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Electrical faults modeling of the photovoltaic generator

Wail Rezgut, Leila-Hayet Mousy Kinza Nadia Mouss
Mohamed Djamel MoussYassine Amirgtand Mohamed BenbouZid

Abstract — In this paper, we presented a new methodology for the mathematical modeling of
the photovoltaic generator’s characteristics based on known electrical laws. This proposed new
methodology in this work consists of a three new algorithms, each one presents the characteristic
of the cell, group of cells, module, string and generator, when one or more of its components :
cells, bypass diodes and blocking diodes subjected to these types of defaults. reversed polarity,
open circuit, short circuit or impedance. The three new algorithms obtained can facilitate the
prediction for the prognosis or the detection for the diagnosis of these photovoltaic generator’s

defaults.

Keywords. photovoltaic generator, 1-V characteristic, modeling, simulation, reversed polarity,

open circuit, impedance and short circuit faults.

Nomenclature

PV = Photovoltaic generator.
Sring = Photovoltaic string.
Module = Photovoltaic module.

Group = Photovoltaic group.

Cdll = Photovoltaic cell.

nc: ncg/ ncp = Cell number: good / defective.

ng: ngg/ ngp = Group number: good / defective.
nm: nmg / nmp= Module number: good / defective.
ns. nsg/ nsp = String number: good / defective.
nfg / nfp = Good / defective generator.

Neais = Number of cells in each group.

Naroups = Number of groups in each module.
Nmodules = Number of modules in each string.
Narings = Number of strings in each generator.
\% = Voltage.

| = Current.

P = Power.

| Bypass = Bypass current.

Vealimosed = VOltage imposed.

Vedi_open-arait = Cell open circuit voltage.

lcal_ shortcirciit = Cell short circuit current.

phi = Sunlight.

phisc = Sunlight standard condition.

iphse = Photo current standard condition.

- = Normal functioning temperature

tcsc = Cell temperature standard condition.
at = Ambient temperature.

Rs = Cell series resistance.

Rq, = Cell shunt resistance.

lo = Reverse saturation currerftthe diode.
dtv = Diode thermal voltage.

Alpha = Temperature coefficient of the short-

circuit current.

l. I ntroduction

The productivity of photovoltaic generatassbased
on two main factors [1-3]: solar radiation energy which is
captured by the generator and direct electrical energy
resulting from the conversion of the solar radiation
energy by the photovoltaic phenomena. So, the
degradation of thesevb factors means the presence of a
problem at the generator.

Practically, the existence of electrical defects ds th
type of systemsanreduceits productivity, among of the
major faults known in the field dfs diagnoss [4-11]: the
short circuit, open circuit, impedance and finally reversed
polarity faults. So, these defects can reduce the power
produced by the PV generator by the change of its
current, voltage, resistance, temperature and sunlight. For
this and with the rising costsf photovoltaic generators,
it is better to predict and maintain the faulty components
before its unavailability.

The papes objective is the development of a model
able to predict the abnormal situations of the PV
generator functioningl-22]. Our contribution presented
in this paper is to propose a new methodology for
modeling the photovoltaic generator, based 1) on the
mathematical modeling of the IV characteristic of its
faulty components which can be: cells, bypass diodes and
blocking diodes, for objectivn study the functioning of
these faulty elements itself, and 2) this new methodology
based also on the mathematical modeling of Itie
characteristic of thegenerator’s groupings, which can
grouped these faulty elements: cedllls’ group module,
string and finally the PV generator, for objective to study
the influence of these faulty components on the
functioning of these groupings.



II.  Modeling the photovoltaic generator in normal functioning

Thypass Bypass diode
Teell N Igroup N Irodule Istring
{ [ { T [ = P s | Sy
—_— Stringl
Veall Cell
Vewup
Vmodule
Vstring
— —— -
Graupl Groap2 G -
Modulel ModuleS Blocking dicde
: 1
Cell StringS
- Igenerator
o —
W generator

Figl. Electrical block diagram of a photovoltaic getor in its normal functioning

Modeling of the PV generatorin its proper
functioning presented in this works for objective to power of a good generator
make a comparison of the results thereafter, between the IV of a good generator SN
normal case and the abnormal cases, this comparison may \
facilitate the detectiorof any defectcan degrade the
productivity of a photovoltaic generator.
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To test the performance of the mathematical models
presented in this article, we used a generator figurel
consistsof five parallel strings, each terminated with a
blocking diode and contain five photovoltaic modules in
series where each module is formed with two groups of
photovoltaic cells and finally each group contains

eighteen cells regrouped by one bypass diode. 0% 1 2 3 2 = & 1 8w o

wltage (V)

500 10
‘

power (W)

Because, we have used in the modeling o th
generator’s cells the “a diode model, so the mathematical Fig2. Power and IV of goodPV generator
modeling of the |-V characteristic of the generator in the

normal functioris I11. Modeing the photovoltaic generator in

|[ I PV =N Modules x NGruups x NCeHs ><VCeII?imposed malfunCtlonl ng
iVF’VMp = N Strings x
i(a|pha(tm _20) " \| I11.1. Cell defects

—— "~ phi
H 0.8 phis, I I11.1.1. At the level of the PV cell

iphg. + alpha(at -tc .

