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Nonlinear Control of a Variable Speed WT System on ARWS

——Power Limitation Problem
Bao Nengsheng, Jiang Tong and Chen Qingxin
(Institute of the Energy and Environmental Science, Shantou University * Shantou,515063,P. R. China)

Abstract: This paper addresses the control problem of a variable speed wind turbine system in above rated wind speed
which uses pitch angle control of the blades and delay angle control of the rectifier, with special emphasis on the differential geo-
metric theory. Wind turbine system has typical nonlinear factor with stochastic disturbance. A nonlinear system can be described
by a new linear system with the differential geometry coordinates transformations. In this paper, first, the nonlinear theoretical
model of the variable speed WT system is built in, Then, the nonlinear model is linearized globally by differential geometry trans-

mission and a new linear model is obtained. The nonlinear model can be described as a new linear system. Finally, a nonlinear

controller is designed relying on the base of linear quadratic optimal algorithm of the new linear system.
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1 5|5 (Introduction)
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X(t) = F(X) + g(X)u,
yi(t) = h(X), (1)
y2(t) = ha(X).
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hi(X) = KCy(B,w,) = Py, (2)

ha(X) = Ko™ — Py. (3)
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3 ek 144= 1 8%1% 1+ (Nonlinear controller de-
sign)
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4 R 51118 (Results and discussion)

MRGH R AEHEEDR, R ERAR
SERIESE RS, THETAEERE R, FUENE
AFERNREE ZEA MEAS, APHILIMER
HZ 8 . R Th R 2 B0 HU4E 28 O 2 B A 1R =
B RS Th 2R 2R BRI AR FR H50n) s R 1 DS 4, X L
MEBEREEMTREEE X, T — 68 &KX
FBLE, FIBE A~ S B N 3Rt 18 3],
FH H B SRR A HUE .

1 RE 12m/s B BRE 16m/s B ¥ 0 R A
&, NE PR E R E R T REN AW EFA, =
S 78 B S 1 5 20 2B A R O, (45 XU R B o PR
EE—ERTEE A, 24 XGE B R 4m/s B, DR K 5
K CTHBIEN 30% , W WETEI 292 0.5 7.

] 2 FE SR SEBR Bl A X 7E P IR 45 16 T B IR
N ER . WL AE R TR BRI, B T RO 2 2R AR AP A



5H 75 5 8 R 1 LI SE IR DA b P A 5 4 i —— 48 o S o 4 o ) A 749

B 12m/s 463 15.5m/s 4, B IE A E N4
AHEMXT AR K, 3 B i T AT O & o A5
WS HLARBIE, 58 P14 K & 4 o B R BT 3
B EE, YT LR 3 1, W o SR AR T B, 3
BYLE D E BB E WP R RGBT, MR
2 FF, PSS A0 05 W6 R WL AE 7 KR T BB P A
TWEXR.

- 15 B 80
&10 ® e
W . Ho0f
X J i
() iit140
5 10 0 5 10
Time/s x10° Time/s
] A — 47—
an —_—
3 it)( T w2
& s oK
L] obh—
£ )
1] 5 10 1] 5 10
Time/s Time/s

B 1 ASREYERVTE L%

Fig. 1 Close-Circle response of the wind speed jump
12m/s to 16m/s
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Fig. 2 Closed-circle simulation curve at wind speed input
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5 #5i2 (Conclusion)

75 TR A3 TLART 5 o) 38 945 F K - Bl 2 2
KA WTEHE KGR DL BT T eRE e miEs s
BEHBRABOT, NAA G ERNSGRATUE D, ETH
43 JUAS Al 8 4 ) 2 1 P e 1 388 X O 91 BT 0 XL o
A BN R, BB E R ER B iR A
AR B TS A0 S BRI SRk, AR 4R M W AR R S8



750 Ew e S N A

16 %%

s vh BT I8 B B I ORI A Fr SE PR R G B

S % 3T HR  References )

1 Alberto Isidori. Nonlinear Control Systems.2nd ed. Beijing: World Pub-
lishing Corporation, 1991

2 AL INCE R RGEARREED . AL B R, 1993

3 BRAUR KRG LTI L B W AL, 1988

4 PR AR TU O B AR Al B RS S o g 5 P
A #1234, 1988,14(5) :329 - 336

5 ol PhOGE , BRI ARRAE R G LA AT 1 R R R AR
NERGEH A P AL TR R T8 1, 1990, 10 (3%
T):15-21

6  Steinbuch. Dynamic Modeling and Robust Control of a Wind Energy
Conversion System: [ Ph. D Thesis ] . Beijing: Tsinghua University , 1990

7 Bao Nengsheng, Jiang Tong, Chen Qinxing. Modeling and identification
of the wind turbine system. Wind Engineering, 1996,20(4):203 - 218

8 Lu Q,Sun Y,Xu Z, Mochizuki T. Decentralized nonlinear optimal exci-
tation control . [EEE Trans. on Power Systems, 1996,11(4) ;1957 - 1962

AXAEH B

EEERE 1971 B4 BhEL . 1994 ENEERFRE TR A ),
Pt b rE L1997 E MK B, RS B R TR W 4. 1
LR MBET RO RS WM.

= M 1937 42E BB 1954 R T 1959 4EAE b A0 R B
TIBLRER 227, 1959 SF 3] 1980 4F £ 78 % 35l A 2 TAE, L &V
T E EAF MR F 1T 1982 4F 3 1985 4E 75 35 7 M7 [ 24 8, 1989 4F
1998 RNk A E SRR K. TEATE TR, 31 & G5
EF WG

BRERHT 1963 R4 I H62. 1988 F KB P L AC M 2 T 182
1AL, 1992 43K TR 45 (0. 3R A BT 55 AT BE AL A3 4,
RS R A i 5

2000 £ E i3 R4 G £ SAESE M

2000 4F 7 E FR P AF 28T 2000 4E 8 A 5 A £ 9 H PRI 2 AT, AR & UGH P E H sifke 4
Rt R ENAESE VI K PN S E L I I S e a0 )

ESZ3E

D) BB 5 SRR 2) AR H B S B B R SRR R 3) s BRI |

W5 A%l ; 4) DCS.CIPS 1 FB #4| R4 %
WXEXR

A ICHERHIE A4 FTEPAR 5 TTRAN, 35 (8 S b2 OB =X, N5 RO 52k L RS I8 B4 7E L& R s

FIr s AE9 8 30K T 28 23 B AC B SO GE R E 2 O IR Uk %

W ERRL.
WX EFR
HRAH
WIS 2000 452 A 20 B .
2 RitE
EBFERFEH IR
RN AR

HE W ;100084

PEAHLFL SRS ELERS
FEXFAFHLA
AEFTRKFE A5





