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Abstract - In this paper, a solar water pumping system 
using an induction motor drive (IMD) is presented. This 
solar PV water pumping system consists of mainly two 
stages of power conversion. In first stage, by controlling 
the duty ratio of the DC-DC boost converter it extracts 
maximum power from solar PV array.  By controlling the 
motor speed, the DC bus voltage is maintained constant. 
Here a high gain converter is used. By reducing the 
number of solar modules the output voltage of PV can be 
reduced. To control the duty ratio, a perturb and observe 
(P and O) based maximum power point tracking (MPPT)  
control technique is utilized. For operating the induction 
motor drive, a scalar controlled voltage source  inverter  is  
used.  By the proposed  control  scheme  the  stator  
frequency  reference  of  induction  motor  drive  is  
obtained.  The  proposed  system   is modelled and its 
performance is simulated in detail. The performance 
under different operating conditions are obtained using 
MATLAB/Simulink software. 

Key Words : MPPT, Photovoltaic (PV), water 
pumping, scalar control, induction motor drive 
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1. INTRODUCTION  
 
 The solar PV generation is used in many applications. One 
of the application is in solar water pumps. Water pumping 
systems based on photovoltaic technology are better for 
rural areas where connection to the grid can be difficult 
and expensive. The standalone solar water pumping 
system uses two control mechanisms to make the DC link 
voltage constant at varying irradiances [1]. The solar 
water pumps [2] and [3] are becoming popular in rural 
areas, where the electricity is not available. These water 
pumps are used in remote areas for water treatment plant, 
irrigation and agriculture purpose. In India, many people 
depends on agriculture. So irrigation is necessary for good 
production. Compared to diesel based water pumping 
systems the solar PV based water pumping systems [4] are 
more convenient in terms of cost and pollution. 
 
   In comparison with other commercial motors, induction 
motor drive has good performance. This helps to develop 
maintenance free and cheap water pumping system [5]. 
The water pumping system requires MPPT algorithm to 
operate under different irradiation levels. A comparative 

study on different MPPT techniques are given in [6]-[8]. 
From this, the INC technique requires more computational 
steps. In comparison with the solar PV grid interfaced 
systems [9], the main challenge in water pumping system 
is the control of active power. A V/f control method is used 
to control the induction motor drive given in [10]-[12]. 
This V/f method is very simple and easy to implement. The 
water pumping system with a DC-DC converter and VSI is 
used for water pumping application in [13]-[15]. But this 
causes instability in DC link voltage. The DC-DC boost 
converter given in [16] and [17] has high gain. But the 
drawback is that the number of components used are 
more and its cost is high. The parameters of the induction 
motor drive can be obtained from [18]. The direct torque 
control and vector control methods are very complex and 
it requires many current sensors for its implementation 
[19]. The areas which have the electricity availability, may 
utilize the grid interfaced solar PV water pumps [20]. 
 
    In this paper, the proposed work deals with a three-
phase induction motor drive for solar water pumping, 
which meets the requirement of life without electricity in 
remote locations. The varying nature of solar PV 
generation affects the water pumping system. So to 
overcome this problem, here 2 control mechanisms are 
used. They are MPPT control and V/f control. The water 
pumping system powered directly from PV array, requires 
MPPT algorithms to operate under different irradiation 
levels and to extract the peak power from a solar PV array. 
Here a P and O (Perturb and Observe) based technique is 
used to obtain the peak power from the solar PV array. So 
that it can reduce the computational steps. Therefore, the 
proposed PV fed water pumping system produces peak 
voltage even at low radiation. When the solar radiation 
reduces the system can maintain a constant DC link 
voltage. The existing system [1] uses a low gain converter 
and an INC method of MPPT control for tracking maximum 
power from PV array. The drawback of existing system is 
that it uses a low gain converter so that it requires more 
number of solar modules and the THD of the system is 
high. 
 

2. PROPOSED SYSTEM  
 
  The system configuration for PV water pumping system 
is  shown in Fig -2 and its block diagram is shown in Fig -1. 
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It consists of a PV array followed by a modified  quadratic 
boost converter. A VSI is used to provide pulse width 
modulated voltage input to the motor and pump assembly. 
The power from a PV array is regulated using a perturb 
and observe (P and O) method to attain its maximum 
value with available radiation. The V/f control is used to 

give reference speed to IMD. 
 