H + Pl TP : ( SC)X phi I 1) a) For the reversed polarity default
I Phige | A cell reversed polarity provides
o Vot g s mgots e g g g i |
| | —| | e dtv + | jVCe”HCp,ng‘nmp‘nsp,nlp = 7vce”ncg ngp nmp nisp nfp
I | @)
[ | ! ot gt = Ml s
I A\ +Rox ey, ) | L
|| oo o o rommmorane b) For the open circuit default
H Re, J Because the cell is presented as a generator, so his

characteristic when subjected to the open circuit default
Figure2 shows the IV characteristic and the power ofis

a good photovoltaic generator.



But if the groups voltage is negative and it contains
3) atleast one good cell, so by the currents in series addition
law

J Cell iy ngp nmp nsp nfp Cell _open—circuit

L Ceéllep ngp nmp nsp tp

¢) For the impedance default T T L U 12
A cell is subjected to the impedance fault if o .
The last situation, wherthe entire group’s cells are

IVCH = = Z el o e <} GTOUBL s i @ impedances, so the current choosesthg way
U el g s = O Verom =0
Ae— “
d) For the short circuit default |1 6r0ubigp sty = 8925500 i i
A photovoltaic cell is short circuited if
d) For the short circuit default
chu =0 The IV characteristic of a faulty PV group contains
_ o (5) defective cells short circuit is dependent on the number of
7ol oy = ot o -ciru its good cells existing. If it contairet least one cell is
good
111.1.2. At the level of the PV group .
a) For the reversed polarity default JVG,OUPW e = 2 Vean
The faulty PV group’s voltage contains cells reversed T e o a4
polarity is {Ieroupnwm‘nswp = IcennDEI ngp mp Asp ip
Vo, _ NZ Ve, Newr ) ©6) " By cons,— f’:1|| the group’s cells are defectiveand by
ngp.nmp .nsp nfp ~ nc+ncp.ngp .nmp nsp nfp nc=ncp ngp Amp nsp nfp e nodes |aw_
But thegroup’s current is dependento its voltage for JVGP w =0
that, if its voltage is positive o @s
lltsroupngpmwSpmp - ICeII_shor(—circuit + IBypassnwmm‘n,p
GIOUP gy mmpnsp e can, O (7)
Where, the good and defective cells supplied the samgl'l's' Atthe level of the PV module
currents values. a) For the reversed polarity default
Else— if the voltage of this group is negativéhen So the faulty module's voltage contains cells reversed
larityi
GIOUPgp nmpnsp ot ICeHM‘ngpvnmpvnspn,p + IBypassngp‘nmpmp oo (8) polarityis
Viodute o
b) For the open circuit default NN 16
The existence of a single cell open circuit in a faulty 3 V.., -V, )
photovoltaic groupcan cut the circulatiorof its current, ool fom1 e 0 me 1% 1P
soits characteristic is )
But the module’s current is dependent to the voltages
! Veroungy o = Neatis % Vean _open-arcut of each one of its groupso if it containsat least one
| . (9) group with a positive voltage
7 670an s = 89925145 If 3 group ng’=1: Ngroups Where Vgroup,>0:
¢) For the impedance default | rodue = ley ()

nmp nsp nfp ne.ng=ng ‘nmp nsp nfp

If the faulty group contains defective cells
impedances, contains also at least one good cell, so the Else and by the currents in series addition law and the
current flowing between its cells is not null, and by the nodes law
voltages in series addition law

I Module, = ICell + l Bypass, (18)

nmp nsp nfp ne.ng .amp nsp nfp ng nmp nsp nfp

GrouPgy nmp nsp nfp

b) For the open circuit default
Nets (Veat, vy momoms ) 10 The IV characteristic of the faulty module depends on
the number of its faulty groups existing, so if it contains
at least one good group

ne-1 | Zcai Xl eg)

ne=ncp,ngp ,Amp nsp nfp nc=ncp ngp nmp nsp nfp

If the group’s voltage is positive, then consequentity
contains at least one good cell, and by the currents in
series addition law

= leal (Ll)

GrouPngy mp nsp nfp ne+ncp ngp Amp nsp nfp
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ng=1 nc=1
|

L+ ( N Groups _ defective, X NCelIs X VCell _open—circuit )J

nmp ,nsp

NGroups

I Module, =m Inng 1 ( I GroUPg nmp nsp nfp )

nmp nsp nfp

Otherwise,
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nmp .nsp .nfp

Module,, nep nip BYPasS,gp nmp nsp nfp

jVModule = N Groups X N Cells X VCell _ Open-—circuit

¢) For the impedance default
The module’s voltage contains at least one good cell

is dependent to the voltages provided by its good an

defective cells
If 3 nc = 1
Icellne ng,nmp,nsp.ni0

Vv =

Modulenmpvnsp‘",p

NGroups' Ncenis (VCEII \ (2 1)

z Z ( nc=ncp,ng ,nmp nsp nfp

ng=1 nc=1{ ~ “cell

'\bells of [ ng = 1 l\broups’r

x |
Cellncsnep ng amp nsp nfp

nc=ncp,ng ,nmp nsp nfp

Noroups Number of groups where each one contains at least
onecell isgood.

