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Grid-Connected Variable Speed Wind Power Generation System
Using Cage-Type Induction Generators

Hyeung-Gyun Kim, Dong-Choon Lee, and Jul-Ki Seok
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ABSTRACT

This paper proposes a variable speed control scheme of grid-connected wind power generation systems
using cage-type induction generators. The induction generator is operated in indirect vector control mode,
where the d-axis current controls the excitation level and the g-axis current controls the generator torque, by
which the speed of the induction generator is controlled according to the variation of the wind speed in order
to produce the maximum output power. The generated power flows into the utility grid through the
back-to-back PWM converter. The line-side converter controls the dc link voltage by the g-axis current
control and can control the line-side power factor by the d-axis current control. Experimental results are
shown 1o verify the validity of the proposed scheme.

Key Words : Cage-type induction generator, grid—connected, variable speed control, maximum output power,
back-to-back PWM converter.
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Fig. 1 Output characteristics of wind turbine blade
{a) output power versus rotational speed
{b) power conversion coefficient versus blade
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Table 1 Ratings and parameters of dc motor Table 3 Parameters of wind turbine blade

Zéj__% _E_e_:}‘ 3 [kw) EE{IO]E L-Zl% R 095 [m]
44 A 20 [V] C p max 045
AR AR 136 (Al A opt °
4AFE 10[mv/s]
AE Ea 22 [Nm]
Cut-in 3% 4 [m/s]
48 FE 1500 [rpml]
7)0}4] 1:2
A714 A 2.85[Q]
W radEEs 0.09861H] 712 Aojalr] 91 AsEE D4 w5 PWM B
5 4 El9} 43¢ RER FASlE W QIWEE ARSI,
: BHol=9 7&a A& BEAE F 23y HslA
EA g 1.4 = _
= Ae7Y TS 5ol Fotop shdl 1™ el
34 ARAT 058 [Al Hol 322 ALg5W 7|2 34 QHE 22 a4
2 o188 F g€ ool dd® gEad] gojex=
2 RN AR mRlolE AF71E AR AFAE7Y gAEA] S E
Table 2 Ratings and parameters of induction generator HaAa2e] o3 ABIYA Agte] ALate]l 7AYo

W 25 e ac/de PWM AHEE Fabod A

AA=E 3 kW] ﬁ;ﬂf }Oj\q i i‘:i:\] 7:15 }]ﬂ ﬂ:;;:: (:jji
- FAAZR F 9 ¥ 715 294
AAA% 230 [V] Fu4rE 35[kHz]0) 3L, GEEA7IY ASES A
AAAF 109 [A] 294 Fopse 5[kHz]olE}.
AR Aet 093 [Q] FTEHY Was FHLANE o 8dte RojFHE
s :x At 0533[Q] AR A e 1H]Y 4435 ARgssith Ao
R rp——— 0003 [H] REES ARAEIY EA AE 93 10, 524
- 719) £% Alolgt AT THE AE A8 19E
Az A QlEEe ) -
A 5 0003 [H] AFgEon £ DSP HEdlA Sl £¥e
KRk 0.0% [H] A/D AMEIE T8 TAd 9o B FHog
F5 4 A st B AFME Algdeld 4L s
44 s 1435 [xpml] E 39 28 Ape] BuIBolng A TR
A7 B2 195 [Nm] k. | :
= a" 68 F50] 8/s] — 9lmys] — 8lmy/slE W
A== ;
— o ke a2 A9 @7 A S8 9L BT, @E $5
44 Fag 50 [Hz] 7|2 moet FLolu (b)e F&] ALsle
A7 Faso| e de 190 [Q] AH e FERA7Y EHPHY. ol Ty 4
O A ARHA G FHFY SAAE o] &sto] AL
A AFAE7IE At ARE AAoE A Atk ()= AE2oz dolrje dxHor AY
FA L H7|AAFE Aofsted F&o gHE A = Aoty AHFEe EAXE o|4sle] AXEE
Hoz WH7|E FEAIH. HAE FEA ol 9 @)= Fxo wet Jgizd BPS 93 Ay &
3 Folzl FEolA BN FHEErt AHARZ HF =AY AAEES vt Hd deyes
AE7)oA 2R Ea7]EX7 AMdEr ARdE =237 o) T Wt wal &% A7 A



