Unit-3- Transformer

Auto Transformer& 3-ph Transformer connections

Classification of Transformers:

The transformers are often classified according to their applications. Following
are the important types of transformers:

(i) Power Transformers: These transformers are used to step up the voltage at the
generating station for transmission purposes and then to step down the voltage at the
receiving stations. These transformers are of large capacity (generally above 500 kVA).
These transformers usually operate at high average load, which would cause continuous
capacity copper loss, thus affecting their efficiency. To have minimum losses during 24
hours, such transformers are designed with low copper losses.

(if) Distribution Transformers: These transformers are installed at the distribution
sub-stations to step down the voltage. These transformers are continuously energized
causing the iron losses for all the 24 hours, Generally the load on these transformers
fluctuate from no-load to full load during this period. To obtain high efficiency, such
transformers are designed with low iron losses.

(iii) Instrument Transformers: To measure high voltages and currents in power
system potential transformer (P.T.) and current transformer (C.T.) are used,
respectively. The potential transformers are used to decrease the voltage and current
transformers are used to decrease the current up to measurable value. These are also
used with protective devices.

(iv) Testing transformers: These transformers are used to step up voltage to a very
high value for carrying out the tests under high voltage, e.g., for testing the dielectric
strength of transformer oil.

(v) Special purpose transformer: The transformers may be designed to serve special
purposes, these may be used with furnaces, rectifiers, welding sets etc.

(vi) Auto-transformers: These are single winding transformers used to step down the
voltages for starting of large three-phase squirrel cage induction motors.

(vii) Isolation transformer: These transformers are used only to isolate (electrically)
the electronic circuits from the main electrical lines, therefore, their transformation
ratio is usually one.

(viii) Impedance matching transformer: These transformers are used at the output
stage of the amplifier for impedance matching to obtain maximum output from the
amplifiers.



Auto Transformer

A transformer, in which a part of the winding is common to both the primary and
secondary circuits, is called an auto-transformer. In a two winding transformer, primary
and secondary windings are electrically isolated, but in an auto-transformer the two
windings are not electrically isolated rather a section of the same winding acts as
secondary or primary of the transformer.

Construction:

The core of an auto-transformer may be rectangular [Fig. 1(a)] or circular ring-
type [ Fig.1(b)] in shape. A single winding is wound around one or two limbs of the
rectangular core or it is wound over the ring as shown in Fig-2. Terminal ‘B’ is taken as a
common point from which one terminal for primary and one terminal of the secondary
is taken out. The second terminal of the secondary is connected to point ‘C’ which may
be fixed or movable as shown in Fig. 2. The number of turns between AB are taken as N1
and the number of turns between BC are taken as Nz as shown in Fig. 3(a). Thus, one
section of the same winding acts as a primary and the other section of the same winding
acts as a secondary. When the number of secondary turns N is less than the primary
turns N (i.e.,, N2 < N1) as shown in Fig. 3(a), the auto-transformer works as step-down
transformer, whereas, it works as a step-up transformer if number of secondary turns
N3 is more than primary turns N1 as shown in Figs. 3(b).
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Fig-2 Core & Winding
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(a) Step down auto transformer (b) Step up auto transformer

Fig-3 Step down and Step up Auto Transformer
Working:

When AC voltage V1 is applied to winding AB, an exciting current starts flowing
through the full winding AB if the internal impedance drop is neglected, then the voltage
per turn in winding AB is V1/N1 and, therefore, the voltage across BC is (V1/N1) No.

When switch S is closed, a current I starts flowing through the load and current
I1 is drawn from the source. Neglecting losses,

Input power = Output power

V11 cos ¢1 = V2l2 cos 2
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(a) Auto-transformer(core & winding) (b) Auto-transformer transformer with load

Fig-4. Schematic Diagram of Auto Transformer
If internal (or leakage) impedance drops and losses are neglected, then
cos ¢1 = cos ¢2
Hence Vi = V2l
Or V2/Vi=11/I2 = Nz/N1 =K
Here K is less than unity.

Let at any instant the exciting current flows from A to B and it establishes a
working mmf directed vertically upward in the core. When switch S is closed, the



current in winding BC must flow from B to C, in order to create an mmf opposing the
exciting or working mmf, as per Lenz’s law. Since the working mmf in a transformer
remains constant at its no-load value, the primary must draw additional current I1 from
the source, in order to neutralize the effect of current Izc. In winding AB, 11 flows from A
to B while in winding BC, I> flows from B to C. Therefore, the current in winding BC is I
from C to B and I> from B to C. Here the current I is greater than I (because V2 < V1) and
their mmfs are opposing each other at every instant, therefore,

Ipc=1> - 1.

mmf of winding AC =11 (N1 - N2) =11N1 - 11N>
=Nz -11iN2 = (I2 - 1) N> [... 1N1 = IN7]
= IpcN>

= mmf of winding CB.

