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Abstract: The active power filter has been proved
to be an effective method to mitigate harmonic
currents generated by nonlinear loads and to
compensate reactive power present in the system.
However the Active Power Filters for harmonic
current compensation do not show significant
moderations for harmonic voltage problems and
filters for harmonic voltage compensation do not
provide reliable solution for harmonic current
problems. Also the Active Power Filters
performance for low frequency problems is very
poor. The methods of harmonic current detection
play a crucial part in the performance of active
power filter (APF). This paper presents a new
control strategy in which shunt active power filter
configuration is developed using adaptive fuzzy
control in order to define simple control algorithm
which requires minimum number of current
measurements. The effectiveness of the proposed
control strategies are demonstrated through
results. The proposed systems are implemented
with MATLAB/SIMULINK.

Keywords: Active Power Filter, Harmonic voltage,
Shunt Active Power Filter, Fuzzy Control.

I.  INTRODUCTION
The irregularity in the resistance is primary source of
non-linear loads. Also the fluctuations during each
sine wave of applied voltage waveform results in an
array of positive and negative pulses. With non-linear
loads, the third harmonic on all three phases is
exactly in phase and adds, rather than cancels, thus
creating current and heat on the neutral conductor.
Left un-treated, harmonic loads can reduce the
distribution capacity and degrade the quality of the
power of public utility power systems, increase
power and AC costs, and result in equipment
malfunctions such as communication errors and data
loss. The effect on the public power system has led
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regulatory agencies to set lower harmonic levels and
power utilities to charge more for wasted energy.
Various topologies of active power filters have been
developed so far [1-12]. The shunt active power filter
based on current controlled voltage source type PWM
converter has been proved to be effective even when
the load is highly non-linear [1][4][11]. Most of the
active filters developed are based on sensing
harmonics [7] [10] [11] and reactive volt-ampere
requirements of the non-linear load [1][3][12][17]
and require complex control. A new scheme has been
proposed in [10], in which the required compensating
current is determined by sensing load current which
is further modified by sensing line currents only
[8][13]. An instantaneous reactive volt-ampere
compensator and harmonic suppressor system is
proposed [13] without the use of voltage sensors but
require complex hardware for current reference
generator.

Three-phase systems are commonly used in
generation, propagation and distribution of electric
current (power). The power in a three-phase system is
linear rather than pulsating and three-phase motors
start and run much better than single-phase motors.
The three-phase system has a generator-load pair
which employs the generator to produce three
sinusoidal voltages of equal amplitude and frequency
but differing in phase by 120° from each other.

The phase voltagesv,(t),v,(t) and v.(t) are as
follows:

V, = V,coswt
Vy =V, cos(wt —120°)

V. =V, cos(wt — 240°) (D)
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Figure 1: Three Phase System Block Representation

Using KCL, we have
Iy =g+ 1y + 1o =5 (Vo + Vy + 1) &)

Since the current flowing through the fourth wire
is zero, the wire can be removed (see Fig. 2).
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Figure 2: Three Phase Power Y-System (star system)
with I, =0

Power in three-phase circuits

In the balanced systems, the average power
consumed by each load branch is the same and given

by

By = effleffcosq) (3)

Where,V,, is the effective value of the phase
voltage, I.sr is the effective value of the phase

current and ¢ is the angle of the impedance. The total
average power summoned by the load is the sum of
those consumed by each branch; hence, this can be
written as:

Pav = 3?0_1; = eferffCOSQ) (4)

In this paper, shunt active power filter is
compensated for the prolonged implementation in
three phase systems based on linear power
circulation. The properties of this filter are cascaded
with fuzzy control as it is the conventional tool to
modify the new outputs based on current trend
estimation. The second segment discusses the
problem domain of the research subject followed by
the literature of keen study from works of different
authors. Further sections discuss the detailed
proposed structure and results to verify the proposed
subject. A conclusion is present to conclude the topic.

Il. RESEARCH WORKS AND MOTIVATION

The non-linear load creates the harmonic current and
harmonic voltage in the three phase power system.
The active power filters are conventionally used to
balance the harmonic current by injecting the
sinusoidal grid current. The scheme is effective to
simulate the harmonic current but renders un-useful
for harmonic voltage problems. A voltage sourcing
series active power filter is suitable for controlling
harmonic voltage sources, but it cannot properly
compensate for harmonic current sources [14].

This paper presents a new control algorithm for an
active power filter (APF) to compensate harmonic
and reactive power of a 3-phase thyristor bridge
rectifier under non-ideal mains voltage scenarios.
Sensing load current, dc bus voltage and source
voltages compute reference currents of the APF. APF
driving signals are produced with these signals via a
hysteresis band current controller.
MATLAB/SIMULINK power system toolbox is used
to simulate the proposed system. The proposed
method’s performance is compared with conventional
instantaneous power (p—q) theory. The simulation
results are presented and discussed showing the
effectiveness of the control algorithm. The proposed
algorithm is found quite satisfactory to compensate
the reactive power and harmonics under non-ideal
mains voltage conditions. The increased performance
of the active power filter under different non-
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sinusoidal mains voltage and dynamic load
conditions are extensively demonstrated [17].

