N
N

N

HAL

open science

Development of a New Methodology for Modeling the
PV Generator Behavior in the Presence of Open-Circuit

and Short-Circuit Faults
Wail Rezgui, Nadia Kinza Mouss, Leila-Hayet Mouss, Mohamed Djamel

Mouss, Yassine Amirat, Mohamed Benbouzid

» To cite this version:

Wail Rezgui, Nadia Kinza Mouss, Leila-Hayet Mouss, Mohamed Djamel Mouss, Yassine Amirat, et
al.. Development of a New Methodology for Modeling the PV Generator Behavior in the Presence
of Open-Circuit and Short-Circuit Faults. 2014 IEEE EFEA, Nov 2014, Paris, France. pp.1-6. hal-

01154202

HAL Id: hal-01154202
https://hal.science/hal-01154202

Submitted on 21 May 2015

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01154202
https://hal.archives-ouvertes.fr

Development of a New Methodology for Modeling the PV Generator Behavior in
the Presence of Open-Circuit and Short-Circuit Faults

Wail Rezgui', Nadia Kinza Mouss', Leila-Hayet Mouss®,
Mohamed Djamel Mouss, Yassine Amirat* and Mohamed Benbouzid®

'LAP-lab, University of Batna, Batna, Algeria
Email: r-wail@hotmail.fr, Kinzmouss@yahoo.fr, hayet mouss@yahoo.fr, d mouss@yahoo.fr

2ISEN Brest, EA 4324 LBMS, Brest, France
Email: Yassine.Amirat@isen.fr

3University of Brest, EA 4325 LBMS, Brest, France
Email: Mohamed.Benbouzid@univ-brest.fr

Abstract— In this paper, we proposed a new methodology
for the faults photovoltaic generator modeling, especially
when it subjected to the open-circuit and short-circuit faults
at its components: cells, bypass diodes and blocking diodes.
The highlight of the proposed algorithm focused on the
mathematical modeling that based on known electrical laws,
of the IV characteristic of the faulty PV generator.

This model is able to develop a rich data-base, containing
six electrical faults types, which can uses in the diagnosis area
of the photovoltaic generators.

Index Terms — PV Generator; |-V characteristic;
Modeling; Simulation; Short-Circuit and Open-Circuit
Faults.

NOMENCLATURE
I_SRC = String Reversed Current.
I_SSC = String Supplied Current.
I_Cell = Cell Current.
V_Cell = Cell Voltage.

= Cell Short Circuit Current.
= Cell Open Circuit Voltage.

I_Cell_Short_Circuit
V_Cell_Open_Circuit

nc = Cells Number.
I_Group = Group Current.
V_Group = Group Voltage.
I_Bypass_Diode = Bypass Diode Current.
ng = Groups Number.
I_Module = Module Current.
V_Module = Module Voltage.

nm = Modules Number.
I_String = String Current.
V_String = String Voltage.

ns = Strings Number.

I_PV = Generator Current.
V_PV = Generator Voltage.
PHI = Photo-Current.

lo = Reverse Saturation Current.
DTV = Diode Thermal Voltage.
a = Diode Ideality Factor.
Rs = Cell Series Resistance.
Rsh = Cell Shunt Resistance.
V/i = Voltage / Current.
Vimposed = Voltage Imposed.

|. INTRODUCTION

Photovoltaic solar energy is the energy recovered from
the conversion of the light energy (solar) to the electrical

energy, by a photovoltaic generator system. It composes of
photovoltaic cells series, when they subject to the light
produce a direct-current and a voltage typically between
0.5 to 0.6 volts for each one. These cells are placed in
series for objective to increasing the generator voltage, and
in parallel to increasing the generator current. And for the
utilization of this energy, it is necessary to use converters
to transform the direct-current to the alternating-current
[1-2].

A photovoltaic generator subjects during its
functioning to the various defects, which they decrease its
productivity, and also increase its operation and
maintenance costs [3-4]. These factors and by the diversity
of the defects types push the researchers to develop the
modeling algorithms of the faulty photovoltaic generators,
which given its operation knowledge [5-6]. These
algorithms facilitate the faults prediction and detection of
the generator, for making the prognosis, the diagnosis, the
maintenance of its faulty components, and finally to
ensuring its healthy functioning [10-12].

