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Abstract- This paper presents the possibility of improving the quality of the output voltage delivered by a multi-level inverter
for interconnection between a renewable energy generator and the electricity grid. For this purpose, we use the Newton
Raphson algorithm for solving nonlinear equations to determine the optimal switching angles. In our study, we consider
multilevel inverters with output voltages of odd levels. Finally, we evaluate the rate of distorting harmonics (THD) of obtained

voltages, according to various indices of adjustment.
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1. Introduction

The development of high voltage converters is
growing rapidly in recent years and multilevel
source voltage and matrix converters (MC) seem
to be the standard solution for medium voltage
applications [1]. Modern power electronics have
contributed a great deal to the development of new
powerful applications and industrial solutions; but
at the same time, these advances have increased
the harmonic contamination present in line
currents, which ends up distorting the voltage
waveforms [2]. The main advantage of multilevel
converters and its topology is that it can generate
almost perfect current or voltage waveforms,
because it is modulated by amplitude instead of
pulse-width. That means that the pulsating torque
generated by harmonics and power losses into the
machine due to harmonic currents can be
eliminated. Another advantage of this kind of drive
is the switching frequency and power rating of the
semiconductors is reduced considerably [3].

The generators of renewable energy are
developing, although their connection to the case
in terms of electrical operation of the technical

implications to the distribution network [4][5]. The
integration of the renewable energy generators in
power systems has identified several priorities; the
most important is to address the quality of energy
injected into the grid [6].

So to place the interest of this paper, we begin to
show in Fig. 1. It illustrates an interface system
connected with a energy source to the network. To
this end, two converters are used: an energy
converter and a electronics converter used to adapt
the electrical quantities.
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Fig. 1. Wind turbine based of DFIG
The latter may consist of one or more conversion
stages. However, the top level which provides the
network connection is necessarily a voltage
inverter [7, 8].
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Furthermore we can distinguish a control system
that ensures control of the extracted power and that
the electrical, mechanical, and finally the power
interface that reinforces the constraints of the
network connection and better use of the generator.

For more details, we present Fig. 2; illustrate a
wind turbine based on double-fed induction
machine [9]. Where one sees much interest in the
use of the inverter and the need to ensure a clean
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Fig. 2. Production device

For the power returned to the network is
improved. So, consider that it is multilevel allows
increased DC bus voltage by series connection of
capacitors of the DC bus and transit and more
power and the ratio of redundant vectors in
balancing the DC bus and the possibility of
connecting multiple generators on the DC bus by
increasing the number of capacitors (each
generator can be connected across a capacitor), and
it can improve the quality of the output voltages of
inverter, in turn aside the maximum residual
harmonics by the technique of choice for pre-
calculated switching angles [10]. Generally the
more levels of voltage generated by the converter,
the greater will be its low total harmonic
distortion.

2. Structure of Multilevel Inverter

Figure 3, shows the diagram of a three-phase
asymmetrical multilevel inverter. It has a cascade
structure formed by the connection of inverters in
each partial phase [11].
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Fig. 3. Three-phase asymmetrical multilevel inverter

Generally the output voltage presents two fold
symmetry with respect to a quarter of the voltage
and the other over the half period as shown Fig. 4.
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Fig. 4. Shape of the output voltage of an arm

This part of the tension is characterized by the
number of slots per rotation. This number is odd or
even, it also represents the number of switching
angles per quarter period. Therefore, these angles
are sufficient to determine the width of all slots.
These switching angles are predetermined so as to
eliminate certain harmonics defined previously [9].

In this study, we focus on the elimination of
harmonics 5, 7, 11, 13 and 17. Thus the Fourier
series will be simplified and the study will be
limited to only one quarter of the period. Are the
following expression:

f(a)=V («)= a,sin(ha)
% o)

Where:

a, = ;i”fzf (e )sin (na )d («)

3)
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With:

After integration, with some calculations, we
obtain an algebraic system of nonlinear equations
admit many solutions. The Newton-Raphson [12]
is usually more used to solve such a system, which
becomes:

o = ot

Cos (a;) — Cos (@ ;) + wovvvveer e +Cos (a¢) = %hl
57
Cos (5a;) — Cos (5a,) + weuvvnen. + Cos (5a.) = mhs
Cos (na,) — Cos (nax,) + £ Cos (Nate) = —-h
)-comtna ST

With, n: odd number multiple of three; U:
supply voltage; h, : fundamental output voltage U;

h, : harmonic i and ¢; : switching angle.