But the module’s current where it has at least one cell

is good and by the currents in series addition law

Neroups

I Module, =m Inng =1 ( IGroup"g‘nmp‘nsp‘",p ) QZ)

nmp,nsp ,nfp

By const,if all the module’s cells are defective then:
[Inc =1:Nggyis Of [ NG=1:Nsroups Ice"nc,ng,nmp,nsp,nfio

V =0

L Modu\enmwspvn,p
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BYPass,g nmp nsp nfp

d) For the short circuit default
The faulty module’s characteristic, where it has at
least one good cell

( Naroups Neais

| Module,n, nspntp Z Z ( Ce”ncvncp‘ng,nmpﬂw.ﬂfp) 4
% ng=1 nc=1 Q )
[ Modul€ymy nsonte Cllncg ng amp nsp fp

But if all its cells are defectives then

\Y =0
j Modulenm‘nspvn,p
|

= ICeII?Shurl—circuit + Bypass,

@9

L Module,n, nep nip ngp .nmp nsp ,nfp

111.1.4. At the level of the PV string

a) For the reversed polarity default

Nitodgutes Neroups Neaiis (VCeII \
ne+nep g .m sp nfp (26)
Voo = 2 2
nm=1 ng=1 nc=1 _Vce”nc:ncp‘ng,nm,nsp‘nvp

And the string’s current iS equal by the currents in
series addition law

. N < Nroups
| ‘ = min e [ min P | 2
nm=1 ng=1 GrouPag nm nsp nfp ( 7)

Stringsp nfp

b) For the open circuit default
The string’s characteristic if it contains at least one
good group

|Vsmng"Sp nfp -
I ( Neroups Neais \
| 3 Ve |
nc.,ng#ngp ,nm nsp nfp
Cﬂ | ng=1 nc=1 | (28)
| nm=1
| + ( N Groups_ Defective,y, ng, xN Cells x VCell _Open-—circuit )
| — mln Modules minNGrouus (l
String g nip ng=1 GrouPyg nm nsp nfp
Otherwise:
jvstrmgnsp‘nfp = N Modules X NGroups X NCEHS ><VCeH _Open-circuit (29)

[
[ 0G5

And this is the problemit is true that this default
increases the voltage and even gives the maximum which
is our objective, buhe canceled outright the current and
thus also the power.

¢) For the impedance default

Also the IV characteristic of the string is depended on
the number of its good and defective cells, sait if
contains at least one good cell then
If 3nc = 1 : Nees Of [ NG = LiNsroupe OF [ NM =1:
NModuIes Ice”nc,ng,nm,nsp,nfﬁﬁ 0
|[ Y

N Cellnc.ncp.ng am nsp nfp
Nuodutes Neroups' Neaiis

( “|
VStrmgnsp nfp Z Z Z | (Zce”m: ncp.ng ,nm nsp nfp \ |
. ng=1 nc= IL L JJ (30)
CeII

nc«ncp,ng .nm nsp nfp

+ Naroups
mln Mudu\es min |
ng=1 Groupng nm,nsp nfp

Nagoups- Number of groups where each one contains at least
one cell is good.

|
|

By cons, if allstring’s cells are impedances then:
Onc=1:Neasof 0ng=1:Nsousof 0 nm=1":
Nwmodules ICe”nc,ng,nm,nsp,nfp_‘ 0

jvstrmgnsp‘n,p = O
=0

%)

" string e

d) For the short circuit default

The string's voltage is equal by the voltages in series At the string, the difference between its current and its

addition law

voltage must remarkable because its current is remaining



constant,by against its voltage increases by increasing The faulty generator’s voltage is dependent to its
the number of its cells. So, the IV characteristic of afaulty strings’ voltages; because if it contains a good

