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ABSTRACT

Static converters are used in various fields of the conversion of electrical energy. The important
development of electric power switches and variety of design techniques of control and regulation circuits
bring very advantageous solutions for congestion, reliability, performance and maintenance of converters.
This work focuses on optimizing the performance of a thyristor three-phase inverter, and its association
with a photovoltaic generator for the purpose of operating a maximum power delivered by the latter. The
nature of the control of electronic switches allows to optimize the performance of a three-phase inverter
thyristors, using a percentage of the open circuit voltage of a solar panel driver. The operation control
system helps to operate at maximum power of the photovoltaic system.
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1. INTRODUCTION

Since the control of electromagnetic phenomena explained and formalized by the Maxwell
equations, we know that electricity is produced using rotating magnetic fields. A retrospective
and contemporary look of our society shows us that the developed countries had their economic,
social and infrastructural prowess through industrialization itself dependent on energy sources
and more specifically, production, transport and wide distribution of electrical energy [2],[3], [5],
[8] and[11]. This energy produced in hydro power plants or turbine has a form of fixed sine wave
amplitude and frequency. It should then be transported and distributed to its various users. As
difficulty, there is the waveform produced and sent to subscribers do not always correspond to
that required by various installations of the subscriber [21] and[6]. Hence the need to install
conversion devices of the waveform of the distributor that desired by the facilities once the
energy produced and delivered to the user. Thus talk of conversion devices rectifiers, choppers,
inverters, controllers and cyclo converters [4], [9],[12], [13], [14], [16], [19], [20] and [21]. By
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placing us only in the field of processing of electrical energy after production, we will throughout
this work to limit ourselves to electrical conversion waveforms in other words, on the possibilities
of generating at the industrial and domestic scale, alternative electrical energy (amplitude and
frequency variable) using of any DC source [7], [18] and [9]. Because the distributors of electrical
energy supply only energy sinusoidal AC waveform is fixed in amplitude and frequency, there
arises firstly at the enterprise level and domestic installations multiple issues and challenges we
have the right to ask: how to change the waveform of the distributor in a form of variable wave
amplitude and frequency? How to have recourse to an emergency power supply in case of failure
of the distributor network? On the other hand, knowing that for an AC motor that the speed
depends on the amplitude and frequency of the voltage applied to its terminals, it begs the
question of how to regulate and control this speed when we know that it can not be fixed as long
as it remains powered by a fixed network in amplitude and frequency?

In areas of sensitive activities such as hospitals where one does not want a power failure, it is also
the question of how to address the problem of breaking any distribution network at least in
sensitive blocks such as the operating room?

Multiple solutions can be proposed for each of the issues raised but, as part of this work, we will
limit ourselves to those proposed by the power electronics. Indeed, for its various concerns, the
development of power electronics is dependent on the physics of semiconductor devices to
provide a solution by simply inserting an inverter between the power source and the load.
However, we do not limit ourselves to the insertion of an inverter with the aim to answer our
questions, but much more, we will focus throughout the work on the optimization of a
performance thyristor three-phase inverter. This article in its joints, first presents the material
basis and methods which details the specific study of several inverters to make a wise choice
from that which we propose to scale it and optimize it, then As results and discussion of the
simulation of the three-phase autonomous inverter thyristors followed by a critical comparison
with those of devices presented by the literature and finally the conclusion.

2. MATERIALS AND METHODS

2.1 Material

As part of this work, we used the integrated software in MATLAB Simulink saw a possible
optimization.

2.2 Methods

To conduct a critical analysis of our three-phase inverter, perform the dimensioning of a power
inverter circuits.

2.2.1 Sizing and Selection of thyristors and freewheel diodes

In electronics, the design is defined as all the calculations that are made for the selection of a
component from the array of existing ones similar to insert it wisely in the scheme of making a
system design. The design of a three-phase inverter 3kW primarily relies on the knowledge of its
output characteristics.
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2.2.1.1 RMS current calculation supported by each thyristor

The trick is to pay attention to an operating state of the system. If the inverter must produce an
output power P, we say immediately that for a load coupled star and a DC supply voltage U, the
rms current in each phase will be deducted from the P=3V,Icospwhere V; is the effective value of

the fundamental of the output voltage between Phase V; = U \/77
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Figure 1:Complete Mounting phase extinction circuit LC extinguishing circuit.

Taking cosg known, is obtained:
TP
lesr = V2 U cos¢.
Hence the average value of the current intensity through each switch:

1 . .
Irp = Ieff\/f (H;Tﬂ equivalent to the average current that the semiconductor leaves for a past

period.

For a delta connection where we should have a voltage between phase equal to the effective
voltage.

So during operation of the system, each thyristor will be able to let through an effective current
which is an essential characteristic without the temperature of its junction is scope to that
destruction. It is also easily deduced that the peak current that provide the inverter to the load,

once it is passed through the thyristors Ieffx/f .
2.2.1.2 Determination of V,k voltage Max in the off state
The three-phase voltage inverter power P supplied by a DC voltage E is such that:

e The positive voltage than the thyristor can withstand live, when blocked is greater than E.
It is desirable to take V sk max > E.

e The negative voltage that can support the thyristor in reverse when locked equals V ak max
in absolute value. It is desirable to take V sk inv Max< -E.
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In short, the choice of thyristors for which the voltage values Vs max €t Vax v Mmax are lower in
absolute terms than the supply voltage E will help us to uncontrolled Arcing or destruction of
thyristors breakdown.

