Voltage regulation and efficiency

Since a real transformer contains series impedances, the transformer’s output
voltage varies with the load even if the input voltage is constant. To compare
transformers in this respect, the quantity called a full-load voltage regulation (VR)
Is defined as follows:
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Where V ,,and V; ,are the secondary no load and full load voltages.

Note, the VR of an ideal transformer is zero.



The transformer phasor diagram

To determine the VR of a transformer, it is necessary to understand the voltage

drops within it. Usually, the effects of the excitation branch on transformer VR can
be ignored and, therefore, only the series impedances need to be considered. The
VR depends on the magnitude of the impedances and on the current phase angle.

A phasor diagram is often used in the VR determinations. The phasor voltage Vs
assumed to be at 0° and all other voltages and currents are compared to it.

Considering the diagram and by applying the
Kirchhoff’s voltage law, the primary voltage is:
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A transformer phasor diagram is a graphical
representation of this equation.




Phasor Diagram




The transformer phasor diagram

A transformer operating at a lagging power factor:

It is seen that V,Ja >V, VR >0

A transformer operating at
a unity power factor:

It is seen that VR >0

A transformer operating at a
leading power factor:

If the secondary current is leading,
the secondary voltage can be higher
than the referred primary voltage;
VR < 0.




The transformer VR

Voltage regulation versus load
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The transformer efficiency

The efficiency of a transformer is defined as:

F)out .100% = POUt -1009% (4.55.1)
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Note: the same equation describes the efficiency of motors and generators.
Considering the transformer equivalent circuit, we notice three types of losses:
1. Copper (FR) losses — are accounted for by the series resistance

2. Hysteresis losses — are accounted for by the resistor ~..

3. Eddy current losses — are accounted for by the resistor ~..

Since the output power is POut

=V, cos b, (4.55.2)
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The transformer efficiency is

.100% (4.55.3)
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The transformer efficiency

The copper losses are:
P., = ISZR

€q

The core losses are;




