ECE 330 Exam #2, Spring 2013 Name: Solutins
90 Minutes

Section (Check One) MWF 10am TR 12:30pm
1. /25 2. /25
3. /25 4. /25 Total / 100

Useful information

sin (x) = cos (x—90°) V=7I S=VI to =47-107 H/m
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Problem 1. (25 points)

The device shown here has a fixed center core and two movable side pieces. The device is made from infinitely
permeable material, and all three pieces have depth D into the paper. A current source i(t) drives the terminals of an
N-turn coil wound on the fixed core.
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a) Find the flux A(i, x, y) linked by the electrical terminal pairs (15 points);
b) Compute the co-energy W, (i, x,y) (5 points);
¢) Compute the forcef of electric origin £,¢ acting on the left moving part (5 points).
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Problem 2. (25 points.)

The rotating system shown below has two coils on the stator (sa and sb) plus one coil on the rotor (r). The
magnetic axes are shown for sa and r. The mutual inductance variations between the stator coils and the
rotor coil are also shown. The self-inductance for sa and sb is L, for each coil, and the self inductance for

ris L, .
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a) Write the flux linkage equations A.,,4,,A, in terms of i

(15 Points). Do  asl

0c(0,7/2).
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b) Compute the Torque of electric origin in terms of the three currents Ikl

(10 Points)
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Problem 3. (25 points.)

An electromechanical device is operated over the path a — b — ¢ shown in the figure below. The

system is known to be electrically linear, i.e., A= L(X)i .
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a) Calculate the energy stored in the coupljing field (W) at points “a’, ‘b’ and ‘c’. (10 Points)

b) Calculate EFEL_)[H(_ in Joules. (5 points)

¢) Calculate EFM| in Joules. (5 Points)

a—b—c

d) Suppose the system takes the path a — ¢ directly. s EFM{H, = EFM| ? Explain your

a—b-—c

answer. If EFM |a_)c #EFM Iu_)b_)(_ then state the value of EFM |a_”_ (5 Points).

(Note : You must clearly show the steps for parts a) - c))
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Problem 4. (25 points.)

An electromechanical system has the following equation of motion:
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a) Write this in the standard state-space form;
b) Find all the equilibrium points; 1

¢) With initial conditions x(0) = 0.1 and % (at £ = 0) = 0, use Euler’s method to find x(0.1) and x(0.2) with a
time step of 0.1 second. b
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