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Abstract

Nowadays, renewable energy sources play a major role in agricultural applications.
The recommended Particle Swarm Optimization (PSO) algorithm with DC-DC converter
supports in refining the output voltage. This is beneficial however since the partial shading
condition of PSO technique has high output power with fewer searching steps of MPPT. The
objective of this work is to propose a PSO based boost converter using Space Vector Pulse
Width Modulation (SVPWM) method. PSO has been anticipated to track the Global
Maximum Point (GMP) under the partial shading condition. The welfares of the SVPWM
technique are fixed switching frequency and lower harmonic content. The centrifugal pump
used in agricultural system is obsessed by SVPWM controlled three-phase induction motor.
The extent of the motor as well as the photovoltaic array evaluations are certain as the water
could be pumped out even at temperature fluctuations and irradiation levels. The efficacy of
the proposed design is observed under the MATLAB/SIMULINK.

Keywords: Induction motor, Space Vector Pulse with Modulation, Solar PV array, MPPT,
PSO, Speed control.

1. Introduction

Renewable Energy Sources have enormous potential, since they could theoretically
supply much more energy than the world needs. Based on the use of commonly accessible
indigenous resources, renewable energy sources such as biomass, wind, sun, hydropower, and

geothermal can deliver sustainable energy services. The price of solar and wind power
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systems has significantly decreased over the past 30 years and has continued to fall, while the
price of oil and gas has continued to fluctuate, making a switch to renewable energy systems
look more and more likely. In actuality, the costs associated with using renewable energy

sources and fossil fuels are moving in the opposite directions [1].

In contrast to conventional energy sources, which are mostly found in a few nations,
renewable energy resources are dispersed over a much greater geographic region. Clean,
limitless, and more cost-effective energy comes from renewable sources. Its variety,
abundance, and capacity can be used wherever on Earth set them apart from fossil fuels, but
their most significant distinction is that they don't release greenhouse gases or other
pollutants [3].

There are several good reasons to increase its market share in the energy
sector. This power source is becoming more and more well- liked because it is flexible and
has many advantages for both humans and the environment. Direct conversion of sunlight
into electricity is achieved by solar cells. Solar Cells are constructed from semiconducting

substances akin to those used in computer chips.

The objectives of this research are to develop a boost converter and V/f control
orientation motor combo water pumping system driven by solar energy. With a PSO MPPT
controller, it is possible to effectively and precisely track the highest point in a solar PV array
in conditions of partial shading to put into practice the V/f control approach and raise the PV
system's profitability.

2. Photovoltaic Cell

Figure 2.1 shows that the solar cells are composed by semiconductor materials like
silicon which became electrically conductive when supplied by heat or light. In the
semiconductor's illuminated region, the formation of pairs of hole electrons occurs. As a
result, the conduction band electronics are now liberated to move in any direction thanks to
the PV cells' electric field. By connecting metal plates on the top and bottom of the PV cell,
the current created by these moving electrons, which form current, can be used externally.
Due to the electric fields already present, this current and voltage generate the necessary

power. The solar cell efficiency depends on the irradiation of the solar.
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Figure 2.1. Solar PV panel

Table 2.1 describes the different parameters of solar panels and ratings, and the Boost

converter parameters are described in Table 2.2

Table 2.1 Parameters of solar panels and ratings

PARAMETERS RATINGS
Solar PV1 array 60.48V
Solar PV2 array 58.6

Maximum power at PV1 1.974 KW
Maximum power at P\V2 1.875 KW
maximum point (voltage) |60V
maximum point (current) 8A
Output voltage 392V

Table 2.2 Boost converter parameters

PARAMETERS RATINGS

Boost converter inductance | 0.06975

Boost converter capacitance | 0.003875

Switching Frequency 5KHZ

CHARACTERISTICS OF PV CELL

Figure 2.2 shows that Voc, Ish, and maximum power point are the three main
components of the PV characteristics. At the maximum power point, a PV cell can produce

its greatest amount of power. While it can create a basic model using these parameters, more
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data is needed to create a model that is correct. 1-VV and P-V characteristics are shown in
figure 2.2.

f
IV curve Ve Iup
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‘\The short circuit current, I

Power from
the solar cell
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Current, Power

The open circuit voltage Ve

Voltage Voc

Figure 2.2. Characteristics of a PV

3. BOOST CONVERTER

Here the panel output is given to this converter. A circuit diagram of boost converter
(DC-DC) is shown in Figure 3.1. Solitary a switch, which typically uses a transistor family
expedient, is depicted. Moreover, a diode is linked in series to the load. The burden is of the
same kind as the one that was previously mentioned. The load's inductance is minimal. An

inductance, L, is presumptively connected in series with the input supply.