In this context, the paper objective is the development
of the faults modeling algorithm of the photovoltaic
generator. So, the paper contributions are twofold: 1) the
growth of a new mathematical model of the PV generator
operation, when it subjected to the open-circuit and short-
circuit faults at its basic components as its cells, its bypass
and blocking diodes. 2) This new model is presented as a
hierarchy, from the smaller member which is the PV cell
to the largest unit which is the generator, passed by
intermediate entities: group of cells, module and PV string.

Il. MODELING THE PHOTOVOLTAIC GENERATOR IN
MALFUNCTIONING

Among the most dangerous and known defects in the
diagnosis area of a PV generator is the open-circuit fault.
It’s usually appears in the presence of cracks at generator
components as the cells, due to a burning and a ranking, or
at the wiring due to friction with its environment. The
appearance of this fault type leads to permanent
replacement of the faulty components, because it becomes
unusable.

Also, among the major faults known in the PV
generator diagnosis area, an electrical fault very
dangerous, its appearance concludes the decrease in the
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PV generator voltage, and also an increase in its
temperature, this defect called a short-circuit. It appears in
accidental contact between two conductors of different
polarity, it produces a current higher than the normal.

The causes of this fault are multiple, because they are
dependent on the actuators, either within the system itself
such as the surge maneuver, semiconductor breakdown,
insulation degraded by wear or corrosive products, either
within the climate such as lightning, flood, fire, vibration,
heat, humidity, or property of the system outside such as
wiring errors, the presence of a bolt, screw, other

conductive objects.

This defect cannot degrade the productivity, stopped
production electric and decrease the beginning of the
system only, but it can also degrades the equipment and its
circuits, and in some cases creates a hazard to the
environment persons by electrocution, fire and burns, due
to their death or blindness in humans. The influence
modeling of the open-circuit and short-circuit faults on the
PV generator hierarchy presents in Figurel consists of
three main parts:
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Figurel. PV generator description

A. Influence Modeling of the Short-Circuit and Open-Circuit Blocking Diodes on the PV Generator Hierarchy

Figure2. Flowchart for Influence Modeling of the Short-Circuit and Open-Circuit Blocking Diodes on the PV Generator Hierarchy



B. Influence Modeling of the Short-Circuit and Open-Circuit Cells on the PV Generator Hierarchy

Figure3. Flowchart for Influence Modeling of the Short-Circuit and Open-Circuit Cells on the PV Generator Hierarchy

With:
String’ = Defective Strings Number, where each one contains at least one good group.
String”’ = Defective Strings Number, where each one contains at least one good cell.



C. Influence Modeling of the Short-Circuit and Open-Circuit Bypass Diodes on the PV Generator Hierarchy

Figure4. Flowchart for Influence Modeling of the Short-Circuit and Open-Circuit Bypass Diodes on the PV Generator hierarchy

I11. MODELS SIMULATION AND RESULTS
INTERPRETATION

In this work, we use for the mathematical modeling of
the generator in its good and faulty behavior the model one
diode of the photovoltaic cell as presents in Figure5. We
have chosen this model, because it’s the most model used
in the scientific research work or by manufacturers, thanks
to the availability of the technical characteristics of the
photovoltaic cell in the data-sheets.

