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1. Wind Turbines

2. Hydraulic Pitch Control Subsystem
3. Gain Scheduling

4. Fault Tolerance
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1. Sliding Mode
2. Hairi
3. Cascaded Sliding Mode
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1. Aikhuele
2. Genetic Algorithm (GA)
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1. synchronous phase angle
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1. Gearbox
2. Permanent Magnet Synchronous Machine
3. Doubly Fed Inductance Generator
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17.If (hesgarsoratwazavieyigenerator is NS) and (hesgar is NS) then (error is NS) (1
18. If (hesgarsoratwazavieyigenerator is NS) and (hesgar is Z) then (error is NS) (1)
19. If (hesgarsoratwazavieyigenerator is NS) and (hesgar is PS) then (error is Z) (1)
20. If (hesgarsoratwazavieyigenerator is NS} and (hesgar is PM) then (error is PS) (1)
21. If (hesgarsoratwazavieyigenerator is NS) and (hesgar is PB) then (error is PS) (1)
22. If (hesgarsoratwazavieyigenerator is Z) and (hesgar is NB) then (error is NM) (1)
23. If (hesgarsoratwazavieyigenerator is Z) and (hesgar is NM) then (error is NS) (1)
24. If (hesgarsoratwazavieyigenerator is Z) and (hesgar is NS) then (error is NS) (1)
25. If (hesgarsoratwazavieyigenerator is Z) and (hesgar is Z) then (error is Z) (1)

26. If (hesgarsoratwazavieyigenerator is Z) and (hesgar is PS) then (error is PS) (1)
27. If (hesgarsoratwazavieyigenerator is Z) and (hesgar is PM) then (error is PS) (1)
28. If (hesgarsoratwazavieyigenerator is Z) and (hesgar is PB) then (error is PM) (1)
29. If (hesgarsoratwazavieyigenerator is PS) and (hesgar is NB) then (error is NS) (1)
30. If (hesgarsoratwazavieyigenerator is PS) and (hesgar is NM) then (error is NS) (1)
31. If (hesgarsoratwazavieyigenerator is PS) and (hesgar is NS) then (error is Z) (1)
32. If (hesgarsoratwazavieyigenerator is PS) and (hesgar is Z) then (error is PS) (1)

2. If (hesgarsoratwazavieyigenerator is NB) and (hesgar is NM) then (error is NB) (1)

3. If (hesgarsoratwazavieyigenerator is NB) and (hesgar is NS) then (error is NM) (1)
4. If (hesgarsoratwazavieyigenerator is NB) and (hesgar is Z) then (error is NM) (1)

5. If (hesgarsoratwazavieyigenerator is NB) and (hesgar is PS) then (error is NS) (1)
6.
F
8

. If (hesgarsoratwazavieyigenerator is NB) and (hesgar is PM) then (error is NS) (1)

. If (hesgarsoratwazavieyigenerator is NB) and (hesgar is PB) then (error is Z) (1)

. If (hesgarsoratwazavieyigenerator is NM) and (hesgar is NB) then (error is NB) (1)
9. If (hesgarsoratwazavieyigenerator is NM) and (hesgar is NM) then (error is NM) (1)
10. If (hesgarsoratwazavieyigenerator is NM) and (hesgar is NS) then (error is NM) (1)
11. If (hesgarsoratwazavieyigenerator is NM) and (hesgar is Z) then (error is NS) (1)
12. If (hesgarsoratwazavieyigenerator is NM) and (hesgar is PS) then (error is NS) (1)
13. If (hesgarsoratwazavieyigenerator is NM) and (hesgar is PM) then (erroris Z) (1)
14. If (hesgarsoratwazavieyigenerator is NM) and (hesgar is PB) then (error is PS) (1)
15. If (hesgarsoratwazavieyigenerator is NS) and (hesgar is NB) then (error is NM) (1)
16. If (hesgarsoratwazavieyigenerator is NS) and (hesgar is NM) then (error is NM) (1)
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33. If (hesgarsoratwazavieyigenerator is PS) and (hesgar is PS) then (error is PS) (1)

34
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
48,
47.

