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ABSTRACT

Active power filtering constitutes one of the most effective proposed solutions for solving the
harmonics problem in electric power systems. A shunt active power filter that achieves low
current total harmonic distortion THD, reactive power compensation, and power factor
correction is presented in this paper. The topology is based on IGBT's VSI, intended to damp
harmonics produced by a diode rectifier. The notch filter method, consisting solely of two
serial band-pass filters, is used for reference current calculation, and the application of
hysteresis band controller and fuzzy logic controller for better active filter current control
accuracy. The compensation process is based on sensing line currents only, an approach different from
conventional methods, which require sensing of harmonics or reactive power components of the load.
Simulation works of the studied model, using SIMULINK under MATLAB software, revealed
satisfying results in transient and steady states.

Keywords: Shunt Active Power Filter (SAPF), Voltage Source Inverter (VSI), Fuzzy Logic Controller,
Hysteresis Band Controller, Total Harmonic Distortion (THD), Notch Filter.

1. INTRODUCTION ii) Power factor compensators.

The two or multilevel shunt, series and The advantage of multilevel converters is
hybrid active power filters (APF's), besides that:
their capability cancel harmonics with i)  They can reduce the harmonic content

minimum drawbacks and also contribute in generated by the active filter because they can
the reactive power compensation, power produce more levels of voltage than
factor correction and DC voltage regulation conventional converters (more than two
[2-7]. The shunt-connected active power levels),

filter, with a self-controlled dc bus, has a ii) They can reduce the voltage or
topology similar to that of a static current ratings of the semiconductors and the
compensator. switching frequency requirements.

In this case the shunt active power filter .
operates as a current source injecting the 2. VOLTAGE SOURCE CONVERTERS
harmonic components generated by the load Most of the active power filter topologies
but phase-shifted by 180°. use voltage source converters, which have a

Multilevel inverters are being investigated voltage source at the dc bus, usually a
and recently used for active filter topologies. capacitor, as an energy storage device. This
Three-level inverters are becoming very topology, shown in Figure 1, converts a dc
popular today for most inverter applications, voltage into an ac voltage by appropriately
such as: gating the power semiconductor switches.

i)  Machine drives Although a single pulse for each half cycle
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can be applied to synthesize an ac voltage, for
most applications requiring dynamic
performance, pulse width modulation (PWM)
is the most commonly used today. PWM
techniques applied to a voltage source
inverter consist of chopping the dc bus
voltage to produce an ac voltage of an
arbitrary waveform. There are a large number
of PWM techniques available to synthesize
sinusoidal patterns or any arbitrary pattern.
With PWM techniques, the ac output of the
filter can be controlled as a current or voltage
source device

G888 .
l;:i J:’} J@ "

Figure 1: Voltage Source Converter for Active Filters
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The modulation strategy, shown in Figure
2, uses a triangular carrier, which is one of
many strategies applied today to control
power inverters. The modulation techniques
not only allow controlling the inverters as
voltage sources but also as current sources.
Figure 2 shows the compensating current
generated for a shunt active power filter using
three different modulation techniques for
current-source inverters.

These three techniques are:

i) Periodic Sampling (PS),

ii) Hysteresis Band (HB),

iii) Triangular Carrier (TC).

The PS method switches the power
transistors of the active filter during the
transitions of a square wave clock of fixed
frequency: the sampling frequency. The HB
method switches the transistors when the
error exceeds a fixed magnitude: the
hysteresis band. The TC method compares the
output current error with a fixed amplitude
and fixed triangular wave: the triangular
carrier. Figure 2 shows that the HB method is
the best for this particular waveform and
application because it follows more accurately
the current reference of the filter. When
sinusoidal waves are required, the TC method
has been demonstrated to be better.
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Figure 2: Current waveforms obtained using
different modulation techniques for an active
power filter: (a) PS method, (b) HB method, (c)

TC method.

