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Abstract – The works realized in this article concern the simulation in Pspice and the 
experimentation operation of the photovoltaic (PV) panels and systems. We have analyzed 
the optimal operation of PV panels as a function of the weather conditions (solar 
irradiation, temperatures…), and design of a PV system provided with MPPT command 
ensuring instantaneously the optimal operation of photovoltaic panels. The various 
results obtained show that the optimal electrical properties (voltage, current and power) 
of photovoltaic panels depend on the solar irradiation and the panels association 
(parallels or series). Also, the photovoltaic system optimizes the operation of PV panels 
independently the load nature: number of batteries,... 
Résumé - Les travaux réalisés dans cet article concernent la simulation par Pspice et 
l'expérimentation des panneaux photovoltaïques (PV) et du système. Nous avons analysé 
le fonctionnement optimal de modules photovoltaïques en fonction des conditions 
météorologiques (ensoleillement, température ...), et la conception d'un système 
photovoltaïque fourni avec la commande MPPT pour en assurer instantanément le 
fonctionnement optimal des modules photovoltaïques. Les différents résultats obtenus 
montrent que les propriétés optimales électriques (tension, courant et puissance) des 
modules photovoltaïques dépendent du rayonnement solaire et de l'association des 
modules (parallèle ou série). En outre, le système PV optimise le fonctionnement des 
panneaux photovoltaïques indépendamment de la nature de la charge: le nombre de 
batteries, ... 
Keywords: Cells and Photovoltaic panels - Electric characterization - Pspice simulator - 
Maximum power point (PPM) - System photovoltaic - Converter DC-DC - MPPT 
command. 

 
1. INTRODUCTION 

The progressive exhaustion of the traditional energy sources and harmful increase of 
greenhouse effect, generated by fossil fuels, pushed the scientists to have recourse to 
new renewable energies, non polluting. Among these energies one finds the energy 
photovoltaic (PV) whose electrical energy is produced by PV panels [1-4].  

In the field of PV energies and their applications, the fine modelling of the operation 
electrical of the PV panels is essential [5]. This will allow on one hand to qualify the 
technological process of PV cells realization, and one another hand to analyze the 
optimal operation as well as the ageing of PV panels. This last study is necessary in 
order to design and to realize adequate PV systems allowing the follow-up of the 
maximum power point (MPP) [2-12]. 

Currently, one finds in the literature a few results concerning the fine modelling of 
the electrical operation of PV panels and systems as a function of the weather conditions 
(solar radiation, temperature…), PV association (parallels or series) and nature of the 
charge (batteries,…). 
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In this work, we have analyzed in the Pspice simulator, the electric operation of PV 
panels (silicon) currently marketed as a function of solar irradiation and of the 
temperature. Particularly, we have studied the electric model and the MPP of the panels 
as a function of the weather conditions (solar irradiation and temperature).  

Basing on these results, we have studied in Pspice the design of a PV system 
provided with an analogical MPPT (Maximum Power Point tracking) command of low 
cost. We have analyzed the possibility of follow up the MPP of PV panel by the 
command thus designed.  

The various results will be validated from the characterization of PV system carried 
out according to PV panels associated in parallel and batteries (12 V) associated in 
series. Our essential objective is to show the feasibility of this command in order to 
make reliable its realization and its operation during all day. 

2. PHOTOVOLTAIC PANELS 
2.1 Model of PV panels 

PV Panel used in our study is formed of 36 cells in series (Fig. 1). A PV cell is 
formed by the short-circuit current ( scI ), the diode ( D ), the shunt resistance ( shR ), 
and the series resistance ( sR ). The current of the diode depends on the technological 
parameters (dimensions of the PN junction, doping, mobilities of the carriers…) and of 
the temperature ( T ) according to the expression [13]: 
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where, )T(Is : Saturation current of the diode, DV : Voltage at diode terminals, q : 
Charge on an electron, bK : Boltzman constant. 

From the comparison of the simulations results obtained by the simulator Pspice and 
those provided by the manufacturer, we have deduced the various parameters of the 
diode and the PV cell ( sR  et shR ), and dependence of the short-circuit current ( scI ) 
with solar irradiation ( Le  (W/m2)) [3]. 

