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General introduction:

Solar energy is a promising source of energy for the near future. PV modules are connected in
series and parallel manner so as to collect and harness the solar energy obtained convert it into
electrical energy.

Generically stating, an independent PV system consists of PV arrays which convert sunlight
into DC electricity. In addition, it also includes a charge controller to regulate the battery
charging and discharging.

A charge controller is one of the major functional components in PV systems which maintains
the accurate charging voltage on the batteries. As solar energy is not evenly distributed, research
Is being done on various methods of collection such as thin-film devices, concentric collectors
etc. [1].

DC-DC converters are power electronics circuits. They are widely used in equipment to supply
power to many electronic instruments such as PCs, and also in specialized high power
applications such as battery charging, etching, soldering, etc. In addition to control and step-
down and/or step-up DC voltage transformation, DC-DC converter circuits can also generate
voltage isolation through a small high frequency transformer. [2].

The wide variety of DC-DC converter circuit topologies range from simple switches (Buck,
Boost, and Buck-Boost converters) to complex configurations with two to four switches

and employing simple switching or resonance techniques to control the step-down or step-up
switching. [3].

The objective of our current work is to harness electrical power generation from a photovoltaic
generator by from a photovoltaic generator by implementing a measurement chain for the
electrical components of the of the power. This digital acquisition will be exploited by an
embedded platform (e.g. arduino) to implement a maximum power point search algorithm
MPPT. In this thesis, we analyze the modelling and simulation of the electrical operation of a
photovoltaic system adapted by three controls (MPPT control: perturbation and observation,
hill climbing, incremental conductance) ensuring the tracking of the maximum power supplied
by the photovoltaic generator. The objective of this work is to study a better understanding of
the performance of the MPPT-adapted DC-DC converter when coupled to a photovoltaic array
and to improve its output voltage in order to obtain a good source that can be used as a power
generator. To describe this, this thesis is presented in four chapters:

In the first chapter, we will describe the most used solar cells and their operating principles, as

well as the modeling of a photovoltaic cell and the influence of different meteorological
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parameters (temperature and irradiation). Towards the end of this chapter, we will present the
photovoltaic system and mention some advantages of the latter.

In the Second chapter, three types of DC-DC converters, among the most commonly used in
photovoltaic systems for source-to-load matching, are presented. Therefore, it is necessary to
use a technique that ensures the conversion of the maximum power from the solar panel to the
load by performing a search for the MPP. This search is done by combining a DC-DC converter
between the solar panel and the load.

The Third chapter is devoted to the study of various selected MPPT algorithms by grouping
them according to their principles. The most commonly encountered are: Hill climbing, Perturb
and Observe and Incremental Conductance Then Implementing those techniques in the psim
software.

The Fourth chapter contains two parts the first is about the simulation of the PV system adapted
with the buck converter and controlled with the MPPT regulator using proteus version 8.11 and
the second part is about the realization of the Mppt regulator using the perturb and observe
technique at the electronics lab.

At the end, we conclude this thesis with a general conclusion.




CHAPTER I :

&)

O

General Information on
Phtovoltaic Systems




CHAPTERI I General Information on Photovoltaic systems
I ———————————————.

1.1 Introduction:

Solar photovoltaic energy is energy that is recovered and converted directly into
electricity from sunlight by photovoltaic panels. It results from the direct conversion

of a photon into an electron in a semiconductor.

Photovoltaic solar energy is a non-polluting source of energy and is available in
abundance all over the Earth's surface, and despite significant attenuation when it
passes through the atmosphere, the amount that remains is still quite significant
when it reaches the ground. In temperate zones, 1000 W/m?2 peak can be expected,

and up to 1400 W/mz2 when the atmosphere is lightly polluted.

This chapter describes the functioning of solar photovoltaic energy and gives the
theoretical basis of the different components of a photovoltaic system and the types

of installations of photovoltaic systems. [4].

Figure 1.1: photovoltaic energy.

p




CHAPTERI I General Information on Photovoltaic systems
I ———————————————.

1.2 Photovoltaic solar energy:
Refers to the energy recovered and transformed directly into electricity from sunlight by
photovoltaic solar panels. It results from the direct conversion of photons into electrons in a

Semi-conducteur (Silicon, CdTe, AsGa, CIS, etc.).

Figurel.2: Solar Photovoltaic Plant.
1.2.1 Photovoltaic effect:

The photovoltaic effect is a physical phenomenon specific to certain materials called
"semiconductors”. This physical phenomenon occurs when the surface of a cell is exposed to
light, an incident photon (light grain) interacts with the electrons of the material, it gives up its
energy to the electron, which is freed from its valence band and is therefore subjected to the
intrinsic electric field. Under the effect of this field, the electron migrates towards the upper
surface, leaving a hole which migrates in the opposite direction. Electrodes placed on the
upper and lower faces allow the electrons to be collected and to perform electrical work to join
the hole on the front face. [5].

1.2.2 Elements of a photovoltaic system:

In general, a photovoltaic system consists of a set of photovoltaic modules, a charge

controller, one or more batteries and an inverter (Figure 1.3).
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Consumption 12 volts DC

Solar Module Charge Controller

Battery Bank

Inverter

Consumption 110220 volts AC
Figure 1.3: Block diagram of a photovoltaic system.

The photovoltaic generator (GPV) represents the electrical energy production
part.The regulator is an electronic circuit whose role is to manage the flow of
current: current from the panels to charge the battery and current from the battery to
the consumers. It manages the charging and discharging of the battery by
disconnecting the panel when the batteries are charged or by cutting off the supply
to the consumers when the battery is too discharged.

Batteries are used for energy storage for direct use of direct current (DC) with a DC
load.In the case of alternating current (AC) use, the DC energy will be converted

into AC energy through an inverter. [5].

1.2.3 Photovoltaic generator:

A PV generator is defined by the whole assembly of solar cells, connections, protective parts
and supports, etc. The term "PV generator” can therefore be represented by any PV device

(solar cells, modules, panels...).
a) Photovoltaic module:

A photovoltaic module consists of several solar cells connected to each other (Figure 1.4).
Generally, each photovoltaic cell can only produce a nominal DC voltage of 0.5V to 0.6V in
open circuit and a nominal power of about 1.5Wp. To meet the needs of commonly used
loads, an assembly of several photovoltaic cells must be considered, either in series or in

parallel. This assembly forms what is called a "solar module"” or "photovoltaic module™.

General Information on Photovoltaic systems
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The dimensioning of the solar system determines the number of modules to be put either in
parallel in order to increase the current while keeping the voltage or in series in order to
increase the voltage while keeping the current, and to have a satisfaction in current and

voltage, a mixed grouping “series-parallel” is mandatory. [5].

From a solar cell
to a PV System -\
e e o Solar Module

i o, T MMM

T Blecuiiciny it MM
" AC Isolator (MMM
MMM

" Fusebox

— PV-System MMM

Battery

Charge Controller

Generation Meter
DC Isolator
. Cabling
. .. Mounting ‘
-.. Tracking System k

Figure 1.4: from a solar cell to a PV system.

b) Composition of a solar photovoltaic module:

A solar photovoltaic module generally consists of five components (Figure 1.5):

e Aluminum frame: aluminum is infinitely recyclable.
e Tempered glass: is a 100% recyclable material, used for the protection of the
module and represents 75% of the composition of the panel.

e Transparent EVA sheet (EVA: Ethylene Vinyl Acetate): to resist weathering and

moisture.

e Photovoltaic cells: this is the electronic component that produces electricity,

mainly based on silicon, and can be reused up to 4 times.

e White Tedlar sheet: for greater mechanical strength of large modules.
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High transprency PV glass

EVA FILM
(Ethylene Vinyl Acetate)

Solar Cells
Frame

Back Sheet TPT

EVA FILM (Tedlar/PET/Tedlar)

(Ethylene Vinyl Acetate)

Figure 1.5: Composition of a solar photovoltaic module.