However C-1 to eliminate harmonics of the
output voltage we must impose the inequalities (6)
and retain only the solutions satisfying the
condition (6):

Cos(a;) —Cos(ary) + evvvvernene +Cos(a.) = %rl
Cos(5a,) —Cos(5a,) +.......... +Cos(5a;) =0
Cos(nay) —Cos(Na,) + eceveeee +Cos(nag) = h, (5)
Where, r, = Bl - is the modulation rate.
0y <0y < ire, o, < —
2 (6)

3. Newton-Raphson Algorithm Method

The resolution of the system (5) gives the
switching angles suitable, which is obtained by
considering the following steps [12]:

3.1. Propose a set of initial values
For j=0

j .
o —[(Xl ,(XZJ, ............. y O g (7)

This step requires the choice of initial angles.
Therefore, it is the major problem of the method.
So then, it is recommended to perform the method
of choice for initial angles developed in [5, 12]
which are calculated according to the following
expression:

4
Eang = 3(C +1) (8)

Eang and C represent respectively the angular and
number of switching angles.

3.2. Calculation of the vector form condensed
nonlinear equations of the system:

F(O{j)Z Fj (9)

3.3. Linearization of equation (10) around «’:

i
F‘#[af} da' =K
oo

(10)
of,loa, oOflda, of,lda.
of,10a, of,lda, of,l1da.

[of loa]da’ =
ofc 1oa, ofcloa, ... ofc 1oa.
(11)

f . is the functions related to the harmonic
switching angles. And,

da’ =[de; daj K, de] [ (12)
3.4. Solve da’ from the equation (12) by:
da’ = INV[6f /0a] (M —F") (13)
M: are the amplitudes of harmonics.
3.5. Change the initial values at each stage by:
a=a'+da’ (14)

3.6. Repeat the process of equation (9) to equation
(12) until the process is satisfied.

4. Simulation and interpretation

We consider three examples of multi-wave (at 7,
9 and 11) based on various indices of adjustment.
To get started, we programmed in Matlab the
Newton-Raphson algorithm. Through which we
determined the optimal switching angles. That
allowed us to visualize the shapes of voltages at
the output of the inverter. Finally, their respective
frequencies are presented for changing the rate of
harmonic provisions of each case. To this end, we
first calculated and presented in Fig. 5, 6 and 7.
The solutions of optimal angles of the variation of
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the index adjustment (a) of their total harmonic
distortion THD (b) for cases output voltage of
inverter levels 7, 9 and 11 respectively.

The results of programming for determining
switching angles by the Newton Raphson giving
different angles for different values of switching
modulation rate (r) are given in Fig.5a, Fig. 6a and
Fig. 7a for 7,9 and 11 levels.

In most cases, there are probably more
appropriate solutions to eliminate the same
harmonics of the output voltage of the inverter; it
needs a calculation of total harmonic distortion for
different solutions. The final solution to be used is
the one with the lowest THD. It was stinking up
the following results in the same condition of
supply voltages. After several test simulations and
analysis, we have the following observations:

In general, the THD of the output voltage of the
inverter is inversely proportional to the modulation
rate. Increasing the number of low-level inverters.
The elimination of harmonics 5.7.11 and 13 of the
output voltage is ensured. The smaller the value of
THD that has been observed in our survey. Is the
multilevel 11 and r = 0.96, THD = 12.89%.

Group voltage whatsoever renewable energy
generator same nature that is a set of wind or a set
of solar panels or both are simultaneously (hybrid
system) at the entrance of a single multi-level
inverters. Voltage is treated by eliminating
undesirable harmonic and others by reducing the
number of inverter, the level of interconnection.
For seven and nine levels inverter, the harmonics
5,7 (shown Fig. 5¢) and 5.7,11 (Fig. 6¢) are
eliminated respectively and finally for 11 levels
inverter the harmonics 5, 7, 11 and also 13 are
illumined , shown Fig. 7c.
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Fig. 5. Seven levels Inverter
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5. Conclusion

This study has enabled us to understand the
principle of an alternative screening among several
alternatives available to ensurproper connection
Because each filtering method has advantages and
disadvantages, we note that the technique of
calculating  switching angles corresponding
multilevel inverters are eliminating certain
harmonics which have the following advantages:
the moments of order are known in advance;
allows the selection of harmonics to be eliminated;
also allows control of the amplitude of the
fundamental and allows the reduction of the
number of inverters at the interconnection. This
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improves the performance of the inverter-network
Association.

The main drawback of the technique of Newton-
Raphson method applied to solving systems of
nonlinear equations of this technique is the
difficulty of choosing initial values of switching
angles. This technique can also be used to power
the induction machines fed by inverters which are
adopted primarily for medium and large motor
power this technique provides good dynamic
performance for our case, the torque ripple in the
case of variable speed drives and opens an
interesting field for the use of such strategy.
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