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summary

In this thesis we aim to: study MPPT control of a PV pumping system
based on the techniquedisturbance and observation (P&O), We then
studied the case of a pumping system using a direct current motor, We
carried out a general study with the modeling and simulation of a
systemsolar pumping connected to a DC-DC converter. In order to have
the possibility of adjusting the water flow of the centrifugal pump, the
hysteresis control used for controlling the rotation speed of the DC motor
pump .

Tags:

Photovoltaic Array, DC-DC Converters, MPPT, DC Motor;

Pumping System, Hysteresis Control
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General Introduction :

Photovoltaic solar energy is one of the most widely used renewable
energies. It consists of directly converting solar radiation into electricity
using the photovoltaic effect. Photovoltaic (PV) panels have the ability
to transform photons into electrons. The energy in the form of direct
current is therefore directly usable. Due to the highly nonlinear electrical
characteristics of PV cells and their combinations, the efficiency of PV
systems can be improved by solutions using maximum power point
tracking (MPPT) techniques.

In this context, we are mainly interested in this work, in the study and
development of the maximum power point tracking (MPPT) of a
photovoltaic generator (GPV), for a good operation, whatever the
weather conditions (temperature and illumination). This requires the
implementation of a maximum power point tracking technique, such as
the Perturbation-Observation (P&O) method, Incremental (INC) and
Fuzzy (FL) approach.

In this thesis we started by presenting general notions on photovoltaic
systems, We then presented in the second chapter the DC/DC type power
converter with the MPPT control algorithm of a photovoltaic system and
their classifications. In the third chapter we present the MPPT control of
a PV pumping system based on a DC motor speed control whose aim is

to force the machine to operate around its reference speed .
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1.1. Introduction :

Photovoltaic energy is the result of the direct transformation of sunlight into electrical
energy by means of cells generally based on crystalline silicon, which remains the most
technologically and industrially advanced sector, in fact silicon is one of the most abundant

elements on earth in the form of non-toxic silica.

For definition, the word "photovoltaic” comes from the Greek "photo™ which means light
and "voltaic" which originates from the name of an Italian physicist Alessandro Volta (1754 -
1827) who contributed a lot to the discovery of electricity, so photovoltaics literally means light

electricity [1].
I.2 Photovoltaic solar energy:

Solar energy is an energy source that is dependent on the sun. This means that the raw

material is the sun.
It is in the category of renewable energies since it is considered inexhaustible.

It is also said to be a 100% green energy because its production does not directly emit
CO2.

Thanks to this energy, it is possible to produce electricity. It will be captured by solar
panels or thermal power plants. These installations capture the rays produced by the sun. They
then convert the sun's energy into electricity.

More precisely, the principle is to transform the energy carried by photons in light into

electricity.

This is where the photovoltaic cell comes into play: when exposed to light, it absorbs the

energy of the light photons. These generate a direct electric current.

It was in 1839 that Antoine Becquerel discovered that semiconductor materials were

capable of transforming solar energy into electricity. This is known as the photovoltaic effect

[2].
I.3. Solar radiation:

The sun is one star among many. It has a diameter of 1390000 km, or about 50 times that
of the earth. It is composed of 80% hydrogen, 19% helium and 1% a mixture of 100 elements,
i.e. practically all the chemical elements known since Langevin and Perrin, based on Einstein's

theory of relativity, put forward the idea some sixty years ago that it is the energy of nuclear



fusion that provides the sun with its power. It is now accepted that the Sun is a hydrogen-
helium thermonuclear bomb transforming 564 million tons of hydrogen into 560 million tons
of helium every second; the reaction takes place in its core at a temperature of about 25 million
degrees Celsius. Thus, every second, the sun is lightened by 4 million tons dispersed in the form
of radiation. [3]

Its light, at a speed of 300000 km/s, takes about 8 minutes to reach the earth, its spectral
distribution of the atmosphere is presented a maximum for a wavelength of about 0.5um, the

blackbody temperature on the surface of the sun is about 5780°K [3]:
® Sun diameter Ds = 1.39.109m;
® Diameter of the earth Dt = 1.27.107m;

® Average distance soleil _land Lts = 1.5. 1011m .
1.4. Types of radiation:

1.4.1 Direct radiation:

Solar flux in the form of parallel rays coming from the sun's disk without having been
scattered by the atmosphere. [3]

1.4.2 Diffuse radiation:

It is the part of the radiation coming from the sun, which has undergone multiple
reflections (scatterings), in the atmosphere. [3]

1.4.3 Reflected radiation:

This is the part of the solar irradiance reflected by the ground, this radiation depends
directly on the nature of the ground (cloud, sand, etc.). It is characterized by an eigencoefficient
of the nature of the link called Albedo(e) 0 . [3]

1.4.4 Global Coverage:

A plane receives from the ground a global radiation which is the result of the

superposition of the three compositions, direct, diffuse and reflected. [3]

diffus

Figure.l.1: Types of solar radiation [4].



I.5. Spectrum of solar radiation:

Electromagnetic radiation is made up of "grains” of light called photons. The energy of
each photon is directly related to the wavelength:

The spectrum of extraterrestrial radiation corresponds approximately to the emission of a
blackbody heated to 5800° K. A standard curve, compiled according to data collected by
satellites, is referred to as AMO. Its energy distribution is divided into:

® Ultraviolet UV 0.20 < |1 < 0.38 mm 6.4%
® Visible 0.38 <1 < 0.78 mm 48.0%
® Infrared IR 0.78 <1 < 10 mm 45.6%

The solar radiation received at the top of the atmosphere, in a plane perpendicular to the
sun's rays and for a distance from the earth to the sun equal to its average value. When this
radiation passes through the atmosphere to reach the Earth's surface, it is strongly attenuated
due to the phenomena of absorption and scattering by the different constituents of the
atmosphere [5].
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Figure 1. 2 : Spectral distribution of solar radiation.