402  EIJETEYE HOGE FIE B4 20044 8H

9 st > H
(@) 8 [m/s) > L - L
Wind Speed - 1 fm/s}/div
S00WP I oo
®) O[W — et ]
Generutor output power = H00[W)/div
S00]W] > .
O pl P
©) o[Wj + - - . " -
Converter output power -~ 400{W]/div
900[spim| o [ =
® I - |
360 jrpm]> - +
Generator speed 50 [rpm]/div
1 ;
pE T s L it
(e) 01Al> o o
Generator g-axis current - 4 jAldiv
) O Af>+ S — T
Generator d-axis current I 3 |AVdiv
340V1>
®) 300> i R b e
Vde - 20 [VI/div
T
h
&y 01A1> ———t
Converter g-axis current 4 1[A{Adiv
Converter d-axis current 7
® 0 [A]b> et dbotiloial
¥ |Al/div

21s}/ div

a2l 6 REUH|el AT AEfAlL| MO £4

(Z%0| 8[m/s] -~ 9m/s]- 8lm/s]Z #al= &)
Fig. 6 Transient responses of induction generator

(for wind speed variation of 8{m/s] ~ 9[m/s]

- 8[m/s])

O
I~

Olt
-
i

ojof wet AA £E7F & AojHI Y&5E
(e)b WA g-F AFe 1 Xl%‘ A, (f)
d-F AF 1 AFAZ Ayt & Hu
# Atk (@ AFHI dAgez A
o[VielH, A=deHdME & Adds &
e A%S AWHY ¢-F AR/, O d-5F %
o 9A 2 AEAE F g25 ot d-F dFY

g 14012 Ya Joz Aojxa ok

Oy 7& FEol 1[Hzl9 F3r2 8lmy/si~10nys]
Atololl A dA&H o R wWgd He BAPor (aE

oo mE v o
tfo r_>.i vo
ik I =
=
BN )
S0y o o

ot 1%

FHLA7N 2 BAF Fxoln (b & F33]
e FELDIS 244, O AFFeR 4
o7k Aol (@ E4 gwE AdE

Wind Speed s
10 [m/sf>

a / ] 4

@ 8 [m/si> BN ~ ! ! \/

1 {ms)/div

1

1050 [W W\M"—\\/
400[W)/div 1

-

() 0w 4

R

Generator output power

1050 [Wie W/\N
© oW - B . _

Convertes output power 1 400[W/div

Generatos speed

(@ 1000lrme\ /\\ //\ // \ /;
800 |rpm]> \\r’/ \/ \/ \,’/

50 frpmldiv |

(e) 0[Al
Generator q-axis cusrent - ¢
: 4 1Ay |
f 0[A| T
[ bt
( (Al +
Gengrator d-axis current T 3(Apdiv |
340[Vio
® 300[V|>—— - TR
T |
Ve 20 |VVdiv |
P Nt st
@ O LAl [-omv e . e
Converter g-axis current 21Al/div

Converter d-axis current

T 2 [Al/div

0.5 Is]/ div

a8 7 REENT(e| MoEM(E50( 8(n/s]t 10[m/s]
AolollM 1[Hz]el R ASHoR Ml )
Fig. 7 Transient responses of induction generator(in
case of wind speed variation between 8[m/s]
and 10[m/s] at 1[Hz])

(0] 0]A]>

2471 SEAYA L dASEE e
719 g-% AR 2 ABAR =] W
ABAE & FFota ok (D ER
frob 2 ARA, (@e 4792 Adst 2
SRR TE2HA AojHa gl

o

@
e gl o
Em& e
["_u

2
_EFNLI

> fo
_

T
MNi

by

|

(e AEZ AMEe -5 7% 1 A9, (=
&% A7 2 AAolth Fhol A%How Wa
= AtE 7t gagel 3 AjHw G8E ¢
I,

o9 8aE ASS AWEY 3§ FHAFE Hol
2 (e A Adst AFRA GNdEANL ol
Fol4L &g eIt ARE AF FAA 2

71 oz Borle WwEe doz A "l A



Lo, | ™S swvesrtu N

Fa PN N
“‘{‘ sl 'm:‘:{\f:&

2[AVdiv

N

'\‘ : . kN ]" 1

P .
W / }E,/*"M’ o
. 7»" \ 7,-"‘, vafi\%
. . f \;/,/ |
’ ‘ 60[v]/d1v!

