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1. INTRODUCTION

The increasing use in industry of energy conversion static devices known as static converters leads
to increasingly disturbance problems in electrical networks. Thus, increases in harmonic rates and current
imbalance are expected, besides a consequent consumption of reactive power.

There are several remedial options to clean the electrical systems. That which best meets today
industrial constraints is the active filtering (compensator active filter) [1].

The active filtering can be used to compensate the harmonic and unbalanced currents, the harmonic
and unbalanced voltages, the voltage dips and even the reactive power [1], [2].
There are a number of active filter topologies [2], [3], [4]:
a. Series active filters,
b. Parallel active filters,
c. Hybrid active filters. Combination of an active and a passive filters,
d. Active filter based on multilevel inverters.
There are several control strategies for the active filter. The most widespread are:
a. The control strategies in the frequency domain. Based on the Fourrier analysis of the non sinusoidal

voltage and current,
b. The control strategies in the time domain. The most known of these strategies is the instantaneous power
method.

However the active filter does not meet the growing needs of the industry, this has led to seek out
adequate solutions. One way is to increase the voltage level. But the rise of the semiconductor withstand
voltage leads to a deterioration of their static and dynamic performances. This constraint has led to the
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substitution of the active filter conventional inverter by a multilevel inverter. This combination gives rise to
the multilevel active filters. The output of multilevel inverter is a staircase wave, which is nearly sinusoidal

[5].

For three phase applications and for a small number of levels, the NPC inverters are interesting,
since the capacitors are shared between the different branches, resulting in the balancing of the power
flowing through the phases. Thus the most suitable converter for our application is the NPC multilevel
inverter.

The paper starts with a presentation of the active filter followed by a recall of the Neutral Point
Clamped multilevel inverter NPC. Definitions of the technique of reference signal generation for the reactive
instantaneous power and the technique of the SPWM control signal generation are given on the ensuing
section. Finally a discussion of the simulated results is presented.

2. STRUCTURE OF THE PARALLEL MULTILEVEL ACTIVE FILTER OR SHUNT (APFs)

The multilevel active filter is constituted of two parts. The power circuit is structured into a
multilevel inverter, a coupling filter and a passive element which serves as an energy source. The control
circuit serves to monitor the switching of the semiconductor elements that form the inverter of the power
circuit.

By means of appropriate control strategies, we can generate harmonic signals at the inverter output
in order to compensate those present in the electrical nework [6].

Mamrezent

o gidvarisblas

I ¥ ence sg control sigrals

Figure 1. General structure of a parallel active filter

3. NEUTRAL POINT CLAMPED MULTILEVEL INVERTER (NPC)

The NPC inverter is proposed by Baker [7]. This inverter allows obtaining a voltage odd level [8],
[9]. The first NPC inverter has been developped for a three level output voltage through superposition of two
basic switches each supplied by a separate DC voltage source.

This multilevel structure is called neutral clamped. This kind of technique allows installing the
switches in series for high voltage applications. The distribution of the E voltage over the different power
switches in series is this time ensured by diodes connected with the center tap.

The voltage across the capacitors is equal to:

Vck=E/(N-1);

Figure 2. NPC three level inverter (per phase)
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4. ACTIVEFILTER CONTROL

As shown in Figure 1, the control part is generally divided into two sections. The first one, which is
of significant importance for the filter performances, is to generate reference harmonic signals. The second
one, is the generation of control signals to open and close the semi conductors. Both parts are crucial in the
active filter performance.

4.1. Generation of Reference Signals by the Power Reactive Instantaneous Method

This method is based on the measure of three phase instantaneous variables contained in the
electrical network with or without negative sequence components [10], [11]. This method is equally valid in
steady and transient states.

In the control algorithm, the voltage and current measurements expressed in three phase form (abc)
are converted in an equivalent two phase system (o) using the Concordia Transformation [12] which leaves
the power invariant.

Vo | 1 -y2 —y2 " ®)
s e ) v

That gives us:
p:Va'ia+Vﬂ-iﬁ (4)
p:Va'iﬂ_Vﬂ'ia (5)

The instant actual power and the instant fictitious power can be expressed in the following way:
p=p+p (6)
q=0+q @)

Where P and @ are respectively, the components of active and reactive average powers

corresponding to the fondamental load current (50 Hz), while [3 and C~1 correspond to the alternative

components linked to the harmonic current. The harmonic compensation by the active filter is done through
the generation of the latter.

p=p* : q=q* 8)

Consequently, the removal of the fondamental component in equations (8) is carried out using two
low pass filters of second order.

Figure 3. Low pass filter used
The reference compensation currents shall be calculated by the following formula

i, * 10 .
r|-az vz Vi [ ©
io* ~y2 32|

Where,

B (10)
iﬂ* —Vg Vg q*
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Figure 4. Active filter controlled by the instantaneous power method

4.2. Control Signal Generation by the Pulse Width Modulation (SPWM) Technique
Another important step is to generate control signals for the semiconductors of active filter inverter.
These control signals are obtained from the harmonic compensation signals seen in the previous section. In

this method, the difference between the reference current j, and the filter current j,* is applied to the input
of a Proportional-Integral controller P1. The regulator output signal will then be compared to one or more
triangle carriers Up which have the same amplitude A, = 2/(N —1) and the same frequency fp [13].

