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Abstract

Because of the random and irregular nature of wind speed, the output power generated by wind turbines
can be unsteady in high-speed regions; thus, an entire wind turbine experiences unbalanced loads and wave
vibration. To mitigate load fatigue and improve system performance, we propose an individual pitch control
strategy for wind turbines based on an analysis of dynamic load models of wind turbine systems when operating

at constant power combined with a support vector machine with weight coefficient control. We then developed
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an individual pitch control system mode for wind turbine systems with a permanent magnet synchronous gener-

ator and simulated it on an RT-LAB real-time simulation system. The simulation results show that the pro-

posed control strategy ensures a stable power output, achieves a smooth regulation of the pitch angle, and re-

duces the unbalanced load as well as the fatigue and wear on components. Thus, the correctness and effec-

tiveness of the proposed control strategy are verified.

1 515

Wil XD R R R R, U8/ NLZH AR B AT Al 28
it AR T ARG G — A S HE ] 77 7 (collec-
tion pitch control, CPC) A 25 WS IR0 | i Ui 800 I
PE RN S TR % KUES 2 R, B JRUE 48 9 S
K, PUTIRON R XUBIL 8 22 e B ok G, PRIt , <7 28 SRR
2l (individual pitch control, TPC) A H 1ij 45 & XU H, 4% il
TIPTS5 b B %ok AP A 14 <
SN AT XF RBILF AE AAS RSE IR, A XL 1) 52 ) SRR

Yaf, W22 4R sl KUbLas 71

] A BT 0Tl 7 A 2 R 4 S B R B B 9 AR A AP
MG —ZRIFHARD Ha . gi— 8 R HR M5
X g — AR R ER AL AR R R A R BE R 2B R &, £
R ST EY) R T D2 S R . RS R
T4 PL( proportional-integral ) &2 & 28 32 BE 42 1] . LQG (linear
quadratic Gaussian) ¥ | #EH AR 5544 2 1 A1 RBF (radial
basis function ) i1 25 P 45 45 il 55 HEMg AL 8 — B AL BRI R
rh Y R R T AR B AR R R R B R B — B S %
i,



686 E RS IRE

44 %

HHT, XX S AR S B o 2 BE M 4R, 24K
ARSI P 2l 8 S HL A2 A 4l L BOR PID Has kil
LQG bl as " . KOG ELAT REALE RIS R S T 10 45 1,
DI R SEBRig ATt B IR 2B B XTI AS | B RN | i Ik R
FEREEI O, N2 K7 A BATLA A e 2 Bt 2 B ) A 25 [
RAAL, EAATAHE G R0 R G0 25 BT BT AR 3
BRERASIE DR X LA 8 5 L 42 e R R S 1

TEORIRL ZR K00 <7 A8 S B ) ) LA SR o T S
BATHIRRE S, T SR &AL (support vector machine, SVM)
ST — PR IR G2 =) BV 025+ KUK f/ Ak SRR ) R 2
IO SRR AR L, SRR L, T LA R
fETRAG FRAEA ST T 1 S B A R A e () B, JF Rz
TLRE T3 | WS 2 e Fpe P AN AE BRSOl 5. AR
P FEm IR BAE RS &, e —Fh TR L
FEm LS 2] PIAR BRI ST AR B PR~ ST 58, RS
IR E R ERT, AT LIS B IERE, it —
Al NS B A THEHLAL 5, KL 51w
2 WJpkra R s
21 KAWL FEER

RT3 KWL Z g0 R H XURE e b o KL B B & — 1~ 2%

MBSt e O T RN WA TEA TR XU e RS,
Fir IR 5 Jo ke 55 R 2 HESR A o, AR I RIEEEE A

A =2wRn/v = wR/v (1)
A n HRECFEH; R ARV F2ER; v ARE; o
R IR TE % £
RAHL R T 2 0] 3R
p =5 Co(B. M) mpl! (2)

K p AEESE; C, WKRER M R %G B 0t Fr i
KIS C (B, A) LRI FE RIS 15 B A 1 BR L

L = K Dk el e A= RN k= TN i k=
7 RN A i 2.

PERIAEM R B2 sl 1 s R A B IR T 10 39 7
SR M, . FFEEED5 1 (il ) 8577 Q,, RVESHE M, LA
EUD RSk 9t R NI WA Kl DA ERL I U] <3 I W3

M,

B4

B R AR A

Fig.1 Blade coordinate system

1 AR Z il A, RN E B gm
dF, Fy)mty dF,

drF, :%pCVZ(CLCOS @ + Cysin @)dr (3)

dF, :%pcVZ(C,Acos @ - Cysin @)dr (4)

AFHRR 0977 15 RV 315045 B4 FIAE AU B e e Uik
HAF T, RIS F, SRR M, RS S F,

3 3 >

T, = YM,, = ZLArdFZ (5)
i=1 i=1
3 3

F,=YF. = ZLRdFm (6)
i=1 i=1
3 3

M, = Ysing M, = Y sin ‘/’iLR’dF“ (7)
i=1 i=1
3 3

F, = Zsinzj/in‘i = ZSin‘/szRsz,i (8)

i=1

K M, F, S35 o A AR e 8 sh oy il i A AN
J15 M, F. S350 A AR A=y m 0 R,
22 EHIRKHEHRFGEDR
ik & HAL d BN g SR ERAR AR, EOK K RER 2
R AL i R R 2 ik Uk
T, =1.5n,i,\, (9)
F R FH LB A R KU 2R G2 1 RPN & LG 5 48
RO FO AR T BRI, R R R T P P A R 1Y
UL B, I as bRtk F 1T — e R R, 1Lah &
i AL AT LU — A —Briz s R E R
Jo,=T,~T, - Bo, (10)
s T, BSEESE; T, RBMEE; B 2 RBIEER
B o, BRI FRHE; TR R YRR SR,
23 TREFITHGEE
AR RS SR B D SR S AR K. AR
PATHUAL T B SR LIRS R S SE B, T LSESCh
7,8 =u, - (11)
s 7 S AEHE A e R A G B SERR IR A uy
B PR f il 45 2 (H.
3 JET1EZ SVM BOMIEL R Bl A3 ih
il
3.1 E-TF SVM =M Z S 57 T5 32 BE 4 il 45 4
LT SVM BRI B0 37 AR 3 BF 1 1) 28 Gote e dn 5] 2
Jirs. PEHIREE R 2 N4, 0T BT A
SR RS s hl AR R TR, DS B R A MG — R
L. 4 R4 SVM AR B0~ AR B4 I 2%, £
FEAR B LS TT . SVM AR Ab R R R Bl 32 5 5
TG BGREU BT BRI AL R B SVM i fb4h
G I 7 O 0 R R Bl ) KBl ) 255 JE T AR SVM BEH
BRI B VSR AR TYIZR, SYM AR B 6l 458
Tk SCRE T AL S SRR RE A B 4 B E BRI T B
R SR LA TR AL S SR IG T AELR 2 I



6 3] TN, A o BTSRRI USRI 37 A8 3R 2 ] P 687

IE. BB TR S AT TR i i R R R
A ST A il i
M 1R
— MR 2 DA
M-3R

B | wizssrm
EEEATT

iallkalke

EAns
M| p
DES

s
— AR w5 | g
SVMAtEH AK,

EH G| AK,

M h Rl <300
MR 23l <3
MR 3R A

%g
BEHHISEE

Eh

SiNE=

WEBF

P2 SVM BERIA R B sr A8 S P ol R ¢
Fig.2 The individual pitch control system based
on SVM fuzzy weight coefficient
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Fig.3  Support vector machine compensation
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