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Introduction

There are different types of transformer classified on the basis of shape of core, type of
service, number of phase etc. It is used in the electrical power system for different ap-
plication, like generation, transmission, distribution, utilization of electrical Energy and in
small electronic application also.

Different types of transformer are Step up, Step down, isolation, core type, shell type,
berry types, Instrument X, Single phase and three phase X*, Auto transformer, Weld-
ing transformer etc. All types of transformer is shown bellow in tree diagram.

TYPES OF TRANSFORMER

Turn Shape type of number core

operating basis of based on Cooling Winding
Ratio Of Core service | of phase | material | frequency | Application | theinsu- Method | connection
used lation
used
Core type Singe Phase Mains Fre- Dry Type Star-Star
quency
Sell type Three Phase Oil Immersed Delta-Delta
Audio Fre-
Berry type Auto Trans- quency Delta-Star
former
High Fre- Star-Delta
quency Open Delta
Tee-Tee
- AN
Step up Power Trans- Air Core Welding Trans-
former former AF
Step Down Iron Core _
i Distribution Isolating Trans- ONAN
Isolation Trans- Transformer Ferrite Core former
former ONAF
Instrument Constant Volt-
Transformer age Tr. OFAF
OFWF
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TYPES OF TRANSFORMER

1.Based on Turn Ratio :

Types of Transformers Based on the Value of K or Number of turns. Transformation ra-
tio is defined as the ratio of secondary voltage to primary voltage of transformer. That is
V2 /V1 and it is denoted by ‘K’ .

Types are :
1. Step up
2. Step Down

3. Isolation Transformer.

1.1. Step up transformer:

If the number of turns in primary winding is less than secondary winding turns then this
type of transformer is called as step up transformer. OR

The transformer having value of K > 1, this type of transformer is called as the step up
transformer. We get higher secondary voltage as compared to the primary winding,
hence its name is step up.

Primary < Secondary
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1.2. Step down transformer:

If the number of turns in primary winding is more than secondary winding turns then this
type of transformer is called as step down transformer. OR

The transformer having value of K < 1 then it is called as the step down transform-
er. We get lower secondary voltage than the primary voltage, hence its name step
down.1.2.

Primary > Secondary
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1.3. Isolation transformer

If the number of turns in primary winding is equal to the secondary winding turns then
this type of transformer is called as isolation transformer. OR

The transformer having value of K = 1 then it is called as the isolation transformer. We
get same secondary voltage as the primary voltage, hence its name isolation transform-
er.

Primary = Secondary
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2.Based On Shape of Core

On Shape basis there are three type of transformer classified as follow:

1.Core type
2.Shell type
3.Berry type

2.1 Core type

The structure of core of this transformer is in the form of a rectangular frame made from
cold rolled grain oriented sheet steel (C.R.G.0O.) with thin silicon steel laminations.

The primary and secondary windings are uniformly distributed on two adjacent limbs of
the core. Both the windings are of cylindrical shape and they are arranged in a concen-
tric manner the Low voltage (LV) winding is place near the core and high voltage (HV)
winding is on over it.

Laminated Core

LV Primary LV Secondary

HV Primary HV Secondary

Core Type Transformer
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2.2. Shell type

The construction of a shell type transformer shown in figure. The primary and secondary
windings are placed on the central limb of the core. The high voltage and low voltage

windings are arrange in sandwich type.

This type of core provides double magnetic circuit and it provides a better mechanical
support and protection for the windings. The material used for making core is same as
core type transformer.

HV Winding

LV Winding

Laminated
Core

Shell Type Transformer

2.3. Berry type

It is basically a shell type transformer structure but the name is related to the design like
berry and its cylindrical shape. Berry type transformer has distributed magnetic circuits
and more than two independent magnetic circuits. The core construction of berry type
transformer magnetic core and cylindrical windings is shown in graphics from top view
and side view given below.

Berry Type Transformer
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3.Based on type of service

On Basis of type of service there are three type of transformer are
1) Power transformer

2) Distribution Transformer

3) Instrument Transformer

3.1. Power Transformer

Usually power transformer is used in transmission line to transmit hug amount of power
with high voltage ratings. Typically the voltage range of power transformer is about from
33KV to 400KV or more (400 kV, 200 kV, 110 kV, 66 kV, 33 kV) and power range is
greater than 200MVA. So its size and weight is much more than all other type of trans-
formers.

3.2. Distribution transformer

Distribution transformer is used in distribution networks to distribute power coming from
transmission line. Highest range of the distribution transformer is 11KV and lowest one
is 230V. It mean the variation of this type of transformer voltage rating depending upon
the application where it use, this range is 11 kV, 6.6 kV, 3.3 kV, 440V, 230 V.

3.3. Instrument transformer

To measure high voltage like 110 kV or 220 kV and high value of current, it is not possi-
ble from safety point of view to connect a voltmeter or ammeter to a very high voltage
and current range line. Also an instrument which will stand to such a high range its size
is very large comparatively normal range meters.