faulty string contains at least one good cell string, sure its voltage isreater, by cons the generator’s
( e currentis dependent to its strings contained at least one
Modules  Groups Ncells Ce” |S gOOd
Y = v
{' S o zn; gzl 21( S— 32  If 3 nc=1:Neeys of I NG=1:Nsroups OF I NM=1: Nyogyes OF
|[|smng = |Ce‘| 3 ns:l:'\gtrings Ice"nc,ng,nm,ns,nf_ﬁ:o
. . . . [ _ H NSlrmgs
Otherwise- all its cells are short circuited | Vev,, = MiNosy (\
Ve -0 | ( NVetrmnn )
Sting g nip ‘ N Neroupe N | | |
83) | ) NSlrmgs ‘ Modules p: Cell |
LIStringnSp oo = ICeIIfShort—circuwt | mln“5:1 L | (ZCE”nc:"cnvng‘ﬂmvns:nsw'p \ |
: nm ng=1 nc:lL_L
Xl eg ’ JJJ
J c nc#ncp,ng ,nm,ns=nsp nfp (38)
I11.1.5. At the level of the PV generator -
F’Vn,p -
a) For the reversed polarity default |r 1
Because this defaultan reduce the voltage of the I| (Nsmngs_eood X 'c%,ngwgmm) |
string, then the faulty generator's voltage is dependent tq| ( Nauoss_oue N
its faulty strings’ voltages only, but the generator's || +L Z min:‘n’:iﬂlmes[min:‘;:;ps(lGroup ’ )U|
current is dependent to its good and defective strings [L ns=1 S J

( Where:  Ng,ous-  Number of groups where each one
ivpv — minse (Ve ) contains at least one cell is good.

nfp = NG ns-nsp nfp

( Mo Norane News (Vi N But if all the cells of this faulty generator are
el - . 5 e

=m in:i”l"gs Z z Z EANCP N9 M 1350 1P (39 |mpedances, so the geator’s characteristics become
| VPvm,J =0
| NS"‘"QS H NModuIes H NGWUDS 39)
L I PVop Z |:m N miy (m N1 ( IGroupngm‘ns‘mp ))i| [ I PVop 0

ns=1

b) For the open circuit default d) For the short circuit default
The IV characteristic of the faulty generatds _ Faulty generator’s Voltage depends on the number of
determined by the IV characteristics of its strings, so itstS 900d and defective strings, and even the number of the

current is dependent its good and faulty strings which good cells existingn each one of its faulty stringBut

contain at least one good group and by the currents iwe_generar:f’r;f current is Idependent to('jts g|<IJ.0d and faulty
parallel addition law strings which contain at least one good cell:

. Nging
Ir:’vn,P = NStrings’ x I(:eu"c_ngg‘"m'ns‘"fp 65 |(VPVH,P =min. (V&ringnsznspv",p)
. . | N N N
Where Ny, Strings contain at least one good group. . ngf Hoduies 7200 T Cae )
_ _ _ _ J mn L XX (AT — )J
And its voltageis dependent to its good strings, so if M ng-1 ne-1 40
it contains at least one good string (because they have the (N | ) ]
most minimal Voltage) I | _ | Strings’ Cellngg ng nm ns nfp |
PVmp
+(N.. . xI . J
VP\/ND = NMDduIes X NGroups X NCeIIs ><VCe”m.nggmg‘nsgmp (36) [ L ( Strings” < cellishor(—urcun)
Otherwise: Where: . .
Nsyings - NUmber of strings contains at least one good cell.
Vo = min:'i'f“s (VString » ) Nsyings - Number of strings all its cells are defective.
|( ‘M Ni"”"s Niv \ﬂ [11.2. Bypass diode defects
) | NMOM%‘ L = = Cellnc‘ngfngp,nm,nsfnsp‘nlpJ | | (37)
=min 27 | \ |l [1.2.1. At the level of the PV group
| nm=1 ‘ (NGroups_Defectivenm‘ns’nsp \ | | .
L | +L J | a) For the reversed polarity default
U UNoais *Vean_open-aieuit ) ) As the bypass diode is reversed polarity, it can create

) a short circuit default at the level of its group
c¢) For the impedance default



\% =0

(4)

Bypass,

.ngp nmp nsp nfp gp nmp nsp nip

b) For the open circuit default

Neroups Neais

Modul €,y nsp nfp Z Z Celloc g amp nsp nfp

(

|

%| ng=1 nc=1 @'7)
\

IModulen nfp = ICeH"

mp.nsp c.ng nmp nsp nfp

Default bypass diode open circuit has no influence or) For the impedance default

the IV characteristicneither photovoltaic cell, neither
cells group, neither PV module, neithe¥ string and

neither the PV generator, for this thgroup’s
characteristiés
NCeHs
\Y =YV
l Group,gp nmp nsp nfp nCZ:l Cellic ngp nmp nsp nfp @2)
{ I GrouPngy nmp nsp afp =1 Celln ngp amp nsp nip

