[.\“” )LM: U‘)Bé U.CJ.AA} 9 o)lml

S
S

3o ekl H0 ome lals 5l ST =0 Sy pl 4 aes

gdss 4l pj alal) 09d (gt

Ve =joe *
dg0 « abC o 6550 b Slaslne jo (Solo slp Yoere
S5l eolaiwl b o j5e cpl o aies oo a5l ales S e ooy
Sl ol 555 gl | 15 590 S olS 3 ol on PLL)
ool «onl TS L oS 4 Ggyme 45 A0 4 ADC o5 plxl
o oo sl ) Bas cpl il (V) abaly 0ges

cos(0) cos(@—%} cos(9+%ﬂ]

V g0 =\/§ —sin(8) —sin(@—%j —sin(9+2§) Vae )
£ &
2 2 2
cos(6) —sin(0) g
V.. =.=|cos|d-——| —sinfd-——| —N A
abe \/; ( 3 \] ( 3 j 2 dq0 4y}
cos(0+2—”j —sin[9+2—”J ﬁ
I 3 3) 2

w0 5l aw pie o 5l b by Gl e 398 Lalg o
45 290 (o0 00 )5 GligS e has cpl J 0 e bod Gl

1) g <ol d 197 (S92 )531;;.:l )LJ5 )loﬂ
Vsd

@

P :Ol(psq == Q)

25 Ogets ]y 98Ty g 981 lgs baulg, (g oo w3 Ly, 4y azgi b

20,5 (w93l

2 Park Transformation

Y
ey

VEOY iantl = 293 85loud — Jol Jluo — B clols g B 0313 o sto Jos oo mm ¥ Q

Pitch
Controller

o]

8 10 12 14 16 12 20

[16] ok o157 (b simin :(Y) S

R r L Ly p
A D S Ay R’AM
Y de L .
dt dt '
Q —— -
jo, ¢ jlo-a,)¢

[VF] g5 biw! cuom 43 a8l JUissI DFIG Joleo jluo :(¥) JSi

&b slag g 4 baye (V) JSG 50 G slasmie 4 a5 b
Sl 4 ol S Glime 4 Ay g S il i g
@b osd s Guyg bawgi (Sen Oy iSTas oS 09 e J 1S
a5 > o1 5l 18 e ol zgl 5y, LI abaii Koo ol
b Sy S 0jlil 5l 2a5s g Sesle (S SUl Gy (5ol
o oo (MPPT) g5 j35Tas abais b, sl Jos 5o euns
EZ o Sy D9l o0 dolime 0l (605 o3Il gV iy 68
Aoy YO 55 ol zehw lp Ll sl VY PU Jly job o
bl ols peasSle 50,5 JLis Gl a2 Co b0 SRS
1398 (oo (e alaly bawgi (Wb Ol VO 5 zshaw sl
@, =-0.67P? +1.42P +0.51 )
b (sl il e 00 (5 ;eF0 5l S 2SIl 3 P alasly sl o a5
b walgs S e o8 bawgi 589, S e ool i Gl

! Phase-Locked Loop




o3l LDFIG o g pudliisnnn J yiiS 7 40 ¥
38 ;s

Tk S5 oplamd e plas 1) (IS b 5l IS sles (F) s
6ok Lns bz il o108 o )L o gilead ln Ty IS
g oo odalie JSi 40 a5 jshailen )l 5925 ] (g3lwosls (sly
ol o & g dlons ;glinl (L 9 5U5 (69, 51 95T 9 95T Sla gl
S3B oS 7S 4 (839)5 Olgie ez 925515 5 951 laglss
Ely 33 G5B i 5955 45 s az gy b anl Wed e 5l
2 Sl sl Jy Sl gz e Ul g bl LS Bl (o S
595° 50 O LK g Uas anwloxe a5 Cwl oads (5,8 S 0 ¢ o les
Erg polie drlone sl uizran 355 o0 O )90 5500 ;508 Sols
il g S S5 VAT PLL oSy 5l osbizial U Lol By
Sk 4 63959 Olye W (S 89, OlgS Sae e ol e 4 g 0nd
5 3B NS (293 e b Cales 50 09l o0 0313 Ergg anmlne
ylige Casoay U g5, 5y JUiSems Erag dmilne S5l

