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Abstract:The response characteristics of offshore wind turbines under wind and wave disturbances are com-
plex,so the controller needs to comprehensively deal with various external disturbances. Besides, there is a
coupling function between wind wheel rotation and tower movement due to aerodynamic force,which enhances
the difficulty in variable pitch controller designing. Firstly,a low-order mathematical model suitable for off-
shore wind turbines is established through dynamic analysis. Then aiming at the wind and wave disturbances,
the SDAC (Stochastic Disturbance Accommodating Controller) is proposed. Finally, coordinating output power
control and tower load control,the LQR (Linear Quadratic Regulator) variable pitch controller is designed.
Compared with the traditional controller, simulative results based on GH Bladed software show that SDAC
can optimize the output power fluctuation of the units and reduce the tower load,which realizes the coordi-
nated optimization of tower load and output power.

Key words:wind force;wave force;tower load;variable pitch control;rotating speed control;stochastic distur-

bance accommodating controller; Kalman filter
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Fig.Al1 Schematic diagram of hub coordinate system
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Table A1 Main parameters of 5 MW offshore wind turbine
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Fig.A2 Comparison of transfer functions of frequency domain response from pitch angle to rotor speed, speed and

displacement of tower in fore-aft and side-to-side direction in Bladed model and derived model
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Fig.A3 Comparison of transfer functions of frequency domain response from effective wind speed to rotor speed, speed
and displacement of tower in fore-aft and side-to-side direction in Bladed model and derived model
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Fig.A4 Performance comparison of controllers under 12 m/s turbulent wind
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Table A2 Effect of H on controller performances

Pe b7t 72/ MW My DEL/ (kN m) My DEL/ (kN m)
He/m Baseline fz il 2% SDAC Baseline #ifil#% SDAC  Baseline % SDAC
0 6.19%1072 1.32x107 10 540 10 430 761 744
2 6.15x107 1.34x107 10 490 10 430 724 743
4 6.14x107 1.35%x107 10 490 10 400 741 737
6 6.19%1072 1.35x107 10 520 10 430 756 744
8 6.15x107 1.35%x107 10510 10 430 763 740
& A3 f, xR RS0
Table A3 Effect of f, on controller performances
Pe bR IEZ /MW My DEL/ (kN m) My DEL/ (kN m)
fo/Hz Baseline #4 il #% SDAC Baseline #fil#% SDAC  Baseline ###i2% SDAC
0 6.19x107 1.32x107 10 540 10 430 761 744
2 6.14x107 1.34x107 10 470 10 420 745 745
4 6.14x107 1.34x107 10 500 10 440 770 744
6 6.10x107 1.35x10” 10 520 10 510 758 759
8 6.19x107 1.35%x107 10 520 10 430 759 744
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