
Distribution 

Transformers
Week 10-11



Transformers classifications:

1. By field of usage:

Ç Power transformer for transmission network

Ç Distribution transformer for distribution networks

Ç Power supply

Ç Isolation

Ç Rectifier

Ç Arc furnace

The size of any of those transformers ranges from for example 10 m (height, width ..), 10

tons as in the power transformer to size in cm and weight that does not exceed 10

grams as in power supply (used in chargers)

2. Number of phases

Ç Single phase

Ç Three phase



3. Cooling :

Ç Self air cooled (dry type)

Ç Air blast cooled (dry type)

Ç Liquid immersed, dry cooled

Ç Oil immersed, combination self cooled and air 
blast 

Ç Oil immersed, water cooled

Ç Oil immersed, forced air cooled

Ç Oil immersed, combination self cooled and water 
cooled

4. According to transformation:

Ç Step up

Ç Step down

5. According to frequency:

Ç Low frequency (power and distribution transformer )

Ç Very high, high frequency transformers 
(communication and power electronic devices)

Ç Intermitted frequency transformer 
(communication)

Transformers classifications:



Power Transformer Vs Distribution Transformer

Point Power Transformer Distribution Transformer

Uses Used in generating stations as a step up 

transformer, and in transmission substations as a 

step down (at 500 kV, 132 kV, 66 kV, 33 kV)

Used for low voltage distribution as less than

33 kV in industrial purposes and 380V/ 220V in 

domestic purposes and always as step down 

Size Big and large Smaller size

Full load 

operation

Near full load operation (100% full load) Operates at 60-70% full load all day

Efficiency ÅHigh (98-99%)

ÅEfficiency= output power (kW)/ input power (kW)

ÅLow (50-70%)

ÅAll day Efficiency= output power ( kWhr)/ 

input power ( kWhr) in 24 hrs

Tap changer ÅOn - load tap changer

ÅPoints: 17 points and more

ÅOperation: automatic using separate control 

ÅMedia surrounding the taps: oil filled cylinder for 

arc extinguish placed in parallel to the windings

ÅArc extinguish occurring during tap change: Oil

ÅOff - load tap changer

ÅPoints: 3-5 points

ÅOperation: Manual after source (voltage) 

is disconnected from transformer

ÅMedia surrounding the taps: transformer oil 

ÅArc extinguish occurring during tap 

change: transformer must be 

disconnected from any voltage source

Protection ÅBuchholz replay ( ϣтϾϝПЮϜ ϣтϝЦнЮϜ ϾϝлϮ)

ÅExplosion vent pressure relief ϼϝϯУжъϜ ϣϳϧТ
ÅTemperature indicators

ÅOil level gauges

ÅLighting arrestors

ÅDifferential protection, over current, over flux, 

restricted earth fault

ÅHRC fuse

ÅOver current, Buccholz relay and 

restricted earth fault protection for large 

transformers larger than 500 kVA



On load versus Off load tap changer

Off load tap changer

+ 5.0% tap 13,860/ 480 V

+ 2.5% tap 13,530/ 480 V

Nominal rating 13,200/ 480 V

-2.5% tap 12,870/ 480 V



Distribution Transformer Locations

Ô Overhead

In overhead distribution systems (mostly in rural or

suburban areas) small transformers, either single-phase or

three phase, may be mounted directly on the overhead

line poles whereas larger transformers are mounted on

special frames supported by a two -pole structure .

Ô Underground

Distribution transformers can be installed in ventilated

underground or above -ground vaults, away from public

access . Depending on the type of distribution system

and the vaultõsexposure to standing water, the

transformer may be referred to as vault -type , network, or

submersible . It is dry type based

Pole mounted single phase 
distribution transformer

Submersible 
transformer



Distribution Transformer Locations

Ô Pad mounts

Outdoor transformers utilized as part of an

underground distribution system, have three

separate enclosed compartments for high voltage

equipment, for low voltage equipment and for the

transformer itself and are known as packaged

transformer substations .

Ô Interior installations

Building codes generally prohibit the installation of a

distribution transformer containing mineral oil inside

or immediately adjacent to an occupied building .

The options available include use of a dry -type

transformer and the replacement of mineral oil with

a less flammable coolant

Pad mounted 
transformer



Transformer Connections
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Transformer Connections

1. Star-Star:

ü Least number of windings compared to any other

connection and least insulation as the winding voltage is

less by a factor or σcompared to line voltage . Voltage

stresseson windings are limited

ü Requires large cross section (thus has high impedance) for

the windings compared to other connections as line and

phase currents are the same . Large cross section offers the

connection good mechanical stability

ü Most economical connection for high voltage and low

current transformers

ü Four wire system and offers the availability of a neutral

point for earthing

ü Third harmonic component is not cancelled out

ü Unbalancing causes the instability of the neutral point

ü Used in small power transformers, interconnecting two

delta systems, large transmission transformers

ü In case of a faulted phase, the other two lines work

normally



Transformer Connections

2. Delta -Delta

ü Requires more windings and large insulation for

windings as the line voltage is the same as phase

voltage thus voltage stressesare high

ü Economical in transformers with high current

capabilities and low voltages

ü Least connection in terms of mechanical stability due

to small cross section of cables and high number of

windings

ü If one of the windings (or one of the transformers in

case we use a bank of transformer) is disconnected,

the other two remain in service thus producing almost

58% of the actual nominal apparent power .