08 it )53, slaailly (59, 2 1) 55 Olgt 4l (sl Ve

Sgu g0 ool AC + DC Joo ol o 4 lugnsy 23l S
Cedyb b 035 S 51l (e 50 DC S 5 st Sl gl o8
Goly 65Ka a5 Cesl pl E300 ytage S5 ce solizul YL
95 2 4bgrye By B 09 pald jlugusy sloyginn 5 sln p3Y
S 595 3l lagasSy Sladl a5 (sl 0sh wdsi 5y, slaaibly
() S5 50 05 e oolizal [+ ] "SVM) i 5l a o JUiSKns
2 09550 55k 03ly SVM j5i¥g0e Sl (625 54 b S
e sl g 558 SIS 5l sodss 58s, UK s5V500 &l
03,505 sl o bl g 28lye plod i lsie 4]y B
S (oo 555y Cao SluseSG Sln 1) Lol (58S Sae (o
p3¥ DC 5Ly a5 395 oo ool jslaie (nl 4y 523 a8l Caons Joos
5y a3l oolial (ISl 510,51 oal 8 jloseS bl 59, 1,
Cos Joae 31 oolatul 4y 5Ls ail arsls 0455 DC S (59, » DC
5 DC S 5y palats 31 eolissl b g co 45Ty .08 Anlass aSud
255 pal 535, slaaibly (55, 1) osllae 5Ly SVM (6,5 5,

dda. | A
I PQ fe
| =y |
> RO e bl
3(-),

L |v.
(or)}——
DC-Link

G4 K

Prets Quer

:"‘G' » RsC + GSC w
B 4843 Caans Y
SISl 03lisasl DFIG 13 (g5 alimo J 535 b 1(F) JSCb
3B

2z S 60k oy Sl gl g3l 5 )0 g i J S

Voo m Fer i — o0 o,lows — gl Jlw — b ciloluo g o 313 dba o o5 aloxo 3'\\".

Ps:KUVSd(Drd
LV A+
Qs :_Ko'vsd [L_rw;d_kcorqj
3 L, .
el Ko =0 @kl
S —r

i lp 55, Sy b b e (JpuS slap 5 gl pol cux
Gl 2 (258 b wled JLis 5 O yg0h IS 9251, 5 55T slales
Ol 1 el el gslinl 5L 5155 (gole IS Loyl i jo aS cul
il (b5l BB 2y g Ty Sloj o3k S o bl Sl s
AP, =KV 4Ap, A%
AQ, =-KV 4Apy
OlyesS BPra 559, )L 5ot b g o0 45 w20 o0 L5 398 Ll
293t Ts Slej o3l ;0 (F) 5105 J a5, 9251, 5 95T slolos

1090

ATﬁzvj—erf—j(a)s—wr)ﬁﬂf an

S
295 (o0 42055 000 (sl @y (598 alal ) Jlasil L 1A 4
Apy =TV o +T (@, — @, )@,
A(qu :Tsvrd +Ts (a)s — @, )¢rd
odds Sl eSU oS ey, 4y azgr b aS il o olei oo Soluay

D9b oo p3 Sy 00 slas yo 5555, 5Ly ol

QA

AP - -
Vrd — s +a)s @, Qs +a)s a)r\"/sd
TsKavsd Kovsd Lma)s
AQ o0, —o AR
qu - _ s 48 r .
TSKJVsd KJVsd

Ly paile o0y 90 Oyg0 Gl e |y 3 slaaka
V,=U,+E,

\0)
Vio=U,+E, ¢
L@‘a—‘ )éd.f
E =a)s—a)r a)s—a),\
rd Kded Qs+ Lma)s ‘/sd
%)
5" sd

Urg slop i o5 patin | 63 ouss S Jl Joxe Gl (o0 JI>
Sl @8ly o Wed oo a5t 3B ounS” S il eslannd L Upg 4
79 b sl oolitul alie (63 s 93 5l lap 5l 0y
Slp g,y 09 waly> Urg 6,58 9 Upg bapiacw o0l 51 (S
A oly gl JIRG 5 ol glbas S)g0t 02 (551 plre
Oleyen jok 1) 9551, 5 9551 Ol 99 8 Ol oe Nado 485
et e eallie ol )3 08 i ) (G LS asul b 88 iy

