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Basic Theory for the Controller of a Wind Turbine
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Abstract

We theoretically and experimentally study on basic ideas to control a wind turbine by power electronic devices.
We assume that the aerodynamic properties of a blade are given by a torque coefficient, which is a function of a tip
speed ratio only. We assume that a multi-pole synchronous generator can be expressed by an interior resistance, an
inductance, the rate of induced voltage and the number of waves per unit rotation, and a controller consists of a
rectifier and a variable resistance. Experimental results show that the behavior of a generator can be described well by
the four electrical constants. To control the rotational speed of a turbine, the value of the resistance must be adjusted
properly. We derive formulas for the value of the resistance for optimum control as a function of the four electrical

constants and the output power of the turbine.
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Fig.1. Schimatic diagram of torque and power
coefficients C; and C,, vs. tip speed ratio A.
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Fig.2 An electric circuit model of a wind turbine.
The generator is modeled by voltage sources, interior
resistances and inductances. The load is modeled by a
resistance.
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Fig.3 Rectified wave forms simulated by PSIM
simulator of Powersim Inc.
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Fig.3 Experimental results for the relations between rotational speed and current / voltage for the HOKUTO
1.0 kW generator. The results calculated by the formulas and the results simulated by PSIM are also given.
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Fig.4 Experimental results for the relations between rotational speed and current / voltage for the YASKAWA 2.3

kW generator.
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The results calculated by the formulas and the results simulated by PSIM are also given.
Experimental results are a little small at high frequencies.
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Fig.A1 Torque and power coefficients for the 3kW wind
turbine.
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Fig.A4 Power curves vs. wind speed / rotational
speed for optimum control at A= 4.5.
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Fig.A5 Relation between the voltage of load / wind
speed and the current at A =4.5.
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Fig.A2 Torque curves vs. rotational speed. The curves
of the rotor are given for several wind speeds. The
curve of the generator with no load is also given.
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Fig.A3 Power curves vs. rotational speed for output of
the wind turbine, maximum power of a load and
maximum power of a load and internal resistances.
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Fig. A8 Torque curves vs. rotational speed. The curves
of the rotor are given for several wind speeds. The
curve of the YASKAWA 6.3kW generator is given.
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Fig. A6 Power curves vs. wind speed for optimum
and stall control. In staill control state, the rotational
speed is maintained at 280frpm].
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Fig.A7 Relation between torque and wind speed
for optimum and stall control.
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Fig. A1l Relation between the voltage of load /
wind speed and the current at A =4.5.
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Fig.A10 Power curves vs. wind speed / rotational
speed for optimum control at A= 4.5. Positive value
of the load cannot get over 10.5 [m/s].
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Fig.A12 Power curves vs. wind speed for stall
control for YASKAWAG6.3kW generator. In stall
state, the rotational speed is 150[rpm].



