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 Abstract  

A pumping system powered from Photovoltaic boost converter is modeled and simulated using MATLAB/Simulink. Detailed 

estimation of energy processing in Photovoltaic boost converter pumping system is presented. A low voltage DC is stepped by 

using DC to DC Boost converter. DC output from the PV Cell is converted into high frequency AC using a Boost Converter & 

Inverter. This is stepped up to 200v using a Boost converter.  The DC is converted into three phase AC using three phase inverter. 

Variable voltage variable frequency AC is applied to the Induction motor. This drive has advantageous like utilization of 

nonconventional energy and improved efficiency.  
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1. Introduction 

Photovoltaic technology is one of the most promising for distributed low-power electrical generation. The steady 

reduction of price per peak watt over recent years and the simplicity with which the installed power can be increased 

by adding panels are some of its attractive features. Among the many applications of photovoltaic energy, pumping 

is one of the most promising. In a photovoltaic pump-storage system, solar energy is stored, when sunlight is 

available, as potential energy in a water reservoir and consumed according to demand. There are advantages in 

avoiding the use of large banks of lead-acid batteries, which are heavy and expensive and have one-fifth of the 

lifetime of a photovoltaic panel. It is important, however, that the absence of batteries does not compromise the 

efficiency of the end-to-end power conversion chain, from panels to mechanical pump. A typical configuration of a 

battery less photovoltaic components: 1) photovoltaic panels; 2) DC/DC converter; 3) DC/AC Inverter; 4) Induction 

motor; and 5) Centrifugal pump. The design of an effective photovoltaic pumping system without the use of a 

battery bank represents a significant challenge. It is necessary to deal with the effect of the stochastic nature of solar 

installation on the entire energy conversion chain, including the nonlinear characteristics of photovoltaic panels, 

Boost converter and the electromechanical power conversion device. In general terms, it is necessary to obtain the 

best performance from each system component over a wide input power range. Photovoltaic panels require specific 

control techniques to ensure operation at their maximum power point (MPP). Impedance matching issues mean that 

photovoltaic arrays may operate more or less efficiently, depending on their series/parallel configuration [1], [2]. In 

this paper, a minimum number of series connections are adopted. This means that a relatively high dc voltage gain 

(between six and ten) is necessary to provide the drive voltage required by the induction motor. The proposed 

system uses a Boost converter and is based on the solution presented in [3]. The choice for this specific DC/DC 

converter topology is basically dictated by the requirement for galvanic isolation between the low- and high-voltage 

sides. Such a requirement precludes the use of low-cost and high-efficiency converter topologies [4]–[6]. A study of 

how the converter topology affects the MPP tracking (MPPT) of a photovoltaic system is reported in [7] and [8]. In 

addition to its voltage-boosting function, required for load matching, the DC/DC converter implements MPPT for 

the photovoltaic array. Several MPPT methods have been described in the technical literature [2], [9]. The above 

literature does not deal with modeling and simulation of PV Powered Induction motor drive.  This work proposes 

PV Cell for the control of Induction motor. 
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2. Boost converter 

 
Switched mode supplies can be used for many purposes including DC to DC converters. Often, although a DC 

supply, such as a battery may be available, its available voltage is not suitable for the system being supplied. For 

example, the motors used in driving electric automobiles require much higher voltages, in the region of 500V, than 

could be supplied by a battery alone. Even if banks of batteries were used, the extra weight and space taken up 

would be too great to be practical. The answer to this problem is to use fewer batteries and to boost the available DC 

voltage to the required level by using a boost converter. Another problem with batteries, large or small, is that their 

output voltage varies as the available charge is used up, and at some point the battery voltage becomes too low to 

power the circuit being supplied. However, if this low output level can be boosted back up to a useful level again, by 

using a boost converter, the life of the battery can be extended. The DC input to a boost converter can be from many 

sources as well as batteries, such as rectified AC from the mains supply, or DC from solar panels, fuel cells, 

dynamos and DC generators. The boost converter is different to the Buck Converter in that it’s output voltage is 

equal to, or greater than its input voltage. However it is important to remember that, as power (P) = voltage (V) x 

current (I), if the output voltage is increased, the available output current must decrease 

 

 

Fig 2.1 Basic Boost Converter Circuit 

 

Fig 2.1 illustrates the basic circuit of a Boost converter. However, in this example the switching transistor is a power 

MOSFET, both Bipolar power transistors and MOSFETs are used in power switching, the choice being determined 

by the current, voltage, switching speed and cost considerations. The rest of the components are the same as those 

used in the buck converter illustrated in Fig 2.2, except that their positions have been rearranged. 