1.6. The PV cell:

1.6.1.Types of PV cells:
There are different types of photovoltaic cells with varying yields and costs. However,
regardless of their type, their efficiency remains quite low from 8 to 23% of the energy they

receive. There are three main types of cells currently in use.

1.6.2 Monocrystalline cells:
These are the ones with the best efficiency (12-16%), but also those with the highest cost,
due to complicated manufacturing [6] .



1.6.3 Polycrystalline cells:
As they are easier to design, their manufacturing cost is lower, but their efficiency is
lower: (11%-13%) [6] .

1.6.4 Amorphous cells:
They have a low efficiency (8% - 10%), but require only very low thicknesses of silicon
and have a low cost. They are commonly used in consumer products such as solar calculators

and watches [6]
I.7. The Photovoltaic Effect:

Photovoltaic (PV) energy is the direct transformation of light into electricity. Unlike
passive solar energy, which uses the structural elements of a building to better heat (or cool) it,
and active solar energy, which uses a heat transfer fluid (liquid or gas) to transport and store
the sun's heat (we think of a water heater), photovoltaic energy is not a form of thermal energy.
It uses a PV cell to directly convert solar energy into electricity.

The photovoltaic effect, i.e. the production of electricity directly from light, was first
observed in 1839 by the French physicist Edmond Becquerel. However, it was not until the
1950s that researchers at Bell Telephone in the United States succeeded in manufacturing the

first solar cell, the primary element of a photovoltaic system.

1.8 . Principles of Conversion in PV Systems:

The photovoltaic effect used in solar cells makes it possible to convert the light energy of
the sun's rays directly into electricity through the production and transport of positive and
negative electric charges in a semiconductor material under the effect of light. This material has
two parts, one with an excess of electrons and the other with an electron deficit, respectively
called n-type doped and p-doped doped p. When the former is brought into contact with the
latter, the excess electrons in the material n diffuse into the material p. The initially n-doped
area becomes positively charged, and the initially p-doped area negatively charged. An electric
field is therefore created between them that tends to push the electrons back into the n zone and
the holes towards the p zone.

A junction (called p-n) is formed By adding metal contacts on the n and p zones, a diode
is obtained. When the junction is illuminated, photons with energies equal to or greater than the
width of the bandgap impart their energy to the atoms, each of which causes an electron from
the valence band to pass through the conduction band and also leaves a hole capable of moving,
thus generating an electron-hole pair. If a charge is placed across the cell, the electrons in the



n-zone join the holes in the p-zone via the outer connection, giving rise to a potential difference

in the electric current flowing [8].

Figure. 1.3: Block diagram of a PV cell.

Revétement anti-reflets

Electrode négative

Electrode positive

Figure 1.4: PN junction of a Photovoltaic Cell.

1.9. GPV photovoltaic generator:

Solar cells are usually combined in series and parallel, and then encapsulated under glass
to obtain a photovoltaic module. A PV generator consists of interconnected modules to form a
unit producing high continuous power compatible with the usual electrical equipment (Figure
1.3). PV modules are usually connected in parallel series to increase the voltage and current at
the generator output. The interconnected modules are mounted on metal supports and inclined
at the desired angle depending on the location, this assembly is often referred to as a module
field [9].



CELLULE

MODULE

Figure. 1.5 : Components of a GPV.

1.10. Modeling of a photovoltaic cell:
1.10.1. Case of an ideal cell:

Ideally, the cell of a PN junction subject to photovoltaic irradiance connected to a load
can be schematized by a current generator in parallel with a diode. This generator is delivering

a current Iph according to Figure (1.6), which represents the equivalent circuit of an ideal solar
cell [10].

Ipv
Id r F Y
Ill/ -\\'
ph [/ vd X Vpv
| F
) |

Figure. | .6: Equivalent diagram of an ideal cell.

® The equations used in this model are:
pv™ Iphld(l-]—)

The current Iph is assimilated to the current Isc with Vpv = 0, the short-circuit current
obtained by short-circuiting the load.

E
Iph: = (I-Z)Iscféf



E: The illuminance absorbed by the cell;

Eref: The reference illuminance (1000 w/);m?

Va.
F,
Iq= (-1 loe "(1.3)
I, : Reverse saturation current of the diode;
NKT
Vt = T

Vt: Thermal Tension;
N: Ideality factor of the solar cell;K: Boltzmann's constant (1.38. J/K);10723
q: Charge of the electron (1.6. C).1071°

1.10.2. Case of a real cell:

The equivalent diagram of the real photovoltaic cell takes into account parasitic resistive
effects due to manufacturing and shown in Figure 1.7).

This equivalent scheme consists of a diode (d) characterizing the junction, a current
source (Iph) characterizing the photocurrent, a series resistor (Rs) representing Joule losses, and
a shunte resistor (Rsh) characterizing a leakage current between the upper gate and the rear
contact that is generally much greater than (Rs) [11].

>

AN — Ipv
lIF I'IP P

-
Rs T

Ip h ! A" d 5 RP ‘MTP\-'

Figure.l. 7- Equivalent diagram of a real photovoltaic cell.

In our work, we used the mathematical model of the simple exponential solar module.

The output current of a photovoltaic cell is in the following mathematical form:
IpV: - Iphldlp(|'4)

I,y : Current generated by the photovoltaic cell;
I, - Current photo created by the cell (proportional to the incident radiation);

I4: The current flowing through the diode, equation (1.3).