48

If (hesgarsoratwazavieyigenerator is PS) and (hesgar is PM) then (error is PM) (1)
If (hesgarsoratwazavieyigenerator is PS) and (hesgar is PB) then (error is PM) (1)
If (hesgarsoratwazavieyigenerator is PM) and (hesgar is NB) then (error is NS) (1)
If (hesgarsoratwazavieyigenerator is PM) and (hesgar is NM) then (error is Z) (1)

If (hesgarsoratwazavieyigenerator is PM) and (hesgar is NS) then (error is PS) (1)
If (hesgarsoratwazavieyigenerator is PM) and (hesgar is Z) then (error is PS) (1)

If (hesgarsoratwazavieyigenerator is PM) and (hesgar is PS) then (error is PM) (1)
If (hesgarsoratwazavieyigenerator is PM) and (hesgar is PM) then (error is PM) (1)
If (hesgarsoratwazavieyigenerator is PM) and (hesgar is PB) then (error is PB) (1)
If (hesgarsoratwazavieyigenerator is PB) and (hesgar is NB) then (erroris Z) (1)

If (hesgarsoratwazavieyigenerator is PB) and (hesgar is NM) then (error is PS) (1)
If (hesgarsoratwazavieyigenerator is PB) and (hesgar is NS) then (error is PS) (1)
If (hesgarsoratwazavieyigenerator is PB) and (hesgar is Z) then (error is PM) (1)

If (hesgarsoratwazavieyigenerator is PB) and (hesgar is PS) then (error is PM) (1)
. If (hesgarsoratwazavieyigenerator is PB) and (hesgar is PM) then (error is PB) (1)

49. If (hesgarsoratwazavieyigenerator is PB) and (hesgar is PB) then (error is PB) (1)

638 5555 s (8 s 4 S5

6399 995155 Slagly g oy S Jol (63959 Jold (63959 93 1y (S gaw Hobo (o

gt (293 3 b 4 ey lp SES ©)gon (ool g 18 Sy g S pod

0

P 2 2

sl (V) S5

SRS e bay) ) g s

38 e ST il )+ S


http://necjournals.ir/article-1-1506-fa.html

[ Downloaded from necjournals.ir on 2025-07-02 ]

S 655 (o) ale 4y / ITRA Sl ) oyled XYY 550 WY

Copots 3B (2ep sl plle 5 (W) JS8 ©ppots gl piules sl pless Gl
OIS s i |y Sidgan e S > 0125 S5yl aalil > o8 13l pe (V) USG5

S A i
&
T
X
\
\
I/

S8 o sla> Ghale AT S

Sygods (b g 4 Jale 8Sud p) pleaw Glp oad (Sl Sgens ISl
Do o odnlie )] )3 (g3 oS S g Iinl pales a5l (VW) JSCi


http://necjournals.ir/article-1-1506-fa.html

[ Downloaded from necjournals.ir on 2025-07-02 ]

e 3L Gy A e a8l o)y (il Jae g J S sl il

.BI

.B7

230e3V 230e3V
1.062pu 1.065pu
0.3732deg. 17.12deg.
A am—as ———— R — A a ¢ | A
. - - | A
c cp—a— — ¢ !
Area 1 B1 Brk1 Line 1a Line 1b Brk2 B2 Area 2
(110 km) (110 km)
g
——
Line 2
(220 km)
s=peus
o e <
% I—E <D 7
D 3
her—d

e T

e e

PraxTions

I

amt
e

4 | mees rIJ
E=r]
e

Tawsy v e ey e )

Commrons Gewas

W gut

B e e



http://necjournals.ir/article-1-1506-fa.html

Oyl (65 (delidiad) ol 4 s / VYAR Sl ) oyladd oYY 090 WY&

[ Downloaded from necjournals.ir on 2025-07-02 ]

| M3_Area2 Area2
20e3V
pu
- 4.387deg.
A I\ A h\f A a
: 8 —3 {B--op B-Cr—b
c co? “vg c c s 2
— g B2
M3 900 MVA T3: 600MVA 2Bl vea? 10 km Area 2 ol Cs1>
20 kV-230 kV =
<
mfe—] Pref3
om (e _Pes] W 5
L Pref By 20e3v N
ipu
e 0deg ¢
M3: Turbine & . A ajp—
Regulators _3 E— bl—
DT “Yge

MM
U 1"\' | —»|
) "\ MW pus

Dispatch Command -G3 & G4

M4 300 MVA T4- S00MVA e ]' l I
20 kVI230 KV goomw [ <5 e
100MVAR %}3 L |asomvar
L 18TMVAR | L =IE

I <Rotor speed dpviation dw (pu)>

M4: Turbine &
Regulators

\Vrefd
Fen

To Workspace

6ob w)jim&mmf)wsb W) f\)bwwdlséba \\“JS....'

