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Abstract- The integration of renewable energies in electrical systems is a research area that is becoming more and more 
important. In this context, this work aims regulation of induction motor speed that drives a pump supplied by a photovoltaic 
array. The objective of this study is to calculate the reference speed corresponding to the maximum power supplied by the 
photovoltaic generator at each climate change and control the motor to achieve it. The system is formed by a boost converter 
and a three-phase inverter connected to a three-phase LC filter. Numerical management, including the maximum power point 
algorithm of type "perturbs and observe" to control the boost converter and sinusoidal pulse width modulation of variable 
frequency to control the inverter is used. The sinusoidal pulse width modulation frequency is given by the PI regulator that 
compares the motor speed with reference speed. The reference speed is calculated through a program based on climate changes 
and photovoltaic maximum power. The program is implemented as a Matlab function block. The simulation results show that 
the PV output voltage and current converge to values corresponding to the maximum power. The motor speed follows the 
reference speed which approves the good functioning of the PI regulator. 
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1. Introduction 

The regular increase in demand for energy and the 
depletion of traditional energy sources has led to the use of 
renewable energies as a complement [1]. Renewable energies 
are inexhaustible and do not cause environmental damage 
[2]; making them a better solution to remedy the significant 
increase in greenhouse gas content in the atmosphere. 
Regulation and optimization of renewable energy integration 
in electrical systems are a research axis that arouses great 
interest considering its contribution to reducing greenhouse 
gas emissions and its resistance to climate change. Clean, 
unlimited and widely distributed throughout the globe, solar 
energy is renewable and presents itself in the earth with a 

quantity greater than what the world consumes today what 
makes it plentiful [3].  

The exploitation of solar energy for electricity generation 
is based on photovoltaic cells that trans-form solar radiation 
into electricity. Photovoltaics module price decreases and the 
increase of fossil fuel price make the exploitation of 
photovoltaic power a profitable energy alternative. 
Photovoltaic energy finds a multiple applications, namely 
water pumping system [4] [5]. In this context, this work 
study the regulation of three phase induction motor speed 
inserted in a solar powered water pumping system for 
irrigation purpose.  
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Fig. 1. Block diagram of the sized system. 

For better system efficiency, it is advisable to run the 
motor at a nominal frequency. This frequency depends on the 
flow rate which is a function of the available electrical power 
of the photovoltaic generator. Like irradiance and 
temperature variations affect the water flow. We propose in 
this study to calculate at any time the reference speed 
corresponding to the maximum power that can be supplied 
by the photovoltaic generator and calibrate the motor speed 
according to the reference. The induction motor conducts a 
submersible pump and it is supplied through a three phase 
inverter connected to a three phase LC filter. The inverter fed 
by the PV array trough DC-DC boost converter. To control 
inverter switches commutation the sinusoidal pulse width 
modulation of variable frequency is applied. This frequency 
is generated by a Proportional Integral regulator that 
compares the motor speed with reference speed. The 
reference speed is calculated through a program based on 
climate changes and photovoltaic maximum power and 
implemented as a Matlab function block. Converter 
commutation is controlled by a maximum power point 
tracking program which is also implemented as a Matlab 
function block. The whole system is simulated in Matlab, 
Simulink software by varying temperature and radiation. The 
system is given in “fig.1.” 

1.1 Motor and pump sizing 

The submersible multicellular centrifugal pump of power 
1070W is used in this system. It is chosen depending on the 
desired daily water flow and the total depth of the well. This 
is well described in a previous work [6]. This type of pump 
can run at very low light and accepts a variable rotational 
speed which makes it very well suited to photovoltaic 
pumping systems. Based on the cost and maintenance 
requirements, the induction motor is better ranked compared 
to the DC motor for pump drive in photovoltaic applications. 
In addition, the induction motor offers different control 
approaches compared to DC motors in such applications 
[7]. Thus, in this case, a 3-phase induction motor of power 
1.09 KW and nominal rotation speed of 2830rpm is used in 
the pumping chain. A resistive torque proportional to the 
square of the rotational speed is applied to the motor 
representing the pump [8].  

1.2 PV generator 

 

Fig. 2. Connection of solar modules. 

The photovoltaic generator is sized to cover the power 
required for the operation of the asynchronous motor in all 
climatic conditions. For this purpose the sizing was 
established based on the actual critical temperature and 
irradiation conditions of the Beni-Mellal region. Considering 
these conditions as well as the inverter and the boost 
converter efficiency that is approximately equal to 0.94 the 
photovoltaic generator used has a power value of 1.2KW. It 
is composed of six modules of power 205W each. The 
voltage required in the panel output is reached by connecting 
in series three modules of 30V each. The connection of the 
solar module used is given by “Fig.2”. Photovoltaic 
generator characteristics are given in “table 1”. 

