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Abstract - Pure sinusoidal shape of the current or voltage waveform is distorted by the third harmonic. Harmonics based on their
order are odd order harmonics 3, 5, 7, 9,11 and so on, Harmonics can also be defined as components with frequencies that are
integer multiples of the fundamental frequency. The first harmonic is the fundamental frequency, namely 50 or 60 Hz, the second
harmonic is a component with a frequency twice the fundamental frequency, namely 100 or 120 Hz, etc.The ability of the passive
single tuned filter used in this research was able to reduce the Total Harmonic Distortion content from 78.8% to 10.72%, IEC
61000-3-2 class D harmonic standard limits, the harmonic orders generated by the Power Amplifier exceed the standard, namely
orders 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, the Total Harmonic Distortion content from 78.8% to 10.72%. According to IEC
standards.
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1. INTRODUCTION

The phenomenon of non-sinusoidal waveforms is a phenomenon arising from the operation of non-linear
electrical loads, which will form waves with a fundamental frequency of 50 Hz or 60 Hz that cause the current and
voltage waveforms, which are ideally pure sinusoidal, to become non-sinusoidal, which is called harmonics.
Equipment using sensitive electronics can suffer from voltage and current harmonics in the event of mis operation.
Some loads with sensitive equipment rely heavily on the accuracy of sinusoidal signals, and harmonics can cause
zero crossing. [1].

Non-linear loads continue to impact the quality of electrical power. Non-linear loads that generate harmonics
include photostats, laptops, personal computers, freezers, amplifiers, televisions, and Harmonics are generated by
non-linear loads, as well as in room lighting such as fluorescent lamps with electronic ballasts, The presence of
harmonic content in non-linear loads causes the quality of electrical power to decrease and become low. It is
estimated that the generation of harmonics increases with the number of non-linear loads used. These harmonics
carry the risk of the power supply overheating and impairing the capacity of other electrical devices to operate
together as a system, you must be using these non-linear electrical loads both at home and in the office [2].

A passive single-tuned filter is a filter consisting of components of a resistor (R), an inductor (L), and a
capacitor (C) connected in series that can reduce harmonics in accordance with the provisions of IEC 61000-3-2,
class D [3] [4]. A single-tuned passive filter will reduce harmonics on odd orders and can increase the power factor.
To improve the quality of electric power, this research simulates non-linear loads that have harmonics and
implements a harmonic reduction of 1-phase non-linear loads found in workspaces that have non-linear loads, such
as personal computers, lighting, and other loads in the office space, then adjusted to the recommendations of IEC
61000 standard -3-2, class D. [5].

Measuring instruments used to determine the harmonic data on non-linear loads in this study are the single-
phase Power Quality Analyzer Fluke 43B (Figure 1) and (Figure 2) to determine the harmonics of current, voltage,
power factor, and frequency in electric power [6].

2. METHOD

Apparent Power is the power produced by multiplicationbetween voltage and current in a network or power
which is the result of the trigonometric sum of active power and reactive power. Apparent power is the power
released by an alternation current (AC) source or absorbed by the load. The unit of apparent power is the volt
ampere (VA). The following is the equation for apparent poweras in figure 1.
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Figure 1. power triangle

Harmonic analysis, the following important indices are used to determine the influence of harmonics on
electrical power system components and can be seen in total voltage harmonics and current harmonics as in
equations 1 and 2.
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The Fourier series can be expressed as equation 3:
flt) = ag+ X (a, cosnwt + b, sin nwt) (4)

TPF = —ts)
J1+THD; 2
Where:
Cos ¢ : Power Factor
P . Active Power (Watt)
S - Volt Ampere Reactive

Harmonics Standard (IEC 61000-3-2)In general, harmonic current is a sinusoidal current with a frequency that
is an integer multiple of the basic electrical frequency or usually 50 or 60 Hz. Additionally, only fundamental
frequency current produces active power, measured in watts, which can also be referred to as apparent power or true
power.

Class A: Balanced 3 phase equipment; household appliances excluding equipment identified as Class D;
Tools (except portable), dimmers for incandescent lamp (but not other lighting equipment), audio
equipment; anything not otherwise classified

Class B: Portable power tools
Class C: All lighting equipment except incandescent lamp dimmers
Class D: Single phase, under 600 W, personal computer, PC monitor, tv receiver, etc.

