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'PCEL 4302
Fifth Semester Examination — 2011
ELECTRICAL MACHINES - II
Full Marks —70

Time : 3-Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(i)

(vi)
(vii)

Draw and explain the connection diagram as well as the phasor diagram
of three single phase transformers connected in Yd11.

Calculate the pitch factor of a 3-phase balanced distributed winding
having 54 stator slots, 6 poles and a coil span of 8 slots.

Why the load angle ‘delta’ is ‘positive’ in case of a synchronous generator
and ‘negative’ in case of a synchronous motor while taking the per phase
terminal voltage phasor as reference ?

Draw and explain the connection diagram as well as the phasor diagram
of three single phase transformers connected in Dz0.

Calculate the winding factor of a 3-phase balanced full-pitched distributed
winding with 9 slots per pole.

What is the purpose of providing a damper winding in a synchronous
motor ?

What is ‘open-delta’ connection ? How does this connection affect the
transformer rating ?

(viii) Explain why the direct axis synchronous reactance of a salient pole

(ix)

synchronous machine is greater than its quadrature axis synchronous
reactance ?

Why 86.6% tapping of the teaser transformer in Scott connection is
connected to one of the terminal of the three-phase balanced source
instead of using the 100% tapping terminal while converting a 3-phase
balanced supply to a 2-phase balanced supply ?
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(x) A grid connected 3-phase synchronous motor is operating at unity power
factor while driving full load on its shaft. What will be the nature of the
operating power factor of this motor if the load on its shaft is reduced to
50% of full load while keeping its excitation constant ?

2. (a) Draw and explain the per phase phasor diagram of a salient pole
synchronous generator delivering full load at 0.8 lagging power factor
without neglecting its stator resistance. Draw the mmf space phasors in
the same phasor diagram. Label the phasor diagram neatly. 6

(b) A 3-phase, 50 Hz, 10 MVA, 14 kV star connected cylindrical rotor
synchronous generator having an effective stator resistance per phase of
0.05 ohm gave the following test data while performing ‘Open Circuit Test’

on it.

Field Currentin A : 100 150 200 250 300 350
Open Circuit Line-to-Line

Voltage in volts (kV) : 90 - 120, 140..153 .159.164

While performing the ‘Short Circuit Test’ on the machine, a stator current

of 490 A was obtained for a field current of 200 A. Obtain the per phase
synchronous reactance of the machine in ohms. 4

3. (a) Derive the expressions for the ‘Pitch Factor’ and ‘Distribution Factor’ of
a three phase balance distributed winding used in a synchronous

machine. Consider only the fundamental air gap mmf. 5

(b) Explain how the ‘Slip Test’ is performed in the laboratory to determine the
direct axis synchronous reactance and the quadrature axis synchronous
reactance of a salient pole synchronous machine. 5

4. (a) Draw the per phase equivalent circuit of a cylindrical rotor 3-phase
synchronous motor and hence derive the expression for per phase real

power input to the motor. What will be the expression for its per phase

real power output ? 5

(b) A 3-phase, 50 Hz, 415 V star connected cylindrical rotor synchronous
motor having a synchronous impedance of 0.03 +j 6 ohms per phase

draws 20 A current from supply mains while driving full load and operating

at 0.9 leading power factor. Calculate its ‘load angle’ and line-to-line

‘no-load induced emf’. Draw its per phase phasor diagram. 5

5. (a) Two synchronous generators are operating in parallel and supply a load
of 2.8 MW at 0.8 power factor lagging. The governor of the first machine

is such that the frequency drops uniformly from 51.8 Hz at no-load to

lower values at other loads at a slope of 1 Hz/MW. For the second
generator, the governor allows the frequency to drop uniformly from
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(b)

51 Hz at no-load to lower values at other loads at the same slope of
1 Hz/MW. Calculate the frequency at which the system is operating and
the load supplied by each generator. 5
What are the conditions to be satisfied for operating two synchronous
generators in parallel ? Explain how two synchronous generators can be
synchronized with each other in the laboratory. 5
Draw and explain the connection diagram and phasor diagram of three
single phase two winding transformers connected with vector groups
(i) Dytand
{ihe Yz11 5
Two single phase two winding transformers each with rating 330 kVA,
11 kV/3.3 kV, 50 Hz are connected in ‘open delta’ on both high voltage
and low voltage sides. Find the load kVA that can be supplied from this
transformer connection. A delta connected three phase load of 330 kVA,
3.3 kV, 0.8 lagging power factor is connected to the low voltage side
terminals of this open delta transformer. Determine the line currents on
the high voltage 11 kV side of this transformer connection. 5
Explain the ‘Double-Revolving-Field Theory’ of single-phase induction
motors. 5
With the help of phasor diagrams, explain the Scott (T) connection and
Open Delta (V) connection of two single-phase two winding transformers.
5

8. Write short notes on any two of the following : 5x2

(a)

o)
-~

—~ o~~~
o
e

Voltage Regulation of a synchronous generator by ‘Potier Reactance’
(ZPF characteristic) method

Starting methods of a three phase synchronous motor
Parallel operation of three phase transformers
Principle of operation of a Reluctance Motor

Starting methods of a single phase induction motor
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