
INTRODUCTION TO
ELECTRIC MACHINES
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Magnetic circuits theory

Transformers

Most pictures come from Jesús Fraile Mora “Máquinas Eléctricas” 5ª ed. 2003, McGraw Hill
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• Actual transformers

• Accessories

• Transformer model

• Special transformers

TRANSFORMERS2
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Three-phase 
power 

transformer
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Distribution 
power 

transformers 
24 kV up to 

160 kVA
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Distribution power transformers: 24 kV up to 2500 kVA
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Dry type power transformers
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Core

7

Windings
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Transformer
parts and

accessories
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Please visit www.gedelsa.es
youtube: TrafosGedelsa
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• Actual transformers

• Accessories

• Transformer model

• Special transformers

TRANSFORMERS2
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Relay
Buchholz
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Relay Buchholz
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Relay DGPT2
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Oil level indicator

Current
transformers

Alarm & trip
thermometer

Others...
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On-load tape changer
Off-load tape changer
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Oil filled power transformers
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Mobile power substations
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• Actual transformers

• Accessories

• Transformer model

• Special transformers

TRANSFORMERS2
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Single phase ideal transformer
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Real transformer with series resistances and 
dispersion magnetic fluxes in both windings

Similar model with extra inductances

21

Equivalent electrical 
circuit:

Reduction of both 
windings to the same 
turns number
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Equivalent electrical 
circuit:

Reduction of both 
windings to the same 
turns number

Equivalent electrical 
circuit reduced to the 
primary side because 
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Equivalent electrical 
circuit:

Simplifications
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Three-
phase 
MV
grid

Three-
phase

LV
grid

Bank of three single-phase transformers
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Star-triangle
Wye-Delta
Yd

connection
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Most frequent connections
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Single three-legged core
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IEC EN 60076-1:2011
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NO-LOAD TEST

30



NO-LOAD TEST
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SHORT CIRCUIT TEST
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SHORT CIRCUIT TEST

Icc
Icc
Icc

Primario Secundario

Pcc

Scc 3
Scc 3
Scc 3

Scc
Ucc
U

U cc

√3

P cc

Qcc

φ

cc

Scc

Icc

VRcc VXcc

In
In
In

Xcc

φ

Icc

Rcc Icc

U cc

√3

cc

=Zcc Icc

=

33

34



EFFICIENCY
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EFFICIENCY

European Peak 
Efficiency Index:
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37

More precise 
calculation:
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220 kV / 66 kV 
±1,25% 4 
tappings
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http://electrical-engineering-portal.com
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Deviation from 
main power line
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Earthing 
of the 

neutral
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Primario Secundario

Fallo
trifásico

Fallo
monofásico

a tierra
Id

I 2f
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• Actual transformers

• Accessories

• Transformer model

• Special transformers

REAL TRANSFORMERS2
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