Va

I4= (-1) (1.5)I,eve



Ip= IOr( )3 [5r(7m7) ](| 6)

Ior - IS the short-circuit current of the cell at the reference temperature and the reference
illuminance Eref;T,

T : Temperature of the PV cell junction [°K];

T, : PV cell reference temperature [°K];

B: Ideality factor of the junction;

Eg: Gap energy [ev];

Vd = + VpVRSIPV(I'7)
R : series resistor symbolizes the ground resistance of the semiconductor material, as well as
the ohmic and contact resistances at the cell connections;

VpvA: The output voltage;
I,: The current flowing through the resistor;R,,
R,: Shunt resistor represents leakage around the p-n junction due to impurities and on the

corners of the cell.

By substituting equations (1.5; 1.6) in equation (1.4) the current becomes:Ip,

Vpv + Rslpy
Ipv: Iph —_ IO <e Vi - 1) va al RSIPV(I 8)
Therefore:
pr + RSIPV v , + RSI
Ln — Iy (e Ve  — 1) — ”R—p”V— I,,=0 (1.9)

I.11. Generator Protections:

To ensure a long service life of a photovoltaic system intended to produce electrical
energy over 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 protection are used in the current Figure installations. (1.8):
- the non-return diode preventing a negative current in the PVs. This phenomenon can occur
when several modules are connected in parallel, or when a directly connected load can switch
from receiver mode to generator mode, for example a battery at night.

- By-pass diodes can isolate a subarray of cells when the illumination is not homogeneous,

thus avoiding the appearance of hot spots and the destruction of poorly lit cells. The conduction



of these diodes affects the output characteristic of the generator, as shown in the Figure. (1.9),

by the loss of part of the energy production and by the presence of two power maximums [12].

P

Diode anti-retour

Module A l
= .

Module B l B = Diode bypass

Figure. 1.8 Schematization of an elementary GPV with bypass diodes and non-return diodes.

4 Caractéristique d'un générateur
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Ipy

e

Caractéristique d un générateur
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bv-pass.

>
-‘;'l'rP"IL."
Figure. 1. 9: Effect of the bypass diode on the 1(V) characteristic of a photovoltaic array.
1.12 . Creation of a photovoltaic generator (GPV):

The combination of several photovoltaic modules in series/parallel results in a
photovoltaic array. If the cells connect in series, the voltages of each cell add up, increasing the
total voltage of the generator. On the other hand, if the cells connect in parallel, it is the

amperage that will increase as shown in the following figures [13].

1.12.1. Association of photovoltaic modules In series:
when cells are combined in a Figure series (1.14), the voltage is added and the same current

passes through them.

iscc =Icc (1.10)
And
Ves=Ns.Vc (1.11)



Figure. 1.10: Diagram of 3 photovoltaic cells associated in series.

1.12.2. Association of Photovoltaic Cells in Parallel:

when they are combined in parallel Figure (1.15) , the resulting current corresponds to

the sum of theygyrrents generated by each cell

Ipcc=Np Icc (1.12)
And
Vpco = Vco (1.13)

Modules are thus associated in series to increase the voltage, and in parallel to increase
the current, but it is also common to make combinations in series and parallel to increase the
maximum power. This reasoning can thus be extrapolated to the association of solar panel
modules, which are themselves made up of several cells with an association defined by the
manufacturer [14].

pv

Figure. 1.11: Diagram of 3 photovoltaic cells associated in parallel.



1.13. Simulation of a GPV:

& Block Parameters: PV Array1
PV array (mask) (link)

Input 1 = Sun irradiance, in W/m2, and input 2 = Cell temperature, in deg.C.

Farameters Advanced
Array data

Parallel strings

[3

Series-connected modules per string

Plot I-v and P-V characteristics when a module is selected

[2
Module data
Module: Kyocera Solar KC200GT -

Maximum Power (VW)

200.143

Open circuit voltage Voc (V)
32.9

Voltage at maximum power point Vmp (V)

26.3

Temperature coefficient of Voc (%g/deg.C)

Cells per module (Mcell)
54

Short-circuit current Isc (A)
8.21

Current at maximum power point Imp (A)

7.61

Temperature coefficient of Isc (%/deg.C)

Implements a PV array built of strings of PV modules connected in parallel. Each string consists of modules connected in series.
Allows modeling of a variety of preset PV modules available from NREL System Advisor Model (Jan. 2014) as well as user-defined PV module.

Display -V and P-V characteristics of ...

array @ 25 deg.C & specified irradiances -

Trradiances (W/m2) |[IDDD 1

Plot

Model parameters

Light-generated current IL (A)
8.2288

Diode saturation current I0 (A)

2.3246e-10

Diode ideality factor
0.97736

Shunt resistance Rsh (ohms)

150.6921
Series resistance Rs (ohms)
>
Cancel Help Apply

Figure. 1.12 : Parameters of the Photovoltaic Generator Block

The maximum power delivered by the photovoltaic panel given by the product between

the Vop voltage and the current lop as represents the following formula:

Prax="* (1.14)Voplop

1600 - -

1400 [ -

1200

1000 -

800 -

Power (W)

600 [~

400 -

200 -

0 1 I I I I 1
0 10 20 30 40 50 60 70

“oltage (V)

Figure. 1.13: P-V characteristic of a photovoltaic generator.
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Figure. 1.14: 1-V characteristic of a photovoltaic array.

1.13.1.Influence of Hlumination:

By varying the illuminance between 200 w/m2 and 1000 w/m?2 with a step of 200, the
characteristic (Ipv=f(Vpv)) is given by the figures (I. (15,16)). It can be seen that the value of
the short-circuit current is directly proportional to the intensity of the radiation. By
On the other hand, the voltage in an open circuit does not vary in the same proportions, it

remains almost identical even in low illumination. [15]

The internationally accepted standard irradiation to measure the response of photovoltaic

panels is a radiant intensity of 1000 W/m2 and a temperature of 25 °C.

