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Question 1

(a) A balanced, symmetrical, 10HP, 3-phase, Y-connected, 60 Hz, 208 Volt (line-
line) induction motor has a no-load line current of 6 Amps and rated line
current of 10 Amps. The rated speed is 1720 RPM. You may assume
negligible core loss, stator copper loss, and stator/rotor leakages. (1 HP =
746W)

i. How many poles does this induction machine have?
ii. Find the frequency of the rotor currents during rated operation
iii.  Estimate the magnetizing reactance and the rotor resistance referred
to the stator
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(b) In the induction machine experiment, input power was measured for no-
load conditions at various input voltages. Explain how the friction and
windage losses can be estimated with these measurements.
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(c) Given below is a torque-slip curve of a certain induction machine.
Superimpose a modified curve for two given scenarios:
i.  Drive frequency is doubled (with V/Hz control)
ii.  Drive frequency is doubled {without V/Hz control)
Label the speed and maximum torque accordingly.
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Question 2
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(a) Given above is a per phase equivalent circuit of a synchronous generator
operating at unity power factor. Assume Rs =0.
i. Draw a corresponding phasor diagram and appropriate labels,
including torque angle and the constant power line.

ii.  Superimpose a modified phasor diagram if the torque of the prime
mover is now doubled while field current is kept constant. Is the
power factor lagging/leading?

iii. Redraw the phasor diagram from part a, then superimpose a
modified phasor diagram that shows what happens when fieid
current is halved.
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(b) The maximum sudden load torque a certain synchronous motor can
accommodate corresponds to § = 46.4°. How does this “maximum sudden
load” torque angle change for a machine with twice the maximum power?
Explain.
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Question 3.

(a) A 4160 V {line-line), 60Hz, 2-pole, 3-phase synchronous motor has the no-
load V-curve as shown below.
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Find the equivalent circuit parameters (Kr and Xs)
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(b) A 45-kVA, three-phase, Y-connected, 220V (line-line), 6-pole, 60Hz
synchronous machine has following test open circuit characteristic and
short circuit characteristic:

OCC:
Field Current = 2.84A Line-to-line voltage = 220V

SCC:
Field Current = 2.20A Armature Current = 118A
Field Current = 2.84A Armature Current = 152A

i. What would be the open circuit voltage if a prime mover spins the
synchronous machine at 1600 RPM?
ii. Find the synchronous reactance in per unit and ohms.
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