In such cases special type of transformers is required and this transformers called as
instrument transformer. They are classified in two categories, current transformer
and voltage or potential transformer.

3.3.1. Current Transformer (CT)

If a large current carried by a conductor is to be measured, it is advice to avoid the di-
rect connection of ammeter in this high current line, for this purpose a current trans-
former is used.

A current transformer (CT) is nothing but a coil wound on a core. The primary of C.T.
carries the large current which is to be measured. The secondary winding is a low cur-
rent winding, so the secondary of a C.T. is made up of large number of turns. The con-
struction of a current transformer is shown in figure below.
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3.3.2. Potential Transformer (PT)

The potential transformer is second type of instrumentation transformer which is used to
measure high ac voltage. The construction of a potential transformer is same as that of
the normal transformer but difference is that potential transformer is always step down
construction.

To measure high voltage, voltmeter is connected on low voltage side of transformer.
The connection and construction of a potential transformer is shown in figure.

High Voltage
Line

High Voltage

g = = e e— — - Primary
| /
I
i : | __Low Voltage
I —/XX\_ 1 Secondary

Potential Transformer (PT)
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4.Based on number of phase

On the basis of number of phase there are three types of transformer are
1. single phase

2.three phase

3. auto transformer

4.1. Single phase transformer

The basic construction of a single phase transformer is shown in figure. It consists of
two highly inductive coils called as winding of transformer wound on a core made up of
iron or steel material. Winding connected to the supply called as primary side and it
connected to the load called as secondary side. In single phase transformer input is
single phase and output is also same.

Primary Secondary

Single Phase Transformer
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4.2. Three phase transformer

The three phase transformers constructed, by using three single phase transformers or
three winding on core in single transformer tank as shown in figure below.

In three phase transformers, windings are connected such that the three primary wind-
ings are placed in delta or star and similarly the secondary windings are also connected
in star or delta depending upon the application of area.

®@ @ ®

(R O ® O

Three Phase Transformer

4.3. Auto transformer

It is a special transformer which may be single phase or three phase. In normal trans-
former has separate primary and secondary windings, but in the autotransformer some
part of the windings is common for the primary and secondary windings. The basic con-
struction of an autotransformer is shown in figure below.

It consists of only one or three winding wound on a core which is laminated and a rotary
movable contact for selecting the particular portion of the winding. The autotransformer
can used as a step down or step up transformer.

Primary
Secondary

Auto Transformer
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5.Based on core material used

5.1. Air Core Transformer

This type of transformer consist of a hollow nonmagnetic core like plastic or paper and
primary and secondary winding wound over it. This type of transformer the transfor-
mation ratio is less than one. Air core transformer generally used in high frequency ap-
plication because there is no iron loss in it.

5.2. Iron Core Transformer

In iron core transformer laminated iron core is used. This is the commonly used type of
transformer.

5.3. Ferrite core transformers

Core of this type of transformer is made up of ferrite material. These transformer is used
for very high frequency application.

6.Based on operating frequency

6.1. Mains frequency transformer

These transformer is basically iron core shell type transformer and connected between
ac main source and other device require ac or dc power. These transformer primary
have more than two terminals and secondary winding have a centre tap.

6.2. Audio frequency (AF) transformers

The size of this type of transformer is very small and it used to mounting on PCB to de-
sign to operate over the audio frequency range of 20HZ to 20 KHz.

6.3. High frequency transformers
Core of this type of transformer is made of powdered iron or ferrite material. This trans-

former is also called as Intermediate frequency transformers (IFTs) or Radio Frequency
transformer (RFTS).
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7.0n the basis of Application

7.1. Welding transformer

In welding process large current flow through the welding electrodes so that an arc is
produced between the electrodes and work piece. Hence welding transformer is a trans-
former having a low current in primary side and high current secondary side winding.

So the welding transformer is always step down transformer with a large number of pri-
mary turns and a small number of secondary turns.

o P - ——— -~
\
I \
| | 3 Electrode
<"'“: : NG
AC ¢ = N
c"f—" : K
: :
\\ /7
Iron Core‘r ______ Work Piece

Welding Transformer
&~ omgfreestudy.com

7.2. Isolation transformer

About isolation transformer discus previously.

7.3. Constant voltage transformers

This transformer gives constant voltage at output side. It is used to obtain stabilized
voltage supply for sensitive equipment’s

8. Based on the insulation used

8.1. Dry Type Transformer

This type of transformer does not contain any fluid cooling system, so the only cooling
medium is Air only. Dry type transformers are commonly used for indoor applications
where other types of transformer are considerable too risky.
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8.2 Oil Immersed Transformer

In such type of transformer oil is used for cooling purposes. Using oil cooling system is
better than dry type cooling. Generally this type of transformer is used for outdoor appli-
cation with high ratings.

