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Abstract: This paper presents photo voltaic panel with a boost converter and three phase inverter whose output is fed to 
induction motor based drive system, which is principally used for the resolution of village agricultural applications. To step 
up the output of the solar panel and to contest the input voltage of motor load a boost converter is used. In this paper, a 
boost converter to step up the input voltage of the inverter intervened between the PV array and single-phase induction 
motor is proposed. The model was designed and employed using MATLAB/Simulink with SPWM controlled inverter 
model. The detailed modeling of the components of proposed scheme has been taken up. The established boost converter 
steps up the voltage produced by the PV array to a value which is suitable to run a single-phase induction motor. The 
inverter converts DC to AC is controlled by using sinusoidal pulse width modulation (SPWM) technique. 

Keywords: induction motor, photovoltaic system, boost converter. 

I. Introduction 

Solar energy is free, inexhaustible, and clean; it has a great 
potential to be a very attractive supply option for industrial 
and domestic applications, especially in remote areas, such 
as water pumping, heating, and cooling. Solar photovoltaic 
(PV) systems use the PV modules in order to convert the 
sunlight into electrical energy. PV generation is gaining 
increased importance as a renewable source due to its 
advantages, which include few maintenance requirements, 
the absence of fuel cost, and lack of noise due to the 
absence of moving parts [1]. 

For such solar PV systems, maximum power point tracking 
control is preferred for efficient operation. Matsui et. Al 
have presented a MPPT control system for solar PV 
system by utilizing steady state power balancing condition 
at DC link. The solar PV system has found many potential 
applications such as residential, vehicular, space air craft 
and water pumping system. PV water-pumping is highly 
competitive compared to traditional energy technologies 
and best suited for remote site applications that have small 
to moderate power requirements. Most of the existing 
photovoltaic irrigation systems offer a mechanical output 
power from 0.85 kW up to 2.2 kW. DC motor driven PV 
pumps are used overall the world because they can be 
directly connected to the PV generator and an adjustable 
DC drive is easy to achieve. However, this system suffers 
from increased motor cost and maintenance problems due 
to the presence of a commutator and brushes. The main 
advantages of IMs are reduced unit cost, ruggedness, 
brushless rotor construction, and ease of maintenance. 

The photovoltaic energy system has the advantages of 
absence of fuel cost, no environmental impacts, low 
maintenance and lack of noise and also it is a kind of 
renewable energy system. So it is becoming popular in the 
recent years, as a resource of energy. Modeling and 

simulation of PV array based on circuit model and 
mathematical equations are proposed [5]. As the 
photovoltaic (PV) cell exhibits the nonlinear behavior, 
while matching the load to the photovoltaic modules, DC-
DC power converters are needed. There are several 
converter configurations such as Buck, Boost, Buck-Boost, 
SEPIC, ĆUK, Fly-back, etc. Buck and Boost 
configurations can decrease and increase the output 
voltages respectively, while the others can do both 
functions. Buck, Boost, Buck Boost converters as interface 
circuits are proposed [1,3]. When the solar insolation and 
temperature is varying, the PV module output power is 
also getting changed. But to obtain the maximum 
efficiency of PV module it must be operated at maximum 
power point. So it is necessary to operate the PV module at 
its maximum power point for all irradiance and 
temperature conditions. Sinusoidal Pulse width-modulated 
(SPWM) voltage-source inverters (VSI) are widely utilized 
in ac motor drive applications and at a smaller quantity in 
controlled rectifier applications as a means of dc to ac 
power conversion devices, about three quarters of a 
century of progress in the power electronics field, and 
about half a century of progress in the 
microelectronics/macro-electronics and control fields are 
inherited in the state of the art SPWM-VSI converters. 
Mostly occurring at different time frames, the 
breakthroughs experienced in each field have strongly and 
positively influenced the evolution of today's various types 
of cost effective, efficient, compact, and reliable high 
performance SPWM-VSI converters. Since they involve 
various disciplines of engineering and there has always 
been a strong demand for them in the market, SPWM-VSI 
converters have continuously drawn the attention of many 
researchers all around the world. Therefore, in parallel 
with this progress, a substantial amount of literature 
relating to electric converters has been accumulated. In 
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particular, the literature involving the SPWM methods 
boosting of input voltage. 

II. Photovoltaic System 

The practical equivalent circuit of a PV module is shown 
in fig.1 [2].  

 

Fig.1.Equivalent circuit of a PV module. 

