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Modeling of Grid-connected Wind Energy Conversion System Using PSCAD/EMTDC

Kim Seul Ki, Kim Eung Sang
Korea Electrotechnology Research Institute

Abstract - The paper presents an electrical model of a
grid-connected wind energy conversion system
(WECS) with a variable speed drive, a fixed pitch
angle, a synchronous generator as a wind generator
and AC-DC-AC conversion scheme for simulating
dynamic behaviors and performance responding to
varying wind speed input. The electric output of the
WECS is controlled by the AC-DC-AC conversion
scheme, the objective of which is to capture the
maximum active power under varying wind conditions
and to keep the voltage of WECS terminal bus at a
specific level. Aerodynamic models are used to
incorporate the power characteristics to wind speed.
The modeling and simulation of the WECS are realized
on PSCAD/EMTDC environment.

.M £

FTHLAA Y2 FqFde A& B 5y
A3 AFAA WYz FEET. E9&A e
Sl ANS B3 48 AR ddgx] g1 24X
ol ARA G Zo] nPE AHoJA FLrbd] FHFP
AHE FFEshe AU, F4e AR R A
23] Halq FHYATOZ HA ¥&5 PF T4
2 gl A FEAFH dAFH 2FHAY B
F¥ A48 Aoz BiAY AgosRy FFLE
F e AFFATH) 4AHY FHFF FHoU F
g xFH YREHAM 275 AcHl] Y
gl B&HA 8L At AFLA o] B
Yol B7atm, 2 Y] vHE olfE F&44 shd
4o A% 299 EFA4doE df Fd AF 54
7ksp B39 A<, FA5 Fo FHERA 4I9%E v
A st A 71Ee AN Rtz duTHQ
AFTAo AdD B3l EAE AFTH2E uiHo]
A e REYEzAAE FHY AuPE g Jdo]
oz} e # 7] HEeQ2]. 4A SHE&FE AE F
Hudg AFAAssd @M, FURE FHdAMx
oz A% 4 AFY A7EZ 2 R3AAA vA
B 9% UF AxEY B A Ao FFHe
2 Jdygole} g, ol @ AMAEE st HiH
Y Z2aPL o8 FHETHAN2HY A7) 249
o] olFojx

£ d7dAde AC-DC-AC R8FAE T A
AT Jbds =elolug 3y AALE JiAY F7]
2ACIE FYLAVIZ Ze FYdAA g gig A
7132 24& PSCAD/EMTDCE ol &3t FEIY.
Baolus FHeN L 437 24 o8 JAH 239
BAZ vyshde 3719% mde] ojgdu. AR
uiHe FAE ARG gy F&o o A
28E Aosr] AT HFAERY Aol dAALY 4

FE FAE AT FEAFHA g Fol H4dr)
2.2 £

2.1 BA Aad A

€ d3dA mdygsts FHEdM289 348 2
g 13 20 Bdel=, g, E71gAs], 357 2
HEE FASY, o[g2 7AW A FHAage v
HAE B3 AT Ao si).

o)

=2

35 fululs] 2 kg

/\:é = z,&_‘li”ﬁwg

a8 1 BYUMAAY

o
=
o St

2.2 Z2gul
Fa3 DAANAE R Gdol= o9 AAEa
o U2y BAE B 4 (D2 deanh
2
T, = %ms—%cp (1)

7N, Tol SHENL B8 TRV Jgs
AAEA, pE F/LE ke/m’l RE BHoE WAE

[m}, A(= &f £ tip speed ratio, o= 3 Mo} A

A& % [rad/s], v F4[m/s) 283 Cp & 2YAFR

Al ditd oz FHYA FHH4TAH A A&

4% dolEl & regressiondtd di= Aoz HriME 4

)8 22 FHAFAE A8 en3], ARG B

g 0°2 U

Cp=(D.44 — 0.0167,6).51’7:%%% —0.00184(A~3)8
=0.445in"A=8) @)