1600 - E

1400

1000W/m* BODW/m® = E00WW/m" A400W/m* 200wrmZI

1200

— 1000

800

Power (W

600

400
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0 10 20 30 40 50 60 70
\Voltage (V)

Figure. 1.15: P-V characteristic of the PV module according to the illuminance.
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Figure. 1.16: 1-V characteristic of the PV module depending on the illuminance.

1.13.2.Influence of Temperature:

By varying the temperature from 25°C to 50°C, the characteristic (Ipv=f(Vpv)) is given
by figures (2. (21,22)). It will be noted that temperature has a negligible influence on the value
of the short-circuit current. On the other hand, the open-circuit voltage
decreases quite sharply as the temperature increases, consequently the extractable power
decreases. When sizing an installation, the variation in the temperature of the site will be taken

into account [15].
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Figure. 1.17: P-V characteristic of the PV module according to temperature.
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1.14. Form Factor, FF:

The form factor or fill factor where Fill Factor FF(%) is used to qualify the quality of a
PV cell or generator. This coefficient represents the ratio
between the maximum power that the cell can deliver (Pmax) and the power formed by the

rectangle Icc*Voc . It is defined by the following relationship:

FF= = (|.15) Pmax VmxIm

Vcoxlcc Vcoxlcc

The FF reflects the losses caused by the Rs series and parallel Rp resistors of the cell [16]

. In the limit case FF=1, the power extracted from the cell is maximum [17].

1.15. The Yield:

The n efficiency (%) of the solar cells indicates the efficiency of conversion to power.
This is the ratio between the maximum power delivered by the cell and the light output

incident, Pin.

n= = FF.Vcolcc Pmax(l.l6)

Pin Pin

This efficiency can be improved by increasing the form factor, short-circuit current, and

open-circuit voltage. The conversion yield is an essential parameter. Indeed, the mere

knowledge of its value makes it possible to evaluate the performance of the cell [18] 1.16. The



1.16 .advantages and disadvantages of photovoltaic energy:
1.16.1. The advantages of photovoltaic energy:
Photovoltaic systems have several advantages:
® They are non-polluting, with no discernible emissions or odours.
® They can be stand-alone systems that operate safely, unattended for long periods of time.
® They do not need any connection to another energy source or fuel supply.
® They can be combined with other energy sources to increase system reliability.
® They can withstand harsh weather conditions such as snow and ice.
® they do not consume any fossil fuels and their fuel is abundant and free.
® High reliability as the facility has no moving parts, making it particularly suitable for remote
areas, hence its use on spacecraft.
® the modular system of photovoltaic panels allows for assembly that can be adapted to various
energy needs; The systems can be sized for applications ranging from milliwatts to megawatts.
® Photovoltaic technology has ecological qualities because the product is non-polluting, silent,
and does not cause any disturbance to the environment.
® They have a long lifespan.

® The costs and risks of transporting fossil fuels are eliminated.
1.16.2. The disadvantages of photovoltaic energy:

® The manufacture of photovoltaic modules is high-tech, which makes the cost very high.

® the actual efficiency of a photovoltaic module is around 10 to 15%,

® they are dependent on weather conditions.

® the energy from the photovoltaic generator is continuous and low voltage (< to 30 V) so it
must be transformed through an inverter.

® many devices sold on the market work with 230 V AC.

1.17. Conclusion:

In this chapter, we have presented generalities about photovoltaic systems such as solar
cells, photovoltaic modules and solar panels.
We have explained how the photovoltaic cell works as well as these types. Then we presented
the structure of photovoltaic panels plus the different types of photovoltaic systems for the
home[19].
In the next chapter, we will present the DC/DC static converters which are the Hashers as well
as the MPPT control with the perturbation and observation (P&O) method.
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I11.1. Introduction

Power electronics, or more correctly "energy conversion electronics”, are less than 50
years old. It has grown so much that today nearly 15% of the electrical energy produced is
converted into one form or another. During these years, the size, weight, and cost of converters

have only decreased, largely due to advances in electronic switches .

The growing number of renewable energy sources requires new strategies for the
operation and management of the electricity grid in order to maintain or even improve grid
reliability and energy quality. In addition, new energy management structures are becoming

increasingly important.

Power electronics is still an emerging technology and its applications are tending to
multiply. Its main function is to convert electrical energy from one stage to another. It plays an
important role in the production of electrical energy and the integration of renewable energy
sources into the electricity grid. In addition, power electronics are widely used as its
applications become more integrated into grid-connected systems, such as photovoltaic (PV)

systems.

In recent years, power electronics have undergone rapid development due mainly to two
factors. The first is the rapid development of semiconductors and advances in transistor
technology, which are capable of rapidly switching and manipulating high powers. Thyristors
have been replaced by Moses and Gibets while thyristor-based switched inverters have been
replaced by self-switched inverters based on Moses transistors and Gibets. Self-switched UPS
typically use PWM (Pulse-Wide Modulation) control and a high switching frequency (1 kHz
to 20 kHz), which allows an output signal to be generated that can be completely sinusoidal.

This design is robust, efficient, and ensures high reliability [20,21].

The second factor is the introduction of regulators capable of implementing powerful and
complex control and regulation algorithms. A very important interest in digital control, due to
its low power consumption and noise immunity using new processors, next-generation DSPs

microcontrollers and basic FPGA (Field Programmable Array) platforms
11.2. Convertisseurs DC/DC (Hacheur) :

For power conversion, it is essential that the efficiency is kept high to prevent power
dissipation and to avoid excessive heating in the electronic components. For this reason, all the
power conversion exchanged must be carried out around the energy storage components

(inductors and capacitors) and switches. The power switches used depend on the level of power


https://fr.wikipedia.org/wiki/Commutateur_(%C3%A9lectronique)

to be converted or controlled. MOSFETS (metal oxide field-effect transistors) are usually used
at relatively low power (a few kW) and IGBTS (isolated trigger bipolar transistors) at higher
powers. Thyristors have been generally used and accepted in the highest power levels. Figure
1.1 shows the representation of a DC/DC converter, which can be used as an interface between
the source and the load [22]

DC |
Vin Four R

DC

Figure. 11.1: DC/DC converter [22].