This model consists of a current source, a diode, a
shunt resistance Ry, represents the energy loss in the
region of the PN junction of the cell, and a series
resistance Ry that is the resistance of the semiconductor
and electrodes of the cell. Mathematical modeling of the
voltage and the current supplied by the generator in its
normal operation are:
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Figure5. One diode model of the photovoltaic cell

The results simulations of the PV generator model are

shown in the following Figures 6 to 7.
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Figure6. The influence of the short-circuit fault on the PV generator

functioning
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Figure7. The influence of the open-circuit fault on the PV generator

functioning

From the results, we found that:

v The influence of the short-circuit cells fault on the
generator productivity is less than the short-circuit bypass
diode fault influence. Because, the first fault type affects
the defective cell power only, but the second fault type
affects all the cells group power.

v' The short-circuit blocking diode fault has no
influence on the generator operation, while its strings
provided the same voltage value. Else this faulty type
affects the generator power. Because, if there is at least
one of its faulty strings with a minimum voltage, so this
latter becomes in a receiver mode if its cells current is null,
else this faulty string becomes in the open-circuit mode.

v' The open-circuit cell and connections between cells
open-circuit faults influence - which have the same
impact- on the generator productivity are less than the
open-circuit blocking diode and connections between
groups open-circuit - which have the same impact- faults
influence. Because, the first faults types affect the
defective cell power, but the second faults types affect the
string power.

v" The open-circuit fault at the bypass diode has no
influence on the generator productivity, while its cells
group is in the normal operation. Else this faulty type can
affects the string power.

IV. CONCLUSION

This paper proposed a new methodology for the
mathematical modeling of the PV generator operation,
which subjected to the open-circuit and short-circuit faults.

This new methodology based on three algorithms, each
one presents the influence modeling of the two defects:
open-circuit and short-circuit at the same type of the
generator components: either the PV cells, or the bypass
diodes, or also the blocking diodes.

The future work of these algorithms is to make the
hybridization between 1) the existence of two faulty
components: of the same types, but of different defects. 2)
Or the existence of two faulty components: of different
types, but of the same defects, as prospects.

REFERENCES

[1]. S.A. Kalogiro, « Chapter 9 - Photovoltaic Systems, Solar Energy
Engineering (Second Edition) », pp. 481-540, 2014.

[2]. J. Sarwar, G. Georgakis, R. LaChance, N. Ozalp, « Description
and characterization of an adjustable flux solar simulator for solar
thermal, thermochemical and photovoltaic applications », Solar
Energy, Vol. 100, pp. 179-194, February 2014.

[3]. N. Barbini, V. Lughi, A. Mellit, A.M. Pavan, A. Tessarolo, « On
the impact of photovoltaic module characterization on the
prediction of PV plant productivity », in Proceedings of the 2014
IEEE EVER (Ninth International Conference on Ecological
Vehicles and Renewable Energies), pp. 1 — 4, Monte-Carlo, 25-27
March 2014.

[4]. K. Ardani, G. Barbose, R. Margolis, D. Feldman, « Quantifying
non-hardware balance of system costs for photovoltaic
installations in the United States using a combined annual
expenditure-labor hour productivity approach », in Proceedings of
the 2012 IEEE PVSC (38" IEEE Photovoltaic Specialists
Conference), pp. 001762 — 001767, Austin, TX, 3-8 June 2012.


http://www.sciencedirect.com/science/article/pii/B9780123972705000091
http://www.sciencedirect.com/science/article/pii/S0038092X13005252
http://www.sciencedirect.com/science/article/pii/S0038092X13005252
http://www.sciencedirect.com/science/article/pii/S0038092X13005252
http://www.sciencedirect.com/science/article/pii/S0038092X13005252
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Barbini,%20N..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Lughi,%20V..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Mellit,%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Pavan,%20A.M..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Tessarolo,%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Ardani,%20K..QT.&searchWithin=p_Author_Ids:38489599200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Barbose,%20G..QT.&searchWithin=p_Author_Ids:38489763400&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Margolis,%20R..QT.&searchWithin=p_Author_Ids:37636772100&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Feldman,%20D..QT.&searchWithin=p_Author_Ids:38242576600&newsearch=true

[5].

6.

[71.

8.

[9].

[10].

W. Rezgui, LH. Mouss, M.D Mouss, «Modeling of a
photovoltaic field in malfunctioning », in Proceedings of the 2013
IEEE CoDIT (International Conference on Control, Decision and
Information Technologies), Hammamet (Tunisia), pp. 788 — 793,
6-8 May 2013.