JOMPREITER SRITRNES R

1 Space Vector Modulation



aiile Urq 9 Upg sl 3l ol aSiul b a5 L (0) IS5 50 el
Sgi 0 0ddliie (yuizras iloads ool lis S S5 0 i o2
G 0sS w5 69959 o lp N 5 Z 5P (5 058 aw o5
—6;56 Sl s a8 3 Ll >4,5 sl NLNM,Z,PM,PL
aslgd glonzl 5510 (2 Silee (55 4 (53luis3B s 5000 g5 5l g5l
2615 Uil 5l (s oy Pl Calts 15 5 5 S oS lo
sals> 5 ook, oo LIS 31 pl (gl a8 )5 Ly (g5l

Iv] sg

Zlmzlyl Hlnz /JAi' (Xi )

f(x)= )

. Z:T]:ll_[::fu;\,' (Xi)

U e Byno 4,y (X, ) el (5316 (s slass M 395 abal,

S 095 S po Bye oa Tt pll (g5 53 ol (5395 3l
Gy w358 alal, gliial il pll o6 0 2s)>
gl oo Ole ) S)get &5 Sl 31 wslgd Jooo
rule| :if x,is Al and x,is Ajand ..theny isB' (v-)
Sl el ol (8l 0 29,5 65 05,5 Gyme B ] 0 a8
S8 sleos, S SThe 55 2 xS eSle g5 5l Siles e
Ol a5 g s BY Lol bl il 42 55 500 il (25,5
g e Slgiing 3 delsd (1) Jgaz 50 S e uliS T 5T
(&) S 50 Cowl oals 48,3 a3 5 (Y) Jgaz ;0 DFIG (sla il )y
ol 0as ool lid 5.8 g3 4y gy e a2 10 (69959
slp el glaly Dlyis Sl o5 @z 0 63959 £95 n] S
IS JES (V) IS8 53 el eslin oS ] S0 Shoe 25
Al lp (638 i &S] 4 Az gi bl ool ools lid Upg
QS oo Sl o o spalive s(69,9 5 009 o2 wline Urq s Upqg
5y a5 sl ) oallas gy silyS il K30y b JiS s 90 ! 1)
aols a5 55 o oanlie b oyl 5 sl azdls b ke DC iy
Colhe (g 4 S (29,5 Oy Sl S8 BB Wy nl S pss
oS S (65655150 L 45 355 oo oanlive ilond anglie (A) JS5
9 Wy Sl S D00 Jod BB O jpon Gy 6259, 5L
sladss ;50 5 d sluw 1o 4585, slaslls 5 j5tesl 6 aw by
L5l g ot (1)) U5 0 aled 5o el oo o0l ol (A=) +)
OLS 2 (538 s L5393 Sy 0 &5 Ol (6253, sla>
JUSs )0 glaly Sblugs 3g2g b 45 395 o somlice ansl o0 o0l

.o)l..\j RERW ubby Lg).:fo) sl &=

&3 asled Jguz (1) Jguo

ep Pl ZI|N|P|Z|N|P| Z N

fepdt | P| P |P| Z|Z| Z |[N| N N
Pl P

Urg@Ud | [ pm | Z|PM|Z|NM|Z|NM | NL

A=
ey

VEoY iantl = 293 8yloud — Jof Jluo — B clols g B 0315 o o Jos oo mm ¥ )

wliey)

\
06~ o =8 f_\? /\
| -

r(U, o)

0
-80 -60 -40 20 20 40 60 80

0
Urd or Urq

3 Jepdfs €p s s959 sl 531 Glx @ilgs :(B) S

Urq 9Ura s >9 5>

Sl (29,7 $99)9 (£2by e S &y )3 551 oS S
e (nl 058 g0 S5 51 Dludl) eedlie (S 5 0 L oS
e 4 Conl (S O] (zay5 Jy 2wl 509y5 iz syl Wil
Urg 9 Urd 258 sln 3B ouiaS J 55 50 5l il 3550 cnl 5o polaie
sl o el 5055 i ouiiS 155 g L 4l 09 ool
(79 9 LSy (05 atie (s eanS S (b s
ol 5 el LT 4 (656 (sloog S ol 5 Lol ol s o5gaoma
oS el Gl sl 15015 G5 sl 0aiiS J7LS (6935 €590
13900 demlte 35 O)90

t
€p = P, _Ps,ref ' IeP :J‘eP (‘[)dT av
0

%
Sy 5 1) 9251, lgs las JI,SGH g e (g5 o0 o 5 (a4
B s 3550 5551 Ol S bl (gjlwands (pl po adlcé )3
5 Lisagys 4 4l olaisl 550 slaog S (B) JS&b el 8 5
et ) Oy g oS £l @l pled was oo LS (295

