ECE 3600 Exam 3 given: Spring 24 DO NOT use erasable ink
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1. (30 pts)A 1/3-hp, 120-V, 60-Hz, single-phase, capacitor-run, single-phase induction motor has two identical
windings set 900 apart in the motor housing. Each winding draws 7A at 64° lag when the rotor is locked. This is
with no added capacitors, so the motor would have to be started by hand.

a) Find the ideal capacitor to place in series with one of the windings at startup.
Note: the ideal capacitor would create the ideal phase difference between the winding currents.
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2. continued ECE 3600 Exam 3 Spring 24 p2
b) Each winding uses 141W at pf = 0.85 when the motor is running at its rated speed. This is with no added
capacitors, so the motor would have to be started by hand. Find a different capacitor to replace the capacitor of
part a). Choose this capacitor to make the current magnitude in the two windings exactly the same at rated
speed. (Don't worry about the phase angles.)

Vg =120V P, =141-W pf , =0.85

c¢) Find the input current (sum of both) magnitude and phase at rated speed with the capacitor of part b) in place.

d) If the motor had a centrifugal switch which opens at half the rated speed, devise a design to achieve the
conditions of parts a) and b). Find all capacitor values needed.

Centrifugal switch opens

Start winding \ka:;i”the rated speed
—0

Cq Co

N

Run winding
o

ECE 3600 Exam 3 Spring 24 p2 /30



2. (35 pts) A separately excited dc motor is rated at 2-hp, 1200rpm, armature: 150V 14.5A, field: 150V 0.8A. Exam 3

a) The field is connected to the rated voltage and then you spin this motor with another device at 900rpm. Sp 24 p3
The dc motor is connected to a voltmeter and nothing else. You measure the terminal voltage at 92V .
Find R, from this information and the ratings. 1-hp =745.7-W
V1 =150V N = 1200-rpm I af = 145-A
If you can't find R, , mark an X here and use 2Q for the rest of the problem.

Unless stated otherwise, assume rated voltages below.

?

b) Find the rotational losses at when operated at full load. P =*

¢) Find the overall efficiency (includes power needed for the field) when operated at full load.

d) Find the no-load armature current. Show the algebra needed to find |, from the basic equations.

The rotational losses are proportional to the motor speed. E a2
Hint 1: This also means that the rotational losses are proportional to E,, like this: Prot2 = Prottr——
Hint 2: This turns out to be amazingly easy to calculate, no quadratic required. Eal
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e) Find the no-load shaft speed. ECE 3600 Exam 3 Spring 24 p4

f) The mechanical load on the shaft is increased and the motor slows down to:  n = 1300-rpm

Find the load power at this speed.

The field voltage is reduced to 120V and the armature is left at the rated voltage.
The load is then adjusted so that the speed is again 1300rpm.

g) Find the armature current at this field voltage.

h) Would it be OK to operate this way for a long time?
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3. (35 pts) A 230 kV (nominal) transmission line has the following length and line parameters. S.=siemens Exam 3

Ien‘ZZOO'km r =‘7 X =‘7 ‘70. S ‘74.1076... S Sp24 p5
(will be found in problem) 9= y = i

a) Choose the most appropriate model for this transmission line and draw it, including the impedance and/or
admittance value(s) you can find at this time. Add a 3¢ load at the receiving end of the transmission line.

The line voltage at both the sending and the recieving end are both 230kV. The power angle is 12°.  §:=12-deg
The load at the recieving end is Sg :=93-MVA It's power factor is 0.95.

b) Judging by the voltages, the load power factor is most likely: i) leading ii) lagging (circle one)

c) Find the line current to the load, I (not | ;) as a complex number.

Clearly state what you are using as the 0° reference.

d) Find the impedance of one phase of the load, assuming Y-connected.
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e) Find the line current in your model, I ;.. (not I ) in a complex-number form. | | jo="?

f) Find the series impedance of the line.  Z yjoq =7

If your answer to for Z ;.. comes out unreasonable, go back and rethink your answer to part b).

Rework your other answers as necessary.
g) Find the missing line parameters. r=? x=7

h) How much real power does the source supply?

i) What is the effiency of this line?

/35
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