 
Fig. 1: Electric diagram of a PV cell 

2.2 Analyzes operation of PV panels 
We have characterized from, the measuring equipments set up at the laboratory (Fig. 

2), the module during one day when the intensity of solar radiation varies from 300 
W/m2 to 900 W/m2 and the temperature is around of 25 °C.  
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Fig. 2: Measuring equipments set up to 

characterize the photovoltaic panels and systems 

In figure 3 we have represented the typical characteristics power current obtained. 
On the same figures we have represented the characteristics simulated in Pspice by 
fixing the parameters of the diode (saturations current …) which allows a good 
agreement between the experiment and simulation.  

The analysis of these characteristics show that the optimal ( optV ) voltage decreases 
linearly with solar radiation. When solar radiation varies from 300 to 900 W/m2, the 
optimal voltage varies from 14.8 V to 13.2 V (a decreasing of 11 %). 

In a PV installation the panels are associated in parallel and series. In such an 
installation, in parallel or series, it is essential to know the optimal performance of a 
panel. In our case, we have analyzed the characteristics power-voltage of two or three 
panels associated in parallel or in series.  

  
Fig. 3: Characteristics power-voltage 

experimental (■, ∆, _) and 
simulated in Pspice 

Fig. 4: Losses (improvement) of the 
optimal power of a panel during the 
association of the panels in parallel 

(series) as a function of solar irradiation. 
T: 22-25°C 
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Then, we have deduced the characteristics of one panel in such an association. We 
have observed that the optimal power of a panel is clearly improved (degraded) during 
the association of the panels in series (parallel). 

In figure 4, we have represented the evolution of the losses (improvement) relative 
of the optimal power of a panel during the association of the PV panels in parallel 
(series). It appears that the putting the panels in series improves the optimal power of a 
panel. At low solar irradiation, the improvement can reach 10 % for two PV panels. 

3. PHOTOVOLTAIC SYSTEMS 
3.1 Synoptic diagram and operation of the PV system blocks 

In figure 5 is represented a block diagram of the PV system which is the object of 
our study. A system is formed by: 

 PV panels analysed in paragraph 2.1. 
 The load formed either by a resistance value higher than optimal panel [3, 4, 7], or 

by two batteries (115 Ah, 12 V) in series. 
 A power circuit which is DC/DC converter of Boost type [3]. The converter is 

dimensioned so that it’s operating a continuous mode at a frequency of switching of 
10 kHz [3, 4, 7]. In this converter we used the transistor MOSFET (IRF540) as 
switch of the power, since it’s presents a interesting performances for our 
application  

 An analogical MPPT command which makes it possible to seek continues the MPP 
of PV generator. In our work we have more reliable the structure and functioning of 
the analogical MPPT commands studied in the literature [2, 14, 15] by introducing 
components that reduce the parasites and ensure perfect regulation control around 
the MPP.  
Figure 6 shows the analogical MPPT command realised in the laboratory. This 
analogical command is characterized by its simplicity of realization, implementation 
and low cost. In addition it could operate at high switching frequencies (above 0.1 
MHz). 

 
Fig. 5: Block diagram of analogical MPPT command 
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3.2 Electrical characterization  
3.2.1 Operation of each block of the PV system 

We have implanted the PV system of the Figure 5 in Ppsice simulator and deduced 
that the electrical characteristics of PV panel oscillate around the PPM. To validate 
these results, we realized the PV system designed (Fig. 5 and 6) when the load is 
formed by two batteries (115 Ah, 12 V) in series.  

In Figure 7, we represented the typical signals of the flip-flop (clock H , output Q ), 
the signals of reference ( refV ), the signals of oscillator ( oscV ) and the signal of driver. 
It appears: 
 The flip-flop changes the state when the clock signal switches to high state. This 

shows that the system evolves towards a decrease of the electrical power supplied by 
the PV panel, and this switches changes the direction of system evolution. When the 
clock signal switches to low state, the output Q  does not change state.  
This shows that the system evolves towards increasing of the electrical power of PV 
panel to reach the MPP. The shape of these signals shows that the operating point of 
PV panel oscillates around the point PPM 

 The oscillator generates a periodic signal, its frequency is around 10 kHz and 
integrator 0C0R  generates a reference signal refV  slowly variable. 

