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Abstract— The encouragement shown in the development
and proliferation of photovoltaic (PV) systems has allowed
designers of power generation chains to invest in the field of
renewable energies (RE). Systems used for converting solar
energy into electricity are based on photovoltaic cells. Indeed,
the association of modules consisting of series and parallel
grouped cells forms a photovoltaic generator (GPV). However,
the operation of the GPV depends essentially on the temperature
(T) and the illumination (E), which have to lead to optimal
operation, ie to extract the maximum produced power and thus
to improve the installation performances whatever the climatic
conditions, a maximum power point tracker (MPPT) control
would be necessary. Then, due to the remarkable performances,
the GPV have became the fundamental structure of pumping
systems installed in isolated places.

In this work, the performances of a water pumping system based
on an asynchronous motor and a centrifugal pump, are analyzed
under different climatic conditions.

Keywords— Renewable energy, PV system, pumping, MPPT,
control.

I. INTRODUCTION

The energy needs of industrialized societies are constantly
increasing in order to meet the requirements of expected
developments. Despite the existence of water probes, the
inhabitants of the isolated sites remain to be deprived of
drinking water and also irrigation because of the absence of
electrification for reasons of accessibility, remoteness or
others. However, by encouraging the development of
renewable energy-based production systems, water pumping
is then among the properties problems to be overcome in the
most rural and Saharan regions. Indeed, the employment of
photovoltaic solar (PV) energy-based water pumping is a
well-adapted  solution for these regions. Moreover,
geographical situation of Algeria favours the development of
the use of solar energy. These advantages could be beneficial

in the remotest areas especially in water pumping applications.

[1,2]. The PV water-pumping system consists of a PV
generator, a power converter, a motor and pump. Ultimately,
this system is economically justified where the energy
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supplied by the generator is stored in water pumped form
during the day instead of being stored as electrical energy.

Il. MODELLING OF THE PUMPING CHAIN

The pumping system is the combination of a set
interconnected subsystems which are: the photovoltaic
generator (GPV), the adapter chopper (DC / DC), 'MPPT'
control, the voltage inverter, the induction cage motor and

centrifugal pump[3-5]. The PV pumping chain is
schematically shown in Fig.1.
DC/DC Converter Inverter
Vpv DC DC
Ipv
i DC AC
T Induction motor
o vepT|2 fpwi Pump
D: Data cycle

Fig. 1 synoptic diagram of photovoltaic pumping system

A. Photovoltaic generator

The equivalent circuit of photovoltaic cell is shown in
Fig.2. The current Iy, is proportional to the incident
illumination [6-8].

Fig. 2 PV cell equivalent circuit

By using the expression of diode current theory, the
photovoltaic cell current can be expressed by the following
formula:
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pv ph_ID_Ish (1)

The PV model can be established such as [9]:

q(\/pv+,’:‘IsRs|pv) va"’&Rs Ipv
Ipv:Nplph_Nplo(eXp ( nKTpNS )-1) - NSpR
Ni sh
p
Where,
lo: Saturation current (A)
q: Electron charge (1.6 10-19 C)
K: Boltzmann constant ( 1.38 10-23 J/K)
n: Ideality factor
T: Cell temperature
Np : Number of cells in parallel
Ng:  Number of cells in series

The most usually external PV cell characteristics are
shown in Fig. 3, Fig. 4, Fig. 5 and Fig. 6, under different
conditions.
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Fig. 3 1= f(V) of PV cell with G= 1000W/m2 and variable T
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Fig. 4 P=f(V) of PV cell with G= 1000W/m2 and variable T
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Fig. 5 1= f(V) of PV cell with T=25°C and variable G
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Fig. 6 P=f(V) of PV cell with T= 25°C and variable G

B. Model of the Boost converter

Boost converters are frequently used in photovoltaic
applications, their DC output voltage is greater than its DC
input contained voltage. Mainly, It consists of two (2)
semiconductors switching components [10]. diode D and
IGBT transistor T and two (2) parallel RC circuits at the input
(Ri // Ci) and at the output (Ro // Co) as shown in Fig. 7.

The principle operating of the booster chopper is summarized
in two distinct states: Firstly, When the transistor is in the
closed state T, the current in the RL circuit increases and the
energy is stored in the inductor. Then, when it is in the open
state T., the current continues to cross the inductance
through the diode D. Moreover, The switching period T, and
the variable duty ratio a are respectively defined by the
following relationships:
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Fig.7 Boost converter
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Tc = Ton + Toff (3)
Ton
oO=——————
Ton + Toff (4)

C. Maximum power point tracking control

Regardless climatic variations, The PV modules must be
operated at their maximum Power point. Among the most
widely used algorithms for tracking the peak power point are
both the perturb and observe (P&O) and the incremental
conductance (IC) [11-12]. In this work, we use the P & O
method.
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Fig. 8 P&O flowchart algorithm

D. Modelling and control of inverter

The three-phase inverter allows to an optimal power
transfer between the set GPV-pump whatever the conditions
of produced power and power demand. In this work, a PWM
inverter is used to control the motor speed. Thus, the
controller sends pulses (S1 to S6) to the gates of PWM
inverter in which the actual motor speed (N) tracks the
reference speed (Nref) set by the dc-link voltage controller.