Voltage source converters are preferred
over current source converter because it is
higher in efficiency and lower initial cost than
the current source converters. They can be
readily expanded in parallel to increase their
combined rating and their switching rate can
be increased if they are carefully controlled
so that their individual switching times do not
coincide. Therefore, higher-order harmonics
can be eliminated by using converters without
increasing individual converter switching
rates

3. CONTROL STRATAGIES

The notch filter is a very simple method
allowing the APF's current reference
extraction without need to active/reactive
power or any complicated calculations. In this
paper Hysteresis and fuzzy logic controller
are implemented. Hysteresis control PWM is
basically an instantaneous feedback current
control method of PWM where the actual
current continually tracks the command
current within a hysteresis band. The design
of a control able to pursue current peaks isn't
straightforward. But, this difficulty has been
overwhelmed by the introduction of fuzzy
logic in power electronic field.

In fact, with fuzzy logic it's possible to
design a control system adjusting the control
surface for very different working conditions,
so the control can follow the reference current
even when very high peaks occur. Besides,
DC capacitor’s voltages can be maintained at
constant levels with fuzzy control [8-10].
Fuzzy control is based on fuzzy logic-a
logical system that is much closer in spirit to
human thinking and natural language than
traditional logical systems. The fuzzy logic
controller (FLC) based on fuzzy logic
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provides a means of converting a linguistic
control strategy based on expert knowledge
into an automatic control strategy. Recently,
fuzzy logic controllers (FLC’s) have
generated a good deal of interest in certain
applications. The advantages of FLC’s over
the conventional controllers are:
i) It does not need accurate mathematical
model
ii) It can work with imprecise inputs
iii)It can handle nonlinearity
iv)It is more robust than conventional
nonlinear controllers.

4. SHUNT ACTIVE POWER FILTERS

The general structure of the active filter
consists of several blocks as shown in figure
3 which consists of input filter, inverter,
energy source circuit and controller.
Controller generates the gating signals to
meet the requirement with accuracy and these
signals are fed to inverter. Inverter block with
input filter produces the filter current by
using energy from storage circuit and gating
signals which are generated from controller.

Input Fiter (emst  [rverer e E“'WS'." e
Circut
Control

Figure 3: General Structure of Active Filter

The shunt-connected active power filter,
with a self-controlled dc bus, has a topology
similar to that of a static compensator
(STATCOM) used for reactive power
compensation in power transmission systems.
Shunt active power filters compensate load
current harmonics by injecting equal-but
opposite harmonic compensating current. In
this case the shunt active power filter operates
as a current source injecting the harmonic
components generated by the load but phase-
shifted by 180°. Figure 4 shows the
connection of a shunt active power filter.
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Shunt Active Power Filter

Figure 4: Shunt Active Power Filter

Figure 5 shows how the active filter works
to compensate the load harmonic currents.
Shunt active filter produces filter current (Ig),
which is equal and opposite to the load
current such that source current become
sinusoidal. Such that it compensates the
harmonics in load current and reactive [power
generated at load side. The expected wave
forms of filter current, source current and
load current are also shown in figure 5.

Source Current ‘ Load Current
I I,
%"
Filter Current
I i Nonlinear
e Load

Power Distribution

Equivalent Circuit
Shunt Active
Power Filter

Figure 5: Generation Of Filter Current I To
Compensate Load-Current Harmonics

5. MATHEMATICAL MODEL OF ACTIVE
POWER FILTER

The equivalent circuit of the whole power
supply-active filter-diode rectifier is
presented in figure 6.
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Figure 6: Equivalent Circuit Of APF With 3-Phase
Supply And Rectifier




Journal of Theoretical and Applied Information Technology
30" June 2014. Vol. 64 No.3 B

© 2005 - 2014 JATIT & LLS. All rights reserved-

" A mm——
Sl

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

According to the equivalent circuit, the

active power filter is described by the
relation:
dif _
L = U Vs 1)
Where, v =y*E 2)

v is a switching state taking the values of
either 1 or -1 corresponding to the two
inverter levels +E or - E . Equation (2) allows
the dimensioning of the filter. Finally, the
whole active power filter with 3-phase supply
and rectifier can be modeled by the following
equations:

o[£ 0 0]
4 'lfa | ! 1 | Yia = Vs,
Lir =0 & offw, = v, ©)
[ Ve, — VU
| U | l iJ fe Sc
L
S VSqa~ €Sq
_iSa_ Ls lvsb—esb]
d |- —Rs vs.— es
z || = [ 0 lsb +% 4)
L. | l J lsc