11.3. Direct connection to the photovoltaic source charge[[23:

The simplest system that can be designed consists of a GPV photovoltaic generator and a
load that directly uses the energy produced by the GPV.

This energy is highly dependent on illuminance, the nature of the charge and temperature.
The direct connection is mainly used because of its simplicity of implementation, its minimal
cost due mainly to the absence of electronics, not to mention a low cost. Figure 1 shows this
case. The disadvantage of this configuration is that it does not offer any type of operating
‘adjustment’. The transfer of the optimal power available at the GPV terminals to the load is
also not guaranteed. The direct connection of the photovoltaic array to a load is currently the
cheapest and most widespread operating principle. It is necessary to make sure, beforehand,

that the load accepts the direct connection to the photovoltaic array: this is the problem of sizing.

Généraleur
photovoltalque

Figure. 11.2: Principle of direct coupling.




A precaution must be taken to avoid deteriorating the generator by a return of current to
it. Thus, a non-return diode is placed between the source and the load. The principle of direct
GPV-Charge coupling is based on the transfer of the output power from the photovoltaic source
to the equipment to be powered, without any intermediary system. This operation is recognized
under the name 'operation over the sun'. The operating point is particularly dominated by several

factors, namely [22-23]:

the load,
operating conditions: lighting, temperature,
the types of connections established of the photovoltaic modules (parallel, series,

mixed).

The major disadvantage of this connection is its direct dependence between the power
supplied by the generator and the load. In fact, the power supplied by the photovoltaic module
results from the intersection between the current-voltage characteristic I — V of the GPV and
that of the load. The electrical characteristics of a GPV can change rapidly depending on solar
irradiance, temperature, and in the longer term the aging of the cells. The present study aims to
analyze the results obtained for a direct connection for various loads. Given a resistive load
coupled directly to the photovoltaic array, the operating point is given by the intersection of the
electrical characteristic of the load with that of the GPV. To ensure that the cells are working
at their maximum power, it is necessary to ensure that the load imposes this optimal operating
point. In the case of the connection of a resistive load, the impedance of the load must evolve
so that the modules remain at their optimal operating point at all times in order to ensure proper
operation of the photovoltaic cells. This is not always the case. We assume that the nature of
the charge is of the continuous type (DC). This is because an AC type of charging is not
compatible with the direct connection at all, because the GPV provides a direct current. Three
types of typical DC loads exist: a purely resistive load, a voltage source type load, and a current
source type load. In Figure 3, we have shown the current-voltage characteristics I — V of a GPV,

as well as the I — V characteristics of the three types of loads.

R

I(A)

Source de
tension

B

C Sousrce de

l()])l """""""
/ \ courant
Vnpl V (V)

Figure. 11.3 : Types of Directly Connected Loads .




We can identify the operating point where the power supplied by the generator is
maximum: point M for optimal current (lopt) and optimal voltage (Vopt). Then we can find the
point of intersection between the characteristics | — V of the generator and those of the three
types of loads: - Point A for a resistive load, - Point B for a load of the voltage source type and
- Point C for a load in a current source, corresponding to power values lower than the maximum
available power Popt . Therefore, a loss of part of the power deliverable to the terminals of the

PV generator can occur, which in the long run implies significant losses in energy production.

This is not observed in all cases of direct connection GPVCharge, as this work can show.
[24]

11.4. Indirect connection:

As we have seen before, a GPV has nonlinear (V) characteristics with points of
maximum power. These characteristics also depend on the level of illumination and the
temperature of the cell. In addition, according to figure (3), the value of the nominal power
delivered by the GPV differs greatly from that actually transferred to the load. It is therefore
necessary to use an adaptation stage between the GPV and the load as described in Figure (4)
to extract at any moment the maximum power available at the terminals of the GPV and to
transfer it to the load. This stage acts as an interface between the two elements by ensuring the
transfer of the maximum power supplied by the generator using a control system used for this

purpose. In our case, the adaptation stage that concerns us is the DC-DC converter

I :
+
ETAGE _ o
D' ADAPTATION V, CHARGE
L —

Figure. 11.4: Connecting a GPV to a load through an adapter stage
. 11.5. Boost Chopper:
The latter is a boosting converter, also known as a "boost" or parallel chopper; its basic

schematic diagram is that of Figure 6 Its typical application is to convert its input voltage to a

higher output voltage [25].
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Figure. 11.5: Boost converter [25].

11.5.1. Modeling of the Booster Chopper:

The booster converter can often be found in the literature as a boost chopper or parallel
chopper. The figure. 11.8 represents the booster converter. This converter consists of a direct
input source: inductance in series with a voltage source, and a continuous type output (the
load): capacitor in parallel with the resistive load. Since the current is always positive and the
switches must be controlled (at locking and priming), the switch K can be replaced by a

transistor [26].

¥ lIc2

V1 — C2 VO

Figure. 11.6: Schematic diagram of a Boost converter [29]
During the aT time, the switch is closed and the current in the inductor increases linearly.