Murat Kale architected the control algorithm for APF
to manipulate the effects of harmonic and reactive
power. In comparison with P-Q theory, shunt active
filter in environment of non-ideal mains voltage
conditions performed better in constrained of high
performance parameters. The main purpose of the
active filter based on voltage detection is not to
compensate for current harmonics but to damp out
harmonic propagation caused by line inductors and
shunt capacitors for power factor correction.
However, time and phase delays inherent in digital
controllers might lead to unsatisfactory harmonic-
damping performance although digital controllers are
preferable to analog controllers. Dealing with design
and implementation of a digital controller for a shunt
active filter is based on voltage detection.
Experimental results obtained from a laboratory
system developed paper of Pichai Jintakosonwit [16]
verify the viability and effectiveness of the fully-
digital-controlled active filter [19].

Shunt active power filters have been proved as useful
elements to correct distorted currents caused by
nonlinear loads in power distribution systems. We
can present an all-digital approach based on a
particular repetitive control technique for their
control. Specifically, a digital repetitive plug-in
controller for odd-harmonic discrete-time periodic
references and disturbances is used for the current
control loops of the active filter. An approach by
Robert Grino [18] does not introduce a high gain at
those frequencies for which it is not needed and, thus,
improves robustness of the controlled system. The
active power balance of the whole system is assured
by an outer control loop, which is designed from an
energy-balancing  perspective. The design is
performed for a three-phase four-wire shunt active
filter with a full-bridge boost topology. [18].

I1l. PROPOSED METHODOLOGY

The shunt-connected active power filter, along with a
self-controlled dc bus, has a topology which is
similar to that of a static compensator (STATCOM)
used for reactive power compensation in power
transmission systems. Shunt active power filters
reimburse load current harmonics by injecting equal-
but opposite harmonic compensating current. In such
a case the shunt active power filter operates as a

current source injecting the harmonic components
generated by the load but phase-shifted by 180°.

Fy

Morlinear
Load

Shunt Active Power Filter
Figure 3: Shunt Active Filter
is() = i, (t) —ic(6) ®)
Source voltage is given by
v (t) = vy, sinwt (6)

If a non-linear load is applied, then the load current
can be represented as a fundamental component and
harmonic components which can be represented as

i(t) = Zoo_lsin(nwt + o)

I sin(nwt + ¢,) + Yo, sin(nwt + ¢,,) (7)
The instantaneous load power can be written as
P(t) = vs(t) * iy ()

=V, I sin?wt * VI, sinwt * coswt * sing,

+ 1, sinwt * Z I, sin(nwt + ¢,,)

n=2

®)
= Pr(t) + B (t) + Py(0) ©)

The design of the DC side capacitor is based on the
principle of instantaneous power flow. The selection
of C,.can be governed by reducing the voltage ripple
[15]. As per the specification of the peak to peak
voltage ripple  (Vicp-pmaxy)and rated filter
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current (1.1 rqteq), the DC side capacitor Cy.can be
found from equation

Cqc = (m * Icl,rated)/(\/ngdc p—p(max)) (10)
Fuzzy Control

Fig. 4 shows the block diagram of the implemented
fuzzy logic control scheme of a shunt active power
filter. Fig. 5 shows the schematic diagram of the
control algorithm. In order to implement the control
algorithm of a shunt active power filter in closed
loop, thee DC side capacitor voltage is sensed and
then compared with a reference value. The obtained
error € (=Vgere-Vacact) and the change of error signal
ce(n)=e(n)-e(n-1) at the nth sampling instant as inputs
for the fuzzy processing. The output of the fuzzy
controller after a limit is considered as the amplitude
of the reference current Inax takes care of the active
power demand of load and the losss in the system.

Non-lincar load
R L, R’y
L
@;mm\
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Figure 4: Schematic diagram of closed loop fuzzy
logic controlled shunt active power filter.

The switching signals for the PWM converter are
obtained by comparing the actual source currents (is,,
isn, and isc) with the reference current templates (isa",
i, and isc") in the hysteresis current controller.
Switching signals so obtained, after proper
amplification and isolation, are given to switching
devices of the PWM converter [6].

o e
Jrpss T

el

Hysteresis
controller

Figure 5: Fuzzy Control scheme.

A fuzzy inference system (or fuzzy system) basically
consists of a formulation of the mapping from a given
input set to an output set using fuzzy logic. This
mapping process provides the basis from which the
inference or conclusion can be made. A fuzzy
inference process consists of the following steps:

» Step 1: Fuzzification of input variables

» Step 2: Application of fuzzy operator (AND, OR,
NOT) in the IF (antecedent) part of the rule

* Step 3: Implication from the antecedent to the
consequent (THEN part of the rules)

 Step 4: Aggregation of the consequents across the
rules

* Step 5: De-fuzzification.

IV. SIMULATION & RESULTS

; \

Figure 6: Inject current
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V. CONCLUSION
In this paper work fuzzy logic controlled three-phase
shunt active power filter to compensate harmonics
and reactive power by nonlinear load to improve
power quality is implemented for three-phase three
wire systems. The advantage of fuzzy control is that
it is based on linguistic description and does not
require a mathematical model of the system. The
compensation process is based on sensing line
currents only, an approach different from
Figure 7: Source current without filter conventional methods, which require sensing of
harmonics or reactive power components of the load.
Simulation results are presented under steady state
conditions and SIMULINK model of shunt active
filter with and without fuzzy controller are shown.
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switching signals to the voltage sourced PWM
converter.

In future various other different techniques can be

carried out for the power factor correction

Figure 8: Source current with HCC Shunt Active methodologies based on fuzzy control. Experimental

Filter investigations can be done on shunt active power

filter by developing a prototype model in the

AL laboratory to verify the simulation results for fuzzy

[J oy | == controller. Modelling and further verification can

= lead to the generation of new approach a step further
in this work.
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