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2) Doubly Fed Induction Generator
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1) Coefficient of Performance
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1) Short term flicker severity


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

@- oWl $)P) agpis

WWAY 33,5 YY ojlads W kY

\J}L R Pl}u‘ I) ).uo)gv.lﬁ Caound o9 QJ}[A 9 JJ)].) 0MRE ‘) J5| Caound wﬁ \cs\u & dhb Jﬁb
Wy gaw & (Siadly g popSeld S (ol b S o iy 2> (B @ pe SWy aw S ] (63959 SWy
Ol &ly 33 WS (o (bl 63959 Wy 255 @pe L) Wy Cllug VSsl S o (655 0jl ) Sl (l3ee (63959
el 048 JoSuts WlaB S )3 (5w yolo 4 &S jild 93 5 TS5k S o0 (iluannd | e CoY G 3 Sos Sl
PV S S Sy 5l kSl S (e Bl |y 5V gaed (298 ped Sge)la Ju) 9 DC adlge Jol il
&1 G (GOW, 230V) 58 1 ond py (o) iy el S ouilS 5 gy & ol g sild (S5 VeSsly jilid
Onl S S5 0alS mye S TSl S e (gl |y sl (g s b oo ¢ quginas JWg Sllogs
FS ol 9y Canl ddl JSis (Sloso (BU ylusl (23 13 poad § &S Sloj @) 300ms JSlej <ol b L35
a3 e inles |y (TFL)  lalasd (S8 o
33,5 o gdisai s iz & TFL i da] 1m3 o plosl (ool s glalaod (Sols pebas (g, 0 Ol
yi Ay 5l Py Sl s lise ] o cands ;S5 pglaws (CPF) Jlois! 206 @l w9 (o £F J3ls)

RY BPRCNY

o TR ()

5158 e )] 5l (b go 488D Vo dgan aS) (65 Wged 0y93 JS 1% ;0 IFL oS canl (,Suls pdaws P, ] p3 &

ol 035 03,51 (¥) gz 53 (Vo) by 42 boguye K 5 i oline 22950

(V+) aly &2 g2 po sl yioly 2 (F) Jgor

i K,
-\ <[-¥VF
DA <[V
VIV LY -[-¥Y0
AN AY Y < [AYYY
Yede oA -[-v5$

1) Instantaneous Flicker Level


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

ol )1 i =]

Yo YA ol 5 Y o jlod W

Sl LSS oy 53

1ol 48,5 )18 adlllan 5 (uyp )90 DFIG (o3b cyy5 ;b )Ll (g9, o o5 Jolge oo opl 5
(SCR) 4 oligS” Jlail cub)ls @ (U)ol bhwge coyw @
(v, ) &S il a5 @ (In) oL clsliel cus @

4 g bl s o0ly s ol awgie e puo b ¢ Pt ccite 0ligS ;S s ol s (V) JSK 3wl coleaadicio
Sl o e & 1l o Rl ob Lasgie e I3 3 b o Pt olizn ol ol sl S
Oess a8 ols | 13% S YL ok YL (slage s 50 a8l 03U lamsgie sy 01581 b oL colilice] s
355 i 3,80 yol cpl e 0l o LEalS oL bawgte s ps (il L Pyt e i o adgi 1y 568 ol )l
Ol )L ol b g S oo 3l (mpg5 (295 3 |y (U (U Ol 9155 ooy g b &5 Bl e g S g
(Q) JSi 55l 0as 03,9] DL dbges s dix (sl (glaland LSS o ((A) JSKi 50 amd o ialS 1y SIS
A il 38l L 23,8 e alasMe oS wigS led sl odd 0ald lis ol colilizel coad b (Sld cond Sl liee

Wb e Siali8l 35 Sls s ol clslizel

SESI T T T T T ‘ ‘ T

g =] 10 11 12 13 14 15 16
Mean wind speed (mis)

Sl isee (Glis pw 45 CreolioS JSuld ol 1 (V) U
( v, =50° «Scr=20 ¢ In=10%)

L of ' j V=8(m/s)

ol A : : ; -

] [ 200 300 400 500 500
< 7%@@ o |

o L ARA AN s

o 100 200 300 400 500 600
1000 T T T T

%\ b [ Jiu N M

= 500 -
) I : Lo M, M,
]

100 200 300 400 00 600
T T

v=16(m/s) I ‘ ]
|

L
400 500 00

IFL

o

=}

o =
e ——
=

. L .
100 200 300
t(sec)

