Punjab Engineering College, Chandigarh
End-Term Examination

Programme: B.E (Electrical) Year/Semester: 2122 2

Course Name: Electrical Machines-II Course Code: EL1006

Maximum Marks: 100 Time allowed: 3 Hrs

Course Instructor: Prof. Dhiraj Bharat Date & Time: 13" May 2022, 9:30-12:30 Hrs

All questions are compulsory.

Unless stated otherwise, the symbols have their usual meanings in context with subject. Assume suitably and state,
additional data required, if any.

The candidates, before starting to write the solutions, should please check the question paper for any discrepancy,
and also ensure that they have been delivered the question paper of right course code.

Q.No Question Marks

A 220 V, three phase, two pole, 50-Hz induction motor is running at a per
unit slip of 0.05. Find the following

I. The speed of the rotating magnetic field in rpm.

LA ii. The speed of the rotor in rpm. 10
Iii. The slip speed of the rotor in rpm.
iv. The rotor frequency in Hz.
The test data on a 208-V, 60-Hz, 4-pole, Y-connected, three-phase
induction motor rated at 1710 rpm are as follows:
No Load Test | Blocked Rotor Test
Power Input 450 W 594 W
Line Current 1.562 A 2.77 A
1B Line Voltage 208 V 27V 10

The stator resistance (dc) between any two terminals = 2.4 Q. Evaluate the
equivalent circuit parameters of the induction motor and draw its per phase
equivalent circuit with respect to the stator. Also evaluate the maximum
value of the torque that the machine can supply. At what speed this
maximum torque is generated?

A 440V, 3-phase, 50 Hz, 6 pole, 945 rpm, delta connected induction motor
has the following parameters referred to the stator:

Rs=29,Rr’=2Q,Xs=3Q,Xr’=4Q,Xm=10()Q
When driving a load whose torque varies linearly with speed, at rated
2.A | voltage it runs at rated speed. If the motor speed is controlled using stator | 12

voltage control.

i. Motor terminal voltage, current and torque at 800 rpm.
ii. Motor speed, current and torque for the terminal voltage of 280 V.

Write short notes on the following:

2.B I. PMBLDC Motor. 8
ii. Split Phase Induction Motor.
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3.A

A 9-kVA, 208-V, 60-Hz, Y Connected, three phase alternator has a
synchronous impedance of 0.1+ ;3 Q per phase. The field winding
resistance is 25 Q and the applied field voltage is 120-V (dc). The per phase
OCC data at rated speed is as under

(4 [0 |05| 1 |15| 2 |25| 3 |35| 4 |45/ 5

E,(V) | O | 90 | 140 | 185 | 209 | 223 | 230 | 236 | 238 | 248 | 250

If the rotation loss is 800 W, determine the voltage regulation and efficiency
of the generator when it supplies the rated load at 0.9 pf lagging. What must
be the external resistance in the field winding circuit.

10

3.B

Condition for “unity internal power factor” is a preferred condition in the
operation of synchronous generators. Determine the governing dynamics for
operation of unity internal power factor for a cylindrical rotor synchronous
generator in terms of armature current, power factor angle, synchronous
reactance and per phase terminal voltage. Also determine the absolute limit
of armature current beyond which condition of unity internal power factor
cannot be imposed. Neglect armature resistance.

10

4.A

A 2200-V, 60-Hz, three-phase, Y connected, 8 pole synchronous motor has
synchronous impedance of 0.8 + j8 Q. At no load, the field excitation is
adjusted so that the excitation voltage is equal in magnitude to the applied
voltage. When the motor is loaded the torque angle is 22° (lagging).
Compute the torque developed by the motor.

10

4.B

A 208-V, 60-Hz, three-phase, Y-connected, salient pole synchronous motor
operates at full load and draws a current of 40 A at 0.8 pf lead. The d-axis
and g-axis reactance are 2.7Q and 1.7Q, respectively. The armature winding
resistance is negligible and rotational loss is 5% of the power developed by
the motor. Determine the following

i. Per phase excitation voltage E.
ii. Synchronous power and salient power.
iii. Torque angle.

10

5.A

A 208-V, three-phase, Y connected, synchronous motor takes 7.2 kW at 0.8
pf leading. The synchronous reactance of the motor is 4€2 and the armature
winding resistance is negligible. Determine the new torque angle, armature
current and power factor if

I. The field excitation is adjusted to decrease the excitation voltage
by 50% while the load on the motor remains same.

ii. The field excitation is adjusted to obtain a unity power factor
while the load on the motor remains same.

10

5.B

A salient pole synchronous motor has negligible armature resistance. It is
connected to infinite bus and giving a constant power output. Derive the
differential equation indicating the governing dynamics of change of power
angle with change in the induced voltage with induced voltage as
independent variable and power angle as the dependent variable.

10
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