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This project investigates the design of a cost-effective and efficient solar powered irrigation pump utilizing a 

switched reluctance motor (SRM). It utilizes a simple DC-DC boost converter as a power conditioning stage 

between SPV array and the motor drive. The control of solar photovoltaic (SPV) array output power at 

maximum power point (MPP) and facilitating the soft-starting to the SRM drive, are two prime functions of the 

boost converter. The use of a 4-phase SRM drive minimizes the torque ripple and increases the number of 

strokes without incrementing the number of rotor poles. The low number of switches in a mid-point converter 

used to energize SRM phases further enhances the performance of the system. The speed control of the motor 

using the pulse width modulation (PWM) switching of split capacitor converter eliminates the requirement of 

additional sensors on the motor to control its speed. The proposed water pumping system is designed, 

modeled and its performance is simulated on MATLAB/Simulink platform and its responses are analyzed, 

under the varying environmental conditions, which authenticate its appropriateness as an irrigation pump. 
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I. INTRODUCTION 

Solar Photovoltaic (PV) is a key technology option 

to realize the shift to a decarbonised energy supply 

and is projected to emerge as an attractive 

alternative electricity source in the future. 

Globally, the solar PV grid connected capacity has 

increased from 9.4 GW in 2007 to 15.7 GW in2008 

and was 67.4 GW at the end of 2012. Nowadays it 

is necessary to reduce the costs and increase the 

efficiency to make solar energy to be more useful. 

As a result, many research works address the 

development of solar power system in recent years 

with improved performances. Power electronics is a 

green technology, converting electrical energy from 

one form to another, achieving high conversion 

efficiency of the solar PV-powered system. The 

efficiency of solar PV powered-system depends 

mainly on the efficiency of the Maximum Power 

Point Tracking (MPPT) circuits. 

II. PHOTOVOLTAIC ENERGY SYSTEM 

The   output of solar PV cell is a Direct Current 

(DC), where the current is determined by the area 

of the cell and amount of exposed solar irradiation. 

The voltage of the individual silicon cell is in the 

order of 0.5V. Thereby, the cell has to be connected 

in a series to constitute modules with reasonable 

voltage level.  The maximum power is delivered at 

the operating point, where the magnitudes of PV 

system and load resistance are equal. This is 

usually performed by an interfacing DC-DC power 

converter employing certain MPPT technique and 

algorithm. The operating point is held at MPP by 

regulating either the current or voltage of the MPPT 

converter. 
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PV systems are usually used in three main fields: 

1. Satellite applications, where the solar arrays 

provide power to satellites, 2. Off-grid applications, 

where solar arrays are used to power remote loads 

that are not connected to the electric grid, and 3. 

On-grid, or grid connected applications, in which 

solar arrays are used to supply energy to local 

loads as well as to the electric grid. 

The basic element of the solar PV power 

conditioning system is the DC-DC converter. If the 

purpose is to charge a battery or regulate a DC- 

bus as in space and telecom applications, the 

system can be implemented by using only the 

DC-DC converter as depicted 

 

 

Figure 1.1: Basic element of power conditioning system 

 

III. POWER CONVERTERS IN PV SYSTEM 

Photovoltaic system is gaining increased 

importance as a renewable source because of its 

advantages such as the absence of fuel cost, little 

maintenance and no noise and wear due to the 

absence of moving parts. But there are still two 

principal barriers to the use of photovoltaic 

systems: the high installation cost and the low 

energy conversion efficiency. 

A PV panel is a non-linear power source, i.e., its 

output current and voltage (power) depend on the 

terminal operating point. The maximum power 

generated by the PV panel changes with the 

intensity of the solar radiation and the operating 

temperature. To increase the ratio of output 

power/cost of the installation, the PV panel should 

operate in the maximum output power point. 

Characteristics of Solar PV Module 

 Solar cells consist of a p-n junction fabricated 

in a thin layer of semiconductor.  The 

semiconductor electron can be located in either 

thevalence band or conduction band. Initially, all 

the electrons in the semiconductor fill up the 

valence band but when sunlight hits the 

semiconductor, some electrons acquire enough 

energy to move from the valence band to the 

conduction band. The electrons in the conduction 

band, then, begin to move freely creating 

electricity.  The electron leaving the valence band 

leaves a positively charged hole behind and now 

the valence band is no longer full; it aids the 

current flow. Most solar cells are doped to reduce 

the energy required for the electron to move from 

the valence band to the conduction band. 