 The driver generates a rectangular signal of frequency about 10 kHz and duty cycle 
of 0.49. This last value is in very good agreement with that obtained by the 
simulations. 

From the same figure 7, we deduce when closing (opening) of the switch the voltage 
input and output the DC/DC converter stabilize around optimal values (13.6 and 49.6 
V). These results clearly show the good operation of the DC/DC Boost converter. 

  
Fig. 6: Analogical MPPT control (A) and  

DC/DC Boost converter (B) realized in the laboratory 

3.2.2 Complete PV system operation 
We experimented, for given solar radiation, the operation of complete PV system 

(Fig. 5) according: 
 the PV panels for two batteries in series (12 V, 115 Ah), 
 the batteries connected in series for one PV panel. 



Analysis, optimization and modelling of electrical energies produced by the... 

 

713 

For every experiment, we observed the absence of the instabilities observed on the 
PV system of the literature [2, 14], and convergence toward the instantaneous MPP. The 
typical results obtained of the voltage ( pvV ) and power ( pvP ) of PV panel, the duty 
cycle (α ) of the signal that controls the Mosfet switch and the Boost DC/DC converter 
efficiency are shown in Figures 8 and 9. On the same figures we have represented the 
PV system simulations results in Pspice. It appears that: 

 For every case of experiments a very good agreement between experiment and 
simulation. 

 The values of the duty cycle (α) follow perfectly the variations of load or PV panels. 
This demonstrates the good command of the analogical MPPT control and therefore, 
the system convergence to the MPP. 

 In the second case, where we vary the batteries, the obtained results is in very good 
agreement to those obtained in paragraph II.1 for modelling the electrical operation 
of PV panels. 

 In the first case, where we vary the number of panels in parallel, there is clear, by 
comparing with the simulation, the electrical power supplied by the panels is 
degraded in such an association. When the association of three panels, the power 
loss is about 18 W (12 % loss). These values are in very good agreement with the 
results of Figure 4. 

 The converter efficiency is slightly lower than simulated. The experimental values 
are satisfactory and are about 85 %. A work in progress on the MOSFET switches to 
improve the performance of converters and get efficiency about 90 %. 

All results in this section show in one hand the good functioning of the PV system 
designed and realized in this work, and in other hand the validation of the results 
obtained by modelling the electric functioning of the PV panels 16]: model of the PV 
cell, decreases of the optimal voltage with illumination, power losses when we 
connected the PV panel in parallel. 

  
Voltage ( pvV ) of PV panel Voltage ( pvV ) of PV panel 
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Power ( pvP ) of PV panel Power ( pvP ) of PV panel 

  
Duty cycle (α ) of the signal 
which control Mosfet switch  

Duty cycle (α ) of the signal 
which control Mosfet switch 

  
Boost converter efficiency Boost converter efficiency 

Fig. 8: Experience (�) and simulation 
(—), when the number of panels varies in 

parallel varies for a solar irradiation: 
 950 W/m2, T: 20 °C. 

Fig. 9: Experience (�) and simulation 
(—), when the number of batteries varies 

in series varies for a solar irradiation: 
950 W/m2, T: 20 °C. 
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4. CONCLUSION 
In this article, we analyzed in Pspice and characterized the electrical operation of the 

photovoltaic (PV) panels and systems where the MPPT command, low cost, it's 
analogical.  

The results obtained show that the panels model depend on the solar radiation: when 
the solar radiation increases from 300 W/m2 to 1000 W/m2, the optimal voltage of PV 
panels decreases by 12 %.  

The association in parallel (series) of the panels induced the degradation 
(amelioration) performance of the panels. We qualitatively attributed this to the leakage 
current of the PV cells diodes: increase (decrease) leakage current induces the 
degradation (amelioration) of electrical performance.  

The PV system designed and realised during this work presents a very interesting 
performance and a very dynamic stability towards the weather and load variations. 
Based on the Pspice simulator we have concluded: 
• The validation of modelling results of PV panels 
• Instantaneous convergence to the MPP in depending of the PV panels associated in 

parallel or in series, and the number of the batteries associated in series, 
• A very good operation of the MPPT command, 
• The good value of DC-DC converter Boost efficiency (above 85%),. 

All results obtained in this work are a contribution in the photovoltaic field to better 
exploit the solar energy. 
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