¢) For the impedance default

The defect bypass diode impedance has no effect on
the voltage of the photovoltaic cells protected by him, for

this the group’s characteristic is

Neeiis

Group,, ngp.nmp ,nsp .nfp Z Celly ngp .Nmp nsp nfp

nc=1

Neeiis

Z Cellne,ngp.mp nsp nfp

ne=r 0O

43
|

| +—_—
Group,, ngp,nmp ,nsp nfp

nc.ngp Amp nsp nfp 7z

( )
| |
_| |
| Cell g nmp.nsp nfp ‘
L )

|
|

d) For the short circuit default

The influence of the faulty bypass diode short circuit
on the IV characteristic of the photovoltaic cell is null
but it can create a short circuit that can cancel the fault

group’s voltage, for this the group’s characteristic is

\% =0

@4

\ngp nmp nsp nfp BYPasS gy nmp nsp nip

111.2.2. At the level of the PV module

a) For the reversed polarity default

This defect has an influence most remarkable on thej

IV characteristic of the faulty photovoltaic modide the

module’s voltage is by the voltages in series addition law

andbecause thédaulty groups’ voltages are null

NGVO\JDS Necens

= Z ZVCeIInM

ng=1 nc=1

\Y

Module,

é9)

mp.nsp nfp 19#ngp ,NMp ,nsp nfp

But the module’s current is dependent tats faulty
groups and by the currents in series addition law

I Module, nfp = ICeHn -1 Bypass, (46)

mp.nsp, c.ngp amp nsp afp gp nmp nsp nfp

b) For the open circuit default
The characteristic of the faulty moduke dependent
to its good and defective groups

Faulty module’s voltage also does not affect by the
influence of this default

NGrcups Necans

= 2 X (Vesremmmrans)

ng=1 nc=1

VMOdU'enmp‘nsp,mD @8)

But its current is dependent on the numbéits good
groups, such thaf it contains at least one good group
then

I vodue = ICelln 49)

nmp nsp nfp c.ngg nmp nsp nfp

Otherwise (i.e. all groups are defective)

ModUl €y nep nfp
( Nows \
"9 l | Celloe g amp nsp o |

L Cellig nmp nsp.np J

Whereeachgroup’s current deperglon the value of
the impedance of its bypass diode.

d) For the short circuit default

The IV characteristic of the faulty module depends on
he number of its good and defective groups existing, so
f it contains at least one good group, then

Naroups Neeirs

= 2 X (Veshmmmeran )

ng=1 nc=1

VModuIe

(

|

<| nmp nsp nfp 6 1)
(

Module,n, nsp afp Cellne ngg nmp nsp nfp

Otherwise (i.e. where all its groups are defective)

=0

Mt)dulenmp‘nsp‘n,p

©2

L I Module,, nip =1 Cell +1 Bypass,

mp nsp \ngp nmp nsp nfp ngp pmp nsp fp

[11.2.3. At the level of the PV string

a) For the reversed polarity default
Also for a faulty string, its voltage is dependent to its
good groups and by the voltages in series addition law

N modutes Narou oups Nt

Z Z Z Vce“ .ng=ngp.nm nsp nfp

nm=1 ng=1 nc=1

63)

Slrlng nsp.nfp

By conen, the string’s current is dependent to its
faulty groups and by the currents in series addition law

= min e (mlnng . (I (54

StringS,e, oo GroUPg_ngp am nsp nfp ))

b) For the open circuit default



The characteristic of the string which contains bypasd) For the open circuit default
diode open circuiits The generator’s characteristic is dependentite good
and defective strings

