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ABSTRACT
Integrating large-scale wind farms with the main grid poses several challenges to operating

the power utilities. One of the most important is to extract the maximum possible power in
different operating conditions from the installed capacity. One of the common solutions in
wind power plants equipped with doubly-feed induction generators is to control the output
power of the rotor by using a proportional-integral controller. In this paper, a modified
chaos-based imperialist competition algorithm is used to manage the control coefficients of
twenty wind turbines (2 MW) located in a micro grid. The results show that the use of chaos
theory improves the quality of convergence tracking of maximum power points during rapid
changes in wind speed. In the classical proportional-integral controller, when the wind speed
changes rapidly, the generated torque contains a large ripple and this controller is unable to
overcome the nonlinear and ripple torque properties. This weakness increases the stress on
the system and can damage the structural equipment of the generator. At the same time, the
results obtained using the chaotic-based imperialist competition algorithm show that not only
the ripple content is significantly reduced, but also more than 40% of its subsurface value is
reduced.
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2 Fixed Speed Induction Generator(FSIG)
3 Doubly Fed Induction Generator(DFIG)
4 Grid Side Converter(GSC)

5 Rotor Side Converter(RSC)

6 Voltage Source Converter(VSC)
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4 Duty Cycle(DC)
5 Perturb & Observe(P&O)
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1 Tip Speed Ratio(TSR)
2 Maximum Power Point Tracking(MPPT)
3 Hill Climbing Search(HCS)
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1 Zero Direct-axis Control(ZDC)

2 Incremental Conductance(INC)

3 Permanent Magnet Synchronous Generator(PMSG)
4 Fuzzy Logic Controller(FLC)

5 Boost

6 Voltage Source Inverter(VSI)

\F-Y uL.w.)L:Y\ k.SJL"’ o)l.o.wY o)Lo..f: w.&:\))bb JLMJ Q‘)"l d)—’WLg)B oﬁjmg@sf—soiﬁ 4;).“4

AS


https://dor.isc.ac/dor/20.1001.1.23222344.1402.12.2.7.8
http://ieijqp.ir/article-1-907-en.html

[ Downloaded from ieijgp.ir on 2025-08-01 ]

[ DOR: 20.1001.1.23222344.1402.12.2.7.8 ]

olmilo Slsz ¢ 2 ame o sln hol e ( Do a)S e gollols Slolus placl

e it Slap sl 6 psl s i dlali @ (] Ko
S 25 00,5 g0 1,50 (6 sl o Ay alall Ceos 4y 53T 5
aS a0l pp g A e colaiwl Bolay S sle e
s 3 Galejl 990 | g 4l ples Ly )&

dslme Loy ,s8ll cnl o a8l T 51 S Sl e
Olos 0y oo Dype Sua g b, pais 6l Lol S
1 p3Y e abali 4 o lp 1) (S Slalre

2B oucli a5l gl p (e Slapin 103985 pdyoucls
Gl s Sl by e s gl (ress Sl pas
797 S 380 e Sl wadsl Lalpd e g Sl e
Lis oSl o il See B SYsb ojb Sy sl

ol pleil 1) yaad pl sols 00gase S5y (g8 o0

B gl —F-¥

ol ol oolainl Hlid i J 08 STl allae ol o

L )g5s) g L Ghae sliwl) el B cnl ads) ool
2853 P9y > (S Sl il jlind slasldy g Ll >
e ol s ol s sl oad sols lis (V) SE o
5 Obz O bl cdle Gl o g e0g el JLo b Ll e

885 o0 ol W) B (V) Lalg, L L

idS'Ls + idr' Lm = ll)s (V)
igs-Ls +igrLm =0 )

ol sl s (s5le Blas &jg0 4y colaiul 8,90 Bun AU
alal)) ol ol llas Jlade 5 5555, by (Bly Jlade o 00
Gk 3l 55 5, ok U5 O slajyme g2 5 polie ()

Bl oo Gy (VYV) 9 (V0) Ll
S dbeos 555, Glasly Co e bl oald (b 5,505, 5
Olym )99y (e b by Slie bolyen g oud dlone
@ a9 b am al> e 50 aigh oo Jlosl (J S w4 (5399
U O JEp EIV UV RN B I JERE
wogil p s (o lexinl ol o sl 5l eolaul b wculys 4o
Lo 008 oo e (JISEh (ol 0aisS J 05"l b 59k
& colin oy o3l 4y o 3,Skae Lulyd ol St Slyei

‘5)'.0&»*0‘ wlﬁ) pﬁ),ﬂ‘ -Y-v

s ol 3luosky s )Slld slap )5Sl I (6 ks wlen
wolawi 00 F o slel adgl coman S LS5 L