In order to ensure a long lifetime of a photovoltaic installation intended to produce electrical
energy over many years, electrical protections must be added to commercial modules to avoid
destructive failures due to the combination of cells in series and panels in parallel. For this

purpose, two types of conventional protections are used in current installations (Figure 1.6).
¢) Photovoltaic parameters:

A PV module is the smallest set of interconnected solar cells. There are many parameters that

characterize a PV module, including

e Maximum power (Pm): this is the maximum electrical power that the module
can deliver under standard conditions (T = 25°C and 1000 W/mz2 illuminance).

e Open circuit voltage (Voc): this is the voltage across the module when not
connected to a load for "full sun" illumination.

e Short circuit current (Isc): current when the potential applied to the module is
zero. This is the highest current the module can deliver, for "full sun"”

illumination.

e Optimum operating point (vm, Im): when the power is at its maximum in full

sunlight pPm=Vm. Im.

The 1/V characteristic: curve representing the current (1) delivered by the module as a

function of the voltage (V) at its terminals. [5].
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d) Photovoltaic cell:

The PV cell is the smallest element of a photovoltaic system. It is made of semiconductor
material and is made of two layers, one doped with P (Positive, doped with Boron for
example), and the other doped with N (Negative, doped with Phosphorus for example). This
creates a PN junction, and directly transforms light energy into electrical energy. A cell
consists of a stack of layers: protective glass, anti-reflection layer, conductive mesh (cathode),

N-doped silicon, NP junction, P-doped silicon and a metal support (anode), as shown in the following
figure: [6].

Sumnlight
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Figure 1.6: Components of a solar cell.

e) The Different Types of Photovoltaic Cells:
Photovoltaic cells are made of semiconductors based on silicon (Si), germanium (Ge),
selenium (Se), cadmium sulphone (CdS), cadmium telluride (CdTe) or gallium arsenide
(GaAs). Silicon is currently the most common material used to make photovoltaic cells, as it
is very abundant in nature. It is found in nature in the form of silica stone. Silica is a chemical
compound (silicon dioxide) and a mineral with the formula SiO2. It is the main constituent of
detrital sedimentary rocks (sands, sandstones). [6].
The different types of PV cells available are:

#+ Amorphous silicon cell (efficiency: 6 to 10%)

+ Monocrystalline silicon cell (efficiency: 13 to 17%) Polycrystalline silicon cell

4 (Efficiency: 11 to 15%) Tandem cell

+ Organic cell (efficiency: 3.6%).
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Table 1.1 different types of photovoltaic cells

Monaocristalline Cells : Polycristalline Cells Amorphous Cells

each layer is cut from a silicon | they are also very efficient cells, | this type of cells do not have

single crystal. This type of cell | but slightly lower than that of crystal structures. They have the

has very good efficiency and Monocrystalline cells, which advantage of being integrated

converting power, but is very justifies their lower cost. on flexible and rigid supports.

expensive. They are often used in portable
devices, calculators, watches,
etc.

f) Association of photovoltaic cells:

There are three types of PV cell combinations:

e Association in series: [7].

The combination of cells in series (figure 1.7) allows the voltage (the sum of the voltages) to

be increased while maintaining the current of one cell.

{ / ns cell cell
Tee |— ~ ) Veo
\ Ns |

-

0 Veo Vsco

Figure 1.7: Association of ns PV cells in series and the current-voltage characteristic of s
cells in series.

e Parallel association :

The combination of cells in parallel (figure 1.8) allows the current (the sum of the currents) to

be increased while maintaining the voltage of a cell.
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Figure 1.8: Association of np cells in parallel And The 1(V) characteristics.

e Mixed association (serial-parallel) :
The mixed combination (Figure 1.10) is based on connecting the cells in series and in parallel,
which allows the current and voltage to be increased at the same time.
The I(V) characteristic of a solar module can be seen as the result of an association of an array

of (ns*np) cells in series/parallel.

current . s
. ks s
~ cell12 |~ v
lee = oot b I cell 1.1 l cell1.n |
g ——

caracterestic of GPV
\ s T I

x 2 xn axn
1 4

Mocs - ',\ cell n.1 cell 2.3 cell n. nl l
- voltage ,l

2 X B

contains ns cells in series
and np cells in parallel

cell 2.n

cell 2.1 \ celi2z2 |~

M

Figure 1.9: Mixed cell association (serial-parallel) and the characteristic of a
serial/parallel assembly of sand scells.

» Parallel diode protection (by-pass diode): aims to protect a series of cells in the
event of an imbalance linked to the failure of one or more of the cells in the series or
to shading on certain cells.

» The series diode (anti-return diode): placed between the module and the battery,

prevents the return of current to the module during darkness.
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Figure 1.10: (a) Schematic of a photovoltaic solar panel with protection diodes

(b) Failure of one of the cells in the PV module and activation of the bypass diode and
demonstration of the circulation current.

g) Electrical characteristics of a photovoltaic cell:

There are many parameters that can be used to characterize a solar cell. These parameters
are called photovoltaic parameters and are derived from the I(V) and P(V) characteristic.
Figure (1.11) shows an example of a current-voltage 1(V) and power-voltage P(V)

characteristic for a given irradiance and temperature. [7].

1z T T T v T T T y 4000

-1 3000

- 2000

Current of PV module [A]
power of PV module [W]

- 1000

T T T T T T T ¥ a
100 200 300 400 500
Yoitage of PV module [V]

Figure 1.11: Characteristic I (V) and P (V) for (G=1000 W/722 and T=25°c) of a
Cell.
> Influence of température : [8].

Below we present the (I-V) and (P-V) characteristics (Figure 1.13and 1.14) of a photovoltaic
module for a given level of sunlight G and for different temperatures:

For figure (1.12), we notice that the current depends on the temperature since the current
increases slightly as the temperature increases; we can see that the temperature has a negative

influence on the open circuit voltage. When the temperature increases the open circuit voltage
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decreases. And on the other hand the maximum power of the generator undergoes a decrease

when the temperature increases figure (1.13).

[ Bdr- e Em—— [ b L L L i

Co T |

70 : ) . i

| | : . |

Y4

O 4 S th

2 w0 i : | | i

: Ry AN anan

U U 30fp-=-=-- P A - L] Ght) LT SR T |

g 2 7 : : ' :

g ?D T—I'I"l.'.‘ --E---__--i- - -i

1 X:17.38 ; X: 2384 1wk T:quc’? __E _______ i__ S - IO DO i

T=75°C| 1 Y:0.009769 | : ¥:0.0120 T=a0% (- ! ! !

0 L L [ p— ] - T=74"C ! ! !

o 5 10 15 RV ETY 0 i L L i

voltage(V) 5 10?033?6-1? 0 ] 10 15 23
voltage(V)

Figure | .12: The characteristic of 1=f (V) Figure 1.13: The characteristic of P=f (V)
As a function of temperature as a function of temperature

» Influence of irradiation: [8].
The same work as before, we have fixed the temperature for different illuminations figure
(1.14 and 1.15). In figure (1.14) it can be seen that for illumination G=1000 w/m2 the current
Icc=4.8A and for G=800w/m2 the current lcc=3.84A, it can be seen that the current
undergoes a significant variation, when the illumination increases the short circuit current is
increased, but on the other hand the voltage varies slightly, which results in an increase in

power, when the illumination is increased figure (1.15).
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Figure 1.14: The I=f (v) characteristic as a Figure I .15: The characteristic P=f(v) as a
function of irradiation function of irradiation
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1.2.4 Different models of the GPV: [9].

a) Simplified model:
The principle of the photovoltaic effect is the same as that of a diode, so when the PN junction
is illuminated, the cell being loaded by a resistor, we observe the appearance of a current "I"
passing through it junction, the cell being loaded by a resistor, we observe the appearance of a

current "I" crossing a load .Rch and a voltage ““V’’. a load Rch, and a voltage "V" at the
terminal of this load.

Reh
D v

Figure 1.16: Application diagram of the photovoltaic effect.

b) IDEAL MODEL:

The previous reflection allows us to arrive at the equivalent electrical model of the
photovoltaic cell shown in Figure 1.18, called the ideal model.

photovoltaic cell shown in Figure 1.18, called the ideal model. This is the simplest model to
represent the solar cell, as it only takes into the account This is the simplest model to
represent the solar cell, as it only takes into account the diffusion phenomenon. The simplified
equivalent circuit of a solar cell consists of a diode and a current source connected in parallel .
The current source produces the photon current Iph which is directly proportional to the solar
irradiance G.

i

F A4

yeo
1 b CTD ! Vrv

Figure 1.17: Equivalent circuit of a PV cell -ideal model.

