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Problem 1 (25 points)
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The permanent magnet / mechanical system shown above has the following co-energy
expression:

W, =In(x)

The spring constant X = 1 N/m, and the zero-force length / of the spring is 2 m (i.e., for x
=2 m, the spring exerts no force on the mass). The dashpot damping coefficient B =2
N/(m/s). The mass of the movable member (M) is 1 kg.

a) Determine the force exerted by the permanent magnet on the movable member

b) Write down the differential equations for this system in state space form

¢) Find all equilibrium points for the system

d) Write the differential equations for the system after linearization at each
equilibrium point

e) Determine whether or not each equilibrium point is stable
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Problem 2 (25 points)
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The figure above shows a single-phase voltage source hooked up through a non-ideal
transformer to a short. The non-ideal transformer is to be modeled using the approximate
transformer model, with Rjeq =1.42 Q, X =1.82 Q, Rc; =10 Q, and Xy = 12 Q.

Find:

a) The time-domain expression for the current through the short (i, (¢))

b) The time-domain expression for the current leaving the source (, (¢))
c) Average (real) power losses in the transformer




(20 L0° " jin —f"/a =7

H

T, _
O

4L (= 51983612

(47 - Jl'gZJ"‘

Tm

120 O = 31.‘177140425:
MZUI.%Z

= (100) (319477 - ka 98S) = 31@7-71)qo?& .S

519%. ﬁoé_—-sz o# ‘ -
cos(ZT(oD’c —SZ D“f)

e

735, 59 cs (2Tt - szo«l)

— \zo0e0’ 0 - _ 120 ¢ 0°
| Q T.= — =l2c0"A L = -
1oL 0? 1290

i”@' I - T,+ Tt Tn/fa = mm1N0+'3L?77-J70?&5

N

<

(z.9772 —jio.ﬁfs

(07l ?;I L - qqzlo

L= 673312 cos C 200 £ ~ +1.22°)

35.220 ws (Zrbot - 99.22°)

) - 2§ (Vi co?d( 120Nk = 1o W

{, - /ilf (lyz) = 3837 16 I
P

w+@gsmrz¢wzgz\>

prico T

.V, I - (mﬂaoﬁiéz;S/L#QZLQ:g?EEij//X VA

5).498 7 ¢ -

l."f?..i-:) [ ar SOy

§2.07¢8°

- [pL~90°= ~;/0 A
- | 9 J/



Problem 3 (25 points)

A 60-Hz, three-phase, 4-pole synchronous motor is observed to have a terminal voltage
0f 460 V (line-line) and a terminal current of 120 A at a power factor of 0.95 lagging.
The field current under this operating condition is 47 A. The machine synchronous
reactance is equal to 1.68 Q. Assume the armature resistance to be negligible.

Calculate:
a) The torque angle &

b) The magnitude of the field-to-armature mutual inductance
c) The electrical power input to the motor and the torque on the shaft
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Problem 4 (25 points)

A four-pole induction motor with the approximate equivalent circuit shown below is
operated from 240 V (line-to-line), 60 Hz, three-phase power. Rated speed is 1760 RPM

1Q 2 mH
Ac r\) 50 ; 01/s
Vin mH

(a) Find mechanical power at rated slip, in horsepower (1 hp = 746 W) (5 pts)
(b) Find the slip for maximum torque (5 pts).

(c) Find the maximum torque (5 pts).

Next, the machine is shipped to Europe, where it is operated from 220 V (line-to-line), 50
Hz three-phase power.

(d) Find the slip for maximum torque (5 pts).
(e) Find the maximum torque (5 pts).
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Problem 5 (25 points)

The motor shown below is a synchronous reluctance machine—essentially, a
synchronous machine with no field winding. Assume that all inductances are zero,
constant, or vary as Ly + Ljcos@, where ¢ is some function of 6. For example, adding or
subtracting 90° or 180° could convert the cosine to a sine or change the plus to a minus.
Express all answers in terms of 6.
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(a) Determine the flux linkage matrix relating Lj to {l"} (10 pts).

b
®) Determine the co-energy Wm' (8 pts).
(¢)  Determine the torque of electric origin T (i,,7,,0) (7 pts).
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Problem 6 (25 points)

Consider the magnetic structure below. N =100. Depth into the page is 2 cm. Include
the effects of fringing. Use the lengths provided for reluctance paths. Relative

permeability of the iron is p, = 1000.
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(a) Draw the magnetic equivalent circuit (12 pts).
(b)  Find A(i) (flux linkage in the coil as a function of current) (13 pts).
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