
Final

EE 351 Energy Systems

Due June 8th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1448934/assignments/6376629

There are two pages, 7 questions worth 100 points. Read the questions carefully, show
your work and clearly indicate the final answer.

Problem 1. [10 points] A balanced three-phase ∆-connected source with a line-to-line volt-
age of 150 V is connected to a Y -connected load. Each phase of this load has an impedance
of 5 + j7Ω. Find the following:

a) The line current in phase a.

b) The total power consumed by the three phase load.

Problem 2. [15 points] A synchronous generator is connected to an infinite bus through
a transmission line. The inductive reactance of the transmission line is 1.2Ω, and the syn-
chronous reactance of the machine is 1.5Ω. When the line-to-line equivalent field voltage is
20 kV with angle 70◦, the active power delivered to the infinite bus is 50 MW.

a) Find the voltage at the infinite bus.

b) Find the voltage at the terminal bus.

b) We want to increase the maximum power that can be delivered to the infinite bus to
be 100 MW by adding a capacitor in series. Find its value in Ω.

Problem 3. [15 points] A single-phase transformer has the following parameters:

Req = R1 + R′2 = 2Ω Xeq = X1 + X ′2 = 10Ω

The input voltage at the primary side is 1kV. The load impedance seen from the primary
(i.e., the reflected impedance) is 100∠45◦Ω and the turns ratio is 10.

a) Find actual value of the impedance of the load.

b) What is the copper loss of the transformer?

Problem 4. [20 points] A 480 V, 60HZ, three-phase, 6-pole induction motor has the fol-
lowing parameters:

R1 = 0.5Ω R′2 = 0.3Ω Xeq = 2Ω
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a) The motor speed is 1150 rpm. Find the developed power of the motor.

b) The motor speed is 1150 rpm. Find the total copper losses of the motor.

c) Find the maximum possible torque and the speed at maximum torque.

Problem 5. [10 points]

a) Consider a 100 MVA, 13.8 kV/138 kV Y −Y connected three-phase transformer. Find
the turns ratio of this transformer. Note the turns ratio is defined across a winding at
the primary and a winding at the secondary.

b) Consider a 100 MVA, 13.8 kV/138 kV ∆−Y connected three-phase transformer. Find
the turns ratio of this transformer. Note the turns ratio is defined across a winding at
the primary and a winding at the secondary.

Problem 6. [20 points] A three-phase synchronous generator is connected to a 25 kV infi-
nite bus through a transmission line. The reactance of the transmission line is 5Ω and the
synchronous reactance of the generator is 2Ω. The maximum active power the generator can
deliver to infinite bus is 150 MW. Find the following:

a) The equivalent field voltage (in line-to-line).

b) The generator is delivering 15% of its maximum active power. Find the reactive power
delivered to the infinite bus.

c) A transmission line with a reactance of 5Ω is connected between the generator and
the infinite bus in parallel with the original line. Find the new maximum active power
that can be delieverd to the infinite bus.

Problem 7. [10 points] A 400 V, 60 Hz, 4-pole, 3-phase induction motor has the following
parameters:

R1 = 1.5Ω R′2 = 1.5Ω X1 = 2Ω X ′2 = 3Ω

Suppose the rotor speed is 1760 rpm. Find the developed torque of the generator.
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