The current-voltage equation I-V of the equivalent circuit is given as follows:

I:IPV_Id (Il)
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With:
I: current supplied by the cell

Ipy:Photon-current of the cell proportional to the luminance (G)

kT

_ Yy_ V. = kT
Ip =1, [exp (aVT) 1] avec:Vy; = . (1.2)
Thus the equation for the current delivered by a photovoltaic cell is described as follows:

With:
I,: reverse saturation current of the diode.
Vy: Thermodynamic potential.
K: Boltzmann's constant (1.38.10-23 Joules/Kelvin).
T: The cell temperature in Kelvin.
g: The charge of an electron =1.6.10-19C.
a: The ideality factor of the junction.
v: The terminal voltage of the cell
¢) MODEL WITH OHMIC LOSSES (Rs-MODEL):
This model takes into account the resistivity of the material and the ohmic losses due to the
contact levels, which allows a better representation of the electrical behavior of the cell
compared to the ideal model [10,11]. These parts are represented by a series resistance Rs in

the equivalent circuit shown below:

n@® ¥ o

Figure 1.18: PV cell equivalent circuit -Rs-Model -

After analysis of the circuit, the current-voltage equation is given as follows:

I = Ipy — I, [e (V:\;f) - 1] (1.4)
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With:

Rs: The series resistance characterizing the various contact and connection resistances.
RS
I

NWN—

K
ToR
pe

Figure 1.19: Equivalent circuit of a PV cell - 1-D model.
The equation of the current delivered by the photovoltaic cell is described as follows:

Ipv = Iph—Id—1Ip (1.5)

Ipv: Current generated by the photovoltaic cell
Iph: Photo current created by the cell (proportional to the incident radiation)

Id: The current flowing in the diode.

_Va
I; =1y(e Vet —1) (1.6)
Vpv = V; — RiIpv (1.7)
[ =Yd (1.8)

Isc: The short circuit current of the cell at the reference temperature and illumination;

T: PV cell junction temperature [°K]

B: Ideality factor of the junction

Eg: Gap energy [ev].

Rs: Series resistance symbolizes the ground resistance of the semi-conductor material, thus
the ohmic and contact resistances at the cell connections.

Vpv: The output voltage

Ip : Current flowing through the resistor Rp
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Rp: The resistance modelling the leakage currents of the junction.

_Vpv+Rsl
Ipv = Ly, — I, [e Ve — 1] - e (1.8)
14
Ip =22 (1.9)
14

d) TWO DIODS MODEL:

This model is said to be the closest to the real behavior of the solar cell, because it takes into
account the mechanism of charge transfer inside the cell, the additional diode allows to
reproduce in the additional diode allows the chemical effects of electron recombination to be
reproduced in the equivalent scheme [9].

Single diode models have been based on the assumption that the recombination loss in the
depletion region is absent. In a real solar cell, recombination represents a considerable loss,
which cannot be adequately loss, which cannot be adequately modeled using a single diode.
Examination of this loss leads to a more accurate model known as the two-diode model.
However, the inclusion of the diode increases the parameters to seven (new parameters: 102,
F2. The main challenge is now to the main challenge now is to estimate the values of all
model parameters, while maintaining a reasonable computational effort.

The two-diode model is presented as follows:
F‘S

AMAN—
*Ia’l ‘ I

Lo CD 4 \ 4 e v,
V

Figure 1.20: Equivalent electrical diagram of a crystalline silicon cell - 2-DRs model

The following equation describes the output current of the photovoltaic cell for the two-diode model:

[=1Ipy —Ipg [exp (VHRS) — 1] — Iy, [exp (V+\;RS) — 1] — (VHRS) (1.10)

a1Vt azVrz Rp

With:
Iy, : reverse saturation current of diode D1.

Iy,: Reverse saturation current of diode D2.

5
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Vr1: Thermodynamic potential of diode D1.
Vr,: Thermodynamic potential of diode D2.
a,: The ideality factor of the junction of diodeD1.

a,: The ideality factor of the diodeD2 junction.

e) OTHER MODELS:

Many authors have proposed more sophisticated models that represent more accurately the
photovoltaic phenomenon. the photovoltaic phenomenon. We thus find the three-diode model,
with the third diode including in the equivalent diagram the effects not taken into account in
the other models (e.g., leakage current due to diodes).

leakage currents related to the diodes). The disadvantage of this representation is that the
number of unknown parameters.

The disadvantage of this representation is that the number of unknown parameters increases
as the number of diodes in the schematic increases.

On the other hand, more simplified models are also emerging: the value of the resistance Rp
The value of the resistance Rp is generally high, so it is often assumed to be infinite and
therefore neglected in the current models.

The value of the resistance Rp is generally high, so it is often assumed to be infinite and
therefore neglected in the current models, and the value of the resistance Rs is generally low,
so the authors of equivalent models often assume Rs=0 and

equivalent models often assume Rs=0 and therefore neglect Rs, so that we return to the
equivalent circuit of the ideal model. But, unfortunately, this model loses accuracy.

1.2.3 Identification of the parameters of the photovoltaic module: [9].

It is well known that the parameter identification step of any system is a very important step
for both simulation and practice. Therefore, as for any system, an accurate knowledge of the
photovoltaic module parameters is essential for simulation, quality control and performance
estimation.

Photovoltaic cell and panel manufacturers usually provide a data sheet containing some
parameters of the photovoltaic panel consisting of a group of several cells. But there are other
parameters that are not provided on the data sheet. In practice, the determination of these
unknown parameters is very important. In this section, one of the important issues related to

photovoltaic systems is the determination of these unknown parameters.
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The main objective is to find the five parameters of the nonlinear I(V) equation from the data
obtained from the PV module data sheet. In order to identify the parameters of the PV panel,
we performed our experiments on a 100 W solar panel, and another one of 5 W with the

characteristics listed in the tables:

Table 1.2 Specifications of the PV module 100W

Maximum power, Prax 100W
voltage at Pmax,Vimp 18.35V
Current at Pmax, Imp 5.45A
Short- circuit current, I 5.8A
Open-circuit voltage, Voc 22.7V

Table I .3: Specifications of the PV module 5W

Maximum power, Pmax 5W
voltage at Pmax,Vimp 9V
Current at Pmax, Imp 0.56 A
Short- circuit current, I 0.62 A
Open-circuit voltage, Voc 11.1V

I. 3 source coupling: [10].
I. 3.1 Direct source-load coupling:

he simplest PV installation that can be designed consists of a photovoltaic field,
formed by one or more modules connected in series or in parallel, and a DC
load that directly uses the energy produced.

&

]
Vi DC Charge '

GPV
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Figure 1.21: direct coupling between a GPV and a resistive load

In this type of installation, this is today the most widespread terrestrial use of solar
energy thanks to its simplicity, reliability and low cost, the operating point of the
GPV depends on the impedance of the load to which it is connected. of the GPV
depends on As shown in figure 1.22, a GPV can be directly connected to three types
of loads:

- a DC voltage source type load,

- a DC current source load,

- a purely resistive load.
I. 3.2 indirect coupling:
So the main disadvantage of this installation is that it does not offer any type of operating
control. The transfer of the optimal power available at the GPV terminals to the load is not
guaranteed either. On the other hand, some types of loads require alternating voltages and

currents.

To solve this problem and to extract, at each moment, the maximum power available at the
terminals of the GPV and to transfer it to the load, a matching stage is used. This stage acts as
an interface between the two elements, figure (1.23). It ensures, through a control action, the

transfer of the maximum power supplied by the generator [10].

vh: I |

GPV
Vo Adapter V DCcharge

L

T

ZVZYZvz ©

Figure 1.22: Connection of a GPV to a DC load through an Adapter.
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1.4 Conclusion:

In this chapter we have presented the solar energy and its radiation, following the principle of
the photovoltaic effect and the PV cell, as well as the photovoltaic generator,

we have studied the influence of illuminance and temperature on the power produced by the
GPV. Finally, the problem of direct source-charge coupling and their solution (the adaptation
stage).