The voltage across K is zero. During the time [oT, T] the switch opens and the energy
stored in the inductor controls the flow of current in the freewheel diode D. By writing that the

voltage across the inductance is zero, we arrive at [27]: Vx =V,
V(1 —a) = V; (1.1)

Knowing the real behavior of this converter requires knowing its mathematical model in
detail. To do this, we need to represent the equivalent circuit by the two states of the switch

and then draw the mathematical model linking the input/output variables. Figure 1.9 shows the



diagrams of the equivalent circuits of a booster converter in both cases: the so-called closed

switch during and the open switch during (1-d) TS. [28]
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Figure. 11.7 : Schémas équivalents du hacheur.[29]

Applying Kirchhoff's laws to the equivalent circuits of the supercharger converter of the

two phases of operation, we have the following systems of equations:
e For the first period T€ [0, a.T]:
dvy(t) _ . :
! (ic,(t) = €, =22 v1( ) = i;(6) — i, (D)

le2(t) = Ca—— = —iy(t) (11.2)
V() =L ‘“;E” = +Vi(t)

dvo (f)

®,

« For the second period T€[T, aT]:

i1 (8) = €, 28 = 1;(6) — i, (1)

ica(8) = €, ™20 ‘“’°“’ = i,() — iy (t) (1.3)
AGEIECS ‘“L“’ = Vy(t) = Vo(t)

To find a dynamic representation valid for the entire period T, the following expression
is generally used [29]:

dx o dx

(_) Ts

dt T dtATs st dt(1 D)T

(1—-d)T; (11.4)

Applying the relation (11.5) to the systems of equations (I1.3) and (I1.4), we find the

approximate model of the booster converter: [30]

dvi(t)
dt

io = (1 - d)i, — ;22 (11.5)
V=128 4 (1 - ayv,

iL=1—C



11.6 Maximum power of a PV generator

An MPPT, or "Maximum Power Point Tracking", is a principle that makes it possible to
monitor, as its name suggests, the maximum power point of a non-linear electric generator. As
a result, for the same light, the power delivered will be different depending on the load. An
MPPT controller therefore makes it possible to control the static converter connecting the load
(a battery for example) and the photovoltaic panel in order to continuously provide the
maximum power to the instant charge. The (Figure 111.1) represents the trajectory of the point
of maximum power produced by the generator.
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Figure. 11.8: The I-V, P-V characteristic and the PPM trajectory.

Figure 111.2 shows the schematic diagram of a photovoltaic module with a DC-DC
matching stage between the GPV and the output load. This structure corresponds to a system
more commonly known as an autonomous system . This adapter stage has an MPPT (Maximum
Power Point Tracking) control that allows it to search for the PPM that a photovoltaic solar
panel can provide. The MPPT search algorithm can be more or less complex depending on the
type of layout chosen and the desired performance. However, in the end, all efficient algorithms

must play on the variation of the duty cycle of the associated power converter[29].
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Figure. 11.9: Elementary photovoltaic conversion chain.

To ensure the operation of a GPV at its maximum power point (PPM), MPPT controllers
are used, these controllers are intended to minimize the error between the operating power and
the maximum reference power varying according to climatic conditions based on optimal
methods [31].

11.7. Management of the MPPT:

La figure 1ll. 3 illustrates three cases of disturbances. Depending on the type of
disturbance, the operating point switches from the maximum power point PPM1 to a new

operating point P1 more or less distant from the optimum.

In this case, for a variation in sunshine, it is sufficient to readjust the value of the duty
cycle to converge to the new maximum power point PPM2. In case b, for a load variation, a
change in the operating point can also be observed, which can be found in a new optimal
position thanks to the action of a control. Finally, in the last case, ¢ of variation in the operating
point can occur related to variations in the operating temperature of the GPV. Although it is

also necessary to act at the level of the control [32] .
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Figure. 11.10 : Search for and recovery of the Maximum Power Point a) following a variation

in illumination, b) following a variation in load, c) following a variation in temperature .

11.8. Perturbation method and observation (P&O):

This is the most widely used PPM tracking algorithm, and as the name suggests, it is
based on disturbing the system by increasing or decreasing Vref or acting directly on the duty
cycle of the DC-DC converter and then observing the effect on the output power of the panel.
If the value of the current power PGpv(n) of the panel is higher than the previous value PGpv
(n-1) then we keep the same direction of the previous disturbance otherwise we reverse the

disturbance of the previous cycle. Figure 111.3 shows the flowchart of this algorithm.

With this algorithm, the operating voltage V is disturbed at each cycle of the MPPT. As
soon as the MPP is reached, V will oscillate around the ideal operating voltage Vmp. This

causes a loss of power that depends on the pitch width of a simple disturbance.

If the pitch width is large, the MPPT algorithm will respond quickly to sudden changes

in operating conditions, but losses will be increased under stable or slowly changing conditions.

If the pitch width is very small, losses under stable or slowly changing conditions will be
reduced, but the system will no longer be able to keep up with rapid changes in temperature or

insolation.



The disadvantage of the P&O method is that when a sudden increase in sunlight is
produced there will be an increase in the power of the panel, the previous algorithm reacts as if
this increase is produced by the previous disturbance effect, then it continues in the same
direction which is a wrong direction, which it takes away from the true point of maximum

power.

The P&O method works by periodically disturbing the voltage of the VPV panel with a

AV and the variation in the electrical energy delivered to the PV output is observed.

If AP > 0 then the voltage disturbance moves the operating point to a point closer to the
MPP and the voltage continues to be disturbed in the same direction, this will move the

operating point until the MPP is reached.

If AP < 0 the operating point moves away from the MPP, then the voltage is perturbed
with an algebraic sign contrary to the previous sign to move the operating point until the MPP
is reached [33].
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Figure 11.11: Operating characteristics of the Perturbation-Observation method
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Figure 11.12: Algorithm of the Perturbation and Observation method [36].

The Perturbation-Observation "P&O" algorithm is often the most widely used in practice
due to its ease of implementation. For this method, based on the PV characteristic, the

photovoltaic array is considered to be operating at a point that is not necessarily the MPP.