Equations (3) and (4)  represent
mathematical modeling equations of shunt
active filter. Figure 6 represents the
configuration of active filter with 3-phase
supply and rectifier, here E represents
external dc and C acts like storage element.
es, represents source voltage, Rg, Lg represents
source resistance and inductance Ry, Lp
represents load side resistance and inductance
and Lg,Cr represents filter inductance and
filter capacitance. Here shunt active filter
connected between source and load. Here I; ,
represents filter current which is generated by
inverter (shunt active filter). Inverter gating
signals are generated by controller for
accuracy results. Filter current is equal and
opposite to load current (I ,) and reactive
component fundamental current (Ig,). Such
that it compensates the harmonics, which are
generated at load side. Then source current
(Isa)y become sinusoidal. To get results with
accuracy controller required. In this paper
Hysteresis current controller and fuzzy logic
controller are implemented to shunt active
filter.

6. HYSTERESIS CONTROLLER
SHUNT ACTIVE FILTER

TO

Figure 7 (ANNEXURE 2) shows the
simulation circuit for reference current
calculation. Load current with harmonics is

passed through two 2" order filters, in which
one acts as low pass filter and another acts as
high pass filter. They produce the current
without harmonics. The difference between
harmonic less current and load current with
harmonics will give reference filter current
signal.

Figure 8 (ANNEXURE 2) shows schematic
diagram of hysteresis controller. Reference
currents, which are generated by using notch
filter method, and filter current are compared.
The resultant (error) is fed to hysteresis
controller. Hysteresis controller allows the
error within specified band width and it
controls the error. If the error is in the given
band width then controller produces output as
1 otherwise output is 0.

The output of hysteresis controller and
triangular carrier wave, with frequencyl 0KHz, are
given to PWM controller to generate switching
signals to the converter. To increase the current of
particular phase, the upper switch of the PWM
converter of that particular phase is switched on,
while to decrease the current the lower switch of
the particular phase is switched on. These switching
signals after proper isolation and amplification are
given to the switching devices. Due to these
switching actions current flows through the filter
inductor L¢, to compensate the harmonic current
and reactive power of the load, so that only active
component drawn from the source.

7. FUZZY CONTROLLER TO
ACTIVE FILTER

SHUNT

Figure 9 (ANNEXURE 2) shows schematic
diagram of fuzzy controller. Reference
currents, which are generated by using notch
filter method, and filter current are compared.
The resultant (error) and change in error (de)
are given to fuzzy controller as input. Based
on inference mechanism, fuzzy controller
produces the gating signals to the converter in
order to get filter current, which compensate
the load current harmonics and reactive
component of load current.

The error signal is fed to fuzzy controller. The
outputs of fuzzy controller and triangular carrier
wave, with freq of 10 KHz, are given to PWM
controller to generate switching signals to
converter. To increase current of particular phase,
the upper switch of the PWM converter of that
particular phase is switched on, while to decrease
the current the lower switch of the particular phase
is switched on. These switching signals after proper
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isolation and amplification are given to the
switching devices. Due to these switching actions
current flows through the filter inductor L., to
compensate the harmonic current and reactive
power of the load, so that only active component
drawn from the source.

8. SIMULATION AND RESULTS

For simulation studies, the SIMULINK
toolbox under MATLAB software is used in
order to model and test the system under
investigation.

The parameters taken for modeling the system
are given in Table 1(APPENDIX A).

Figures 10 — 16 (ANNEXURE 3) show the
simulations results of the proposed shunt active
power filter controlled by fuzzy logic and a
conventional Hysteresis controller with MATLAB
program. The three phase source voltages are
assumed to be balanced and sinusoidal. The source
voltage waveform of the reference phase only
(phase-b, in this case) is shown in figure 10
(ANNEXURE 3).

A load with highly nonlinear characteristics is
considered for the load compensation. The THD in
the load current is 22.33% shown in figure 11
(ANNEXURE 3) without filter. The phase-b load
current is shown in figure 12 (ANNEXURE 3).
The source current is equal to the load current when
the compensator is not connected.

After applying the APF with hysteresis
controller THD in source current is reduced to
9.11% it is shown in figure 14 (ANNEXURE 3).
The filter reference currents, which are generated
by notch filter method, are shown in figure 12
(ANNEXURE 3). Source current and voltage
waveforms with hysteresis controller are shown in
figure 13 (ANNEXURE 3). At non-linear side
current and voltage waveforms are shown in figure
17 (ANNEXURE 3). Current and voltage waves
contains less ripple when compare to fuzzy
controller. Performance of controller under fault
condition and after fault condition is shown in
figure 19 (ANNEXURE 3).