In the following chapter, we will present a study on the components of the adaptation stage

and their modeling by the PSIM software.
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11.1 Introduction:

A static converter is a system that adapts the source of electrical energy to a given receiver by
it. The first electrical power converters were made with mechanically coupled electrical
machines. With the advent of semiconductors and power electronics, with diodes, transistors,
thyristors, etc., conversion systems are becoming more and more sophisticated and no longer
require rotating machines. This is the era of the static converter.

There are several families of static converters:

Continuous—— Continuous (Chopper)

Continuous — Allternating (Inverter)

Alternating — Alternating (Dimmer)

Alternating — Continuing (Rectifier)

Conventionally, grid-connected photovoltaic conversion systems consist of DC-DC converter
and Inverter (DC-AC). The DC-DC converter is controlled for the maximum power point
control system of the photovoltaic panel. The inverter is controlled to produce current in such
a way that the current has a low total harmonic distortion and is in phase with the grid voltage
[22]. The aim of this chapter is the presentation and study of the different definitions and
basic concepts of DC-DC converters, as well as the mathematical models useful to study their
behavior when simulating the overall photovoltaic system [12].

11.2 Static converters:

Static converters are electrical circuits using power semiconductors (diodes, thyristors,
transistors ...) used as switches, with the aim of transforming the signal spectrum (amplitudes,
frequencies, phases) to adapt the source to the load. The study and design of these devices is

often called power electronics [13].

chopper
continuous source adjustable voltage continuous receiver
(S| oo i =)
inverter
o
rectifier
0@

Dimmer

adjustable effec

Y out change of frequency)
alternative source om| I:> alternative receiver
= )

Figure 11.1: synoptic diagram of different types of static converters.
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The following converters can be distinguished:

11.2.1 the rectifiers:

A rectifier, also known as an AC/DC converter or Graetz bridge, is a converter designed to
supply a load that needs to be supplied with a voltage and a current that are both as
continuous as possible, from an AC voltage source. The power supply is usually a voltage
generator. Non-controlled rectifiers, mainly made from diodes, are used when the output
voltage does not need to be adjusted. Controlled rectifiers, where the output voltage can be
varied, are made of thyristors or diode and thyristors combinations. Due to their high-power
density, these rectifiers are always used at high power levels and when it is necessary to
regulate or vary the electrical output values.

At low and medium power levels, thyristors-controlled rectifiers are becoming obsolete and
are advantageously replaced by the "cascading™ of a controlled or uncontrolled rectifier and a
DC-DC Converter. At low power levels.

the control of a field effect transistor or an IGBT is simpler than that of a thyristor.
Furthermore, the operating frequencies of choppers, which are now in the 200 kHz range,
make it possible to considerably reduce the size of the filtering components (inductors and
capacitors). Finally, there are sinusoidal absorption rectifiers built with diodes, ballast
MOSFETSs or IGBTs which are used to improve the waveform of the AC current consumed
on the grid side. [14].

AC mput DC output

Figure 11.2: the rectifier synoptic diagram.

11.2.2 Inverters:

A power inverter, or inverter, is a power electronic device or circuit that transforms direct
current (DC) into alternating current (AC). The AC frequency obtained depends on the
particular device used. Inverters are the reverse of "converters” which were originally large

electromechanical devices that converted alternating current to direct current The input
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voltage, the voltage of the inverter, is the same as the output voltage.
The input voltage, output voltage and frequency, and overall power input depend on the
design of the specific device or circuit. The inverter does not produce power; the power is
supplied by the DC source.
A power inverter can be fully electronic or can be a combination of mechanical effects (such
as a rotating device) and electronic circuits. Static inverters do not use moving parts in the
conversion process. Power inverters are mainly used in electrical power applications where
high currents and voltages are present. Circuits that perform the same function for electronic
signals, which usually have very low currents and voltages, are called oscillators.
The inverter is a DC-AC converter, mainly used to supply loads operating with AC voltage
when a DC source is available (e.g., batteries) or to inject the energy produced by
photovoltaic panels into the grid. There are two types:
= A stand-alone inverter delivers a voltage with a frequency that is either fixed or
adjustable by the user. It does not always need the grid to operate; for example, a
travel inverter that is plugged into a car's cigarette lighter socket uses the vehicle's 12
V DC to generate 120 or 230 V, 50 or 60 Hz AC.
= A non-autonomous inverter is an all-thyristors rectifier circuit (Graetz bridge) which,
in natural switching assisted by the grid, to which it is connected, allows inverter
operation (e.g., by recovering energy during braking periods in electric motor
vehicles) [14]

DC input Acoutput

Figure 11.3: the inverter synoptic diagram.

11.2.3 Dimmers:
A dimmer is a power electronics device designed to modify an electrical signal in order to
vary its effective output voltage and thus modify the power in the load. This device is used on

alternating (often sinusoidal) voltages: it is a direct alternating converter.
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Dimmers are used to produce dimmers for certain appliances operating on the mains (halogen
lamps, domestic Hoovers, hand-held power tools, etc.), for the regulation of electric heating,
as well as in many industrial processes (float glass for glass manufacture, heating of fluids in

petrochemicals, diffusion furnaces, thermal cycling test benches, etc.). [14].

AC tnput ACoutput

Figure 11.4: the dimmer synoptic diagram.

11.2 .1 Cycloconverters:

A cycloconverter is a power electronics circuit that performs direct AC/AC conversion. This
means that it can change the frequency of the output signal. It is a form of matrix converter
(i.e. for N phases at the input and P phases at the output, NxP bidirectional switches are
required). These bidirectional switches are a combination of two thyristors (in anti-parallel),
or a triac, whose switching off is done in a natural way with the passage of the current through
hem, or one or two IGBTs or RIGBTs. This scheme can also be implemented with bi-
directional bi commendable switches (based on a transistor or GTO thyristor), but the term
cycloconverter is reserved for those using thyristors. Typically, the input voltage amplitude
and frequency are fixed, while the output voltage amplitude and frequency are variable (but
this is not mandatory). Unlike indirect converters (rectifier-inverters), a thyristor
cycloconverter can only produce a lower frequency than the input. However, the
implementation of a matrix converter with advanced "switches" makes it possible to obtain a
gain between 0 and infinity (theoretical), identical to a buck-boost circuit. This set-up is rarely
used anymore, in particular because of the poor quality of the wave-forms obtained, except
for very high powers (a few tens of megawatts and beyond), where its low cost makes its

disadvantages disappear.
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Variable frequency

) e Cycloconverter — > variable frequency AC
Fixed voltage output
fixed frequency

AC input

Figure 11.5: the cycloconverter synoptic diagram.

11.2.4 Choppers:

They are DC-DC converters, allowing the variation of a DC voltage to adapt it to the care or
to vary the speed of a DC motor or to regulate the brightness of a lamp. The switching is done
at a high frequency. It is the analogue, for DC voltage sources, of the dimmer used in AC [13].
If the output voltage is lower than the input voltage, the chopper is said to be a step-down
chopper. If the output voltage is lower than the input voltage, the chopper is said to be a step-
up chopper (or boost chopper). There are choppers that can work in both ways (Boost-Buck).
When the input and output are of different dynamic nature, they can be connected directly
(this is called a direct link chopper). When the input and output are of the same dynamic
nature, a moment storage element must be used (this is called a storage chopper). Finally, in
cases where galvanic isolation of the output from the input is required, so-called "isolated"
choppers are used depending on the degree of reversibility required, the structure of the
assembly differs [15].

Finally, depending on the power rating of the system, the component technology will differ

v s
. —
= Ve —_— Vo
— v e = E
i s .- omean
St woltage == 1 variable mean 0 ¢
o t value voltage 0 af 7T Fag

Figure 2.6: the chopper synoptic diagram.

11.2.4.1 Devolving chopper (Buck):

A Buck converter, or series chopper, is a switching power supply that converts This type of
converter is used for applications that can be divided into two categories:

- Applications to obtain a fixed (and sometimes regulated) DC voltage from a higher DC
voltage Generator.

