EGR 325
Homework 10
Due End of Semester

Induction Motors and Synchronous Generators

Use the information and examples from Chapter 12 in Moodle to help answering the following questions. Make any assumptions and simplifications (that make sense) in order to use the equivalent circuits in the chapter. 

1. A 480V, 60 Hz, 3 phase induction motor has the following parameters:

R1 = R2’ = 0.3Ω ; Xeq = 1.0Ω; Xc = 600Ω

At full load, the motor speed is 1120 rpm, the rotational loss is 400 W, and the core loss is 1kW. Calculate the following:

a. Motor slip

b. Developed torque at full load

c. Reactive power consumed by the motor

d. Power factor of the motor

Understanding the power factor of various loads is very important to power system operators, so they can determine the amount of power factor compensation that may be required (i.e., installing a capacitor to balance out the reactance of an inductor, or an induction motor). It is often cheaper to install a capacitor to “generate” Q than it is to produce the Q at the generator and try to transmit it over the power lines.

2. A 100 MVA synchronous generator is connected to a 25kV infinite bus through two parallel transmission lines. The synchronous reactance of the generator is 2.5Ω, and the inductive reactance of each transmission line is 2Ω. The generator delivers 100 MVA to the infinite bus at 0.8 power factor lagging. Suppose a lightning strike causes one of the transmission lines to open. Assume that the mechanical power and excitation of the generator are unchanged. Can the generator still deliver the same amount of power to the infinite bus?

3. A synchronous generator is connected to an infinite bus through a transmission line. The infinite bus voltage is 15kV and the equivalent field voltage of the machine is 14kV. The transmission line inductive reactance is 4Ω, and the synchronous reactance of the machine is 5Ω.

a. Compute the (power) transfer capability of the system.

b. If a 2Ω capacitor is connected in series with the transmission line, compute the new capacity of the system.

Problems 2 and 3 are very important for power system operators to understand – how does the transmission system limit the ability of generators to inject power into the system? How can this limit be overcome (by installing capacitors, for example)?