Each comparison gives 0 if the modulating signal is higher than the carrier. Otherwise it gives 1. The sum of
signals obtained from the comparisons gives the phase voltage value of each level.
Two parameters typify this strategy [14]:

Modulation index: Q = f  /f

Voltage adjustment coefficient: = A,/((N-=1) A,
The Figure 5 shows the necessary signals to generate a five level voltage, with Q=30 and r= 1.
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Figure 5. Reference voltage and triangle carriers for a five multilevel inverter (Q=20, r = 1)
The diagram of natural sampling SPWM control is illustrated on Figure 6.
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Figure 6. Principle of control currents by SPWM

5. SIMULATION RESULTS

To test the feasibility of the multilevel active filter, we use a comparative study based on the THD
of output courant Isa (A) for the 2, 3, 5 and 7 NPC multilevel inverter.

The 2, 3, 5 and 7 multilevel active filter simulations are carried out by PSIM program. In order to
get the THD level of the waveform, a Fast Fourrier Transform (FFT) of PSIM program is applied to obtain
the spectrum of the output courant.

For the comparison, the THD and the fundamental voltage are measured and presented for all
simulations.

Figure 7 represents 2, 3, 5 and 7 multilevel active filters.
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Figure 7. (a) 2-level active filter, (b) 3-level active filter, (c) 5-level active filter, (d) 7-level active filter

5.1. Before Use of the Active Filter

Figure 8 and Figure 9 show the current waveform Isa (A) and its harmonic spectrum for the
electrical network before compensation.
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Figure 8. The source current Isa (A) before compensation
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Figure 9. Current harmonic spectrum of the source before compensation

5.2. Two-Level Active Filter Simulations
Figure 10, Figure 11, Figure.12 and Figure.13 show the current waveform Ifa (A), the current
waveform Isa (A), its harmonic spectrum and a closer look for the 2-level active filter.
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Figure 10. Source current Isa (A)
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Figure 11. Filter current Ifa (A)
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Figure 12. Harmonic spectrum of the source current Isa (A) after compensation
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Figure 13. Closer look for Harmonic spectrum of the source current Isa (A)
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According to the Figure 9 and Figure 12 Which show respectively the harmonic spectrum of the
source current before and after compensation, we found the total harmonic distorsion THD before
compensation current injection was 22.82% and 4.41% after compensation current injection. The result is a
significant improvement in terms of quality of the source current.

5.3. Three-Level Active Filter Simulations
Figure.14, Figure.15, Figure.16 and Figure.17 show the current waveform Ifa (A), the current
waveform Isa (A), its harmonic spectrum and a closer look for the 3-level active filter.
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Figure 14. Source current Isa (A)
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Figure 16. Harmonic spectrum of the source current Isa (A) after compensation
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Figure 17. Closer look for Harmonic spectrum of the source current Isa (A)

According to the Figure 12 and Figure 16 which show respectively the harmonic spectra of the two
and three level filter source current, we note that the total harmonic distorsion THD of the three level filter
(2.84%) is lower than the two level filter THD (4.41%), which will improve further the quality of the source
current.

5.4. Five-Level Active Filter Simulations
Figure 18, Figure 19, Figure 20 and Figure 21 show the current waveform Ifa (A), the current
waveform Isa (A), its harmonic spectrum and a closer look for the 5-level active filter.
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Figure 18. Source current Isa (A)
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Figure 19. Filter current Ifa (A)
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Figure 20. Harmonic spectrum of the source current Isa (A) after compensation
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Figure 21. Closer look for Harmonic spectrum of the source current Isa (A)

According to the Figure 16 and Figure 20 which show respectively the harmonic spectra of the three
and five level filter source current. We note that the total harmonic distorsion THD of the five level filter
(2.36%) is lower than the three level filter THD (2.84%), which will improve further the quality o the source

current.

5.5. Seven-Level Active Filter Simulations
Figure.22, Figure.23, Figure.24 and Figure.25 show the current waveform Ifa (A), the current

waveform Isa (A), its harmonic spectrum and a closer look for the 7-level active filter.
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Figure 22. Source current Isa (A)
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Figure 23. Filter current Ifa (A)

a0

0

10

5000 A D000 1 5000 20000
Froquency (Hz)

Figure 24. Harmonic spectrum of the source current Isa (A) after compensation
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Figure 25. Closer look for Harmonic spectrum of the source current Isa (A)

According to the Figure 20 and Figure 24 which show respectively the harmonic spectra of the three
and five level filter source current. We note that the total harmonic distorsion THD of the five level filter
(1.73%) is lower than the three level filter THD (2.36%), which will improve further the quality o the source
current.

6. ANALYSIS OF RESULTS
The table below aggregates all the obtained simulation results;

IJAAS Vol. 5, No. 1, March 2016 : 21 -31
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Table 1. Simulation Results

Source current THD (%)
Without active filter 22.82
2-level active filter 4.41
3-level active filter 2.84
5-level active filter 2.36
7-level active filter 1.73

According to the table above, we find that the THD of 7 level filter is lower than that of five levels.
The THD of 5 level filter is lower than that of 3 levels. And the THD of the 3 level filter is lower tan that of
two levels.
Thus we can deduce that the filtering quality is getting better in moving from a lower level filter to a higher
level filter.

7. CONCLUSION

In this paper, the generation method of reference signals of reactive instant power and the generation
method of SPWM control signals of multilevel active filter are presented.The total harmonic distorsions THD
are measured, grouped and analysed.

It is found that the filtering quality is improved when increasing the active filter levels. Despite the
fact that the difference of THD between different active filter levels is less than 3 % (0.48 % to 2.68%), there
is no denying the superiority of the seven active filter compared to the two, three and five level active filters.
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