2.1 Boost converter Operation 
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Fig 2.2 Boost Converter Operation at Switch On 

Fig 3.2.2 illustrates the circuit action during the initial high period of the high frequency square wave applied to the 

MOSFET gate at start up. During this time MOSFET conducts, placing a short circuit from the right hand side of L1 

to the negative input supply terminal. Therefore a current flows between the positive and negative supply terminals 

through L1, which stores energy in its magnetic field. There is virtually no current flowing in the remainder of the 

circuit as the combination of D1, C1 and the load represent much higher impedance than the path directly through 

the heavily conducting MOSFET. 

 

 

Fig 2.3 Current Path with MOSFET Off 

Fig 2.3 shows the current path during the low period of the switching square wave cycle. As the MOSFET is rapidly 

turned off the sudden drop in current causes L1 to produce a back e.m.f. in the opposite polarity to the voltage across 

L1 during the on period, to keep current flowing. This results in two voltages, the supply voltage VIN and the back 

e.m.f.(VL) across L1 in series with each other. This higher voltage (VIN +VL), now that there is no current path 

through the MOSFET, forward biases D1. The resulting current through D1 charges up C1 to VIN +VL minus the 

small forward voltage drop across D1, and also supplies the load. 
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Fig 2.4 Current Path with MOSFET On 

Fig 2.4 shows the circuit action during MOSFET on periods after the initial start up. Each time the MOSFET 

conducts, the cathode of D1 is more positive than its anode, due to the charge on C1. D1 is therefore turned off so 

the output of the circuit is isolated from the input, however the load continues to be supplied with VIN +VL from the 

charge on C1. Although the charge C1 drains away through the load during this period, C1 is recharged each time 

the MOSFET switches off, so maintaining an almost steady output voltage across the load. The theoretical DC 

output voltage is determined by the input voltage (VIN) divided by 1 minus the duty cycle (D) of the switching 

waveform, which will be some figure between 0 and 1 (corresponding to 0 to 100%) and therefore can be 

determined using the following formula: 

2.2 Applications 

1. SMPS (Switch mode power supplies)  

2. Two battery-powered applications that use boost converters are hybrid electric vehicles (HEV) and lighting 

systems. 

3. A white LED typically requires 3.3 V to emit light, and a boost converter can step up the voltage from a single 1.5 

V alkaline cell to power the lamp. 

4. Boost converters can also produce higher voltages to operate cold cathode fluorescent tubes (CCFL) in devices 

such as LCD backlights and some flash lights 

2.3 Example: 

If the switching square wave has a period of 10µs, the input voltage is 9V and the ON is half of the periodic time, 

i.e. 5µs, then the output voltage will be: VOUT = 9/(1- 0.5) = 9/0.5 = 18V (minus output diode voltage drop) Because 

the output voltage is dependent on the duty cycle, it is important that this is accurately controlled. For example if the 

duty cycle increased from 0.5 to 0.99 the output voltage produced would be:  

VOUT = 9/(1- 0.99) = 9/0.01 = 900V 

Before this level of output voltage was reached however, there would of course be some serious damage (and 

smoke) caused, so in practice, unless the circuit is specifically designed for very high voltages, the changes in duty 

cycle are kept much lower than indicated in this example. 
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3. Simulation results 
 

Boost converter alone is simulated as shown in figure 3(a). DC input voltage is shown in figure 3(b). It is 24 volts. 

This voltage is boost up to 220 volts as shown in figure 3(c). Boost converter based drive system is shown in figure4 

(a). The phase voltage applied to the motor is shown in figure 4(b). The voltages are displaced by 120 degrees. The 

phase currents are shown in figure 4(c). The speed response is shown in figure 4(d). The speed increases and settles 

at 1460 rpm. 

 

 
Fig3a. Boost converter 

 

 
 

 

Fig3b. DC input voltage

 

 

 

 

 

 

Fig3c. Boost Converter output voltage 
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Fig4a. Three Phase Inverter with Motor load 

 

Fig4b. Phase voltage  
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Fig4d. Rotor Speed in RPM 

 

5. Conclusion 

This work has evaluated the strategy for utilization of PV Cells for induction motor pumping. The electricity bill 

gets reduced since solar energy is utilized for agriculture pumping. The Photo Voltaic powered three phase induction 

motor drive system is successfully designed, modeled and simulated using MATLAB/Simulink. The concept of 

Photo Voltaic pumping is proposed. The simulation results of three phase induction motor for Photo Voltaic 

pumping are presented. The scope of this work is the simulation and implementation of three phase PV Powered 

Induction motor drive system. 
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