ü Third harmonic is eliminated but lacks the availability

of neutral point thus requires high insulation due to the

high voltage .

ü No neutral access and thus requires special

arrangement for grounding the transformer such as a

zigzag transformer

ü Not highly used but can be used to supply

unbalanced loads



Transformer Connections

3. Star-Delta

ü Delta cancels third harmonic

ü Star provides way for grounding the transformer

ü Delta ensures the balance of neutral point of

the star

ü Any fault present on any of the sides requires

total disconnection of transformer

ü Not preferred to be used as a step up function

as delta windings are weak in terms of

mechanical stability

ü Very well suited in voltage step down function
and in transmission systems



Transformer Connections

4. Delta -star

ü Delta cancels third harmonic

ü Star provides way for grounding the

transformer

ü Delta ensures the balance of neutral point of

the star

ü Any fault present on any of the sides requires

total disconnection of transformer

ü Not preferred to be used as a step down
function as delta windings are weak in terms

of mechanical stability

ü Very well suited in voltage step up function
and in transmission systems

ü Used in distribution transformers for supplying

loads that requires 4 wire system, balanced

or unbalanced .



Transformer Connections

4. Zig Zag (delta zigzag) arrangement

ü Also known asòinterconnectedstaró

ü Each winding ismade of two windings

ü Economical compared to delta star arrangement that
requires high insulation and large number of windings

ü Possible to get neutral point

ü Mechanical stability at zigzag side better than delta side

ü Interconnection of phases in zigzag winding effects a
reduction of third harmonic voltages and at the same
time permits unbalanced loading .

ü Due to zigzag connection, third harmonic voltages are
reduced . It also allows unbalanced loading . The zigzag
connection isemployed for LV winding .

ü The Zig Zag winding reduces voltage unbalance in
systems where the load is not equally distributed
between phases, and permits neutral current loading . It is

therefore often used for earthing transformers .

Application: creation of a 
missing neutral connection 

from an ungrounded 3-phase 
system to permit the grounding 

of that neutral to an earth 
reference point and also 

harmonic mitigation



Transformer Vector Groups
Ô IEC gives a method for transformer vector group representation based 

on its windings connection using the following notation system:

Ô Capital letters represents the primary winding connection: 

Ô D for delta 

Ô Y for star

Ô Z zig-zag connection 

Ô III for separate (unconnected) windings

Ô Small letters represents the secondary winding connection:

Ô d for delta 

Ô y for star 

Ô z for zig-zag connection 

Ô iii for separate (unconnected) windings

Ô A number following the above two letters indicates the angle (as

multiples of 30o) by which the secondary voltage lags the primary

voltage .

Ô For example Yd11 represents a transformer with star connected primary
and delta connected secondary with the secondary voltage lagging

the primary voltage by 11 × 30o = 330o.



Different transformer vector groups



What is the function of the oil in the transformer:

Ô Cooling : Internal temperature rise in transformer if left could cause

serious damage on transformer . Oil easily penetrates between windings

and heat is transferred to oil. Heat is them being rejected out of the oil

either through fans or radiators or through the contact between the

transformer body and the oil itself.

Ô Insulation: insulation between windings themselves and between the 

windings and the core 

Ô Protection: Covers all metallic parts and prevents oxidation process 

which affects conductivity and prevents any other chemical reactions 

that causes corrosion.

Ô Fault diagnosis: Used to detect many internal faults in the transformer. 

Fault cause changes in the chemistry of the oil due to the large energy 

accompanied by faults. Oil is analyses and results are used to determine 

the type of internal fault inside of the transformer



Cooling Classes of Transformers

Symbol Medium ИнзЮϜ

O Mineral oil (natural oil) ϥтϾсжϹЛв

L Artificial (industrial) oil 
Ex: Askaerl ЭтϼϝЫЂцϜ, Silicone Fluid днЫуЯуЃЮϜ ЙϚϝв

ЬϾϝК сКϝзЊ ЭϚϝЂ

G Gas ϾϝО

W Water ̭ϝв

A Air ̭Ϝнк

S Solid insulator ϹЯЊ ЬϾϝК

Ô The mostly common used are air and oil. Oil used with outdoor transformers

Ô Air is used in dry type transformers, and has disadvantages :

Ô Loading of transformers for short time

Ô Windings are subject to dust and dirt and could lead to insulation weakening

Ô Windings are bigger for easier air penetration



Dry Type Transformer Advantages

Ô Cheapest type of fire proof transformers

Ô Can be safely installed inside buildings without any

fire protection scheme and could be installed

outside buildings

Ô Doesn't need maintenance procedure or

periodical checkups like oil type transformers .

