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A Study on Properties of Torque Control for Wind Turbine

o & S
(Chae-Wook Lim)

Abstract: The aerodynamic torque and power caused by the interaction between the wind and blade of wind turbine are highly
nonlinear. For this reason, the overall dynamic behaviors of wind turbine have nonlinear characteristics. The aerodynamic
nonlinearity also affects properties of torque control for wind turbine. In this paper, the nonlinear aerodynamic property
according to the wind speed below rated power and its effects on the torque control system are investigated. Nonlinear
parameter representing change of acrodynamic torque with respect to rotor speed is obtained by linearization technique. Effects
of this aerodynamic nonlinear parameter on the closed-loop torque system with PI controller for an 1.5 MW wind turbine are

presented.
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Fig. 1. Power coefficient according to TSR and pitch angle.
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Fig. 2. Power coefficient according to TSR at 3= 0.4°.
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Fig. 3. Torque coefficient according to TSR at 5 =0.4°.
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Fig. 4. A model of wind turbine.
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Table 1. Physical parameter values of an 1.5 MW wind turbine.

Physical parameters Values
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Table 2. Nonlinear parameter value according to wind speed.

V,(m/s) By, (m'ls)
3 9.2716
4 12.3580
5 15.4444
6 18.5432
7 21.6296
8 24.7160
9 27.8025
10 30.9012
11 29.1852
12 34.1235
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Fig. 5. Frequency responses of transfer function for torque control
system according to wind speed.
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Fig. 6. Torque controller with speed control loop.
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Table 3. Damping ratios of the closed-loop system.

V() ¢
Case 1: f, =0.01Hz Case 2: f, =0.1Hz
3 0.500 0.600
4 0.552 0.605
5 0.604 0.610
6 0.656 0.616
7 0.707 0.621
8 0.759 0.626
9 0.811 0.631
10 0.863 0.636
11 0.834 0.633
12 0917 0.642
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Fig. 7. Frequency responses of the closed-loop system according to
wind speed: Case 1.
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Fig. 8. Unit step responses of the closed-loop system according
.to wind speed: Case 1.
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Fig. 9. Frequency responses of the closed-loop system according
to wind speed: Case 2.
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Fig. 10. Unit step responses of the closed-loop system according
to wind speed: Case 2.
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