It is, therefore, seen that the transformer action takes place between winding,
section AC and winding section BC. In other words, the volt-amperes across winding AC
are transferred by transformer action to the load connected across winding BC.

Power transformed in Va4 = Vaclac= (V1-V2) I1
Total power to be transferred or input power in V4 = Vil1

Transformed PowerinVA (Vi —V,) I; 1 Vo 1k
Input power in VA - Vi L a 7 ( )

\Power transformed = (1 - K) x Power inpuﬂ

Out of the input volt-amperes V1ly, only Vaclac = (V1 - V2) I1 is transformed to the
output by transformer action. The remaining power in volt-ampere required for the
output, are conducted directly to the secondary from the primary (due to electrical
connection).

Power conducted in VA = Total power input in VA - transformed power in VA
=Vili-(Vi-V2) L1 =Vahh

Power conductedinVA Vo I;

Input powerinVA — Vi I,

Power conducted = K x Power inpuﬁ

Hence

Transformed Power in VA

=(1-K
Input power in VA ( )

Power conducted in VA _

Input power in VA



Advantages:

(1)
(if)
(iii)
(iv)
v)

An autotransformer requires less Cu than a two-winding transformer of similar
rating.

An autotransformer operates at a higher efficiency than a two-winding
transformer of similar rating.

An autotransformer has better voltage regulation than a two-winding transformer
of the same rating.

An autotransformer has smaller size than a two-winding transformer of the same
rating.

An autotransformer requires smaller exciting current than a two-winding
transformer of the same rating.

Disadvantages:

()

(i)
(iii)

There is a direct connection between the primary and secondary. Therefore, the
output is no longer d.c. isolated from the input.

An autotransformer is not safe for stepping down a high voltage to a low voltage.
The short-circuit current is much larger than for the two-winding transformer of
the same rating. During Short-circuit condition secondary causes part of the
primary also to be short circuited. This reduces the effective resistance and
reactance.

Applications:

()
(i)

(iii)

Single-phase and 3-phase auto-transformers are employed for obtaining variable
output voltages at the output.

Autotransformers are used to compensate for voltage drops in transmission and
distribution lines. When used for this purpose, they are known as booster
transformers.

Auto-transformers with a number of tappings are used for starting induction
motors and synchronous motors.



Three-phase Transformer

A three-phase system in used to generate and transmit electric power. Three-
phase voltages are raised or lowered by means of three-phase transformers. A three-
phase transformer can be built in two ways viz., (i) by suitably connecting a bank of
three single-phase transformers or (ii) by constructing a three-phase transformer on a
common magnetic structure. In either case, the windings may be connectedinY - Y, A -
A, Y - AorA-Y. Generally, one three phase transformer is preferred over a bank of three
single phase transformers because of the following reasons:

(i) It requires smaller quantity of iron and copper. Hence, its cost is nearly 15%
lesser than a bank of three single phase transformers of equal rating.

(ii) It has smaller size and can be accommodated in smaller tank and hence needs
smaller quantity of oil for cooling.

(iii)  Because of smaller size, it occupies less space; moreover it has less weight.

(iv) It needs less number of bushings.

(v) Itoperates at slightly better efficiency and regulation.

These transformers suffer from the following disadvantage.

(i)  Itis more difficult and costly to repair three-phase transformers.
(ii) It is difficult to transport single large unit of three-phase transformer than to
transport three single phase transformers individually.

Three-Phase Transformer Connections:

A three-phase transformer can be built by suitably connecting a bank of three
single-phase transformers or by one three-phase transformer. The primary or
secondary windings may be connected in either star (Y) or delta (A) arrangement. The
four most common connections are (i) Y-Y (ii) A-A (iii) Y-A and (iv) A-Y.

Y-Y (Star-Star) Connection: It gives line voltage \3 times phase voltage. It is economical
for small rating; high voltage transformers as the number of turns per phase and the
amount of insulation required is less.
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Fig-5.1 Y-Y (Star-Star) connection

A-A (Delta-Delta) Connection: This arrangement is generally used in systems which
carry large currents on low voltages and especially when continuity of service is to be



maintained even though one of the phases develop fault. The conductor is required of
smaller cross section as the phase current is 1/43 times the line current.
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Fig-5.2 A-A (Delta-Delta) connection

Y-A (Star-Delta) Connection: The Y-A connection shown in Fig. 5.3, is suitable for
stepping down a high voltage, as for example, at the end of transmission line. In this
case, the primaries are designed for 57.7% (1/V3) of the high-tension line voltages.

Fig-5.3 Y-A (Star-Delta) connection

A-Y (Delta-Star) Connection: The A-Y connection shown in Fig. 5.4, is commonly used
for stepping up to a high voltage, as for example, at the starting of transmission line.

Fig-5.4 A-Y (Delta-Star) connection



