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Transformer

 Construction
 Theory of Operation 
 Equivalent Circuit
 Transformer Rating
 Efficiency
 Voltage Regulation
 Tests
 Applications
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Transformer: Introduction

It’s a stationary electric device used to transfer 
electric energy from one circuit to another (mostly 
of different voltage levels but with the same 
frequency). The two circuits are electrically isolated 
and the energy transfer occurs through magnetic 
induction between the two circuits. 
It is not an energy conversion device.

Transformer LoadAC Supply
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Transformer: Introduction

video
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Transformer: Introduction

1. In power transmission and distribution systems.
2. When the required voltage is different from the 

supply voltage.
3. To provide electrical isolation for circuits.
4. For matching circuits to change the impedance.
5. In measuring and control instruments (current 

and potential transformers)
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Transformer: Introduction
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Transformer: Construction

 It consists of two or more coils of wire (windings) 
wrapped around a common ferromagnetic core.

 The winding connected to the supply is called the 
Primary Winding, while the winding connected to the 
load is called Secondary Winding.

 The transformer windings wires are made of high 
conductivity copper. 

 The transformer core is made of insulated steel 
laminations. 
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Transformer

Single-phase transformer
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Transformer

Construction 
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Transformer

Construction 

Silicon-Steel Laminated core
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Transformer

Single-phase transformer
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Transformer
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Transformer

Ideal Transformer
- Rcoil = zero       - µ → ∞ 
- No leakage flux - No core losses
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer: Equivalent Circuit

Case B: - Rcoil = zero      - µ ≠ ∞
- No leakage flux - No core losses

At No-load: (i2 = zero) 
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Transformer: Equivalent Circuit

If  the transformer is loaded:
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

Case C: - Rcoil = zero      - µ ≠ ∞
- No leakage flux - core losses exist.

Core (iron) losses

1. Eddy Current Losses

2 2 2( )e mP B f thickness 2 2 2( )e e mP k B f thickness W/m3
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Transformer: Equivalent Circuit

Case C:
2. Hysteresis Losses
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Transformer: Equivalent Circuit

Case C:
2. Hysteresis Losses

BH Curve (Magnetization Curve)
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Transformer: Equivalent Circuit

Case C:
2. Hysteresis Losses

B
H
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Transformer: Equivalent Circuit

Case C:
2. Hysteresis Losses
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Energy lost /unit volume/cycle = 2(w1 – w2)= area of the loop
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Transformer: Equivalent Circuit

Case C:
2. Hysteresis Losses

n depends on the material (1.6 – 2.4)

Total core losses:
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Transformer: Equivalent Circuit

Case C:
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Transformer: Equivalent Circuit

Case D: - Rcoil = zero      - µ ≠ ∞
- Leakage flux exists. - core losses exist.
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

Case D:
let
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Transformer: Equivalent Circuit

Case D:
2
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Transformer: Equivalent Circuit

Case D:

1 1 1l lV jX I 2 2 2l lV jX I
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Transformer: Equivalent Circuit

Case D:
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Transformer: Equivalent Circuit

Case E: - Rcoil ≠ zero - µ ≠ ∞
- Leakage flux exists. - core losses exist.

Exact Equivalent Circuit of the Transformer
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Transformer: Equivalent Circuit

Exact Equivalent Circuit of the Transformer
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Transformer: Equivalent Circuit

R1 = Resistance of the primary winding
R2 = Resistance of the secondary winding
X1 = Leakage Reactance of the primary winding
X2 = Leakage Reactance of the secondary winding
RC = Resistance representing the core (iron) losses
Xµ= reactance representing the main flux path 

CR X 

1 1 2 2& , & ,CR X R X R X 



Transformer: Equivalent Circuit

1 14.44 mE f N 2 24.44 mE f N



Transformer: Equivalent Circuit

At No-load: 
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Transformer: Equivalent Circuit

At loading: 
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Transformer: Equivalent Circuit

At loading: 
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Transformer: Equivalent Circuit

' ' ' '
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

1 1 1 1 1( )V E I R jX  
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Small Voltage Drop



Transformer: Equivalent Circuit

'
LZ

Approximate Eq. Ct. referred to Primary

'
1 1 2eqR R R  '

1 1 2eqX X X 
Equivalent resistance referred to the primary Equivalent leakage reactance referred to the 

primary 

' ' ' '
1 2 2 1 1 2 2[( ) ( )]V V I R jX R jX    



Transformer: Equivalent Circuit

LZ

Approximate Eq. Ct. referred to Secondary

'
2 1 2eqR R R  '

2 1 2eqX X X 
Equivalent resistance referred to the 
secondary

Equivalent leakage reactance referred to the 
secondary



Transformer: Equivalent Circuit

Eq. Ct. for small transformers (up to 100 kVA)



Transformer: Equivalent Circuit

Eq. Ct. for transformers (100-500 kVA)



Transformer: Equivalent Circuit

Eq. Ct. for large transformers (larger than 
500 kVA)



Transformer: Equivalent Circuit
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