In the equivalent circuit, the current source represents the 
current generated by light photons and its output is 
constant under constant temperature and constant 
irradiance. The diode shunted with the current source 
determines the I-V characteristics of PV module. There is 
a series of resistance in a current path through the 
semiconductor material, the metal grid, contacts, and a 
current collecting bus. These resistive losses are lumped 
together as a series resistor (Rs). Its effect becomes very 
noteworthy in a PV module. The loss associated with a 
small leakage of current through a resistive path in parallel 
with the intrinsic device is represented by a parallel 
resistor (Rp). Its effect is much less noteworthy in a PV 
module compared to the series resistance, and it will only 
become noticeable when a number of PV modules are 
connected in parallel for a larger system. The characteristic 
equation which represents the I-V characteristic of a 
practical photovoltaic module is given below [9]. 
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Where I and V are the PV cell current and voltage 
respectively, IPV is the photovoltaic current, Io is the 
reverse saturation current of diode, Vt = NskT/q is the 
thermal voltage of the array with Ns cells connected in 
series, k is the Boltzmann constant (1.3806*10-23J/K), T 
is the temperature of the p-n junction, q is the electron 
charge and n is the diode ideality constant. IPV and I0 are 
given as follows [9]. 
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Where “a” is temperature coefficient of Isc, G is the given 
irradiance in W/m2 and Eg is the band gap energy (1.16eV 
for Si). 

III. DC-DC (Boost) Converter 

A boost converter is a specific type of dc-dc power 
electronic converter whose goal is to efficiently step up 
DC voltage to a higher level with minimal ripple. 

Fig.2: Boost converter. 

The boost is a popular non-isolated power stage topology, 
sometimes called a step-up power stage. Power supply 
designers choose the boost power stage because the 
required output is always higher than the input voltage. 
The input current for a boost power stage is continuous, or 
non-pulsating, because the output diode conducts only 
during a portion of the switching cycle. The output 
capacitor supplies the entire load current for the rest of the 
switching cycle. Figure 2 shows a simplified schematic of 
the boost power stage. Inductor L and capacitor C make up 
the effective output filter. Resistor R Load represents the 
load seen by the power supply output. 

A. Circuit Operation: 

A simplified, qualitative way to visualize the circuit 
operation is to consider the inductor as an energy storage 
element. When SW is ON, energy is added to the inductor. 
When SW is OFF, the inductor and the input voltage 
source deliver energy to the output capacitor and load. The 
output voltage is controlled by setting the on time of SW. 
For example, by increasing the on time of SW, the amount 
of energy delivered to the inductor is increased. More 
energy is then delivered to the output during the off time of 
SW resulting in an increase in the output voltage. When 
the switch is ON for a time duration DT, the switch 
conducts, the inductor stores energy. This results in a 
positive voltage VL=Vin max across the inductor. This 
voltage causes a linear increase in the inductor current IL. 
Figure 3 shows a simplified schematic of the boost 
converter during ON time. 
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Fig. 3: Boost Converter during Switch ON time. 

When the switch is turned OFF, because of the inductive 
energy storage, the input supply voltage and the energy 
stored in the inductor adds and delivers to the load. This 
current now flows through the diode, and Vout=VL+Vin 
for time duration (1-D) T until the switch is turned on 
again. Figure 4 shows a simplified schematic of the boost 
converter during OFF time. Therefore, a converter and its 
control should be designed based on both modes of 
operation. However, for this course we only consider the 
dc-dc converters operated in CCM. 

 

Fig. 4: Boost converter during switch OFF time. 

 

III. Three Phase Inverter and Control Scheme 

An inverter is a circuit that converts DC sources to AC 
sources. Inverters are used in a wide range of applications 
from small switched power supplies for a computer to 
large electric utility applications to transport bulk power. 
This makes them very suitable for when you need to use 
AC power tools or appliances. 

Power inverters produce one of three different types of 
wave output: 

• Square Wave 

• Modified Square Wave (Modified Sine Wave) 

• Pure Sine Wave (True Sine Wave) 

In photovoltaic system, the DC/AC inverter is used to 
converts the power of the source by switching the DC 
input voltage in a pre-determined sequence to generate AC 
voltage output. Equivalent circuit of three-phase inverter is 
shown below. It has six switches that turn on and off to 

obtain a sinusoidal output. Pulse Width Modulation is a 
technique that use as a way to decrease harmonic content 
in the inverter circuit. The supply of an induction motor by 
the solar generator requires the use of an inverter which 
transforms the DC-voltage into a three phase AC-system 
with variable frequency and voltage. There are two basic 
types of forced-commutated inverter: The current source 
inverter and the voltage source inverter. This chapter is 
focus on detailed study and modeling of three phase 
inverter as a frequency changer modulated by Sinusoidal 
Pulse Width Modulation (SPWM). 

