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Abstract: The mathematical model and control model of double — fed wind turbine are analyzed. Based on PSCAD/EMTDC
platform a single double — fed wind turbine simulation model is built. Taking the gusty wind and gradient wind for example

the steady — state characteristics and failure characteristics of the wind turbine integrated to power grid are simulated and the
active and reactive decoupling control and constant voltage in stator side can be achieved then the correctness of the model is
verified. The equivalent method of different types of double — fed wind turbine is studied considering the wake effect an e—
quivalent model is built and the steady — state and transient characteristics are compared and analyzed before and after the e—
quivalents. The effectiveness of the equivalent methods is verified by the results which provides the favorable conditions for
the further research of large — scale grid — connected wind farm.

Key words: double — fed wind turbine; wind farm; modeling; equivalent

: TM743 TA 1003 - 6954(2012) 04 - 0010 - 05

PSCAD/EMTDC

1.1

1
Py = 7/)7732 Ve, (1)
(50967004)
. 10 .



35 4

Vol.35 No.4

2012 8 Sichuan Electric Power Technology Aug. 2012
P R Vv  C) L,
P ! EPS = _%Us fir([
: 0 " S . (5)
2 s m .
%s :?( w L - L Uslrd)
pw wN pw w s y
T =—x—=—/— 2 .
" o py py wy (2) (5) Ly
wy , PW Ps inl
o QS
1.2 T
2.2
dq d
DFIG ’ q d 90°  wu,=
U, u, =0
di, °
Uy = (I’Z‘d +Rsisd _wllﬂsq
(3) Py ) Uty
d
u’sq = L + Rsisq + wlwsd 3 ( 6)
dt Q,= — 5yt
ud\uq\id\iq ~
d T .
un{ = gtd +errd _(’usd/rq d‘q © ( 6)
(4)
dlpr( .
urq :7 +errq +w5¢rd id‘ iq°
Uy~ u.w SUg~ urq ~ d\ q y i.s'd ~ I:«‘"I ~ .
irrl‘irq N d‘q ;w‘wi‘djsq"wllrd‘g[/rq N ] e g
d\q ’Rs‘Rr ~ ;wl d\q 9 °
;wx :wl - 3
w, d-q w,
’ PSCAD/EMTDC
1.5 MW
2
1.229 km/
m’ R=40 m 0.97
3 m/s 13 m/s 25
’ m/s 0.69 kV 50 Hz
R. =0.005 876 p. u. R =0.006 613
p- u. X =0.097 6 p. u. X =
50 Hz;
“ . 0.163 4 p. u. X =5.136 p. u. -
2.1
d 3.1
q uy =0 9 m/s 2s
u‘sz‘(o P, 2 m/s 1s 4 s
o, 2 m/s ls 1

11



35 4 Vol.35 No.4
2012 8 Sichuan Electric Power Technology Aug. 2012
o 2~ 4
12
1 °
g 10 3.2
% 9 m/s t=
" 1.5 s 0.2 so
1 3 4 6
EEI'TEJ(S) ~ N
! 5~ 6
2
5 SRR— 7
g 15 — RWHE °
¥ A P W—
2N Y
E oo et \ P U —— B E
R o5 =, 5 ——
g
g OW—-\/-W-—\/-\J/-—————— g 5
& B
R 05 % A M LAARAAAA
§ g ° 4
™ 2 3 4 5 [ #
B} {8 (s) 5
14 16 18 2 22
2 B fEl(s)
5
5
§ !
* ¥
:
. 32
s 31 Bﬂ‘?él%s) 33 34 \g 3 if;
R 4
F '
M2 14 2 22 24
6
a 5 1=2s
£
# 0 0.2
lﬂ' So
#
o 1=2.2s
4 (2) °
2 0.2 s 0
0
0 . 3 4
1
9-11
o 4 AY AY

e ]2



Vol.35 No.4

35 4
2012 8 Sichuan Electric Power Technology Aug. 2012
X 2 Qu]ref 2 me ( 12)
° 4.3
4.1
Jensen 7
X 'R R,
Vo o T
; VT ; Vx
o Jensen .
VooV, 1-(1-JT=C) (=R 2 (g :
v YR+ KX
C, ; K 14
(9 . .
= . 13
0. 5 ( 8) seq ’ + b2 ( )
In( h/z) b
h 2 0.002 m. w =T (14)
80 m 40 m m X
é)l Yl 2 bx é)l Yl 2
m 500 m c, 0.2 V, SR+ X2 SR+ X
=0.958 2 V,, RW\XWO
L .Y L, Y 1
Xy = S (15)
— 5 R,, - pi mi
R L YT _»vx N
0 X
7 ]eq 2 pl Ji ( 16)
13 T]eq ; T][ L
Vw = 72ALC IVL 2 (9) m
' AC = ! Deq — _glpiKl)L ( 17)
A=SAC =LScoa i Ko, Ky
=1 mi=1
; C, i VL 1 2 2
] ‘Se(:l/.a2+b2 (18)
o " a a +b
4.2
O _ < p.R,
0" = &R +X;
A) o D T 12
n D n pX
S = S. 10 = L
eq i; 1 ( ) é{) t=1R3i +Xi
r, =,§1Pi (11) o._ < piR./S; (19)
. g‘ TE(R./S)I X
° U .~ p X
D=2k s e
E =1 )+ X
DX[L’ =X, +X,

