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GPIkW 160.09 88.81 44.52
95 GT/kN-m 6.36 3.20 49.69
FA/m 0.22 0.18 18.18
MY/KN-m  35955.67 30671.45 14.70
RS/r*min™ 2.48 1.20 51.61
GPIkW 242.56 120.69 50.24
99 GT/kN-m 8.36 421 49.64
FA/m 0.33 0.26 21.21
MY/kN-m 5447829  43373.77 20.38




103Y]

BERRPHAE . RN HLATE 3K ABC-PID F il BF 5

3007

P45 2R, 5 Jonkman' " $ H i) 28 44
it PTAEEHIAR LG, A SCHE H A9 T N T 5 1 1Y
ABC-PID 51l 7 12 %0 5 I KU AL RE A% B A7 4%
Mo HEATIE D AR, IF ELREAR 1 OCBEAR AL A9 57 i
B, TE— R B3 T KU ML Y T

4 % it

AR SCER X R IR T K AL ZH AR B s o s S
O & AL H T A PR AR R MR X — 4
PR T P N T R AR 1 AR S B A A 4
J715 (ABC-PID) . iz 7 LM R AL 28 S 480E
VESEUR. , iz FH RV Bt o 5 2 R R R A S 0T 18 38
JEeREL BT ABC FUAR R R B bS8 i
S5 R A K & T8 WG ), 2% 7 i Re i A
ARCHN i i s T R0 i B, O (AT AT G KR L2 7Y

FEAT o
[ 2% 30k ]

[1]  Boukhezzar B, Siguerdidjane H. Comparison between
linear and nonlinear control strategies for variable speed
wind turbines [J]. Control Engineering Practice, 2010,
18(12): 1357—1368.

(2] BUKRFE, ERKoE, R, 55 ARdERX ) & &R
G WAL g ALt PID 42 [) ). b E A HL TR A4
2008, 28(11): 133—138.

[2]  Zhao Yongxiang, Xia Changliang, Song Zhanfeng, et al.
Nonlinear PID rotating speed control of variable speed
constant frequency wind turbine system[J]. Proceedings
of the CSEE, 2008, 28(11): 133—138.

(3] B o, e, Uk 5%, % T AR
AR 10 T 9K K R () 20 R & H AL ) 38 3 4 o]
(1], LT R4, 2009, 29(18): 71—77.

[3] Liao Yong, He Jinbo, Yao Jun, et al. Power smoothing
control strategy of direct- driven permanent magnet
synchronous generator for wind turbine with pitch angle
control and torque dynamic control [J]. Proceedings of
the CSEE, 2009, 29(18): 71—77.

(4] Mk, B, R, 5 Rk AL AR
S pEfIAETE LT ] R T, 2013, 46(3): 19—23.

[4] He Yulin, Luo Min, Xie Shuangyi, et al. Optimum
pitch control of wind turbines [J]. Electric Power,
2013, 46(3): 19—23.

(5] = &, WF, B, % LT RBFMZ ML
SHE ff 4w )], K B RE A4, 2011, 32(5)

(5]

(6]

(7]

(8]

(8]

(9]

(9]

[10]

(11]

[12]

[13]

623—626.

Wang Zhe, Tian Yanfeng, Chen Lei, et al. Pitch angle
control strategy based on RBF neural network [J]. Acta
Energiae Solaris Sinica, 2011, 32(5): 623—626.
Yilmaz A S, Ozer Z. Pitch angle control in wind turbines
above the rated wind speed by multi- layer perceptron
and radial basis function neural networks[]]. Expert
Systems with Applications, 2009, 36(6): 9767—9775.
TRAERT , FBIUbR, Bh4AE, . 3T BP A& M 25 1Y
PID 25 3 A AL A 2 [0 ). 2R B Tll Ko 2l
2006, 28(6): 681—686.

Xing Zuoxia, Zheng Qionglin, Yao Xingjia, et al. PID
control in adjustable-pitch wind turbine system based on
BP neural network[J]. Journal of Shenyang University of
Technology, 2006, 28(6): 681—686.

WIWRLL, B 1. JE T BP #2225 19 KUy & AL AL ZH
7 A A L BRI ST (). HULARGR T Sl L 2010,
(7): 184—186.

