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Abstract: In the present article, the effects of a non-lindaad under balanced
conditions on the rating of a transformer are arsglg. Non-linear loads are related to
temperature increases in a transformer, which leaddeterioration and reduction of
lifetime. Due to the unwanted effects of harmomimgonents in non-linear loads, the
load connected to the transformer should be redubedther words, to supply a specific
load, the rating of the transformer should be iraged to sustain the rise in heat. The
aforementioned methods of overcoming the effectsonflinear loads are known as
de-rating. By assuming that the transformer’s rgtiis a linear function of the THD,
a method of selecting the transformer’s rating lthsa the total harmonic distortion
(THD) of the load was developed in the presentystud
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1 INTRODUCTION

Transformers play an important role in power systend are used to
increase or decrease the line voltage in transomsand distribution systems. In
power systems, there is no room for error or tamsér malfunctioning.
Therefore, the quality and reliability of the tréorsner are important parameters.
In recent years, the use of non-linear loads heseased rapidly. Large, non-
linear loads have a significant impact on the tenajpee of a transformeéas the
current flowing through the system increases that.Hénder linear conditions,
the current is only produced by the fundamentalgmmment, but under non-linear
conditions, the current contains fundamental amchbaic components of higher
order. As the harmonic components of the currenbime more significant, the
THD increases. As a result, the amount of currdawihg through the
transformer under a constant load increases, wltisequently increases the
temperature of the transformer.

An abnormal increase in the temperature of thestoaimer deteriorates
the insulation and potentially reduces its lifetimédditionally, abnormal
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temperature increases also reduce the power fagtoductivity, efficiency,
capacity and performance of the plaft.

Two methods can be utilised to address this prabfiest is by reducing
the maximum load on the transformer, and secorid isse a transformer with
higher rating to allow the same load. Both of tHerementioned methods
are known as de-ratifd. A higher rated transformer can supply a highedloa
current, and the selection of a transformer fompecHic load is an important
process. For instance, if the demand is less thardad, the system will not
be cost effective. Alternatively, if the load isotdigh, the system will be
overloaded. Therefore, in the present study, a odetfior selecting a
transformer’s rating based on the amount of THD wegeloped by assuming
that the THD is linearly related to the temperatamd rating of the transformer.

2. EXPERIMENTAL

Under non-linear load conditions, the load curramtains fundamental
and harmonic components of higher order and caxpeessed as:

I. = Iy Sinwgt + }:3%;,7,, ILh SIN opt (1)

where
I, =load current

lu = fundamentalload current
Itn = o0dd order hof current harmonic compone

) =27f,

f, = fundamental frequency
a'f’] :h X fl

h =3,5,7,9...

Under linear load conditions, the load current ormdgntains the
fundamental component. In the present study, wanasg that the THD was
proportional to the total harmonic components efribn-linear load. Thus, as the
3rd, 5th, 7th and 9th harmonic component increagedncrease the THD was
observed. Because the fundamental component wdsckeptant, under linear
conditions, the THD increased with an increasehe thumber of harmonic
components. As the THD increased, the temperafuiteedransformer increased
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due to the current flowing through the systeftherefore, because the rating is
closely related to the temperature, the transfomatng should be increased as
the THD increases.

3. RESULTSAND DISCUSSION

Figure 1 shows a schematic representation of therarental equipment,
and Figure 2 shows the temperature monitoring sdésthe three-phase
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Figure 1: Schematic depiction of the experimengaiigment.
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Figure 2: Schematic diagram of the heat measuresiteston the transformer.
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A pure sinusoidal three-phase power supply wasl&eb a non-linear
load connected to a three-phase transformer. THe Wak adjusted according to
the total load, which consisted of a linear and-loear load. The total load was
kept constant at the transformer rated current. maemonic spectrum was
recorded by a harmonic analyser on the primary sexbndary side of the
transformer, and three thermocouples were attatcbethe winding of the
transformer to measure the temperature at difféFetid values. Figures 3 to 11

