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Problem 1. (25 points)

Consider the magnetic circuit for the electromechanical system with ¢ = oo in the iron path. There is no
fringing of the flux. Mass M only moves in the x direction. The spring force is zero whenx = [ .
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a) Find the flux A(i, x) linked by the electrical terminal pairs;
b) Compute energy W, (i, x) and co-energy W, (i, x);
¢) Compute the force of electric origin f;f (i, x). What would happen when x— 0 ?
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Problem 2. (25 points.)

An electromechanical system with one electrical and one mechanical
terminal pair is shown here. The electrical terminal relation is given by
x
AMi,x)=——1i

The system is driven by the voltage V, + v(t), where V,, is a constant dc
source. The mass of the plunger is included in M, and gravity acts on
mass M as shown.

a) Find the co-energy W, (i, x);
b) Compute the force of electric origin f€ (i, x);

¢) Write the complete mechanical and electrical system equations
interms of i and x;

d) Assuming v(t)=0, how many equilibrium points are there at most?
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Problem 3. (25 points.)

Consider a reluctance rotating motor of a single coil, with the inductance sinusoidal on the rotor position:
L(6) =1+ 2cos(268)

The flux linkage is linear in current i.

a) Find the maximum possible torque when i =1 Ampere;

b) Plot the following paths on the 8 — i plane for the cycle: First, the current changes from 0 to 1 Ampere
while the angle is fixed at 0° Second, the angle increases to 90° while i stays at 1 Ampere; Third, the
current decreases to 0 with the angle fixed at 90° Finally, the angle decreases to 0° with the current
staying at 0.

c) Find the energy from electrical (EFE) and the energy from mechanical (EFM) over this cycle. Is it a
generator or motor? Explain why.
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Problem 4. (25 points.)

A dynamic system is modeled as:
x"]_ = —6x1 + 2x2
)'Cz = sz_ — 2x2 +5
a) Find all equilibrium points.
b) Determine the eigenvalues at each equilibrium point.
¢) Determine which equilibrium points are stable and which are unstable.
d) For initial conditions x,(0)=0 and x,(0) =0 find the responses for x, and x, at time equals 0.01 and
0.02 seconds using Euler’s method with a time step of 0.01 seconds.
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