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ABSTRACT The configuration of a series active power filter (APF) and a parallel passive filter (PPF) has proven to be an

efficient system for nonlinear load compensation.
In this paper, a fuzzy based control strategy for hybrid series active filter is proposed and it is applied by considering a balanced and

resistive load as ideal load.

Thus, the strategy obtains the reference voltage is obtained to achieving ideal behavior for the set of hybrid filer-load. The validity of
the presented approach in harmonic mitigation is verified via simulation results of the proposed test system.

1. Introduction

The harmonic distortion has been a problem that has been pre-
sent since the electric engineering origin. Nevertheless, it has gone
more important in the last decades, due to the electronic loads
proliferation because they behave, in general, as non-linear loads,

[1].

Always the current harmonics produced, by any load, will cause
voltage distortions at the load terminals hence, the loads absorb
distorted currents causing heat lost exceeds in most cases 30% of
the consumed power.

Active Power Filter (APF) has become the main research direction
of load compensation as its filtering characteristic is not affected
by system parameters.

Active power filters have several advantages over passive ones:
compensation is automatic, there is no risk of resonances, unity
power factor (or any other desired value) can be achieved per-
manently and without disturbing the electrical network, they can
compensate for phase unbalance, and excellent performance can
be achieved. They can also be combined with passive filters (which
may be already installed) in hybrid topologies, in order to diminish
its rated power [2].

The series APF is especially appropriate to eliminate the voltage
harmonic caused by the named voltage source harmonic loads.
They are, among others, the frequency converters, commutated
power sources or UPSs. Nevertheless, its correct performance is
fixed by the control approach adopted to establish the reference
harmonic voltage. Three kinds of compensation strategies have
been mainly used.

Originally, the first one proposed a reference voltage proportional
to the source current harmonics. Later, another strategy has been
proposed where the filter voltage is equal to the load voltage har-
monic with the opposite sign. Recently, another strategy has been
proposed, combination of the both previous. Since the practical
point of view, the last one evolves the advantages of the other two
and it overcomes their disadvantages, [3-4].

To obtain efficient SHAPF performance, it is important to choose
proper reference generation algorithm and an appropriate current
or voltage control strategy. The publication of the instantaneous re-
active power theory caused a great impact in reference generation.
Many approaches have been published since then [5-6]. But all of
these definitions are computational intensive and do not provide
simple expression of instantaneous power quantity. In year 2004,
X. Dai [7-10] introduced generalized instantaneous power theory
which gives a direct and simple expression for instantaneous power

quantities.

This work is focused on the analysis of the fuzzy based control strat-
egies of the series three-phase active filters.

The advantages of fuzzy logic controllers over the conventional
Pl controller are that they do not need an accurate mathematical
model; they can work with imprecise inputs, can handle nonlinear-
ity, and may be more robust than the conventional PI controller.
Based on this description, an analysis of the compensation strate-
gies earlier referred has been carried out.

2. Hybrid Series Active Power Filters

Fig.1 shows a three-phase circuit with a voltage source that feeds
a balanced nonlinear load and a series hybrid filter. The source im-
pedance is constituted by a resistance RS and an inductance LS. The
active power filter is connected in series with the source through
a coupling transformer. The passive filter is connected in parallel
with the load. It consists of two LC branches tuned to 5th and 7th
current harmonics.
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Fig.1 basic configuration of hybrid filter

3. Fuzzy Logic controller

As shown in Fig.2 the fuzzy control algorithm is implemented to
control the load phase voltage based on processing of the voltage

error e(t) and its variation Ae (t) in order to improve the dynamic
of SAF.
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Fig.2. Fuzzy controller structure block diagram

Fuzzy Logic
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The main advantages of fuzzy control are its linguistic description,
independence of mathematical model, robustness, and its univer-
sal approximation [11].

As shown in Fig.3 the fuzzy logic controller is consisting of four
stages: fuzzification, knowledge base, inference mechanism and
defuzzification.

Fig.3 the basic scheme of fuzzy logic controller

The knowledge base is composed of a data base and rule base and
is designed to obtain good dynamic response under uncertainty in
process parameters and external disturbances.