e |3 .



35 4 Vol.35 No.4

2012 8 Sichuan Electric Power Technology Aug. 2012
4.4 4.4.2
t=1s
1.5 MW(1.2 ) 2 MW(3.4 ) —
8 — &FEE
’ g
%
®
k
1,
LGJ240 5 3
r=0.132 Q/km x=0.401 Q/km
L4
b=2.85x10° S/km; 10
-5 oy "
MVA 10. 5%, g """"""""""" %fﬁ"f
% 10 — SMEE
LGJ150 r=0.21 Q/km x = &
0.398 Q/km b, =2.9 x10° S/km. 1
0 1.5 2 25 3
B El(s)
wHO—o— w
2#
do e tot—1to g™
8'@_©_ g g B~ 1= N - 11}
8.@_@_ x — s {ERT
a# 1]
¥ 10
8 % 0.5 1 15 2 25 3
it E(s)
! 9
10
8
6
Py /MW 1.5 2 7 : .
Uy IV 690 690 690 % 2
fIHz 50 50 50 ® ooy
2}
T/s 5.04 3.5 4.116 N
o 05 1 1.5 25 3
K/p.u 0.01 0.01 0.01 B (e )
r./p.u. 0.005 876 0.004 88 0. 005 649
x,/p. u. 0.097 6 0.138 6 0.117 47 5
r./p. u. 0.006 613 0.005 49 0.005 934 X
x,/p. u. 0.163 4 0.149 3 0.155 03 #®
x, /p. u. 5.139 57 3.9527 4.387 18 e
(o] o5 % | 1.5 3 25 3
s 0.2 0.2 0.2 FREE)
2 40
WGl  WG2 WG WG4 5
10.5 10.06 9.64  9.24 9.88 1PN | S T S a5 (BT
5 — HEE
4.4.1 * 10
2
00 0.5 1 1.5 2 2.5 3
Bt iEl(s)
N 9 . 10 .
9 ( 45 )

e 14



J . 2006 31( 1) :42 - 46.

35 4 Vol.35 No.4
2012 8 Sichuan Electric Power Technology Aug. 2012
)
S . 200s. ;
4 . WGQ -871A (1986)
R .2008.
( 12012 -01 - 11)
(1984)
LLLLLLLLLLLLLLLLL L L L L L L L L LLLLLL L L L L L L LKL LL LKL LL LKL LKL LLLLLLLL KL LL L L L LLiiiiiiiiiiiiiiiti1«&
( 14 ) 4 Yu Zou Malik Elbuluk Yilmaz Sozer. A Complete Mod—
eling and Simulation of Induction Generator Wind Power
. Systems C . Industry Applications Society Annual Meet—
10 . ing (IAS) IEEE. 2010:1 -6.
PCC :
J . 2010 26(1):5-9.
PCC N
6 J .
2008 27(6):53 -57.
7 PSCAD/EMTDC
o D . : 2008: 17 -
o 20.
0 8
J . 2010 25(1) : 75 -80.
5 9
J . 2011 35(3) :177 - 182.
10 PSCAD/EMTDC
J . 2009 37
X (21) :62 —66.
11 L. M. Fernandez C. A. Gareia J. R. Saenz. Equivalent
Models of Wind Farms by Using Aggregated Wind Tur-
1 ° bines and Equivalent Winds J . Energy Conversion and
Management 2009 12(4):691  704.
N 12
D . : 2009:47 -52.

. 13 Daniel JT Andrew G Jawad M K and Eric M. Petritz .
Fixed — speed Wind — generator and Wind — park Model-
ing for Transient Stability Studies J IEEE Transac—
tions on Power Systems 2004 19(4) : 1911 - 1917.

) 14
D . : 2007:23 -31.
! I (1986)
2003( 1) : 27 -30. .
2 . PSCAD/EMTDC (1965) ’
J.
2007 31(17):30 -35. ( 12012 - 05 - 11)

e 45 .