7[&4.‘]

C"I

'uAiI (Xl):e I (\A)
o )lods 1 Gl el (556 (g o)lots Spmel il 5 el 5o

Pl gl 5o pll (63955 4 baguye ali 35,0 sasmalas] g (68959




2z S 60k oy Sl gl g3l 5 )0 g i J S

395 Ll B4y G (53w duls 3O DFIG (sba ol ) 2(Y) Jouo

o 0.01 0.02 0.03 0.04 0.05 0.06 0.0 0.08 0.09 0.1 GL . t K t; C .
= G, L C
¢ |[BE| R RL KL KE BE g‘g
e " FEE
20 690 | 0.435 70 _ 100
MW v o Q0.819 mH 2mH p=2 0.3 rpm
18 T T
B e
233999) 3y 9 H9lwl 51w ol 2 9 5L (1) JSB g
qsd slwo g
5 T T
1 \
| | H H H H I H H H H
4 ] I 40 001 002 003 004 005 005 007 008 009 04
—ey) timels ec)
w3 —— | fep(r)drﬁ Pet (MW) a2 50 55T g5 :(5) S
i3
n 2 0
c
T
o g 35
0-—‘1— e A . IR ey 30
=
25
1
0 00l 002 003 004 005 006 007 008 009 01
time(sec) *
150 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

350y sl J1,5s g Uas (1) S5 ime(sec
Uy s JiSew (V) S

S5 A5 -0

Ors8 e 3,8 kas Sgut S (318 00 508 Sy wdllie (o
@l g Joo a5 09 cpl (22 08 sile ool 5 (Aib ol
3 6ol Gy Jowe sl 5wl JLiS ] 40 (DFIG) 4355 gugo
2ol Jlesl s 538 0aiiS 8 (Hhb @ azgi b adlioe oo
el oty sllas 5 az s b jloms @l G0k (etys s 595
6318 00 S clio o Shae 5| Lt e oanlice a5 shailen a5 o

500

400

300

200

DC link voltage (V)

. ’J/’\/L/\/’I_J’L_J’IJ—\_:-'\

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

b el Alie (pl )0 (s 0 9550 s &S ESI b e time(sec)

—oaiiS J S celin 5 380 (>yb b a5 08 S i ol oo DC o 5Wg :(A) Jsio

g 00905 55 95 a4 |y (bl Glaptans Gliiee 38 lo " .
gl Ll 511 gllae o Slec . —

14 -

12

&l

[1] Liang J . Yongxing Qiu .(2015). “The modeling and
numerical simulations of wind turbine generation system
with free vortex method and Simulink”, Energy
Conversion and Management 103 pp: 762—777,2015.

[2] Sukanta Roga and etl. , Recent Technology and
Challenges of Wind Energy Generation: A Review,
Sustainable Energy Technologies and Assessments, 0
No.52, pp:1-17, May 2022.

10

P, and P (MW)

0 001 002 003 004 005 006 007 008 009 01

time(sec)
[3] Mohammadjavad Mobarra and etl., Variable Speed < Cog e .
Diesel Generators: Performance and ~Characteristic B al 29,5 ol g waths ply amlie: ()
Comparison, Failure Diagnosis and Prognosis of Induction &y J s

Machines, Energies , 15(2), 592,2022.

VY o 0FY il — 098 5,k —Jo! Js — 1o ilolun g B 0315 cfo Bl oo

A=
ey


https://www.researchgate.net/profile/Dr-Sukanta-Roga?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Sustainable-Energy-Technologies-and-Assessments-2213-1388?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://sciprofiles.com/profile/1051729
https://www.mdpi.com/journal/energies/special_issues/Failure_Diagnosis
https://www.mdpi.com/journal/energies/special_issues/Failure_Diagnosis

[19] S. M. Muyeen, R. Takahashi, T. Murata, and J. Tamura
.(2009). "Integration of an Energy Capacitor System With
a Variable-Speed Wind Generator,” IEEE 7)-ans. on
Energy Conversion, vol. 24, no. 3, 2009.

[20] G. Lalor, A. Mullane, and M.O .,’Malley, “Frequency
control and wind turbine technologies,” TEEE Trans.
Power System, vol. 20, no. 4, pp. 1905-1913, Nov. 2005.