The operating voltage is disturbed with (AVGpv) and the variation (APGpv) of the
electrical power is observed. If (APGpv) is positive, then the voltage disturbance moves the
operating point to a point closer to the MPP. Other successive disturbances of the voltage in the
same direction (i.e. with the same algebraic sign) should shift the operating point until the MPP
is reached. In the case where (APGpv) is negative, the operating point moves away from the
MPP, and thus the algebraic sign of the voltage disturbance should be reversed to move the
operating point back to the MPP [34].



In Figure 111.4 we consider that the operating point is on curve (1), the MPPT oscillates
around the MPP, from point A2 to point A then to point Al and vice versa, if the value of the
illuminance increases the curve P(V) of the panel moves towards the curve then the MPPT
perturbs the operating point from point A to point B1 which if we take us to AP > 0 with
[AP=P(i)-P(i-1)] the MPPT continues to perturb the voltages in the same direction, i.e. towards
the point B2.

If the illuminance is still increasing, the operating point is moving to the C1 point of the
curve (3) instead of the B2 point on the curve (2), then the MPPT still has AP >0 and it is
moving the operating point to the C2 point.

From points A —-B1— C1 —C2 the P&O algorithm continues to move away from the

MPP which results in power that will be lost and efficiency decreases [37], [38].

I1.9: The Simulation block of the perturbation and observation (P&O)

algorithm:

We have made the simulation model of the P&O algorithm figure (111. 6), based on the flowchart

illustrated in the figure.
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Figure. 11.13: Algorithm simulation block scheme (P&O).



11.10.Simulation of a photovoltaic panel with MPPT and DC-DC converter:

e Block diagram:

Figure 11.14 shows the SIMULINK schematic block of the photovoltaic system adapted
by the MPPT control.

S
Discrete, Clockl T MPPT Controller INC
5=0.0001 ° »V
Duty
powergui »
]
To Workspace2
— ]
To Workspace3
0
Scope2

PV Array1
bcera Solar KC200GT
Seope 5 module string

3 parallel strings

Figure 11.14: Block diagram of a photovoltaic system equipped with MPPT.

e The characteristics used for the PV module are given in Table 11.1

Number of cells in series per panel 54
(Ns)

Maximum power (P_max) 200.143 W
Short Circuit Current (1_cc) 821 A
Open Circuit Voltage (v_co) 329V
Current at MPP point (I1_op) 7.61 A
Voltage at MPP Point (v_op) 26.3V
Number of Panel in Series (Nps) 2
Number of panels in parallel (Npp) 3

Table 11.1::Technical data sheet for KC200GT to STC conditions .



¢+ The parameters of the Boost electric converter are given by the following table:

Parameter Name Value
L; Inductor of the converter | 4 mH
C; Input Capacity 4700 uF
C, Output Capacity 470 UF
R Resistance de charge 200Q

Table 11.2: Converter parameters.

» Comment:
The following figure shows the power as a function of voltage of a photovoltaic system

(200w panel) controlled by a PO controller in a variable temperature and lighting.
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Figure 11.15: Variation in illumination .
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Figure 11.16: Temperature variation.
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Figure 11.17: Characteristics P (t) of a PV system.
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Figure 11.18: Characteristics v (t) of a PV system.
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Figure 11.21: Characteristics i (v) of a PV system.

How on the figures:
Figure (2.20) shows the power-versus-time pace of a photovoltaic system controlled by a
disturbance and observation (P&O) controller.

v" in a variable temperature and illuminance, we notice that the power takes an
oscillation time of (0.01s) to stabilize at the maximum value of the power (1200W).

v’ Figures (2.20), (2,21),(2,22) show the power speed and voltage as a function of time
of a photovoltaic system controlled by an IC controller in a variable temperature and
different illuminations:

v First, we subjected the system to a brightness variation E=200, 400, 600, 800,1000
W/m?). At the time t=0.2s with a variable temperature (25,35,45°C). Therefore, we
see in the figures (2.20, 2.21), an increase in voltage which induces a decrease in
power, the operating point of the system moves away from the MPP, after 0.01s.
The control goes up the operating point and stabilizes it around the MPP with some

oscillation that is caused by the control algorithm [39].

11.10 Conclusion:

In this chapter we have carried out a study by MPPT simulation by method the (P&O)
method.Which based on controlled power reaction, this MPPT control directly uses the voltage
and current of the photovoltaic panel to find the operating point corresponding to the

maximum power.

Finally, the simulation results for the P&O algorithm of the overall system are built under
Matlab-Simulink.
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Control of a photovoltaic pumping system
based on a DC motor




I11.1 . Photovoltaic pumping systems:

Many people in rural areas of developing countries face major problems due to water
deficit. These problems are especially accentuated in desert areas. The water deficit in drylands
Is a vital issue for people. The improvement of living conditions in these areas is linked to the
search for adequate solutions to this problem. Photovoltaic (PV) pumping is the ideal solution

for water supply wherever the electricity grid is absent. [40]

Currently, two photovoltaic pumping systems are in use, with and without batteries. The
battery-free technology has some disadvantages, its main flaw is to have a water flow that

depends on the amount of sunshine during the day. We are going to do a study with the addition

of batteries in the photovoltaic pumping system.
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Figure. 111.1: Photovoltaic pumping systems.

111.2.Modelling of a separately excited (Independent) MCC:

The modeling of the DC machine in the transient regime makes it possible to highlight

certain phenomena that appear during the operation of the machine such as: starting, braking,

armature reaction, switching, speed variation, etc.

Consider a constant-flux DC motor obtained by separate excitation. This type of
excitation allows us to obtain a relatively simple speed control that is operated by action on the

voltage of the armature.



111.3.Equation of the machine:

The modeling of the motor + load assembly is feasible from the basic equations of the
DC machine and the fundamental relationship of dynamics. The electrical diagram of an
independently excited MCC is as follows:
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Figure. 111.2 Electrical diagram of a separately excited MCC.

