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Abstract

In spite of poor efficiency of the photovoltaic systems developed up to date and the high cost of the
installations of the equipment of this kind of station of solar energy conversion into electric power, this did not
stop the researchers to continue to make efforts in this field in order to minimize the expenses of installation of
equipment and to increase the output efficiency of the photovoltaic systems. In order to make solar energy
competitive with the other forms of renewable energies, a better exploitation of its advantages especially
environmental side, this will be possible only with the development of the less expensive and high output
efficiency systems. The objective of this work is to bring a contribution to the study of the behaviours of the
photovoltaic generators and converters used to feed a well defined load, in our case an asynchronous machine
actuating a centrifugal pump, this through modelling and simulation of the various stages that constitute the
overall system. 
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1. Introduction  

The classification of solar energy in the
world as one of the promising renewable energies

has became irreversible, for several reasons
such as 
• It is considered the cleanest energy. 
• The technology of solar cells is growing fast 
• The solar energy can be exploited in the

whole world. 
*Corresponding author.
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The photovoltaic pumping systems are more
and more used for irrigation, particularly in the
isolated areas. The study of such a system
through modelling and simulation of the various
stages that constitute it, this in the aim of bringing
a contribution to the study of the behaviour of the
photovoltaic generator and converters used to
feed a load composed from a motor-driven cen-
trifugal pump, the system is defined as follows: 
• Photovoltaic generator. 
• Direct current-direct current converter (DC/

DC). 
• Direct current-alternating current converter

(DC/AC). 
• Asynchronous machine. 
• Centrifugal pump. 

Therefore the work is based upon the know-
ledge of the action of the various parts of the
system models. 

2. Modelling of the photovoltaic generator  

The direct conversion of sunlight into an
electric power, without any intermediary, is
defined as being the photovoltaic effect. The
solar cell is the basic element in charge of the
solar energy transformation into electric power.
Fig. 2 represents the simplified equivalent elec-
tric circuit of a photovoltaic cell [1,5] defined by
the following equations:

(1)

(2)

(3)

where Isc, short-circuit current; Iop, optimal cur-
rent; Voc, open circuit voltage; Vop, optimal volt-
age; Rss, series resistance; RP, parallel resistance. 

Knowing that several parameters of the
Eq. (1) vary proportionally with the sunning and
the temperature [1], considering a current of
short-circuit Isc for a reference sunning Jref =
1000 W/m2 [1], the I–V characteristic is obtained
and can be resumed in the following Eqs. (4)
and (5). 

I¢ = I + ΔI (4)

V¢ = V + ΔV (5)

where

ΔI = −(1 − J/Jref)Isc (6)

ΔV = −RsI (7)

J, luminous flow in W/m2; Jref reference
luminous flow supposed 1000 (W/m2). 

Therefore from the previous equations which
govern a photoelectric cell, the model of the
photovoltaic generator was developed. 
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Fig. 1. The simplified equivalent electric circuit of a
photovoltaic cell. 
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Fig. 2. Buck-Boost chopper circuit. 
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3. Modelling of the dc/dc converter 

The capacitive accumulation chopper shown
in Fig. 2, allows the supply of a current load
starting from a current source, where the capaci-
tor C1 plays the role of an auxiliary source of
voltage. During the charging of C1, there is a
current generator outputting in voltage receiver,
as in a parallel chopper. When C1 discharges, it
constitutes a voltage generator outputting in a
current receiver, as in a series chopper. The cir-
cuit is equivalent to a cascade of parallel and
series choppers, from where its name Buck–
Boost converter [3]. 

For the modelling of the Buck–Boost chop-
per, we have chosen a simple model connect-
ing the input voltage, the voltage of the
photovoltaic generator, with the output voltage
of the chopper used to supply the voltage
inverter [2]. 

It is supposed that the losses on the level of
the chopper are negligible and Pinput = Poutput.
Therefore the equation which governs the chop-
per is given by 

U¢ = Ud /(1−d) (8)

where U¢, the output voltage; U, the voltage of
the photovoltaic generator; d, cyclic ratio. 

4. Modelling of the voltage inverter 

The three-phase voltage inverter modelled is
shown in Fig. 3. 

Knowing that if the sinusoidal currents
forms a balanced system [3], the voltages V¢a ,
V¢b  and V¢c  have necessarily a null sum. In order
to obtain their instantaneous values we start
from the voltages Va − Vo, Vb − Vo and Vc − Vo

between the three terminals of the inverter and
the fictitious point (0) of the direct voltage
source then removes from it the instantaneous
homopolar component of this system of
voltage. 

For the phase (A), we have 

V¢a  = Va − Vo − 1/3[(Va − Vo) 
+ (Vb - Vo) + (Vc - Vo)] (9)

and the same as for the voltages of the other
phases, which are given by 

V¢a = 2/3(Va - Vo) − 1/3[(Vb - Vo) + (Vc - Vo) (10)

V¢b = 2/3(Vb - Vo) − 1/3[(Va - Vo) + (Vc - Vo) (11)

V¢c = 2/3(Vc - Vo) − 1/3[(Va - Vo) + (Vb - Vo) (12)

The line-to-line voltages at the inverter
terminals are given by 

(13)

(14)

(15)

In order to obtain the voltage supply of the
asynchronous machine in a two-phase system
(d, q), the Park transformation is used. 
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(16)

where [P(Y)] is known as matrix of park given
by the relation below. 

