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SECTION – A
1. Attempt all question in brief.
a. In dc. Supply, the magnetic flux established is constant in nature, so in secondary winding the
induced emf. will be zero.
b. The voltage regulation of a transformer is defined as the arithmetical difference in the secondary
terminal voltage between no-load and full rated load at a given power factor with the same value of
primary voltage for both rated load and no-load.
c.

d. In case of an open circuit in the common winding, the full primary voltage would be applied to the
load on the secondary. This high voltage may burn out or seriously damage the equipment connected
to the secondary side.
e. The efficiency of a transformer for a given power factor is a maximum when the variable copper loss
is equal to the constant iron loss.
SECTION – B
2. Attempt any TWO of the followings.
a.
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b. Sumpner’s test
The back to back test on single phase transformers requires two identical transformers. Below figure
shows the circuit diagram for the Sumpner’s test. The primary windings of the two transformers are
connected in parallel and supplied at rated voltage and rated frequency.

The secondaries are connected in series with their polarities in phase opposition. If the primary
circuit is now closed, the total voltage across the two secondaries in series will be zero. The
transformers will behave as if their secondary windings are open circuited. Hence the reading of
wattmeter W1 gives the iron losses of both the transformers.
A small voltage is injected in the secondary circuit by a regulating transformer TR excited by the
main supply. The magnitude of the injected voltage is adjusted till the ammeter A2 reads full load
secondary current. The secondary current produces full load current to flow through the primary
winding. Thus wattmeter W2 gives the full load copper losses of the two transformers.
The ammeter A1 gives total no load current of the two transformers. Thus in this method we have
loaded the two transformers to full load but the power taken from the supply is that necessary to
supply the losses of both transformers.
c. Open delta system
In open delta system, two instead of
three single phase transformers are used
for three phase operation. VAB, VBC and
VCA be the applied voltage of the
primary. The voltage induced in
secondary side be Vab and Vbc. There is
no winding between a and c, but there is
a potential difference between a and c.
Vab + Vbc + Vca = 0
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Vca = - Vab - Vbc
Let VAB = Vp∠00
VBC = Vp ∠-1200,

VCA = Vp ∠+1200

If the leakage impedances of the transformers are negligible, then
Vab = Vs ∠00 , Vbc = Vs ∠-1200

Vp and Vs is primary and secondary line voltages respectively

Substituting the values of Vab and Vbc
Vca = - Vs ∠00 - Vs ∠-1200 = Vs ∠+1200
It is seen that Vca is equal in magnitude to the secondary transformer voltage and 1200 apart in time
from both of them.
If V2B and I2B are the rated secondary voltage and rated secondary current of the transformers, the
line current to the load of a closed delta system is √3I2B.
Closed delta load VA

S∆ − ∆ = √3 x line voltage x line current = 3 V2B I2B

In open delta system the line is in series with the windings of the transformers and therefore in this
case the line current is equal to I2B. SV-V = √3 V2B I2B
SV − V
√3 V2B I2B
1
=
=
= 0.577
S∆ − ∆
3 V2B I2B
√3
Thus it is seen that the load that can be carried by the open delta bank without exceeding the ratings
of the transformers is 57.7% of the original load carried by the ∆ − ∆ bank.
Application –
1. As a temporary measure when one transformer of a delta-delta system is damaged and removed
for repair and maintenance.
2. To provide service in new area where the full growth of load may require several years.
d. Open circuit test V1 = 250 V, I0 = 1 A, Pi = 80 W
Pi = V1I0cosΦ0
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Short circuit test