09SOl 4 adyl Comez jo (lo)52S) bawl Gy
53,5 oo Sl o peniiane slo )9t Glote 4y 95 lesin
O g0 99 S8 (e elul o pesiens (sl oS ples
L ssblmel Ko Sy WS on i Farinl (slagS
23S e aie 5 ol GusSae s S ol sleanse
JSas sl Il (@) alal) el psxe Nl b
o5lles 1,5 laxil ain o8 Sl oY sl (slings ol
(&) alaly g (o 0blpul 2 o yad aalsl o ((B) alal)) 04
20,5 woydloy

Cost = f(country) = f(p1, ..,pn) O

Cp = ¢, — max{c;} )
Cn
b= S ®
Zi:l Ci

0y WS oo (o Solertul layeiS oley jee &
b gsls e8> Gk 5l el cnl anidn sgae 1) 355 (5 lenin
P e lp o pdee Dge S leninl la)5iS Caes @
Syl g Bolas sae Sl 5 el a8 Gl bl bl
JHES e 4 OS> a5 00,8 s ool OS> s
Az gl a5 sy SlaBse 4 ojexiins H9iS ST )T Lol
5948 90 o oSl olKT cail 5 lenil HgiS A Cond (5 S
32 a5 leainl gl j5iS Ao o Sl m 0ed 6 B po b
o dbale cov laygiS den g aid, o sl o] o 5,08,
& DS ze Koo i cpl 5o anl e 0 5 leaal [eiS
L oo jorine (o aSh alilas 0929 o jasine ol jo L
o, 8las al> o cpl jo ol waless onys ST w5 Lesl

ol glsws BB o Kan g 4l anils ooy 65

95 1 (iign oIS Jo ¥-Y
iz, s ol Ll s Sligdl slaclSs cols o5 Liw
olai slacl adgi Wigy a5 0 5 dy o0 D90 jolate pl 4y (6,10
Sy aelgd ookl Loy wb dse Cumex ol 1y
Sk dgge Sl ate a4 ol Jletml @S gl
e 5 gbiee LS LSS ks s e ball cpl o 1y
O 9ga5te cogbl (sl eaiiSudgs (sl p bl (> S
20,8 0 @y JSine ol (3 liiia g, b a5 el Ll o Sloe
@ opl p e il slapi S Lol aasis bz

WBbe g Ojpe

VE-Y Ll YV olo o,leds ¥ oojleds oo03lgs Jlo ol 5 Cois (59 040 5 St Lighy - cole 4 0


https://dor.isc.ac/dor/20.1001.1.23222344.1402.12.2.7.8
http://ieijqp.ir/article-1-907-en.html

[ Downloaded from ieijgp.ir on 2025-08-01 ]

eosl ayla e 6 Lol S, w5 L ook slagm s ol STa alads b,

(?L" gs‘b))| -y int + controller _:C\ Y 1 i
A - Y ol s+R
485 0,40 Sl glad Jow Sl o135 58, J S s byl Heke 4 e ol
5390 85 sl 0 ol (1) Jgar 58 o slayially a5 celoas [ ()| s -
MATLAB 8ls s IMUink) Sedgonw oo jo oolatal
hsl ol (Byee (JPUS s 5o Zenl 0l (gilwosly 5 Aok
o3 Bl e 5 0008 Jlasl e & S S e | mEs |
Oleg sy oo 095 Bl clls a4y ail Jls 00y IS pecew control o l\'j:f;[ el
ol 00 Bl 4l (oo ¥ 2l o2 00iiS J 1S (sl (510 e Y] by J s aiils Suslouds — (F) JSid
ol sloce pus ;0 (63 (ymyss 3l ol gyl ey Ol sy poeie
el oa o0ls L5 (0) US55 Sglie Sl 0 02)5] (F) U2 5 (golpdian o6
DFIG ;551,35 sl yiolsly et (¥ ) Jgur min £ = f -+ G-y D
o
ST il il = <kpir + k‘Tl) (w; — w,) )
Bl /AT 95 ias! Caoglie i = <kas N kist) ©: - 00 )

G5l Lo YIVO 95 asl S gl

oo NNAR Sl cu o
(PR =g PR PRCI g R PR L =l PR [ P g
vy o i
LSRR A R Y U} LA g R
&I 0 o ,é)fgla: FAeoe 99y ‘s.wj.ul Clngng o) s as of-toimem Ol o Loal am

|

T e a P E L v
5 &z ye Sl 55 0 4515 Slasly ey olie (B) S5 o e
g e damMe a5 jsblen ol ond a3l (L sud (5 e 0jll

