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Abstract: Due to intensive use of power converters and other non-linear loads, power
quality is degrading. The presence of harmonics in the power lines result in greater power
losses in distribution, interference problems in communication systems. Non linearity
reduces the efficiency and power factor of the system. As the power factor reduces, the
reactive power demanded from the supply increases which have no any contribution
in energy transfer, so compensation is required. For this, shunt passive filter has been
developed but it is bulky and frequency dependent and has many drawbacks. In contrast to
passive filter, shunt active filter (SAF) has been developed which is smaller and has wide
range of applications. In this paper, shunt active filter based on p-q theory is demonstrated
for compensating reactive power and current harmonics. Simulation has been done
with and without SAF and results are presented and ended with recommendation and
conclusion. An effort is made to reduce the THD of the source current below 5% (specified
by IEEE).
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1. Introduction

Now-a-days, decadence of power quality is foremost issue of electrical society. In practice,
utilization of switching device is increased in industrial as well as in domestic applications. Non-

linearity causes adverse effects on system
efficiency, utility of the power supply,
power factor, etc. Because of this, remedy —
is a dynamic filter. The every devices used @ Ve
during this research work are non-linear
in nature as shown in Fig. 1.

The non-linear load draws non-sinusoidal
current because they draw fundamental
component as well as harmonics
component. The value of THD should
not exceed 5% as per standard. But in
real case there is no pure linear load. In

Fig. 1: Non-linear Load
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previous years, shunt passive filters were used as harmonic elimination technique due to their
cheaper cost and ease of operation. But they face some major drawbacks of specific harmonic
elimination, detuning, large size, series/parallel resonance, etc. To overcome these problems, active
filter has been developed. It provides dual functions: harmonic and reactive power compensation
in real time simultaneously. Based on the connection of the active filter, they are also classified as
shunt and series active filter.

Shunt active filter, as shown in Fig. 2, is able to compensate for both current harmonics and
reactive power whereas series active filter does not compensate for load current harmonics but
it acts as high-impedance to the current harmonics coming from the power source side [1, 5].
Another solution to solve the load current harmonics is to use a shunt active filter together with
the series active filter, so that both load voltages and the supplied currents are guaranteed to have
sinusoidal waveforms [2].
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Fig. 2: Block Diagram of Shunt Active Filter

Here, three phase voltage source is supplying power to the three phase non-linear load with SAF
connected in parallel. ‘L' represents source current which is sinusoidal, ‘I, ' represents load current
which is non- sinusoidal and ‘I ' represents compensating current which is in phase opposition but
has equal magnitude to that of harmonic current present in load current and injected by SAF to
cancel out harmonic component. In this paper, work is done on the shunt active filter to compensate
the current harmonic and reactive power and comparative analysis of the total harmonics distortion
(THD) and reactive power compensation of the system has been done.

2. P-Q Theory

In 1983, Akagi et al. [3,4] have proposed the “The Generalized Theory of the Instantaneous Reactive
Power in Three-Phase Circuits", also known as instantaneous power theory, or p-q theory. It is
based on set of instantaneous power defined in the time domain. The first version was published in
July 1982 in a local journal of Japan and later published in IEEE. They can be used either in three
phase system three wire system or four wire system. It is valid not only in steady state but also
transient state.
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The PQ-theory consists of ap0 transformation. It converts 3-phase voltages and currents to the
corresponding af0 reference frame. The three phase axis is converted to two phase axis where
zero sequence components is not related to o and B axis. The mathematical representations of all
the Clarke transformation are
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The above matrices convert the af30 voltage axis to a0 voltage axis
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Similarly, above matrices convert abc current axis to af0 current axis.
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This mathematical expression (3) is used to calculate the instantaneous value of zero sequence
power (po), active power (p) and reactive power (q) in of axis.
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Here, p =P-Pq4.

where, P = total instantaneous power, P, = average power and p = oscillating power
1,.= Compensating current in a-axis and /s = Compensating current in 3-axis
Here, PQ-theory tracks the power in order to produce compensating current I, and Ig.
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These equations are used to carry out the simulation of SAF with the help of embedded function
block.
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3. MATLAB Simulation

The overall model of system is shown in Fig. 3. We used three phase Breaker to break the SAF
from the transmission line at the starting of the simulation. The model is run for 3 sec. After 1.5
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sec, SAF is connected to the transmission line to compensate current harmonic and reactive power
consumed by load. Shunt active filter block calculates the current harmonic and reactive power
to be injected taking the load current and load voltage as references. During sudden decrease
in load, extra active power will be flow through SAF branch. Some power will be dissipated
across resistance of the coupler and remaining portion will be responsible for raising the capacitor
voltage. Similarly, during sudden increase in load, extra active power will be supplied by the SAF,
thus by discharging the previously charged capacitor.
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Fig. 3: Overall Simulation Model of the system
4. Result and Discussion

Simulation results are presented below. Fig. 4 shows the waveform of source voltage and current
before and after compensation.
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Fig. 4: Waveform of Source Voltage and Current before and after compensation

The Fourier analysis of source current before using shunt active filter(SAF) and after using SAF
are shown in Fig. 5 and Fig. 6 respectively.
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Fig. 5: FFT analysis of the source current before using SAF
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Fig. 6: FFT analysis of the source current after using SAF
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From results, it is clear that THD of the source current is within the limit (< 5%) specified by IEEE
standard.
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Fig. 7: Waveform of Load Voltage and Current after and before compensation

It is clear that there is no any change in voltage and current of load after using SAF. Result shows
that the SAF supplies the reactive power consumed by the load and source supplies the active
power only consumed by the load after compensation. Comparison is shown in Table 1 below.
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Fig. 8: Active and Reactive Power of Source, Load and Compensator

Table 1: Comparison Based on Connection of Filter

Quantity Without SAF With SAF
THD 21.73 % 4.55 %
Reactive Power 6600 Var 0

The value of THD is decreased from 21.73% to 4.55%. Even the Reactive power supplied by
source is totally compensated after the involvement of SAF.

5. Conclusion

This paper presents the fact that the current harmonic and reactive power of the non- linear loads
are becoming a serious problem in power system. To overcome this problem, SAF has been
developed. In this paper, simulation with or without SAF has been carried out and finally result
and analysis of the outcomes has been presented. Result shows that the SAF based on p-q theory
is able to compensate the current harmonic and reactive power of the non- linear load, thus it is
powerful tool.
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