Sy o9 Oy sla Shg o amd e i (V) S5 ko 1] ) a Sidgens (295

ol 42l (g5l digo 03l0] da U ey Cas o g s il

E T T |
16 16.2 mis e

S AIA OIS

(o § S8

ooty 0,505, Jlael sl am (60l (ygf )3 e 5 (655l i b a8 ales N SCS

» oS u.sUa.& 9 ‘/0\‘ ).3]).3 s u,&l.m &S Y/’\m‘\ ).g|).g d9>g0 L;LL:.’> )..5‘» ‘Lp(’(.i] PN

Gy 3l Ay o s &S Canl /YAl sl sl (Bl (ealpiitig 3,500y Jles! 5l da piian


http://necjournals.ir/article-1-1506-fa.html

[ Downloaded from necjournals.ir on 2025-07-02 ]

Wy e 53 g8 & Jate 46 ) (sl S 9 J5S es)lub Jlbo

3,550y dgug 5 i oS Cuwl 0ad puS” cllad sl VYFY osile (Bl gllas 1 deng0 (gl (iSlas

Amd oo inled |y (63l e o S galS e g (ansuid ) (odlaiin

Ololgls 9GS 4 0

@ b pmals ud (la Chgw xS 4 il L Chlas gl gline 4 0l (6551 o]

38 lobuus il gl5 elias | i e JlS eian 5 Cogm i w55yl o)l
oS 3y5l 0 299 4 cilisee Gblie )3 3 |y eute lagille d T 5l edlizal )3 (ool slagm)
4 uate 4 iy S (gl Jdo 4 Bains opl g3 abb )B4 S oYM sl wles e
358a5) b a3y ol (ol Sl g aie S35 opon dree sl Bl b ool g
wolid o 5 (56 Blate e 008 S SOl eolaiw] 4 48 Gl Gygeo s (0loiuiig
Ollos #8lg 53 .ab dnled adlyy olul oo Ban b aidl drwgy S jild b s slos 5480
05 3 (531 Joo 514> e om0 s Joe 5 6l g 05 28 s Lol
i (sl 535 S 5 6005 g3 i L 0 (e gomm 3,Shae g lalls lulis
&S Jad o i MATLAB Lo j3 (gl dud 98 o0 pbol (6568 slaie jl ool b g lub

] Ot il (Sl gy 4 Camd (amwlio Hlwn oS ) (odleiin 5509,

&b

P Seidle oy 5 b iy S cual gl dige gl u,....u" (IYF) gplai cwyls [V]
NNNY ao Fojlodd V- 0,93 ¢yl (65,5 45 53 0

[2]Aikhuele B., Daniel E., Odofin and Sarah. (2018) “Robust Fault Estimation for Wind
Turbine Energy via Hybrid Systems’ Renewable Energy, No. 120, pp.289-299.

[3] Bianchi, Fernando D., Ricardo J. Mantz and Carlos F. Christiansen (2005).
“Gain Scheduling Control of Variable-speed Wind Energy Conversion Systems
Using Quasi-LPV models”. Control engineering practice, 13(2), pp. 247-255.

[4] Bidgoli M. Alizadeh Weijia Yang and Ali Ahmadian (2020) “DFIM Versus
Synchronous Machine for Variable Speed Pumped Storage Hydropower Plants:
A Comparative Evaluation of Technical Performance”. Renewable Energy.

[5] Bidgoli M., Alizadeh S.M.T. Bathaee and A. Shabani (2014). “Design a
Nonlinear Auxiliary Input for DFIG-based Application using Lyapunov
Theory”, The 5th Annual International Power Electronics, Drive Systems and
Technologies Conference (PEDSTC 2014). IEEE.


http://necjournals.ir/article-1-1506-fa.html

[ Downloaded from necjournals.ir on 2025-07-02 ]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 WA

[6] Cheng Ming and Ying Zhu. (2014). “The State of the art of Wind Energy
Conversion Systems and Technologies: A Review”, Energy Conversion and
Management, No. 88, pp. 332-347.

