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ABSTRACT  
This paper proposes solar water pumping system that gives better full load efficiency by employing permanent 

magnet synchronous motor (PMSM). PMSM has the ability to maintain full torque at low speeds. The system 

uses a Photovoltaic Generator, boost dc-dc converter, three phase VSI, three phase permanent magnet 

synchronous motor and a pump.  Boost converter which is controlled by using Fuzzy logic in order to obtain 

Maximum power point tracking. Direct torque control space vector modulation is designed to inverter for 

supplying the PMSM to control motors torque. 
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I. INTRODUCTION 

In recent years, as there is increase in call 

of supply, renewable energy sources are used 

owing to exhaustion of the non - renewable energy 

resources. Because of renewable sources there 
comes the problem of global warming as well as 

carbon foot printing .To reduce such problem 

sustainable energy such as green sources are used . 

To fulfill day to day needs of human life it gives an 

excellent solution whereas renewable sources are 

available abundantly.  The best form of above 

resources that exist easily is solar energy [1].  The 

installing cost of such solar system is economical 

.The applications by using solar PV panel is solar 

water pumping that has been raised. Solar water 

pumping is compensations to that area where there 
is no grid connection or power supply is disrupted 

at some interval of time. Solar water pumping 

would help activities of industry, domestic as well 

as for agriculture purposes. 

                   For pumping purposes it needs electric 

drive, before dc motors are used. But it has to take 

more maintenance due to deterioration brushes and 

commutator assembly. Induction Motor was meant 

for water pumping system because of its low cost 

and robustness [2]. But Induction motor gives high 

reactive demand and lower efficiency making it 

incompetent for this purpose. 
 

 

 

Lesser efficiency needs high valued size of solar 

PV array. To figure out all these issues Permanent 

magnet synchronous motor offers an excellent 

result. PMSM gives a solution to the low 

maintenance because of presence of permanent 

magnet present on it rotor side and winding on its 

stator. For water pumping PMSM use 20 % less 
power as that of Induction motor use [3]. PMSM 

has high power density than Induction motor 

having same rating as there is no stator power 

devoted to magnetic field production [3]. Because 

of absence of magnetizing current PMSM operates 

at high power factor. This motor is categorised by 

full torque control at zero speed and smooth 

rotation over whole speed range. It also gives fast 

acceleration and deceleration. Hence this motor 

drive makes fairly practical for solar water 

pumping system.  

        Solar panel has nonlinear elements as it 
maximum point depends on climatic conditions. As 

solar irradiation changes and load varies it 

optimum operating point also varies. To ensure that 

there is not variation in maximum operating point, 

MPPT is used and later it controls duty cycle of 

converter connected next to it. The inverter by 

using the vector mode by FLC direction of rotor 

flux controls the torque and speed. Scalar control is 

inferior to Vector control strategy. 

The work undertaken is to rise the 

productivity of solar water pumping by using 
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PMSM. It gives minimum harmonic distortion and 

gives more space vector voltage . 

 

II. PV ARRAY MODEL 
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Where,    = short circuit current of cell. 

T=operating temperature (K). 
q =electron charge. 

   = open circuit voltage. 

  = no. of cell in series. 

n = ideality factor . 

    Short circuit current. 

   =solar irradiation (W/  ). 
Output current of  module is 

I =   *    -   *   [exp ( 
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Where, 

  =no. of PV module connected on parallel 

                       

                       

  =diode thermal voltage (V) 

 

III. BOOST CONVERTER MODEL 
It takes voltage as input and boosts it at output 

terminal. Fig shows diagram of Converter. 

 
Where. L is boost converter, 

C is the filter capacitor, 

   is dc input voltage. 

S is switch here it is Mosfet. 

R is the load. 

D is the diode. 

The converter mainly works on two modes of 

operation. 

The capacitor is charged when switch is 

open by input voltage .By way of switch is shut the 

current flows through switch by inductor connected 

in between. Magnetic field is created on inductor 

getting it polarity. Inductor does not allow sudden 

change of current in the circuit ,so as the switch is 
open it act as voltage source and the outer capacitor 

is charged to a higher level voltage. 

 

M= 
  

  
=

 

   
 

 

IV. MODELLING OF VSI 
The apparent power is given by, 

    =       ………………… (1) 

Q is reactive power 

P is real power  
The RMS current through VSI is given by, 

    =
       

     
 ……………………. (2) 

Vm is mean voltage. 

DC bus voltage is given as, 

   =
       

  
……………………… (3) 

Centrifugal water pump modelled as, 

  = K               
K is the proportionality constant,  

w is the angular velocity,  

Tp is the torque. 

 

V. MODELLING OF PMSM 
Figure illustrations cross sectional outlook 

of three phase permanent magnet synchronous 

motor with d-q rotating reference frame. 

Inductance varies as rotor angle changes. For that 

purpose d-q equivalent circuit is used.  
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The voltage equation in is given by, 

  =    +
   

  
 

 

Where    are the resistance of the stator winding,   

are three phase stator voltage,    are three phase 

stator current,   are stator flux linkage . They are 

represent as stationary reference frame as variable 

fixed to the stator , 

  ={ [    ( t ) +a    ( t ) +      ( t ) ] } ……..... (1) 

  = { [    ( t ) + a     ( t ) +      ( t ) ]  }………...(2) 

  ={ [     ( t ) + a     ( t ) +      ( t ) ]  }……... (3) 

Where a and    are operator for orientation of 

stator windings. 

a= 
   

  and   = 
   

  

   ,     ,    are stator instantaneous phase voltage . 

   ,     ,     are stator instantaneous phase current. 

   ,     ,     are stator instantaneous stator flux 

linkages given by, 
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Where    ,     ,      are self-inductances with 

respect to a, b and c phase of stator.   ,         are 

mutual inductances. 

   ,     ,      are flux linkages with respect to 
change in rotor angle. 

Mutual inductances are expressed as 

   =    ……………………………………..... (7) 
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Where     is leakage inductance. 

    is average inductance . 

  = ½ (  +  )…………………………...… (10) 

    is the inductance fluctuation 

    = ½ (  –  ) ……………………….… (11) 

Flux Linkages are expressed as, 
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Inductances are shown in matrix form. 
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Where,  
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VI. SIMULATION MODELLING  OF 

SYSTEM WITH PMSM 
 

 
 

VII. SIMULATION MODELLING OF 

SYSTEM WITH IM 
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VIII. SIMULATION RESULTS 
 

 
 

Fig shows FFT analysis when system is developed 

using Induction motor. 

 

 
Fig shows FFT analysis when system is developed 

PMSM. 
 
 
 
 

IX. CONCLUSION 
In this way solar water pumping system is 

modelled by employing PMSM and IM.PMSM 

gives less maintenance higher efficiency. This 

system will efficiently irrigate for agriculture 

purpose or rising water level from lower potential 

to higher potential. 
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