 The working of the system is when sunlight falls on PV 
array the voltage across the array is VPV . It will be in 
varying nature. So it is given to a proposed boost converter 
so that it can increase the gain of the system. Here the 
voltage and current from PV array are given to the MPPT 
and by P and O method duty ratio is obtained. Then gate 
pulse is given to the switch. The capacitor Cf is used to filter 
input current ripples. Here when the switch is in ON 
condition, the current flows through inductor L1 and it is 
get charged and then current flows through diode D1. So 
diode D1 is forward biased and current flows through the 
switch. The capacitor C1 is discharging at that time so the 
inductor  L2 is get charged by that and then current flows 
through the switch. The capacitor CDC will be discharging at 
that time. Here diode D3 and diode D2 will be in reverse 
biased condition. When switch is in OFF condition, inductor 
L1 and L2 will be discharging. The capacitor C1 is charged by 
inductor L1 and Cdc will be charged by inductor L2. Here 
diode D1 is reverse biased and diodes D2 and D3 are 
forward biased. 

 The voltage across DC bus is compared with the reference 
DC voltage and an error is obtained. It is given to a PI 
controller. The PI controller makes the error to zero. The 
output of PI controller is speed. It is then converted to 
reference frequency. The frequency is given to V/f control 
and its output is given to SPWM generator. It generates the 
switching pulses for each switches in the inverter and is 
given to induction motor and pump. The advantage of the 
system is at varying radiations, the DC bus voltage is 
maintained at constant by the action of PI controller. 

 

Fig -1: Block diagram of the proposed system 
 

 

Fig -2: Proposed solar water pumping system 

 
2.1.  Design of solar PV array 
 
   An induction motor of 373W (0.5HP) is selected for the 
proposed system. If losses of the pump and motor are 
neglected, the capacity of the PV array should be 
equivalent to the motor capacity. In this case, the PV array 
is selected as of 500W. 
 
         Pmp = (Np   Imp)   (Ns   Vmp) = 500W                         (1) 
 
where, Pmp  is the maximum power that can be drawn from 
panels at a given radiation, Vmp  is the PV panel voltage at 
MPP and Imp is the current at MPP. Ns and Np are the 
number of modules connected in series and parallel, 
respectively. Considering an open circuit voltage of the 
panel to be near to a DC link voltage and power drawn 
from a panel to be 500W, number of modules in series and 
parallel are selected to be 3 and 1. The individual module 
and array specifications are provided in Table -1. 
 

Table -1: Specifications of solar module and array 
 

Specifications Values 
Module peak power of the single module 169.5W 

Module open circuit voltage (voc ) 41.79V 
Module short circuit current (isc) 6.25A 

Module voltage at MPP (vmp) 33.9V 
Module current at MPP (imp) 5A 

Array peak power (Pmp) 500W 
Array open circuit voltage (Voc) 125.37V 
Array short circuit current (Isc) 6.25A 

Array voltage at MPP (Vmp) 100V 

Array current at MPP (Imp) 5A 

 
 

2.2. Selection of DC link voltage 
 
 The DC bus voltage of VSI is estimated from a relation 
as, 
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                      m× 
   

 √ 
 = 

    

√ 
                                                  (2) 

 
where, m is the modulation index and  VL-L is a line voltage 
across the motor terminals. Hence, 

                 =
 √ 

√ 
                                                    

the voltage which is required when modulation index is 1. 
The DC link voltage is chosen to be 653 V. 

 
2.3. Design of proposed boost converter 
 
  In this proposed boost converter, it is formed by 
connecting the conventional boost converter with another 
boost converter back to back using a single switch. Thus it 
forms a quadratic boost converter.  

 
Fig -3: Circuit diagram of proposed boost converter 

 
The voltage gain of the quadratic boost converter is more 
than the conventional boost converter. So by connecting 
this converter to the proposed system its voltage gain can 
be improved. It consists of 2 modes of operation. 
    In mode 1, when switch is turned ON , the current flows 
through inductor L1 and then to diode D1. So diode D1 is 
forward biased then current flows through the switch. The 
capacitor C1 discharges and inductor L1 gets charged and 
then current flows through the switch. So diode D3 is in 
reverse biased condition. The capacitor C2 that is equal to 
Cdc in the proposed system discharges and so the diode D2 
is in reverse biased condition. 
                                   -     = 0                                              (4) 
                                    =                                                          (5) 
                                    –     = 0                                            (6) 
                                     =                                                      (7) 
 
   In mode 2, when switch is turned OFF, then inductor L1 

gets discharged and current flows through diode D3 .The 
diode D3 is forward biased. The capacitor C1 is charged by 
inductor L1. The inductor L1 get discharged and current 
flows through diode D2. Then current flows through 
capacitor C2 and it is get charged by inductor L2 and then 
current flows through the load. 
 