- Applications to obtain an adjustable voltage, but always lower than the one present at the
input [16].
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(a) Switch in position u= 1. (b) Switch in position u= 0.
Figure 11.7: Real devolving converter.

Ve Vo

Figure 11.8: Circuit topologies of the devolving converter.

a. If we consider that the switch is closed (u=1) and applying Kirchhoff's laws

to the circuit we obtain the following equations: [16].

With:
Vo =V, i=iL
g
Lé=%—% (11.1)
ave . Vo
C—t=i— (11.2)

b. For u=0 (the open switch):

LS=—v, (11.3)
ave _ . Vo
Coe=i—= (11.4)
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By comparing the two situations we can obtain a single unified model which is:

LS =V, -V, (11.5)
cTe=i-2 (11.6)

L= =uV, -V, (I1.7)
av, . v,
e j-L (11.8)

The characteristics of the currents and the voltage representing the operation of the step-down
chopper are given by the following Figures:

Figure 11.9: Characteristic of voltage-current with PSIM.

a) Calculation of the inductance: [17].

When a Buck converter operates in continuous conduction mode, the current IL

Through the inductance never cancels. The variation of IL is given by

v=rLx (11.9)
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_______________________________________________________________________________________________________________________________________________________________|
where Q1 is on, is defined by the duty cycle (D) and the switching frequency (Fsw)

D =Fg, x At = ° (11.10)

e

The expression for L can therefore be rewritten as follows:

D
[Fgw

L=(V,=Vo)x—*

(11.11)

Ve = typical input voltage

Vo = desired output voltage

Fsw = minimum switching frequency of the converter

AlL = estimated inductor ripple current, see the following:

A Good estimation for the inductor ripple current is 20% to 40% of the output current.

ALL - (02 to 04‘) X IOUT(maX)
AL = estimated inductor ripple current

lout(max) = Maximum output current necessary in the application

b) Calculation of the capacitor [17]:

The input capacitor defines the residual input ripple. The result is

A3y XL
2 XVOUT X VOS

CouT (min),0s = (11.12)

Court (min), OS = minimum output capacitance for a desired overshoot
AIOUT = maximum output current change in the application
VOUT = desired output voltage

VOS = desired output voltage change due to the overshoot

c) Calculation of the average value of Vo [17]:

L
Vomoy = T! Ve(D) dt
(1.13)

=al,




CHAPTER I

Static Converters

11.2.4.2 Boost chopper:

A boost converter (or step-up converter) is a switching power supply that converts a DC
voltage into another DC voltage of higher value. A boost converter is used when it is desired

to increase the available voltage of a DC source [26]. Its basic schematic is shown in figure

(2.10).

L i D
VL r-l-:}-l -4 #
VEJ;_ nglgxq lc R
T |

Figure 11.10: Actual boost converter.

FVE? TCR

(a) Switch position u=1 (b) Switch position u=0

Figure 11.10: Circuits of the boost converter topologies.

a) If we consider that the switch is closed (u=1) and applying Kirchhoff’s laws

to the circuit we obtain the following equations:

L —= Ve
dt
dVc Vo
C— ==
dt R

b) When the switch is open (u=0) we obtain the following dynamics:

di

L —=Ve-"Vo
dt
dVc . Vo
C=—==i——
dt R

By comparing the two situations we can obtain a single unified model which is:

(11.14)

(11.15)

(11.16)

(11.17)
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Ldi/dt =Ve—(1—-uw)Vo (11.18)

C dVc/dt = (1 —w)i—Vo/R (11.19)

The characteristics of the charging current and voltage are given in the Figure below:

Figure 11.11: Characteristic of the voltage and current of the BOOST converter with PSIM.

a) Calculation of the inductance [17]:

The value of L is calculated by the following relationship:

Ve

L =122 (11.20)

fDI
b) Calculation of the capacitor [17]:

During phase 1, which lasts for a T, the capacitor alone supplies energy to the load. The
current is assumed to be constant; the charge supplied by the capacitor can be calculated

capacitor:

AQ =1,aT (11.21)
If we assume a ripple AVo of the output voltage, we can write:
AQ = CDV, (11.22)

The capacitance of the output capacitor can be deduced from this:
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I,aT
C = m (”23)
D/p

L=W,—-V, X Miw (1.24)
Ve = typical input voltage
VO = desired output voltage
Fsw = minimum switching frequency of the converter
AL = estimated inductor ripple current
lo=output current necessary in the application

c) Calculation of the average value of Vs [17]:
L
Vomoy = T! Ve(®) dt
(11.25)

=(1—-a)Ve

11.2.4.3 Buck-Boost Chopper:

A Buck-Boost converter is a switching power supply that converts one DC voltage into
another DC voltage of lower or higher value but of opposite polarity. A disadvantage of this
converter is that its switch does not A disadvantage of this converter is that its switch does not
have a terminal connected to ground, thus complicating its control [16]. Figure (2.13) shows

the schematic diagram of the Buck-Boost converter.

(a) Switch position u=1 (b) Switch position u=0
Figure 11.13: Circuits of the Buck-Boost converter topologies.
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a) If we consider that the switch is closed (u=1) and applying Kirchhoff's laws to the

circuit we obtain the following equations:

L (diy/cdt) = Ve (11.26)

C dVc/dt = —Vo/R -(11.27)

b) When the switch is open (u=0) we obtain the following dynamics:

di
ce_ ;" (2.29)
dt R

Comparing the two dynamics we obtain the following switched model:

L % = (1 —-u)Vo+ ulVe (2.30)
dve N Vo

The characteristics of the charging current and voltage are given in the Figure below:

Figure 11.14: Characteristic of the voltage and current of the Buck-BOOST converter.

a) Calculation of the inductance [17]:
The next step is to select the required inductance. If the inductance range is not limited by the

IC you can estimate the required inductance based on the well-known differential equation:
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L=ih (11.32)
=15 (11.33)
b) Calculation of the capacitor :
- ﬁ (11.34)

Ve = typical input voltage
Fsw = minimum switching frequency of the converter

lo=output current necessary in the application

c) Calculation of the average value of Vs:

L
Vomoy = T! Ve(®) dt

(11.35)

|74
°1—«a

11.3 Conclusion:

In this chapter, we have presented the most commonly used DC/DC converters in the form of
matching stages (Buck, Boost and Buck-Boost). With a simulation of input and output
voltages by the PSIM software, we will study in the following chapter our control with buck

converter.
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I11.1 Introduction:

Specific control laws exist to cause devices to operate at maximum points of their
characteristics without these points being known a priori, or without knowing when they were
changed or the reasons for the change.

In the case of energy sources, this translates into maximum power points.

This type of control is often referred to in the literature as Maximum Power Point Tracking
(MPPT).

In this chapter, we will see the principle and the classical study of the most known three
controls that we chose from many several controls for the maximum power point (MPP) while
ensuring a perfect match between the generator and its load in order to transfer the maximum
power then we implemented those techniques in the psim software to see their performance

after applying some perturbations in the temperature and the irradiation. [18]

111.2 Maximum Power Point Tracking (MPPT):
111.2.1 Principle:

In order for the photovoltaic system to operate at maximum power points of their
characteristics, there are specific control laws that meet this need.

This control is referred to in the literature as Maximum Power Point Tracking (MPPT). The
principle of these controls is to search for the maximum power point (MPP) while keeping a
good adaptation between the generator and its load to ensure the transfer of the maximum
power.

Figure (111.1) shows an elementary photovoltaic conversion chain associated with an MPPT
control.

The MPPT control is associated with a static converter that allows the adaptation between the
GPV and the load so that the generated power corresponds to its maximum value and is
transferred directly to the load [18].

MPPT Controls & the PV System Simulation
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Convertisseur
Statique

Charge DC

Rapport Cyclique

Commande

MPPT

Figure I111.1: Photovoltaic conversion chain with static converter controlled by MPPT
control.

111.2.2 MPPT control techniques:

There are many MPPT control methods and techniques available in the literature:

Perturb and Observe (P&QO), conductance incrementing (IncCond) and Hill Climbing method
[28].