Figure 3.1. Circuit diagram of Boost converter

The switch S is instantly turned on at the beginning. If there is no battery (back emf)
connected in series with the load and the load inductance is modest, the output voltage is zero
(Vo=0). The inductance L receives electricity from the source and conducts it. In this
interval, the value of current rises linearly with time and (di/dt) is positive. The induced emf
is assumed to have a positive polarization as the current through L rises, with positive being
associated with L's left side. The circuit's equation is,

Vi=Ldis/dt ordis/dt=Vs/L 1)
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The switch, S, is turned off during the time, T, with OFF standing for TOFF. T-TON-
is the duration (T- TON+TOFF) as L experiences a reduction in current. The generated emf
reverses, such that the left side of L becomes negative, and its orientation is in the same
direction. As a result, the supply voltage is added to the induced emf with the same polarity,
maintaining the current. (Is=lo). Voltage is assumed to be nearly constant at Vs=Vo with

(dis/dt) being negative as Vs<Vo.

I2- I1=lmax-Imin[(Vo-V1)/L]Torr 2
Equating the above equations,
(Vs/L)Ton=[(Vo-Vs)/LITore ®)
The average output voltage, Vo=Vs(T/Ton)=Vs(T/T-Ton)

Vo=Vs(1/1-(Ton/T))=Vs(1/(1-k)) (4)

The time period is,

T=Ton+Torr (5)

Duty cycle is given by,

k=(Ton/T)=(Ton/(Ton+TorF)) (6)

The ON time is TON-KT. The range is shortened, as mentioned in the prior instance.
As the smallest value is greater than the minimum and the highest value is lower than the
extreme (1.0), the source current is presumed to be continuous for the reasons stated there,
which are also applicable here. Other methods can be used to obtain the expression for the

output voltage.
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i N

Figure 3.2. Waveform of source current

In contrast to the preceding buck converter situation, the output voltage in this
instance is higher than the input voltage (DC-DC). When a nature- commutated device is
employed as a switch, this is referred to as a boost converter (DC-DC). Step-up chopper is the
name used when thyristor is utilized in its place. It is simple to calculate the output voltage's
variation. The output voltage of the solar panel is increased by using the boost converter to
vary the duty cycle of the boost converter. After boosting the voltage is fed to the three phase

induction motor to run the agricultural pump by using the SVPWM controller.

4. Algorithm and Control Technique

4.1 Maximum Power Point Tracking

The solar panel must be tracked to maximise efficiency. MPPT is a technique that
accounts for the solar panel's fluctuating voltage and current characteristics while maximising
solar energy output. The MPPT is the point where solar panel output is at its highest and solar
cell efficiency is increased. It has an electronic system that controls the PV modules in a way
that lets them generate all the power. Many methods are employed to track the maximum
power. The technique is effective to track maximum power depending on implementation

cost, time, and complexity [4].
4.2 Particle Swarm Optimizarion

1.The goal of particle swarm optimisation is to increase the solar system's MPPT
capabilities under the partial shading condition. The PSO algorithm keeps track of numerous
prospective solutions simultaneously [5]. Each solution is assessed by an objective function
during each iteration of the algorithm to determine its fitness. The PSO algorithm's primary

goal benefits when utilizing a PV system.
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2. There is a significant reduction in tuning effort because only one parameter, the

inertia weight, w, needs to be adjusted.

3. When compared to the traditional PSO, the approach greatly simplifies the
optimization structure. It reduces the amount of computing needed and is simple for a cheap

microprocessor to implement.

4. In a variety of environmental situations, such as those seen in tropical nations, V
max can be highly valuable. The frequent presence of clouds in tropical regions causes
frequent changes in P-V curves. For reliable tracking, the values of duty cycles can be gently
increased or lowered in two subsequent MiPPT cycles by adjusting the value of V max.
Although the searching speed is typically slower, GP tracking is indeed available.

The following equations that specify a particle’s position and velocity together

represent the PSO method mathematically.

Ui =Wui+C1r1(Poesti-Xif)+Cara(Gest-Xi¥) )

Xik=x k+uik (8)
Where,

ui is the velocity of individual i at iteration k, w is an inertia weight parameter k, c1
and c2 are acceleration coefficients, r1 and r2 are random numbers between 0 and 1, X is

where individual | is at iteration k,

pbest is where individual | is at its best at iteration k, and gbest is where the group is

at its best up to iteration k.

Either an equation or a preset value can be used to determine the value of w. Vref is
first set to a certain value in the first iteration. Then it is modified in accordance with (7) and
(8). By multiplying the observed voltage (Vpv) and current, the power Pp is determined (pv).
The system then assesses the following equation to see superior-individual fitness value

produced by the voltage-reference value.

va’i>PpV, |—1 (9)
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The global fitness value (gbest) is then examined in relation to the power of the other
particles to see whether it needs to be updated. Each particle needs to have enough time to do
all the aforementioned tasks. To guarantee that all the particles converge to the GMP, the

convergence criterion as given in (2) is tested.

Ppv.gbest-Ppv.il I< €1;i=1....n, (10)

where €, is the tolerance value.

