
Transformer

 Construction
 Theory of Operation 
 Equivalent Circuit
 Transformer Rating
 Per-Unit System
 Efficiency
 Voltage Regulation
 Tests
 Applications

1



 Full Load Apparent Power (SFL)  (KVA-MVA) 

 Rated Voltages (High Voltage VRHV / Low Voltage VRLV)  (V)

 Full Load Current (High Voltage IFLHV/ Low Voltage IFLLV) (A)

 Frequency (Hz) 

Transformer: Ratings
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 Per-unit value of a quantity =  

 Choose base values as follows:

Apparent Power (S)  Sb= rated volt-ampere = SFL

Sb = Pb = Qb

Voltages (V1/V2)       V1b = V1rated V2b = V2rated

 Calculate the other base values: 
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Advantages of Per-unit System:

1. Per-unit (p.u.) values of circuit parameters are the same 
on either side of the a transformer ( i.e. weather referred to 
primary or secondary).
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Advantages of Per-unit System:

2. The per-unit value of the resistance represents the 
percentage of power loss at full load.  

Transformer: Per-Unit System
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Advantages of Per-unit System:

3. The per-unit value of the impedance represents the 
percentage voltage drop at full load. 

4.  Transformer parameters lie within a narrow range of 
values when expressed in p.u.

Transformer: Per-Unit System
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 Example:
A 50 kVA, 2400/240V, 50 Hz transformer has a resistance 
and leakage inductance of 0.72+j0.92 for the primary side 
and 0.007+j0.009 for the secondary side. At rated voltage 
and frequency, the admittance for the shunt branch of the 
excitation current is 0.324+j2.24 x10-2 mho when viewed 
from the low voltage side. 
Draw the exact equivalent circuit:
a. Referred to the primary.
b. Referred to the secondary.
c. In per-unit values. 

Transformer: Per-Unit System



Solution:
Rated VA = Srated = 50 kVA = Sb

Rated primary voltage = V1r = 2400 V = V1b

Rated secondary voltage = V2r = 240 V = V2b

Transformer: Per-Unit System
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Solution:

Transformer: Per-Unit System

Exact Equivalent Circuit referred to Primary
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Solution:

Transformer: Per-Unit System

Exact Equivalent Circuit referred to Secondary
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Solution:

Transformer: Per-Unit System

Exact Equivalent Circuit in per-unit
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Transformer: Load Factor

Load factor

It’s the ratio between the apparent power (current) 
drawn by the load at a certain condition and the full 
load power (current) of the transformer. 
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Transformer: Voltage Regulation

Voltage Regulation

It’s the difference between the load voltage 
(secondary voltage) at no-load and the load 
voltage at a certain loading condition as a 
percentage of the no-load voltage. (i.e. the 
percentage voltage drop)
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Transformer: Voltage Regulation
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Transformer: Voltage Regulation
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Transformer: Voltage Regulation
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Transformer: Voltage Regulation
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Transformer: Voltage Regulation

 In general:

-ve for lagging , +ve for leading

 Maximum regulations happens when:

 Zero regulation happens when:
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Transformer: Voltage Regulation
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Transformer: Tapping

 The transformer voltage at the load side desired to be 
constant or as close to the nominal value. But the load voltage 
may vary according to current drawn by the load or supply 
voltage.

 Taps are provided on a transformer winding for 
selecting/cutting out a certain number of turns on the 
transformer winding thus obtaining a variable turns ratio. This 
allows adjustments of the output voltage.

 Typically, transformers are provided with four tapes allowing 
±5% adjustments above or below the nominal voltage. 

 The taps are usually on the high voltage side.
 The taps are connected to a tap-changer. 
 Tap changers are either on-load type or off-load type.  



Transformer: Tapping



Transformer: Efficiency
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Transformer: Efficiency
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Transformer: Efficiency
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Transformer: Efficiency

Transformer Losses

3. Stray losses: Not all flux flow in the iron core, some 
leakage flux may induce eddy currents in the metal 
structures supporting the core or the transformer 
housing, producing power loss. (5-10% of the 
transformer losses)
4. Dielectric losses: happens in the insulating materials 
in the transformer and in the transformer oil. Very small 
and often neglected.  