15

2.3 EWH)

FHLAZR ol gH e $/19drY 2dH Ave e
DC link A¢< AB ¢ FE22 37T x| =
4& PSCAD/EMTDCH M A8l IEEE 24§ A14
dger, 2dgd Agd FHIAVIe FALT
IMWe 843 F7idArieln A&z % HAASF
26.8284, 4 (3)& A&sd BAFneE FEW
18.77(Hz) o]},

= £ nlrom]

- 320 -



9, f= A4FIA, P A7 FF, nd TAY 3
]

2.3 AC-DC-AC i@z

Z59 A o 4AFEA FF LAY &
FZ AF7E AX AF=2 A8 A IHEHE F
o 93 AY 2 4% FH4E Ze aFEYdes W
gl 6708 ol $EE ALEF UwtHA £F 34 A
715 FAstn, d¥EE 6709 IGBT A2 743
Aok Zdglel Asle S 4F gt g #
XY 29E olFo Yz SAd SRAY 5] A
FAge A7 F48A AAREE FEAY &9
Aolss, 60HzS Y FHEE FAHES JUAE
Z(SPWM) H#2lel 293 W4 o] 43 AFAAE A
AN E FHEYG.

2.3.1 2He] HojEe}

A xele] A E AT Ui AojAF
2 2o},

FEAY Ao - AT T& wet Ad 2 S
ol ¥ 4 e 2HY dAETE tt2nz IS
7hde] wel Hu 8L A3 =H HAEEE
slod A FEAY 2HE UEE A

A A -~ AEIAY FHLAA N2 7R

& to

rlo ot

1 41 4 1o 0 b T i

o £ o n

A

Ee F9 AFNTc FAE AT o 59
SR 2Y GRAGS AFAN FEe AgIT
FEE Wold & g, AP Fady A E
T AgAZIE 4A FELR fASAL @

' SPWM 2813 Aol - AFAE AALUEE
B8 8 9 FEAY Ao A, 43tz e 29
€ ZA dte ZIEHFE A AA AFEIL o
¢ V1ERRE FFTAEF 3] Astd FEAL @
Z W& o83t IGBT 4Atd 293 AzE A
o)

2.3.2 H%FH0 U JIEMF MY

d-q HBL o3l K& ¢ FEAY AE 93
NEARE dF D qF 49 71EAFE vz o &
gAl € d-qB8E B3 a, b, c B9 JIEARFE A
3] o] & SPWM 293 Adg T3l AAAFI) 5
SIEF g}, ojel g whel FAHQ Mg ¥ 29
A Beojgl

Prot . - la_tet
Pout —-——4 n aa

o et | L AT

Vour . - la_ses a-b-¢ 6ot
Vet ——4

laret

% b of

lpeet 4

lc_ret

aten
lo_rest
Icren

28 2 78 ¥ F&EM Moig E MFAOA

Aoislual s FEAY 72T THA 2" @A
437 J1EEs 47 AA fEAY 29 4 axdg
Ar)et vladle U 2zt o3 AEE PlAlol7le &
d-g ¥8E& 0] 838 a, b, ¢ A9 7IFHAFE WER
°l& SPWM =% A& TA71E F8 AWE} 3}
a4 "ok

a3 29 Ao g Yald FEHE ¥ 71ER P
9} EAAR} FA7] ANFH VeerE: AR S0} Ft}h, Vref
E AC A5ARe 2719 Y3, Pees A7 T&00
@ Ad 2Fke] Holop gk A (1) o838 F

&o 1% Ao} 28 P.E 7E, 4 (3)3 o] E
Hg % UAt4),
sz=mnw=§mmv%§m3=Ka3 3)

Ke F9Hd0 g 238 dfoln, pe 372

le/m’), RE ¥elol= BAm], M="L): tp

speed ratio, 0 AR HAZLEE [rad/s], Cp™ &
Hd 2E9AF, ApE C™ = Cple)E HEFE tip
speed ratio °|th. WM, FEAY 7]1FH P Pun™
o HAEY SHASFE F ez AL 4 Q)
& HF F&o U A ¥ 19 37 22 29
2 Jepd ¢ sld

