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Abstract: A control strategy is presented for no — load cutting — in of VSCF doubly — fed wind power generator which
combines the vector control nonlinear function and auto/active disturbances rejection control ( ADRC) . The mathematic
model of doubly — fed wind power generator is a nonlinear coupling system in d — ¢ coordinates. The system is divided into two
parts " dynamic coupling" and "static coupling" and embedded auto/active disturbances rejection controller in parallel be—
tween the input vector and the output vector to realize the linearized decoupling of rotor voltage. The simulation model of VSCF
doubly - fed wind power generation system is established with Matlab. The simulation results show that the generator can be
flexibly connected with power grid under the proposed control strategy. The proposed control strategy realizes the decoupling
control of active and reactive power of stator output and has a good performance. Compared with PI control strategy ADRC
controller shows a better dynamic response performance.
Key words: wind turbine; vector control; ADRC control; decoupling control; cutting — in

: TM734 TA 11003 - 6954(2015) 02 - 0067 - 06
DOI:10.16527/j.cnki.cn51-1315/tm.2015.02.016

troller ADRC)

ADRC 20 90
PID
o 1 -4 PID. PID
- ADRC N N N N
o 5 o 6 ADRC
o 7
( auto/active disturbances rejection con— PWM

e (7 o



38 2 Vol. 38 No.2
2015 4 Sichuan Electric Power Technology Apr. 2015
. 3 o ..
T, = ?anm( baslyr — qul’dr)
) (3
DFIG _p o O
m e n17 dt
N N AN AN
ADRC DFIG R R, e
L d - N AN AN
: Matlab /Simulink " 1 e~ b
idr\iqr\uds\uqs\ud,\uq, d -q N
ADRC ; lprlc “wqu “pdr ‘l//qr d - q N on
W,y J W, =W — W,
P o n,
y T\T o
1 e m
(2 (1)
1.1 e = — (R, +pL,) i, +w1Lsiqs +pL,i, _wleiqr
E”qs = _wlLsilLt - ( Rs +pL>) iqs +w1Lm,idr +meiqr
. o H‘m = -pL,i, +wsLmiqs +(R, +pL,) i, _wariqr
|:b“qr = _wsLmi(ls _meiqs +weri(lr + ( Rr +er) iqr
; (4)
Ly =1, =0 (4)
; UL({A :meidr - wleiqr
C Bty =@\ Lyiy +pLyi,,
g" ()
H‘Ldr = ( Rr +er) Lar — werLqr
° Cuy =wLiy +(R +pL) i,
(5) o
o 2
1.2 DFIG
. 2.1
N DFIG
d -q 89 °
[Vds = _Rsidx _plpds +wllpqs
. NLSEF ESO) .
%qu = _Rslqs _p"pqs _wllvllds ( ) ( )
0 , (1) ( NLSEF) ;
thr = erdr +p¢,(lr _ws¢([r
| (ES0)
[bqr = Rqur +p¢qr + a)sl)bdr
=L, L, )
Dﬁd.s sVds m”dr 1 i 1)"7,
Bﬂ(p = L.\‘iqs - Lm,iqr . A
S (2) v A
gvbdr =Lrldr _Lmlds ;22 u , b o
W, =Li,-L,i, 2.2 ESO

68



Vol.38 No.2

38 2
2015 4 Sichuan Electric Power Technology Apr. 2015
1
. ESO (6) . (7) o
e=v-z
z, =z, —Be+bu (6) 2
z, =B,Fal(e a §) W =¥
lel“sgn(e) lel >8 qus: 9
Fal(e a ) = (7) a (9)
e/s' ™ lel<é E
Bi~Ba Ebw = —u,
s Fal(e o 6) (9) (1)
1011 , i, =0
ESO ;0 { 4 (10)
e up =w i,
. DFIG
2.3 NLSEF °
NLSEF (2)
= _L"I,i r i(r :O
. [lp‘ R (11)
e=v -2z l//dr = LrLdr lllqr :0
(8) (11) (5)
u, =ke (R +Lp)i
u(f = r + T l(f
i { i P) tq (12)
uqr =w.s'Lrirlr
Iy
0
3 (R.+Lp)i Li
u(r = r + T. l(r —wS rl(r
d Pty " (13)
uy =L, +(R, +Lp)i,
(9) ~ (13)
3.1
. . (13)
° d PI (13) PI
u $,90° u,
U, 2 o . —
d-q 0 o

