B4 24

K B #E ¢

ACTA ENERGIAE SOLARIS SINICA

Vol. 41, No. 2

2020422 A Feb., 2020

XEHS:0254-0096(2020)02-0126-05

T Hg 15 B XU LA £ o L (S Bl AR
KW, THE, #eE, THE, MRk

GHAENAR B A RAT, #HE 461000)

 OE. RAVEEUEIR K R L TE AR SR B P i A b, b TR G BRI 4 ) SR R R e A S BOHLAL Y
e BIR 28 A7 A0, B Xk a2 1] U ) — o A6 T 7 2 0 1 0 0 8 3 0 65 o R I BE SRR S A SRR A A L
Bladed # /3 E AR ) THL, xR 3 MW XU LA BEA 7005 BLRAIE , 5 FLAG AR ITI24 hi]  REAS e 36 A8 4% 1 1 ) 25
i o G S S  E HT= R T g v e e o

KA. WAL, SR 3 PID ] s il WISy ; el

HESZES . TP273 XHERARARRD: A

0 53| 5

Bifi o AU 7=l )6 R R KU & B LR v e ) R
RIS T7 0] kR MILAE A A2 15 R 28y v i S S0 PR 228 £
TR [ AR i 2t 1 BRI OGBS 1 iy 2 Ay , P AR AL
H AR AZ sl 2y, AL &2 ek SE K HAE FH 75 4
SR ANAR F AR I WAL A E S T T

Sob 7208 5 7 22 XU R AL 26, 7 70 s XLk B3, i
R B AR T2 A7 B4R R AGARIEHE ), S B
ZH AR BRARATAR R . TER BRI DI AE A PRz 1 7 e X5
I SR UEEAE g X LA 1) s A Uk ™ EE A R AR
e B 28 ur TR T 3T B 1 0, 31X 25 KU LA B35 1y
Kt R i, LA, A X 2B pLdnt &
KRR Z UG 5

B X6 AR R, AR SO R AR AR R B i 4 o ) 3
it b A s — ol ) 0 9 Y A AR L R LA /N 3 T A
T, I IR 21 AR AL ZH OGS0 AR 2 ar 9 H 19 o B i
JH IR K 1534 F Bladed X 7S SCH2 HY A% 48 ) 4% 12F
AT FLI I, 25 5 3¢ B2 4 i 25 X & ML 2K oy A6 AT 2
IR

1 TN & AL B ANl R A

AR XS A AL ) AR G4 ] A DR XU
e A 1 DR AE SLVRE R N e PR R G
2 AP PR ——H L AE - R RS- B B R RS
TAEMZANIE 1 iR, 78 B 45 .C A2 R LA EE £
I 5 AN, PRASF I I AR T L, 44 M im0 P - et 2k

s EE: 2017-08-15
HEDH: HEKESVAIT(2018YFB0904000)

IBAT AL HGRE N, ARSI, DR C R K
Z D xL,D KRB EVHUE R P, IkBIHE DR I5
TR B R - R B8 B R Zh R, ) AL 3 2 PR PR
e A BRE S TR N B3l

B, N Rk LR EE s N, St 2k
TR 5 N, g DB 1 R 2 (g v ) 5 N, Ol B
LML 3G N B e i 5 N, O A HLBLAUE B . IR
AR K A AL Gl 2 X o 3 AN IX—— X 1,
DA 2\ DX 3 5 MR A FELBILA Sk 0k ) A FELBTLE 36 2
B AR AL R R AR SR A B 3 A XA Y]
e TAE,

~

I AR Bl 2

HEW

‘ X452
NZ N3 Nr

KA E rad s !

F1 =il R - 4

Fig. 1  Power speed curve
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Fig. 2 Steady thrust force curve
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Fig. 3 Pitch-speed control loop with peak shaver

A M BT L)

VU1 250 3/ SR 2 S AR
SEHLAL SRR O AT SR 1 LA R I
FUIR T LA 5 f A 5 9 AT 4 R L O—E—
F 4 B 0 5/ SOV A f e e, TR 4 o 6,
WA SR N AR 0, KRR s P
Ho 0 R AR TR 5 P, W 30
109 AbIIRA 3 P, WA TN

0 -
~ 4
@ 7
= "
=) //
¥ o B
mEé ’
00}" (6] E ,/// F’
(0 E
opt opt, P r
T W

P4 HUAER Y S/ N SRR A 2

Fig. 4 Minimum pitch angle curve
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Fig. 6 Contrast of peak shaver on and off
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Table 1  Blade root resultant bending moment

M.,/Nm
T
AR 1 A 2 AR 3
HiE 8.44x10° 8.70x10° 8.62x10°
FeA] 9.35%10° 9.73x10° 9.39%x10°