SECTION – C
3. Attempt any ONE part of the followings.
a. Saving in conductor material
The cross-section of a conductor is proportional
to the current through it and the length of the
conductor in a winding is proportional to the
number of turns. Hence the weight of conductor
material in a winding is proportional to the
product of current and number of turns.
For a two winding transformer, weight of
conductor material in primary 𝛼 IHTH
Weight of conductor material in secondary 𝛼 ILTL
Total weight of conductor material 𝛼 (IHTH + ILTL)
For the autotransformer, the portion ab has (TH -TL) turns and the current through it is IH. Therefore
the weight of conductor material in section ab 𝛼 IH(TH -TL)
The portion bc has TL turns and the current through it is I (=IL – IH)
The weight of conductor material in section bc 𝛼 (IL – IH) TL
Total weight of conductor material 𝛼 [IH(TH -TL) + (IL – IH) TL]
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Wauto
IH(TH − TL) + (IL – IH) TL
TL
=
= 1−
W2w
IHTH + ILTL
TH
1

= 1 - aA
1

Saving of conductor material in using autotransformer = W2W – Wauto = 𝑎𝐴 W2W
b. A three phase system is used to generate and transmit large amount of power. Transformers for three
phase circuits can be constructed in one of the following ways:
1. Three separate single phase transformers are suitably connected for three phase operation. Such
an arrangement is called a three phase bank of transformer.
2. A single three phase transformer in which the cores and windings for all the three phases are
combined in a single structure.
Advantages of a 3-phase unit transformer
1.
2.
3.
4.

It takes less space.
It is lighter, smaller and cheaper.
It is slightly more efficient.
The costly high voltage terminals to be brought out of the transformer housing are reduced to
three rather than six necessary three separate single phase transformers.
4. Attempt any ONE part of the followings.
a.
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b. Star-delta connection
This connection is commonly used for stepping down
the voltage from a high level to medium or low level.
Line voltage = V
For per phase mmf balance I2N2 = I1 N1
Here primary phase current is I1
N1
Secondary phase current, I2 = N2 I1 = a I1
Secondry line current = √3 I2
Voltage per turn in primary = Voltage per turn in secondary
𝑉
1
𝑉2
𝑋
=
𝑁2
√3 𝑁1
𝑉
Secondary phase current V2 = √3𝑎
Secondary line voltage = Secondary phase voltage
Delta-star connection
This type of connection is used for stepping up the
voltage to a high level.
Delta star transformers are also generally used as
distribution transformer for providing mixed line to
line voltage to high power equipment and line to
neutral voltage to single phase low power
equipment.
For per phase mmf balance I2N2 = I1 N1
I
Primary phase current I1 = √3
N1 I

aI

Secondary phase current I2 = N2 √3 = √3
V2

V1

Also N2 = N1

𝑉

Secondary phase voltage V2 = 𝑎
Secondary line voltage =

√3𝑉
𝑎
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5. Attempt any ONE part of the followings.
a.
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b. Scott connection
The scott connection is the most
common method of connecting two
single phase transformer to perform
the three phase to two phase
conversion and vice-versa. The two
transformer connected electrically but
not magnetically. One transformer is
called main transformer and other one
is called teaser transformer. The main
transformer is centre-tapped at D and
is connected acroos the lines B and C.
The teaser transformer is connected
between the line terminal A and the
centre tapping D.
For balanced line voltages
|VAB| = |VBC| = |VCA| = VL
From phasor
VBC = VL∠00
VCA = VL∠-1200
VAB = VL∠+1200
𝟏

𝟏

VBD = VDC = 𝟐 VBC = 𝟐 VL∠00
The voltage between A and D is
VAD = VAB + VBD = 0.866 VL∠900
Thus the voltage VAD in the primary of the teaser transformer is 0.866 of that in main transformer
and is 900 from it in time.
Voltage VAD is applied to the primary of the teaser transformer and therefore the secondary voltage
V2t of the teaser transformer will lead the secondary terminal voltage V2m of the main transformer by
900.
Magnitude of V2t = Magnitude of V2m
Thus the secondaries of both transformers have equal voltage ratings. Since V2t and V2m are equal in
magnitude and 900 apart in time, they result in a balanced 2-phase system.