 
                            -     =                                                                         (8) 
                            -     -    = 0                                           (9) 
                          =    -     =     -                                     (10) 

 
When switch is on, 
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When switch is off, 
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Combining eqn 12 and 16, 
 

                                                                   
 
 

      
  

  
                

  

                              

 
 
                              = (1-D)                                                (21) 
 
Combining eqn 14 and 18, 
 

                                                                   
 
 

      
  

  
               

  

                              

                              = (1-D)                                                 (24) 
Sub eqn 24 in 21, 
 
                                                                             (25) 
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 = 

 

      
                                                         (26) 

 
2.4. Design of pump 
 
For a 0.5 hp (373W), 400V, 50Hz, 4 pole, 1425 rpm 3 
phase induction motor. 
 
                           = 746   0.5 = 373W                              (27) 
 

                           T = 
 

 
                                                             (28) 

 

   
   

  
  

      

  
                                  

 

              T = 
 

      
                                                         

 
For a selected water pump, proportionality constant 
(Kpump) is given as, 
 

                     = 
  

                                                                (31) 

 

         = 
  

    
    

                                           (32) 

 
where, TL is the load toque of water pump, which is equal 
to the torque offered by an induction motor under steady 
state operation and    is the rotational speed of the rotor 
in rad/sec. 

 
3. CONTROL SCHEME FOR PROPOSED SYSTEM 
 
    The proposed topology is a two stage power conversion 
system for a solar PV array fed water pumping. It uses 
scalar control for IMD operation and perturb and observe 
(P and O) method for maximum power extraction from the 
PV array. The simplicity and ease of implementation of 
scalar control overshadows precise but computation 
intensive control algorithms such as direct torque control 
and vector control. The voltage and current of PV array are 
sensed and fed to the P and O algorithm. Based on the 
change in voltage, current and power, this algorithm 
decides the duty ratio of the proposed boost converter. 
The proposed boost converter output voltage is 
maintained to a constant value using a proportional-
integral (PI) controller. In the existing system[1] the 
voltage and current of PV array are sensed and fed to INC 
algorithm. Here the drawback is that it has more 
computational complexity. The V/f control generates the 
switching logic for VSI using sinusoidal pulse width 
modulation. If DC link voltage is higher than the reference 
value, the PI controller increases the reference speed 
given to V/f control and vice versa. The sum of two 
quantities gives a resultant speed reference f* for IMD, 
which is fed to V/f control algorithm. The DC link voltage 
error is estimated as, 

 
                                   =    

   -                                         (33) 

 
The output of the DC link voltage PI controller is      . 
The reference frequency of the IMD is as, 
 

                                  =
 

  
                                                   (34) 

 
3.1. Perturb and Observe method for MPPT 
 
   The perturb and observe (P and O) algorithm is generally 
the most commonly applied in the control of MPPT 
algorithm for the PV array. It has simple structure, easy to 
implement, low cost, reduced number of parameters, the 
possibility to introduce improvements and may result in 
high-level efficiency. This algorithm is depending on 
finding the relation between PV module output power and 
its voltage. In this technique, a small perturbation is 
introduced to cause the power variation of the PV module. 
The PV output power is periodically measured and 
compared with the previous power. If the output power 
increases, the same process is continued otherwise 
perturbation is reversed. In this algorithm perturbation is 
provided to the PV module or the array voltage. The PV 
module voltage is increased or decreased to check 
whether the power is increased or decreased. When an 
increase in voltage leads to an increase in power, this 
means the operating point of the PV module is on the left 
of the MPP. Hence further perturbation is required 
towards the right to reach MPP. Conversely, if an increase 
in voltage leads to a decrease in power, this means the 
operating point of the PV module is on the right of the MPP 
and hence further perturbation towards the left is 
required to reach MPP. The behavior of solar panel 
indicating MPP and operating principle is shown in Fig-4 
which indicates that the resulting change of PV power is 
observed as follows: When the PV module operating point 
is on the left side of the curve ( P/ V is positive), which 
means the PV module output power increases, the 
perturbation of the PV module voltage should be increased 
towards the MPP. If the operating point of the module was 
on the right side of the curve ( P/ V is negative), then the 
perturbation of the PV module voltage should be 
decreased towards the MPP. The flowchart for 
implementation of the P and O algorithm first measures 
the practical voltage and current from PV array. After that, 
the product of voltage and current gives the actual power 
of PV module. Then, it will check the condition whether  
 P = 0 or not. If this condition is satisfied, then operating 
point is at the MPP. If it is not satisfying, then it will check 
another condition that  P > 0. If this condition is satisfied, 
then it will check that  V > 0. If it is satisfied, then it 
indicates that operating point is at the left side of the MPP. 
If  V > 0 condition is not satisfied, then it indicates that 
operating point is at the right side of the MPP. This process 
is continuously repeated until it reaches the MPP. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 08 Issue: 07 | July 2021                www.irjet.net                                                                      p-ISSN: 2395-0072 

 

© 2021, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 3605 
 

 
 

Fig -4:  P vs V characteristics of the PV array 
 
The power of PV array is, 
 
                                P = V   I                                            (35) 
 
By differentiating it with respect to voltage, if 
 

                  
  

  
                                                      

 
 the operating point is on the left side of MPP. 
 