M 2% 1 A7 BT R s sl shaE e, 3 AN A
AR AL B A S AR AR s . G IR 2
BERFAR T AR B 254620 11.84% 5 fr
3.3 HIEE T E RSP AR R bh &k

AR TSR F GL B vE L A NTM AR TR XU 18 5
12 m/s, KB AR ALl 26 5 & 7 2540l 1 8 /& 43 il 4T
FF 5 PAD 11 s ) 15 s s D BE I, 5 7 IS S0 2 ff 119 Bladed
15 FLXF L4k

55

— L LN
"""""""" RIS S

0 75

T30 225 300 375 450 3525 600
A1) /s
K8 B M, 3T

Fig. 8 Tower bottom load M,

Hi Pl 8 R H S DA ) e 3 1 1 il DO BB, 3 faT iR

(ARE IR M, B S T e 0 DA T AR R £
M, W% A8 R 44.0225 MNm , 5 P B 0 378 75 ) G i 3% 145 Jie
BB M, B A N 50.4203 MNm., 35 )R (8 fr v/ 1, [A) it
RERR AR I 1 AT , 42 S HLAEL A 22 4k

4 & i

AR SCAE G A A 39 28 3 K AL AR Fs i) 5 s ) S
St KGR A T AR A AL S B AR R 2 A 3
BTV, B2 W T P B o SRR B — e PR
F, FERR B AT AR L , i/ NE 7, DAL LA (0 2 Af , 184 i
/NG ES L GBI TE Bladed B4 E AT EIRIE, 455 AL
A SR AT 15 3 DA o A SR M e o 2 A
AME SRR B T LA e T B FE R A A T 3 pLEk T,
A8 T BT RN, A SRR A

[ 30k ]

(1] eedE, Bhibi, RITA:, 45 BT LMIEY 5 MW i
W 2 v ML A7 4 ) R W5 [0 ). PP RE DR
2016, 34(1): 44-48.

YAO X J, XIE HF, ZHU J S, et al. LMI-based load
control for 5 MW offshore wind turbine [J]. Renewable
energy resources, 2016, 34(1): 44-48.

(2] fTEMK, TRATE, b, &5 MW ZOX A R G RK
PR A i B AT AR [T ). #0 TAR 2012, 19(4) .
619-622.

HE Y L, SU D X, HUANG S, et al. Pitch control and
load optimization of megawatt wind power system [J].
Control engineering of China, 2012, 19(4): 619-622.

(3] oRbuA. AR BLAL A E IR M. LSt HUK T
Ak iR, 2006.

YE H Y. Control technology of wind power[ M ]. Beijing:
China Machine Press, 2006.

(4] AREH], BEARME, ToiT, & WUsURE AR R K )

KA BRI L) . b B ML TR, 2009,
29(32): 118-124.
LIN Z M, PAN D H, WANG G Z, et al. Torque
control of doubly-fed variable speed variable pitch wind
turbine [ J ]. Proceedings of the CSEE, 2009, 29(32):
118-124.

(5] W4, R KO R H S R M. e st
BB TR Hi ikt 2009.

YAO X J, SONG J. Principle and application of wind
power[M]. Beijing: China Machine Press, 2009.

[6] BOUKHEZZAR B, SIGUERDIDJANE H. Nonlinear

control with wind estimation of a DFIG variable speed

wind turbine for power capture optimization [J]. Energy



130 xOMH B o 414
conversion and management, 2009 , 50(1): 885-892. temperatures (Here: Cold Climate), Revision 4[S].2011
[7]  Germanischer Lloyd Wind Energie GmbH, Technical [8]  Germanischer Lloyd Wind Energie GmbH, Guideline
Note 067. Certification of wind turbines for extreme for the certification of wind turbines[ S ]. 2010.

LOAD OPTIMIZATION CONTROL OF WIND TURBINE BASED ON
PEAK SHAVER

Geng Lihong, Wang Chaodong, Xie Jinjuan, Wang Jianwei, Liu Xiaohui
(XJ Wind Power Technology Co., Ltd., Xuchang 461000, China)

Abstract: In the process of pitch control of the large VSVP (variable speed variable pitch wind turbine, VSVP), in order to
avoid the high load due to thrust force peak change at rated wind speed , an peak shaver controller schedules the pitch is
proposed. The Bladed external controller of a 3 MW wind turbine was used to simulate in different load cases. It’ s shown
that the proposed controller can improve the dynamic characteristics of variable pitch control and reduce the loads of crucial
parts of the wind turbine. Reliability and security are also improved.

Keywords: wind turbines; pitch PID control; load control; peak shaver; thrust force