Currently there are methods based on artificial intelligence, namely fuzzy logic, neural

networks and genetic algorithms.

111.2.2.1 The Perturb & Observe (P&O) method:
a) The P&O principle:

The principle of P&0O MPPT controls consists of perturbing the VPV voltage by a small
amount around its initial value and analyzing the behavior of the resulting PPV power
variation. Thus, as shown in figure (111.2), it can be deduced that if a positive increment of the
VPV voltage results in an increase of the PPV power, this means that the operating point is to
the left of the MPP.

If, on the other hand, the power decreases, it implies that the system has passed the MPP. A
similar reasoning can be made when the voltage decreases. From these various analyses of the
consequences of a voltage variation on the PPV (VPV) characteristic, it is then easy to locate
the operating point in relation to the PPM and Converge the latter towards the maximum

power through a control command [19].

ation
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1 Optimum V
dP,/dV=0

PV Power

— MPP Left
dP /dV=0

—b_
Increase V

Decrease V,,,

Figure 111.2: P&O three modes of operation.

« LV Voltage

Figure (I11.3) shows the classical algorithm associated with a P&O MPPT control, where the

power evolution is analyzed after each voltage disturbance. For this type of control, two

sensors (GPV current and voltage) are needed to determine the PV power at each instant.

( Begin P& O Algorithm )

=1 Measure: Vev(N) Ipv(N)

¥

P) = Vv (N)* Ipv(N)
AP =P (N)-B(N-1)
AVpy = Vay(N) - Vpy(N-1)

Increase Decrease Decrease Increase
PV PV PV PV
Volrage Voltage Voltage Voltage

!

{ ! !
y

Update History
Vey (N-1)=Vev (N)
P(N-1)=P(N)

Figure 111.3: The P&O algorithm flowchart.

Such as:

Ppvn: the new power

*
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. _____________________________________________________________________________________________________________________________________|

Ppvn-1: the anceinne power in time (t-1).
AV=Vpvn— Vpvn1 (11.1)

AP=Ppyn — Ppvn1 (111.2)
Because of its ease of implementation, the P&O method is frequently used despite the fact
that it presents problems of oscillation around the PPM because the search must be repeated
periodically to force the system to oscillate around the PPM. In addition, and for abrupt
changes in climatic conditions or/and load, this method is sometimes misinterpreted as to the
direction in which the MPP should be achieved. [19]

b) Simulation of P&O using Psim:

As a first step, the basic P&O algorithm is implemented using analog blocks figure (111.4), it
is simulated in PSIM software as shown in figure (111.5) and the results shown in figure (111.6)
This method (P&O) generates oscillation in the output power; therefore, its efficiency is not at
the requested level (96.6%).

dvt dv2 dv3 dv4

Figure 111.4: model of the P&O technique in psim.
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Figure 111.5: model of the PV system using the P&O method.
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Figure 111.6: results of the PV system simulation.

ows the results of the P&O algorithm simulation after implementing it
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in the PSIM software.The graph represents the radiation,the comparison between the
maximum and the load powers, the current and the voltage respectively on the Y axis, while
the time appear on the X axis.it maybe seen clearly that the voltage rose steadily at first and
then stabilize at its maximum range so that it compensate the current whenever it dropped off.
For the powers ,the load power is tracking down the maximum power while its changing
according to the perturbation (irradiation) we have applied trying to reach the maximum

power point.
111.2.2.2 The Incremental Conductance Method (IncCond):
a) INC principle:
This technique is based on the variation of the conductance of the GPV and its influence on

the operating point position. The conductance and the elementary variation of the conductance
(increment) of the photovoltaic module are defined respectively by:

G =2
oo (I1.3)
dlpe

dG=gE (111.4)

Optimum Vg
dl /dV=-I/V
7{:}-.—-—

MPP
l \ \  MPP Right

'
PV Power

— MPP Lefi

_ dl/dV=-1/% l
dl/Dv=-1/V
_ | \
_ P < Pmax l P= Pumx"\
| V= ";'max | I V ‘.'llnnx
PV Voltage g
— = - )
Increase Vgt Decrease Vg

Figure 111.7: INC algorithm power - voltage curve.

The IC method is built on the power-voltage slope as exposed in figure (111.4). The power-
voltage characteristic of the GPV allows us to write the following conditions:

If dPpvl dVpv > 0 the operating point is to the left of the MPP.

If dPpv/ dVpv = 0 the operating point is on the MPP.

If dPpvl dVpv <0 the operating point is to the right of the MPP.

MPPT Controls & the PV System Simulation
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( Begin IC Algorithm )

AFI(HI(k-1)
AV=V(k)- V(1)

h 4

T(O=Ie-A)
V(O=V(t-Af)

Eeturn

Figure 111.8: the INC algorithm flowchart.

Practically, like the P&O method, this technigue exhibits oscillations around the MPP because

it is difficult to meet the Condition :—:ﬁ =0, so the system is always looking for it. The
pv

IncCond algorithm is more complex than the P&O algorithm, which results in a longer

execution time. [20]

b) Simulation of the INC technique using psim:

The INC algorithm is implemented using analog blocks figure (111.9), it is simulated in PSIM

software as shown in figure (111.10) and the results shown in figure (I111.11).
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Figure 111.9: model of the INC technique in Psim.
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Figure 111.10: model of the PV system using the INC method.
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Figure 111.11: results of the PV system simulation.

The performance of the INC algorithm is examined through the irradiation changes covering
different cases. Figure (111.11), presents the test result of the INC algorithm. Therefore, as
shown there is a slightly difference according to the first technique.in addition, the INC

detects the fast increase of irradiation and performs a correct decision in duty cycle.

111.2.2.3 Hill climbing method:
a) Hill climbing principle:
The control technique called Hill Climbing [20] consists of "climbing"” the operating point
along the generator characteristic with a maximum. For this purpose, two slopes are

possible. The search theoretically stops when the maximum power point is reached. This
method is based on the power versus duty cycle characteristic P(D). Mathematically, the

mpp is reached Appy/aD=0 When as shown in figure (111.11).
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Figure 111.11: Relationship between PPV and duty cycle D of the static .

The algorithm for this method is shown in Figure (111.12) Hill Climbing involves a

disturbance in the duty cycle of the power converter. In the case of a GPV connected to a

power converter, the disturbance in the duty cycle of the power converter disturbs the PV

array current and consequently disturbs the PV array voltage [20]. The increment

(decrement) of the voltage increases (decreases) the power when used on the left side of the

MPP and decreases (increases) the power when used on the right side of the MPP. Therefore,

if there is an increase in power, the subsequent perturbation should be kept the same to reach

the MPP and if there is a decrease in power, the perturbation should be reversed. The process

is repeated periodically until the MPP is reached. The system then oscillates around the MPP.

The oscillation can be reduced by reducing the disturbance step size. However, a smaller
disturbance size slows down the MPPT [19].
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Figure 111.12: the hill climbing algorithm flowchart.

The advantage of the latter technique is that it is simple to implement. On the other hand, it
has the same disadvantages as the P&O method concerning oscillations around the PPM in
the steady state and an occasional loss of the MPP search when the climatic conditions change
rapidly [20].

b) Simulation of the hill climbing technique using Psim[21]:

The INC algorithm is implemented using analog blocks figure (111.9), it is simulated in PSIM
software as shown in figure (111.10) and the results shown in figure (111.11).

PVPower Y Current To Switch gate

{7 WV ol }

/\

wwﬂQ|4
et () 1H

rl\}
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Figure 111.13: Model of the INC technique in Psim.
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Figure 111.14: Model of the PV system using the INC method.
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Figure 111.15: results of the PV system simulation.

As shown in Figure (111.15) the pv panel power is following the maximum power like we

have seen in the previous cases while the irradiation disturbance is applied in order to reach

the highest level of power occurred by the solar panel and performs the correct decision in

duty cycle. [22,23].

45
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111.2.3 Comparative study:
The following table represents a comparative study between the classical MPPT control

techniques "Perturb & Observe™, "Incremental conductance™ and™ hill climbing".