A. The 180 Degree Mode Voltage Source Inverter: 

The DC voltage obtained from the PV array is converted to 
AC voltage with the help of inverter. A voltage source 
inverter provides a firm link voltage across the motor 
terminals. While the load current adjust itself according to 
the impedance of the motor. Here six-step180 degree mode 
inverter is used to obtain a three-phase voltage output from 
DC source. The prime reason behind using a six-step 
inverter is only to minimize the switching losses since the 
phase voltage in this case is a six-step wave. Three-phase 
voltage source inverter is a combination of three single-
phase bridge circuits. A simplified diagram of a basic 
three-phase inverter bridge is shown in figure 6. There are 
diodes in anti parallel in addition to the main power 
devices. These diodes are called the return current or 
feedback diodes. It provides an alternate path for the 
inductive current. 

 

 

Fig. 5: Three-Phase Six-Step Inverter. 

To obtain the three-phase AC current in six-step inverter, 
six gating signals need to be applied to the six switches of 
the inverter. The waveforms of gating signals H1, H3 and 
H5 are shown in figure 5. H1, H3, H5 are 3 phase 
symmetrical switching function with phase shift 120°. To 
produce the symmetrical three phase voltages across a 
three phase load the devices are switched ON for 180°. 
The switching signals of each inverter leg are displaced by 
120° with respect to the adjacent legs. The switching 
signals S1 and S4 are complimentary, the same for S3 and 
S6, S5 and S2. The switching sequence will be S1S2S3, 
S2S3S4, S3S4S5, S4S5S6, S5S6S1, S6S1S2, S1S2S3 … 
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for a positive sequence. The sequence will be reversed to 
get the negative phase sequence. The line to neutral 
voltages Van represented the six step of the inverter. Vbn 
and Vcn have the same waveform with phase shift 120°. 
Each switch is turned ON for 180°. The switches S1 and 
S4, which belong to the leftmost inverter leg, produce the 
output voltage for phase A. The switching signals for the 
switches in the middle leg, S3 and S6 for phase B, and are 
delayed by 120° from those for S1 and S4 respectively for 
a positive sequence. Similarly, for the same phase 
sequence, the switching signals for switches S5 and S2 are 
delayed from the switching signals for S3 and S6 by 
120°.During step1, 0 ≤ ωt < 60, IGBT5, IGBT6 and 
IGBT1 are conducting. 

IV. Induction Motor (IM) 

Induction motor is an electrical to mechanical conversion 
device and it is an asynchronous AC machine because the 
rotor speed is always less than the stator magnetic speed 
[4]. The construction of IM is rugged and cheep therefore 
it is widely used in many applications like in elevators, 
water pumping system and in industries. The frequency of 
the stator voltage controls the synchronous speed. The 
speed control of IM is possible by controlling the 
frequency, by changing the number of rotor poles, by 
changing the slip, by injecting the emf in phase or out of 
phase with the rotor induced emf etc. in this paper the 
output of PV system fed to the boost converter, this 
converter increase voltage level and fed to 3-ph inverter, 
SVPWM is used to control the output of the inverter and is 
fed to induction motor. Here the speed of the induction 
motor is controlled with the help of closed loop controller. 
PI controller is used to reduce the steady state error 
without effecting the stability hence the speed is regulated 
at a desired point. G. Control Strategy of Induction Motor: 
SVPWM technique is use in this paper to control the 
induction motor in a closed loop manner. The advantage of 
this closed loop controlling is based on output speed, the 
frequency and amplitude of the reference signals will 
change [2]- [3]. V/f ration of IM is kept constant In order 
to continue constant magnetic. PI controller is used in a 
closed loop to regulate the speed of the motor and also 
reduce the steady state error. The error signal is generated 
in a closed loop system by comparing actual speed of the 
motor with the reference speed. Difference between the 
actual and desired speed gives the amplitude and polarity 
of the error signal. To overcome this generated error 
signal, the PI controller generates the corrected stator 
frequency of IM [4]. 

