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Extended Abstract

Introduction

The penetration of power electronic
converters and renewable energy systems is
increasing in recent years. The use of these
devices results in harmonic injection into the
grid. To compensate for the harmonics
produced by the load, two types of passive
and active filters can be used in general.
Passive filters consist of inductors,
capacitors, and resistors, mainly used to
compensate for single harmonics, the use of
which can pose a risk of resonance with the
grid frequency. Depending on how these
types of filters are placed, they may affect
the impedance seen from the grid side.
Active filters are introduced in contrast to
passive filters. The passive type of these
filters have received a lot of attention
recently with advantages such as the
compensation for a wide range of harmonics
produced by the load and also the ability to
controllably reduce reactive power from the
grid's perspective, and an increase in power
quality. Given that harmonic current
injection is common in most loads, the use of
shunt active power filters is more common
than other active power filters such as the
series or hybrid ones. The shunt active power
filter injects harmonic currents into its
common connection point with the grid,
these signals are equal in magnitude to the
harmonic signals generated by the load, but
in opposite phase to them. Obviously, this
process causes the harmonics generated by
the load to be compensated from the grid
perspective. The proper and accurate
performance of a shunt active power filter
depends on the accurate extraction of current
harmonics produced by the nonlinear load,
which requires very good synchronization
with changes in the grid voltage. Reference
current extraction algorithms are categorized
into two domains: time and frequency.
Among these, time-domain methods have
been used more in the industry due to their
accuracy, speed, and lower computational
burden. To date, many studies have been
conducted in the field of extracting load

current harmonics and generating reference
current.

Materials and Methods

However, challenges and problems--such as
the inability to use these methods under
different grid voltage conditions
(asymmetric, harmonic, or asymmetric and
harmonic), high calculations, the need for
complex mathematical transformations, or
the need for a complex positive sequence
detector structure of the main component--
are evident in the studies conducted. Each of
these cases can lead to the lack of accurate
extraction of current harmonics and
ultimately to the inappropriate performance
of the active filter. In this paper, a new
solution for extracting load current
harmonics in the time domain, based on
second-order filters, was presented, which
showed a good performance in all grid
voltage conditions (symmetric, asymmetric,
harmonic, and harmonic and asymmetric
simultaneously) and at the same time offered
the benefits of easy implementation, high
dynamics, reliability, appropriate
computational load, while eliminating the
need for a powerful and expensive processor.

Results

The proper performance of the proposed
solution for extracting load current
harmonics, for generating compensation
current to keep the dc-link voltage constant,
for synchronizing of the generated signals
properly, and finally generating appropriate
reference current was evident with a simple
method, low computational load, high
dynamics, and the ability to operate under all
grid voltage conditions. The performance of
the proposed method under different grid
voltage conditions (symmetric, symmetric
and harmonic, asymmetric, and asymmetric
and harmonic) was investigated in the
Matlab/Simulink environment; finally, to
verify ~ the  simulation  results, the
experimental results obtained in the
laboratory environment were presented.
Based on the obtained results, the proper
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performance of the proposed solution was
evident.

Discussion and Conclusion

In this paper, a new algorithm was presented
for controlling a time-domain shunt active
power filter under different network voltage
conditions (symmetric, harmonic,
asymmetric, asymmetric, and harmonic),
using a positive sequence current principal
component extractor based on a second-order
filter. In this method, since the extraction
process was initiated using only the o-B-0
transform, the reduction in the number of
filters was required; also, the computational
burden was evident. In addition, the positive
sequence voltage principal component was
used in a similar way to synchronize and
generate the compensation current to keep
the DC-link voltage constant. The effective
capability of harmonic compensation of the
load current, despite the unbalanced and
harmonic nature of the grid voltages, could
be considered the main advantage of the
proposed scheme. The performance of the
proposed control algorithm was verified
through simulation and experimental studies
under different operating conditions. This
method can be used in industrial applications
due to its low computation, good flexibility,
reliability, and the ease of implementation
and use in all grid voltage anomalies.
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1. Passive Filter

2. Active Filter

3. Shunt Active Power Filters
4, Series Active Power Filter
5. Hybrid Active Power Filter
6. Point of Common Coupling
7. DC Link
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2. Insulated-Gate Bipolar Transistor
3. Soft Starter
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