
Homework 3

EE 451/551 Wind Energy

Due Jan 28th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1515456/assignments/7077156

Problem 1. A 690 V induction generator has the following parameters: x1 = 2Ω; x′
2 =

1.5Ω; r1 = 1Ω; r′2 = 1.5Ω (the shunt reactance can be ignored). The slip is s = −0.1. Find

a) The developed power.

b) The active and reactive power delivered to the grid.

Problem 2. Same data as the last question, except that the shunt reactance is xm is 25Ω
and should not be ignored. Find

a) The developed power.

b) The active and reactive power delivered to the grid.

Problem 3. A wind turbine has 6 poles, 690 V induction generator with the following
parameters: r1 = r′2 = 0.07Ω and x1 = x′

2 = 1Ω. Ignore the shunt reactance. The generator
is rotating at 1240 rpm. Compute:

a) Developed power

b) Developed torque

c) The copper losses

d) The output power

Problem 4. A wind turbine has 25m long blades. The upstream wind speed is 15 m/s
and the coefficient of performance is 25%. The turbine is 6 pole and rotating at 1260 rpm.
Assume the density of air is 1 kg/m3.

a) The mechanical power captured by the turbine.

b) Suppose there is no gearbox loss and generator rotational loss. Find the airgap power
(power delivered to the stator). Hint: find the slip first.

Problem 5. Compute the triggering angles of a stator dynamic resistance (SDR) bank that
consumes 1000 kJ in 50 ms. Assume the SDR resistance is 50 Ω and the steady-state fault
current of the generator is 600 A.
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Problem 6. A 6-pole, 60 Hz, three phase type 1 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, Xm = 10Ω

The slip is −0.1. A bolted fault (the voltage of the grid drops to 0 and becomes a short)
occurs at the point of interconnect with the grid. The slip stays constant. Find the current
in the shunt branch (Im).

Problem 7. Bonus for undergraduate students, must attempt for graduate students
We typically assume that the grid voltage is constant in our problems. However, this is
not necessarily the case. How would a type 1 turbine respond to a sudden change in grid
voltage? For example, suppose the grid voltage suddenly drops. What happens to the rotor
speed, active power and reactive power?
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