The index 'e' corresponds to 'excitation’, the index 'a’ corresponds to 'feeding'.

e Inductor equation:

di,
Ue = Re X Ie + E (HI. 1)

The index 'e' corresponds to 'excitation’, the index 'a' corresponds to ‘feeding'.

e Inductor equation:

%x L, I, X R,U, =+ +E (m.2)
With Q rotation speed in radians/second.

e Flow equation:
We perform a simple simulation where the flux is always a linear function of the excitation

current and therefore the effects of saturation are neglected:

Fe = Meax le (1. 3)

e Equation du couple :

It is obtained from the electromagnetic power:

Pe =1Ia. E = la. KQ® = CeQ (I11.4)

This gives:



Ce=K.la.F (115)

e Mechanical equation:
anQ

Ce-=.+10Q (Cij?uLe)
Where it is the electromagnetic torque, Cr the resisting torque imposed by the load, )’ j

the total moment of inertia (machine + driven load) and f the friction proportional to the

rotational speed.

111.4.Pump Model:

The pump is an essential part of pumping systems. In our work we used a centrifugal

pump. Its resistance torque Cr is given by the following equation:
Cr=k .o (c?111.7)
Where kr is the coefficient of proportionality (Nms2 / rad2 ) .

e The mechanical equation of the system is:

Cm—Cr=1J. (<2 m1.8)

e Where J is the moment of inertia of the pump motor unit (kg/m2 ).
Hysteresis running control

The realization of this technique, regulation by all or nothing, consists of
accomplishing the following two
steps:
- Compare the measured current with the reference current, which produces a
control signal which will be the input signal applied to the hysteresis comparator.
- Fix a band in which the current can evolve. Reaching one of the limits
causes the operation of the switches to change in such a way that the

current does not exceed this limit and is directed towards the other.
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Figure 111. 3 : Hysteresis control principle.

Cruise control
The speed control here is operated by a twelfth series type chopper equipped with a
machine control. it must make it possible to transform the fixed voltage supplied by the first

chopper to a continuously variable voltage

The speed control of a DC machine via a Pi regulator which generates the reference current is

the last one regulated by a hysterisis regulator.

[11.5. Simulation and results:

The simulation is performed using MATLAB/SimPowerSystem blocks as shown in
Fig.111-9.
Basically, the electrical components (panel, converter, motor) are connected to each other by
electrical ports representing the negative and positive terminals.
The two inputs to the system, and therefore to the PV panel, are temperature and irradiation
Solar and the main output of the system happens to be the speed of the motor that joins
then the inlet of the pump. The parameters of the model are available in the appendix.
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Figure. 111.4 : Simulink Block of DC Motor-pump group with PV

To show the effectiveness of the control strategy studied, the ambient temperature
and the solar insolation are varied as illustrated in Figure (I11.5-6).
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Figure. 111.5: Variation of illumination
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Figure. 111.6: Solar panel temperature
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Figure. 1.7: PV Voltage

The results of the simulations are shown by the following figures:

Despite a very fluctuating solar irradiation, the strategy is able to produce the maximum
power (a graph of the power of the PV panel is available in chapter 2)
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Figure. 111.8 : The Power of the GPV for variable illuminance .
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Figure. 111.9 : The Power of the GPV as a function of the voltage.
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Figure. 111.10: The Power of the GPV.
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Figure. 111.11: The Tension of MCC.




25
20
15
10

A

70

40

20

10

Figure. 111.12: The MCC current..
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Figure. 111.13: variation of the engine rotation speed.




Figure. 111.14: The MCC Couple.

Interpretation:

The variation of illuminance and temperature as a function of time does not influence the

speed of the motor, which depends on its reference value

For the velocity we have an excellent convergence towards the reference value Figure

(11.14) shows the velocity response of the MCC with error correction

An increase in temperature beyond the optimal temperature leads to a decrease in the

power and voltage of the photovoltaic panel.

It is found that the voltage and speed of the motor vary around their acceptable values,
respectively. As a result, it can be concluded that the approach presented ensures a smooth

functioning of the PV pumping system.

We notice that for low illuminance values and high temperature value, the operating points
deviate from the optimal power. and the system then works bine.et the engine runs in normal

mode.

The speed of the maximum power extracted from the photovoltaic array and the stator
current of the motor are shown in Figure (111.14), the point of maximum power moves to reach

the new corresponding maximum point.

The simulation results obtained showed its robustness in both transient and steady

conditions. For a sudden change in illuminance, a better response time and low oscillation were



obtained. As far as the permanent regime is concerned, in the end this approach has given
acceptable results.

I11. 6: Conclusion

The aim of this work is the study of the speed control of a DC motor in a water pumping
system with solar energy.
In this last chapter, we have validated the complete pumping chain by simulation. Composed
of a DC motor and centrifugal pump, via a DC/DC converter of the Boost type. This led us to
conclude that:

The maximum power is obtained cancels out the effects of disturbances caused by
variations in environmental conditions, and the regulating speed of the permanent magnet DC
motor powered by photovoltaic solar panels can be controlled.



Overall conclusion




Overall conclusion:

The objective of this thesis was to model and control a
photovoltaic pumping system for water pumping. The proposed system
consists of: a photovoltaic generator controlled by an MPPT algorithm
to obtain the maximum power point, a static converter and a DC motor
pump unit.

In this context, the basic principles of photovoltaic conversion
followed by modeling and simulation of a photovoltaic panel under the
MATLAB/Simulink environment is present. With the MPPT
technique,the system operates at its maximum power.

The behavior of the solar pumping system will be analyzed with
simulations.

The complete Agricultural pumping system built using
Matlab/Simulink - SimPowerSystems and tested under various
operating conditions. Simulation has simplicity, low cost, and the
possibility of good performance.

The results are very satisfactory. Even for low illuminance values and
high temperature value, the motor operates in nominal mode.
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