
Midterm

EE 451/551 Wind Energy

Due Feb 8th at 11:59pm. Submit at
https://canvas.uw.edu/courses/1515456/assignments/7106161. No

communications between students, otherwise no restrictions.

There are three pages, 7 questions worth 100 points plus a 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 wind turbine has blades that are 60 meters long. The downstream
wind speed is 10 m/s. The ratio between downstream and upstream wind speeds is γ = 0.85.
Assume the density of air is 1 kg/m3.

a) Find the upstream wind speed.

b) Find the coefficient of performance.

c) Find the power captured by the blades.

Problem 2. [10 points] A three-blade wind turbine captures 1MW from wind moving hor-
izontally with respect to the plane. If the wind speed is 17 m/s and the coefficient of
performance is 15%, compute the length of the blade.

Problem 3. [20 points] A 60 Hz, three phase Type 1 induction generator connected to
450V grid has the following parameters:

x1 = 3Ω x′2 = 1Ω xm = 30Ω r1 = 1Ω r′2 = 1Ω

Do not ignore the shunt element. The generator is rotating at 1230 rpm.

a) Find developed power.

b) Find the active power delivered to the grid.

Problem 4. [10 points] A 60 Hz, three phase Type 2 induction generator connected to
690V grid has the following parameters:

x1 = 1Ω x′2 = 1Ω r1 = 1Ω r′2 = 1.5Ω r′add = 2Ω

The shunt element has a large reactance and can be ignored. The generator is rotating at
1245 rpm. Find the reactive power consumed by the generator.
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Problem 5. [15 points] A 6-pole, 60 Hz, three phase induction generator is connected to
the grid at a voltage of 690 V with the following parameters:

X ′2 = 15Ω, r′2 = 1Ω

The stator resistances, reactance and the shunt reactances can be ignored.

a) Find the maximum possible developed power and the slip at which it occurs.

b) A resistance is added to the rotor (making it a Type 2 turbine). Find the value of the
resistance such that turbine achieves its maximum power at a slip that is 1.5 times the
value in part a).

Problem 6. [20 points] A Type 3 wind turbine has 6-pole, 690 V terminal voltage induction
generator with the following parameters: x1 = x′2 = 1.0Ω, r1 = r′2 = 0.1Ω. The shunt
reactance xm is large and can be ignored. The machine is operating at a slip of -0.1.

a) Find the developed power if the injected voltage is 0.

b) Find the air gap power if the injected voltage is 5∠90◦.

Problem 7. [10 points] A type 1 wind turbine uses a SDR bank with resistors of 50 Ω and
triggering angles at α and β. The resistor bank can dissipate at most 1.2 MJ of energy before
breaking down. The current at the fault is 1.5 kA. Assume α is 25o , find β such that the
resistor can last 0.0775 seconds before breaking down.

Problem 8. [10 points, bonus for 451 students, must attempt for 551 students] A 6-pole,
60 Hz, three phase induction generator is connected to the grid at a voltage of 690 V with
the following parameters:

X ′2 = 25Ω, r′2 = 1Ω

The stator resistances, reactance and the shunt reactances can be ignored.
A resistor of 5Ω is added to the rotor and can be controlled by a switch. The operating

range of the turbine is defined to be the set of speeds where the turbine is generating power
between 0 and its maximum possible developed power. Find the operating range of this type
2 turbine in rpm.
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