5[ms / div]

ZAufEl2] Fof
b (b) EH91 o4ExI0f

a8 8 AsZ
(a) ENF

Fig. 8 Control of grid-side converter
(a) three-phase ac output current
(b) unity power factor control

900 [W]L /I

800

L 730}[W' 702[W]
700 — 630 [W] ;

H ; 650 [W)
600 - /

L 550[W] /
500 - / v=9 [m/s]

Pgen r /

s 20w/
300 | 200W] 260{W]

[ 210
200 180 [W] ,/ ™

i L v="7[m/s]
o 20 e=simy

Lo AL P I T NS IR I I |
100 200 300 400 500 600 700 800 990 1000 1100 1200 Prpm
[rpm]

8 ¢ M=ol oyst FEUNMT| MY 2M
Fig. ¢ Output power curve of induction generator

versus rotating speed

A2 AYAAFY g4kl 180 Ao)7} e,

a9 9 ﬁ%ﬂ—%iﬂl B fERRse BEAY

e .
JE
)
JE
to
J[N
O_A..
ol of
2 g
rir
=
>
@
NN
2
>
I
H1
u
offt

Bol e 4§ TR Asde FRE o)F

-

A= Y AL Al 10 7194 g8
=
[}

o] 7hag Aol f\lé%% Ak o b

1>
>
= [>
jutit)
rlo
ol
s b
.2
29
o
_&TL
I

F

_{
2.

24 Avel Ae B A

AFEAr|e] EdAold s Bl Hol=e &
e RO on wv|el wWE A eld <& spws
A2ElS FEHLh d-F AFE 2AdrY dqAs
AolE o3l g-F AFE BEAE Aojsle] HPHHS
HAsHE £E2 Aoj3dth Ao A oAS
A3l back-to-back PWM ZHEE ALg&lglom g-
5 AFE AFI AL dASA Aol d-2 A
TE ATS 988 12 Aosdd. &% 717 34
o] &AL Haslsld AlxE AA 2 HHS F7)A)7)
= A7l tiE d7E £33 dAolr)

of =22 =AU FX7|EHT(R05-2001-000

(1] L. H. Hansen, L. Helle, and F. Blaabjerg, “Conceptual
survey of generators and power electronics for wind
turbines”, Technical Report, Riso National Laboratory,
Roskilde, Denmark, Dec. 2001.

[2] R. Pena, J. C. Clare, and G. M. Asher "Doubly fed
induction  generator using back-to-back PWM
converters and its application to variable-speed
wind-energy generation”, Electric Power Applications,
IEE Proc. Pt. B. Vol. 143, pp. 231~241, May, 199.

(3] I Cadirci and M. Ermis, "Double-output induction
generator  operating at subsynchronous and
supersynchronous speeds: Steady-state performance
optimisation and wind-energy recovery”, IEE Proc. P,
B, Vol. 139. No. 5, pp. 429~442, 1992.

4] #d¥d, o5, “571 T FEEAVE ol &3
g FELdA 2] A& A", A )
A, A 99, A 13, pp 73~80, 2004, 2.

[5] Mukund R. Patel, Wind and Solar Power Systems,
CRC Press, 1999.

(6] Siegfried Heier, Grid Intergration of Wind Energy
Conversion Systems, John Wiley & Sons, 1998.

[7] D. W. Novotny and T. A. Lipo, Vector Control and
Dynamics of AC Drives, Clarendon Press, 1996.

(8] 4571, A7j7171201 2, Bz e}, 2002

%3)
7
R

9] A&, oA, “%71 olFE “FrEHEY] :TL%% A
A7H @3-34 AC/DC/AC PWM AWE”, & 2} 5}

5] =74 pp. 244~252, A74, A4, 2002, 8.



7

/s

. 3
ENETFEE Hy

W..__m._:u

= B Y

T 3umu1.mzu_.

3 3 I

MH_/Al_H_A_I m7mn 70 ol ) ._.I_E8_._._

dn SF .mxTv.g wswn{

za_mn i Mu._ 1m1xﬁ
oG g s G =TLF

or < = M0 = =z ze.u o 3

o Bl ln 5 2K ENTIRE
LA NN wr 31 30 . (Munloo
.__A_.V._ﬂll m@x._a_mu_.o%.rnrr_l.olﬂ_ Wv,ﬂw_ux._a.k_/r._n_kﬂ

Ry wl K ~ mem B ki ol

mm%m ﬁﬁﬂgwo% %m%é_a
30 0 e

AE M__._u __o_u Jnuu ._.m W—H _u._o _-._O _.,Il w - — .._.u __o_| _o_| x o_‘._

ﬂoommw oﬂ%m_a_@ S

- I ol TS ns

G Bliszem FELEL

N Jo ™ 5 o

Jmmeou_AuJ_. %%%5%3? ﬂﬁsm._wﬂ_u_.._xﬁ

2. o= T %J. alE] x_a ™ 7or ol = 4

= ol Bl 1+ 2N,umm:|
7 & w :E




