
Homework 4

EE 451/551 Wind Energy

Due Feb 4th at 11:59pm. Submit to

Problem 1. A type 1 wind turbine has a six-pole, 60 Hz induction generator. The terminal
voltage of the generator is 415 V. The parameter of the machine are r1 = r′2 = 30mΩ;
x1 = x′

2 = 40mΩ. Assume the turbine is spinning at 1265 rpm when it is connected to the
grid.

a) Find the rotor inrush current.

b) Some resistance are added to the rotor, making it a type 2 turbine. If the added
resistance is 10mΩ, find the new inrush current.

Problem 2. A 6-pole, 60 Hz, three phase type 2 generator is connected to the grid at a
voltage of 690 V with the following parameters:

X1 = 2Ω, X ′
2 = 1.5Ω, r1 = 1 = r′2 = 1Ω

The slip is −0.1. Suppose the added resistance is zero. Compute the developed power. Now
suppose r′add = 0.3Ω and the slip remains the same, compute the developed power.

Problem 3. A type 2 wind turbine has 6-pole and the terminal voltage of the generator
is 690 V. The rotor parameters are r′2 = 10mΩ, x′

2 = 100mΩ. Ignore the stator winding
impedances and compute the speed at maximum torque. Then assume a switching circuit
is used to regulate 0.05Ω of resistance in the rotor circuit. Compute the duty ratio of the
switching circuit that makes the maximum torque occur at 10% higher speed.

Problem 4. A type 2 wind turbine has 6 poles. The rotor resistance and inductive reactance
referred to the stator are 0.01Ω and 0.1Ω, respectively. The stator winding impedances and
the shunt reactance can be ignored. Without any added resistance, the generator speed is
at 1260 rpm. Because of an increase in wind speed, the generator speed increases to 1290
rpm. Compute the added resistance to the rotor to maintain the same developed power.

Problem 5. Bonus for undergraduate students, must attempt for graduate students
Repeat the last problem, but instead of keeping the developed power constant, find the
added resistance that keeps the output power to the grid constant.
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