As shown in Fig.4 the data base consisting of input and output
membership functions provides information for the appropriate
fuzzificztion operations, the inference mechanism and defuzzifica-
tion. The inference mechanism uses a collection of linguistic rules
to convert the input conditions into a fuzzified output. Finally, de-
fuzzification is used to convert the fuzzy outputs into control sig-
nals.
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Fig.4 the GUI interface of fuzzy logic controller setting in
MATLAB

In designing of a fuzzy control system, the formulation of its rule set
plays a key role in improvement of the system performance. These
rules are listed in Table 1.

Table 1.Fuzzy rule set used in fuzzy controller of series ac-
tive filter

e(n) |[Ce(n)

NB NM [NS ZE PS PM |PB
NB NB NB NB NB NM NS ZE
NM NB NB NB NM NS ZE PS
NS NB NB NM NS ZE PS PM
ZE NB NM  [NS ZE PS PM |PB
PS NM NS ZE PS PM PB PB
PM NS ZE PS PM PB PB PB
PB ZE PS PM PB PB PB PB
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4. Simulation and Results:

In this section the simulated test system to investigate the perfor-
mance of series active filter for harmonic compensating due to
connection of balanced non linear load at demand side of system
in MATLAB-SIMULINK software is presented.

The power circuit is a three-phase system supplied by a sinusoidal
balanced three phase source with a source inductance of 5.56 mH
and a source resistance of 4.16 ohm. The inverter consists of an
IGBT bridge. On the dc side, two 100-V dc sources are connected.
An LC filter has been included to eliminate the high frequency com-
ponents at the output of the inverter. The passive filter is consti-
tuted by two LC branches tuned to the fifth and seventh harmonics.
Each element value is listed as Table 2.

Table 2.he test system parameters

Parameters value
Ls=5.8 mH, Rs=3.6 Q

L5=13.5 mH, C5=30 pF
[3-75 mH, €5230 uk

Lr=13.5 mH, Cr=50 pF

Source

Passive filters

Ripple filters

In this case, the nonlinear load consists of an uncontrolled three-
phase rectifier with an inductance of 45 mH and a 32 resistor con-
nected in series on the dc side.

Figs.5-6 shows the SIMULINK diagram of test system in presence of
balanced non linear load for without and with connection of hybrid
filter to system respectively.

Fig.5. Simulated test system without hybrid filters with bal-
anced nonlinear load
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Fig.6. Simulated test system with hybrid filters with bal-
anced nonlinear load

The implantation of fuzzy controller to proposed hybrid filter is pre-
sented in Fig.7.

A

Fig.7.The implementation of fuzzy controller to proposed
hybrid filter
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Due to considering the balanced load in this study only the source
currents of a phase ‘a’ current wave form with and without filters
as shown in below Figs.8-9 respectively.
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Fig.8.The source current of phase ‘a’ of balanced nonlinear
load without any compensation
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Fig.9.The source current phase ‘a’ of balanced nonlinear
load after compensation

As shown in Fig.8 the source current of system without any har-
monic compensation includes a series of harmonic frequencies
which leads to distortion of current wave. Under this condition, if
a liner load at any point of system, would be connected to power
system the voltage at PCC will be distorted and will be non sinu-
soidal wave.

To better understand of harmonic spectrum contains of source cur-
rent without before connection of proposed filter to system, the
FFT analysis of source current wave is presented in Fig.10.
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Fig.10.FFT analysis of source current without any harmonic
compensation
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5. Conclusion

In this research the power quality improvement through harmonic
compensation using combination of a series active filter and a tra-
ditional passive filter is presented and analyzed.

The considered passive filter in this research is consists of two pas-
sive LC filters, one for 5th harmonic filtering and another for 7th
harmonic order.

Due to deficiency in operation of passive filters, a series active filter
also connected to system at PCC which nonlinear load is connected
to system as parallel to passive filter.

The proposed harmonic compensation approach has been simu-
lated using MATLAB/SIMULINK and results showed the validity of
research.

The simulation results indicated that using harmonic compensation
by a hybrid configuration based of series active filter and passive
filter the harmonic frequencies of source current decreases so that
the FFT analysis of source current wave after harmonic compensa-
tion verified this matter.
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