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Abstract: The power quality enhancement is mandatory with the newer generation load equipment, whose performance is very
sensitive to power quality disturbances especially with voltage sag, Harmonics and Interruption. The power electronic based
power conditioning devices can be the effective solution to enhance the quality of the power supplied to the power distribution
system. The series connected Series Active Filter is one of the effective solution to mitigate power quality problems in the
distribution system. In a control, theory of the Series active filters main consideration includes detection of the start and finish of
the sag, voltage reference generation, transient and steady state control of the injected voltage, and protection of the system. In
this work, the simulation model of nonlinear load connected power distribution system is implement for checking the effect of
non-linear load on the entire system in the MATLAB/Simulink. In this case, we simulate three voltage sag, voltage swell and
effect of non-linear load and check the THD with series active filter or without.
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I. INTRODUCTION

Electrical energy represents the modest and well-regulated form of energy, can be easily transformed to other forms. Along with its
quality and continuity has to retain for good economy. The electrical power system comprises of three functional blocks- Generation,
Transmission & Distribution. To ensure reliable operation of the power system, the following criteria should be met: First, power
generation must be sufficient to meet customer demands. Second, bulk power should be delivered via considerable distances without
overloading and while staying within safe voltage and frequency limits. Finally, power needs to be effectively distributed to
customers' locations. Hence, the power quality ultimately depends upon the distribution system. The failure in the electrical
distribution network constitutes an about 90% of the regular customer interruptions. In the present era, the major focus is on
reliability and quality of power supply at the distribution system. Power quality studies have become crucial because of the
widespread use of power electronics and faults that disrupt the pure sinusoidal waveforms produced by power stations. Common
power quality problems consist of voltage swells, sags, interruptions, phase changes, transients, and harmonics. Voltage sag is
regarded as the most severe disturbance. In actuality, the system is more affected by the residual voltage's magnitude than by the
length of sags. A fascinating approach to reduce costs resulting from voltage dips is to employ series-connected voltage source
converters between the supply system and sensitive loads. These devices are known as Active Filters in Series (SAPFs) as shown in
figure 1. They help maintain stable voltage levels, protecting sensitive equipment from disturbances.
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Fig. 1 General Diagram of series active power filter connected in Distribution Side
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In power systems, nonlinear loads—especially those using power electronics—create harmonic currents and voltages. If the main
voltage is clean but nonlinear loads are connected to the electrical grid, these current harmonics will cause voltage distortions in the
line impedances and across the load terminals.

Power filters that are active (APFs) have been refined over time to reduce harmonics and balance reactive power, helping the utility
grid provide sinusoidal voltage and current with a power factor of one. The series APF functions as a harmonic isolator. For
fundamental frequencies, it is configured to display zero impedance; nevertheless, for harmonic frequencies, it functions as a high-
resistance resistor. As a result, no harmonic.

Il. SERIESACTIVE POWERFILTER

The APF series as depicted in figure 2. It connects aligned in series with the distribution line through a matching transformer. Since
the Inverter with Voltage Source (VSI) acts as the controlled source, the basic design of a sequence APF is comparable to that of a
shunt APF, except it uses an interfacing transformer instead of an interfacing inductor. The series APF works by isolating the
harmonics between the load that is nonlinear and source. To do this, harmonic voltages (vf) are injected across the interface
transformer. To maintain a pure sinusoidal voltage waveform for the nonlinear load, the injected harmonic voltages are added to or
subtracted extracted from the source voltage. As depicted in figure 2, the series APF acts like a harmonic isolator. It is set up to
facilitate it shows zero impedance pertaining to the fundamental frequency but behaves like a high-resistance resistor for harmonic
frequencies. This means that no harmonic current can flow between the origin and the nonlinear load. By injecting a voltage in
succession with the source voltage, the active power filter in series works serving as a regulated voltage source, stabilizing voltage
variations regarding the load side.
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Fig. 2 Series Active Power Filter

The main goal of an active power filter in series is to protect sensitive loads from harmonics, voltage swells, and sags. Although
series active power filters typically have a power rating that is only a minor portion of the load, using voltage compensation can
increase the filter's perceived power. The primary benefit of series APFs lies in their ability to effectively remove voltage harmonics.
They give the load a pure sinusoidal waveform, which is necessary for devices that are sensitive to voltage, like protective devices
for power systems. This characteristic makes series APFs ideal for enhancing the distribution source voltage's quality.

IHHLLIMPLEMENTATION OF PROBLEM IN MATLAB
A series active power filter serves as connected in line with the power distribution system. It helps manage high-frequency currents
by using an LC passive filter that is set up alongside the load.
This filter reduces current distortions caused by the load. It provides a high-resistance path for unwanted current harmonics. Overall,
it helps preserve the power system stable and efficient. Figure 3 shows block diagram of series active power filter.
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The series active power correction filter works with the addition of a voltage in line with the supply voltage, helping to stabilize
voltage changes from the load perspective. Its key job aims to protect sensitive equipment from problems like harmonics, voltage
spikes, and drops. The rated power of the filter is small in comparison to the load, but it can effectively manage power issues. If
there are voltage problems, the filter can help improve the situation.
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Fig. 3 Block Diagram of Series Active Power Filter