 The amount of energy from sunlight that is 

absorbed by a solar cell determines its efficiency. 

This energy is called photon and it can be reflected, 

absorbed or it can pass through a semiconductor. 

Since only the photons that are absorbed 

contribute to the electrical energy, it is important to 

reduce the percentage of photons that pass 

through and are reflected. An anti-reflective 

coating is usually applied to the surface of the solar 

cell to decrease the number of photons that are 

reflected. This reduces the percentage of photons 

reflected but some photons are still able to pass 

right through the semiconductor material. 

 There   are   several   approaches   to   

manufacturing   solar   cells, including the kind of 

semiconductor used and the crystal structure 

employed, with each different factor affecting the 

efficiency and cost of the cell. Other external 

factors such as the ambient weather conditions 

like temperature, illumination, shading, etc., also 

affect the solar panel‟s output. The aim is to design 

a system that will extract the most possible power 

regardless of ambient weather conditions or solar 

cell efficiency. 

 

Modeling of Solar PV Module 

A simplified equivalent circuit of a solar cell 

consists of a diode and a current source which are 

switched in parallel. The photocurrent generated 

when the sunlight hits the solar panels can be 

represented with a current source and the p-n 

transition area of the solar cell can be represented 

with a diode. The voltage and current relationship 

of the simplified solar cell can be derived from 

Kirchhoff‟s current law. This simplified equivalent 

circuit, however, does not give an accurate 

representation of the electrical process at the solar 

cell. On real  solar cells, voltage losses occur at  

theboundary and external contacts and leakage 

currents occur throughout thecell; these losses can 

be represented with a series resistance Rsand a 

parallelresistance Rp , respectively. The equivalent 

circuit of the solar cell showing theseries and 

parallel resistance is shown in Figure 2.4   

 

Figure 2: Equivalent circuit of a solar PV module 
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ForFigure.2 thecurrentEquationis givenby 

Isc=ID+Ipv+(VD/Rp)      (2.1)  

Vpv=VD-(Ipv*Rs)        (2.2) 

where diode current is ID = Io + ( e (VD / V)- 1),Isc is 

the short circuit current,Vt = NsKT / q is the 

thermal voltage with Ns cells connected in a series 

(K is the Boltzmann constant, q is the electron 

charge and T is the temperature of the  PV  cells).  

The short circuit current is directly proportional to 

the irradiation and slightly proportional to the level 

of the cell temperature. 

Using Equations 2.1 and 2.2, the solar PV 

module is modeled in MATLAB/Simulink as shown 

in Figure 2.4 and used to enhance the 

understanding and predict the I-V and P-V 

characteristics and to analyze the effect of 

temperature and irradiation variation. If irradiance 

increases, the fluctuation of the open-circuit 

voltage is very small. But the short circuit current 

has sharp fluctuations with respect to irradiance. 

However, for a rising operating temperature, the 

open-circuit voltage is decreased in a non-linear 

fashion. 

The  P-V  and  I-V  characteristics  are  validated  

in  MATLAB software for the L1235-37Wp (Watt 

peak) solar module. Table 2.1 shows the technical 

specification of L1235-37Wp solar panel under test 

which is shown in Figure 2.5. The I-V characteristic 

is obtained based on experimental results under 

irradiation =1000 W/m2, temperature =250C. 

 
Table 2.1 Specification of a solar PV module under test 

 

Parameter Values 

Opencircuitvoltage(Voc) 21V 

Shortcircuitcurrent(Isc) 2.5A 

Voltageat MPP(Vmax) 16.4V 

Currentat MPP(Imax) 2.25A 

Powerrating(Pmax) 37W 

Maximumsystemvoltage 600V 

Moduleefficiency(%) 10.82% 

Size(mm) 645*530*16 

Weight(kg) 4 

 

 
Figure 2.4: MATLAB model for PV module 

 

 
Figure 2.5: I-V Characteristics of solar PV module 

 

Figure 2.6: P-V Characteristics of solar PV module 

IV. DC-DC CONVERTERS IN A SOLAR PV 

SYSTEM 

PV interfacing is a challenging task and there is a 

need for clarification of the existing DC-DC 

converter topologies used in the PVapplications. 