Yang Xiaohong, Ge Haitao. Simulation research on
variable-pitch control of wind power generation based on
BP  neural network[J]. Design &
Manufacture, 2010, (7):184—186.

TG RO, REA, T IR AL
Pl B9 X e L A s AR B ] [T . e F AL
TARAR, 2011, 31(17): 121—126.

Wei Zheng, Chen Ran, Chen Jiawei, et al. Wind

turbine-generator unit variable-speed pitch control based

Machinery

on judgment of power changes and fuzzy control[J].
Proceedings of the CSEE, 2011, 31 (17): 121—126.
Yu Huiqun, Gao Yang, Zhang Hao. Fuzzy self-adaptive
PID control of the variable speed constant frequency
variable-pitch wind turbine system[A]. 2014 IEEE
International ~ Conference on System Science and
Engineering (ICSSE) [C ], Shanghai, China, 2014:
124—127.

Lakshmi K V, Srinivas P. Fuzzy adaptive PID control of
pitch system in variable speed wind turbines [A]. 2014
International Conference on Issues and Challenges in
Intelligent Computing Techniques (ICICT) , TEEE[C],
Ghaziabad, India, 2014.

Karaboga D. An idea based on honey bee swarm for
Technical Report-tr06,

Engineering Faculty,

numerical optimization [R].
Erciyes University, Computer
Engineering Department, 2005.

g, JHRRE. BT TR PID (4K # R 25 H AL

W RG], A4S, 2015, 45(10) : 47—50.



3008

X M

s 404

[13]

[14]

[14]

[15]

[16]

Cai Chao, Zhou Wuneng. Speed control system of
PMSM based on artificial bee colony PID [J]. Electric
Drive, 2015, 45(10) : 47—350.

5K A L N TG R B 0 1 et R AR DG W IR SE (D .
FEL . MUK, 2014,

Zhang Dongli. Improved artificial bee colony algorithm
and its applications [D]. Yanshan
University, 2014

Jonkman J M, Buhl Jr. M L. FAST user’ s guide [R].
National Renewable Energy Laboratory, Golden, CO.,
Technical Report No. NREL/EL-500-38230, 2005.
XUFHL, RIA:, Be4EE, 45 36T Hy/HLIR G AR
KA X WL AR R 8 4 HORBIESE [ ). KB BE

Qinhuangdao:

[16]

[17]

(18]

A, 2015, 36(3): 714—719.

Liu Yingming, Zhu Jiangsheng, Yao Xingjia, et al.
LMI-based Hx/H. robust pitch control technology for
wind turbine[ J]. Acta Energiae Solaris Sinica, 2015, 36
(3): 714—719.

Hansen M H, Hansen A, Larsen T J, et al. Control
design for a pitch-regulated, variable speed wind turbine
[M/OL]. Risg National Laboratory, 2005.

Jonkman J, Butterfield S, Musial W, et al. Definition of
a 5- MW reference wind turbine for offshore system
development[M/OL]. Golden, CO, National Renewable
Energy Laboratory, 2009.

RESEARCH ON ABC-PID PITCH CONTROL OF
LARGE-SCALE WIND TURBINES

Yuan Chenyang', LiJing', Chen Jianyun'?, Xu Qiang'

(1. Faculty of Infrastructure Engineering , Dalian University of Technology, Dalian 116024, China;
2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The parameters of pitch controller for large-scale wind turbines are optimized based on artificial bee colony

(ABC) algorithm (ABC-PID). The parameters of PID controller to be optimized are regarded as the honey source. The

fitness function is designed by the rotor speed error and overshoot penalty. The optimized parameter combination is

searched by using the foraging behavior of the colony. The combined simulation between FAST and Matlab/Simulink is

used. The simulation results show that compared with the traditional PI controller, the ABC-PID controller can effectively

reduce the fluctuation of output power and rotor speed, which improves the precision of constant power control. At the

same time, it can reduce the fatigue load of drive chain and structural response of wind turbine, which improves the

service life of wind turbine system.

Keywords: wind turbines; intelligent control; pitch control; artificial bee colony (ABC) algorithm; co-simulation