[21] Tina Samavat and etl., A Comparative Analysis of the
Mamdani and Sugeno Fuzzy Inference Systems for MPPT
of an Islanded PV System, international journal of energy
research,vol.2023, Apr 2023.

Yo
©

[4] Tapia A, Tapia G, Ostolaza JX, etl .(2003). Modeling and
control of a wind turbine driven doubly fed induction
generator. IEEE Trans Energy Convers 2003;18(2):194—
204.

[5] Petersson A, Thiringer T, Harnefors L, et al . Modeling and
experimental verification of grid interaction of a DFIG
wind turbine. IEEE Trans Energy Convers,20(4):878—
886,2005.

[6] Batoul Amen Alsati and etl., Study the impact of transient
state on the doubly fed induction generator for various
wind speeds, Journal of Engineering and Applied Science,
NO.65, Jun 2023.

[7] Akel F, Ghennam T, Berkouk EM, etl ., An improved
sensorless decoupled power control scheme of grid
connected variable speed wind turbine generator. Energy
Convers Manage ,N078,pp:584-594,2014.

[8] Koa HS, Yoonb GG, Kyunga NH, etl ., Modeling and
control of DFIG-based variable-speed wind-turbine. Electr
Power Syst Res,N078,2008.

[9] Bekka H, Taraft S, Rekioua D, Bacha S ., Power control of
a wind generator connected to the grid in front of strong
winds. J Electr Syst,9(3),pp:267-278,2013.

[10] Bianchi, F.D., De Battista, H., Mantz, R.J .(2010). Robust
multivariable gain- scheduled control of wind turbines for
variable power production. Int. J. Syst. Control 1 (3), 103—
112.

[11] Mateescu, R., Pintea, A., Stefanoiu, D ., Discrete-time
LQG control with disturbance rejection for variable speed
wind turbines. In: 1st International conference on Systems
and Computer Science—ICSCS 2012, Lille, France,
August, pp. 1-6,2012.

[12] Nourdine, S., Camblong, H., Vechiu, I., Tapia, G .,
Comparison of wind turbine LQG controllers designed to
alleviate fatigue loads. In: 18th Mediterranean Conference
on Control and Automation—MED 2010, Marrakech,
Morocco, June, pp: 1591-1596,2010.

[13] Maria Letizia Corradini and etl., A control strategy for
variable-speed variable-pitch wind turbines within the
regions of partial- and full-load operation without wind
speed feedback, Asian Journal of control, Vol.25, Issue5,
Sep 2023.

[14] Ramadge, P., Wonham, W.M ., Supervisory control of a
class of discrete event processes. In: Bensoussan, A.,
Lions, J.L. (Eds.), Lecture Notes in Control and
Information  Sciences, vol. 63. Springer-Verlag,
Heidelberg, pp. 475-498, 1987.

[15] S. Morimoto. H. Nakayama. M. Sanada. and Y. Takeda
.(2005). "Sensorless Output Maximization Control for
Variable-Speed Wind Generation System Using IPMSG,"
IEEE Trans. on IndustlY Applications, vol. 41, no. I,
pp.60-67, Jan/Feb. 2005.

[16] T. Senjyu, N. Nakasone, A. Yona, S. A. Yousuf, T.
Funabashi, and H. Sekine ., "Operation Strategies for
Stability of Gearless Wind Power Generation Systems,"
Proceedings of IEEEIPES General Meeting 2008 (GM
2008), CD-ROM, pp: 1-24, July 2008.

[17] Md. E. Haque, M. Negnevitsky, and K. M. Muttaqi
.(2010). "A Novel Control Strategy for a Variable-Speed
Wind Turbine With a Permanent-Magnet Synchronous
Generator," IEEE Trans. on Industry Applications, vol. 46,
no. 1,2010.

[18] W. Qiao, L. Qu, and R. G. Harley ., "Control of IPM
Synchronous Generator for Maximum Wind Power
Generation Considering Magnetic Saturation,” IEEE
Trans. On Industry Applications, vol. 45, no. 3, pp. 1095-
1105, May/June 2009.

Np VP ol g9 0l o - o lebs 5 s el e o e — V'


https://jeas.springeropen.com/
https://onlinelibrary.wiley.com/authored-by/Corradini/Maria+Letizia
https://onlinelibrary.wiley.com/toc/19346093/2023/25/5