DC-DC converter shown in Figure 3.1 is an 

essential element in the MPPT process and this 

process can be performed either by controlling the 

input current or voltage of the interfacing 

converter. Also it is known that DC-DC converters 

increase or decrease the magnitude of the 

DC-voltage and/or invert its polarity. This is 

accomplished by the pulse width modulation 

technique, usually to a constant frequency. The 

duty cycle (d) is the ratio of the time of conduction 

(TON) to the switching period (Ts). The three basic 

configurations of converters (buck, boost and 

buck–boost derived) are similar to a DC 

transformer, both in continuous conduction mode 

(CCM) and discontinuous conduction mode (DCM). 

In a DC transformer, the relationship of 

transformation can be controlled electronically by 

changing the duty cycle of the converter from the 

range 0 to 1. 
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Figure 3.1: MPPT process using DC-DC converter 

 

The power electronics interface is connected 

between a solar panel and a load or battery bus is a 

pulse width modulated DC-DC converter or their 

derived circuits operating in Discontinuous 

Inductor Current Mode (DICM) or Discontinuous 

Capacitor Voltage Mode (DCVM) is used to extract 

maximum power from solar PV panel. The DC–DC 

converter has the input resistance characteristics 

being proportional or inversely proportional to the 

switching frequency. Hence, by adjusting the 

nominal duty cycle of the main switch of DC- DC 

converter, the input resistance can be made equal 

to the equivalent output resistance of the solar PV 

panel and ensures the maximum power transfer. 
 

V. PROPOSED SRM DRIVE CONVERTER 

A. Converter Topology 

Fig. (4) shows the per phase structure of the 

proposed SRMdrive topology. The converter 

operation is simple with aminimum number of 

switches while performing phase 

currentcommutation quickly. Regarding the 

number of switches used,the converter is similar to 

the R-dump converter, and itfunctions like the 

C-dump converter since the phaseinductance 

energy is recovered. In fact, in addition to itssimple 

structure, this converter has higher efficiency than 

theR-dump converter and a simpler structure and 

higher phasecurrent commutation speed than the 

C-dump converter. 

     
Fig. 4. Proposed SRM per phase converter 

 

Fig. (5) shows the operating modes of this 

converter for 2phase SRM. As shown in Fig. (5-a), 

in the magnetizationmode, the switch T1 turns on 

in order to magnetize phase „a‟.As T1 turns on, the 

energy is transferred from the source tophase 

winding and the current in phase inductance 

increases.Also, in this mode if the magnetizing 

inductance of coupledinductors is not reset yet, 

diode D1 would conduct themagnetizing 

inductance current of the coupled inductors 

andthe input voltage would reset this inductor. 

When themagnetizing inductance of coupled 

inductors is reset, DiodeD1 turns off. The reset of 

coupled inductors magnetizinginductance is 

similar for other phases. 

When the phase current reaches the reference, 

T1 is turned offand demagnetization starts. This 

mode is shown in Fig. (5-b).Since the voltage across 

phase winding is reversed, diode D1turns on in this 

mode. When D1 turns on, Db1 turns on and 

anegative voltage is placed across the phase 

winding inproportion to the coupling ratio which 

accelerates phasecurrent commutation. Fig.(5-c) 

and Fig. (5-d) show twooverlapping modes of stator 

phase currents. In the first mode,the phase 

inductance „a‟ is being demagnetized and phase 

„b‟is being magnetized. In the second mode, both „a‟ 

and „b‟phases are being demagnetized. As it can be 

observed, thisconverter has the ability to 

separately control phase currents.Also, It is 

important to notice that the snubber circuit of 

eachswitch will absorb the voltage spikes across 

the switches thatotherwise would occur due to 

leakage inductance of coupledinductors. 

 

 

 
(a) Magnetization mode (b) Demagnetization mode     (c) Overlap of 

two phases: mode 1 (d) Overlap of two phases: mode 2 

 

B. Design considerations 

For designing this converter, the coupled 

inductors ratio hasto be determined considering 

the performing speed of thedrive. As shown in Fig. 