Specify parameters of PSO

v

Generate initial particles and
Gbest

v

> Iteration process

Y

Find the fitness of each
Gen = Gen +1 particle in the current
population

No

Position and Velocity of
particle updated using
equation

l

Figure 4.1. Flowchart for PSO algorithm

For induction motor, the SVPWM technique is best because of fixed switching
frequency, low harmonic content and higher DC bus voltage utilization. There are eight
possible switching configurations when using space vector modulation for motor control on a

three-phase inverter with six switches, as shown by the analogous circuit below.
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Figure 4.2. An equivalent circuit for the inverter's switching sequence

To the motor terminals is applied a particular voltage depending on the switching
configuration. The voltages are fundamental space vectors, and a space vector hexagon
represents their magnitude. It is possible to approximate a voltage vector of any magnitude, at
any location within the space vector hexagon, by combining the switching states that

correspond to the fundamental space vectors and the null vectors.

@ = Sector number

Figure 4.3. Space vector hexagon with basic vectors U1-U8

By adjusting the switching order and the ON time duration of pulses, any voltage
vector with different amplitude and direction is conceivable for every PWM period. The
space vector modulation technique generates switching sequences that match the reference
voltage vector for each PWM period, resulting in a space vector that rotates continuously.
The double hump in the modulation wave that is generated, maximizes the use of the DC bus
voltage that is available. When compared to the Sinusoidal Pulse Width Modulation (SPWM)

approach, this offers a higher rated voltage output.
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5. INDUCTION MOTOR- V/F CONTROL
By changing the supply frequency, synchronized speed can be managed.

Where, is the air-gap flux and f is the supply frequency. The voltage induced in the
stator is equal to 1f. The terminal voltage V1f is obtained by ignoring the stator voltage loss.
Hence, lowering the frequency without altering the supply voltage will result in an
unfavourable increase in air-gap flux. Table 5.1 below tabulates the ratings and

characteristics of induction motor.

Table 5.1 Parameters of induction motor

PARAMETERS RATINGS
Input voltage 400V

Inverter output AC voltage 400V

Induction motor rating 5.4HP (or) 4AKW
\Voltage 400V

Frequency S50HZ

Speed 1430rpm

Input torque (Step) 0-3Nm
Reference speed 130-160rps

In order to maintain a consistent V/f ratio, frequency is changed anytime to control
speed, and the terminal voltage is likewise changed. Hence, the maximum torque of the
motor is constant for changing speed by maintaining a constant V/f ratio

Torque Speed Charateristics for V1 control
forgue

N Tmas

7T

Figure 5.1. Torque speed characteristics for VV/f controlled induction motor [9]
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6. Simulation Results

The MATLAB-Simulink software has been used to create a water pumping system
powered by renewable energy. MATLAB is currently a full-fledged technical computer
environment. The Simulink (Simulation and Link) is an extension of working in MATLAB
by Math. It collaborates with MATLAB to provide Graphical User Interface (GUI)-based

modelling, simulation, and analysis of dynamical systems.

7. Simulation for Pso Based Solar Mppt Algorithm

The PSO based solar MPPT was implemented by using the MATLAB Simulink
which is shown in figure 7.1. Voltage and current at the maximum point are shown in Figure

7.2. The output voltage of solar panel is shown in Figure 7.3 describing the output voltage of

the solar panel.
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Figure 7.1. Simulation for PSO based solar MPPT algorithm,

Time priod(T)

Figure 7.2. Voltage and current at maximum point
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Figure 7.3. Output voltage of solar panel

8. Speed Control of Induction Motor

3l svowem_D4 B

A Vabc
latc

Figure 8.1. Simulation for speed control of induction motor

9. Simulation Outputs for Induction Motor

The output voltage and current of inverter are shown in Figure 9.1, which shows that

the three phase voltages are Va, Vb, V¢ and the three phase currents are 1a, Ib,

Vabe

labc

Time period(T)

Figure 9.1. Output voltage and currents of inverter
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The stator current of induction motor is shown in Figure 9.2 that describes the three

phase stator current waveforms with respect to time.
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Figure 9.2. Stator currents of induction motor
The induction motor speed is shown in Figure 9.3 describing that the speed increases

linearly with respect to time.

speed

|

Time priod(T)

Figure 9.3. Speed of induction motor

<Electromagnetic lorque Te (N"m)>

Torque | “'
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Figure 9.4. Torque characteristics of induction motor
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The torque characteristics of the induction motor is shown in Figure 9.4 which
describes the mechanical characteristics.

The torque characteristics shown in Figure 9.4 are listed in the below Table.

Table 9.1 Torque characteristics with time

TIME(S) | TORQUE(N-M)
0.1 25
0.2 08

10. Conclusion

The pump can be powered by a solar panel-powered induction motor. In order to
convert the DC voltage from the PV array into sinusoidal AC voltage, this drive uses a VSI
inverter. SVPWM pulses are used to turn specially built MOSFET switches on. The PSO
MPPT controller is used to actualize the MPPT calculation in order to extract the most power
possible from the PV array. The induction motor functions as efficiently as possible thanks to
the V/f control process. From this research, it can be inferred that PV-powered water
pumping can be used in rural areas without electricity to deliver the water needed for

irrigation and general consumption.
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