Table I11.1: Comparison of the MPPT P&O and IncCond techniques [31].

Algorithms P&0O IncCond Hill climbing
MPPT.
Type of sensors |1 voltage. 1 voltage. 1 voltage.
used. 1 current. lcurrent.
lcurrent.
[dentification of [Not Not necessary. Not necessary
PV panel necessary.
arameters

Complexity. Lower Medium. medium
Convergence Medium. Medium. medium
speed.
Precision. 96.6% 97.07% 95%

111.2.4 Remarks and interpretations:
After this study, according to the advantage of the P&O method and its simplicity and the
ease of implementing its algorithm according to the other techniques. It will be used and

simulated in our system.

111.3 Conclusion:

In this chapter, we have seen the classical study of the most famous techniques (P&O, INC,
HC), which are necessary for a photovoltaic system to operate at its maximum power even for
weather or load variations. Then we have implemented those techniques in the psim software

in order to see their performance in the real time.
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IV.1 Introduction:

This chapter, for the simulation and the practical study of a photovoltaic system adapted with a
digital MPPT "perturbation and observation" control.

The realization of the system is based on the dimensioning and the technical characteristics of
the elements available in the electronics laboratory of the university Abbes Laghrour of
Khenchela.

The experimental setup of a complete PV system (GPV+Buck+MPPT+load) is described.

All the simulation operations are done by the Proteus 8 software.

IV.2 Simulation of the different components of the system in Proteus

1VV.2.1 Simulation of the buck converter:

Figure (IV.1) shows the schematic of the buck converter under Proteus. The following tests are
carried out tests on the operation of the buck converter and its voltage decline. The converter is

working well, the decrease of the duty cycle decreases the output voltage and vice versa.

a on g, VO

i ML N =0, 8
TEXT +

at 9
=l == 0
L cin b )
= P gy LOAD -
<TEXT-= .
- - - ' -

Figure 1V.1: Diagram of the buck converter under Porteous.

IVV.2.2 Simulation of the voltage sensor:
Figure (1V.2) shows the simulation of the voltage sensor under Proteus. This
This simulation is performed under Proteus; it shows the efficiency of this sensor to measure a

DC voltage from a DC voltage.

R4
R T 2] wd

Figure 1V.2: Diagram of the voltage sensor in Proteus.
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1VV.2.3 Simulation of the current sensor:
Figure (1V.3) shows the schematic of the current sensor in Proteus. A simulation has been a
simulation was carried out in Proteus to measure a DC current. This simulation shows the

sensitivity of this sensor for measuring current.

VATV
<IEXT*

ARDUING UND
M+ =TEXT=

INATES
<TEXT=

=TEXT=

Figure 1V.3: Diagram of the current sensor in Proteus.

IV.2.4 Simulation of an LCD display:
The diagram of an LCD display under Proteus is shown in figure (1VV.4). This display represents

the results obtained.
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Figure 1V.4: Schematic of LCD display in Proteus.

IVV.2.5 Simulation of the PV panel:

In order to model a PV panel in Proteus tool, its equivalent circuit is done with a controlled




CHAPTER IV Simulation & Realization of the MPPT Regulator & the PV System

current source and a diode with modified Spice code, that in order to design a real model of PV
panel. Figure (IV.5) presents the Proteus model and its Spice code.

RS AL
— — -
TEXT=>
*SCRIPT SPICE
MODELPY D (1S=2.5245e-10
+N=17.6114
ph] H RSH +Eg=1.12
Iph+ SZ D <TEXT= +TEMP=25
TEMP=25 i
*ENDSCRIPT
[> —

Figure 1V.5: the PV panel model under Proteus.

As shown in Figure (IV.5), in order to model a PV panel in Proteus tool, the below steps are
followed:

1. A “Voltage Controlled Current Source” block controlled by “DC Voltage Source” block is
used to model the Current Source. For example, to simulate our model under STC, the value of
“DC Voltage Source” block is set to 1.6216 V value, which is the photocurrent of P-5W panel
under STC.

2. As shown in figure (IV.1), a diode with modified spice code is used in this model, because it
IS required to change the values of the saturation current Is, the ideality factor, number of cells
and band gap energy in the Spice code according to the specification of P-5Welion panel [14].
Note that N is set to 17.6114 which is the multiplication between the ideality factor and number
of cells.

3. Two resistors are used to model the shunt resistor and the series resistor with the values
mentioned in table IV.1.

4. A “DC Voltage Source” block is connected to the PV panel model as a variable load. Its
value is equal to the “Sweep variable” value of the “DC SWEEP ANALYSIS” graph used in
order to simulate our model as shown in figure (IV.6), note that the range of “Sweep variable”
variable must be between 0V and the open-circuit voltage. The simulation of the PV panel in
ISIS Proteus is presented in Figure (1V.6).
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Figure IV.6: 1-V and P-V characteristics for PV panel by using Proteus.

As presented in figure (IV.7), the Proteus PV model is put in a sub-circuit in order to make it
easy to use.

PVPANEL
IPH + v * (-
Iph- Amps

=) [Jiov

CCTOD4 -

Figure 1V.7: The sub circuit of the PV panel model under Proteus.

Modeling a PV panel in Proteus tool allows controlling our PV system by microcontroller and
microprocessor. Therefore, the performance obtained will be similar to the performance
obtained during real experience. One of the aims of this study is to acquire and supervise the
current, voltage and power of our PV panel by using Arduino and Proteus.

IV.3 PV System Simulation under Proteus:

The simulation of the PV system under Proteus is shown in figure (1V.8).

The simulation results show that the DC-DC converter and the MPPT control perform their
roles correctly. The inverter provides under optimal conditions a higher voltage at its output
than the one provided by the PV generator.

The MPPT control adapts the PV generator to the load by transferring the maxi mum power
The MPPT control adapts the PV array to the load by transferring the maximum power supplied
by the PV array.
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Figure (1V.8): Overall diagram of the photovoltaic system in Proteus.
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Figure (IV.9) shows the Radiation profile used in simulation. Q=1.5s step change in radiation
is applied to study the response of each technique during disturbance.

Figures (1V.10), (1V.11) shows the PV panel voltage and current while figure (1V.12) represents
the comparison between the PV panel and the load power however, we notice that the pv power
after rising suddenly it remains unchanged just till the perturbation is applied, the power fall for
2.5 watts peak and then made a significant recovery to stabilize and remain constant in its
permanent range. At the same time, the load power trying to fellow the maximum power while
the irradiation disturbance is applied in order to reach the highest level of power occurred by
the solar panel and performs the correct decision in duty cycle.

The table shows the simulation results of the curves:

Table 1V.2: the variation of power versus irradiance.

Irradiance Ipv(A) Vev (V) Pev (W) Io(A) No(V) [Po(W)
200 0.4 4 1.6 0.47 2.8 1.316
600 0.62 6 3.72 0.70 5.7 3.99
1000 0.89 10 8.9 0.97 11.8 11.44

e Remarks and interpretations:

It appears that with different levels of illumination, the electrical quantities (power, voltage and
current) stabilize around precise values.

the MPPT control makes the operating point oscillate around the MPP.

For a maximum irradiance E=1000 W/m2 the power supplied by the PV generator stabilizes
around 8.9W and the power supplied to the load around 7.378W, at the output of the at the panel
level, the voltage and current stabilize around 10V and 0.89A respectively.

At the load level, the voltage and current stabilize around 11.8 V and 0.97 A respectively.




CHAPTER IV Simulation & Realization of the MPPT Regulator & the PV System

V.4 Characterization of the pv system:

LI

PV System Buck Battery 6V-5AH

"

LCD
DISPLAYS

Arduino UNO

Figure 1V.13: synoptic diagram of an MPPT controller.

1.5 Hardware used:

IVV.5.1 The microcontroller: [24]
The Arduino UNO board is a programmable ATmega328 microcontroller that can be used to
operate components (motor, LED, etc.). It has "ports™ allowing it to be connected to a computer

or to be powered, for example. The Arduino UNO board is the centerpiece of any electronic

circuit for beginners.
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Figure 1V.14 : La carte Arduino UNO.