After implementing the fuzzy controller to APF,
THD in source current is reduced to 7.01%, the
harmonic spectrum is shown in figure 16
(ANNEXURE 3). Source current, voltage and
power factor correction waveforms are shown in
figure 15 (ANNEXURE 3). Power factor is
reached to 0.951. At non linear side current and
voltage waveforms are shown in figure 18.
Performance of controller under fault condition and

after fault condition is shown
(ANNEXURE 3).

Non linear side DC current, voltage with two
controllers are shown in figure 17, figure 18
(ANNEXURE 3). From observation of above
figures concluded that ripple content in voltage and
current is less with hysteresis controller when
compare to Fuzzy controller.

In order to evaluate the performance with fault
condition Line to Ground fault applied at source
side with small duration of 0.06 to 0.1 sec. and
observe the variations in source current and source
voltage. Figure 19 (ANNEXURE 3), figure 20
(ANNEXURE 3) represents source current and
voltage before fault, during fault, after fault
conditions with two controllers. During fault
condition oscillations are less with Fuzzy controller
when compare to hysteresis controller. After
completion of fault period it is settling down to
normal state.

in figure 20

9. CONCLUSION

This paper has analyzed a shunt active power
filter consisting of a voltage source active power
filter. The effectiveness of the shunt active
power filtering especially with the application
of Hysteresis & Fuzzy controllers are shown.
In fact, the distortion of the power supply
current was diminished to a satisfactory level.
I.  With Fuzzy controller THD reduced
to 7.01% from 22.33%

II. With Hysteresis controller
reduced to 9.11%.

III. Ripple content at dc side Current and
voltage are also reduced.

IV. Power factor correction is done; power
factor is improved to 0.951.

This Active Power Filter with the Hysteresis
and Fuzzy Controllers were able to perform during
fault period on the system and restrained to normal
state after the fault period occurred on the mains.
As a result, the advantages listed above shows that
especially for large power applications, Shunt
Active power filters are seem to be an appropriate
solution. Finally it is concluded that Fuzzy
controller performs better than Hysteresis
controller.

THD
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ANNEXURE 1

Table 5.1.System parameters for simulation study

Parameter

Value

Supply’s voltage (v, ) & frequency (f; )

230V (RMS), 50 Hz

Line’s inductance (L, ) & resistance( Ry )

0.03 mH, 0.1 Q

Impedance upstream of the rectifier (L;) and (R;)

0.07 mH, 0.3 Q

Inductance (Lpc), capacitor (Cpc) , resistance (Rpc)

0.3 mH, 470 uF, 1.5 Q

Active filter input DC supply: capacitor (C), E

5400pF, 700 V

Active filter output impedance (L;) and (Cj)

1.25 mH, 21puF
if i,.f’s calculating, band-pass filter: damping factor & 0.707
LPF corrector: gain K, time constant t 1, 50e-6 s
PWM block
Carrier signal’s peak amplitude & frequency 10, 10 kHz
Switching frequency 18 kHz

ANNEXURE 2
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Figure 7: Simulation circuit for reference current calculation
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@) Display selected signal

ANNEXURE 3

V)

(©) Display FFT window

Figure 10: Supply Current iy, and voltage vy, waveform before applying classical APF.
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Figure 11: Harmonic spectrum I, before applying classical APF
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Figure 12: Load Current, Source Current and Filter Reference Current

Figure 13: Supply voltage V;, and current Ig, waveform with hysteresis controller
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— FFT analysis
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Figure 14: Harmonic spectrum Ig, with Hysteresis controller
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Figure 16: Harmonic spectrum I, with Fuzzy controller

Figure 17: Non linear side DC current and voltage with hysteresis controller
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Figure 18: Non linear side DC current and voltage with Fuzzy controller

Figure 19: Supply voltage Vg, and current Ig, waveform with hysteresis controller with fault condition
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Figure 20: Supply voltage Vg, and current Iy, and power factor correction waveform with Fuzzy Controller with

fault condition
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