 

Fig.6. Pv based Induction motor drive controlling at by v/f 
technique 

V. Boost Converter Closed Loop 

In a boost converter, the output voltage is always higher 
than the input voltage. When the switch is closed, current 
flows through the inductor in clockwise direction and the 
inductor stores the energy. When the switch is opened, 
current will be reduced as the impedance is higher. 
Therefore, change or reduction in current will be opposed 
by the inductor. Block diagram of closed loop boost 
converter is shown in fig7.As in figure 7 the key principle 
that drives the boost converter is the propensity of an 
inductor to accept changes in current. As a result two 
sources will be in series causing a higher voltage to charge 
the capacitor through the diode D. If the switch is cycled 
fast enough, the inductor will not discharge fully in 
between charging stages, and the load will always see a 
voltage greater than that of the input source alone when the 
switch is opened. Also while the switch is opened, the 
capacitor in parallel with the load is charged to this 
combined voltage. When the switch is then closed and the 
right hand side is shorted out from the left hand side, the 
capacitor is therefore able to provide the voltage and 
energy to the load. During this time, the blocking diode 
prevents the capacitor from discharging through the 
switch. The switch must of course be opened again fast 
enough to prevent the capacitor from discharging too 
much. The output of boost converter is fed to the common 
of power transistor and pulse is given to the base. The 
output pulse of power transistor is obtained from emitter 
which is of the amplitude with respect to the output dc 
voltage of boost converter fed to the common of transistor. 
The output pulse of the power transistor is fed to the 
integrator circuit where the pulse is integrated to give a 
ramp signal. This pulse is given to the switch of the boost 
converter and thus it completes a closed loop. Duty ratio of 
the pulse that is fed to the switch of boost converter is 
varied by the varying the DC voltage that is being 
compared in the comparator circuit with the output ramp 
signal of the integrator circuit. 
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Fig .7. Block diagram of closed loop boost converter. 

VI.  Matlab/Simulink Results 

Case 1: PV based Induction motor drive controlling at 
fixed speed by v/f technique 

 

Fig .8. Simulink model of Pv based Induction motor drive 
controlling at Fixed speed by v/f technique 

 

Fig .9. Simulated output voltage wave form of PV Cell 

In below figure it shows that the Voltage from PV cell has 
been boosted to 400v by using Closed loop controlled Dc-
Dc Converter 

 

Fig .10. Simulated output voltage wave form of Reference 
and Actual Voltages of the Dc-Dc converter 

 

Fig .11. Simulated phase voltage wave forms of the 
Voltage Source Inverter. 

 

Fig .12. Simulated Line voltage wave forms of the Voltage 
Source Inverter. 

In the below figure it shows Motor running at 1400 rpm at 
fixed speed accurately as given as the reference speed due 

the efficient v/f closed loop control technique.                                               

 

Fig .13. Simulated Reference and actual speed wave forms 
of the v/f controlled VSI fed Induction motor drive. 

In the below figure it shows at initial conditions, motor 
draws high torque and final reaches to 5Nm at steady state 
conditions as the load torque TL given. 
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Fig .14. Simulated output wave form of the Induction 
motor Torque at fixed speed. 

Case 2: PV based Induction motor drive controlling at 
variable speed by v/f technique 

 

Fig .15. Simulink model of Pv based Induction motor drive 
controlling at variable speed by v/f technique 

 

Fig .16. Simulated output voltage wave form of PV Cell 

In below figure it shows that the Voltage from PV cell has 
been boosted to 400v by using Closed loop controlled Dc-
Dc Converter 

 

Fig .17. Simulated output voltage wave form of Reference 
and Actual Voltages of the Dc-Dc converter 

 

Fig .18. Simulated phase voltage wave forms of the 
Voltage Source Inverter. 

 

Fig .19. Simulated Line voltage wave forms of the Voltage 
Source Inverter. 

In the below figure it shows Motor running at 1000 rpm 
upto 0.3secs, 1400 rpm upto 0.6secs and 1200 rpm with 
Variable speed accurately as given as the reference speed 
due the efficient v/f closed loop control technique 

 

Fig .20. Simulated Reference and actual speed wave forms 
of the v/f controlled VSI fed Induction motor drive. 

In the below figure it shows at initial conditions, motor 
draws high torque and final reaches to 5Nm at Steady state 

conditions as the load torque TL given. 

 

Fig .21. Simulated output wave form of the Induction 
motor Torque at variable speed. 

VII. Conclusion 

In order to acquire the efficient performance characteristics 
of the motor a closed loop technique has been proposed 
and its feasibility is analyzed by Simulink results and 
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shown. The proposed concept has been executed with v/f 
technique for the inverter with PV as the source. The 
benefit of the proposed control technique is controlling the 
Induction motor at variable speed conditions with high 
response and smallest steady state error.  
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