1VV.5.2 The software interface:

The Arduino IDE interface is rather simple (see Figure 4.2), it offers a minimal and uncluttered
interface for developing a program on Arduino boards. It has a code editor with syntax
highlighting (1) and a quick toolbar (2). These are the two most important elements of the
interface, and are the ones we use most often.

There is also a more traditional menu bar (3) which is used to access the advanced functions of
the IDE. Finally, there is a console (4) which displays the results of the compilation of the

source code, operations on the board, etc

Figure 1V.15: The Arduino IDE interface.

IVV.5.3 Buck converter: [25]

The sizing of the Buck converter depends on the constraints imposed by the solar panel and the

load.
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Figure 1V.16: Buck converter.

IV.5.4 Current sensor: [25]
The ACS712s sensor, this sensor is based on Hall Effect to measure AC or DC current signals

accurately. The maximum current that can be supported by this module is 30A. The current

signal present can be read out via analogue port.

Figure IV.17: Current sensor ACS712s.

IVV.5.5 voltage sensor: [25]
3 pin voltage sensors (VCC, GND, and SIGnal) Can support up to 25V. This module is based
on the principle of Pressure point resistance and it can make the input power voltage of the red

terminal reduce 5 times of initial VVoltage.

Figure 1V.18 : Voltage sensor.
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IVV.5.6 The Solar panel:
We used the 11.6V, 5W, 0.62 A solar panel shown in figure (4.9)

FigurelV.19: Actual photo of used panel. FigurelV.20: Used panel

characteristics.

IV.5.7 LCD displays:
LCD displays have become indispensable in technical systems that require the display of the

display of operating parameters.
These displays can show letters, numbers and some special characters.

The characters are predefined.

Figure 1V.21: LCD displays.
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1V.5.8 Battery:
A source of electric power consisting of one or more electrochemical cells with external

connections for powering electrical devices.

_mETAMA
SEAED WE LEAD-ACID BATTERY

FM-6V-5Ah

INSTRUCT 10N (AT20°C)

CHARGE
T B
e [ wssm 700500}

CAUTION: 4
AVOID SHORT CIRCU
DO NOT RECHARGE IN A SEALED CONTAINER

,A
%%
1 &
necvcLe WADE 1N P.R.C

Figure 1V.22: METAMA battery 6V-5AH.

V.6 Implementation with MPPT control:
The Maximum Power Point Tracking (MPPT) algorithm has been implemented in the Arduino.
The IPV and VPV signals are filtered and then multiplied to obtain the value of the Average

Power.
The details of the P&O based program are described in Appendix 2.

IV.6.1 Complete system assembly:
Made the complete assembly figure (IV.23). It is composed of a PV panel P-5W, buck
converter, Arduino, current sensor (ACS712)30A, voltage sensor 25V and a battery 6V.
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Figure 1V.23: hardware prototype.

IV.6.2 Experimental results of the set-up:
Our objective is to change the irradiation as well as to find the PPM for each irradiance.
The values of the voltages, currents, powers and duty cycle remain varied around the values

shown in the table 1V.3 which we got from the LCD display figure 1V.24:

Fru=@a, 120
=&, 481 I=0,829H

Figure 1V.24:LCD display.
Table 1V.3: Testing results of a P&O order.
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Irradiation(W/m?)| Vpo(V) | Lyw (A)| Pp(W)| Vo(V) | 1o (A) | Po(W)| DC %

200 4 0.4 1.6 2.8 0.47 | 1.316 93
600 6 0.62 3.72 5.7 0.70 | 3.99 87
1000 10 0.89 8.9 11.8 097 | 11.44 90

IV.6.3 Remarks and interpretations:
The results are in good agreement with the optimal ones deduced by the optimal analysis of the
electrical quantities of the photovoltaic module. As a result, the realized photovoltaic system
oscillates well around the maximum power point. In order to ensure a good functioning of the
realized system and to estimate the power losses supplied by the photovoltaic module, we have
characterized the realized system on irradiation variations:
e A good agreement between the experiment and the simulation of the previous chapter.
e The algorithm used ensures that the maximum power point is followed, without the
photovoltaic system diverging. Despite the rapid variations in irradiation.
e The overall results obtained show that the PV system implemented works well.
e The Arduino and the algorithm used ensure optimal operation independently of
irradiation variations. During this test.
IVV.7 Comparison between simulation results and implementation:

Table 1V.4 : Comparison of results between simulation and MPPT implementation.

Measures Simulation

Ir(W/m2) | Vpo(v)| Ipv(A)| Ppu(w)| Po(w) | Vpu(v)| Ipv(A) | Ppo(w| Po(w)
)
200 7.5 0.6 6.2 7.412 4 0.4 1.6 | 1.316

600 7.67 0.92 9.80 9.49 6 0.62 3.72 3.99

1000 10.2 1.2 12.9 17.17 10 0.89 8.9 11.44

By comparing with the measurements and the simulations, it can be concluded that the
operation of the MPPT device and the whole test system is correct with losses up to 8.30watts.
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V.8 Conclusion:

The power losses in the conversion chain are negligible compared to the electrical power
taken from the solar panel.

electrical power taken from the solar panel. The electrical power supplied to the

battery will therefore be approximately equal to the power generated by the GPV. With an
MPPT control, the PV generator can operate on its optimum electrical power curve over the

entire range of irradiation and temperature variation.
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General conclusion:

The work presented is concerned with the analysis, modelling and simulation of the electrical
electrical operation of a photovoltaic system with a digital control (MPPT control)

for tracking the maximum power of the photovoltaic (PV) panels. In a first step, the PV systems,
the principles of PV conversion and the technical characteristics of PV cells. In a second step,
we analyzed the techniques of MPP tracking for the extraction of the maximum power under
different operating conditions, known as the MPPT technique based on the

based on the algorithms of inductance incrementing, perturbation and observation and Hill
climbing algorithms followed by a comparison of the three algorithms in terms of

accuracy and stability. Our judgment is that the Perturb and observe technique is the most
suitable as it is easier to program and has an acceptable speed for our application.

Then we described in more detail the operation of the DC-DC

because they are the main component of the photovoltaic system.

The role of a DC-DC converter with integrated MPPT plays the role of an automatic impedance
matching of the load to ensure maximum power transfer.

In our work, we used a buck converter with MPPT with a control following the Perturb and
observe algorithm installed on an Arduino Uno board. The buck converter was chosen because
this type of converter has the best efficiency compared to other types, and that the open circuit
PV voltage is11.1Vand the voltage at the maximum power point is 9V, which means that the
source voltage is always higher than the voltage required by the load (a 6V battery).

By simulating the converter with the Proteus software, we were able to determine by trial and
error the values of the components, in particular the resistors, the capacities and the inductance
for the best possible performance.

At the end of the simulation we had built the prototype buck converter with MPPT.

The prototype was then subjected to various tests and measurements to fine-tune it by varying
the radiation. The results obtained are satisfactory despite the relatively low power output.
The placement of a heat sink had reduced the heating of the battery.

In perspective, we admit that the prototype can be further improved by increasing the power

conversion by adding more powerful components with heat sinks to protect them.

W
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APPENDIX

Appendix 2:
int duty = 75;
const int v = AQ;
const int I = Al;

int vk = 9;
int ik = 9;
int p = 0;

int delP = 9;

int vprev = 0;

int p_prev = 0;

int delv = 0;

const int wave = 5;

void setup () {pinMode (wave, OUTPUT);}
void loop () {
// put your main code here, to run repeatedly:
vk = analogRead(v);
ik = analogRead(I);
vk= (5/1023) *vk; //analog read will give value between 6 to 1023.
ik= (5/1023) *ik;
p = vk*ik;
delP = p - p_prev;
delv = vk-vprev;
if (delP! =0 || delv! =0)
{
if (delP > @) {
if (delv < @) {
duty++;
telse{
duty--;
}
} else {
if (delv<o) {
duty--;
} else {
duty++;
}
}
}

else {

duty = duty;

} digital Write (wave, HIGH);
delay Microseconds(duty);
digital Write (wave, LOW);
delay Microseconds(100-duty);

p_prev=p;
vprev=vk;

}