W. Rezgui, L.H. Mouss, N.K. Mouss, M.D. Mouss, Y. Amirat and
M.E.H. Benbouzid, «Electrical faults modeling of the
photovoltaic generator », IREMOS (International Review on
Modelling and Simulations), Vol.7, N°2, May 2014.

S. Junseok, V. Krishnamurthy, A. Kwasinski, R. Sharma,
Development of a Markov-Chain-Based Energy Storage Model for
Power Supply Availability Assessment of Photovoltaic Generation
Plants, IEEE Transactions on Sustainable Energy, Vol. 4, Issue. 2,
pp. 491 — 500, April 2013.

X. Weidong, F.F. Edwin, G. Spagnuolo, J. Jatskevich, Efficient
Approaches for Modeling and Simulating Photovoltaic Power
Systems, IEEE Journal of Photovoltaics, Vol. 3, Issue. 1, pp. 500 —
508, Jan. 2013.

Y. Mahmoud, W. Xiao, H.H. Zeineldin, A Simple Approach to
Modeling and Simulation of Photovoltaic Modules, IEEE
Transactions on Sustainable Energy, Vol. 3, Issue. 1, pp. 185 —
186, Jan. 2012.

W. Rezgui, L. H. Mouss, M. D. Mouss, O. KADRI and A. DISSA,
« Electrical faults detection for the intelligent diagnosis of a

[11].

[12].

[13].

[14].

[15].

photovoltaic generator », Journal of Electrical Engineering, Vol.
14, Issue. 1, pp. 77-84, March 2014.

W. Rezgui, L.H. Mouss, N.K. Mouss, M.D. Mouss and M.E.H.
Benbouzid, « A smart algorithm for the diagnosis of short-circuit
faults in a photovoltaic generator » , in Proceedings of the 2014
IEEE ICGE, Sfax (Tunisia), pp. 1-5, March 2014.

W. Rezgui, L.H. Mouss, N.K. Mouss, M.D. Mouss and M.E.H.
Benbouzid, « A Regression Algorithm for the Smart Prognosis of a
Reversed Polarity Fault in a Photovoltaic Generator », in
Proceedings of the 2014 IEEE ICGE, Sfax (Tunisia), pp. 1-5,
March 2014.

N. Gokmen, E. Karatepe, S. Silvestre, B. Celik, P. Ortega, « An
efficient fault diagnosis method for PV systems based on operating
voltage-window », Energy Conversion and Management, Vol. 73,
pp. 350-360, September 2013.

J. Solérzano, M.A. Egido, « Automatic fault diagnosis in PV
systems with distributed MPPT », Energy Conversion and
Management, Vol. 76, pp. 925-934, December 2013.

B. Chebel-Morello, K. Medjaher, A.H. Arab, F. Bandou, S.
Bouchaib, N. Zerhouni, « E-Maintenance for Photovoltaic Power
Generation System », Energy Procedia, Vol. 18, pp. 640-643,
2012.


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Rezgui,%20W..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Junseok%20Song.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Krishnamurthy,%20V..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kwasinski,%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sharma,%20R..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6298069&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6298069&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6298069&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=6481467
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Weidong%20Xiao.QT.&searchWithin=p_Author_Ids:38540682500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Edwin,%20F.F..QT.&searchWithin=p_Author_Ids:38540761300&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Spagnuolo,%20G..QT.&searchWithin=p_Author_Ids:37275685200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Jatskevich,%20J..QT.&searchWithin=p_Author_Ids:37272674300&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6361258&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6361258&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6361258&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6361258&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=6387608
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Mahmoud,%20Y..QT.&searchWithin=p_Author_Ids:38235834000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Xiao,%20W..QT.&searchWithin=p_Author_Ids:37899138300&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Zeineldin,%20H.H..QT.&searchWithin=p_Author_Ids:37273794500&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6102290&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6102290&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6102290&refinements%3D4291944246%26ranges%3D2010_2015_p_Publication_Year%26matchBoolean%3Dtrue%26searchField%3DSearch_All%26queryText%3D%28%28p_Title%3Amodeling%29+AND+p_Title%3Aphotovoltaic%29
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=6102278