‘;PMsP;@ Sy yO ub.u.u 392 uLc) Be )935.41 Ls‘d;sb (G Ki s Kol i gt ad gl Bl ot
¢ . ST gy g szl
@wt&ou))bjobwdﬁé)l)y#ﬂ)‘mJw‘%‘y
V) JSM 00 S Py S dg.jl)‘ 6U°-" )ld.u S ‘sg.ljio.cb ¥
_-.l L l.q_,.._,ls' Ak ]l el |
Ll 00l 00l uLw_v
Output Power of Wind Turbin -+
15
/ \ | e b e i g g e I
. ¥ l
5 / [Pt PP CRRIY P . K. o
% / (;.hua':'i_m,,h;p_._,_.r;au'i_h:-v_i_lﬁ:l
o5l J
o // BN T RN | PRSP TR o B B N T
2 3 6 B 0 iz 14 16 18 2o
Wind Speed (m/s)

Ok e puw Olpundi' 130 (2955 (g (oo 1B ) SIS

8O Wty v 5951 &yl gl (F) Sl

[ DOR: 20.1001.1.23222344.1402.12.2.7.8 ]

YF-V Gl Y olo o)l ¥ oo)leds p203l90 Jlo ol ! 0 Cato (559 0400 9 CoteS cidg — sole 4 i

AY


https://dor.isc.ac/dor/20.1001.1.23222344.1402.12.2.7.8
http://ieijqp.ir/article-1-907-en.html

[ Downloaded from ieijgp.ir on 2025-08-01 ]

[ DOR: 20.1001.1.23222344.1402.12.2.7.8 ]

olmilo Slsz ¢ 2 ame o sln hol e ( Do a)S e gollols Slolus placl

sk

6

NN\

-6

(T) e ga s )

8- 4

1 |
o 2 ] 3 8 10 12 14

(48) she
ol (9 30 Hoi gy CaxBge lhas () JSh

58,8 e boead il ol o sl SuST sl o Sas sl (o
ooliin 1 (sla s, v o 5 0l 5 5 (S s izl
4.3.‘)|o~.\;;3 ‘;No)xj)b&,»MASl\)iul—wbaMJrJ
A oad 35 S glet af el gley Brre s ey il ool
lp 59w e Ghogr JBuile > jlade TR0 lada
Jogdz 0 edwliw oay s aes o 59, Gb slaly Ol s Cod

Sl aools uLw.a )

ol glady ol s o bgy J piis (2 5,1:(F) Jgu

() ot olas | izt | S o)

S oS

PV Va/A A e
S

1Sk ol

LYY WaY A e
o..\..i':c)hol

S yS a0

SRk ol 0aisS S b lg S las alais obo, 505l 5o
e N0 laie 4 ghlade ol Cep &5 Sloj (SIS
0disS J S ol 5 009 (60L5 Jimy gsl 0o ol jgliad wuly oo
MT u.cls ..\J‘y &9 R W L %Y $)|5 Uw;lw‘ w‘)ﬂ‘ M:l)
Joolail b Jb ey 008 6305 g bele Sliees s
[ Jé‘..\? J,,,.) 6‘53.7.0 ¢u9.w] I evy Lg)Lo.:S.J wl.e) p;w,ill

23,5 (o0 e LS lylo 5 ilak eansST J S (2,5

&1 o

['] Ali, Mustafa Mohamed Mustafa, Abdel-Raheem Youssef, G.
T. Abdel-Gaber, and Ahmed Saad Ali. "Adaptive Fuzzy-PID
Based Pitch Angle Control of Wind Turbine." In 2018 Twentieth
International Middle East Power Systems Conference
(MEPCON), pp. 1110-1114. IEEE, 2018.

rotor roquancies [pu]

Partnt

0
Tme

&= 30 slado b (=8lg (slay gl sy dowg Lo :(F) ST

flux error (wh)

0 1 2 3 4 5 6
time (sec)

Colho jlado b 5959 Candgoe a9l sl (V) S5

)Lg puee h) ‘ol.ii.b 39 .b)&l-o.c ey -¥f

Seolawl b b SlSU ol as 8 cools oyl ol (o
S by e Gl &S pgmpe JISOE el oS S
T TE W R VRSO S5 W JC S L R W) R PR Fyg
Sl ol (b g5l )3 00,5 oo Slugs alaxd o )0 i
G, glaba>Me bB ,5b & DFIG o Sles 255l cogdl 4 las
SOl ey 4 () 5 (M) GladSs )0 oud ools plis @l b o
5,559, 5 Sl IS0 sl 0SS g, 5l el
SoaBye e Siyjrw bt JSD 50 e 50 aldlige ead (B
s e (LE ) 5is, (Hls CumBge 5508 LS g a2 e