N sirings_pefective

N Naroy ups
min _ Medes [ m |n |
|: nm=1 ng=1 Group,g_ngp,nm ns.nfp

( Nwodules NqunS Neeiis
{lVStrmgnSpvn'p = Zl Z Z VCellchng,nm,ns,,m,, 65 VPVMp = N yoautes ¥ Neroups % Neans ><VCQHMWMM‘Mp
| nm= ng=1 nc=1 (62)
L I SHring gy o = ICell . l ! PVory Strings x| Cellic,ng nm ns nip
c) For the impedance default ¢) For the impedance default _ _
The faulty string’s voltage with bypass diodes Th.e faulty generat.or’s voltage is dependent to its
impedances izonstant regardless of the number of its defective and good strings’ voltages,and the generator’s
defective diodes current is dependent to its strings that contain at least one
good group and that all its groups are defective
N vodutes Ngr roups Nceils
5‘f|n9nsp nfp z Zl Zl( Ce“”c‘ng.nm‘nsp.mp) 66) |[V nfp Modules x NGroups X NCeIIs ><VCeHJmposed
nm ng nc
But its current is dependent on the number of its | |\ strings” = T Celloc ngg .. |
defective and good groups, where if it contains at least| | ( [ myin Ve T\'
one good group then | | = il
N (1o V1 €9
ISIringnsp‘n,p = Ice”nc.ngg .nm nsp nfp 67) | PV"'P | Srinest NMDMES ‘ ‘ rensm s | ‘ |
| |+ min Nows |l
| | nm=1 ‘ ‘ v | ‘ |
Else: | | I ns=1 } ‘ Ce”,,c‘ng,nm‘ns‘nip | } I |
nc=1
( (Mo N L L+ J |
€llnc ng .nm nsp nfp A
S . 7 Zeee
Mosies . Nesous Cells
SUiNGoy oy mmnm v | Mgy | Z Vean, woomumes | | (58) Nsyings = Strings contain at least one good group.
L L+ ne-1 JJ Naings+ Strings all its groups are defective.
ce”"Q nm nsp ,nfp . .
d) For the short circuit default
d) For the short circuit default Finally, because this defauttan decrease the faulty
The string’s characteristic if it contains at least one strings’ voltage, then the generator’s voltage is dependent
good grougs to its defective strings only, btie generator’s current is
( dependent to its strings contain at least one good group
N N N H . .
todes T oo e and which thas all its groups are defective
JVSIring"Sp,",p = Z Z Z (Vce”nc‘ngxngp‘nm-nw‘"'P) g p
nm ng=1 nc=1 (59) [ : Ngrings
| _ | | VPVmp = mlnns:l (VSIring"S’nsp'n,p ) =
L String g nrp - Celloc ngg m nsp nfp
| NMudu\es NGVOUPS Neeis \
Otherwise, (i.e. all its groups are defective) I m'"nf"‘fgsL > > Y (Ve )J
nm ng=1 nc=1
VStringnspvn,p =0 J |—( N | ) —| (64)
| N (60) I | Strings’ Cellm‘ngg_nmﬂspmp |
| — H Modules Groups |
[0y = MM (MM (Vo)) Hov =] ( Mmintez 1)
| ‘ +Nstrings | mln Modu\es | | | |
|
I11.2.4. At the level of the PV generator { L L U GIOUP g 1 )UJ
a) For the reversed polarity default Where:
Because thiglefault can reduce the voltage of the Ng,,,,: strings contain at least one good group.
faulty strings, so the faulty generator's voltage iSNg,,  stringsall itsgroups are defective.
dependent to its faulty strings, but the generator's current
is dependent to its good and faulty strings: . .
P 9 y 9 I11.3.  Blocking diode defects
(v, =min"=m (v =
} e Sl AT l11.3.1. At the level of PV cell
NModuIes Nerou ups Neeils . .
|minNa.‘lws Y Y Y (Vc ) )\ - If the strings current is not null and the strisg
l L nm=1  ng=1 no—1 e J 61) opposite current is null (for short circuit and impedance
defaults
i I n,p = NSmngstood x ICe\lm:g‘ngg_nmgvnsg‘,‘,p )
|

nsl



Naroups Neeis

Module,, s = Z Z Vce” c,ng nm nsp nfp

Jvce‘lnc‘ng nm nsp nfp = Vce”ncg ng nm nsp pfp |[
69 [Vwowramn = 2 % Vet -

L Cellig ng nm.nsp nip Ceéllyeg ng nm nsp ntp

I Module, =1 Cell

nm ,nsp ,nfp nc.ng nm nsp nfp

- If the string’s cells’ current is null and the string

opposite current is. not null (for short circuit, impedance . |f the string’s cells’ current is null and the string
and reversed polarity defaults) oppasite current is not null (for short circuit, impedance
v _v and reversed polarity defaults)
Cellic ng nm nsp nfp - Cellnep ng nm nsp fp
{I _ | 66) [ NGmupS Neais
Collug ng oo SHING_OPPOSite, ;1 Vaosite, . = 2 > Vear '
. . { nsp nfp ool mo1 =ncp,ng .nm nsp nfp (72)
Where theVcell is the voltage value provided by the |, _
passage of thetring’s opposite current which is by a L Moemmm SHing —OPPositensy o

negative sign and according to the voltage of its string

) ) - If the string’s cells’ current is not null and the
and its generator’s voltage — by the photovoltaic cell.

string's opposite current is not null (for short circuit,
- If the string’s cells’ current is not null and the impedance and reversed poldityr for the blocking

string’s opposite current is not null (for short circuit, diode open circuit default

impedance and reversed polarity) or for the blocking N N v

d|0de Open C“'CU't default j Moduley, v np Groups X Nggs X Cell _Open—circuit (73)

[ I Module,

nm ,nsp nfp

jvcell,‘”g nm nsp nfp = VCeII _Open—circuit

=0

67)
[11.3.4. At the level of PV string

L Cellic ng nm nsp nfp

- If the strinds current is not null and the strilsg
opposite current is null (for short circuit and impedance
- If the strings current is not null and the strisg  defaults)
opposite current is null (for short circuit and impedance

111.3.2. At the level of PV group

defaults) |[ ‘W NZ Z NZ (Vos, )\ T|
v TS )] |
( Neaiis J String gy np ng=1 nc=1 (74)
VGmuPngmmmsw'p = Z Vce”ﬂcﬂg,nm‘nsDND | t ZBIocking Diode, X ICell J
nc=1 68) - ‘ns=nsp,nfp ne,ng ,nm nsp nfp
I = I { I Stri I Cell
GrouPng am nsp nfp Cellnc ng am nsp np 1N sy nfp €llnc ng am nsp afp

- If the string’s cells’ current is null and the string ~ With Z=0 for short circuit default.
opposite current is not null (for short circuit, impedance