3. RESULTS AND DISCUSSION

Measurement results using a measuring instrument with a power quality analyzer picture 1, the measurements
obtained THDv and THDi values, with a waveform that is not sinusoidal, and the measurement image is as shown in
the picture. 2.
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a. b.
a. Figure 1, Non-linear load measurement  b. Figure 2, additional non-linear load

Non-linear load means that the output waveform is not proportional to the voltage in each half cycle so that the
output current and voltage waveforms are not the same as the input waveform (distortion), as in table 1.

If the wave is discontinuous, there is only a finite number of discontinuities in period T. The wave has a finite
average value in period T. The wave has a finite number of maximums and minimums in period T.

The large use of non-linear loads in the electric power system causes the current to become very distorted with
a percentage of current harmonics. A high percentage of current harmonic content Total Harmonic Distortion
(THDiI) in an electric power system can cause several serious harmonic problems to arise in the electrical system,
giving rise to various kinds damage to vulnerable electrical equipment and causing poor use of electrical energy.

Table.1 Non linier loads

Non Linier Load Power THDi 3rd 5rd 7rd grd 114
Faltor (%) (%) (%) (%) (%a) (%a)

Fluoresce lamp 0,60 12.1 10.7 2.0 1.3 09 0,6
Amplifier 061 321 321 30,7 142 7.8 26
Television 0,83 425 53,1 36,8 203 114 108
Laptop 0,60 038 49 6 43 8 36.2 27.5 17.7
BC 0,70 70,1 52,8 433 3l6 193 8.4
Printer 0,40 736 46,7 413 36,2 28.6 213
Freezer 0,34 70,8 11.0 47 11.0 7.1 7.1

Picture of the comparative value between power factor and total harmonic current which exceeds the
provisions in the Harmonics Standard (IEC 61000-3-2) can be seen in Figure 4.
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Figure 4. Power factor vs THDi

The form of voltage and current harmonics from the measurement results is not sinusoidal, so it gives rise to
harmonics that must be reduced using filters. The total current harmonics and voltage harmonics can be seen in
Figures 5 and 6.

Copyright © 2024 Authors, Page 165
This Journal is licensed under a Commons Attribution-ShareAlike 4.0 International License



1st Proceeding of International Conference on Science and Technology UISU (ICST)
“Contribution of Engineering Disciplines to Achieving Sustainable Development Goals Research Realizing
the Vision of Golden Indonesia 2045”

ISSN: 3063-7929 (Online)

DOI: https://doi.org/10.30743/icst

Harmoncs screen Harmonics screen

™) ) ™

a. b.
a. Figure 5. THDi b. Figure 6. THDv

Simulation of reducing current harmonics and voltage harmonics using passive filters to reduce harmonic
values and improve power factor on non-liner loads which can be seen in Figure 7. Power Factor or power factor is a
comparison value between active power (P) and apparent power (S). Power factor is a comparison between good
and bad electrical power quality. There is a difference between the power factor in harmonic-distorted and
harmonic-undistorted wave conditions. A wave that is not distorted by harmonics will be sinusoidal, meaning that
the power factor calculation does not involve harmonic frequencies in either the voltage wave or current wave.
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Figure 7. Simulation of reducing current harmonics

Simulation results with the results of reducing current harmonics by simulation. Odd order which based on
measurements exceeds IEC standards, this graph shows a large decrease in the harmonic content of the current. The
ability of the passive single tuned filter used in this research was able to reduce the Total Harmonic Distortion
content from 78.8% to 10.72%. According to IEC standards, the standard limit is the Individual Harmonic Distortion
(IHDi) value.

Standard THDi Before and After

IEC
Amp Amp
3 0.07 0,05 0.003
3 0.07 0,08 0.003
7 0.06 0,07 0
o 0,06 0,07 0
11 0.06 0,07 0 "
12 0.03 0,03 0
13 0.03 0,04 0
13 0.03 0,05 0
17 0.03 0,02 0 Propprgpp—
19 0.04 0,03 0
21 0,04 0.01 0 1234567 8 91011121314151617 1819 202122232425
a. b.
a. Figure 8, Standard Harmonic Vs Harmonic Currents b. Figure 9, Ordo HDi
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4. CONCLUSION

Based on the IEC 61000-3-2 class D harmonic standard limits, the harmonic orders generated by the Power
Amplifier exceed the standard, namely orders 3, 5, 7, 9, 11, 13, 15, 17, 19, 21. The value of the passive single tuned
filter used to reduce current harmonics and improve the power factor from 0.64 to 0.95 based on calculations used is
a filter consisting of components R = 0.43 Q, components L = 0.38 H and C = 4.02.1%5F,
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