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Introduction. To improve the power quality of a supply system, the total harmonic distortion (THD) is the most important parameter
in the quantification of harmonics caused by nonlinear loads. In practice, it must be less than 5 %. The novelty of the proposed work
consists in the use of a cascaded five level active filter, when the converter consisting of six H-bridge pairs, each one includes four
transistors. Purpose. To increase the efficiency of this filter, two techniques for quantification of harmonic currents are proposed,
first the PQ-theory which is simple but can only be used in case of a balanced grid, and second the synchronous reference frame
theory (SFR-theory), which is capable of creating harmonic current not only in an unbalanced grid, but also in an unbalanced and
distorted beam. Methods. Using the control techniques, the harmonic current is extracted from load current and considered as a
reference. The constructed current should follow this reference. Results. The estimation of the active and reactive powers is based on
the measurement of the currents crossing the load and the network voltages, these powers are used to determine the shape of the
harmonic (reference) current. Using the PI regulator, the output current of the five-level inverter follows the reference current
perfectly. The inverters output current is injected into the grid to eliminate harmonic currents. Practical value. In practice, the
harmonic distortion rate THD is the most widely used criterion for criticizing the waveform of the currents and judging the quality of
the energy involved. For currents on the source side, the THD is considered acceptable if it is less than 5 %, in our proposal the
THD is 0.85 % with the PQ-theory and 2.34 % with SFR-theory, so it is optimal. References 11, figures 23.

Key words: multilevel active power filter, total harmonic distortion, instantaneous active and reactive power, harmonic
currents, synchronous reference frame theory.

Bemyn. J[na noninwenns sxocmi  enekmpoenepezii y cucmemi  eleKmponocmadanta 3aeanvie eapmoniune cnomeopenns (3IC) e
HAUBANCTUGILUUM NAPAMEMPOM KITbKICHOT OYIHKU 2APMOMIK, BUKTUKAHUX HeNiHIUHUMU Haganmadcennamu. Ha npaxmuyi éona mae oymu
menworo 3a 5 %. Hosuszna 3anpononosanoi pobomu noisieae y BUKOPUCMAHHI KACKAOHO20 N SIMUPIGHeE020 aKmueHoz2o Qinempa, Ko
nepemeoplosay ckiadacmocs 3 wiecmu nap H-wocmis, kodxcna 3 akux exmouac womupu mpansucmopa. Mema. [Io6 nidsuwumu
epexmusHicmy ybo2o Qinbmpa, NPONOHYIOMbCSL 080 MEMOOU KITbKICHO20 8USHAYEHHS 2aPMOHILIHUX cmpymis: no-nepuie, PO-meopis, axa
npocma, aie Modxce BUKOPUCTIOBYBATNUCS Juwie Y pasi 30aNaHCO8aHOT CimKu, i, no-Opyae, Mmeopis CUHXPOHHOL cucmemu 8iONIKy (meopis
SFR). , aKutl 30amuuti cmeoplogamu. 2apMOHIHULL CIPYM He MINbKU 8 HeCUMeMpUYHIll Cimyi, a Ui Y HeCUMEemPUIHOMY Md CHOMBOPEHOMY
nyuky. Memoou. Bukopucmosytouu memoou ynpasuints, 2apMOHIUHUI CIPYM UMAZYEMbCA 3 CIPYMY HABAHMANCEHHS | PO32NAOAEMbCS
sk onopuutl. Tlobydosanuil cmpym nosunen cuioysamu 3a yum nocuianusm. Pesynemamu. Oyinka axmueHoi ma peakmueHoi
nomyslcHocmell 3ACHOBAHA HA GUMIPIOBAHHI CIMPYMIG, WO NPOXOO0AMb yepe3 HABAHMADICEHHs, Md Mepedcesux Hanpys, 3a yumu
NOMYJICHOCAMY  BUBHAYAEMbCA  hopma  2apmoHilinozo (onopnozo) cmpymy. Ilpu euxopucmanni Ill-pecyramopa euxionuii cmpym
1 AMupieHes020 iHBepmMopa MouHO GiOnosidac onopHoMy cmpymy. Buxionuii cmpym ineepmopa nooaemvcs 00 mepedci Onsi YCYHeHHs
eapmonitunux cmpymie. Ilpaxkmuuna winnicmo. Hacnpasoi xoegiyienm eapmonitinux cnomeopenv 31C ¢ Haubinbw  wupoxo
BUKOPUCIOBYBAHUM KpUmepiem 05l KpUMUKU Popmu Xeuui cmpymie ma OyinKu siKocmi 3a0isHol enepeii. /i cmpymie Ha cmopoHi
Oaxcepena 3I'C esadicacmuvcs nputinamnum, Akwo ein menute 5 %, 3a nauoro nponosuyiero 3I'C cmanosums 0,85 % 3 PQ-meopieio i 2,34 %
3 SFR-meopicto, momy 6in € onmumanvrum. biom. 11, puc. 23.