10
i : M‘M% SAphel, g
i \ ]
o “w
() G

vyl eolaiwl b 5979y ollao 9 (2Bly oy 1(A) ST
S I — sl o) i

\F-Y uL.w.)L:Y\ k.SJL"’ o)l.o.wY o)Lo..f: w.&:\))bb JLMJ Q‘)"l d)—’WLg)B oﬁjmg@sf—soiﬁ 4;).“4


https://dor.isc.ac/dor/20.1001.1.23222344.1402.12.2.7.8
http://ieijqp.ir/article-1-907-en.html

[ Downloaded from ieijgp.ir on 2025-08-01 ]

[ DOR: 20.1001.1.23222344.1402.12.2.7.8 ]

codl 4l e 6 lexinl Culd) w5 L ol slagm g lys 2STas alais b,

[A] Govinda, Chowdary V., Sankar V. Udhay, Chairanisa Rani,
Yue Wang, and K. Busawon. "A review on various MPPT

techniques for wind energy conversion system." In 2018
International conference on computation of power, energy,v-\A

Information and Communication (ICCPEIC), pp. 310-326.
IEEE, 2018.
[a] Srivastava, Bipin Biharee, and Sudhanshu Tripathi.

"Tracking of Maximum Power from Wind Using Fuzzy Logic
Controller based on PMS." Asian Journal for Convergence in

Technology (AJCT) ISSN-2350-1146 1, no. 1 (2015).
[1-] Atashpaz-Gargari, Esmaeil, and Caro Lucas. "Imperialist

competitive algorithm: an algorithm for optimization inspired by
imperialistic  competition." In2007 |IEEE congress on
evolutionary computation, pp. 4661-4667. IEEE 2007.

[\v] Acharya, Parash. "Small scale maximum power point

tracking power converter for developing country application.”
(2013).

S gt "‘Lﬁ"“’ v O N P OWP=RPUUWE =N VW e Uowe S 4QL0)T o [vv]
59 &g andsd WA 931,55 1o (o3l ommnei slas 5l HA5 cadils
VYAF PF 5000l 3 orio (65 0500 5 ke 42,55 " 45D o,

wly g Pl (o550 (G8lo b it (i coyie g3a>] [1Y]
S 6rgydes 55Lbo g 55Lh by o] dte 55102 o2 S35
Gt Sxio Sy 0 9 SukeS 2yt MM S gl s oSl oS

VEe e TN (P Ve eyl

[¥] Marques, G. D., and Matteo F. lacchetti. "Field-weakening

control for efficiency optimization in a DFIG connected to a DC-
link." IEEE Transactions on Industrial Electronics 63, no. 6.

3409-3419.2016.

[¥] Zhao, Haoran, Qiuwei Wu, Shuju Hu, Honghua Xu, and
Claus Nygaard Rasmussen. "Review of energy storage system
for wind power integration support.” Applied energy 137 545-
553.2015.

[¥] Dvijotham, Krishnamurthy, Scott Backhaus, and Misha

Chertkov. "Operations-based planning for placement and sizing
of energy storage in a grid with a high penetration of

renewables." arXiv preprint arXiv:1107.1382 (2011).
[o] Kulkarni, Sonali N., and Prashant Shingare. "A review on

power quality challenges in renewable energy grid
integration." International Journal of Current Engineering and
Technology 6, no. 5: 1573-1578. 2016

[#] Chen, Haisheng, Thang Ngoc Cong, Wei Yang, Chunging
Tan, Yongliang Li, and Yulong Ding. "Progress in electrical
energy storage system: A critical review." Progress in natural
sciencel9, no. 3 .291-312. 2009

[v] Wang, Di, Chuangang Ren, Anand Sivasubramaniam,
Bhuvan Urgaonkar, and Hosam Fathy. "Energy storage in
datacenters: what, where, and how much." In Proceedings of the
12th ACM SIGMETRICS/PERFORMANCE joint international

conference on Measurement and Modeling of Computer
Systems, pp. 187-198. 2012.

\F-Y uL.w.’L:V\ LSJL‘J O)Lo.wY O)Lo.w W‘Q‘))bb JLAJ U‘)"l O)JW‘_g)j oﬁﬁm&‘&sf_s‘ok 4;1..,.;

A4


https://dor.isc.ac/dor/20.1001.1.23222344.1402.12.2.7.8
http://ieijqp.ir/article-1-907-en.html
http://www.tcpdf.org