Wigod Ly (SWCas pur (512 (gl b grhans 1 (A) SO
(y, =50° ¢ Scr=20 ¢« In=10%)


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

@- oWl $)P) agpis

WWAY 33,5 YY ojlads WUkl yed

5) 10 15 20 25 30
turbulence intensity (%)
U iliseo CLILEEE] 45 CineslisS HSld i 1 (1) JSd
(y,=50° ¢Scr=20¢V =10m/s)
W3 o L 1y aSs 4 fuate (0L pyed S ool Jolro e (V4) JSKb rastd cued g
grid
H
R x .
A ‘:‘PCC
L]
P_:
- . .
- . Wind turbine
Vth=1pu ) Qs @ generator
—f——
.
H
]
:

4S5 A oo (63U (ot yo7 Sy JBlre et (V4) IS5

4y by 51, (PCCY S 4y g Jluasl alais 53 59 s e lsise oV +) JS5 1,515 & g b
:[V0]3,9] cows

_PR+XQ

AV ~ (V)

23l led 5 g 4 plgiee |y (Ve ) dad
_ SZcos(0-vy,)
\'

AV (W)

1) Point of Common Coupling


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

ol )1 i =]

Vo2 YA o 5 Y o jlod W

g 45 pilisal gy y, @S uiligel Z « PCC dais 5y V ((S=PP+ Q7 ) cyygs 6l olg S ol 5 o5

Ol g 4 Guildgel b 5g lyuss liee (VY) alaly 4 as g b ol o (G:tan"(%) Jorys Olg o ps digl5 B
~>)|3 (oo 4\-“’-31) O dfmUé’

Cawd & ol & dogd b aaad o i 1) 4l obeS Jlasl cudyls b e olisS ,SWls s lyuss (VY) SKS

B8 Jladl bl 4 ol ol ool ol e bl o inlS 4K obisS il b il L Sl o o]
Ol yuss a8 oligS” Jlasl cudybo il 81 L (VY) alasly & a5 b aomis p3 )y oS alasly Sl puiliel b 4S5

0 20 a0 40 a0 a7 7o a0 an 100
Short circuit capacity ratio

(W, =50° (In=10% « V= 10m/s) &S 0isS JUas! Cond yb5 Uy crro0lg8 ySuld oy ol s £ (V1) JSU

L JSo 4y dogr b ol o ooy ol aSid usligel aygly b cte oligS (S8 i il (V) S5 50
23 Ar il gl )3 ;S8 oAb e (a8 g Moo (IR SlE DS e 4SS uiliel aygly ol
Loy 553135 Ol o dagly sl o sl Jaio (55, » 2 453135 (205 55T, g S Ll )bl e 3l
S uiligel gl & dm3 00 (59 (oK JUy Clps (yieS (VY) dladly 4 dog b on 3 Al e yio plp
WIS S JV

0g

0.74
0&
05
w
o
04

03

02

01

10 20 30 40 50 (=in]) 70 a0 90
grid ampedance angle (deg)

(W, =50° cIn=10% .V =10m/s) aSwd (wdliuol dgl; b CrnoolisS sl s Oyt 1 (1Y) JSU


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

@ oWl $)P) agpis

WWAY 33,5 YV osled WYy

29185 P cups wgli g &b uilial agly G dgly SMSTL SlE ol Slyes (W) UK (i
D)8 o 4 )d Ae ply aygly M) ST LK (V) dlasly 5udo g o0 el a5 4565 lod ol oad odly LS

et SIS Gl o ol Jald

Pst

0.1 i i

|
a0 60 70 80 a0 100 110
Angle difrence (deg)

(y, =67.5° In=10% V= 10m/s) 0 g y, asglj SWEI b CreolisS ySWld Connd ol gunis 1 (VYY) JSWS

ASadi Sy i, 9318 3 ouliiedl b jSald 8 gags
295 9551 Ol S8 cal oad sl (g8 (29)3 9]y Oles S ) S dgie sl lie ol
d adge s o)Ll pgus iz 3 45 A5 lod Dy e pl 415 b Byb )85 by S8 Bo)b )l )
Qe by jasde odlatl DC Ll jWy (ily oS5 ol g 9051 plys JWsl lp 556 ool by
9 &Sl Sk )9l q adhe b S8 sl Ghg) 90 Alie cl 3 08 eslinul 581y g S sl g
Wy S (o) ped Ubey 9 0ls IS (e sl ey cunl oS Sl g (298 98T, Oy S8 elall
5 Ors Ol9 cups gl) (o asly IS &S 235 o S8 S @ (295 555, Ol sl sy 50 L (oo
L 3o pgd Ubgy 0355 sio plp Wy Cliuss (VW) daly Gl U335 2> Ae ply c(0-yy) 4l uiligal 44
b oms 29 5551 oy 5 aSd Bk 598 q adlie b (i @20 Wy Su b PCC i 5Wg anslie
ol 0a 031> L5 (VF) US55 a8l By 598l S s olya 4y (g 9l pShd STsl S oo S8