Knouosi cnosa: GararopiBHeBuii (iabTp aKTMBHOI NMOTY:KHOCTI, MOBHIi rapMOHiYHi CIOTBOpPEHHS, MUTTEBA AKTHBHA Ta
PeaKTHBHA MOTYKHOCTI, TADMOHIYHi CTPYMH, CHHXPOHHA TeOpisi CHCTeMH BijliKy.

multilevel

Introduction. The use of power electronics equipment In the

like large and small household appliances, computer and
telecommunications equipment, lighting equipment, medical
devices, monitoring and control instruments, presents a real
problem because they degrade the quality of electrical
energy, besides the environmental pollution due to the
difficulty of recycling their electronic waste.

This equipment affects the delivered power quality
by modifying the reactive power with the generated
harmonic currents, which disturb the rest of the receivers
connected to the same electrical network. This can take
many forms, starting with significant line losses,
saturation in distribution transformers, and may even
interfere with communication systems.

Many techniques are available to reduce harmonics
with many disadvantages such as electromagnetic
interference, risk of resonance, fixed compensation and
bulkiness [1, 2].

The active power filter improves the shape of the
current, adjusts the reactive power as a result of the
suppression of the different harmonic levels caused by the
nonlinear loads and prevents their propagation toward the
network [3, 4].

structure of active filters,
converters present significant advantages over traditional
two-level converters, namely [5, 6]:

o smaller output voltage step;

¢ lower harmonic components;

e better electromagnetic compatibility;

o lower switching losses.

In this context, the present work consists in improving
the power quality, by reducing the total harmonic distortion,
using a three phase cascaded active filter. Each phase
contains two H-bridges of 4 power transistors. Hereafter the
functioning of this system is outlined.

Design of shunt active power line conditioner
(APLC) system. The APLC is controlled in order to draw
(supply) a current ir from (to) the utility, in order to
cancel the current harmonics on the network side. In this
way, the APLC given by (Fig. 1) is used to eliminate the
current harmonics and compensate the reactive power [7].

The nonlinear load current i; is represented as:

iﬂt)ziln sin(not+¢,); (1)

n=1
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ip () =1Iysin(@t+ @)+ Y I, sin(not +¢,) .
n=2
For harmonic compensation, the active filter must
provide the compensation current:
ip()=ig(t)=ig(1). A3)
At that time, the source current ig will be in phase
with the utility voltage and become sinusoidal.

2

ig il.

Non-Linear
Load

APLC

voc
Fig. 1. Block diagram of basic APLC

Active filter structure. The cascaded five-level
inverter. In this work, the APLC is a three-phase
cascaded multilevel active power inverter. This filter is
composed by three pairs of H-bridges; each one consists
of 4 power transistors [7]. The design of the filter is
shown in Fig. 2.
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Fig. 2. Cascaded multilevel inverter design

Harmonic powers identification. The identification
method chosen in first is called the method of the real and
imaginary instantaneous powers [8, 9]. It offers the
advantage of choosing the disturbance to be compensated
with precision, speed and simplicity. The essential feature
of this procedure is the reduction of the size of the system
to be solved. Indeed, instead of having a system of 6
equations, one will have only to solve a system of four
equations. Current and voltage are calculated according to
Concordia transformation and given as [10]:
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The expressions of the instantancous real and
imaginary load powers are given as follow:

MR

(6)

where p and ¢ contain respectively the harmonic (oscillatory)
and continuous terms which can be written as:

P=DctPhs 4=9c+ 9 (7
This method is described in detail in the diagram on
Fig. 3, 4.
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Fig. 3. Building block of calculation of harmonics powers
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Fig. 4. Building block of the three reference currents calculation

Hereafter, the continuous power component is
eliminated in order to preserve only the alternative one,
which is related to the required harmonic content. This is
feasible by a simple use of a second order low pass filter
[4]. This is illustrated by the diagram in Fig. 5.
ph
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Fig. 5. Harmonic power separation
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By a simple use of the reverse Concordia
transformation [8] defined by (9), one arrives at the
reference current i,.; presented in Fig. 6.
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Fig. 6. Harmonic currents i, i, i) (reference currents)

Simulation results using theoretical active and
reactive powers. The regulation current is realized by
using a PI classic regulator as presented in Fig. 7.
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Fig 7.The current regulation scheme

The reference current follows very well the

measured harmonic current (Fig. 8).
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Fig. 8. Reference and measured harmonic currents

Reference and mesured harmonic currents (A)

Pulse-width modulation (PWM) pulses generation.
PWM technique solves the control problem of the
commutation frequency while functioning with a fixed
frequency, easy to filter downstream from the inverters. The
general diagram of the PWM technique is given in Fig. 9.
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The currents polluted by the non-linear load and their
spectrum represented respectively in Fig. 12, 13.
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Fig. 12. Polluted load currents without filtering

Fundamental (50Hz) = 46.94 , THD= 21.84%
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Fig. 13. Spectrum of polluted current iy, without filtering

The cascaded five-level active filter includes 3 pairs
of H-bridge, everyone characterized by a compensation
DC source of 450 V. This filter is interfaced with the
network by an inductive passive filter having L, = 3 mH,
in order to protect the network. Before using this filter the
load currents are heavily polluted they have almost the
form of a square signal, these are indicated in Fig. 14.