                 
  

  
                                                        

 
 the operating point is at MPP. 
 

                
  

  
                                                        

 
 the operating point is on the right side of MPP. 
 
  On the right side of MPP, slope is negative, which 
suggests that     ⁄ < 0 and on the left side slope is positive 
meaning      ⁄  > 0 . At MPP slope is zero means that dP = 
0. The duty ratio of the boost converter is adjusted in 
accordance with the algorithm as shown in Fig -5. 

 
 

 
 

Fig-5: Flowchart for perturb and observe (P and O) 
algorithm for MPPT 

 
3.2. Scalar (V/f) control of induction motor 
 
  The scalar control is most common and simplest control 
used in induction motor. The voltage has to be reduced for 
the operation at low speed. The frequency control along 
with voltage magnitude control is also required for 
constant flux operation. The voltage should be 
proportional to the frequency such that flux magnitude is 
maintained constant as    = 

 

 
. An IM is usually fed from a 

three phase PWM VSI. Only an input parameter is the 
reference speed. Neglecting the small slip speed, the speed 
of the motor is approximately equal to the reference 
speed. The speed reference is integrated to generate the   
which is used to obtain three sinusoidal voltage 
references, which are compared with high frequency 
triangular wave to generate the switching pulses for VSI. 
The speed reference is estimated from the control scheme. 
 
                               ∫   dt                                                  (39) 
 
The 3 reference voltages are, 
 
                            

  = m                                                         
 
                            

  = m                                               
 
                            

  = m                                                
 
 

where, m =     
 , m is the modulation index. 
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4. RESULTS AND DISCUSSION 
 
   The performance of a PV fed water pumping system is 
evaluated using the simulation software. The existing and 
proposed system is designed, modelled and simulated in 
the MATLAB/Simulink software. The change in the solar 
radiation is also simulated in order to determine the 
performance of the system under dynamic conditions. 

 
4.1. At an irradiance of 1000 W/m2 

 
 For the proposed system, when the irradiance is 
1000W/m2 the output voltage across the PV array is 100V 
is shown in Fig -6 and the power of PV is 500W. It is 
shown in Fig -7. The ripples shown in output voltage of PV 
can be reduced by the filter capacitor Cf .It is shown in Fig -
8. The Fig -9 shows that the voltage across the DC bus is 
maintained at 653V due to the action of PI controller. 

 

 
 

Fig -6:  Waveform of output voltage of PV 
 

 
 

Fig -7:  Waveform of output power of PV 

 

 
 

Fig -8:  Waveform of voltage of capacitor Cf 

 
 

Fig -9:  Waveform of voltage of DC bus 

 
  The Fig -10 shows the speed of induction motor. Here the 
speed of the induction motor is 1400 rpm. The Fig -11 
shows the torque of induction motor. The induction motor 
torque is 2.5Nm. 

 

 
 

Fig -10:  Waveform of speed of motor 

 

 
 

Fig -11:  Waveform of motor torque 

 

 
 

Fig -12:  Waveform of MPP of P vs V for MPPT by P and O 
method 

 
   The Fig -12 shows the waveform of maximum power 
point of P vs V for MPPT by P and O method. Here the 
voltage at maximum power point is 101V. The red line 
shows when the irradiance is 1000W/m2 and the blue line 
shows when the irradiance is reduced to 800W/m2, 
600W/m2 and 500W/m2. This shows that the Vmpp is 
maintained at constant value at these irradiances. But the 
power at the maximum power point changes. The Fig -13 
shows the phase voltages of inverter. The phase voltages 
of Vab, Vbc and Vac are 653V. The Fig -14 shows the 
waveform of inverter phase current ia. Here it shows 
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Fig -13:  Waveform of phase voltages of inverter Vab, Vbc,           

Vac 

some harmonic distortions in the waveform. The Fig -15 
and Fig -16 shows the waveform of inverter phase current 
ib and ic. Here this shows that there are some distortions in 
the waveform. The Fig -17 shows the THD of inverter 
phase current ia. Its THD is reduced to 3.91%. The Fig -18 
shows the THD of phase current ib. Its THD is reduced to 
3.98%. The Fig -19 shows the THD of inverter phase 
current ic. Its THD is reduced to 4.42%. 