2.2.1.3 Determining the control characteristics
The thyristor starting circuit will be almost identical to that proposed by Ndjiya et al.(2014) [9].
2.2.1.4. Sizing and Selection of freewheeling diodes

Having assumed in the theoretical analysis that the current in the load is sinusoidal shape
I'(t) = IV2 sinwt and analysis of different voltages and timing out of current shows that for
each inverter, each freewheeling diode is conducting every time the forward current of the
corresponding thyristor tends to be canceled. Thus, the choice of our free-wheeling diodes, a
constraint depend running three times lower than that of thyristors, ie: Lzp = 1,4/3.

Their tensile stresses will remain equal to those of the thyristors, view them in antiparallel to the
thyristors. Vak max E. diodes will therefore be greater than the voltage of the DC power source E.

2.2.2 Calculation of protection devices against surges and currents

The protection of semiconductor switching devices against surges is done through an RC circuit
that we have parallel component to protect. The calculation of these components, should take
account of RC time of the order. tsbeing of the order of 40 us for the fastest power thyristors, we
have chosen for our calculations from 1 tsto 100 ps that a fast thyristor will be more suited to a
UPS with oscillating quenching circuit which actually presents some difficulties operating at high
frequencies[10].

2.2.3 Calculation of extinction circuit

For our study, we focused our choice on an extinction circuit LC oscillating circuit [9]. We have
the ability C;se charge in the voltage U during conduction de Ty,;. When closing Th,, LC, circuit
drives the oscillatory discharge of C; through T;,. Later this discharge beingi. =

UCw sinwtwherew = 1/,/LC;. The voltage across the lower half of the inductance.

Ldi/dt = Ucoswt, created on the Ty K cathode potential 2UCoswt while its anode is at a
potential U.This outcome is the current peak of this potential difference will produce the locking
Ty. Therefore, Va-Vx = U-2Ucoswt. This tension, negative, tend to turn positive again after
some time, passing of course zero. Thl remains blocked until the voltage remains above its
cathode U. Let t, the time when we will have V =>tx = 7n/30 = 71'[\/L_Cl/3 = 7 T,/6with
T,is the natural period of the LC circuit.

This means that Ty; tend to become conductor from the moment t;. It will choose t; at least equal
to the time for defusing st t;,; does reboots.

6tg

wherety > tq => 2m,/LC; 2 -

Definitely, the LC extinguishing system must be calculated so that its own period is greater than
or equal to Where 0.86t,.
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3. RESULTS OF THE SIMULATION

The simulations conducted tests show the timing of each of the components of the logic circuit of
switching aid and our DC converter switches - Alternative. These timing diagrams are strictly
identical to those required in theory [9], [10].
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Figure 3:Timing diagram of different voltages across the various components of powers.

The results of this simulation are identical to the voltage E between 100 and 600V with the only
difference that the oscillation inductors have increased from 0.02H to 0.002H when E becomes
greater than 300V.
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Figure 4: Output voltage of a single phase inverter to offset command.

Single-phase simulations so far are of a very central importance since they allow us to easily
deduce the phase assemblies. Indeed, keeping the same component values calculated for the
single-phase structures and, by carefully calculating the control angles for the three-phase case,
we get approximately the same results. The assembly for simulating a three-phase inverter
thyristor is represented below:
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Figure 5: Simulation of a staggered three-phase inverter control.
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Figure 6: Simulation results of a three-phase inverter control offset.

If above the current is obtained for a three-phase load coupled star therefore the valuesR=3 Q, L
=3 H, C = 1pF an impedance Z load = 2.243 kW. Because the current in the load depends on the
nature thereof, the same three-phase inverter has been sized to produce a sinusoidal voltage
output system by taking the period of oscillation of the resonant circuit RC substantially equal to

0.02s that is to sayTy = 2m./L;C; Results of the simulation for Li=0.1L C=1pF are as follows:
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Figure 7: Results of the simulation of a three-phase inverter control shifted to Li = 0.1 L and Ci = 1uF and
three-phase voltage system to display the output of the inverter.

Similarly we resized R and L for a sinusoidal current maximum value equal to 5 A is obtained for
a three-phase load coupled star and value per phase equal to: R =2 Q, L. = 0.003H; or to a phase
impedance Z = 2.74 Q so as to model an asynchronous motor. We also introduced a capacitance
C = 0.5nF in series with the load. In addition we have also modeled our expense by an
asynchronous motor impedance Z = 2 + 0.3]. For this it was necessary that we resize the inductors
L; and C; capacitors. Optimum responses were obtained for L; = 0.35H and C;=2600uF.

i
W

Figure 8:Modeling of the power circuit of a three-phase inverter feeding an asynchronous motor.

The voltage source E that we have used so far is constructed from the industrial network as shown
in the diagram below if. Lowering the voltage from an alternator 25 kW / 60Hz / 10kVA by a
transformer of 25 kV / 600V / 60kVA. The voltage thus obtained is rectified by a rectifier bridge
followed by a capacitive and inductive filtering. The answer to this voltage source is represented
by the diagram below.
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Figure 9: Rectified voltage for supplying the three-phase inverter.

Figure 10: Timing diagrams viewed from the shifted control of single phase and three phase.

CONCLUSION

This paper presents the command of an autonomous tree phase like single phase converter with
shifted command used to stabilize the energy produced by the photovoltaic cells.The presented
control system was tested in the laboratory. The results are satisfactory, but it remains to realize
the three-phase inverter in order to supply as an asynchronous motor actual load to enjoy the
direct association of the solar generator. This shifted command aids in modifying the
characteristics of the output voltage,particularly the effective value of its fundamental without
involving the continuous voltage of its energy supply. In multiple applications, it can be used in
the energy supply of sensible devices like non synchronous machines. When this is jointed to a
pump, it can produce drinking water by a tangential ultrafiltration unit of water with a perforated
fiber or a unit of desalinated water.This will see how to use the offset command performed to
deduce that of the phase.
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