
Homework 6

EE 451/551 Wind Energy

Due Feb 18th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1515456/assignments/7121941

Problem 1. A Type 4 turbine producing 100 MW of power is connected to an infinite
bus through a transmission line. The synchronous reactance of the generator is 8 Ω and
the inductive reactance of the transmission line is 2Ω. The grid voltage is 110 kV. If the
generator delivers its rated power at unity power factor (i.e., the reactive power delivered to
the grid is 0) to the infinite bus, compute the voltage of the generator.

Problem 2. A Type 4 turbine is connected to an infinite bus. The voltage of the infinite bus
is 15kV. The generator is adjusted until the its voltage is 14kV. The synchronous reactance
between the machine and the infinite bus is 5 Ω. Compute the following:

a) The maximum active power output.

b) The reactive power delivered to the grid when the generator is operating at 20% of its
maximum active power output.

Problem 3. A Type 4 turbine is connected to an infinite bus through a transmission line.
The inductive reactance of the transmission line is 1 Ω, and the synchronous reactance of the
turbine is 1.5 Ω. When the generator is adjusted so its voltage is 20 kV and the generator
delivers 50 MW of real power to the infinite bus. The angle of the generator is 70◦. Compute
the following:

a) The voltage of the infinite bus.

b) The reactive power delivered to the infinite bus.

c) We want to increase the maximum power by adding a new transmission line in parallel
with the original one. Suppose a line with reactance 2 Ω is added. What is the
maximum power that can be delivered?

Problem 4. The rated voltage of the dc bus of a type 4 turbine is 1.0 kV. The dc bus
capacitor is 200 µF and the chopper resistance is 1 Ω. The maximum allowed increase int
he dc bus voltage is 20%. The duty cycle of the chopper circuit is 0.2. How long would it
take to dissipate the extra energy in the capacitor?
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Problem 5. Bonus for undergraduate students, must attempt for graduate students.
A Type 3 wind turbine has 6-pole, 690V induction generator with the following parameters:
x1 = x′2 = 1Ω, xm = 10Ω, r′2 = 0.1Ω (r1 = 0). The machine is operating at a slip of -0.1. A
voltage is injected into the rotor of the induction generator such that the generator provides
50 KVAr of reactive power to the grid through the stator. The developed (active) power
should not change compared to the case when the rotor side injected voltage is 0. Find the
injected voltage. Note, this question is fairly close to practice but requires several nontrivial
steps. Most of the points would be awarded if you’re on a reasonable direction.
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