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2.5 Per Unit representation of a Transformer 

It has been said in Section 4.2 that a three-phase transformer forming part of a three-

phase system can be represented by a single-phase transformer in obtaining per phase 

solution of the system. The delta connected winding of the transformer is replaced by an 

equivalent star so that the transformation ratio of the equivalent single-phase transformer is 

always the line-to-line voltage ratio of the three-phase transformer. 

Figure represents a single-phase transformer in terms of primary and secondary leakage 

reactance Zp and Zs and an ideal transformer of ratio 1 : a. The magnetizing impedance is 

neglected. Let us choose a volt ampere base of (VA)B and voltage bases on the two sides of 

the transformer in the ratio of transformation, 

 i.e. 

   

   
 = 

 

 
 

 

Figure 2.5.1(a) Representation of single phase transformer (Magnetizing impedance 

Neglected) 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 154] 

 

Figure 2.5.1(b) Per Unit quivalent circuit of a single phase transformer 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 154] 
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From Fig. 4.7a we can write 

 

We shall convert Eq. (4.12) into per unit form 

 

Dividing by V2B throughout and using base relations (4.11 a, b, c), we get 

 

Equation (4.13) can therefore be written as 

 

Equation (4.14) can be represented by the simple equivalent circuit of Fig. 4.7b which does 

not require an ideal transformer. Considerable simplification has therefore been achieved 

by the Per Unit System Definition method with a common voltampere base and voltage 

bases on the two sides in the ratio of transformation. 

Z(pu) can be determined directly from the equivalent impedance on primary secondary 

side of a transformer by using the appropriate impedance base. 

On primary side: 
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On secondary side: 

 

 

Thus the per unit impedance of a transformer is the same whether computed from 

primary or secondary side so long as the voltage bases on the two sides are in the ratio of 

transformation (equivalent per phase ratio of a three-phase transformer which is the same 

as the ratio of line-to-line voltage rating). 

The pu transformer impedance of a three-phase transformer is conveniently obtained 

by direct use of three-phase MVA base and line-to-line kV base in relation (4.9). Any 

other impedance on either side of a transformer is converted to pu value just like Zp or Zs. 

Inrush Current 

When a transformer is switched on from the primary side while keeping its 

secondary circuit open, it acts as a simple inductance. When the electrical power 

transformer runs normally, the flux produced in the core is in quadrature with applied 

voltage as shown in the figure below. 

The flux wave will reach its maximum value, 1/4 cycle or π/2 angle later, reaching 

the maximum value of the voltage wave. As per the waves shown in the figure below, at 

the instant when the voltage is zero, the corresponding steady state value of flux should be 

the negative maximum (i.e. minimum value). But it is not practically possible to have flux 

the instant you switch on the supply to the transformer. This is because there will be no 
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flux linked to the core prior to switching on the supply. The steady state value of flux will 

not be reached instantly.  

This is because the rate of energy transfer to a circuit cannot be infinity. So the flux 

in the core also will start from its zero value at the time of switching on the transformer. 

According to Faraday’s law of electromagnetic induction the voltage induced across the 

winding is given as e = dφ/dt. Where φ is the flux in the core. Hence the flux will be 

integral of the voltage wave, which can be calculated using the formula below: 

 

Figure 2.5.2  Inrush Current wavefprm 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 168] 
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