Transformer: Efficiency
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Transformer: Efficiency
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Transformer: Efficiency
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Transformer: Efficiency

Maximum Efficiency 
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Transformer: Efficiency

All Day Efficiency 
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Transformer: Tests

The equivalent circuit parameters are determined using 
two standard experiments.
1. Open Circuit Test: 

- Performed by supplying the rated voltage to one side 
while keeping the other side open circuit.

- Preferably done by low voltage side with the rated 
voltage while keeping the high voltage side open. 

- The HV and LV sides voltages, the input current and 
the input power are measured. 



Transformer: Tests
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Transformer: Tests

2. Short Circuit Test: 
- Performed by short-circuiting one side while supplying 

a reduced voltage to the other side.
- Preferably done by supplying the reduced voltage to 

the high voltage side while the low voltage side is 
short-circuited. 

- The reduced voltage is usually adjusted so that the 
current equals the full load current. 

- The supply voltage, the input current and the input 
power are measured. 



Transformer: Tests
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Transformer: Applications

Power Transformers



Transformer: Special Transformers

1. Instrumental Transformers

a. Potential (Voltage) Transformers: (PT/VT)
It’s a step-down transformer used with measuring 
equipment. The secondary rated voltage level is
typically 120 V.  



Transformer: Special Transformers

1. Instrumental Transformers

b. Current Transformers: (CT)
The current transformer is a step-up transformer, with 
the current carrying conductor acting as primary and 
the secondary winding wound around it. The secondary 
rated current level is typically 5 A.  



Transformer: Special Transformers

2. Communication Transformers
a. RF transformers
RF transformers are widely used in electronic circuits for 
• Impedance matching to achieve maximum power transfer 

and to suppress undesired signal reflection. 
• Voltage, current step-up or step-down. 
• DC isolation between circuits while affording efficient AC 

transmission. 
• Interfacing between balanced and unbalanced circuits; 

example: balanced amplifiers.



Transformer: Special Transformers

2. Communication Transformers

a. RF transformers
Laminated steel is not suitable for RF.
Types:
- Air-core transformer: These are used for high frequency 
work. The lack of a core means very low inductance.
- Ferrite-core transformers: These are widely used in 
(intermediate frequency) (IF) stages in superheterodyne radio 
receivers (superhet: uses frequency mixing to convert a received 
signal to a fixed intermediate frequency (IF) which can be more 
conveniently processed than the original carrier frequency.)



Transformer: Special Transformers

2. Communication Transformers

a. RF transformers



Transformer: Special Transformers

2. Communication Transformers

b. LF transformers
The power supplies in the receivers and other loads will create 
small amounts of pulse currents with harmonics reaching into 
the LF band of interest. The receiver chassis injects these small 
currents up the antenna cable shield. These currents give rise to 
voltages between the antenna ground and the local ground. 
This local voltage field is then injected into the antenna signal. 
When this occurs in a LF receiving setup, power line harmonic 
interference is created. The placement of a 1:1 isolation 
transformer in the antenna line significantly reduces this source 
of interference.



Transformer: Special Transformers

3. Pulse Transformers

A pulse transformer is a transformer that is optimized 
for transmitting rectangular electrical pulses (that is, 
pulses with fast rise and fall times and a relatively 
constant amplitude). To minimize distortion of the 
pulse shape, a pulse transformer needs to have low 
values of leakage inductance and distributed 
capacitance, and a high open-circuit inductance. Small 
versions called signal types are used in digital logic 
and telecommunications circuits, often for matching 
logic drivers to transmission lines.



Transformer: Special Transformers

3. Pulse Transformers



Transformer: Special Transformers

4. Audio Transformers

Audio transformers are those specifically designed for 
use in audio circuits to carry audio signal. They can be 
used to block radio frequency interference or the DC 
component of an audio signal, to split or combine 
audio signals, or to provide impedance matching 
between high and low impedance circuits, such as 
between a high impedance tube (valve) amplifier 
output and a low impedance loudspeaker, or between 
a high impedance instrument output and the low 
impedance input of a mixing console.



Transformer: Special Transformers

4. Audio Transformers



Transformer: Special Transformers

5. Auto Transformers


