ECE 330 Exam 1: Fall 2019 NAME Sol tion

90 minutes J. Schuh and R. Zhang

Section (Check one) MWF 10am MWF 2pm

1. /25 2. /25

3. /25 4, /25 TOTAL /100
USEFUL INFORMATION

sin(x)=cos(x-90°) V=ZI S=VI"=P+jQ Ssp = V3V, 1,26
0<6<180° (lag) I, = V31, (delta) Zy = Zn/3

-180°<6<0 (lead) V,, = V3V, (wye) o = 41 X 107"H/m

ABC phase sequence has A at 0, B at -120°, and C at +120°

[H-dl=[];-7dd [E-dl=-%([B-Ad4) R=—  Ni=Rp

. _da M
¢ = BA A = N = Li (if linear) v=— k-—-\/zl_L.z.
Thp=746 W
i\
—
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v N ‘——*> _ | Ni
Wy, = [ idA Wy, = [ AdD W+ Wp=id  fo=-Tn-2
x—06,f¢->T°
EFEq.y, = [ idd  EFM,., = [, —f°dx EFEqp + EFMq_y = Wy — Wig
i — OWm 1 == W

a4 - ai

dx
%1 = f1(xq,%2) X3 = f(x1,%7) x(to +At) = x(to) + At-d_t— t=to




Problem 1 (25 Points)

A magnetic structure is shown below, with a movable member P. The area of the air gap is A, and
the size of the gap is x(t). The magnetic structure is excited by a coil of N tumns carrying a positive,
constant current i(t) = Idc > 0, in the polarity shown.

Neglect fringing and assume that the permeability of the structure to be infinite. Recall that the
permeability of free-space is po = 41 x 10”7 [H/m] by definition.
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a) What are the magnitude and dircction of the force of electric origin acting on the member P?
State your answer as a function of po, A, x(t), N, and Idc. State the unit for force. (9 points for
magnitude, 0.5 point for correct direction, 2.5 points for Justlf cation o'f_corret? direction.)
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b) Let Idc = 10 A, N = 100 turns, and A = 10 cm?. Suppose that the member P is moving downwards
at a rate of 2 m/s. In other words, x(t) has a derivative of dx/dt = +2 [m/s].

What is the voltage v(t) seen at the terminals of the coil when x(t} = 2 mm? State your answer as
a numerical value to three significant figures. State the unit for voltage. (10 points)
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¢) Suppose that the member P is moving upwards at a rate of 1 m/s in both of the following
diagrams. That is, x(t) has a derivative of dx/dt = —1 [m/s] in both of these diagrams.

R}

Which structure should see a higher terminal voltage? (Note that +1 is higher than —4.) Circle the

label of your choice and indicate your reasoning below. (0.5 point for correct choice, 2.5 points
for correct justification)

Circle one:

We hawe v = — foNTae, A, dx

So o both U and Y, are Bosi"rn‘ue .
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Problem 2 (25 Points)

The following machine has the following linear flux linkage vs current characteristic (1 = stator,

—_—

2 = rotor):

t A/ 5L,atur = *T

|" ;;. rotor { '— 1} Al = +30 —2iasin 0 [Wh-t]

[ A/ ) Ay = —2i1sinf  +dig |Wh-t|
z(t)

a) Find the co-energy associated with the coupling field, as a function of 9, il, i2. State the unit
for co-energy. (12 points)
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b) Suppose thatil =1 A, i2 =2 A, and 0 = 90 degrees. Recall that sin(+90°) = 1, sin(-90°) = -1 and
cos(+90°) = cos(-90°) = 0,

What are the magnitude and direction of the torque of electric origin acting on the rotor? State the

unit for torque. (7 points for correct magnitude, 0.5 point for correct direction, 2.5 points for
justification of correct direction)
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c) Suppose that 8 = 0 degrees. Recall that sin(0°) = 0 and cos(0°) = 1. Find the energy associated
with the coupling field, as a function of A1, A2. State the unit for energy. (3 points)
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Problem 3 (25 Points[

20.0 -

% == 0.05 T =0.09
7 /

A system with flux linkage given as /12% i moves from point A (=1 A, A=1 Whbt) to point B

(=5 A, 72=15 Whbt) as shown in the figure above along a path parameterized as

-1 24
- -1+
=0 D g D
Lines of constant x are also shown. For this system, determine:

a) The energy from the electrical (EFE) when going from point A to point B. Please write your
final answer on the line provided. Hint: [ (x — a)"dx = ﬁ x—a)"1+C
(10 points).

EFE= 23

2 1)t dX\
CiE - S LAN - EFE: S@q‘ (M)+ 2 (XJ)— |> )+ l
- - e (’&)(“A—D" r ‘LFIB( 0

Ll B

~(1

y.2-1 2 5123




g

(10 points).
Energy at A= . blol?
Energy at B= 503
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¢) The energy from mechanical (EFM) when going from point A to point B. Please write your final
answer on the line provided.
(5 points).

EFM= 10,155

EFE = Mt~ W,
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Problem 4 (25 Points)

The equation of motion for a mass attached to a finitely extensible spring with maximum length

le is given below. An external force is applied to the mass and air resistance is also included.
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a) Write the equation of motion in state space form. (4 points)
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State Space Equations:
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b) Assuming that the applied force is constant in time, what are the equilibrium points for this

—b+Vb?—4ac

system? Hint: quadratic formula ax?+bx+c=0-x= ” (11 points)

Equilibrium Points:
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¢) Let w? = 1— {=05-+ Fe _ 1 cos(t) m/s? 1, = 1 m. Using a time step of 0.02 s, determine

the position and velocity of the mass at time /=0.06 s using the initial conditions xo = 0,% = 1.
Keep 6 decimal points. (10 points)
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