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Answer Any FIVE FULL Questions
OBE
Marks co RBT
la [5]
List the conditions to be satisfied for satisfactory parallel operation of both single
CO1l | L2
phase and three phase transformers.
1.b [5]
Two transformers having equivalent impedances referred to secondary of
(0.3 + j3) ohm and (0.2 +j02) ohm are sharing a common load of impedance
(8 + j6)ohm. Determine the current delivered by each transformer if the open CO1l | L3
circuit emf are 6600 V and 6400 V
2.
Explain the operation of Scott connection for balanced and unbalanced load with | [10]
. . CO1 | L3
the help of neat figures and phasor diagrams.
3.a [6]
Derive the expression for distribution factor Kd and pitch factor Kp. CO1l | L2
3.0 A 3-phase, 8-pole; 750 rpm star connected alternator has 72 slots on armature. Each [4]
slot has 12 conductors and winding is short chortled by 2 slots. Find the induced emf CO1l | L3
between lines, given the flux per pole is 0.06 Wh.
4.a [6]
List out the advantages of short pitched winding and distributed winding and
: o~ : CO1 | L3
explain how harmonics in the alternators can be reduced in reference to that.
52 Dew_alop the phasor d_!:_jlgrar_n of alternators on Iqad for (i) lagging pf load, (ii) [5]1 co1 L1
leading pf load and (iii) unity pf load and explain.
5.b . . . .
Describe armature reaction in alternators with the help of neat figures. [5] CO2 | L3
6 [10]
What is voltage regulation? 'Discuss synchronous the impedance method of Coz2 | L2
calculating voltage regulation
7.a A 2300 V, 50 Hz, 3 phase star connected alternator has an effective armature
resistance of 0.2 ohm. A field current of 35 A produces a current of 150 A on
short circuit and an open circuit emf 780 V (line value). Calculate the voltage| [10] CO1 | L1
regulation at (i) 0.8 pf lagging, (ii) 0.6 pf leading, and (iii) unity pf. The full load
current is 25 A.
Course Outcomes 3 S 8 g 8 8 ) 8 3 g g
o o o o o o o o o o o
Describe the construction, operation and
CO1: | performance of single phase and three phase 3 2 2 2 -

transformers

PO12



Explain the need of operating transformers

coz in parallel and the procedure to do it. 3 3 2 2 . . ) ) ) ) ) )
. Illustrate the concept of auto transformer; tap

cos: changing transformer and tertiary winding. 3 2 2 1 ) ) ) ) ) ) ) )

Cou: Analyze armature reaction and commutation 3 3 5 1 i i i ) ) ] ] )

and their effects in a dc machine.
Describe the construction, operation,
CO5: | characteristics and applications of 3 2 2 2 - - - - - - - -
synchronous generators
Perform the analysis of synchronous

COB: | machines by using different methods 31322 ) ) ) i i i i i
Cognitive level KEYWORDS
L1 List, define, tell, describe, identify, show, label, collect, examine, tabulate, quote, name, who, when, where, etc.
L2 summarize, describe, interpret, contrast, predict, associate, distinguish, estimate, differentiate, discuss, extend
L3 Apply, demonstrate, calculate, complete, illustrate, show, solve, examine, modify, relate, change, classify,

experiment, discover.
L4 Analyze, separate, order, explain, connect, classify, arrange, divide, compare, select, explain, infer.

L5 Assess, decide, rank, grade, test, measure, recommend, convince, select, judge, explain, discriminate, support,
conclude, compare, summarize.

PO1 - Engineering knowledge; PO2 - Problem analysis; PO3 - Design/development of solutions;
PO4 - Conduct investigations of complex problems; PO5 - Modern tool usage; PO6 - The Engineer and society; PO7-
Environment and sustainability; PO8 - Ethics; PO9 - Individual and team work;
PO10 - Communication; PO11 - Project management and finance; PO12 - Life-long learning

SOLUTION

1. a)

Conditions for Parallel Operation

When two or more transformers are to be operated in parallel. then certamn conditions have to be met for

proper operation. These conditions are -

= Voltage ratio of all connecred transformers must be same.
If the voltage ratio i1s not same, then the secondaries will not show equal voltage even if the primaries
are connected to same busbar. This results in a circulating current in secondaries, and hence there will
be reflected circulating current on the primary side also. In this case, considerable amount of current 1s
drawn by the transformers even without load.

= The per unit (pu) impedance of each transformer on irs own base must be same.
Sometimes, transformers of different ratings may be required to operate in parallel For, proper load
sharing. voltage drop across each machine mmist be same. That is. larger transformer has to draw
equivalent large current. That 15 why per unit mmpedance of the comnected transformers must be same.

= The polarity of all connected transformers must be same m order to avoid circulating currents in
transformers. Polarity of a transformer means the instantaneous dwection of induced emf in secondary.
If polarity is opposite to each other, huge circulating current flows.

« The phase sequence must be identical of all parallel transformens.
This condition 1s relevant to poly-phase transformers only. If the phase sequences are not same, then
transformers cannot be connected in parallel.

« The ratio of their winding resistances to reactances should be egual for both the transformers.
This condition ensures that both transformers operate at the same power factor, thus sharing their active
power and reactive volt-amperes accordiﬂg to their ratings.

L\ll the conditions 1&-1114:1_1 apply to the pa_rallel operation of single-phase transformers also apply to the
parallel minning of 3-phase transformers but with the following additions -

1. The voltage ratio nmst refer to the terminal voliage of primary and secendary. It 1s obvious that this
ratio may not be equal to the ratio of the number of furns per phase.

2. The phase displacement between primary and secondary voltages mmst be the same for all transformers
which are to be connected for parallel operation

3. The phase sequence nmist be the same.

4. All three transformers in the 3-phase transformer bank will be of the same construction either core or
shell.
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4. a)

Advantages of chorded pitch/short o ) Lo
pitched winding Advantages of distribution Winding

It saves copper of end connections . Harmonics are reduced
Reduction in resistance and inductance of the winding due to . .

& - Induced voltage approached sinusoidal wave form
the lesser length of the coil ends

The wave form of the induced emf is improved ' ature reaction effect is reduced

The distorting harmonics can be reduced - Losses are reduced

Due to elimination of high frequency harmonics eddy current - Efficiency is improved
and hysteresis losses are reduced , thereby increasing the

. - Provide better cooling
efficiency

Mechanical strength of coil is increased



Harmonic:s AMinimiration from indwced voltazes:

To elirvinste or mindmire the harmonics Tom the vollzge waneform, the windingss mmst be properky
designed The differant ways to elimimate the harmonics from generated voltage are,

) Disyriburion of armanrre Wwindings -

Imstead of having concentrated type of windingz, they shonld be distributed in different shots. The
diszriburion facter for hbarmonics is comparatively less tham thar of the fundasmenral samd hence measninds
of harmmondc e.m £ is small
) Chording -

Ths em f generated in the winding is proportionsl] to oos (x /2) where a is angle of chording amd =
iz onder of harmemic If proper valae of angle of chording is selacted thenharmwonic . m 5 can be redwced
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