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ABSTRACT

This thesis focuses on the effect of harmonic distortion on distribution
transformers operating near the thermal limit and the ways of mitigating the
harmonics effect. The theory of harmonics, its sources, and its effects are studied, a
thermal model to predict a transformer hot spot temperature and thermal ageing
acceleration factor under non-linear conditions is presented, and the mitigation of the
harmonic effect is discussed. It has been focused on distribution transformers due to
the high numbers of failures nationally and internationally attributed to unknown
causes. A transformer thermal model is presented through theoretical considerations.
Finally, a case study is presented on the loading capability of a transformer under
non-linear conditions.

The main effect of non-sinusoidal current on distribution transformers is an
increase in the transformer losses that lead to a temperature rise of the distribution
transformer. The increased heat can lead to failure of insulation, which can reduce the
transformer's life and cause eventual breakdown. The transformer load losses are
ohmic losses, winding eddy current losses and other stray losses. This harmonics
effect on transformer losses is modeled.

The harmonics effect on the transformer capability is studied through a numerical
case study of a transformer feeding a non-linear load. The transformer loading
capability is evaluated in the standard “IEEE Recommended Practice for Establishing
Transformer Capability when Supplying Non-sinusoidal Load Currents”, and a
transformer thermal model derived from theoretical and mathematical analysis. The
results show that an increase in the transformer losses can decrease the maximum
permissible non-sinusoidal load current substantially. If the load current of the
transformer is derated accordingly, it leads to a loss of the output power capacity of
the distribution transformer. The transformer thermal model includes parameters that
estimate the losses in the transformer that results in a smaller loss in power capacity.

Finally, a mitigation of the effect of the harmonics on the system is discussed. K—
Factor transformer can be calculated according to the harmonics contents of the load
current and is an indication of the additional losses. An algorithm is proposed to
determine the loading capability of the transformer under harmonic conditions.

Keywords:

Transformer Losses; Top-Oil Temperature; Hot-Spot Temperature; Harmonics Effect;
Harmonics Effect Mitigation.
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Chapter 1: Introduction

1.1 Motivation:

Transformer has important role in the electrical network. It has different voltage
levels, sizes, types, and connections. The non-linear loadings that can inject harmonics
through the electrical network are ferromagnetic devices, arcing devices, and electronic
components. The majority of loads, which produce nonlinear current, are fed through
power-electronics converters. The current harmonics lead to voltage harmonics, hence
causing nonlinear supply voltage in the electrical network [1].

Correct evaluation of the losses under a non-linear flux waveform is therefore
necessary condition for the transformer design, especially when stringent efficiency
standards are required. Nonlinearity in the core significantly affects the
behavior of the transformer. The triplen harmonic components in the supply voltage
have the most necessary effect on the current harmonics and distortion [2].

The main impact of harmonic currents on transformers is the further losses
because of the harmonic spectrum generated by the nonlinear loads which lead to
further heat. There are three impacts that result in increased transformer heating when
the load current includes harmonic components: [3]

1. The rms value of the load current is increased due to increasing the harmonics
contents. Hence, the ohmic losses (1°R) loss will be increased.

2. The winding eddy-current losses (Pgc) are increased.

3. The other stray losses (Pysy,) are increased.

The losses because of harmonics and reactive power in European Union (EU)
distribution transformers are found 5000 GWh/year approximately. However, total
losses of distribution transformers in EU (European Union) are 38000 GWh/year
approximately. So, harmonic study with calculations plays an important role in
transformers to mitigate harmonics impacts [4].

1.2 Literature Review:

Overloading of the transformer may be because of emergency power interruption
of electrical network elements or further loading is required especially during hot
summers. Overloading of it is to possess the consistent existence of the loading and also
for economical causes [5]. So, it is very important to expect the thermal performance of
it during normal loading and especially in case of overloading it.

The thermal performance of transformers depends on the loading current and
ambient air temperature. The thermal parameters of transformer are necessary for the
customers to study the transformer thermal performance under loading conditions. The

1