3.2
69 e



38 2 Vol. 38 No.2
2015 4 Sichuan Electric Power Technology Apr. 2015
Mat—
u, =(R, +Lp)i, -wlL,i, (14) lab /Simulink
u, =wlLi, +(R +Lp)i, o 1 °
X, Xy =l iq,_ 1
uy Uy = Uy U, Yi Y2 =
X, X, ( )
= —Rax +oLx, +u,) /L, p=1.25 kg/m’ D=5m K=5.289
E&ch =( -Rx, ~w[Lx, +u,) /L, C o =0.48 A, =8.2
0 (15)
0y =%, (Y/A )
%}/Z:xz p=3000 W  U=300V/50 Hz n=1200r/min
- 12 R =0.1978Q R =2.5312Q J=0.2kg*m’
(15) d-q L =0.2413H L, =0.2413H L, ,=0.2440H
- ADRCI1.ADRC2
(16) . (17),
Dﬁ::ifl,—z1 fe=Fal(e a 9) .
D'lzz2 +B,e +bu, ;
(&, =B, Fal( e a 8) (16)
0 13 14
HLO =ke i A °
[bdrz(uo—zz) /b '
. Matlab N
¢ =i, —z fe=Fal(e a J)
E}] =z, +PBe+bu, . O \
[k, =B,Fal(e a 8) (17)
o =ke
glo °
[hq,z(uo—zz) /b .
3 i;\i; d-q 4.2.1
i, d—q S Ug N, d-q 4
ADRC
JAu, =wlLi, Au, =wli, HETHEN > o 4(a) .
u, . (b) Lar Ly Ly
o 4(c) .(d)
a U, Uy
0,
ADRC
3 o
4.2.2
4 5(a) .(b)
300 V PI
4.1 o

70 ¢



38 2 Vol. 38 No.2

2015 4 Sichuan Electric Power Technology Apr. 2015
ADRC
ls
: 7m/s 10 s 8 m/s 20 s
7 m/s 30 s X
600 var o
6 o
4
PI
o 5(c) .
(d) PI
o 0.15 s
40% 0.3 s 0.45s o
P1
6
4.2.3 ADRC 0:

e 7] o



38 2 Vol. 38 No.2
2015 4 Sichuan Electric Power Technology Apr. 2015
6( a) p I 2013 37(2):
520 -525.
p e 6(b) 0 ’
600 var I 2006
26(5): 43 -50.
4
J. 2013 46(8): 64 -69.
5
o I
2008 41( 11): 1282 — 1286.
6
J. 2007 27(14): 92 -95.

7  Ramadan HS Siguerdidjane H Petit M. A Roubust Sta—
bilizing Nonlinear Control for VSC - HVDC System: Com-
parative Study C //IEEE International Conference on
Indusry Tecnology. Gippsland Australia: IEEE 2009:
1-6.

8

J. 2005 25(10): 69 -72.

9

J. 2005 25
(1): 58 -62.
10 . Fal
‘ J. 2010 14(11): 88 -91.
11 VSC -
HVDC I .
2013 5(5): 65-69.
Matlab 12 M.
2008.
13 Pena R Clare ] C Asher G M. Doubly Fed Induction
. Generator Using Back — to — back PWM Converters and
Its Application to Variable — speed Wind — energy Gen—
ration J . IEEE Proceedings Electric Power Applica—
; PI tion 1996 143(2):231 -241.
14 Tang Y Xu L. A Flexible Active and Reactive Power

2012 36(7): 12 - 16.

« ]2 .

Control Strategy for a Variable Speed Constant Frequency
Generating System ] . IEEE Transactions on Power E—
lectronics 1996 10(4) : 472 —478.

(1988) .

( 12014 - 12 -22)