These triangular signals obtained by the PWM are
presented on Fig. 10.
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Fig. 10. Super imposed PWM triangular signals (zoom)
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Simulation result without filter. In the simulation
the model presented in Fig. 11, contain two parts.

Network. It consists of 3 AC voltages having an
effective value of 400 V line to line, and a line impedance
with Ly =3mH, R, = 0.5 Q, the source frequency is 50 Hz.

Polluting load. 1t is a 6 diodes bridge, feeding a
series RL load, where L=0.1 Hand R =20 Q.

Resistor and inducter
of line

O ¢f$
TN

Fig. 11. éimulation model of network and polluting load without
filters
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Fig. 14. Load currents

Figure 15 present the filtered source current by a
five-level active parallel filter, followed by its harmonic
spectrum and the corresponding total harmonic distortion
(THD) in Fig. 16.
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Fig. 15. Filtered source currents

Fundamental (50Hz) = 49, THD= 0.85%
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Fig. 16. Spectrum of filtered current i,
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We clearly observe a significant reduction of the
secondary spectral peaks, indicating the efficiency of our
approach. Indeed, according to the harmonic spectrum
and its calculated THD, there is an improvement of the
filtering quality. The total harmonic distortion of the
current fell from 21.84 % to 0.85 %.

The results obtained demonstrate the efficiency of the
theoretical PQ technique for a balanced network, but when
the network is unbalanced, the technique cannot sustain these
performances. The proof is the unbalanced shape of the
currents even after filtering as shown in Fig. 17.
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Fig. 17. Three phase current for unbalanced grid using PQ
powers theory

An imbalance consists of a 25 % decrease in the
voltage of one phase compared to the others.

Synchronous reference frame (SRF) theory. The
block diagram of the SRF strategy is given in Fig. 18.

Fig. 18. Block diagram of SRF structure

We use (4) to transform the measured 3 phase
current into 2 phase a-f stationary frame, and then the
transformation from 2 phase a-f stationary frame to 2
phase d-q rotating frame is given by:

ig __siné? —cos@ || iy (10)
iy B | cosd  sind | ip ’
where i; and i, are given by:
ia] g @
=L 2. 11
_%} [% %1 W

The out of low-pass filter gives continuous current
component. The inverse transformation the transformation
from 2 phase d-g rotating frame to 2 phases a-f-0

stationary frame is given by:
lgref | | sin@ —cos@ iy
i fref “lcos® sing | ig |
The 3-phase compensation currents can be calculated
using the same Eq. (9). Finally, the synchronization angle of
reference frame is determined using dual second order

generalized integrator phase locked loop with prefilter
DSOGI-PLL-WPF technique described in [11] (Fig. 19).
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Fig. 19. Synchronization angle determination [11]
Simulation results using SRF theory. In this

simulation the grid is unbalanced and also affected by a third

rang harmonic applied in the first voltage curve (Fig. 20).
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Fig. 20 Three phase voltage for unbalanced and distorted grid

The reference current follows very well the

measured harmonic current (Fig. 21).
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Fig. 21. Reference and measured harmonic currents for SRF

The 3 currents filtered using the SRF and their
spectrum are respectively represented in Fig. 22, 23.
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Fig. 22. Three phase filtered source current for unbalanced and

distorted grid using SRF
Fundamental (50Hz) = 48.85 , THD= 2.34%
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Fig. 23. Spectrum of filtered current i, of SRF for unbalanced
and distorted grid
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The unbalanced and distorted grid is considered a
critical situation and with a nonlinear load makes the grid
very polluted and disturbed. Although the THD is larger
comparing with that of the theoretical PQ technique, but
under these network conditions it is very acceptable
especially that it is still within the allowable range.

Conclusions. In this paper, the elements constituting
the structure of a cascaded five-level active filter are
presented. At first we presented the structure of the five-
level inverter which is the basic element of our study, as
well as the PWM technique with superimposed carriers,
which offers a precise and fast control of the output
quantities of the converter.

To identify harmonic currents, the active and
reactive power method is firstly used for balanced grid
condition. For wunbalanced network PQ theoretical
technique is not effective, so we replace it with
synchronous reference frame strategy which needs an
exact synchronization angle determination. This technique
is asily achievable and requires only simple current and
voltage sensors.

Compared with the load current THD which is 21.84 %,
using the five-level structure, the source current remains
slightly infected with noise due to the nonlinear load, the
source current THD drops to a value of 2.34 %.
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