(17)

5. Modeling of the asynchronous machine 

The asynchronous machine is presented by a
model brought back to a system of axis d, q, as
shown in Fig. 4, obtained by a transformation of
Park of a three-phase system into a two-phase
system [4]. 

For simplification purpose, we put thereafter
[P] = [P(Y)], and by applying the linear transfor-
mation [P(Y)] we obtain 

[P]–1[Vdqo] = [R] [P]–1 [idqo] 
+ (d/dt){[P]–1 [φdqo]} (18)

After simplification, we obtain 

[Vdqo] = [R][idqo] + (d/dt)[fdqo 
+ [P](d[P]–1/dt. fdqo] (19)

where 

(20)

Thus we obtain the system of Park equations
which constitutes a dynamic model for a dipha-
sic winding. 

(21)

(22)

(23)

It is supposed that the D axis is interdepen-
dent with the O→a  axis from where Ψ = 0, thus
the Eqs. (21), (22) and (23) become 

(24)

(25)

(26)

The Vo component is cancelled when the sys-
tem is balanced, i.e. the sum of the components
(a, b, c) is null. 

After establishment of the relations between
flux, the currents of the d, q axes and the (a, b, c)
axes [4], we obtain

(27)
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where Ls, Lr and M are respectively stator
inductance, rotor inductance and the mutual
inductance between the stator and the rotor. This
leads us to represent fictitious winding of the D
and Q axes in Fig. 5. 

The voltage equations of the asynchronous
machine (Fig. 6) in the (d, q) axes system are
given as follows: 

(28)

(29)

(30)

(31)

qR the electrical angle of the rotor relatively
to the D axis. 

In our model qR is null (qR = 0), i.e. the case of
the study of stator sizes. 

After developing the flux as functions of cur-
rents, the final model of the asynchronous machine
is represented by the following equations: 

(32)

(33)

(34)

(35)

The electromagnetic couple is given by: 

(36)

where Ce, the electromagnetic couple; :
angular velocity of rotation); wR: angular velocity
of the rotor; p, numbers of pair of poles; the scalar
expression of the electromagnetic couple is found
as 

(37)

6. Modelling of the centrifugal pump  

Any pump is characterized by its absorptive
power which is obviously a mechanical power
on the shaft coupled to the pump, which is given
by [6,7] 

(38)
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Useful power: power consumed of the
absorptive power is given by 

(39)

where h, the total output. 

(40)

where r, density (Kg/m3); G, acceleration of
gravity (m2/S); H, height of rise (m); Q, flow
(m3/S).

7. Results of simulation 

By modelling and simulating separately each
part of the system under a specific condition, we
had an idea on each part a side the results of the
simulations are shown in Figs. 7–14. The inter-
connection between the various parts constituting
the system can be simulated under the same con-
ditions. In order to validate the results obtained,
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Fig. 8. Voltage of the photovoltaic generator. 
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a comparison was made with the results of
ref. [8]. 

8. Conclusion 

• This work opens a window on the modelling
and simulation of the photovoltaic pumping
systems using Simulink under Matlab pro-
gramming environment. 

• The results obtained from the simulation of
the system are satisfactory. 

Fig. 11. Rotation speed (r/mn). 

(a)

(b)

Fig. 12. Stator current (A).

Fig. 13. Height (m). 

Fig. 14. Flow (m3/h).
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• We estimate that this work will be a contri-
bution to the analysis of the photovoltaic
pumping system with regards to the results of
simulation of the model. 

References 

[1] An optimum design of photovoltaic direct cou-
pled water pumping. IEEE1985 T. Energy con-
ver., 1626–1631. 

[2] G. Seguier, F. Labrique and R. Bausiere, Electro-
nique de puissance: Conversion DC/DC 3, édition
(1992). 

[3] F. Labrique and G. Seguier, Les convertisseurs de
l’électronique de puissance la conversion DC-AC 4. 

[4] J.P. Caron and J.P. Hautier, Modélisation et
commande de la machine asynchrone 2DITION
(1995). 

[5] Performance analysis of a PV powered DC motor
driving a three-phase self-excited induction gen-
erator IEEE (1995) 155–161. 

[6] Robert Froehlich, Application de l’électricité
dans les procédés industriels recueil d’étude et
de projets. 

[7] E. Picamaus, Klein, schanzlin und beker,
Improvements of efficiency of slar powerde
pumps, 6710 Frankenthal (Pfalz). 

[8] R.M. Mostafa, Etude et réalisation d’une chaîne
de conversion d’énergie photovoltaïque- élec-
tromécanique et de sa commande numérique,
thèse de Doctorat, Université Paris VI, (1983). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