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

o) i) ai =]

VoA VWAV O3 YYojled N Jbo

Grid side converter Control system

|
' |
| | |
I P Grid ||
| Converter I, ( side |
I Rating ] |
PWM
| E_' Ial-mr2 * larof € lmax converter |
' |
I l“‘:‘w ol lgmac® = lmax™ lasor® |
e |
— — _— _ MarControl _ _ _ _ _
| Output
| m Activ pawer [
(] l |
| ] Qret lg-ret
: R L
| Mﬁrid O m — L I
appedance
I angle [

oS Byb )53l J S 0l 5> Sohi 1 (V) S

03yl s3loin J S i Jlosl jl s g B b cilisee slacie po )3 e oligS S s (V0) S5 )
Mo IS gy 3l yire 2k Vb slegsp )3 5y J5S (Bg) 3,des 33,5 odaline & 4S plan ol 0ad
s 33,5 o 0anliie 45 4565 lod .Cawl 0 03,91 Bl caliste izl (¢l S8 s (V8) S5y b e

olslizel 5 o g )3 0yl gy 3 Slas SIS Culs EalS 50 oSy e b Hlg S el 4 Cans 5Ly J a8

A8l (o alie Loy oad )l () 93 3,des 3b by
0.9
I I I I I —¥— without compensation
P N S SR SO SO —l— Var Control
ST —(O— Voltage control

S S S T NN N

8 9 10 11 12 13 i 15 16
Mean wind speed (m/s)

(w, =50° «Scr=20.In=10%) 3 ilideo SLais pawr 3 Crodligs ,Suld ol 1 (10) JSW


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

@ oWl $)P) agpis

WWAY 33,5 YV osled WU yeq

0.9 T T T T T T
i H 1 —3¥— without compensation
03_... _______ —l— var Control ]
h : ; ; —{— Voltage Control

5 10 15 20 25 30
wind Turbulence (%)

5L ilisee WLLLE] yd CseoliaS Sl Wi £ (V5) S
(v, =50° ¢Scr=20.V=10m/s)

4 @55 ylod .l oad 00y LS ol Iy hgy 93 )0 cpye lawes aSh 4 Loz oSy ol (VY) S o
39881y Ol ly JSST Uhey 3 Jg 90 031> oS aSud &y 90581, ol SWy SS9y ) 9,5 o0 odalie

15 T T T T T T T T T
i i H Voltage Control

----- Var Control

g : :
= : .
H : i
= i H
B
g : .
(-] ' '
g 0 T 0
& W f I 0 [
\‘\ i — r--"'i'\,"\r\ . _‘/‘;"‘\4.4?"""":“..-./: ‘.”;""\‘_‘
L e i e e s e
1 i i L1 L1 L I
50 100 150 200 250 300 350 400 450 500 550 600

t (sec)

o i1l (g, 93 50 dSwd ar (9o ST, (ylgiz (YY) JISS
(y,=50° ¢Scr=20¢In=10%, V= 10m/s)


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

ol )1 i =]

YV WAV YW ojled N Jbo

wlcud b & caws ( In=20% , V =13m/s) Llps ;5 e oligs ,S6 s &lpss o)lime (VA) US55
DS Sl b 5y IS b e Lial33l L 33,5 oo otnlite 4 468 o el 005 el s ,5lS Cilio

Ao
0.72 r T | =
0.7 S R S
T
n- 1 1 1 1
0.68 ot : ot : iy
P T T TN SR A S
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
0.3 T T T T : T T T
i —{— Voltage Control
Lo O S Ceeen ]
1 T | ?
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
Converter Rating (PU)
295 iliee GCisly 53 Sl o 1 (VA) IS
(y,=50° .Scr=20.In=20%, V=13m/s)
S yiSaayis