9.0n the basis of Cooling Method

For the dry type transformers

e Air Natural (AN) Cooling
e Air Forced (AF) or Air Blast (AB) Cooling

For oil immersed type transformers

« Oil Natural Air Natural (ONAN) Cooling

« Oil Natural Air Forced (ONAF) Cooling

« Oil Forced Air Forced (OFAF) Cooling

e Oil Forced Water Forced (OFWF) Cooling

9.1. Air Natural (AN) Cooling

The air natural (AN) cooling is used in dry type, self-cooled transformers. In this method,
the natural circulation of surrounding air is used for cooling of the transformer. The
windings of the transformer are protected against the mechanical damages by a sheet
metal enclosure. The air natural cooling is used for low voltage small transformers upto
a few kVA.

9.2. Air Forced (AF) or Air Blast (AB) Cooling

The air forced (AF) cooling is used in the dry type, forced-air cooled transformers. In this
method, a continuous blast of filtered cool air is forced with the help of a fan through the
core and windings of the transformer for cooling. This method is used for cooling of the
transformers upto 15 MVA
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9.3. Oil Natural Air Natural (ONAN) Cooling

The oil natural air natural cooling is used in oil immerged type transformers. The most of
the transformers of the medium and large ratings have their core and windings im-
merged in dielectric oil, which acts both as cooling medium and insulating medium.

Y
Sy
'[l‘ ‘ ‘ Core ‘ ‘ '[I'

The oil immerged transformers are enclosed in a sheet steel tank. The heat generated
in the core and windings being transferred to the oil. The heated oil becomes lighter and
rises to the top and the cool oil takes its place from the bottom of the transformer tank.

The heat of the oil is transferred to the walls of the tank by natural circulation of the oil
and the heat is then transferred to the surrounding air through the natural radiation and
convection. Hence, the oil gets cooler and falls to the bottom. Therefore, a natural circu-
lation of oil takes place for the cooling of the transformer.

9.4. Oil Natural Air Forced (ONAF) Cooling

In oil natural air forced cooling of the transformer, the heat generated by the core and
windings of the transformer is transferred to the walls of the tank and to the radiator
through the natural circulation of the oil. Now, the forced air is directed over cooling el-
ements (tank, radiator, tubes, fins etc.) of the transformer. Hence, the transformer is
cooled by the natural circulation of oil and blast of air.

w0 I 1] T

This method of cooling is suitable for the large transformers up to 60 MVA.

Prepared By : Sarbast S. Qadir October 18, 2023



9.5. Oil Forced Air Forced (OFAF) Cooling

In this method of cooling, the heated oil is circulated from the top of the transformer tank
to a heat exchanger and the blast of air is forced through the heat exchanger by turning
on a fan. Then, the cool oll is returned to the bottom of the transformer tank.

Heated Oil Q

Core Heat
Exchanger
Cool Oil
o~
=

'T' Fan

This method of cooling is used for higher rating transformers like transformers which are
used in substations and generating stations.

9.6. Oil Forced Water Forced (OFWF) Cooling

In the oil forced water forced cooling method, the heated oil is circulated from the top of
the transformer tank to a heat exchanger where the pressurised water is used to sepa-
rate the heat from the oil. The cool oil is then returned to the bottom of the transformer
tank.

P

Heated Oil
— Water Inlet
-—
Core Heat
Exchanger
Cool Oil
P . s
=5 Water Outlet
Pump

This type of cooling is mainly used for very large transformers with a 100 MVA ratings
like at generating stations.
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10.0n the basis of Winding connection

10.1. Star-star connection

The primary winding of this type of transformer is connected in star and secondary also
connected in star.

S-phase transformer Y-Y connection.
Also known as star-star connection

Voltage per turn

\Ratio of Line Voltage

_ ~3v,,
IV

2

2

10.2. Delta-delta connection

The primary winding of this type of transformer is connected in delta and secondary also
connected in delta. In delta connected winding neutral is not available.

.
>

I~
¢ Primary Secondary

Delta-Delta Connection of Transformer

10.3. Delta-star connections

The primary winding of this type of transformer is connected in delta and secondary is
connected in star.

l 3
" = S TODT ™ J
=3 L allvz

Primary Side Secondary Side

AN T
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10.4. Star-delta connection

The primary winding of this type of transformer is connected in star and secondary is
connected in delta.

-

A I
o

e

Cno0oT

Yy

-

Star Delta Transformer

10.5. Open delta or (V - V) connection

If we remove any one transformer winding of a delta- delta configuration, and a 3-phase
supply is connected to the primary windings, then three equal 3-phase voltage are
available at the secondary terminal as shown in the figure.

cal A
IB

B
IC

c

Prepared By : Sarbast S. Qadir October 18, 2023



10.6. Tee-Tee or Scott connection

In this type of transformer primary is supplied by three phase and from secondary side
get two phase output.

A o a
B « b
D d
& o C

Scott (T-T) Connection
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