Table 1. Photovoltaic module characteristics 

Maximum power 204.9 W 

Open circuit voltage Voc 36.4 V 

Voltage at maximum power 
point Vmp 

30 V 

Temperature coefficient of 
Voc 

-0.3364 %/deg.C 

Cells per module  60 

Short-circuit current Isc 8.03 A 

Current at maximum power 
point Imp 

6.83 A 

Temperature coefficient of Isc 0.038468 %/deg.C 

 

The maximum power of the photovoltaic generator 
changes with the irradiation or temperature variation. To 
optimize the sizing of the system an adaptation stage is 
integrated into the pumping chain in order to search for the 
maximum power of several climatic conditions values and 
control the system to operate in it.  
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1.3 DC-DC boost converter 

 

Fig. 3. Boost converter. 

The step-up converter performs several functions 
simultaneously. Since the voltage value that a photovoltaic 
module can deliver is low. The DC-DC step up converter 
allows reducing the number of series connected photovoltaic 
modules. This is done by controlling the converter switch to 
extract the maximum voltage and current that the 
photovoltaic generator can produce. “Figure 3” shows the 
structure of the boost converter [9] [10]. 

The switching Mosfet control was carried out by the 
maximum power point tracking control of type "disturb and 
observe" [11] [12]. It is implemented in Simulink as a 
program with a Matlab function block. It allows at each 
climate change to seek the maximum power that corresponds 
to the values of irradiation and temperature. And control the 
system to work at that point. Its principle consists of sense 
the output voltage and current of the photovoltaic generator. 
Calculate the produced power based on the measurements, 
and compare it with the reference power value. Increase the 
duty cycle with a determined step if the calculated power is 
higher than the reference value or decrease it if not. Replace 
the reference power value with the calculated power value 
and repeat these steps until reaching the maximal power that 
can be supplied by the PV generator.  The algorithm of the 
MPPT is given in “fig.4” [13] [14]. 

 

Fig. 4. MPPT algorithm. 

The boost converter produces a DC output which requires 
a stage to make it suitable for the induction motor. 

1.4 Inverter and Speed control 

The inverter used in our system is a three-phase H-bridge 
type. It consists of three branches, each branch contains two 
switches. It generates an alternative voltage output from a 
continuous voltage input using switching circuits. The 
inverter is controlled by the sinusoidal pulse width 
modulation [15] of variable frequency. The concept of this 
control is to compare a sine reference signal to a high-
frequency triangular carrier signal. The sine signal frequency 
is variable and given by a PI controller. Since our inverter is 
three-phase, three sine references waves of the same 
frequency, phase-shifted by 120° are required. It compares 
the instantaneous magnitude of the sinusoidal signal with 
that of the triangle signal at a point of time. This results in 
multiple output pulse of different width per half cycle. This 
control also regulates the asynchronous motor speed to the 
maximum value corresponding to the maximum power that 
supplies the photovoltaic generator. The reference speed is 
calculated by a program implemented by a Matlab function 
bloc. It calculates the speed reference depending on the 
irradiance variation. The MPPT calculate the maximum 
voltage and current and generates these values to the speed 
reference calculator program. The program calculates the 
power transmitted to the pump based on the efficiency and 
generates the reference speed. The reference speed is 
compared to the motor speed and given to the PI regulator 
that produces the corresponding frequency to the SPWM 
control. The proportional-integral controller has been used 
because it has a simple structure, high reliability, and good 
robustness. Its expression is given by “equation (1)”. 

G(s) = Kp+ Ki/s                                                          (1) 

Where Kp is the proportional gain and Ki is the integral 
gain. The closed loop control is given in “fig.5” 

 

Fig. 5. Induction motor closed loop speed control. 
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1.5 LC filter 

The inverter output signal contains several sinusoidal 
components and the interrupters switching produce voltage 
ripple. The induction motor requires a sinusoidal input of 
attenuated ripple. To get this target a three-phase LC filter is 
introduced at the inverter output. It eliminates unwanted 
frequency components and minimizes voltage ripple. Based 
on the “equation (2)”, the inductor and capacitor values were 
calculated [16].    

F=2π*√(LC)    (2) 

Where L: is the inductance and C: is the inductance of filter. 