[7] Gao, Richie and Zhiwei Gao (2016). “Pitch Control for Wind Turbine Systems
using Optimization, Estimation and Compensation”. Renewable Energy, No.91,
pp. 501-515.

[8] Geng, Hua and Geng Yang (2010). “Output Power Control for Variable-speed
Variable-pitch Wind Generation Systems". IEEE Transactions on Energy
Conversion. 25(2), pp. 494-503.

[9] Golshani A., Bidgoli M.A. and S.M.T. Bathaee (2013). “Design of Optimized
Sliding mode Control to Omprove the Dynamic Behavior of PMSG Wind Turbine
with NPC back-to-back Converter”, International Review of Electrical
Engineering, No. 8, pp. 1170-1180.

[10] Hairi, Mousavi M. and Rahnavard (2019) “Finite Time Estimation of Actuator
Faults, States, and Aerodynamic Load of a Realistic wind Turbine”. Renewable
Energy, No. 130, pp. 256-267.

[11] Jianglin, Lan, Patton, Ron, and Xiaoyuan (2016). “Fault-tolerant Wind Turbine
Pitch Control using Adaptive Sliding mode Estimation”. Renewable Energy,
No.116, pp. 219-231.

[12] Kaldellis, John K. and Dimitris Zafirakis (2011). “The Wind Energy
Revolution: A Short Review of a Long History”. Renewable energy, 36(7),
pp.1887-1901.

[13] Liu, Jing, Htet Lin, and Jun Zhang (2019). “Review on the Technical
Perspectives and Commercial Viability of Vertical axis Wind Turbines”. Ocean
Engineering, No. 182, pp. 608-626.

[14] Lan, Jianglin, Ron J. Patton and Xiaoyuan Zhu (2018). “Fault-tolerant Wind
Turbine Pitch Control using Adaptive Sliding mode Estimation”, Renewable
Energy, No. 116, pp. 219-231.

[15] Mohamed Amal Z., Mona N. Eskander and Fadia A. Ghali (2001). “Fuzzy
Logic Control based Maximum Power Tracking of a Wind Energy
System”. Renewable energy, 23(2), pp. 235-245.

[16] Novak, Peter et al. (1995). “Modeling and Control of Variable-speed Wind-Turbine
Drive-system Dynamics”. IEEE Control Systems Magazine, 15(4), pp. 28-38.

[17] Odgaard, Peter Fogh, Jakob Stoustrup, and Michel Kinnaert (2013). “Fault-
Tolerant Control of Wind Turbines: A Benchmark model”. IEEE Transactions on
Control Systems Technology. 21(4), pp. 1168-1182.

[18] Odofin, Sarah, Edward Bentley and Daniel Aikhuele (2018). “Robust Fault
Estimation for Wind Turbine Energy via Hybrid Systems”. Renewable Energy,
No. 120, pp. 289-299.

[19] Shabani A., Alizadeh Bidgoli M. and A. Deihimi (2014). “Comparison of
DDPMSG and DFIG concepts for wind turbines”. The 5th Annual International
Power Electronics, Drive Systems and Technologies Conference (PEDSTC
2014). |IEEE.


http://necjournals.ir/article-1-1506-fa.html

[ Downloaded from necjournals.ir on 2025-07-02 ]

wa e 53 g8 & Jate 46 ) (sl S 9 J5S es)lub Jlbo

[20] Stol, Karl A. and Mark J. Balas (2003). “Periodic Disturbance Accommaodating
Control for Blade Load Mitigation in Wind Turbines”.J. Solar Energy
Engineering, Vol. 125, No. 4, pp. 379-385.

[21] Sloth, Christoffer, Thomas Esbensen and Jakob Stoustrup (2011). “Robust and
Fault-tolerant Linear Parameter-varying Control of Wind Turbines”.
Mechatronics, 21(4), pp. 645-659.

[22] Shi, Fengming and Ron Patton (2015). “An Active Fault Tolerant Control
Approach to an Offshore Wind Turbine Model”. Renewable Energy, No.75,
pp.788-798.


http://necjournals.ir/article-1-1506-fa.html
http://www.tcpdf.org

