1. (25 points)

A single-phase generator consists of a coil on the stator and a coil on the rotor with a mutual
inductance variation with 6 as shown in the figure below. The rotor is being driven at a constant
speed of 377 radians per second and the rotor coil has a constant dc current i, = 5 A. The self
inductances are constants and you may assume a linear magnetic core.

) () Plot the open circuit voltage (is = 0) as a function of 6 (label all points)
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(b) What is the torque of electrical origin when ig = 10 Amps and 6 = 45°7
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2. (25 points)

problem 1 is befg operated such that the currents ig and 1, can be assumed to be
10Amps, and I, ¥ 5 Amps respectively while the shaft is rotated from 0 equals

zero to 0 equals 7/2.

The machine

For this change from “point a” to point b”, find:

a) The energy transferred from the electrical system into the coupling field as the system moved
from point a to point b with constant currents.

b) The energy transferred from the mechanical system into the coupling field as the system
moved from point a to point b with constant current.
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3. (25 points)
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For the system shown above:

when x;=I;, the force due to the linear spring with constant k; is 0,
when x;=[,, the force due to the linear spring with constant &, is 0, and
when d-x;- x;= [3, the force due to the linear spring with constant k3 is 0.

a) Write the system state-space equations taking x; x,and their time derivatives as state
variables.

b) Assume f;(¢)=0 for t<0, and f;(¢)=F for t >0; and f5(#)=0 for t<0, and f>(2)=F for t >0,

where F; and F’; are constant. Flnd the equlhbnm point for £ >0.
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4. (25 points)
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For the system show above:
a) Find the force of electrical origin £(i,x) on the plate in the x-direction.
b) Write the system state-space equations taking 7, x and the time derivative
variables. :
¢) Find the equilibrim point of the system when Jf)=0.
d) Show graphically whether the equilibrium point is stable or not.
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