
Final

EE 451/551 Wind Energy

Due March 15th at 11:59pm. Submit at
https://canvas.uw.edu/courses/1515456/assignments/7187412. No

communications between students, otherwise no restrictions.

There are 6 questions worth 100 points plus a 7th question worth 10 points. The students
taking EE 551 must attempt the last question. Read the questions carefully, show your work
and clearly indicate the answer.

Problem 1. [15 points] A Type 3 turbine has 6 poles and the terminal voltage is 690 V
line-to-line. The parameters are:

r1 = r′2 = 0.1Ω, x1 = x′2 = 0.4Ω

Assume the stator voltage is the reference. The speed of the rotor is 1245 rpm. A (per-phase)
voltage of 5 V with an angle of −15◦ is injected at the rotor. Find the complex output power,
that is, the real and reactive power delivered to the grid at the stator.

Problem 2. [15 points] A Type 4 generator is connected through a transmission line with
a reactance of 2 Ω to an infinite bus at 10 kV. The generator voltage is 30 kV. The total
active power delivered to the infinite bus is 100 MW.

a) Find the reactive power consumed by the transmission line.

b) Is it possible for the generator to double its power output without changing the mag-
nitudes of the voltages? Show your calculation.

Problem 3. [20 points] A six-pole type 3 generator is connected to the grid at 480 V line-
to-line. The parameters are:

r1 = r′2 = 0.2Ω, x1 = x′2 = 0.3Ω.

The speed of the rotor is 1260 rpm.

a) Suppose the injected voltage is 0. Find the total reactive power consumed by the
generator.

b) A voltage is injected such that the total amount of reactive power consumed by the
generator is reduced by half. The angle of the injected voltage is 180 degrees (references
to the grid). Find the magnitude of the is voltage. Hint: you may want to graph this.
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Problem 4. [20 points] A Type 4 turbine is connected to an infinite bus through a trans-
mission line. The inductive reactance of the transmission line is 12 Ω. The infinite bus
voltage is 110kV. If the generator delivering 1 GW at unity power factor to the infinite bus
(i.e., reactive power delivered to the infinite bus is 0), compute the reactive power at the
output of the generator. Hint: you need to find both the voltage magnitude and angle of
the generator. Try setting up a system of equations.

Problem 5. [20 points] The following measurements were made at a potential site for a
wind farm: The turbines have blade length of 15 m, overall efficiency is 0.3 (constant for all

Speed (m/s) hours
0 100
2 200
4 100
6 300
8 200
10 100

wind speed), the density of air is 1 kg/m3.

a) A wind turbine has a cut-in speed at 3 m/s and a cut-out speed at 7 m/s. Note if
the turbine is not operating (outside of its operating range), its power generated are
interpreted to be 0. Find the average power produced by the turbine.

b) The cut-out speed of the turbine is improved to 9 m/s. Find the new average power
produced.

Problem 6. [10 points] A storage unit is used for price arbitrage over two time periods.
Assume the storage has a capacity of 1 unit and starts off empty at in the first time period.
The price at the first time period is 1 $/unit. The storage has charing efficiency of 0.9 and
discharging efficiency of 0.8. What is the lowest possible price in the second time period for
the storage to make a profit?

Problem 7. [10 points, bonus for 451 students, must attempt for 551 students] A load of
100 MW is supplied by a conventional generator and a wind farm. Suppose the wind farm
has a capacity of 40 MW 40% of the time and 90 MW 60% of the time. The conventional
generator has a price of 0.1P , where P is its production. The wind farm has zero operating
cost. Wind power is aways used before the conventional generator. How should the wind
farm operate to maximize its profit? That is, the wind farm can generator any amount of
power from 0 to its capacity, how much would it want to generate?
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