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Second-order Sliding Mode Control of Doubly Fed Generator Under Unbalanced Voltage
GUAN Ping, WANG Yibo

(School of Automation, Beijing Information Science and Technology University , Betjing » 100192, China)

Abstract: The adaptive second-order sliding mode control was applied to the direct power control of doubly fed
induction generator in order to solve the problem of poor performance of doubly fed induction generator under unbalanced
grid voltage. A sliding mode observer was used to estimate the uncertain part of the system caused by negative sequence
component. The adaptive second- order sliding mode controller was designed. The adaptive law was deduced, and the
controller parameters could be adjusted on-line. At the same time,it was proved that the control system is stable in finite
time. The simulation results show that the designed wind generator control system can effectively control active power,
reactive power and stator current,and weaken chattering in traditional sliding mode.
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K2 % B s T 89X R BALR L SE A
AN i A il 7E T LU AT SRR R
PEIE . 760 ~0.09 s () FAFE ] P, B4 i Y
A ) A A i X XA F ML
11T AHREER 2T B I A B ORI IR 5% JCH
AR AELF Y B L R A AT S AR Y
BB LA GEi BN

4 000 ]” 1, I( 4 000 1“ 1, [
< oM, < o M
Y1) T —— qolb——
1

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
1.2 2

2 2
I Ul = S K}
0.8 P S T 08 R
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
0.6 0.6

8 045\/\/\ﬁ~\1\»,\/\,k'\ﬂ"\}t B 0.5r__AAJ\.AJ\N\JM
St Qi

0.4 L s . . L ,
0.00 0.05 0.10 0.15 0.20 0.25 0.30

0.4 A
0.00 0.05 0.10 0.15 0.20 0.25 0.30
tls

tls
()fe et (b) A &1 B i A

B2 B T e T A s fe s A g e 1E
Fig.2  Stator current, active power, reactive power

waveforms for target |

2 H, 7E 0.09 s & A BAH AN C AH HL R i
B, 38 R VA A A R B R A
BLR B IE L o A I8 N B I B A TR
Lk i e A DD i & sh s/, [l
7 [ Ve R B A M R A A T T e
) I i i e 1 2 /o e 71 o e B0 8
B A% S5 ¥ B ) 5 A1 1) TG ) B 3R 1) 0 sl B i
VB o

13 X H AR T RS A — i i
il 1) F FLIA AT D DR RN TC D Ty )5 B o
TE0~0.09 s F-HPRAS T —H ek 2H RN H
B, A R i T A A 4 o RO A AR i
B, 7E0.09 s LUG , HL I & AL B R e, — A
1) L JE LE 5% B B2 0 TR e TR F U IE 9% R 5 %
S0 VRS I 0 JC D) TR Bl -5.32% ~ 4.11%
I B i A A T 2l oy 3 0% B A R - 0.72% ~
0.66% , BHIR I WA 55 , LA D00 55k
S UAE SR /N, B4 e Hbs I R &45e i
BRI B BA5 5 72 0 ~ 0.09 s PRtk



B, R A BAE R P R T 69 =R A

W A4S 2020F H 5045 H3M

N, PIEACRER B A bs , B4 2 G
DN RCR Z 0 TG, 1£0.09 s LU, A
I AR LA SR AR A R R AL ST
IESZIE LY o ek 2 RO AR 2 LA ) TC
RIS h/52m IR (ENE Brig At 1wt s & il s o o
TR

4000r 7 g 40007 f g p
<o FTT . < o ST
-4 000 L L L L ) -4 000 . L )

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30

121 1.2

E z

£ 10 MA/\/W E 1.0 AN
oglb—— oglb— v v

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30

0.6 0.6

§ 0.5 EANNAAUNAUNUN § 0.5

Qi Qi

04 s L L L L s
0.00 0.05 0.10 0.15 0.20 0.25 0.30
/

o4l
0.00 0.05 0.10 0.15 0.20 0.25 0.30

1ls "

(@Gl

ils
(b) 38 R B A ]

3 Hbs A EF R A DB SR o2 8 E
Fig.3 Stator current, active power,reactive power

waveform for target [l

40000 g gy a000r ;g

< < \ Wi

= o e = o
400 e -

00 ! 4000 . * * . * !
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
127 127

1.0 P S NS

PIMW

1.0 e ANANAN NN

PMW

38 L L L L L ) 0.8 L L L L n ,
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30

0.6 0.6

05 ‘/\/\I"\I‘W’\F 0.5 A AANANAAS

0.4 T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30
tls
(a)fEgE i

Ofvar
Ofvar

0.4 T S
0.00 0.05 0.10 0.15 0.20 0.25 0.30
tls
(b) A I 3, B T A ]

K4 BERILE TR A IR 3T K
Fig.4 Stator current, active power, reactive power

waveforms for target [ll

AR ST R AU A ) A L AILAE AN £ F I
JE N P N 0] 0 R N S B VA g ¢ S S K S

Ayl o R T AOULIN 2 ke A T LS X
T3 5 AL AR 3, LAAT 25 A Mz i 45 o
TE M EERR L5 AR S R il g, 4 T
P S RO, AT BERS TR LR (B TR 1Y 2
B, AR e T A R RS R ek
T RBHLBISTTIERE .

D7 BLES AR, TR 2 0 B IR A X
TR AR RGBT A 2 TSR Bk
Ui PREEE T RULIE SZ ORISR H bR . SRS
B RH L, FE Y B iR 5 1 SR
BHIR , I ITEAGE T AN FL 1) R PR 2 R XU X
1R LB TPERE o

SE 3k

(1] ®RE, W, IR . UGS KT R AR LR 2 Y
B (7] b E LT R A0, 2018, 38(8) £ 2487
2495,2558.

(2] RIBEE, BN, SRR, A5 AT (R 20 B ) BE A U5
W3 e B B RO BT ] AL & 80,2014, 44(8) - 34~
38.

(3] WHEISCL /NG A2 RSB RS R e L) ). i
S455),2015,45(3) :68-71.

(4] AFEHT,BRMG, 8 45 HE . wieRe s PR AU XU RGEIB AT HAR
LR L], o [ AL TR 24, 2015, 35(16) - 4184
4197.

[5] Hu Jiabing, Nian Heng, Hu Bin, et al. Direct Active and Reac-
tive Power Rregulation of DFIG Using Sliding- mode Control
Approach [J]. IEEE Transactions on Energy Conversion,
2010,25(4) : 1028-1039.

(6] A, AEHT . AN Bsipl v T XU Sy FiL AL 31 A6
FERIEARLT ] ER AL TR, 2015,35(2) : 465-476.

(7] skl BHH 5, 55 AP 0 R T s
SR Y XU RO R G T AR s P R [0 ] vl
THARS,2016,31(17):121-131.

(8] G4, skGHr, EHM], 55 . — b Wi i 5k no
HERREILY ). FE S, 2011,26(9) : 1436-1440.

Wk H 1 : 2018-06-06
&8k H #1:2018-08-09

55