Vol [2 -1 ]S
V,, [=-%|-1 2 -1]5s,
3
A -1 -1 2|5, -
With,

Vin (i=1, 2 and 3) are the output voltages ;
Vdc : input voltage of inverter ;
Si=0or 1 fori=1, 2, and 3 are the PWM control signals.

E. Motor Modelling

The equipping motor pump machine of the studied system is
an induction type. The mathematical model of an induction
motor (IM) can be established using d-q transformation as
described by the following equation system:
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- d¢d
Vds = Rslds + dts a)s qs
dg
- qs
Vqs = Rslqs + dt +a)s¢ds
: dg,
Vdr =0= erdr + Tr + a)r¢qr
dg
—0=Ri as
Vqr =0= erqs + dt - r¢dr
(6)
¢ds = Lsids + Ivlidr
Pys = Lol + My,
¢dr = I-ridr + Miqr
¢qs = Lrlqr + Mlqs (7)
With;
o, = PQ=w, — o, ®)
The latter can be derived from the equation of co-energy or
deduced from the power budget.
pM . .
Te = _Lr ((Ddrlsq _(qulds) (9)
dQ
Te-Tl=J—+k;Q
dt (10)
With;
Rs stator motor resistance
Rr rotor motor resistance
Ids, Igs : d-q stator currents
¢ds, gs:  d-q stator flux
Vds, Vgs: d-q stator voltages
Idr, Iqr: d-q rotor currents
¢dr, ¢qr :  d-q rotor flux
s : stator electrical pulsation
o rotor electrical pulsation
Ls: stator inductance
Lr: rotor inductance
Lm: motor mutual inductance
P: motor pole pairs number
Te: motor torque
Tr: load torque
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f: friction coefficient
J: total inertia
Q: mechanical speed

F. Vector control strategy of the induction motor

In case of centrifugal pump, assuming that DC/DC and
DC/AC converters are ideal, the PM output power of the
GPV is given by the following equation [13,14]:

— C:l(l_s)3 f3
d (11)

PM

with,

C1 : constant..

n: motor pump yield (%).

f : Inverter output voltage frequency (Hz).
S : slip.

In the standard conditions, PM, #, f and S become
respectively: optimal power (PM,), optimal efficiency
(0= 0.6) , the nominal frequency ( f, = 50 Hz) and optimal
slip (Sp=0.02).

After analysis by introducing the above parameters in
equation and making the ratio between PM and PM,, the
inverter control frequency is given by:

f=3 PM f,
\/ PM, 12)

Therefore, applying the vector control by orienting the rotor
flux to the induction motor: The direct rotor flux ¢rd = ¢rand
the quadratic rotor flux ¢rq = 0.The expression of the
electromagnetic torque is given by:

(13)

The expression of the rotor flux (Eq.14) is given as a function
of the direct stator current (isq), maximum mutual inductance
between a stator phase and a rotor phase (M) and time
constant T, :

M

¢r = isd
1+T, (14)

The rotor speed is estimated by the following equation:
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o, = M i (15)
C T
Then, the speed wj is given by the equation (Eq.16):
M .
W5 = -I-_Ids + pQ2 (16)

rrr

The expression of the reference velocity is given by the
following equation:

Qref = 3\ % (17)

G. Centrifugal pump model

The centrifugal pump applies a proportional load torque to
the square of the speed :

T = Ko % o (18)
with, K¢, is a constant and o is motor speed.

Knowing the performances of a centrifugal pump (Q, H and

P ) for the speed N , the laws of similarity make it possible to

determine the performances (Q', H' et P') for N'using the
following relationships [14,15]:

_N

Q'= NQ.

H'=H(%)2 (19)
 o/N'

P=P(,)

where, Q et Q', the flow rates corresponding, respectively, to
the speed N and N', H and H' , the total anometric heights
corresponding respectively to the speed N et N', P et P are
the power motor the powers of the motor respectively
corresponding to the speed N and N'.

The H (Q) characteristic of centrifugal pump is obtained
using Pleider-Peterman model [16,17]. The multispeed can be
expressed approximately by the following quadratic form:

H=C,0*-C,aeQ-C,Q° (20)
The pipe resistance characteristic can be given by:

H=H,+K,Q’ (1)
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The hydraulic power of the pump is given by:

600, T T T

I 1 J

Ph - ngH (22) S5an 4

g
Wlth, gsan
C1, Cy, Cs:  coefficients given by the manufacturer. “’
Hs: pump static head. ‘;;520— |
K. canalization constant. : |
Keh Proportionality constant.
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I11. SIMULATION RESULTS AND DISCUSSION Fig.11 Input voltage inverter (Vdc)

The developed simulink program was tested under i T T T
temperature and illumination conditions and according to | | | 1
their evolutions shown, respectively, by Figures 9 and 10. . [

FIG. 11 represents the DC voltage at the output of the
photovoltaic panel and that of Fig. 12 shows a Zoom on the
voltage at the output of the inverter. Finally, the flow rate of
the pump is shown given, for the preceding conditions in FIG.
13.
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Fig.12 Zoom on output voltage inverter (V)
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Fig.13 Flow of the pump

IV. CONCLUSIONS

J | In this work, a motor pump powered by a photovoltaic
5307 | generator via a three-phase voltage inverter is studied. For
§25 | this purpose, performances are analysed under weather
g;mi | changes. The perturb and observe algorithm is used to extract
1 | the maximum power. The simulation results of the
il | photovoltaic chain and the pumping stations are represented.
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Fig.10 Temperature variation
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