, - If the string’s cells’ current is null and the string
and reversed polarity defaults)

opposite current is not null (for short circuit, impedance

( Newss and reversed polarity defaults)
VG u = Z Vc 1
l e pﬂg‘ﬂm‘ﬂsn,ﬂfp nc=1 ¢ eSNCR g nm nsp Ao 69) |[ |—( NModuIes NGmups NceHS \ —|
{|(;.roupngvnmvnsp‘n'p =—| String _ Opposite g, uip vamng i L Z r%ll ;1( Cellic_ncp.ng am nsp afp )J i
nsp,nfp
(75)

- If the String’s cells’ current |S not nU” and the | \‘4— Blocking_Diodens:msp‘”,P x IString _Oppositensp‘n,pJ

string's opposite current is not null (for short circuit, {I
String ey nip Strlng Opposlte

impedance and reversed polarityr for the blocking

diode open circuit default Where theopposite string’s current is on the basis of

v =N xV _ the voltage of its stringnd its generator’s voltage, and
j GTOUBg i s Cells ™ TCell _Open—circuit 0) with Z=0 for short circuit and reversed polarity defaults.

[ ©r0upag e

- If the string’s cells’ current is not null and the
string's opposite current is not null (for short circuit,
l11.3.3. Atthe level of PV module impedance and reversed polarity) or for the blocking

- If the strings current is not null and the strisg  diode open circuit default
opposite current is null (for short circuit and impedance (,, _
defaults) j SUING 5 15

N xV

Modules X NGroups X Cells Cell _Open—circuit (76)

L StinGngp i

111.3.5. Atthe level of PV generator



The IV characteristic of the faulty generator IV.1. For the reversed polarity default
- If the defective strings’ currents are not zero and its

39 o] 10 20 30 40 50 60
i} i

opposite currents are zero (for short circuit and @0 10 20 T Tao  Tso *
impedance defaults)
[V Nsungs Y, _ ’1_9}0,:,,7 0 §
| Ve = m|n ( StiNG s nsp ) - }(E/ ho 5008
| ([N " 1) :
Modules "~ Groups Ncells =)
sl5r | i
J . Nsmngs Z z z ( Ce”nc.ng‘nm.ns:nsp oo ) | e e — IV and P of/good PVG ‘
mll’]nsl nm ng=1 nc=1 | (77) P — IV and P of|PVG with 10 defective ce \
| // —— IV and P of PVG with 20 defective ce \
| Blocking _ Diodey,, Ice”nc.ng am s nfp J 0O e 20 30 a0 se 60 70 8o %8
| wltage (V)
L Voo N suings ICE”nc‘ng.nm‘ns‘nm Fig3.1V & P of the PV contains cells reversed polarity.
. i 10 20 30 50 60
With Z=0 for short circuit default. 08FT2 T4 T T "0 000
- If the defective strings’ currents are zero and its
opposite currents are not zero (for short circuit, 0|
impedance and reversed polarity defaults) <.l o}
( ® el |
| NSlrm s P ~ — IV and P of good PVG
V =min S AV = P — IV land P of PVG with 4 defective by
| Vorp ns String g nrp _
e — IV and P of PVG with 8 defective by
I ((N Neroups N \ ) © /ut; 0 20 30 4050 60
Modules roups Cells \nltage (V)
|
B Ceélle-ncp g nm s . . . .
J mln:j"l“gs L % g’l .;l( Sresncpng o o )J | (78) Fig4. IV & P of the PV contains bypass diode reversed polarity.
|
| +ZBIockmg_D\udens:"Sp_mp X ISIring _Opposite,s_ nsp nfp 20@00‘\4 10]70 ‘202‘0 \303\0 \404\0 T 505\0 \606\0 \707\0 00
I |—Nsmngs Good Nsmngs P ///
L mp - \\ IStringnS‘",p - Z IStrmg_OpposnenS‘“,pJ ——
ns=1 ns=1 _ // = — §
< A L \ B
i . . X S0 OO =T — =\ ) 005
Where Nyings: NUmMber of defective strings with provided 5 TV and power of good Py _ o g
. . . - IV and power }W with 1 defective blocking diade
current null and with Z=0 for short circuit and reversed IV and power o1 P wih 1 defecive bloking diode it
polarity defaults. L
- If the defective strings’ currents are not zeydts 0O 0 20 30 40 0 0 70 80 O el

wltage (V)

opposite currentare not zero and all the generator’s ‘ _ S _
strings are defectivéfor short circuit, impedance and Fig5. IV & P of the PV contains blocking diode reversed polarity

reversed polarifyor for the blocking diode open circuit The existence of the two defects, cell reversed
default polarity or bypass diode reversed pdlain a generator

V. -N <N Y _ make a remarkable d_eg_radation in its productivity, but
j PVorp Modules ™ " Groups ™ "TCells T Cell _Open-cireuit 79 only for the decrease in its value of voltage, because the
L'Pvmp = cell reversed polarity mathematically provides a negative

voltage at its terminals, and bypass diddereversed
But if this faulty generator contains at least one goodpolarity create a short circuit which can cancel outright

string the voltage of the group’s cells which has protected. For
cons, the default blocking diode reversed polarity, #lso

jvpvn.p = Nuodues X Nroups X Nces X Vean _imposea ©0) has an influence on the productivity of the generator, but

U'pvi = Naring o0 % e not by reducingts voltage, on the contrary, this defect

may increase the voltage of the entire string to the
maximum, but he canceled outright the current supplied

) ) ) ) by this faulty string ifits defectivestring’s cells’ current
V. Simulation and inter pretation results is not null, else this faulty string become as receiver.