 

 
 

Fig -14:  Waveform of inverter phase current ia 

 

 
 

Fig -15:  Waveform of inverter phase current ib 

 

 
 

Fig -16:  Waveform of inverter phase current ic 

 
 

Fig -17:  Waveform of THD of ia 

 

 
 

Fig -18:  Waveform of THD of ib 

 

 
 

Fig -19:  Waveform of THD of ic 

 

4.2. At an irradiance of 500 W/m2 

 
   For the proposed system, when the irradiance is reduced 
to 500W/m2 the output voltage across the PV array is 
maintained at 100V is shown in Fig -20 and the power of 
PV is reduced to 250W. It is shown in Fig -21. The Fig -22 
shows that the voltage across the DC bus is maintained at 
653V due to the action of PI controller. So in varying solar 
radiations the DC bus voltage can be maintained constant. 
The Fig -23 shows the torque of induction motor. The 
induction motor torque is reduced to 1.44Nm. 
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Fig -20:  Waveform of output voltage of PV 

 

 
 

Fig -21:  Waveform of output power of PV 

 

 
 

Fig -22:  Waveform of voltage of DC bus 

 

 
 

Fig -23:  Waveform of torque of induction motor 
 

5. COMPARISON BETWEEN EXISTING AND 
PROPOSED  SYSTEM 
 
  The Table -2 shows when both system has solar 
irradiance of 1000W/m2. By keeping the dc bus voltage 
constant at 653V for both the systems, the output voltage 
of PV has reduced by using a high gain converter. Thus the 
voltage and power of PV has reduced to 100V and 500W. 

The existing and proposed system uses a 0.5HP induction 
motor. So by keeping the dc bus voltage and load constant, 
the number of solar modules are reduced so that the 
output voltage of PV can be reduced. Hence the number of 
solar modules used for existing system is 12 and the 
proposed system requires only 4 modules. So the size and 
cost of the system reduces. Then the THD of the inverter 
current ia for the existing system is 15.19% it is reduced to 
3.91% in the proposed system. 
 

Table -2: Existing and proposed system parameters and 
values 

 
 

Parameters 
Existing 

system[1] 
Proposed 

system 

Irradiance 1000W/m2 1000W/m2 

VPV 372.9V 100V 

PPV 2.4KW 500W 

Vdc 653V 653V 

Speed 1400rpm 1400rpm 

Torque 2.5Nm 2.5Nm 

Induction motor 0.5HP 0.5HP 

No: of modules 12 4 

THD of ia 15.19% 3.91% 

 
 

  The Table -3 shows the comparison between the existing 
and proposed system at different solar radiations. Here 
when solar radiation is reduced from 1000W/m2 to 
500W/m2, the voltage of dc bus is maintained at constant 
for existing and proposed system. For proposed system by 
keeping the dc bus voltage and load constant, output 
voltage of PV is reduced by using a high gain converter. 
But the existing system uses a low gain boost converter so 
its output voltage of PV is more. The output voltage of PV 
is maintained constant for existing system at both 
irradiances and the proposed system  at both irradiances 
due to the MPPT method. But the current and power of PV 
are reduced. The speed and torque are also reduced. 
 

Table -3: Existing and proposed system parameters and 
values at varying solar radiations 

 

Parameters Existing system[1] Proposed system 

Irradiance 
1000W/

m2 

500W/
m2 

1000W/
m2 

500W/
m2 

VPV 372.9V 372.9V 100V 100V 

IPV 6.63A 3.31A 5A 2.5A 

PPV 2.4KW 1.2KW 500W 250W 

Vdc 653V 653V 653V 653V 
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Nr 1400rpm 
904rp

m 
1400rp

m 
904rpm 

T 2.5Nm 1.4Nm 2.5Nm 1.44Nm 

 
 

6. CONCLUSION 
 

  The water pumping system with a high gain converter 
has been proposed. Here by using this converter the 
number of solar modules are reduced so that the output 
voltage of PV can also be reduced. Thus the size and cost of 
the system are reduced. The number of computational 
steps for the MPPT algorithm has reduced due to the P and 
O method. The system tracks the MPP with acceptable 
tolerance even at varying radiation. The THD of the 
inverter current has also been reduced. So this proposed 
system can maintain the DC link voltage to a constant 
voltage to a constant by the action of PI controller in 
varying radiations. Its feasibility of operation has been 
verified through simulation results. The performance 
conditions in varying solar radiations have been verified. 
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