2. Simulation results 

The pumping chain dimensioned was simulated by 
varying the irradiation and temperature at the input of the 
solar panel. The radiation variation is given by the “fig.6”. 
The temperature variation is given by “fig.7”. The induction 
motor model used is given by Simulink software. The motor 
characteristics used to simulate the pumping chain are taken 
from a real motor of the required power. 

The irradiation curve starts at the value of 1000W/m2. At 
the time 25s the curve gets down and arrives at the value 
500w/m2 in the 30s. 

The temperature curve starts at the value of 25°C.  At the 
time 25s the curve falls and get to 6.4°C in the 30s. 

 

Fig. 6. Irradiance curve. 

 

Fig. 7. Temperature curve. 

 

Fig. 8. Photovoltaic generator P-V characteristics. 

 

Fig. 9. Photovoltaic generator V-I characteristics. 

The photovoltaic array sized is simulated in Simulink 
under the climatic conditions applied to the system. The 
resulted P-V and V-I curves of the photovoltaic generator are 
given in “fig.8” and “fig.9”. 

The photovoltaic generator used presents a maximum 
power of 1.2KW under 1000W/m2 and 25°C. The decrease 
of irradiance and temperature values results in a degradation 
of the power to 643.3W. 

The maximum photovoltaic current and voltage that 
could be generated under the radiation 1000W/m2 and 
temperature 25°C are 90.652V and 13.5A. Whereas the 
maximum values of current and voltage that the PV 
generator can supply under 6.4°C and 500W/m2 are 90.92V 
and 7A. 

 

Fig. 10. Photovoltaic output current. 
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Fig. 11. Photovoltaic output voltage. 

The output current of the solar panels is given in “fig.10”. 
It reaches the maximum value corresponding to radiation 
1000W/m2 and temperature 25 °C. The variation of radiation 
imposes the variation of the current curve. The maximum 
power point program controls the current to reach the new 
maximum value corresponding to radiation 500W/m2 and 
temperature 6.4°C at the moment when irradiation stabilizes. 

The output voltage of the solar panels is given in 
“fig.11”. It varies with the variation of the irradiation. The 
sinusoidal pulse width modulation controls the voltage also 
to reach the corresponding maximum value. The MPPT 
adapter is efficient for extracting maximum power which 
helps to exploit the optimum speed and obtain maximum 
water flow. 

The PI regulator output is given in “fig.12”. It starts 
initially by generating a low frequency and calibrate it 
according to the amount of energy available from the solar 
generator. It stabilizes at a frequency of 47.7 Hz at the 
beginning where the radiation and temperature values are 
optimal. The drop of irradiance and temperature values 
decrease the power supplied by the PV generator.  The PI 
regulator changes the generated frequency value to 41.61 Hz 
to get the new maximum speed value. 

 

Fig. 12. Sinusoidal pulse width modulation frequency. 

 
Fig. 13. Asynchronous motor torque. 

 

Fig. 14. Speed response and reference speed. 

The torque curve is given in “fig.13”. It oscillates around 
the nominal value when the irradiation and temperature 
values are optimal. The drop in radiation and temperature 
curves affects the torque which falls from its nominal value. 

The motor speed and speed reference curves are given in 
“fig.14”. The motor speed starts initially slowly and follows 
the reference speed in both cases of climatic conditions. 
There is no overflow. The PI regulator is efficient for 
controlling the motor speed to reach the reference speed. 

3. Conclusion: 

This work has been directed towards the regulation of 
three-phase induction motor speed used in a solar-powered 
water pumping system for irrigation purposes. We have 
presented our contribution to such important scientific point 
of view field by focusing on the water flow regulation of a 
pump driven by an asynchronous machine. This is done by 
controlling the SPWM frequency. This modulation controls 
the three phase inverter switches commutation. The inverter 
is introduced between the DC-DC boost converter and the 
pump. The photovoltaic generator has different V-I curves 
for different climatic conditions. The maximum power point 
tracking control "disturb and observe" has been programmed 
to control the step-up converter, which allows the system to 
operate at the maximum power point of the photovoltaic 
generator. A block that calculates the reference speed 
according to the PV maximum power is implemented. To 
simulate the performance of the system, radiation and 
temperature variations were applied. The simulation results 
show that the MPPT adapter is efficient for extracting 
maximum power that can be supplied by the PV generator. 
The motor speed follows the reference speed which approves 
the efficiency of the PI regulator. The technique used 
presents oscillations of the torque during climatic variations, 
these oscillations can be reduced by setting the regulator 
used by more precise methods or even by the use of another 
more effective control strategy. 
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