Cleaning of air paths and transformer core is easily

done

Ô Doesnõtrequire arrangements that are needed

with oil type transformers such as discharge path,

measuring devices and the most we can do is

install a temperature thermometer in contact with

windings to adjust winding temperature

Ô Light in weight and is easily installed

Ô High efficiency, good voltage regulation

Ô Can cope with loading

Dry type transformer



Cooling Classes of Transformers

РϽϳЮϜЬмцϜ РϽϳЮϜсжϝϫЮϜ РϽϳЮϜϩЮϝϫЮϜ РϽϳЮϜЙϠϜϽЮϜ

БЂм Инж ϹтϽϡϧЮϜ
 ϢϽІϝϡв ЁвыгЮϜ

 ϤϝУЯгЯЮ)сЯ϶Ϝϸ(

ϟуЯЧϧЮϜ Инж БЂм Инж ϹтϽϡϧЮϜ
 ЁвыгЮϜ аϝЗзЮ

сϮϼϝϷЮϜ ϹтϽϡϧЮϜ

ϟуЯЧϧЮϜ Инж

Ô Example

O N A N

БЂм сЯ϶ϜϹЮϜ ϹтϽϡϧЮϜ
)ϥтϾ(

ϟуЯЧϧЮϜ Инж
)сЛуϡА(

БЂмсϮϼϝϷЮϜ ϹтϽϡϧЮϜ
)̭Ϝнк(

сϮϼϝϷЮϜ ϟуЯЧϧЮϜ Инж
)сЛуϡА(

According to the IEC the identification of the method used for the

cooling of transformers is as follows :

ONANONAF



Cooling Classes of Transformers
Natural circulation (N) : means oil is cooled naturally when hot oil moves to the top and

cold oil moves to the bottom of the tank

Forced circulation (F): cooling in radiator increases oil viscosity, thus to increase cooling

efficiency through use of fans which operates using thermostats

Cooling 
class (IEC)

Description 

ONAN Oil Natural Air Natural natural convectional flow of hot oil is utilized for cooling
in radiator

ONAF Oil Natural Air Forced applying forced air flow on the dissipating surface . Fans

blowing air on cooling surface is employed . Forced air
takes away the heat from the surface of radiator and
provides better cooling than natural air

OFAF Oil forced air natural heat dissipation is accelerated by using forced air on the
dissipating surface but circulation of the hot oil in
transformer tank is forced to circulate within the closed
loop of transformer tank by means of oil pumps .

ODAF Oil directed Air Forced Oil circulation isdirected for more heat dissipation

ODWF Oil directed water forced hot oil is cooled in cooler by means of forced water
instead of air

AN Air natural Used with dry type transformer

AF Air forced Used with dry type transformer



ODAF OFAF

Cooling Classes of Transformers



Cooling Classes of Transformers

Ô II- For dry -type transformers also four letters are used to designate the manner
of cooling :

Ô Firstletter : Internal cooling medium in contact with the windings,

A Air

G Gas

Ô Second letter : Circulation mechanism for internal cooling medium,

N Natural convection

F Forced cooling

Ô Third letter : External cooling medium,

A Air

G Gas

Ô Fourth letter : Circulation mechanism for external cooling medium,

N Natural convection

F Forced cooling



Ô MAIN TANK

Ô RADIATORS

Ô BREATHER UNIT

Ô CONSERVATOR

Ô PRESSURE RELEIF 

SYSTEM

Ô OIL LEVEL 

INDICATOR

Ô TEMPERATUER DIAL

Ô TAP CHANGER

Ô HV/LV BUSHINGS

Ô OIL FILLING PLUG

Ô DRAIN PLUG

Ô CABLE BOX

Distribution Transformer Main Parts



Distribution Transformer Main Parts
1- Main oil Tank: windings are placed and soaked in oil

2- Expansion oil Tank (conservator) ̭ϝКмϸϹгϦϥтϿЮϜ : Installed above

the main oil tank on the outer transformer frame and is connected

to the main tank through a metallic tube . Oil can freely contract

and expand during loading and thus the temperature of the oil

increases and decreases . Loading can increase expansion up to 8%.

Tank compensates any loss in oil that may occur in the main tank .

3- Bucchloz Relay : Placed when a conservator tank is used, as it

indicated faults and errors such as oil loss when oil level goes low,

improper oil flow between the oil tank and the transformer .

Moreover, it shows gas emission inside transformer due to any

unusual operation ( excessive loading or short circuit) and can issue

a control signal which can be used to disconnect the transformer . It

isequipped with a release valve in case oil exceeded its level .


