
Homework Assignment 7

EE 451/551 Wind Energy

Due 11:00 pm, March 7, 2019. Submit online at
https://www.dropbox.com/request/MtNvXQTCv7due4mvLG7p

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 9 Ω and the
inductive reactance of the transmission line is 3Ω. The infinite bus 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 equivalent field voltage of the generator.

Problem 2. A Type 4 turbine is connected directly to an infinite bus. The voltage of
the infinite bus is 15kV. The excitation of the generator is adjusted until the equivalent
field voltage Ef is 14kV. The synchronous reactance of the machine is 5 Ω. Compute the
following:

a) Pullout (maximum) power
b) Equivalent excitation voltage that increases the pullout power by 20%.

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 excitation of the generator is adjusted so that the line-to-line
equivalent field voltage is 20 kV and the generator delivers 50 MW of real power to the
infinite bus. The angle of the equivalent field voltage 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 that can be transmitted to the infinite bus

to 100 MW by adding parallel transmission lines to the existing line. Is this possible?
Hint: What happens to the reactance if parallel transmission lines are added? What
is the minimum total reactance between the equivalent field voltage and the infinite
bus?

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?

Problem 5. (Bonus for undergraduate students, must attempt for graduate students) Con-
sider a load supplied by wind turbines. Suppose the load varies uniformly at random between
5 MW and 10 MW.
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a) A single turbine is used to supply the load. The power generated from the turbine can
be thought as a Gaussian random variable with mean 10 MW and standard deviation
of 3 MW. What is the fraction of time that the load cannot be satisfied? Assume the
load and wind production random variables are independent.

b) Two turbines are now used to supply the load, each producing power according to a
Gaussian distribution with mean 5 MW and standard deviation 1.5 MW. What is the
fraction of time that the load cannot be satisfied? Assume all random variables are
independent.
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