P A

aerc

/ Va

Va

Vi

w

0% 3 2 E50 E REEMSZo) e EHEY

2.4 84529

£ d7oA Agd ASAAY FH A2 e
FHEY IMW, 2385 690VEA, 470kWe 74
&8 Za AAUGVIE T 22.9kve WAL=
[sto] 7b8 F&el g Al=ge] Ho fAMY 2
o] 4% 2 FRRAFe g FAAH ] A
ALY 20 % Fo Y-S 2ot 14
& /\IZ:E\Q%%}PSCAD/EMTDC oA ROl HRe

X,

ofr ¥ R -z rlo
X, O

g H*

Lol

LTHEN
BA

E 1 AlZbol

Al ZE [sec] 4 7 10 14

T4 mssl] 105 | 9 | 11 [ 84 | 105
¥ 10(sec)ell F8 249 FU R3] 126kVars] FEHY
KeE Q4.

29 5(a)e] F4:2 ¥l disted (b)dlMe FEAY
2 FREAEY 24 & BAEY. §HF 59 WFd U
3ld Z8o] & watstn Yo, (c)dllA ole mE ¥
vio] AL xe] HEE B £ vk AL Hil)
ol8] (d)9} tip speed ratio?} ¥3etn 2= Ao FEA

- 321 -



g 28g olgol W & UEFE EYAS Cprt AUt
0.449 7t FF & ()94 8UAE < At (He
-r.‘§.7‘4‘*—‘¥ Aoz} o] FoixA] @& AFefolx e FYt]

Agarle aXs ¥EE RolFn, RAAH Aol
o8 (g)dlXsh Zel 2 Hgto] A FAEL
2od ot 28 (We 2899 4 3% A9
B3 ARA24 4 ARAG &L Vg

i,‘;* v - e
ik RO RS L 230

© 7-534 elel 8d 25 E hadied]

G NP S

ek SMISEE AT T e L B

3.8 &

E d7Me AF9AY FEwRAAde HAFH
#HY 2 AEAH 2AF 4P AriN2g 2dE A4
81 °]& PSCAD/EMTDCHA F&stgct. Fedd
Z p gk P 2d3 AA 28 AE A¢ A
B AojAss AL -5'4-4 AT WE O
Ho FEAY %%‘% Wi &8 AYE dAHA 4
7] 4% S 2 RaAdg zﬂol% Agdoiwiely A
FAE ol gdtd FHIAT 2YATRAE B =
43 Mo Aojdarg APsA 4ERE v 4
AT, 3% 24L& mAP 98 54L& F76ld
TELAA2Y A 2 AFIA 2YE 49 2o F
3¢ 2dg AEE 4o, o8 9 RIEEAA
2 A¥ZA ALEL 48 97 £ 2971 AL sojo}
g FHoir}.

#Eugd

{1} Z. Chen, E. Spooner, "Grid Power Quality With Variable Speed W
ind Turbines, IEEE TRANSACTIONS ON ENERGY CONVERS] -
ON, VOL. 16, NO. 2, JUNE 2001, pp.148-154.

(2} Z. Chen, E. Spooner, "GRID INTERFACE FOR RENEWABLE E
NERGY SOURCES", IPEMC'97 Hangzhou, China, pp.256-261, 1
997

(3} A. Murdoch, R. S. Barton, J. R. Winkelman, S.H. Javid,
“Control Design and Performance Analysis of a 6 MW
wind Turbine Generator”, IEEE Transactions on Power
Apparatus and Systems, Vol. PAS-102, No. 5, May 198
3, pp.1340-1347

(4} A.S.Neris, N.A. Vovos, G.B Giannakopoulos, "A VARIABLE SP
EED WIND ENERGY CONVERSION SCHEME FOR CONNEC
TION TO WEAK AC SYSTEMS", IEEE Transactions on Energy
Conversion, Vol. 14, No. 1, March 1999, pp. 122-127AC SYSTEM
§", IEEE Transactions on Energy Conversion, Vol. 14, No. 1, March 1999,
p. 122127

- 322 -