The following fig. 3 to14 presents the simulation of V.2, For the open circuit default
the proposed models for the mathematical modeling of
the functioning of the PV generatawhen subjected to
the defaults reversed polaritppen circuit, impedance
and short circuit For testing the performance of these
models, we studied theses cases which are:

The two defectscell open circuit and blocking diode
open circuit in a generator makes a remarkable
degradation in its productivity, because the existence of a
single cell open circuitcan cut the current flowing
through its group and thus increase its voltage, and the



existence of blocking diode open circuit can cut the strings’ currents are nulls, it can change the functioning
current flowing through its string and thus increase its of these faulty stringsnd becomes as receivers, and also
voltage. For consg the open circuit fault at the bypass in the case of the defective afts’ currents are not null,

diode has no effect on the functioning of the generatorthese faulty strings become as open circuit situation,
but if the cells grouped by this defective diode is inbecause these defects are comments available the current
abnormal functioning, because the existence of any defedtows in the both directionsBy cons the default
which can cut its currenas the cell open circuit, so the impedance in the bypass diode has no influence on the
hybridization of these two faultsan shut off the power voltage of the generator, but it increases the current
supplied by the string and therefore makes a very supplied by the group grouped with this faulty diode in

dangerous degradation in the productivity of theproportion to the decrease in its value of impedaBog
generator. this increase is danger, and it may change the
2 o o P w oo chargcterlzatlon pf the group and k')ecome. as a receiver
WJEPFA 76 75 80 8y B4’ 86 ~ 88 60 o3, provided a negative voltage across its terminals.
T — T —
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20 0 20 50 4D 50 6D 70/78‘2 %8000 Fig9. IV & P of the PV contains cells impedance.
Q 1‘0 29 3‘0 4‘0 59 GP
6080 10 00
E3
Zofon0r | 50—
° Pz 7 40— s
s — IV and P of good PVG g fotor (500 g
P — IV and P of PVG with 3 defective bypass diox §3077—7— ————————————————————————————— g
e Iy anq P‘of P\(G ‘wi h § dgfecti\(e Py[ ass djo
0% 10 20 30 40 50 60 70 ol | | —r~ | 7| —NandP ofgoodF
\oltage (V) G with 5 defective bypass diode \
Fig7. 1V & P of the PV contains bypass diode open circuit. 10 © i §0 defpetive bypags dofd 5 1o o
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Fig8. 1V & P of the PV contains blocking diode open circuit. 0o TS » s -
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woltage (V)

60 70

1V.3. For the impedance default Figll IV & P of thePV contains blocking diode impedance.

The tV\.'O typ es of defectscell |mpeda_nce and IV.4. For the short circuit default

blocking diode impedance, have the same influence on

the function of the generator, because these two defects The default cell short circuit on thgenerator’s
decreases its productivitand by more these two types productivity is significant and important, but it is better to
canincrease the temperature of the defective componentdefault bypass diode short circuit, because for the first
and create the default hotspotShus, this defect default its appearance has only affectedthe defective
impedance and because it can cancel the current supplieell, but for the second default the existence of a bypass
by the defective cell, so it can cancel the current suppliedliode short circuitan cancel the voltage of all its cells
by the entire stringf all its cells are defective. Also for which has gathere®y cons the third type of this defect
the default blocking diode in the case of the defectiveblocking diode short circuit has no influence on the



functioning of the generator, whea# its strings have the
same voltage valuyebut if the string ended with this
defective blocking diode has a minimum voltage and itsl?
cells’ current is zero, S0 he became as a receiver, and he
consumed- according to its voltage and the voltage of its
generator— the current produced by the other strings

. . . 2
which are with maximums voltages. [2]
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Figl2. IV & P of the PV contains cells short circuit.
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Figl3. IV & P of the PV contains bypass diode short circuit.
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V. Conclusion [12]

In this paper, we have proposed a new strategy for the
mathematical modeling of the influencé the reversed [13]
polarity, open circuit short circuit and impedance faults
on the electrical characterization of the PV generator.

From the simulations and the interpretation results,
the proposed methodology can provide an ovendéw
the abnormal functioning of the generator, which can be
used thereafter in his diagnosldowever, it is only to
model the generator when it is subjected a maximum to
one type of defect, on the same type of faulty elements,
but for any quantity. Therefore, future work is to further
improve these algorithms to model the generator when
it’s subjected to several types of defects on any elements.

(14]

(18]

(16]
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