A SIMULINK model is created for the Series Active Filter to study its performance during both steady state and transient conditions.
As seen in figure 4, the suggested SAPF system consists of a controller, an injection transformer, LC filter, energy storage, and VSI.
Through an injection transformer and LC filter, the VSI injects the proper voltage from an external energy storage unit to restore a
sensitive load voltage.
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Fig. 4 Series active power filter simulation model
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The suggested system has an operating voltage of 400V at 50Hz. Initially, a step-down transformer steps down the 11KV source
voltage to 400V. The voltage and current signals values in this work are expressed with regard to units (p.u.).
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Fig. 5 Series active power filter simulation model with Non-Linear Load

There will be noticeable harmonics in the load side voltages of a balanced three-phase system when a non-linear load is connected
to the load side as illustrated in figure 5. This leads to distortion of the load side voltages. This distortion in the load side voltage
causes nonlinear currents to flow through distribution transformers' load side winding. As a result, the transformer windings may
burn at loads below their specified ratings. Creating an active power filter that can remove harmonics from the load is the goal of
this research. Here in this case working voltage is 400V, frequency is 50Hz, 3, phase uncontrolled bridge rectifier with R = 200 Q
and L = 80 mH is a nonlinear load. 100VAR for reactive power and 1.5KW for active power. Injection 1.5 kva, 1:10, r1 =r2 =
0.00001 pu, x1 = x2 = 0.0003 pu; 11KV / 400V transformer, r1 =r2 = 0.0003 pu, L1 = L2 = 0.001pu, 200V DC voltage. kld= 154,
kPd=40, kPg=25, klq=260 for the PI controller, LC filter: C=20uF, L=6mH.

IV.RESULTS & ANALYSIS

SIMULINK result of SAF of grid voltage, source voltage, and injected voltage with and without compensation, which gives a better
idea about the series active filter.
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Fig. 6 Healthy Waveform of Simulation
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Simulation model running without any disturbances in the system, so in the simulation result could not find anything see figure 6.
The voltage sag is initiated by sag block on the main Bus, so the voltage drop occurred at the Bus. Figure 7 and figure 8 shows
voltage sag in the grid with and without SAPF.
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Fig. 7 without SAPF Voltage Sag

Through an injection transformer, the SAPF will inject a compensating voltage if the voltage sag is detected at Bus. As a result, the
voltage at Bus is consistently balanced and sinusoidal.

i [r.‘l i) ’\I f
s M “\ \ n f\ V(Y

\d | :/ ;, gJ, \
A
”\Mm

Fig. 8 Voltage Sag with SAPF
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The second simulation shows the SAPF performance during a voltage swell condition as shown in figure 10. The simulation started
with the supply voltage swell is generated. The amplitude of supply voltage is increased about 50% from its nominal voltage. Figure

9 shows voltage swell without SAPF.
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Fig. 9 Voltage Swell without SAPF

Similar to the case of voltage sag, the SAPF reacts quickly to inject the appropriate voltage component (negative voltage magnitude)
to correct the supply voltage as shown in figure 10.
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Fig. 10 Voltage Swell with SAPF

The Third simulation of three phase voltage sag & swell is simulated as shown in figure 11. Voltage swell generate at 0.1s to 0.2s
and sag generate at 0.3s to 0.4s occurring at the utility grid.
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Fig. 11 Voltage Sag &Swell without SAPF
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The synergistic effect of voltage sags and swells is compensated employing a series active power filter, and this is demonstrated
through a MATLAB simulation as presented in figure 12.
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Fig. 12 Voltage Sag & Swell with SAPF

MATLAB simulation of three phase non-linear load is performed to analyze the percentage of harmonics introduced in the system.
The presence of non-linear loads causes injection of a huge quantity of harmonics in the electrical distribution networks. These
harmonics cause high disturbances and distort the shape of the source current witch is not sinusoidal.
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Fig. 13 Effect of Non-Linear Load SAPF
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Due to harmonics injected by nonlinear load in each phase, the voltage phase to phase of system will be distorted which has been
presented in figure 13. Figure 14 shows harmonics profile of the load. It is seen that such load causes 26.52% harmonic distortion.
As shown in Figure 14-15, it is clear that the THD of system when series active filter is connected to system deceases from 26.52%
t0 3.57%.
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Fig. 15 THD analysis With Series Active Filter

V. CONCLUSIONS
This research work addresses power quality concerns and proposes a series active power filter (SAPF) to minimize voltage sags,
swells, and harmonics. The SAPF aims to improve overall system performance. To display its effectiveness in reducing voltage sags,
a simple distribution network is simulated using MATLAB. Results from the simulation demonstrate the benefits of using the SAPF.
This work contributes to enhancing power quality in electrical systems. Power quality issues are increasingly causing problems in
various sectors, including urban areas, industries, and hospitals, especially where power electronic devices or non-linear loads are
used.
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These non-linear loads create harmonics, as well as voltage sags and swells, leading to distortion and imbalance in the system. This
work focuses on improving power quality using a series active power filter (SAPF). The SAPF injects voltage into the distribution
system to balance the voltage and smooth out the waveforms of voltage and current. A controller manages the voltage and frequency.
This approach is a modern solution using power electronics to address harmonic pollution. This simulates a series active power filter
(SAPF) to address power quality challenges such as voltage sags, voltage swells, and their combined effects using MATLAB.
Afterward, non-linear loads are added to the distribution system to analyze their impact on performance. It is found that these non-
linear loads negatively affect the system and generate harmonics. The series active power filter helps reduce these harmonics, and
the total harmonic distortion (THD) is also analyzed in this work.
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