Three phase transformers
Electrical power is usually generated by 3-phase generators at voltages of 13.2KV or slightly higher. Transmisiion voltages are in the range 66KV, 132KV, 220KV, 400KV and 750KV among others. To achieve these high voltages, 3-phase transformers are needed at the sending end of the transmission line. On the other hand, consumers distribution must be reduced to 415V, 220V or 240V among others. For this purpose, three phase transformers are needed at the receiving end of the transmission line to step down the voltage.
Initially, 3-phase transformers were realised using 3-single phase transformers. Nowadays, this is achieved by using single 3-phase transformer. Following are the advantages of a single 3-phase transformer compared to a bank of single phae transformers:
· Occupies less floor space for equal rating
· Weighs less
· Costs about 15% less
· One unit is to be handled and connected.
Common connections
Common connections are:
· Star-Star connection
· Delta-Delta connection
· Star-Delta connection
· Delta-Star connection
· Open Delta connection
· Scott connection
Star-star (or ) connection
The following figure shows the arrangement of the three windings for both primary and the secondary side. They are displaced  from each other.
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This connection is very economical for high voltage small tranformers. This is because the number of turns per phase and amount of insulation required is minimum because the voltage per phase is  (or 58%) of the line voltage.
A
C
B
b
c
a
A
C
B
b
c
a
n
N

Line voltages on primary and secondary sides are in phase, but there is a  phase shift between phase voltages and line voltages for both primary and secondary sides.

Delta-Delta (or ) connection
The following figure shows the arrangement of the three windings for both primary and the secondary side. They are displaced  from each other.
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This connection increases the number of turns per phase and hence it is economical for large low voltage transformers in which insulation problem is not urgent.there is no angular displacement between primary and secondary line voltages and there is no internal phase between line and phase voltages on either side. The following are the advantages of  connecion:
· If one transformer is disabled, the system can continue to operate in open delta.
· There is no difficulty experienced from unbalanced loading, and three phase voltages remains practically constant irrespective of the load imbalance.
· The third harmonic component of the magnetising current can flow in the  primary without flowing in the line wires. The resulting flux is sinusoidal giving sinusoidal voltages.
A
C
B
b
c
a
A
C
B
b
c
a


Wye-Delta (or) connection
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The connection is normally used at the end of a transmission line where voltage is to be stepped down in a sub-station. The primary is wye connected with grounded neutral. There is a  phase shift between primary and secondary line voltages. Hence a  transformer cannot be paralled with .









Delta-Wye (or ) connection
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The connection is normally used at the beginning of a high voltage transmission line where voltage is to be stepped up. Also it has become very popular because when the neutral in the secondary is grounded, it can provide 3-phase 4-wire service. Hereby it can be used to provide both three phase and single phase loads like lighting. There is a  phase shift between primary and secondary line voltages. Hence a  transformer cannot be paralled with .
Open delta  connection
If one of the transformers of a delta-delta connection is removed, and the 3 phase supply is connected to the primaries as shown, the three phase supply will be available at the secondary terminals on no-load. This method of transforming three phase power by means of only two transformers is called open delta or V-V connection.
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The method is employed when:
· The three phase load is too small to warrant the installation of full three phase transformer bank.
· One of the transformer in delta-delta bank is disabled. Service is continued at reduced capacity till faulty one is repaired or substituted.
· When anticipated that in future the load will grow and the open delta will be closed.
The load that can be carried by a V-V bank is not 2/3 of the capacity of  bank but 57.7% of its normal rating.

For V-V bank the secondary line current becomes equal to secondary phase current.



Therefore only 86.6% of the rated capacity of the remaining two transformers is available.


When a V-V bank of two transformers supply a three phase load whose power factor is, then one transformer operates at power factor of  and the other at a power factor of. Because of this the two transformers will not have the same voltage regulation. This proved below:
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These can be adjusted as per the load angle. It is clear that one of the transformers generates reactive power and the other transformer consumes reactive power.

SCOTT connection or T-T connection
This is a connection by which three phase to three phase transformation is accomplished with the help of two transformers connected as shown.
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One of the transformers has center taps both on the primary and secondary windings and is known as the main transformer. It forms the horizontal member of the connection.
 The other transformer has 0.866 tap and is known as the teaser transformer. One end of the primary and secondary of the teaser transformer is joined to the center taps of the primary and secondary of the main transformer. The other ends  of the teaser transformer and  and  of the main transformer are connected to the main supply.
The following figure is a voltage diagram, assuming three phase supply of 100 volts and unity transformation ratio.
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In the primary voltage  are 50 volts each and differ in phase by, because both DC and DB are on the same magnetic circuit and are connected in opposition.   
With reference to the secondary voltage triangle, it should be noted that for a load of unity power factor, current  lags behind voltage by  and  leads voltage  by. This means that the teaser transformer and each half of the main transformers operate at different power factors.
The full rating of the transformer is not utilized. Teaser transformer operate at 86.6% of its rated voltage and main transformer coils operate at  power factors, which is equivalent to the main transformers coils working at 86.6% of their KVA rating. Hence the capacity rating of  connection is 86.6% just like  connection.
Also for a balanced load of power factor, the teaser current will lag or lead the voltage by, while for the two halves of the main transformer, the angle between voltage and current will be. Situation is similar to that of a  transformer connection.

Parallel operation of three phase transformers
Below conditions for parallel operation of single phase transformers also apply to parallel operation of three phase transformers:
· Primary windings of the transformers must be suitable for the supply system frequency and voltage.
· Connections must be done correctly in regard to polarity.
· Transformers should have the same transformation ratio.
· Percentage impedance must be equal in magnitude and  ratio must be the same to avoid circulating currents and operation at different power factors.
· If transformers have different KVA ratings, their equivalent impedances must be inversely proportional to the individual KVA rating to avoid circulating currents.
Additional conditions are:
· Voltage ratio must refer to the terminal voltage of the primary and secondary windings. This is because this ratio may not be equal to the turn ratio per phase like in the case of  connections.
· Phase displacement between primary and secondary voltages must be the same for all the transformers.
· Phase sequence must be the same.
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