(1), if the phase current does notreach zero fast 

enough during the commutation, the phasecurrent 

continues to exist in the negative torque 
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productionarea and the phase torque becomes 

negative. This negativetorque will cause large 

ripples in the torque generated by themotor. This is 

especially important at higher speeds,because 

higher speed requires faster commutation. So, 

eachSRM drive can function to an extent of speed 

with regard toits converters structure. The 

maximum SRM drive speeddepends on the type of 

converter used and is illustrated bythe following 

equation    𝑇𝑓 = 𝜏𝑎 𝑙𝑛  1 +
𝑅𝑠 𝐼𝑝

𝑉𝑐
   (1) 

whereTf is the time needed for the current to 

reach fromreference value to zero, τa is the 

electrical time constant ofmachine phases, Rs is the 

resistance of each phase winding,Vc is the reverse 

voltage applied to the phase inductanceduring 

commutation. The electrical time constant 

equationof the machine is as follows 

𝜏𝑎 =
𝐿𝑎

𝑅𝑠
  (2) 

As shown in Fig. (1), the phase inductance 

at the currentcommutation area equals to aligned 

inductance, thus L and τwould take an “a” 

subscript. Current drop angle at speed ωis shown 

as θf in Fig. (1) and is calculated as follows.                 

θf = ωmTf = [ωmτa] 𝑙𝑛  1 +
𝑅𝑠𝐼𝑝

𝑉𝑐
   (3) 

As it can be observed from (3), when speed 

increases, θfbecomes larger resulting in a larger 

negative torque and,consequently, more torque 

ripples. Therefore, it is needed tolook for a way to 

reduce θf at higher speeds. As it can beobserved 

from (3), commutation can be carried out faster 

byincreasing Vc. In the proposed converter, the 

reversevoltage across the phase winding can be 

increased for fastercommutation purposes by 

increasing the coupled inductorsL1 and L2 turns 

ratio. Also it is important to notice that Vcis 

constant in most of the converters introduced so 

far. But,in this converter, Vc can be designed by 

changing thecoupled inductors turns ratio 

considering the maximumSRM drive functioning 

speed. 

VI. SIMULATION RESULTS 

In this section, the simulation results of SRM 

drive usingthe proposed converter is compared to 

the results of a SRMdrive that uses a regular 

asymmetric converter. Theschematic of this 

converter is shown in Fig. 6. 

For simulation purposes coupling ratio is 

selected 2.3.Figure 5.1 shows the SRM phase 

currents that are driven bya regular asymmetric 

converter at 1500 rpm. Figure (5.2)shows the 

phase currents of the same motor at 4000 rpm. 

 
Fig 5.1 Simulink diagram of Asymmetric converter 

 

 
 

Fig: 5.2Phase current waveforms of SRM driven by asymmetric 

converter at1500 rpm asymmetricconverter at 4000 rpm. 

 
 

Fig 5.3 Phase current waveforms of SRM driven by asymmetric 

converter at 4000 rpm. 

 

 
Fig 5.4 Simulink diagram of Proposed converter 

 

 
Fig 5.5 Phase current waveforms of SRM driven by proposed 

converter at1500 rpm. 
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Fig 5.6 Phase current waveforms of SRM driven by proposed 

converter at4000 rpm. 

 

 
Fig 5.7 Voltage and current waveforms of one switch 

 

VII. CONCLUSIONS 

The design of a low cost PV powered SRM 

employed irrigation pump using a boost converter 

has been suggested and appropriateness of it has 

been demonstrated through examining its various 

responses in MATLAB/Simulink platform. A simple 

and efficient method for speed control of SR motor 

has been achieved, which provides the privilege for 

reduction of current sensors on the motor side. The 

PWM switching of a mid-point converter has been 

utilized which requires small rating split 

capacitors. The controlled starting of SR motor has 

been achieved using the perturbation size 

adjustment in the MPPT controller. The occasional 

self-start failure of 4-phase SR motor has been also 

acknowledged in proposed system and it has 

efficiently eliminated by implementing appropriate 

commutation angle dependent control. The overall 

behavior of proposed system even under rapidly 

changing environmental conditions concludes its 

suitability for PV based irrigation system. 
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