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Problem 1 (25 pts.)

A coupled electro-mechanical system is diagrammed below. The current through the coil is
designated as i. The cross-section of the magnetic core is A. The total length of the dotted line is

lc. The number of turns in the coil is N. The permeability of the magnetic core is Pc.
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a) Find the equation that relates the current and the flux linkage (you define the current
direction and flux linkage polarity).

b) Find the analytical expression of the force of electric origin.
c) Write the second-order dynamic equation that governs the displacement of the movable

piece. Suppose that the spring force constant is K (with a zero-force distance of C) and the
damping factor is B. The mass of the movable piece is M.

d) Write the state space equations that correspond to the mechanical dynamic equation found
in c) above.
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Problem 2 (25 pts) (AjJr~ I "»

A single-phase rotating machine has one coil on the stator with current is and one coil on the rotor
with current if, The inductances for this machine are (assume linear magnetic core):

Lss = Ls Lsr = Mcos(e)

Lrs = Mcos(e) Lrr= Lr

The machine is being operated such that the currents is and ir can be assumed to be constants at Is
and Ir respectively while the shaft is rotated from e equals zero to e equals 1[/2.

.For this change from "point a" to point b", find:

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

b) The energy transferred from the electrical system into the coupling field as the system moved
from point a to point b with constant current.
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Problem 2 (25 pts) (;)fJ~-;1 II 8 J

An electromechanical device his the following flux-linkage vs current relationship with constants

a through f and translational displacement x:

Al = a it + (b/x) i2 + (c/x) i3

A2 = (b/x) it + d i2 + (e/x) i3

A3 = (c/x) it + (e/x) i2 + f i3

The machine is being operated such that the currents il , i2 , and i3 can be assumed to be constants
while the movable mechanical member position is changed from x equals 0.10 to 0.2.

For this change in operating conditions, find:

a) The energy transferred from the mechanical system into the coupling field.

b) The energy transferred from the electrical system into the coupling field.
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Problem 3 (25 pts.)

An electromechanical system is described by the following flux-linkage vs current characteristic:

A= -~ i
x- .01

It is operated on the closed cycle a -b -c -d -e as indicated below, with x constant during a -b
and also c -d. The current is constant during b -c and also d -e.

a b c d e
i (Amps) 0 ib ib 0 0
I.. (Wb turns) 0 8 !..c 0 0
x (meters) .03 .03 .02 .02 .03

Find the following things:

a) ib and !..c.
b) The energy stored in the coupling field at points band c.
c) The force of electric origin at points band c.
d) Sketch this cycle in the I.. vs i plane (label points a, b, c, d, and e)
e) Sketch this cycle in the force vs x plane (label points a, b, c, d, and e)
f) Is this is a motor or a generator?
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Problem 4 (25 pts.)

A system can be described by the following equations ~ ~ X'

.-t~Xl -X2 Y' 2. ';::. ~

.2 .

X2 =X.X2 +16-x. d-t-

a) Write the equivalent second order differential equation that matches the given state space
equations.

b) Find all equilibrium points of this system.
c) If Xl(t = 0) = 0.5,X2(t = 0) = 10, find the values of XI and X2 at t=0.001 and 0.002 s.
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