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Problem 1. (25 points)

In class, generally we treated mutual inductances to be sinusoidal in rotational devices. In the system
below, we have added a third harmonic (the 36 terms). This gives the mutual inductance a more
trapezoidal shape, which is common in some actual machines.

A, L, 0 M (cos6—0.1cos(30)) | ;.
A |= 0 L, M (sin®+0.1sin(36)) || i,
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a) Find the co-energy in terms of the currents.

b) Find an expression for the energy stored in the coupling field in terms of currents.

¢) Find the torque of electric origin T° in terms of the currents.

d) Supposei,=i,=i,=1A,Li=L,=1H, M=0.9H, and 6 = 60°. What is the contribution to the
torque due to including the third harmonic (30) mutual inductance terms?
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Problem 2. (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 0 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
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a) Plot the open-circuit stator voltage (i, = 0) as a function of 8 (label all points) P‘ K - wﬁ

b) What is the torque of electrical origin when i = 10 Amps and 6 = 45°?
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Problem 3. (25 points.)

An electric machine (1 = stator, 2 = rotor) has the following linear flux linkage vs current characteristic:
A =0.2i; + 0.1sinB 1,
AL =0.1sinbi; + 0.3 1,

a) What is the energy stored in the coupling field when 6 = 90 degrees, i, =3 Amps, and i, = 5 Amps?

b) How much energy is given to the coupling field by the mechanical system if 8 is changed from 90
degrees to 60 degrees while the two currents remain constant?

c) How much energy is given to the coupling field by the electrical system during that same path from 0
equals 90 degrees to 60 degrees while the two currents remain constant?
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Problem 4. (25 points.)

Consider the following nonlinear equations

X1 T X1 -XiX2
*
X3 = 0.5 XXy - 2X2

Assume the initial conditions for this system are

0 = 20 = [os)

a) Using Euler’s method with a time step At = 0.1sec, determine the value of x(0.1) and x(0.2).
b) Determine all of the equilibrium points for this system.

c) Find the eigenvalues for each of these equilibrium points

d) Are these points stable or unstable or neither? Explain why.
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