Co o gz shelge 35U 5 48,5 515 )z 2)90 DFIG yiite sy (63 slamysi 55l Ll alio oyl o

g ol S Ll plie Sl Guilagel dygly g aSid 0By Jlasl cud )b ol clilizl i ol lwgie
Ol L oL ol slace o )0 Sld s e a5 wb odly L dlde pl 3 .cd)S J1,E Llod 3)8e oy e
Ll Sl s sl e 2l 53l b (135 5 5YL) sl Y celois pm > Jg hse Ll ol Laussie cas yus
Db pwSe dayly 4l oligS Jlasl cudyls b g puiiiuns dlayly ol clislice] ol b Sl Gsd poomed b o
D) paitene daly 35 g QP cupd dgly g aSud puilial gl o agly OMBT egiens b SIS s
5 3Wy JS )y 99 b eomyg 4l B)b 35,8 )b g (29 9]y Oy S8 5l ooliil b ionen
Ol Sl dgse (liee )3 ly S5 Uhey 4 Canns Sy S g, b el ialS Sls ol liee ol J S

b oo (e 3 Ses gy 5,858 5Lo dy9e Kl 5 (S 08Ty los


http://necjournals.ir/article-1-81-fa.html

[ Downloaded from necjournals.ir on 2025-07-05 ]

@- oWl $)P) agpis

AFAY 3l 5 YV ojled Wl WYY

&

[1] Tao Sun, Zed Chen, "Flicker study on variable speed wind turbines with Doubly Fed Induction
Generators", IEEE Transaction on Energy Conversion, Vol. 20, No. 4, December 2005, pp.
896-905.

[2] L. Rossetto , P.Tenti, and A. Zuccato, "Electromagnetic compatibility issues in industrial
equipment," IEEE Ind.Appl.Mag., vol. 5 No..6, pp.34-46, Nov./Dec. 1999.

[3] A.Larsson, "Flicker emission of wind turbines during continuous operation," IEEE Tran.
Enargy Convers., vol. 17, No.1, pp. 114-118, Mar. 2002

[4] T. Sun, Z. Chen, F. Blaabjerg, "Flicker mitigation of grid connected wind Turbine using
STATCOM", Second International conference on power electronic and drive (PEMD 2004),
April 2004.

[5] E. Tremblay, A. Chandra, "Grid-Side converter control of DFIG wind turbine to enhance
power quality of distribution network", Power Engineering Society General Meeting IEEE,
Juan 2006.

[6] Ted Brekken, Ned Mohan, "Control of a Doubly Fed Induction Generator under unbalanced
grid voltage conditions", IEEE Transaction on Energy Conversion,Volume 22, Issue 1, March
2007 Page(s):129 — 135.

[7] B. Toufik, M. Machmoum, "Doubly Fed Induction Generator with active filtering function for
wind energy conversion system", European Conference on Power Electronics and Application,
Sept. 2005.

[8] Mehdi T. Abolhassani, Hamid A. Toliyat, Prasad Enjeti, "Stator Flux Oriented Control of an
Integrated Alternator/Active Filter for wind power applications", IEEE International
conference on power electronic and drive (IEMDC 2003), June 2003.

[9] L. Ran, J.R. Bumby, P.J. Tavner, "Use of turbine inertia for power smoothing of turbines with
a DFIG", 11" International Conference on Harmonics and Quality of Power, Sept. 2004.

[10] P. Sgerensen, A. D. Hansen, "Renewable energy sources and power fluctuations from wind
farm", Journal of Wind Energy, Vol. 90, pp. 1381-1402, 2002.

[11] P. Rosas, "Dynamic influence of wind power on power system", Risg-R-1408 (EN), March
2003.

[12] F. Iov, A. D. Hansen, F. Blaabjerg, "Wind turbine blockset in Matlab/Simulink ", Aalborg
University, Denmark, March 2004.

[13] R. Cardenas , G. Asher , "MRAS Observer for Sensorless Control of Standalone Doubly Fed
Induction Generators", IEEE Trans. on energy conversion , Vol.20, No.4, Des. 2005.

[14] Electromagnetic Compatibility (EMC)-Part 4: Testing and Measurement Techniques- Section
15: Flickermeter-Function and Design Specifications, IEC Std. 61000-4-15, Nov. 1997.

[15] T. Burton, D. Sharpe, N. Jenkinse, E.Bossanyi, "Wind Energy Hand book", NewYork : Wiley,
2001.


http://necjournals.ir/article-1-81-fa.html
http://www.tcpdf.org