show the data obtained from the harmonic analyser.
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Figure 3: Line voltage and current waveform at &DTéf 0%.
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Figure 4: Line voltage waveform at a THD of 7.8%.
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Figure 5: Line current waveform at a THD of 7.8%.
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Figure 6: Harmonic component distribution at a TeflY.8%.
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Figure 7: Line voltage waveform at a THD of 14.57%.
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Figure 8: Line current waveform at a THD of 14.57%.
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Figure 9: Harmonic component distribution at a Tefl14.57%.
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Figure 10: Line voltage waveform at a THD of 34.27%
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Figure 11: Line current waveform at a THD of 34.27%

A plot of the transformer temperature versus timeeach of the THD
values is shown in Figure 12. Under constant loaddtions, as the THD
increased, an increase in the temperature of @éinsfrmer was observed.
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Figure 12: Harmonic component distribution at a TefC34.27%.

For a rated transformer, abnormal increases iméa content over long
periods of time deteriorate the system, causingtoitbreak down. This
phenomenon is undesirable in power systems; thwthads of preventing
significant temperature changes must be developpdcifically, the total load
consumption can be reduced or a transformer withigher rating can be
employed.
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From the data obtained in the present study, arapp to calculate the
required reduction in the percentage of the ta@tllconsumption or the increase
in the rating of a transformer was developed. A®ashin Figure 12, when the
THD was increased to 7.8%, the temperature of thastormer was 2.75%
greater than the rated temperature. Thus, to supplysame load at a THD of
7.8%, the rating of the transformer should be iaseel to 102.75%. In this case,
the actual rating of the transformer was 650 VAerEfiore, the transformer
should be replaced with a 668-VA transformer topdyphe same load and to
prevent the 650-VA transformer from overheatingmi&irly, when the THD was
increased to 14.57%, the observed temperatureasereas 5.90% greater than
the rated value. Thus, to supply the desired laanlansformer with a rating of
688 VA should be used. Based on the same calcalatiethod, for a THD of
34.27%, a transformer with a rating of 716 VA slibloé employed.

The calculations for the appropriate transformé¢ingaare based on the
assumption that the THD is linearly related to tteenperature, which is
proportional to the transformer rating. Therefa®ee can assume that the THD is
linearly related to the transformer rating. Usihg tata obtained in the present
study, the percentage increase in the transformmgr was plotted, and the
results are shown in Figure 13.
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Figure 13: Graph of temperature vs. time for déferTHD values.

The proposed method is a practical approach faerohiing the rating
of a transformer at different THD values under tiorar loads. From the graph
shown in Figure 13, an equation relating the paegmincrease in the rating of
the transformer to the THD was derived:



Determination of Transformer Rating 60

% Tg = 0.319 (THD) 2
where
% Tr = Percentage of increased transformer rating

THD = Percentage of load THD

Over-sizing and de-rating factor

12

%7, = 0.319(THD
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Figure 14: Graph of percent increase in the transfo rating.

If a transformer is used to supply a load that te®f harmonics, the
transformer should not be operated under full loaaditions and the load should
be reduced according to the relationship shownigurgé 13. To use a 650-VA
transformer and prevent additional heating, the ggosonsumption of the total
load should be reduced by 2.75% when the THD ofdhé is equal to 7.8%.

4, CONCLUSION

Due to the presence of harmonic components inlinear loads, the
temperature of the transformer increases under alapperations. In the present
study, as the THD increased, an increase in thedeature of the transformer
was observed. Namely, at a THD of 0% and 34.3%,ttmeperature of the
transformer was 76.3°C, and 84.0°C, respective§ndythe results of the current
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investigation, the de-rating factor was calculatadd a value of 0.319 was
obtained. Thus, a practical approach for selectiveg appropriate transformer
rating for specific operating conditions and THDasweveloped.
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