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Problem 1. (25 points)

Figure (i) shows the operation of an electromechanical circuit breaker. The bar of mass M is
conductive and completes a high voltage ac (HVAC) electric circuit. The trip coil is energized
with a low voltage dc source V through a variable resistance R. When R is very large (tending to
infinity), there is no current in the trip coil. In this condition, the mass is at x = L. Now R is
decreased very slowly. As a result, current in the coil of the electromagnet increases. The
electromagnet pulls the bar towards it and is opposed by the spring force. As the bar moves
towards the electromagnet, an electric arc with zero resistance maintains the current in the
HVAC circuit. However, when the bar is at a distance ‘a’ from the electric terminals, as shown in
figure (ii), the arc extinguishes and the HVAC circuit trips. Assume this is also the new
equilibrium position. Find an expression for the value of resistance R that will produce this
result. Assume that the winding resistance of the trip coil itself is zero and area of cross section
of the electromagnet and the bar is A. Also assume that both the electromagnet and the bar have
infinite permeability.
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Problem 2. (25 points.)

Consider a machine with two stator coils and two rotor coils as shown below. Coils as and bs are
mechanically displaced from each other by 90 degrees. Coils ar and br are also mechanically
displaced by 90 degrees from each other. The angle between the stator ‘a’ axis and rotor ‘a’ axis
is 6. Write down the flux linkage equations Aas (ias, ibs, iars ibrs ), Abs (ias» Ibss lar Tbrs 0), Aar (las, 1bss
lar, ibr, 8), Aor (las, lvs, 1ar, ibr, 0) by inspection using inductance parameters L, L, and M. You may
use sinusoidal approximations for position effects as appropriate.

Find the co-energy and the torque of electric origin.
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Problem 3. (25 points.)

An electromechanical system is described by the following flux-linkage vs current characteristic:
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a) Find the energy transferred from the electrical system into the coupling field when the system
moves from x = 0.03 meters to x = 0.02 meters while the current is held constant at 4 Amps.

b) Find the energy transferred from the mechanical system into the coupling field when the
system moves from x = 0.03 meters to x = 0.02 meters while the current is held constant at 4

Amps.

¢) Find the energy transferred from the electrical system into the coupling field when the system
moves from i =4 Amps to i = 0 Amps while the mass is held fixed at x = 0.03 meters.

d) Find the energy transferred from the mechanical system into the coupling field when the
system moves from i =4 Amps to i = 0 Amps while the mass is held ﬁxed at x = 0.03 meters.
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Problem 4. (25 points.)

A dynamic system has the following equations:

&_y x(0)=0.5 cssame mcfris
dt
%zl—xv+x2 v0)=0 L csame me v‘fd[fzc.

a) Find all of the equilibrium points for this system.
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b) Use Euler’s method with time step At = 0.1s to compute x(t) and v(t)att=0.1 and 0.2s
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